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WHERE HIGH PRECISION
CALLS FOR

Made in Three
Principal Materials

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 smali-
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 CERAMIC
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BULLERS LTD., 6, LAURENCE POUNTNEY HLLL, LONDON, E,

Telephone : Mansion House 9971 (3 lines) Telegrams : *“Bullers, Cannon, London "
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With the VARIAC . . . the right volitage every time
Thousands of enthusiastic users testify to the general usefulness of the VARIAG* 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.

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

® EXGELLENT REGULATION-—Ofuttﬁ)utvaoll{tIaAggs are independent of load, up to the full load rating
of the .

® "‘"GH OUTPUT VOLTAGES—VARIAQS supply output voltages 15% higher than the line voltage.

@® SMOOTH GONTROL—The VARIAC may be set to supply any predetermined
absolutely smooth and stepless variation.
@ HIGH EFF'G'ENGY—ExceptiOnaHy low losses at both no load and at full power.

® SM ALL SI ZE——VARIAQS are much smaller than any other voltage control of equal power rating.

H ® LlNEAR OUTPUT VOLTAGE—Output voltages are continuously adjustable from zero by means
of a 320 degree rotation of the control knob.

@ GALIBRATED DIALs—GiVing accurate indication of output voltage.
e SMALL TEMPERATURE RISE—TLess than 50 degrees C. for continuous duty.
® ADVANGED MEGHAN'CAL DESlGN—Rugged construction—no delicate parts or wires.

VARIACS are stocked in fifteen models with power ratings  * Trade name VARIAC is vegistered No.

from 165 watts to 7 kw ; prices range between 70/- and gfeoﬁz‘ffn;fiTu}:“df;“g%ghﬁj.f;m‘;‘qﬁl,ﬂ%f
£34:0:0. Excellent deliveries can be arranged. MOSt  jssued o Goneral Radio Company. ’

types are in stock.

Write for Bulletin 424-E & 146-E for Complete Data.

output voltage, with

T
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ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
180, Tottenham Court Road, Londom, W./ snd 75,0L08A1L 5T. LIvERPOOL, 3, LANCS,
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Pull back the curtain on the age of electronics—the

era of industry that has begun with the end of the war.
The development of new services on land, at sea and
in the air are all part of the Marconi post-war plan.
From the first great adventure of wireless communi-
cation nearly half a century ago Marconi’s have never
looked back,

Today they are Iooking Sforward—to the reconstitﬁtion
of old services and the introduction of new achieve-

ments in the world of wireless communications.

MARCONI

WWWWW

MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED
THE MARCONI INTERNATIONAL MARINE COMMUNICATION COMPANY LTD

MARCONI HOUSE, CHELMSFORD, ESSEX

WIRELESS
ENGINEER

During Ihe wr we prouced—
150,000 MILES of FELT
STRIP of varying section

If your Let
peacea-time STERLING
productions need quote you

Any SHAPE—any SIZE—any QUANTITY

STERLING [FXTRE,,

STERLING WORKS, ALEXANDRA ROAD, PONDERS END
Ph

ane MIDDLESEX
HOWARD 2214.5, 1755

‘Groms :
STERTEX, ENFIELD )

=

CELESTION

LOUDSPEAKERS

Chassis Diameters range from
21 to 187

Power Handling Capacities range from

-25 Watt to 40 Watt.

Celestion Limited

Kingston-on-Thames
Telephone : KINgston 5656-7-8
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3 — Regd. Trade Mark
PRECISION

i TESTING INSTRUMENTS

]

HIGH accuracy, simplicity, excep.-
tional versatility and proven reliability

have won for “AVO” Instruments a :
. . The MODEL 7 50-Range Universal
| world-wide reputation for supremacy

AVOMETER

wherever rapid precision test work is Electrical Measuring Instrument

. an %0 A self-contained, precision moving-coil instrument, conformix.xg. to

demanded. There is an “AVQ Instru- B.S. 1st Grade accuracy requirements. Has 50 ranges, providing

for measuring A.C. & D.C. volts, A.C. & D.C.dax{dnperl;:si resislt)ance,

. . capacity, audio-frequency power output an ecibels. irect

ment for every essential electrical test. 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 against
damage through overload.

Reyd - Teode Merk

MEANS ACCURACY

TR o= S e e T e

+ Proprietors and Manufacturers:

EJAUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT €0., LTD., Winder House, Douglas Street, London, S.w.1. "Phone : VICtoria 3404-8

By

A portable Beat frequency Oscillator
of outstanding merit, widely used by
all the leading government and indus-
trial laboratories. Range: 0-16000
c.p.s. Output: 0.5 watts. 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 wuse in sub-tropical
climates; very stable under reason-

e e i e

T e S

?J ggll]);htcl%?lsstant ambient temperature

j? PRECISION

J BUILT

i INSTRUMENTS

BIRMINGHAM SOUND REPRODUCERS LTD.

CLAREMONT WORKS: OLD HILL, STAFFS. PHONE: CRADLEY HEATH 6212/3

LONDON OFFICE: 115 GOWER STREET, W.C.l. PHONE: EUSTON 7515

M-w.72
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NCELOT RD - WEMBLEY

: : BRIEF TECHNICAL DATA
Overall Diamn. 12f”........cccoeen... Overall Depth 6§
Fundamental Resonance............................ 75 C.p.S.

Max. Power Capacity...... 12w, peak A.C. on 4 ft. baffle
(15 w. horn loaded)
Voice Coil Tmp..............ooooeil. 15 ohms at 400 ¢.p.s.
Flux Density.....oooooviiiiiiiviiiiiin, 13,000 gause
Net weight.. ... 11} b,

—For High Efficiency
Components —see

" EDDYSTONE
CATALOGUE

Write for a copy of this new Catalogue
to-day. It contains arange of post-war
components with the traditional Eddy-
stone standard of dependable efficiency.
Manufacturers' enquiries are particularly
invited.

TRANSMITTING RACKS

This rack comprises uprights, top and
bottom frames, top plate, side brackets,
front panel and chassis. The dimensions
conform to international standsrds, the
chassis measuring 177X 10” X 2”, the up-
rights 63" in length, Holes punched out~
in all members to facilitate assembly.
Mild steel construction. Finish is glossy
black, except panels, which are ripple
black on the outside. Panels available in
four sizes, ranging from 3}” to 103", All
items sold separately

Write for Address of your

nearest Eddystone Agent.

DDYSTONE

* Puls Perfection into Performance™"
Manufacturers :
STRATTON & CO., LTD.,
Eddystone Works, West Heath,
Birmingham, 31,

ensitive /alve
n/@/fm@fgf

VOLTAGE RANGE
I mV to 100 volts.

FREQUENCY
RANGE
50 ¢/s to 250 kefs.

ACCURACY

+ 59% of the actal
reading.

INPUT
IMPEDANCE
2 megohms.

ZERO SETTING |

Stable and remains

Type 378A.
set on all ranges. L
1

FURZEHILL s a
~. LNBORATORIES!

BOREHAM WODDD -HERTS!

!
1

TELEPHONE :ELSTREE 1137 {

i}
y
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CERAMIC
'U.L.U CAPACITORS
v

]
7,

I 202y,

“1212005

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

DISC
_ TYPE

Specially raw materials and subjected
$ ) .
}sulmblefm‘ to the most rigorous tests,
PULSE W N : : g H i
3 capiitancgﬁ:"vﬁ its rating for its size is un-
3 3 pF- 50 pF surpassed.

§ Working Voltage
Y 2kV RMS. Capacitance Range: 120—

RF. Load

250 pF. RF Load : 26 kVA
with 14 amps. Working
Voltage : 5 kV R.M.S

Further details on application.

] Up to 10 pF 2 kVA
7 with 2 amps.
|

Up to 50 pF 0.8 kVA
with 1.5 amps,

;JJNITED INSULATOR CO. LTD

/]
?akcroft Rd., Tolworth, Surbiton, Surrey
%’elephone : Elmbridge 5241 Telegrams : Calanel, Surbiton

Unsurpassed In Ceramics,

SIERAETT TN e S DT T Nt s
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VARIABLE AIR

CONDENSER
TYPE

A—430

A component for building
into your own measuring
equipment or an instru-
ment for use on the bench.
Light, rigid construction,
smooth, even control and
small electrical losses are
qualities which you will
look for and find in these
Condensers. f
They are available !in
aluminium boxes of
MUNIT construction
for bench use or with
cylindrical metal covers
for panel mounting.

SPECIFICATION

CONSTRUCTION . Aluminium throughout.
CAPACITANCE LAW S.L.C.

INSULATION .. . Frequentite.

BEARING . Sprung ballraces and a friction pad.
DRIVE . ... Direct or 50:1 reduction.

SCALE .. DO 4” dia. silvered.
CAPACITANCES

..... From 100 ppeF to 1,000 muF.

Bulletin B-236-E, giving full particulars of these instruments
will be supplied on request.

Muirhead & Company Ltd,

Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2.
FOR OVER 60 YEARS DESIGNERS & MAKERS
OF PRECISION INSTRUMENTS

’

CR.C. 33
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THANKS
for the

(onpLimenrs
DEN pe Luxe

TRANSFORMERS

DESERVEDLY WIN UNIVERSAL PRAISE

From the day we sold the first of our ‘de luxe’ Range of Mains and
Filament Transformer they have received quite a ‘fan mail’ from
users the World over expressing entire satisfaction on their perfor-
mance under all conditions. Mind you—and please don’t think us
conceited—we are not surprised because we reaily did do a good job
with the ‘de luxe’ Range as can be judged from their @ Superb
Technical Design @ Finest Quality Materials ® High Operational
Efficiency ® Guaranteed Reliability @ Beautiful Appearance, Why
not send for further details and fuil specifications TO-DAY,

WODEN TRANSFORMER co., LTD:
MOXLEY ROAD [} BILSTON o STAFFS.
Tel.: Bilston 4195%.

FROM AUG. 1
OUR LONDON
ADDRESS IS

N,

N.S.F. — OAK SWITCHES
N.S.F. — Paper Capacitors, Silvered Mica
Capacitors, Wire-wound Resistors and
Volume Controls. Details on request.

GA

September, 1946

MINIATURE o MIDGET

THE SCIENTIFIC
- VALVE_

HIVAC LIMITED. Greenhill Crescent, Harrow on the Hill. Middx. Phone"gg'}gg

Specialists in the manufactwe

of quality instruments up to

5 KVA, built to give you
service for many years,

““ made to measure”’ E
i

Savage Transformers Ltd.
52, Northgate Street, DEVIZES.
Devizes 536.

|

Midget Relay M,
orAC.orDC.

L O

“RENLLY 207-ANERIEY ROAD LONDON-S-€-20 votRillen »

or RELAY'S [t

The wide range of
Londex Relays
covers especially the
Wireless and Elec-
tronic fields. The
illustrations show

only a few out of
a multitude of re-

liable relays. Change-over ’
Ask for leaflet Relay, 4.E.C.0.4 i
205/1 IZ/WE, for Radio Frequency

NDEX - LTD

MANUFACTURERS COF RELAYS
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Portable Electric Fans

S.E.M. Portable Electric Fan for
Ship Ventilation

S.E.M. design and manufacture electric
fans up to 5 h.p. capacity and have had
special experience in fans for searchlight
and valve cooling and for ship venti-
lation.

Typical of the range is the compact
and portable fan unit designed for ship
ventilation. This ‘‘centrifugal >’ unit,
with fan mounted on the same shaft as
the motor, is capable of displacing 500
cub. ft. of air per minute at 6 inches water
gauge pressure,

In common with all S.E.M. machines,
this fan is manufactured to the highest
standards of mechanical detail and
passes rigid inspection tests.

_SMALL ELECTRIC MOTORS LTD.—

have specialized for over 30 years in
making electrical machinery and
switchgear up to 10 kW capacity.
They are experienced in the design
and manufacture of ventilating fans
and blowers, motors, generators,
aircraft and motor generators, high-
frequency alternators, switchgear,
starters and regulators.

A subsidiary of Broadcast Relay Service Ltd.
BECKENHAM - KENT

WIRELESS
ENGINEER

5-Pin non-
reversible

CONNECTORS

Delivery
from

Stock
APPLICATIONS.
Power Pack to Amplifier — Amplifier to Microphone.

Amplifier to Loudspeaker—Amplifier to Record player.
H;T and L/T Inter-chassis connection.

Anywhere, when mains output and other connections
have to be carried in a multi-core lead.

SPECIFICATION.
5-Pin Flex plug with cord grip—2 mains Pins—up to
5 amps. Bakelite body and cover—non reversible—
self locating.

LIST No. L.1258. Price each 3/5.

5-way Chassis socket—h'gh grade bzkelite wafer panels.
LIST No. L.331. Price each 1/4.

Plugs and sockets have silver-plated and tin-d pped
soldering spigots.

BELLING & LEE LTD

"CAMBRIDGE ARTERIAL ROAD. ENFIELD. MIDDX
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VORTEXION
“Super Fifty oy ‘

Watt ”’
AMPLIFIER

30 cps. to 15,000 cps.
within 1 db, under
29, distortion at
40 watts and 1% at
I5 watts, including
noise and distortion
of pre-amplifier and
microphone  trans-
former. Electronic
mixing for microphone and gramophone of either high
or low impedance, with top and bass controls. Output
for 15-250 ohms, with generous voice coil feedback to
minimise speaker distortion. New style easy access steel
case gives recessed controls, making transport safe and
easy. Exceedingly well ventilated for long life. Amplifier
complete in steel case, asillustrated, with built-in 15 ochms
mu-metal shielded microphone transformer, tropical
finish. Price 294 gns.

Owing to increased costs we are reluctantly
compellzd to increase the above price by 109,

Dealers & Export Agents should write for special terms to:—

VORTEXION LTD.

SOUND EQUIPMENT ENGINEERS
257-261, The Broadway, Wimbledon. S.W. 9.

Telephone : LIBerty 2814,6242/3
Telegrams]: ‘‘ Vortexion, Wimble, London "

Piezo QUARTZ CRYSTALS

for all applications.
Full details on request.

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

i

CO=AX /Wiy CABLES

BASICALLY BETTER
AR -SPACED

FUPRISFIONE FET VAT
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PropucrioNn ENGINEER required by well-known
London firm of Condenser Manufacturers. Good
salary and scope for right man, must have |

Radio (preferably component) Manufacturing

experience. Box No. 2125.

i3

~——e— L ABGEAR———
SUB-STANDARD CAPACITOR

A Precision Low Capacity Instrument for use on H.F, Bridges, etc.
ENQUIRIES TO :— Range, 5pf—25pf. Phone : 2494 (2 lines).

LABGEAR, Wiilow Place, CAMBRIDGE.
MANUFACTURERS OF HIGH QUALITY INSTRUMENTS

THE WORLD’S GREATEST BOOKSHOP

**¥ FOR B OOKS ¥ &

New and second-hand Books on every subject.

119—125, CHARING CROSS ROAD, LONDON, W.C.2
Gerrard 5660 (16 lines) % OPEN 9—é (inc. Sat.) =

K

WAILTE

“INSTRUMENTS. LTD.K

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

C. R. Casson 7a

CROWN AGENTS FOR THE COLONIES.
COLONIAL GOVERNMENT APPOINTMENTS. .
Applications from qualified candidates are invited for the following

ost :

%ROADCAST OFFICER required by the Gold Coast Government,
Broadcasting Department for one tour of 18 to 24 months with
possible permanency. Salary according to age and war service
in the scale £450 rising to £720 a year. On a salary of £450 a total
allowance of £48is payable and for married men separationallowance
between {84 and £204 according to number of dependents. Outfit
allowance £60. Free passages and quarters. Candidates should be
of good education and have had a thorough training in the theory
and operation of wireiess broadcast transmitters and in studio
technique. They should understand thoroughly the system of
distributing radio programmes by wire and have a thorough
knowledge of modern super heterodyne shortwave Receivers. A
knowledge of gramophone disc recording is desirable.

Apply at once by letter, stating age, whether married or single, and
full particulars of qualifications and experience to the Crown Agents
for the Colonies, 4, Millbank, London, S.W.1, quoting M/N/13418.
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Freedom from vibration with silence and secure flexible support is
available for radio, instruments, generators—from the standard range
of Silentbloc Anti-Vibration Mountings. The metal and rubber de-
signs are exclusive to Silentbloc, and offer the most convenient

and consistently effective medium for the isolation of vibration.
Full parliculmg'on application.

TRANSFORMERS

MODELS NOW iN PRODUCTION

Type No.: Input : Output :  Watts ; Price : Type No.: Input : Output :  Wates : Price :
] M.T.I89A. ... 190/260 v....... 15 0 E.T. I::Oé\ ...... :998//%28 Veeeon, o 8
M.T.I89E. . .. 190/260 v.. . 15 0 T.140B...... Voo,
MTI6IA ... 190260 v. ... €711 3 M.T.140C... .. 95/llgov 8
| MTaslc. 95/130 v, ... 110v.........60...... £7 11 3 l:';»zlggg ------ Igg/,zég: ------- 9
MT.161D.... .. 95/130 v, ..... 230y ... £7 11 3 o R 0aaca0 (L% Ve
M.T.218A. ... 190/260 v....... 0
MT.I6IE.. . .. 190/260 v.. Py I3 5 ’ ; -
M.TI61F. .. 190/260 v, . . 3 Sbecial Quotations for Quantities.

INPUT POWER FACTOR 90%.
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TELCON

@ METALS

/ﬂa:ynetic -g//oy.‘!

MUMETAL-RADIOMETAL
RHOMETAL

High magnetic permeability and low
electrical loss are outstanding charac--
teristics of TELCON Nickel-iron alloys
MUMETAL, RADIOMETAL, and
RHOMETAL. These materials are
used extensively for transformer cores,
chokes, shields, cathode ray tube
magnetic screens, indicating %nstru—
ments, etc. Further details on
application.

THE TELEGRAPH CONSTRUCTION & MAINTENANCE €O. LTD

= . Founded 1864 . . . ;
Heod Office: 22 QLD BROAD. STREET, LONDON, E.C2. Tel: LONdon Wall 3141
knquiries to: TELCON V_V_ORKS, G!EENWICH. S.E.10. Tel:, Greenwich 1040

AssISTANT PATENT MANAGER required for large

group of companies. Must have sound technical

knowledge of radio and electronics. Apply,

stating age, qualifications, experience and
salary required. Box No. 2126.

LAMINATIONS & SCREENS
RADIOMETAL ‘- PERMALLOY
SILICON ALLOYS

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

m Write for book-
let on lifting and
CHAIN
PULLEY

anica handling

BLOCK ..

GEO. W. KING LTD,,

shifting or separ-
ate ocatalogue of
CODVeYOTS, Oranfs,
and other mech-

HITCHIN 960
GLASGOW

P.E.B. WORKS :+ HITCHIN : HERTS.
MANCHESTER CENTRAL 3947  NEWCASTLE 24196 IR A PLE
- —— ey

—for priority requirements:
at present., Write for partic}
stating frequency rangereq.

21.JOHN STREET, BEDFORD ROW. LONDOY,
TELEPHONE: CHANCERY §]

LELAND

INSTRUMENTS LTD

Use “Quixo ’’ method of battery
testing. Reliable results guaran
teed. Send for interesting _#
leaflet G215, on bat- =
tery testing,

RUNBAKEN

FOR RESISTORS

_\"ﬁwyn '
Welwyn Electrical

TR
Laboratories Ltd

Welwyn Garden
City

S

o~ <« e i

GOVERNMENT OF BENGAL
Applications are invited from persons of Asiatic domicile, preferably Beng;‘
| for the appointment of technical Wireless Officer, Home (Police) Dep!
ment, Government of Bengal. 4
Candidates must be not less than 25 or more than 35 years of age oy
1st Juiy, 1946, and must (1) have a comprehensive knowledge of the Ful
mentals of Electronics, especially Radio-Telegraphy and Telephon)"}

wave and very high Frequency systems ; Modulation systems, Transmi
characteristics, Aerial system ; Mobile radio (il) be able ‘(o.opel‘ate |
demonstrate all commonly used servicing apparatus and especially Os
scopes, Signal generators, Bridges, Frequency meters, etc., (iii) havea WOrf]
knowledge of Generators (A.C. and D.C.), rotary converters, vibrators,
other power supplies, (iv) have had atleast 3 years practical experiencell
above. Preference will be given to candidates having a degreein
and some knowledge of (a) Sound-Recording systems (disc, ilm and &
strip, etc.), (b) Acoustics and sound reproduction. The appointment ¥
permanent subject to two years probation. Pay scale Rs. 600 to Rs.1
| a month; initial pay Rs.600 to Rs. 700 a month, according to age.
Further particulars and forms of application may be obtained on applicd
{by postcard) from the High Commissioner for India, General Depart I [
.‘\

India House, Aldwych, London, W.C.2. Completed applications shou!
submitted not later than 2lst September, 1946,

|
l@)
|
k
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Electrical Standards for

Research and Industry
WAVEMETERS

Testing and Measuring Apparatus

\
f OSCILLATORS for Communication Engineering
b

CONDENSERS
INDUCTANCES
RESISTANCES

1& BRIDGE S___ Gapacitance
s
1

Inductance

H. W. SULLIVAN
— LIMITED —

i ALL TYPES—ALL FREQUENCIES—ALL ACCURACIES
? London, S.E. 15

i Tel. New Cross 3225 (Private Branch Exchange)

. another famous productlon
fiom ~ — 7

We shall be happ
to supply the fullest
information.
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STRENGTH and

PRECISION

s

At Mullard, manufacturing QVO4 -7

methods and processes keep pace with develop- Balfa ANMEPLIFIER TEVRODIE ‘

ment. Designers who choose Mullard Master As Class C Vi 63 V. J}J

Valves know they are as reliable in service as they Amplifier. i 06A. )

are advanced in technique. Va ... .300V. -

Thi la .. 425 mA. length 78 mm.

1S X-ray and photograph of the Mullard Wour 6.0 W, .

QVO4-7 illustrate its mechanical strength and Frequency Max. diameter

precision. As far as performance is concerned, ISV Ges. &9 i

examine the abridged data on the right. A valve SemEn)

destined to be popular with communications —— {Mullard |

engineers for R.F. Amplifiers and Frequency W »’;

Multipliers. {r

For further developments watch M “ l l a l' L
- T HE MASTER VA LVE@
E Technical data and advice, on the applications of the QVO4-7 and other transmitting and industrial valves, can be obtained from
E THE MULLARD WIRELESS SERVICE CO. LTD.,, TRANSMITTING & INDUSTRIAL DIVISION '—é‘;
g (TECHNICAL SERVICE DEPT.), CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C2. Zi
IIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl[IIIIlIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIII]lIIIllIIIIIIIIIlIIII]IIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIllIIIIIIIIHIIIIlIIIIIIIIIIIIII]IIIIIIIIIIIIIIIIHIIIIHIIIIIIIIIIIIII]IIIIIIIIIIIll|I|II||IIlIIIII|||IIIlIIIIIIIIIHIIlllﬂﬂlll['[‘qlI
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ACOUSTICAL RESEARCH

HE TANNOY LABORATORY can pro-
vide a skilled and specialised service in

the investigation of all problems connected

with vibration and sound. This covers

most aspects of acoustical research and is

available to industry and Government

Departments engaged on priority projects.

\TANNOY/

RESEARCH LABORATORY . SSTANNOY?”
GUY R. FOUNTAIMN, LTD. SR D ]
«THE SOUND PEOPLE ' GUY R. FOUNTAIN, LTD.

“THE SQUND PEOPLE”

WEST NORWOOD, S.E.27
and Branches.
'Phone - - Gipsy Hill 1131

“ .
The ’\engmeermg resources
which produced hundreds of
millions of Erie components
“for war-time needs are now
at your setvice. May we
'adv1se you, quote you, or

send you samples ?

ERIE RESISTOR LTD.
'CARLISLE ROAD, THE HYDE.
LONDON, N.w 9.
Telephone : Colindale 8011

FACTORIES : London,.England
Toronto, Canada e Erie, Pa., US.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
Hunts Silvered
They

also possess the advantages of initial low cost

are essential requirements,

Mica Capacitors can be relied Gpon.

TRADE MARK,

PROTECTED
SILVERED MICA

A. H.HUNTLTD. LONDON, S.w.!8
Established 1901

Of unfailing interest to
visitors  to 'the Royal
Observatory is the his-
torical plate let into the
outer wall, carrying the
pegs which give the
master measurement of
the British Yard.

and also economical application, the lightweight
construction allowing them to be used without
fixing holes or special mountings.

A range from 10 to 10,000 pF is available
in_a variety of types and sizes — full details

upon request.
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Simple Transmission Formula

NDER this title H. T. Friis of the Bell
J Telephone Laboratories, published a
% note in the Proc. I.R.E. of May 1946.
e makes some novel and interesting sug-
2stions concerning the way in which the
:lation between the radiated and received
fower should be stated. The basic idea is
%aat an aerial has an effective area which is
tefined, whether the aerial is actually used
I transmitting or receiving, by assuming
to be used as a receiver of a linearly
fiolarized plane wave. If P, is the power
(oW per unit area in the neighbourhood of
ie aerial, and P, is the power available at
ie output terminals of the aerial then the
tfective area A4, is defined as P,/P,. An
rial can have different effective areas in
jifferent directions, and the effective area
ill be modified by variations of the load
psistance into which the aerial feeds. In
1y transmission formula the areas must,
't course, be those in the direction of trans-
hission.  If P, be the power fed into the
a ransmitting aenal at its input terminals
nd P, the power available at the output
érmlnals of the receiving aerial then

| P,/P, = A,A Jd%

]here A, and A, are the effective areas of
ae two aerlals and d their distance apart.
ince the right-hand side of the formula has
imensions L%/L% it is immaterial what
its are employed, so long as they are
‘ie same throughout.

4Con51der1ng a small dipole of negligible

1
]

resistance and length / with a load resistance
equal to its radiation resistance, i.e. a small
uniform current element, situated in an
electric field of strength & r.ms. volts per
unit length, then

&l &l

= Rl + ‘Rrad - ZRrad and

&212
P, =IR, =
! 4Rrad

watts.

Now for such an element
R,,q = 8om2/2/A% ohms

232
hence P, = —— watts
3207
and since P, = &?1207 watts
= P[Py = 387 = 0.1193)2%,

This would apply to a Hertzian oscillator
with such large terminal capacitances that
the current is approximately uniform over
its length.

In the case of a half-wave dlpole the
current is distributed sinusoidally over its
length and since its effective length is there-
fore 2//m

2 &l &2
]_w'szdandP’_ sz

In thiscase R, 4 =

April 1945) and [ =

watts.

rad
73.2 ohms (see Editorial
Az,
&2/\2
4% X 73.2

120A%
Pr/Py = 47 X 73.2

therefore P, =

and 4 = = 0.1305A2.
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It is interesting to note that this effective
area of a half-wave dipole is a little more
than that of a rectangle of the same length
as the aerial with a width equal to half the
length. It is the power transmitted through
this rectangle that the aerial abstracts and
delivers to the load resistance. It will
be noticed that the effective area of the
Hertzian oscillator for the same wavelength
is only slightly less, although its length may
be very much less, but to obtain the assumed
uniformity of current, large terminal capacit-
ance is essential and we may picture the
aerial as a short wire joining the centres of
two large parallel plates. Hence the effective
area gains in width what it loses in length.

Isotropic Aerial

This is the name given by the author to
a hypothetical aerial which has the same
radiation intensity in all directions. It will
have an effective area equal to two-thirds
of that of the small dipole, for if we consider
a spherical shell around the transmitter,
the energy per cm?® will be the same every-
where if the transmitter is isotropic, and the
energy in any narrow zone will be pro-
portional to the volume of the zone, that
is, to sin 6 where 6 is the angle to the polar
axis, whereas, if the transmitteris an ordinary
small dipole the energy density is pro-
portional to sin®, and therefore the energy
in any narrow zone will be proportional to
sin®¢.  On integrating from o to = to find
the total energy, sin 6 gives 2 and sin36
4/3 ; hence for the same current and the same
radiation in the equatorial plane the iso-
tropic aerial radiates 1.5 times as much
power as the dipole. Its radiation resistance
1s therefore 1.5 times as great and its re-
ceived power for a given Py only two-thirds
of the received power of the dipole; its
effective area is therefore two-thirds of that
of the dipole.

We have seen that for a short dipole
A = 3287 ; hence for the isotropic aerial
A = X*/4m. 1f such an isotropic aerial were
radiating a power P,, the value of P, at a
distance d would be P,/47d? which we see
is equal to P,A4/d%\%, and if A, and A, are
the respective effective areas of the sending
and receiving aerials, we have

PT/‘Pt = ATAt/dz)\z

Any change in the character of either
aerial causes an appropriate change in its
effective area which must be known before
the above formula can be used.

Broadside Arrays

A broadside array of # acrials each Az
long and A/z apart with a reflector that
doubles the gain is found to have an effective
area of n X Af2 x A/z that is, about equal
to the actual area. This is stated to agree
with calculations published by Pistolkors
in Proc. I.R.E. in 1929.

Experiment shows that aerials with para-
bolic reflectors have an effective arca equal
to about two-thirds of the projected area
of the reflector; for a long horn it was
found to be 81 per cent, and for an optimum
horn, designed to give maximum gain, 50
per cent oi the aperture area.

In conclusion, the author says ‘It is
suggested that radio engineers hereafter
give the radiation from a transmitting aerial
In terms of the power flow per unit area,
which is equal to P,A4,/A%¢?, instead of giving
the field strength in volts per metre. It is
also suggested that an antenna be char-
acterized by its effective area instead of by
its-power gain or radiation resistance. The
ratio of the effective area to the actual
area of the aperture of an antenna is also
of importance in antenna design, since it
gives an indication of how efficiently the
antenna is utilizing the physical space it
occupies.”

With regard to the first suggestion, since
Py, = &21207 it seems immaterial whether
one uses the power flow P, per unit arca or
the field strength &, but if one uses P, then
the effective area is obviously more con-
venient than the radiation resistance : if,

however, one is given the field strength &

then the radiation resistance is the more
convenient characteristic. ‘“ Power gain”
seems a vague and unsatisfactory term.
If an aerial has an extensive reflector such
as a horn or parabola the area of the aperture
1s quite definite, but in many cases ‘‘ the
actual area of the aperture of an antenna
can bear little relation to the effective area.

G. W.0O. H.
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~ OSCILLATOR POWER RELATIONS®

By R. E. Burgess, B.Sc.

(Communication from the National Physical Laboratery)

) .

\ SUMMARY.—The amplitude and power relations are derived for a class of valve-maintained
i oscillators in which the source of power can be represented as a negative conductance element
J which has a characteristic limited by a term proportional to a higher odd-power of the voltage.

The analysis is based on the classical work of E. V. Appleton and B. van der Pol.
conditions for obtaining the maximum output power from such a source are deduced and
shown to differ fundamentally from the impedance-match conditions appropriate to linear
systems. It is shown that the intrinsic oscillatory-circuit losses are purely parasitic in the

The coupling

transfer of power to an external load-circuit, and there is no question of a resistance match.
i The response of such an oscillator circuit to a small external e.m.f. having a frequency

different from the oscillation frequency is considered.

It is found that the circuit effectively

¥ has a positive conductance which is proportional to the excess negative conductance

producing oscillation.

1. Introduction

"T is frequently required to couple a load to
i a valve-maintained oscillator and to know
" how the power obtained will depend upon
he coupling, and in particular how to obtain
fhe maximum power in the load. In such
jroblems it is important to remember that
%ne valve-maintained oscillator is a non-
near source of power, and that the usual
near-network theorems (e.g., Superposition
r Thévenin’s) are inapplicable. Derived
tuantities such as impedance and admittance
4ill, in such cases, depend upon arbitrary
fefinition, and it is therefore preferable to
escribe the behaviour of such systems in
prms of directly observable quantities such
s current, voltage and power.

' The present note illustrates this by refer-
iace to a class of oscillators in which the
on-linear element which both maintains and
jmits the oscillation is representable as a
egative conductance which can be expressed
5 a simple binomial function of voltage.
‘he analysis is based on the classical work of
ppleton and van der Poll 2 3 45 and its
‘2velopment is limited to power relation-
nips, and their significance in practical
iroblems.

§ Amplitude Relations

¢ The circuit considered is shown sym-
)lically in Fig. 1, in which L, C and G
gipresent the oscillatory circuit and N the
fcgative conductance element which main-
jins oscillation. It is assumed that the
‘ rrent-voltage characteristic of N has the

1= — av -+ bp2n+l | .. . (1)

where the first term represents the main
component of the falling characteristic and
the second term the essential non-linearity
which limits the amplitude of oscillation.
This type of characteristic is a sufficiently
close representation of a wide range of actual
cases to enable the essential features of their
behaviour to be deduced. The omission of
even-power terms is without effect on the

i
SQURCE G CJ' v

v

[ 7

Schematic civcuit of valve oscillator.

OF POWER

Fig. 1.

amplitude while the inclusion of only one
odd-power term avoids the possibility of
hysteresis and the existence of more than one
stable amplitude®. Fig. 2 illustrates the
characteristics for # =1, 4 and oc. The
latter case may be termed ‘“ideal’” and is a
limiting form not practically realizable.
The turning values v, of v are given by

I a\Ven
'Ul::t(mé) oo . (2)

and are of particular importance. In terms
of v,, the characteristic becomes :—

z‘:~av{1 ~2nﬁ(v-vl)2n} (3)

The range — v, to + v, is that for which N
has a negative conductance. The conduct-
ance is conveniently expressible as
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- For the calculation of the amplitude and
power relationships it will be assumed that
the potential difference v across the oscillatory
circuit is a pure sine wave

v = 4 sin wt

(5)

!
EXPAS I
\§

| |

t

| |

N=1 4 |a:v col 4 1

' |

] ;

-V, M B

’ !

l |
{ |

| N7

-ay b

Fig. 2. Typical curvent-voltage chavacteristic of
N (i= —av + by2r+1)

Small departures from this wave form will
not materially affect the amplitude and
power relationship with which we are now
concerned.

The amplitude of oscillation, 4, can be
deduced from the balance over a period of
oscillation, T of the power Gu? expended in
the circuit conductance G and the power
— 1v supplied by the source. .

T
ozfmw+mw
[} _A2T

(G —a+ A2p F)

F, = Ef sin@?+2 § 44
v

° _35...
4.6 ...

(2n + 1)
(2n + 2)

(6)

I$ a numerical factor, less than unity, which

depends upon the characteristic of the
negative conductance element.
Thus,
a — G\l
A =
(bﬂ) (7)
or, in terms of Uy
2n 4+ 1 a— G\Vn
A= 7)1( A ) (8)

Now a is the magnitude of the negative
conduc’gance N for small oscillations, and
for oscillation to occur, a must exceed G,

the amplitude depending on the excess
negative conductance (2 — G). In the
limiting case of G = 0 the amplitude A has
its maximum possible value of

_ 1/2n
A, — v, (an—} 1) s

which decreases from 20, at n =1 to 1.149, at
n = 4 and tends to v; as # tends to infinity,
The maximum possible amplitude of oscilla-
tion is therefore equal to 2v, which is only
attainable with a cubic characteristic and
zero circuit losses.

3. Optimum Power Relations

It will now be assumed that the effective
conductance of the oscillatory circuit is
continuously variable, either by adjustment
of the coupling to a load or direct variation
of its effective resistance or in any other
way. The power dissipated in the circuit is

on -+ 1 a— GJ“‘"

P:%ﬁ@:;wc[

F, a
. (10)
This reaches a maximum value of
Po.=%v2a H, (11)
where
~ n 2n +1 1 \Un
P (M +1 F_n)
12\ ln
= nﬁl(%) .. (12)

when the circuit conductance G has its
optimum value

n

Gopy = .a 1
opt n + 1 ( 3)

As a function of #, H, varies as shown in

the following table :—

| o«

n 2

H

3 4

1.106

5
1.103

6
1.099

n 1.089 | 1.105 I

that is to say, it is a slowly varying quantity
which differs very little from unity. 7herefore
the maximum power available from the negative
conductance is very approximately equal to
that which would be expended in a resistance
I/a by a sinusoidal oscillation of amplitude v,.

Hence the slope of the characteristic of N
at the origin and the range of voltage over
which the slope is negative are the significant
parameters in determining the available
power of the element.

ST e

==
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4. Power Transfer to a Load P n+1 G G
f =4+ 1)1 — =)
| In many cases the oscillatory circuit will Prs  n a

{be used to supply power to an external load.
ouch cases, however, do not need any
\sepalate analysis, for the above discussion
*of the optimum power relationships is quite
independent of the constitution of the con-
Huctance G, which may be wholly due to
Jthe intrimsic resistance of the oscillatory
icircuit, or may be chiefly due to the coup-
”'mg of the oscillatory circuit to its load.
Since, in practice, the useful power is that
‘delivered to the external load, the con-
‘ductance of the oscillatory circuit itself
ran be taken into account by subtracting
ht from the linear term “ a ” of the negative
conductance of the source of power. If
i“a’ is reduced in this wav, the relations
bt the preceding section will be applicable to
“he transfer of power to an external load (.
- The important thing to note is that there
s no question of matching the tuned circuit
fo the load as is sometimes wrongly assumed.
[he tuned circuit is necessary in order to
srovide the desired sine-wave oscillation and
‘0 determine the frequency but it is an agent
s far as the power transfer is concerned,
uid the loss involved is purely parasitic.

1 0
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e T T

S T T\
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x
<
x
a
—
. Qo
g 04
! 02
! 0SCILLATIN
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i o 2z il Il \
¥ 02 04 06 08 r0
1 9
a
Y
Fig. 3. Relation between power and load.

4he system is comparable with the transfer
\f power from a linear source of power to a
pad by way of a tuned circuit, the analysis
,)f which has been given by Colebrook.5.

,g . .
‘{». Variation of Power and Amplitude with
¢ Load

) From equations (10) and (11) we can

fxpress PiP,.. as a function of G/a, ie,
)

i

J
3
1,
i]
y

(14)

This is shown in Fig. 3 for n =1, 2, 4

and co. It will be seen that for the ideal

negative conductance (n — o), the power

increases linearly with G, since the amplitude

remains constant up to G = a, at which
oscillation will cease abruptly.

)
08
o6t
04

02

G

a

Fig. 4. Dependence of amplitude on load.
Crosses denote load for maxinum load power.

It is noted that the dependence of power on
load is more critical than in the case of a
linear source of power obeying Thévenin's
Theorem and this is due to the reduction cf
amplitude (eventually to zero) as the loading
is increased.

From equation (8), the variation of the
amplitude of oscillation with the loading G
is given by

A (;\ 12n
=(I—~—) a6 .. (15)

Ay «

where .1, is the amplitude corresponding to
G = o. This relation is shown in Fig. 4 and
it will be scen that as n increases, the
amplitude tends to remain more constant up
to the point at which oscillation ceases.

The dependence of the amplitude and
power on the load emphasizes the essential
differences between a linear and a non-lincar
source of power. Clearly one cannot ascribe
an effective resistance to an oscillator without
intreducing an arbitrary definition or method
of measurement upon which the apparent
value will depend. For this reason it is
desirable to consider such non-linear systems
in terms of observable quantities, viz.,
current, voltage or power.

B
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6. Response of the Oscillator to an External
E.MF.

The response of an oscillator to a small
external e.m.f. of frequency different from
the oscillation frequency is of interest in a
number of connections.  For example :

(1) the influence of the inherent thermal
and shot noise in the oscillator on its
output voltage ;

(i) the reception of signals by an oscillat-
ing detector ;

(iii) the magnitude of the sidebands when
the oscillator is amplitude-modulated.

Let the applied e.m.f. have the form
e = F sin wt '

and be impressed in series with the inductive
arm L of the circuit. The differential
equation of the system is then

dr. dv .
Lm[iﬁ-G%—f*C—d—J—f*U:ESlnwt

. GV

or v’ - 3 + we?v = wy? E sin wt

. (16)
where wg® = 1/LC and the primes denote
time differentials.

The resultant voltage across the oscillatory
circuit has the form appropriate to the sum
of a self-maintained oscillation and a forced
vibration, the impedance of the circuit being
taken as negligible at harmonic and hetero-
dyne frequencies :

v=2d sin wyt + U sin (wt + ¢) (17)

It will be assumed that the applied e.m.f.
is small so that U is small compared with A,
and it is found on substituting for v in
equation (16) and expanding as far as
U?/A? that the amplitude of the seli-
oscillation of angular frequency is given by

a — G 1/2n (/,72 —1/2n
A%(—E) [I—{—%(%—f—I)A—Z:l
~[4,2 — (n + )G L (18)
a — (G\1/2n .
where 4, :( IE ) 1s the amplitude in

the absence of an external e.m f. (Equation 7).
The amplitude of the forced vibration of
angular frequency w is given by
E

U=
\/(I — WL C)? 4 ]2 n(a — G (19)

which is the form appropriate to a linear

circuit having the constants L, ¢ and G
where the effective conductance G’ is given by

G'=n(a— G) .. .. .. (20)
which may be greater or less than the true
circuit conductance G.

The efiective bandwidth of the system
between half-power points for an external
e.m.f. is thus '

G nla—G) fy [a

B=mt =" —@”(5‘1)

(21)

where Q = w—GC is the magnification of the

oscillatory circuit by itself. |

As might be expected G’ is equal to the |
sum of the circuit conductance G and the
average value of the conductance of \ overa |
cycle of oscillation :

G+g
=G+ = |[~a+ (@n+1)b(d sin 0)2] . df
2 o

=G+ [—a+ (n+ 1) — ]
=n(a — G) .. oo (22)

The effective magnification U/E and hence
the selectivity of the circuit for a small
applied voltage of frequency different from
the oscillation frequency is seen to be the
greater the nearer the system is to the edge
of oscillation (i.e. the smaller a—G is). If the
excitation (a/G) is great, however, the circuit
is apparently heavily damped and will have
low selectivity.
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SIGNAL-NOISE RATIO AT V.H.E."

By M. J. O. Strutt and A. van der Ziel

(Natuurkundig Laboratorium der N. V. Philips' Gloeilampenfabrieken.)

SUMMARY.—In Section 1 the two basic concepts of correlation between fluctuation cur-
rents-or voltages and of the decomposition of fluctuating quantities into singly periodic com-
ponents are discussed briefly.
of a triode used in an amplifier circuit. The fluctuation voltage as well as the signal voltage
between grid and cathode are evaluated. Thereupon the corresponding signal current and
fluctuation current in the short-circuit connection between anode and cathode are given. By
division of the latter by the former current the noise ratio is found in Section 3. This noise
ratio consists of two components. The one due to the presencé of the valve may be
minimized by a proper choice of aerial coupling and of detuning (if necessary) of the input
circuit. The most favourable values of these two quantities are calculated. ~The minimum
value of the valve’s contribution to the noise ratio thus obtained is shown in a set of curves
as dependent on two parameters.  These results are discussed in Section 4.  An experimental
example is given, showing the reduction of the noise ratio by detuning the input circuit.
This experimental evidence is shown to confirm the theoretical results.

Section 5 deals with a grounded-grid stage. Upon proper handling the equations of
the grounded-cathode case are shown to be valid with irrelevant changes of symbols. Hence
the chief results are found to be also dependent on the same set of curves. A considerable
possible decrease of noise ratio is conjectured. A velocity-modulation valve is considered
in Section 6 instead of the density-modulation triode in the preceding sections. Here, again,
the discussion and equations of Section 3 may be directly applied with slight changes. Due
to the special conditions of the present case the minimum noise ratio turns out to be rather
high. A special device by which it might be brought down considerably is indicated.
Section 7 deals with the requirements as to valve construction resulting from the preceding
discussion. Tae main points are: uniform electron paths and speeds in the valve and
low dielectric and other losses at the input electrodes. It is shown that the proposed
reduction of noise ratio applies also to wide-band reception (e.g. 10 Mc/s band-width).
In order to compensate the loss of gain incurred by the reduction of noise ratio suitable feed-
back may be applied. The proposed reduction is not confined to amplifier stages but may
also be applied to mixer stages. In the Appendix the interrelation of the noise figures intro-
duced by K. Fraenz, D. O. North, H. T. Friis and the present noise ratio are discussed.

241

Section 2 considers the different sources of noise at the input -
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Introduction
N ultra-high frequency reception the
signal-to-noise ratio is often much
; lower than with similar signals at lower
-equencies. On the other hand, man-made
ihise and noise from extra-terrestrial sources
ay be less. Hence an increase of the said
tio by proper stage design and valve con-
ction seems especially appropriate in the
er meter-wave and in the decimeter-wave

N

f

of one particular figure is secured. There-
fore, no explicit use will be made of any
of these definitions in this article. Instead,
we shall make use of a noise ratio, defined
in Section 2.

Two concepts are fundamental to a full
understanding of the present discussion.
The first is the concept of the correlation of
spontaneous fluctuations. Two spontaneous
fluctuation currents flowing through . the
same conductor are completely correlated,
if the resulting r.m.s. fluctuation current is
obtained by adding the individual r.m.s.
current values. They are incorrelated if the
mean-square value of the resulting current is
obtained by adding the mean-square values
ot the individual currents. We do not need
the definition of partly correlated currents.

The second is the concept of the decomposi-
tion of spontaneous fluctuation. currents into
an infinite sum of single harmonic compo-
nents. Thelatter represent simple alternating
currents and we may use them in the calcula-
tions as such. If the frequency-band within
which the spontaneous fluctuation currents
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are considered is sufficiently narrow compared
to its average frequency value, the current in
question behaves as a singly periodic alter-
nating current of fluctuating amplitude.

,

Fig. 1. Fluctuating curvent corresponding to a
Sfrequency band Af centred vound a Sfrequency
Josuch that f, > Af. In this case f, ~ 14 4f,
and the amplitude shows vandom fluctuations
of average peviod approximately equal to

1/4f.

The average period of fluctuation is approxi-
mately equal to the reciprocal value of the
said frequency-band. Perhaps Fig. 1, show-
ing the experimental representation of such
a fluctuating current may be helpful to
visualize its action in a complex network,
since it is similar to that of an ordinary
alternating current.*

2. Noise Ratio of a Grounded - cathode
Amplifier

Signal currents and voltages will be
denoted by I and V respectively with
suffixes to indicate different individual
values. Fluctuation currents and voltages
in the above sense will be denoted by 7z and v
respectively, again using suffixes to indicate
different values. The signal at the amplifier
input may be supposed to be due to a receiv-
ing aerial of effective resistance R, at its
terminals. A triode will be used in the stage
under consideration in order to avoid
unessential complications attending the use
of tetrodes or pentodes (the latter are dealt
with in Section 4). The cathode is supposed
to be the electrode which is common to
input and output, thus forming a so-called
* grounded-cathode ”  amplifier stage. The
anode will be assumed to be connected to the
cathode by a lead of very small impedance
compared to the internal valve impedance
between anode and cathode. We shall
evaluate the signal current 7 and the fluctua-
tion current ¢ flowing in this short-circuit
connection.  The ratio ¢%/12 is called the
noise-ratio of the amplifier stage. The hori-
zontal dash above 2 denotes its average
(arithmetic mean) value, taken either by
considering a lapse of time, very long com-
pared with the main periods involved in 7,
or by considering a great number of identical
amplifiers and averaging the values of ;2

* Due to Kappler, see Annalen dey Physik, Vol. 2,
1931, P. 233.

obtained. This noise ratio is related by
simple formula to the noise-figures proposed
in previous publications. We need not,
however, go into these relations here (see
Appendix).

Coupling between the signal source, e.g.
the aerial output, and the input tuned-
circuit is represented symbolically by a
transformation ratio #, stepping up the
source-resistance R, to 2R, in parallel
with the impedance of the said tuncd-
circuit. The signal source is also the seat of
spontaneous fluctuations. In series with the
above resistance R, two constant-voltage
generators of zero internal impedance are
assumed, one supplying the signal voltage
I”, and the second the fluctuation voltage v,
The latter corresponds to the small frequency
band Af centred round the signal frequency
and may be assumed to be due to thermal
electronic  fluctuations in the resistance
R, at a temperature T, thus 1417 : V=
4kT R, Af where & is Boltzmann’s constant
(1.38.107%% joule per degree Kelvin). Instead
of the said constant-voltage generators it is
simpler to make use of constant-current
generators of infinite - internal impedance
supplying signal and signal-source Auc-
tuation currents to the valve’s input circuit.

~ I,i

|
!
|
l

-
e

Fig. 2. Input circuit connected to cathode and
grid of a triode showing the transfored
signal-source vesistance n*R,, the tuned civcuit's
resonant vesistance R, and the valve’s input
vesistance R, due to electvon and to inductive
effects.  The constant-curvent generators supply
the signal curvent I, the source’s Auctuation
curvent i, the tuned civciit’s Jlectuation
current i,, the induced grid fluctuation current
i, and the shot-effect fluctuation current 4.
The signal curvent I and vesulting fuctuation
current 1 in the shovi-circuit anode lead ave

calculated.

Taking into account the transformation
ratio mentioned above, we obtain a current

supplied by the constant - current signal
generator :

_nV, Vv, _ (1)
S—m‘n—{\)’a. .. .. ..
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{ The constant-current noise generator sup-
‘)hes the current
3

/,‘ ﬁ . vaz :4kTaRaAf:4kTaAf (2)

b S mR2 n2R 2 n2R,,

i The complete input-circuit is shown in
Fig. 2. Parallel to the transformed source-
resistance #”R, is the resonant impedance R,

pf the tuned circuit, the input resistance R,

between grid and cathode of the valve due

pwxclusively to electronic causes or to lead
Inductances and a capacitance € indicating
1 detuning (if desired) of the total input
rrrcurt

y Two sources of noise, besides the one
Elready mentioned, have still to be taken into

ccount. The first one is the thermal noise

;pf the resistance R, at rocom temperature 7.

%t may be represented by a constant-current
Y

t

S

enerator supplying the fluctuation current

4TS
%‘ 7 /,2 Rt (3)

* The second one is due to the induced
Huctuation current at the grid®!*16 and
;mll be indicated by ¢,. It may be described
[lS being due to thermal electronic fluctuations
“n a resistance R, at a temperature 7,
{hus?2

72 LA . . @

‘ Due to the said current generators a
ignal voltage V, and a noise voltage v, arise
etween grid and cathode at an angular

TR + joC
(5)

— Ty -+ 1, — 1, 2
I I I .

2R, TR, TR T
The vertical dashes in the latter expression
Indicate its modulus whereas the horizontal
lash denotes averaging, taking due account

b1 the non-correlation between i, i, and 1,
W hat we are interested in are the signal and
he noise currents in the short-circuit anode
|ead due to the above voltages. Denoting
}he transadmittance of the valve from grid
fo anode by S we obtain an anode signal
burrent / = SV,. As to the noise current 2
;n the ancde lead this consists firstly of
bv, and secondly, of the noise current o
lrrculatrng in this lead if the grid is. con-

s

,nected to the cathode across a low 1mpedance
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while maintaining the previous d.c. opera-

ting conditions. Thus
o - w— —
= — S(I?“”It W ooy,
2R, + E+ R, + joC
(6)

The noise ratio is obtained by division of
Equ. (6) by |SV|?, wherein V is given by
Equs. (5) and (1).

3. Conditions for Minimum Noise Ratio

In studying the conditions for a minimum
noise-to-signal ratio two outstanding facts
have to be borne in mind. Firstly, the
complete correlation of 7, and 7, in an ideal
triode, both fluctuations being due to the
same electron stream through the valve.
Secondly, the phase-angles of the trans-
admittance S and of ¢, relative to ¢, due to
electron transit times. We may express
these angles thus!® ’

‘S —=|S|e .
FTEE v
Lig—ﬂlzglfﬁ a0 @)

Only the relative phase-angle ¢, - ¢, of
the correlated currents ¢, and ¢, is relevant.

The modulus |S| of the transadmittance
does not vary appreciably from low to
extreme-high frequencies®. At a frequency
of 6oo Mc/s, ¢, may be 120° in a triode of
the usual electrode-dimensions. The modu-
lus of 7, also does not vary appreciably with
frequency up to the said value in many
cases. Finally, if the ratios R,/R, and
Rn?R, are increased by increasing the
quality-figure of the tuned circuit until they
become large compared to unity, the expres-
sions 1/R, and ¢, may be dropped out of
Equ. (6). We shall assume that this condi-
tion is satisfied. Inserting Equ. (7) we thus
obtain a noise ratio :

2,2 — R,
2 _R2TURY
nVIART

W =1 — —Z‘a ‘ie +1 4+ jwCR, ?
1,SR,i 9 7/2R
%2R
>< a
. R,

‘/{’ - 9{)0 + ¢g - ¢a

8)

A minimum noise ratio obviously coincides
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with a minimum value* of w. Introducing the minimum value of w being
the‘ symbols Wiin :2(1(\/1 —2asin¢ +a?+a—sin })
|2 R
| =, =k WCR, —y, RTINS
ligSR,! - Bl When sin ¢ = 1 and ¢ < 1 this minimum

(9)

the expression for w becomes

w=1/x X[I—a{(x+1)sin¢+ ycosdd}]?
+ a¥x X {(x 4 1) cos  — y sin )2
(10)
The values of x (i.e., the coupling ratio )
and of y (i.e., the detuning) may now be
chosen so as to minimise w. Varying y a
minimum is reached if
ay = cos ¢,
this minimum value being
{a(x + 1) — sin ¢}2

X

(11)

Min, (@) =

Varying x, this expression attains a mini-
mum value, if :

a?x% = (a — sin ¢)2

(12)

The condition (11) fixes the detuning
capacitance. This may be positive if cos ¢ is
positive and negative (i.e., inductive de-
tuning) if cos ¢ is negative. As to the latter
condition (12) we shall assume a unequal to
sin ¢. For if these values were equal we
would obtain x =0 and hence no signal
would result at the valve input (I, = o).
Two cases corresponding to Equ. (12) have
still to be considered : firstly (¢ — sin é) > o0

and, secondly, (@ — sin ¢) < 0. In the first
case, the minimum value of w is
Min,, (@) = 4a (a — sin ¢) (13)

and hence is positive, while in the second case
it is zero. Theoretically this second case is
extremely interesting, as the contributions
of the valve would then completely disap-
pear from the noise ratio. This would hence
be equal to the noise ratio at the terminals
of the signal source (e.g., receiving antenna).
From a practical point of view it is not so
important if w disappears completely. The
only important condition is that 1,2 should
be small compared to 72 in Equ. 8). In
words :—the contribution of the valve to the
noise ratio should be negligible.

We shall now deal with the case when
no detuning is applied. Hence ¥ =0 and
the minimum condition for w becomes

a%x? =1 — 2asin ¢ + a2

(14)

* See Appendix for further definition of w.

value becomes zero. Comparing Equs. (14)
and (12) it is seen that x* is larger and hence
72 smaller in the former case. Thus, cptimal
coupling is weaker if detuning is applied, and
especially so, if sin ¢ is small.

4, Discussion and Experimental Evidence

The reduction and eventually more or less
complete compensation of the valve's con-
tribution to the noise ratio is due to a fluc-
tuation voltage component, completely corre-
lated to ¢,, arising across the input circuit.
By proper detuning this voltage causes an
anode fluctuation current component, due
to the valve’s transadmittance, which is
counterphase (phase-difference of # radians)
with respect to 7,. Hence the correlation

10
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Fig. 3. The mininnum value of the expression w

{vertical scale) of Equs. (8) and (10) varving

x and y of Equ. (9) as dependent on a* of

Equs. (9) and on ¢ of Equ. (8). Full curves

without, and dotted curves with, optimal de-
tuning.

of 7, to 7, is essential.
triode this correlation exists to a fairly
complete degree.

With the aid of the so-called equivalent
noise-resistance R, of the valve ¢, defined by :

1.2 = 4kT |S?| R, A4f, 16
4

&

E:

R

1

i

In an ideal plane |

{

)
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. T being again the room temperature (e.g.,
203 degrees Kelvin), the expression (9) for

2

'a?, using Equ. (4) may be written as :
i R, T

.2 ~
1‘ a ]\ Tg .. 0 g .. (I/)
B} applying Equs. (13)and (15) the minimum
»\value of @ may be calculated as dependent
on a? for different values cf ¢ with or without
»detuning This is shown in IFFig. 3. It appears
{from these curves that detuning has relatively
illttle effect at negatne values of ¢.  As the
le]Se ratio of Equ. (8) may be written as!®

! 2 RTAf(T T+ wT,/T)
! V4R,
bvusing Equs. (2) and (4), thisFig. 3 is directly
suited to the discussion of the relative
importance of the two contributions to this
ratio, corresponding to the two terms
etween brackets in the numerator of (18).
:The ratio of T,/T is often larger than 1,
>.g. of the order of 2 or more, whilst T,/T
s usually, with oxide-coated cathodes, of
#'he order of 5. Assuming 2 and 5 for these
Batios, we would obtain the result that
should be below, say, 0.2 in order to make a
‘urther decrease of @ relativ ely umnterestmg
i& rom Fig. 3 we may see, if ¢ and a2 are given,
‘whether this may be realized. As an example,
we assume a® may be 0.5 at 1 metre wave-
iength.  Obviously, by Iig. cannot
attain values below 0.2 at this value of «?if
4 1s zero or negative with or without
etuning. If, however, ¢ could be, sav, Go®°
bositive, such values could easily be obtained.
¥ If a tetrode or a pentode is used instead of
1 triode, the fluctuation current i, consists
»f two parts, one of which is completely
orrelated to 7, the other being, however
ompletely uncorrelated to 7,5 1% Hence, the
~eduction of the noise ratio is mainly confined

(18)

&

3, W

40 the first part of 7, in this case. Denoting
‘he said decomposition of 7, by

e —2 fm—

i la a; + 2 (IQ)

';the reduction of w obtainable under ideal
“onditions, could roughly not be better than
ito 12,4/ 1, multiplied by the original value
pf w.

The noise ratio of a particular valve, a
pentode used in the first stage of an
jamplifier®, was measured at 300 Mc/s. The
‘measured figures represent the expression in
Ibrackets of Equ. (18) with T, =7 (sce
Fig. 4, taken from a paper by W. Kleend).

i

st Lo S
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It is seen that a reduction of this figurce from
about 21 to 17 is obtained by detuning,
leaving, however, the coupling unaltered,
In the valve under consideration;: accounts
for about 4o per cent and i2, for about

0o per cent of 72, Hence the reduction
should De less than from the original 21 to
about 13. Due to non-optimal coupling at
the detuned position and to the figures of
Fig. 4 including some additional components
besides w7 ,/T, this optimal reduction is not
obtained. This experiment tends to show,
however, that worth-while reductions may
actually be effected using suitable valves and
circuits.  We may also conclude from
Figs. 3 and 4 that ¢ is positive in the present
case.

5. The Grounded-grid Amplifier Stages

In the above discussion the cathode was
assumed to constitute the electrode common
to input and output. In recent years,
however, amplifier circuits have been dis-
cussed, in which the control grid is the
common electrade???  The possibilities of
reducing the noise ratio in amplifiers using
a grounded-grid valve will now be discussed.

The input circuit is exactly the same as
that of Iig. 2. Instead of connecting the
anade to the cathode by a short-circuit lead
it should now be thus connected to the grid
(of course, always taking due care of direct
current connections). Assuming again a
triode, the fluctuation current in the said
anode-grid lead, if the input is short- c1r(‘u1ted
is again 7,. But the fluctuation current ¢,
the gﬂd must now be replaced ' b\ :'(,
4 i, =i, This current i, is completclv
corre dt(,d to 7, in an ideal triode, as is i,
With these chdngnb we obtain instead of
Equ. (8) the noise ratio

v ~ R,
B RZZ +id ﬁ’ *
It VRARE

a LJ%’/

“ “‘ TSR, 7 (n"’R(, H1 gt I‘”)

iR,

R,

b=do— pa— 7z o=]i

(26)

in this casc is different

The value of R,
At rf,

from the grounded-cathode casc.
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R, is approximately equal to 1/S in the
present case.

This ratio attains a minimum value if # is
as small as possible. Using the notations :

1.2 = 4kT |S?| R 4f,
S, R
T SRR,

? a
1,SKR,

R s
:ﬁ Yy =wlR,

;2

(21)

the expression for » becomes :

# =1[xX [1 —b{(x+1)sin by cos i} 2+
+ 0¥x X {(x 4+ 1) cos 4y — y sin U2

(22)
30 \ AN
X
N
X
T SR
x 1
- A
10 —S
04'5 50 55 60
e ——p '
Fig. 4. Experimental cuyve vepresenting the

expression between brackets in the numeratoy
of Equ. (18) with To=1T (curve 1, vertical
scale) as dependent o the tuput civcuit’s tuning
capacitance (horizontal scale) and at constant
coupling, optimal for noise ratio at the tuned
position. Curve 11 vepresents the input signal
voltage squared (vertical linear scale) as de-
pendent on tuning capacitance, and hence
affords a check on the tuning position.

Comparing this Equ. (22) with Equ. (ro) we
see that the procedure used in dealing with
the latter may be repeated in the present
case. Hence the resulting minimum con-
ditions and values of 1 may be taken from
Equs. (11) to (13), replacing w by u, a by b
and ¢ by . The curves of Fig. 3 are also
valid in the present case, replacing @ by b and
¢ by 4. Going by the experimental evidence
of ¢ being positive and small in the grounded-
cathode case corresponding to Fig. 4, we
might conjecture ¢ to be near — 7/2 in the
present case at not too high frequencies,
This  would mean nearly  zero optimal
detuning by the equivalent of Equ. (11).
A considerable reduction of the noise ratio
may be expected also in the present case by
the proposed coupling and (if necessary)
detuning. ’

6. Velocity Modulation Valves

We consider a velocity-modulation valve 15
with two adjacent input electrodes and two
similar output electrodes, both pairs being
passed by the electron stream. The spon-
taneous fluctuations in density of this stream
at a particular point of its path may be due
to initial density fluctuations at a previous
point or to spontaneous velocity fluctuations
at such point, transferring to density
fluctuations along the path. With the usual
operaticnal data it may be shown that the
latter effect is in most cases unimportant.

The initial density fluctuations will decrease
along the path duc to velocity-distribution of
electrons in the stream. This effect, too, may
be shown to be usually negligible. Hence in
dealing with spontaneous fluctuations we may
confine our attention to the effects caused
by initial density fluctuations of the stream.
The ensuing fluctuation voltages and
currents are completely correlated. The
output-electrodes are assumed to be con-
nected by a short-circuit lead. We shall
evaluate the fluctuation current as well as
the signal current in this lead and thus
obtain the noise ratio.

The input-circuit coincides with Fig. 2,
replacing 7, by i, denoting the induced
fluctuation-current due to the spontaneous
fluctuations of the electron stream passing
the input electredes. The transadmittance
from input to output will again be indicated
by the complex svmbol S. The distance
between the two adjacent input electrodes
of the velocity-medulation valve as well as
between the two adjacent output electrodes
will be assumed so short that the preduct
of angular frequency w and electron transit
time between the electrodes of each pair is
small compared to unity. With this assump-
tion a simple relation exists between 1, and
the spontanecous fluctuations of the electron
stream.  If 7, denotes the average direct
current corresponding to the stream and ¢ the
electron charge, we have :

12 = 2el JF2Af (23)

The multiplier 72 is unity if the stream issues
from a cathode operating under saturated
conditions and may be smaller than unity
if 7, is less than the saturation current of the
cathode. Equs. (5) and (0) apply exactly to
the present case if 7, is replaced by .
The signal current in the short-circuit out-
put lead is 7 =SV’ and the fluctuation
current is :
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- St + 1 — 1) o L D S S et
55— - " - . - y - f et or WiSTR | = {[SK] cos (Py — wty)
f" wR, R, R, (30)
) .. .. (24) Now, by the theory of Ve10c1ty -modulation

i

Yo indicating the electron transit time along
the beam from the input to the output pair
bf electrodes. Thus Equs. (7) have to be

a{eplaced by

S =|S] e
1o = |ig| e7id%e b = wi, (25)
iy = |ig| =] |is| e7¥ ¢, = m/2

Inserting this notation into the noise ratio
btained by division of (24) by [SV|* we
obtain instead of Equs. (8) :

» ® 2E R
| pTRe TR
§ V2R
i
B 1 |t/ R, . 2
Pl 7 (s + 7o)
n2R,
Rg
1= %o 7T Pa = Po T Tja T Wiy
b1 = ¢o + ¢, — bo = b+ /2 t

(26)
jkfhus a similar expression to w of Equ. (8)
irises in the present case, as denoted by
5 above. Introducing the abbreviations

_ TR,

~ wiR,

I
SR

vy = wCR,
(27)

n expression for p, very similar to Equ. (10),
s obtained :

p=1/x X [T —c{(x-+1)sin ¢, +ycos ¢;}}2+
% —;—cz/xx{(x—{—l)cosqsl—ysqu}2
(28)
I'he discussion of this expression in order to
salculate its minimum value with x and v as
variables is obviously similar to that of
%Equ. (10) and the results of the latter dis-
bussion may be directly applied to the
bresent case. Thus by Equ. (11), the optimal
letuning is
J cy = cos ¢y

wC

r Erz~gm%—w%).. .. (29)

|
1
c:t

g

iwhllst optimal coupling becomes by
Equ. (12)

¢%x% = (¢ — sin ¢,)?

ST Tt =l T e ANy -m._..;

valves Lol

1, 1,
S= 2_7 I/. (Ufo ¢—iwl =l wt ¢—ilwty— 77/2)

L/

(31)
wherein V', denotes the steady voltage
corresponding to the average electron speed
along the path between input and output.

Hence ¢, = ¢, + 7/2 — wi,

= wly — 7/2 + 72 — wt, =0,
and ¢ — sin ¢, is thus positive. This makes
a complete annihilation of p impossible, its
minimum value corresponding to the con-
ditions (29) and (30) being

g - o s 4
Min (p) = 4c¢ (c —sin ¢) = 4c* = ISR,

(32)

We have not yet discussed the value of

R, to be inserted into the above equation.

By the condition imposed above on the

electron transit time £,;, between the two
input electrodes, we obtain :

I g (wf)®

Rg_v—,d 7 .. .. .. (33)

4 (ot
|SR|2 35 (wty)?

and this value, by the assumption that wf,
<€ 1, is surely much smaller than unity. The
further discussion may be based on Fig. 3,
replacing a2 by ¢% ¢ by é; =0 and w by p.

The equivalent of Equ. (18) is in the present
casell

T 2el 42

7= VHR , . @n

The expression between brackets may be
regarded as a suitable measure for the relative
noise at the output (see Appendix). Whereas
this expression is of the order of 20 at 300
Mc/s for a pentode valve according to Fig. 4,
it is much higher in the present case. Assum-

Hence 4c?

ing |S|=o012mA/V, R, =R, =20 kilo-

ohms, F? =1and T, = T (room temperature)
we obtain ' about 2 300. Thus we may
conclude that wvelocity-modulation valves
are not well suited for reception purposes
under these conditions. The large noise
ratio is obviously due to 7.

It is possible, however, to devise special
measures, based on the same principles,
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which could bring the above figure down to,
say, below 100. One of these devices con-
sists of an extra pair of electrodes preceding
the input electrodes, as viewed in the direction

-of the electron stream. By connecting a

suitable impedance between these electrodes
a fluctuation voltage may be generated
across the said impedance, causing a fluctua-
tion current in the output lead, and entailing
areduction of the original fluctuation current
and hence of the noise ratio. To achieve this
the distances between the threc pairs of
electrodes thus needed, as well as the impe-
dances at the first two pairs, have to be
chosen carefully.

7. Valve-construction and Stage Design

The reduction of the noise ratio as set
forth in Sections 3 to 6 is hampered if the
individual electron paths and motions are
unequal. This may be easily seen by going
through the argument of Section 3, assuming
the valve to consist of two parallel sections
with different values of R,, S, ¢, and b,
Obviously, one minimum value of w will be
obtained corresponding to each section and
the corresponding minimum conditions as
to detuning and.coupling will in general not
coincide. Seeking a most favourable com-
promise, we shall still be left with a higher
resulting value of w than would correspond
to the minimum value for each of the sec-
tions. Using Fig. 3, a decision may be
reached as to what degree of inequality is
still tolerable in this respect without undue
rise of the noise ratio. Valve construction
should comply with these requirements.

It is assumed in Sections 3 to 6 that the re-
sonant resistance R, of the tuned circuit may
be raised to such a level that the correspond-
Ing spontaneous fluctuations of input voltage
are relatively unimportant. If a resistance
exists between the input electrodes which is
not due to electronic causes or to lead induc-
tances, but to losses such as dielectric losses
or series resistance of electrode leads, this
desirable increase of R, will be limited. In
fact, this resonant resistance, including the
said losses, must always remain smaller than
the said shunt loss-resistance. Additional
non-correlated fluctuations will arise from
this cause and entail a rise of noise ratio. This
may be accounted for by the addition of a
term 7?R,/R, to the expression between
brackets in the numerator of Equ. (18) and
of a term R,/R, in the round brackets of w
[Equ. (8)]. Tt is thus possible to judge the

value of R, required to make the contribu-
tion of these terms to the over-all noise figure
negligible. R, should be large compared with
R, and this is hard to achieve with velocity-
modulation valves.

Strictly, the reduction of noise ratio as
proposed above applies only to a frequency
band Af which is very narrow compared to
its corresponding average frequency. In
what way do our results apply to wide-band
reception ? An answer to this question under
practical conditions may be obtained from
Fig. 4. The overall resonant resistance of
the input-circuit was less than a thousand
ohms at 300 Mc/s. The total tuning capaci-
tance being of the order of 12 uuli, the fre-
quency-interval "corresponding to o.1 puk
detuning capacitance is about 1.25 Mc/s.
Considering the flatness of the curve IT of
Fig. 4 corresponding to o.1 uuF detuning
capacitance, the proposed reduction of
noise ratio obviously also applies to wide-
band reception.

By optimal coupling and (if necessary)
detuning of the input circuit the gain of the
amplifier stage will become less than the
optimal gain obtainable with this stage under
favourable conditions with respect to gain.
Though a high gain is not so important in
itself, a low gain figure may cause an increase
of overall noise ratio of the receiver as the
noise introduced by the second stage could
make an appreciable contribution to this
ratio. Now, by a suitable feed-back from the
output to the input of a stage its noise ratio
is only altered to a minor and often negligible
degree®. But stage gain may be considerably
increased by such feed-back. Hence it may
afford a suitable means of compensation for
the loss of gain incurred by the coupling and
detuning corresponding to a minimum noise
ratio. Care should, of course, be taken that
no appreciable additional contributions to the
overall noise ratio are introduced by the
feed-back circuit itself. Preferably, this
should not incorporate unsuitable resistance
elements.

In the above discussion only amplifier
stages were considered. Similar means of
noise-reduction may, however, be also applied
to mixer stages®, taking due account of noise
correlation.  If the first stage of a receiver
contains a triode with the input signal as well
as the local oscillator voltage acting between
cathode and grid, reasoning similar to that
of Sections 2 to 5 may be applied. The
transadmittance S has to be replaced by the
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converston transadmittance S, this being in
' general complex at the present frequencies,
tas is S. The value of R, due to the action
iof the local oscillator voltage, will generally
wbe higher than with amplifier operation. By
the apphcatmn of the coupling and detumng
‘similar to those of Sections 3, 5 and 6 mixer
!stages of low noise ratio may be obtained,
‘particularly suitable for the input of receivers
Jat the present frequencies. A complete dis-
scussion of such mixer stages will be published
lelsewhere.

l’ It should be pointed out that the applica-
'tion of A.V.C. by bias regulation might upset
 the results of the detuning and input-coupling
runder discussion. By ‘the application of
proper delay or of different methods of
yAV.C., specially devised for cases like the
present one, an increase of noise ratio as well
as of selectivity due to A.V.C. may 'be
avoided. It i5 hoped to deal with these
ipomts more fully in a future article.

APPENDIX
Noise Ratio and Noise Figures

It may be well to compare briefly the noise ratio,
iused in the present article, with some of the different
definitions of noise figures, proposed in previous
ublications. The first of such figures 348 refers
o the ratio of the mean-square noise voltage to
ithe signal-voltage squared at the input electrodes
iof the first valve The noise introduced by the
valve itself, including its shot noise in the anode-

“ircuit, was transferred to this input circuit by the
well-known artifice of introducing a corresponding
noise voltage generator of zero mtemal impedance
fn series w1th one of the valve’s input terminals.
Ihe valve itself could then be assumed to be free of
1wise. The signal voltage is supplied by a signal
frenerator of voltageV ,and of zero internalimpedance
n series with an ohmic resistance R,. The available
power of this signal source, i.e., the maximum power
0 be drawn from it for dissipation in a further
'ircuit connected to its terminals, is V,2/4R,. Now
Oy the definition mentioned the available signal
power, necessary to make the said ratio of mean-
buare noise voltage to signal-voltage squared at
he valve’s input terrmnale equal to un1ty, is used
1s a measure for the relative noise of the stage.
Dividing this power by 274 f (T being the room
temperature) the noise-figure N is obtained.

We shall show that our noise ratio (8) or (18)
orresponds very closely to the said noise figure.
in fact, the ratio of mean-square noise voltave to
‘he signal voltage squared at the input termmals
s exactly equal to the noise ratio (8) or (18). Hence,
If this ratio is assumed to be unity, the expression
l)etween brackets of Equ. (18) coincides with the
ibove noise figure N.

In a more recent definition®18 the available
.l01se power at the output terminals of a stage is
livided by the available signal power at these
,,.erminals to obtain the noise ratio. The noise
wgure F of a stage is then said to be the ratio of
Is output noise ratio to the output noise ratio of
‘he preceding stage. By the method of short-

i

{1

circuiting the output terminals our noise ratio
coincides exactly with the ratio of available noise
power to available ‘signal power at the output.
Hence, using the notation of Equ. (18) the noise
figure F is given by :

T, T,
(4 72 v,

V2 4R, RT Af

T, T
= 19w =__N=N
I+Taw TaN ,

F =

’

if T, = T, as was assumed in the original definition
of F. )
Thus the quantity w which we have extensively
used in the preceding sections is simply :
Ty
= (F — 1) T
While the noise figure N corresponding to two
subsequent stages of suffixes @ and b, noise figures
Ny and N, and gain figures g, and g, is:
N, —T,T
8a )
the corresponding relation in the F figures 1s:
— I

N:Na"l‘

F:Fa+£’3

a
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TRANSIENT RESPONSE OF TUNED.
CIRCUIT CASCADES®

By D. G. Tucker, Ph.D., A.M.ILE.E.

(Post Office Research Station)

SUMMARY.—An analysis is given of the transient response of two, of four and then of
any number N tuned circuits, all with the same resonance frequency, connected in cascade with

a forward transmission coupling but no mutual coupling.

t is shown that the envelope of the

build-up or decay of a pulse applied at the resonance frequency is determined by the usual
negative exponential term (¢=#) applying to a single circuit, with a factor consisting of the

first N terms of the series expansion of the corresponding positive exponential.

The envelope

of the transient component of the output signal when the applied frequency is not very close
to resonance is given by ¢ 8 multiplied by the Nth term of the same series expansion of e,
A comparison of the responses of tuned-circuit cascades with those of underived band-pass
filters shows that for equal component qualities in the two cases, two tuned circuits in cascade
are approximately equivalent, for pulse transmission applications, to a single-section band-pass

- filter using 50 per cent more components.
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pulse not at resonant

1. Introduction

HE use of a series of tuned circuits
coupled together by mutual inductance,
mutual capacitance, or resistance is
well known, and the response of such an
arrangement is analysed in various text-
books and papers. The use of a cascade of
tuned circuits which have transmission
coupling but no mutual coupling is not so
often referred to, however, although such an
arrangement occurs frequently in practice.
It is the purpose of the first parts of this
paper to deduce the transient response of
such a cascade, and it will be seen that very
simple and elegant expressions are obtained.
In spite of their simplicity, however, two
independent searches of the literature have
failed to reveal any previous publication
of them. :
It is also fairly well known that coupled
tuned circuits are equivalent to certain tvpes

* AMS. accepted by the Editor, IFebruary 1946.

of conventional ‘3-element’’ band-pass
filter' ; although the latter are generally
designed in accordance with Zobel’s theory?,
it 1s nevertheless a fact that improved
filtration can be obtained from single
sections by a more empirical or ad /foc
design such as is generally adopted for
coupled tuned circuits.

The relationship between a cascade of
tuned circuits without mutual coupling and
a conventional band-pass filter is, however,
of a different nature, and has probably not
been investigated before. Tlere is no direct
circuit equivalence, but it is shown in the
last part of this paper that there is a relation-
ship in transient response, and that for the
same Q-value of the resonant elements the
overall performance of two tuned circuits
in cascade is almost equivalent to that of an
underived band-pass filter whole section, on
a balance between transient response and
steady-state discrimination. As the filter
has three inductors and three capacitors, it
1s evident that the two tuned-circuit cascade
effects an economy of components.

The same metheds as are applied in this
paper for determining the transient response
of tuned-circuit cascades, and comparing
them with band-pass filters, may be applied
for determining the transient response of
cascades of RC circuits and comparing them
with low-pass filters. It is necessary only
to replace the envelope functions by actual
current or voltage functions when a d.c.
signal is applied, and to regard a low-pass
filter as equivalent to a band-pass with
bandwidth equal to twice the low-pass cut-off
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frequency, and with midband frequency
requal to zero.

;i Although the author’s point of view is that
bof multi-channel pulse transmission systems
in which the pulse is used to operate a relay*
(e.g., a voice-frequency telegraph system or a
multi-channel telephone trunk signalling
system), an obvious application of the work
s to multi-stage amplifiers with LC or RC
interstage couplings. Such amplifiers are
tused in television with a.c. or d.c. pulses,
jbut it must be pointed out that in the case
gof the I1.C circuits considered here, the
1O-value is assumed high, so that the circuits
fare not suitable for d.c. pulses, being intended
[for a.c. pulses. Published treatments?® 11 of
cascaded stages in television video-frequency
amplifiers (generally best treated by empirical
or numerical methods) are listed in Section 7.

2. Properties of a Single Tuned Circuit

i A comprehensive account of the response,
fboth steadyv-state and transient, of a single
ituned circuit has been given by the author
in another paper?, although the subject is
Iso dealt with in various text-books 3 6.
ince the analvsis of tuned-circuit cascades
ilepends on the response of a single circuit,
1 summary is given here of the more
;mportant results. The tuned circuit con-
sidered is a parallel combination of R, L
ind C (as shown in Fig. 1) fed from a

onstant-current source, such as a pentode
valve.

. I [ R
= — = — s ( = ;
We use B SRC =20 and ¢ ol
I
ve assume () > T ; wg == 7T
w = any applied angular {frequency;

X = w;wy
sin (wf + ¢) == suddenly applied signal,
== Initial phasc angle.

* Hence the emphasis placed on the ** half-
mplitude *’ values in later parts of the paper;
or a fuller discussion see Reference 3.
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R, L and C = the parallel components of
a shunt-tuned circuit.

I wg
= —— = — where w, = resonance an-
A 2RC T 2Q 0 )
R
gular frequency, and @ = w,RC = — for

the parallel circuit used. B, and B, are also
used where two tuned circuits of unequal Q
are concerned.
w = any applied frequency.
w
¥ = —
Wo
1 = {ractional bandwidth of filter
bandwidth

" mid-band frequency.
Ix(t) = output amplitude-time function
of N tuned circuits in cascade.
N = number of tuned circuits in cascade.

(a) Steady-state voltage attenuation ratio
(rclative to resonance frequency)

= (1/x — x) ac L (1)
provided v is sufficiently different from unity
to give

0 (1 — 2> 1.

(b) Build-up of a pulse* applied at the
resonance frequency

= (1 — ¢®) sin (wyl + ¢) o (2)
The corresponding decay curve is, of course,

ePrsin (wyl + ¢).

The steady-state am-
plitude is assumed to
be unity.

(c} The transient

TFig. 1. Cascade of tuned
) 1 circuits withou! nudnal
R c gL coupling, and with
blocking capacitors or
coupling windings
omitted for simplicity.

preduced by a pulse applied at frequency o,
where o 1s not very close to w,, depends on
the initial phase angle, ¢, of the applied
signal at the moment of switching.

FFor an initial phase angle of zero, the
transient has a peak value equal to that of the
steady-state output, so that the combined
output signal is (relative to unity peak at
resonance)

cos wt — € cos wy!
Ox =)

* ie., the response to a Heaviside Unit Step
envelope.

(3)

- i !
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4
Thus the output F,(#) :f e B B e=Bri—w qy

o L (54311_5-62!)
B — By
. (10)
For the case of equal Q-values, i.e. when
By = B, this is again indeterminate, and for
this special case we obtain the solution

Fylt) = pr o (x1)

For the special case of one Q-value being
twice the other, we obtain
Fol) = e (1 — ¢4 when B, = 28,
and I7y(f) = 2B (1 — ¢Bu) when B, — B./2
. .. (12)
These time functions are illustrated in
Fig. 3, where curve 1 shows the output
transient from the first circuit, curve 2
shows the output transient from two circuits
when theé first circuit has the higher ( and
1 = B,/2, and curve 3 shows the output
from two circuits of equal Q. The peak
values of the transients are 0.5 and 0.368
for the curves 2 and 3 respectively.  The
transient peak occurs at a time 2/38, seconds
from switching in the case of unequal Q-

o T

o
(=]
el

|

N
7
A

RELATIVE ENVELOPE AMPLITUDE

=4
~N

N
™~
LT

| 2
Bt
Fig. 3. Transient envelopes for applied pulse
Jrequency mnot close to vesonance Sfrequency.
Curve 1 = one tuned circuit ; curve 2 — tuo
tuned circuits, Q) = 20, ; curve 3 = two luned
civeuits, equal Qs ;  curve 4 = four tuned
cireuits, equal Qs.

,b
|

w
B3
w

-8

values, and at a time 1/8 seconds in the case
of equal Q-values.
Oscillograms 2 and 3

show ohserved

waveforms corresponding to the case of
equal Q-values.

As for Oscillogram 1 the

Wi

2

Transicnt yesponse of two tuned civcuits in
cascade : all pulse durations are 50 msec.
I = pulse applied at vesonance Jrequency of
8oo¢fs; 2 = pulse of 1,100 ¢/s’; and g =

pulse of 500 ¢fs.

() value was about 18, the resonance at
Soo ¢fs.  The relative amplitudes of the
three oscillograms have no significance.
In the case of the applied frequency
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. = 1,100 c/s, the steady-state output is an
' appreciable proportion of the peak transient
Coutput. Apart from the beat produced on
| the make (due to the steady and transient
“components  being of different frequency)
there is the addition of a new transient
' to be considered, produced by the unit-step-
'modulated 1,100 ¢/s being applied to the
!sccond circuit. This transient is not in
/phase with the larger one, owing to the
yphase-shift at 1,700 ¢/s through the tuned
Jcircuit. [If, as in the oscillograms, the initial
| phasc 1s not controlled, there is a variation
of peak transient amplitude due to the vary-
jing initial phase, and this is evident 1in
)Oscillogram 2. In Oscillogram 3 the steady-
'state and additional transients are practically
y,negligible.

4. Any Number of Tuned Circuits in Cascade

Althongh, in practice, large numbers of
identical tuned circuits are not likely to be
connected in cascade, nevertheless the case
is well worth examining because of the sim-
fplicity of the relationships.  All Q-values
are assumed equal.,

Consider, to begin with, four circuits in
rascade.  We can regard this as two sets of
two circuits, so that for Duhamel’s Integral
yliqu. 0) we have '\ —

L{l)y=1—cP (1 + B for pulse at
resonance frequency

hand J2(f) = Bte=f for pulse not at resonance

i frequency

: d () =1 — P (1 + BI)

|

R0 that
: i b (L — 1) = B2 e=PreBu _ B2y Bi+E
— [ — 1) = B e o € u
| od{l— )
 Calling the output time function I1,(f), we
nave, for the first case,
1 1
Fylt) = f [ — e (x + Bu)]
o
[ B3 eBt ePr — By eF B du
3\»\/']1ich, on integrating term by term, gives
182152 18353
SR _)
2 O,
| (13)
s the output from four circuits when the
applied pulse is at the resonance frequency.
i, For the sccond case,
! .
! 18 = ’ Bit e B (B2 Pt eBr— B —FtePry dut
\ o

a

373
‘l — '8_/ Bt

O

| I =1 — e"ﬁ‘(l + Bt +

(14)

giving the output from four circuits when the
applied pulse is not at the resonance fre-
quency. For a case such as this, of four
circuits, the effect of the steady-state com-
ponent can fairly safely be ignored.

Graphs of the functions (13) and (14) are
shown as curve 4 on Figs. 2 and 3 respectively,
where they can be compared with the results
for two circuits in cascade. The slope of
the curve at half-steady-state amplitude for
the pulse at resonance frequency is compared
in Table 1 with the earlier results, and it will
be seen that the addition of two circuits to
two circuits decreases the slope by 33 per
cent. The peak amplitude of the transient
when the applied frequency is not the
resonance frequency is 0.225 of the peak
transient amplitude out of the first circuit.

Consider now a number N of circuits in
cascade. It can be shown by performing a
few integrations for numbers of circuits
other than 2 or 4 that the general results
are of the form :—

FFor applied pulse at resonance frequency*

5 B2t2 B3t3
Fy(t)y =1 — b (I + B+ 5y + 5
N—1yx—1
o+ (EN_—I), ) (15)

and for applied pulse not at resonance
frequency

“B‘v——lty—-l .
F;\v (Ll) == m—! € . .. (I6)

These results are rather striking, and
yield the following conclusions :—

(a) When there is an infinite number of
circuits, the last term of equation (15) is the
expansion of ¢, so that F_(f) =0, and
build-up never takes place. This is obviously
true from physical considertations.

(b) For any given value of N, the maxi-

* This expression for Fy(¢) is actually the expan-
sion of the Incomplete Gamma Function

I Bl
f B (B)N~x d (8e)

[ 1
(v 1) ! o

so that numerical cases can be worked out by
reference to tables of this function.!® This result
has been published (since the present paper was
written) by Eaglesfield®® 4, whose method of
derivation is completely different from that given
here.

The expression (15) is also the same as Poisson’s
IExponential Probability Summation, and numerical
cases can be determined very quickly by reference
to tables published by Molinal®, or to charts,
published originally by Campbell'® and Thorndike,?
and republished by Doust and Josephs.!8

C
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mum value of equation (16) is found to
occur when
N —1
I
3 (7)

which gives an apparent delay time to the
peaks of '1/8 seconds per tuned circuit.

(¢) The maximum amplitude of equation
(16) [occurring at the time given by (17)] is

=

N —1
(?N jif)“' -1 (18)

Fig. 4 shows a graph of the relationship
between this maximum value of the transient
and N. It will be seen that the transient

—
=z
i .
=z 10
<
El: \
o3 \
28 s\
5o X
= AN
Ex n
S ~
wia
gu-02
Ex I
=y et S
p
= o0 .
x I 2 3 4 5 6 7 8 9 10 12
o
o N (NUMBER OF CIRCUITS IN CASCADE)
Fig. 4. Amplitude of transient peak in velation

to number of tuned civcuits in cascade.

attenuation of the cascade is increased very
little by adding circuits after the fourth or
fifth. An increase from 2 to 4 increases the
transient attenuation by only 4.8 db.

9. Comparison of Tuned-Circuit Cascades
with Band-Pass Filters

As stated in Section 1, there is no direct
circult equivalence between tuned-circuit

cascades and band-pass filters, but a com-
parison of their performances can be made,
since to a large extent the frequency function

(1/x — )

determined the performance of both.

In practical systems it is likely that the
determining design feature will be the slope
of the build-up curve at half-steady-state
amplitude for applied pulses of the resonance
or midband frequency. Thus the comparison
is made strictly on this basis ; i.e., that the
slope must be the same for any circuit
combination considered.

There is no need to set out in detail how
all the comparison values for. tuned-circuit
arrangements are derived ; all the necessary
data has already been given in preceding
sections. In the case of band-pass filters,
only underived sections are considered, and

the derivations of the expressions used -

below are largely given in other papers by
the present author®9 A more detailed
account of the derivations is given in the
Appendix.

5.1 Nown-dissipative Filters

The comparison is made in Table 2, which
is self-explanatory. The bandwidth of the
filter is nw, radians/sec, where w, is the
midband angular frequency. It is assumed

that the slope of the midband build—upJ

. Nw
curve of the filters is 2—0 for one or two
m

sections, which is true to an accuracy of
about 15 per cent. [See reference (9),
Section 2.3]. If then this is equated to the
tuned-circuit slopes given in Table 1, a

TABLE 2
Comparison of Undevived Band-pass Filter Performance with Cascaded Tuned Circiit Response

(Comparison based on all arrangements having the same slope of build-up curve at half-steady-state

amplitude when applied frequency is equal to midband or resonance frequency)

I-séction filter

Transient peak
Discrimination
(Voltage Ratio)

(ml2n)(x — 1/x)

Steady-state

Discrimination
(Voltage Ratio)

(1/n®)(x — 1/x)3

Time required to
attain 9o per
cent steady-
state Amplitude

2.2m
approx.

Hw,

2-section filter | 1 tuned circuit| 2 tuned circuits | 4 tuned circuits ;
: (equal @ values) | (equal Q values)
0.857 0.92
(rfm)e = 1/2) | o) (x — 3fx)| 27 e = xf) | 20Ty
(1/n%)x — xfn)e 0.05 g
veri/nilt)ggoxi- (mlon)(x — 1/x) 1';)3 (¥ — 1/x)2 0'7;4 (x — 1/2)*
2.9m 2.3m 2.45m 2.8
N, Nw, Hw, Nw,

"

!
i
¥

i
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relationship between @ (for the tuned circuits)
and # is established, thus

= 0.25 for one tuned circuit,
= 0.155 for two tuned circuits,
= 0.103 for four tuned circuits,

This value of Q is then substituted in the
variousstuned-circuit equations.

(Note 8 = wy/20).

The features compared are those which
affect the design of multi-channel pulse
transmission systems. The actual shape of
the various envelopes of the pulses or tran-
sients are not compared, although there is-a
certain amount of correspondence here too.

From Table 2 it will be seen that there
is no real general identity between any tuned
circuit cascade and a filter. If transient
attenuation (e.g., interference suppression or
separation from adjacent channels) alone is
important, then a single tuned circuit is
as goaod, as a I-section filter using three times
as many components. But if steady-state
attenuation has to be considered (as it
generally must be), then roughly three tuned
circuits are required to be equivalent to a
I-section filter.

where A4

5.2 Dissipative Filters

The effect of dissipation in the filter
components has been ignored in Table 2.
If the filters have a narrow bandwidth,
dissipation will have a large effect in practical
cases where ordinary inductors are used. If
we take the case in which the filter inductors
have the same ()-value as the tuned-circuit
inductors, then comparing two tuned circuits
with a one-section filter, we have, from
0.317

equation (19), Q) = ~1[n. Itwasshown

. in an earlier paper® that the steady-state

midband loss ratio of a one-section underived
filter is approximately

I+ 2/0n

which in the present case is approximately
I -+ 2 = 3, 1.e. the steady-state midband loss
is about 10 db, irrespective of the actual
bandwidth or Q value. This quantity must
therefore be subtracted from the steady-
state discrimination shown in Table 2.
For the transient condition this does not
apply, because the loss is added to the signal
whatever the applied frequency may be,
since the transient is of midband frequency
In any case.

It will be seen, then, that if- the quality
of the components 1s the same for both
tuned-circuit cascade and filter, then a two-
tuned-circuit cascade will approximate. to
the same steady-state discrimination as a
one-section filter over at.least that part of
the band not too remote from the pass-band
(which is the most critical part in most
practical instances), and will have a superior
transient discrimination over the whole
band. It can therefore be concluded that
two tuned circuits in cascade are, on the
balance, roughly equivalent in overall per-
formance to a one-section filter using 3
inductors and 3 capacitors; there is a
consequent economy of components in using
the cascade connection.

APPENDIX 1
Derivation of the Expressions in Table 2.

The expressions for transient and steady-state
attenuation of the tuned circuit cascades of 1, 2
and 4 circuits are readily derived by the insertion
of equation (19) into the various equations given
earlier in the paper, e.g. equations (1) and (5) for
the steady-state, and equations (3), (11) and (14),
or (18), (or alternatively Fig. 3) for the transient
state. The time required to attain go per cent
steady-state amplitude is taken from Fig. 2.

For the band-pass filters, the steady-state
attenuation is obtained from Reference 8, Part 1,
Section 2, equation (4). This gives the insertion
loss of one whole section between terminating
resistances equal to the design resistance. There-
fore, in taking the square of this as the loss ratio
for two sections, an approximation is made because
the effect of the impedance match at the junction
between sections is not allowed for.

The transient peak attenuation (or discrimina-
tion) is obtained from Reference 9; Section 2.2,
equation {5), gives the result shown to apply to a
two-section filter ; and from Section 2.3 and Fig. 1
of the same reference we get the fact that the
attenuation is roughly half as great for a single-
section filter.

It is to be noted that in all these comparisons
the effect of initial phase angle is neglected ; it is
assumed the angle is zero, corresponding to an
applied signal sin wf. It was shown in Section 2
of the present paper that the transient peak for
tuned circuits is 1/x times as large when the initial
phase angle is wf2. It is shown in Section 2.2,
equation (8) of Reference 9 that the same relation-
ship applies in the case of band-pass filters. Thus
the comparison is unchanged whatever initial
phase angle is taken.

The time required for filter build-up curves to
reach go per cent steady-state amplitude is taken
from the results given in Reference 9.

REFERENCES

U See, for example, J. G, Downes, 4.W.4. Tech. Rev., Vol. 6
(1945), p. 333.

2. Q. J. Zobel, *“ Theory and Design of Uniform and Comgosite
Electric Wave Filters,”” Bell Syst. Tech. J., Vol. 2, p. 1 (1923) or
standard text-books on Transmission Networks, e.g. ref. 5.




258

WIRELESS

September, 1946

ENGINEER

* D. G. Tucker, “ Pulse Distortion,” J.I.E.E., to be published
shortly.

* D. G. Tucker, *“ The Transient Response of Tuned Circuits,”
Electronic Engineering, to be published shortly.

® E. A. Guillemin, ‘‘ Communication Networks,”” Vol. 1, p. 92
onwards.

¢ Massachusetts Institute of Technology, ‘‘ Electric Circuits,”
p. 356 onwards (John Wiley).

” E. J. Berg. ‘ Heaviside's Operational Calculus,”” 1936.

¢ D. G. Tucker, *“ Insertion Loss of Filters, ”” Wireless Engineer,
Vol. 22, pp. 62-71. February 1945.

® D. G. Tucker, *“ Transient Response of Filters,” Wireless
Engineer, Vol. 23, pp. 36-42 and pp. 84-90. Feb. and March 1946.

1% A. V. Bedford and G. L. Fredenall, “ Transient Response of

Multistage Video-Frequency Amplifiers,”’ Proc. I.R.E., Vol. 27,
Pp. 277-284 (1939). )
1 H. E. Kaliman, R. E. Spencer and C. P. Singer, *“ Transient

. Response,” Proc. I.R.E., Vol. 33, pp. 169-195 (1945).

1 C. C. Eaglesfield, * Carrier-Frequency Amplifiers,”’ Wireless
Engineer, Vol. 22, pp. 523-532. Nov. 1045,

1 K. Pearson, ‘“ Tables of the Incomplete Gamma Function.”’

1t C. C. Eaglesfield, “ Carrier-Frequency Amplifiers,” Wireless
Engineer, Vol. 23, pp. 67-74, March 1946.

» E. C. Molina, ‘Poisson’s Exponential Binomial Limit.”

16 G. A. Campbell, Bell Syst. Tech. J., Vol. 2, p. 95, Jan. 1923.

' F. Thorndike, Bell Syst. Tech. J., Vol. 5, p. 604, Oct. 1926,
also Bell Monograph B220.

1 J. F. Doust and H. J. Josephs, P.O. Elect. Engrs. J., Vol. 34,
p. 141, 1941.

CORRESPONDENCE

Letters of technical interest ave always welcome.

In publishing such communications the

Editors do not necessarily endorse any technical ov gemeval statements which they may contain.

Carrier-Frequency Amplifiers
To the Editor, " Wireless Engineer.”

SIR,—In a recent paper (“ Wiveless Engineer,”
Vol. 23, No. 271, pp. g6-102, April, 1946) I discussed
the transient response of a carrier-frequency
amplifier to a sudden change in the frequency of the
carrier. Professor van der Pol has drawn my
attention in private correspondence to a difficulty
in the analysis. The point is as follows :

If an admittance A4(p) is subjected to a voltage
which for time ¢ negative is sinusoidal in form with
angular frequency w, and for ¢ positive has an
angular frequency w,’, then the current in the
admittance is given by

1= (I—P) cos wyt + O sin wyt
+ P, cos wy't — @, sin wy'?

This is equation (5) of the original paper; the
coefficients P, Q, P,, Q, are functions of ¢ and are
given by

Pl + 50 = TE-LIed |
Pi) +5 0, = HEE T

In these expressions, p is the differential operator
dfdt, 1is the Heaviside step function, and j = Vv —T1.
To obtain the effective frequency of %, the follow-
ing definition is used :— _
Average of di/dt
Average of ¢

the averages being root-mean-square.

In the original paper the assumption was made
that for taking the averages a duration of time
could be chosen, which was long compared to
I/w, and I/wy, but during which P, etc., were
sensibly constant. But in calculating the averages
it was also implicity assumed that the duration
of time was long compared to 1/(w, — wy’). A
little consideration will show that, in any practical
application of the equations to a network, this last
assumption is likely to conflict with the assumption’
that P, etc., remain constant during the time
interval. For if the network has a fairly well-
defined pass-band, and w, and w,” are placed as
far apart as possible (on the. edges of the band)
this will make 1/(w, — wy’) as-small as possible.

Effective Frequency =

;

But it is known, in a general way, that the transi-
tion time is of the order of the reciprocal of the pass-
band, so that P, etc., will not be constant during
1/{wy — wy’); even less will they be constant
during a time interval which is long compared to
If(wy — wy).

In order to simplify the expressions in the
averages, it is now assumed that the time interval
for taking the averages is short compared to
I/{wy — w,’). In squaring the expression for i
it is now necessary to retain the cross-product
terms which were previously neglected. They
lead to terms in cos (w, — w,’) £and sin (w, — w,')f,
and with the new assumption they are approxi-
mately unity and zero respectively.

Recalculating the averages on this basis, it will
be found that

28 = (1~ P2+ Q2 4 P24 Qp
+2( — P)P, — 200,
T+ 2 (Py—P) + (P, P (0,— Q)

Now since (wy, — w,’) is being taken very small,
it is clear that (P, — P) and (Q; — Q) are also very
small.

Thus27° = 1

That is to say, the amplitude remains constant
during the transition.

—.3

Handling EZ in the same way, we get for the

effective frequency w :—
o' =[(1 = P2+ 0o + [P? + 0,7] wy
T2 = P)Prajw’ — 200, w, wy

By assuming (w, — wy’), (P, — P), (Q; — Q) all

small, this is reduced to the simple expression :
w = wy + {wy — w,) P.

That is, the transient modulation ratio is P, a
quantity which can be seen from its definition to
vary from zero at £ = o to unity at ¢+ = oo.

It should be noted that the new assumption, that
wy’ is nearly equal to w,, is equivalent to postulating
a small depth of frequency modulation.

Now it was shown in the original paper (Equa-
tion 140) that the transient modulation ratio for a
small amplitude modulation was also P.

We thus have the interesting result that the
transient modulation ratio is the same for either
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frequency or amplitude modulation, the modulation
being small in each case, and in the form of a unit
step. DBut it is possible to go further: since the
transient modulation ratio is an impedance it
follows that the output modulation for any wave-
form of input modulation can be obtained from the
step response (Borel’s Theorem). It thus follows
that the modulation ratio is the same for both
amplitude and frequency modulation, whatever
the waveform of the input modulation, provided
it is smadl.

It may be well to repeat this statement in a
slightly different way.

1f a carrier frequency, with a small amplitude
modulation, is applied to the input terminals of a
linear four-terminal network, then the amplitude
modulation at the output terminals will differ from
the input modulation. Also, if the carrier has a
small frequency modulation, the output frequency
modulation will differ from the input modulation.
The distortion of the modulation is independent
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of the type of modulation, amplitude or frequency,
but depends entirely on the network.

The actual waveform of the output modulation
can be calculated, if the network and the wave-
form of the input modulation be known. But
unless at least one of these is simple in form, the
calculation would be laborious.

In the original paper, equations (6), (7), (8), and
Figs. 4, 5, should be disregarded. They have no
practical application.

However, the curves given previously for ampli-
tude modulation apply directly to frequency
modulation. They will be found in Wireless Engin-
eer, Vol. 22, No. 266, p. 523, November 1945, and
also Vol. 23, No. 270, p. 67, March 1946.

I am extremely grateful to Professor van der Pol
for drawing my attention to this matter, and to
Dr. F. L. Stumpers for communicating his notes on
my paper, in which by a slightly different treatment
he reached substantially the result given here.

Bournemouth. C. C. EAGLESFIELD.

BOOK REVIEWS

Introduzione alla Radiotelemetria (Radar)

By Prof. Ugo Tiberio. Pp. 277 and 137 Figs.
Editore Rivista Marittima Roma. 300 Lira.

The author is Professor of Electrotechnics at the
Royal Naval Academy and has evidently made a
special study of radar. The book presupposes a
general knowledge of radio principles and practice
and begins straight away with references to the
experiments of Breit and Tuve and of Appleton and
Barnett. In the third line there is a reference to
Heavisyde (sic) and the imosfera (presumably a
misprint for the ionosfera), which is a bad start.
The book is divided into three parts and at the end
a footnote states that there is a fourth part which
will be published separately. Part I is a general
introduction to the methods of radiolocation, the
use of cathode-ray tubes, the reflection of waves, etc.
Part II is concerned with the circuit arrangements
for generating the impulses or waves, special short-
wave aerials and reflectors, and the corresponding
receiving apparatus. Part IIT is devoted to the
theory of the transmission and reflection, polar
curves of radiation, pulse distortion, and allied
problems.

G. W. 0. H.

Télétransmissions par Ondes Porteuses dans les
Réseaux de Transport d’Energie a Haute
Tension

By AxprE CHEVALLIER. Pp. 111 + x and 124

Figs. Dunod, 92, rue Bonaparte, Paris (VI).

The development of an underground 60 coo-volt
network in 1920 necessitated new methods of
protection which were developed by M. Fallou.

This work, interrupted by his death, has since been

taken up and developed successfully. The book is

based on courses of lectures given by the author
since 1942 at the Ecole Supérieure d’Electricité,

It deals with the superposition of high-frequency

currents on the high-voltage grid, their modulation.

transmission, etc. These high-frequency carrier
waves are used to transmit the necessary informa-
tion, measurements, controls, etc. After explaining

modulation and detection, the author considers the
various ways in which a 3-phase line can be used
to transmit the high-frequency carrier wave, and
develops the transmission formulae for the various
arrangements. The capacitors employed to couple
the h.f. apparatus to the high voltage line, which
may be at 220 kV, present some problems ; high-
pass and band-pass filters are considered as are also
rejector circuits, spark-gap protective devices and
quartz filters. A chapter is devoted to the problems
involved in using such a system for telephony and
another chapter to its application to various types
of protection. The book contains a large number
of diagrams of connections, graphs, etc.; it should
certainly be studied by those interested in the
protection of large high-voltage networks by means
of superposed high-frequency carriers.
G.W.0. H.

University of Glasgow

HE retirement of Professor G. W. O. Howe
from the James Watt Chair of Electrical
Engineering is taking place at the end of the present
session. We are asked to say thata Presentation to
mark the occasion is being arranged and contribu-
tions are invited from old students and other friends.
The arrangements are in the hands of Dr. A. J.
Small, Electrical Engineering Dept., The Uni-
versity, Glasgow, W.2, to whom contributions
should be sent. H.S.P.

Parsons Memorial Lecture

HE Parsons Memorial Lecture for 1946, arranged

by the Institute of Civil Engineers, will be given

on September 26th, 1946, at 5.30 p.m. at the Insti-

tution of Civil Engineers, Gt. George St., London,

S.W.1. The lecture is by Sir Hugh Chance and is

on ‘“ Recent Developments in Optical Glass Manu-
facture ”.

Members of the Institution of Electrical Engineers

are invited to attend.
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PATENTS

A Summary of Recently Accepted Specifications

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

ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
AND APPARATUS

575 306.—Visual warning signal to prevent any
improper manipulation of the controls of an
automatic or record-changing gramophone, during
the playing period.

Industviakt Luxov.  Convention date (Sweden)
20th February, 1943.

575 327.~Valve potentiometer for stabilizing the
voltage across a variable resistance-load, and
particularly for controlling the volume of an
electronic musical organ.

A H. Midgley.  Application date 15th December,
1943.
575 443.—Balanced bridge circuit, including tem-
perature-compensating coils, for detecting land-
mines, booby-traps, or the presence of submarines
at sea.

Cinema-Televison Ltd. and S. S. West. Applica-
tion date 29th March, 1943.

575 574-—Coupling arrangement in which fixed
primary and secondary coils are associated with a
fixed intermediate coil and with a movable non-
magnetic cylinder, in order to simulate a resistance
coupling, say for detecting buried metals.
Hazeltine Corporation (assigiees of L. F. Curtiss).
Convention date (U.S.4.) 318t December, 1942,

575 671.—Apparatus for observing by oscilloscope
the nature of acoustic and other transients and for
making magnetic records for reproduction. '
The Brush Development Co. (assignees of S. J.
Begun). Convention date (U.S.A) 15t January, 1942.

AERIALS AND AERIAL SYSTEMS

575 097.—Moulded terminal block of polythene for
coupling and supporting say a coaxial feed-line to
dipole aerials.

A.D. Ferguson and Metvopolitan-Vickers Electrical
Co. Ltd. Application date »6th November, 1941.

575 534.—Aerial for radiating micro-waves con-
sisting of an unsheathed rod of dielectric, part of
its length being of uniform and the rest of tapering
Cross-section.

Western Electric Co. Inc. Convention date (U.S. 4 J)
17th Decembey, 1942,

DIRECTIONAL WIRELESS

575 154.—Blind-landing syvstem in  which the
transmitter radiates a frequency-modulated wave
and the aeroplane develops a control current based
on the difference between the direct wave and that
received after reflection from the ground.

Hazeltine Corp. (assignees of H. M. Lewis).
Convention date (U.S.4.) 26th Fébrzmry, 1942,

575 430.—Highly-directive aerial array, including
phase-inverting or suppressor elements, particularly
suitable for relaying frequency-modulated pro-
grammes from the studio to the main transmitter.

The Dritish Thomson-Houston Co. Ltd. Con-
vention date (U.S.A.) 31st December, 1942.

575 432.—Radiolocation equipment in which the
common transmitting and receiving aerial is formed
by the flared end of a wave-guide, the body of which
comprises automatic blocking and acceptor circuits.

Western Electric Co. Inc. Convention date (U.S. 4 3
30th January, 1943.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

575 188.—Receiver in which the signal and *“ noise ”’
voltages are developed across impedances having
long and short time-constants, respectively, in order
to balance out the disturbances.

The British Thomson-Houston Co. Ltd. Con-
vention date (U.S.A.) 31st October, 1942.

575 250.—Time-base voltage-generator, say for a
c.r. tube, in which a valve is negatively back-
coupled through a time-constant network which
may be of the integrating or differentiating type.

A. C. Cossor Ltd. and J. I, Whiteley. 4 pplica-
tion date 17th February, 1942.

575 329.—Push-button tuning system for a superhet
set in which each selected frequency depends upon
two tuned circuits, one pre-set and the other
continuously variable.

A. C. Cossor Ltd. and D. A. Bell. Application
date 215t December, 1943.

575 493.—Portable receiver fitted with tuning
controls which are so arranged that they can be
conveniently operated when the set is being carried
by one hand.

Philco Radio and Television Corp. (assignees of
R J. Whipple). Convention date (U.S.4) 11tk
February, 1943.

575 583.~—Visual tuning indicator, requiring no
d.c. amplifier, for frequency or phase-modulated
signals.

Marconi’s W.T. Co. L. (assignees of M. G.
Crosby). Convention date (U.S.A.) 278k Maveh, 1943.

575 627.—Construction of flat, ribbed valve socket
or holder, particularly for the midget type of tube.
Cinch Manufactuving Corp. (assignees of S. M.
Del Camp). Convention date (U.S.A4.) 16th December,
1942.
575 639.—Amplifier consisting of single valve-
stages coupled in cascade through anode and
cathode impedances which are selected to produce
zero phase-displacement over a range of frequencies.
3. M. Hadfield.  Application date 14¢h December,
1943.
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575 796.—Making a permanent record of short time-
{intervals, as in.radiolocation, by means of a device
fin which a stylus is traversed bodily over a time-
i base resistance or potential-divider.

N. P. Hinton and C. S. Wright. Applzcatzon date
W (for a secvet patent) 141‘/1, May, 1942. Published
| 30th November, 1945.

TELEVISION CIRCUITS AND APPARATUS

FOR TRANSMISSION AND RECEPTION

! 575 060. —Television C.R. tube in which the
{) transparency of a screen, subjected to external light,
yis modified by the heating-effect of the scanning-
‘ stream.

‘} G. Liebmann and Cathodeon, Lid.
3’ date 20th November, 1941, :

§J$

grf TRANSMITTING CIRCUITS AND APPARATUS

|

Application

(See also under Television)

{ 575 023.—Construction of wave-guide designed to
t admit of bending or twisting without loss of trans-
. mission-efficiency.

Callenders Cable and Construction Co. Litd.,
i D. T. Hollingsworth and C. 1. J. ﬂ[o;ley Applica-
tion date 6l July, 1944.

573 156. — Frequency - discrimination circuit for
i stabilizing a short-wave oscillator say between

i modulation intervals.

'g The General Electric Co. Ltd. and J. B. Lovell-Foot.
| Application date 18th June, 1943.

;573 228.—Construction of wave-guide the frans-
mission-efficiency of which is unimpaired by flexing
or by mechanical vibration.

A W. D. Allen. Application date 8th March, 1944.

575 347.—Screwdriver device for adjusting the
tuning of radio components which are normally
enclosed or sealed against the high humidity of
‘tropical climates.

}

L Standavd Telephones and Cables Lid. and G.
%gNewton. Application date 1st March, 1944.

g

£ 575 395.—Lhe use of a thermister—a device having

7a temperature coefficient of resistance-—for stabiliz-
ing the frequency of a two-stage resistance-coupled
oscillator.

4  Standavd Telephones and Cables Ltd., G. C.
 Havtley and J. A. B. King. _dpplication date
- 15th Mavch, 1944.

1575 511.—Purely-resistive terminating-device for a
‘coaxial transmission-line, including a crystal for
'measuring the shunt voltage.

) Mavconi Instruments Lid. and L. 1W. Hunt.
%Application date 1st February, 1944.

)
1575 577.—Wave-guide comprising an adjustable
(phase shift section for transmitting a wide band of
frequenmes and rotary joints for converting the
l|waves from linear to circular polarization.
Westeyn Electvic Co. Inc. Convention date (U.S.A.)
J37vd ‘November, 1942.

1575 739- —Variable-impedance device for a wave-
[ guide in which a diaphragm acting as a reactance is
| ‘associated with one or more adjustable probes
/ jacting as capacitances.

The British Thomson - Houston Co. Lid., L. W.
4 Brown and J. H. Nicoll. Apphcanon date
| 30th March, 1944.

fi

{

S

‘Gtbson.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE

575 213.—Speech-free signalling and supervisory

circuits arranged between the frequency zones in a

carrier-wave multi-channel system. )
Automatic Telephone and Electric Co. Ltd. and

L. J. Murray. Application date 7th March, 1944.

575 384.—Compact network, simulating a double
transmission-line, for the generation of periodic
square-shaped signalling impulses.

The British Thomson-Houston Co. Lid. and
K. J. R. Wilkinson. Application date 3rd February,
1942. o
575 462.—Two-way signalling system in which' the
same aerial serves to transmit morse and to receive
incoming speech or other signal in the intervals of
transmlssmn

Standard Telephones and Cables Lid. (md E G.
Seath. Application date 17th March, 1944.

CONSTRUCTION OF ELECTRONIC DISCHARGE
DEVICES
574 758 —Arrangement of the. cooling-fins and
transverse baffle-plates for a high-powered electron-
discharge tube.
Standard Telephones and Cables, Ltd. and W.
Application date 15th February, 1944.

574 934.—Toroidal resonator, of the rhumbatron

type, wherein bimetallic tuning control is operated

(a) by the rise in working temperature, or (b) by
the deliberate application of heat.

The M-O Valve Co.; Ltd., N. L. Harris and J. W.
Ryde. Application dale 22nd April, 1940.

574 878.—Electron-discharge tube of the ** light-
tlansformer " type, designed "to facilitate the
application of a photo-sensitive coating to the
cathode in the course of manufacture.

J. D. McGee. Application date 17th November,
1942.
574 035.~—Electron-discharge tube designed to
facilitate the connection of an external concentric
feed-line to one of the electrodes, particularly for
velocity-modulation.

The M-O Valve Co., Ltd., N. L. Havris and R. V.
Sloane. Application date 3rd June, 1940.

574 943.—Coupling circuit for taking power from
magnetron oscillators of the kind in which the anode-
block comprises a number of cavity resonators.

Western Electvic Co., Inc. Convention date
(U.S.A.) 1st May, 1942.

574 967.—Electron-discharge tube in which the
electron stream is first deflected to and fro through
a perforated screen to produce a frequency-multi-
plying effect before being fed to a hollow resonator
or rhumbatron.

The M-O Valve Co., Lid., J. W. Ryde and R. 1V.
Sloane. Application date 8th October, 1940.

574 968 —Tuning a velocity-modulating device,
or rhumbatron, lying partly within-an electron-
discharge tube, by means external to the ev acuated
tube.

The M-O Valve Co., Ltd., N. L. Harvis and R. F.
Proctor.  Application date 8th Oclober, 1940.

574 969.—Construction and arrangement of the
hollow-resonator in an electron-discharge tube
designed for velocity-modulation.

The M-O Valve Co., Ltd. and N. L. Harris.
Application date 8th October,. 1940.

B K
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574 972.—Short-wave oscillator wherein the electron
stream is reflected back through the original
bunching resonator across a path of specified field-
gradient,

S. Hill.  Application date I7th January, 1941.

574 997.—Construction of the target or reflecting
electrode associated with a rhumbatron resonator
in order to facilitate degassing of the electron-
discharge tube.

J- E. L. Cairns. Application date 8th August,
1941.

575 123.—Discharge-tube in which the grids of two
coaxial resonators are relatively adjusted by
magnetic or other means external to the tube.

Standavd Telephones and Cables, Ltd. (assignees
of C. V. Lition). 'Convention date (U.S.A.) 20th April,
1940.

575 249.—E1ectron-mu1tip1ier with means for focus-
ing the primary and secondary electrons in order
to increase the ratio of transconductance to plate
current.

Marconi’s W.T. Co. Ltd. (communicated by Radio
Corporation of America).  Application date 10th
September, 1941.

575 320.—DProcess for making honeycomb ” elec-
trodes or grids intended to respond to the action
of a high-speed electron-beam.

The British Thomson-Houston Co. Ltd. and w. J.
Scott.  Application date 3rd November, 1943.

575 747-—DProcess for making the flattened viewing-
end of the glass bulb of a cathode-ray tube.

Chance Brothers Ltd., W. M. Hampton and
N. J. B. Raymond. Application daies 4th April and
10th August, 1944.

575 824.——Moulding process for making metal-to-
glass seals, say in the manufacture of electron-
discharge devices.

Standard Telephones and Cables Ltd. and T. W.
Wingent. Application date 13th April, 1944.

575 962.——Cathode-ray tube in which the end of the
glass bulb is lenticular with one of its surfaces
¢ylindrical, in order to minimize distortion.

Chance Bros. Ltd., J. G. Holmes and J. English.
Application date 17th March, 1944.

SUBSIDIARY APPARATUS AND MATERIALS

574 840.—Equipment, including mechanical gear,
for selecting and stabilizing the generation of a
number of ‘‘slave ”’ frequencies derived from
a “master " oscillator, such as a piezo-electric
crystal.

The General Electric Co., Ltd. and A. S. Gladwin.

Application date 1s¢ March, 1943.

574 916.—High-frequency induction-heater  de-
signed to offset the magnetomotive forces set up
within the work.

Standard Telephones and Cables, Lid. (assignees
of V. W. Shevman).  Convention date (U.S5.4)
25th February, 1943.

574 996.—The use of calcium-fluoride powder as a
stabilizing agent for the spark-gap of a high-
frequency ignition system.

The Plessy Co. Ltd. and H. V. G. Stubbs.  Applica-
tion date 1st July, 104T.
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575 068.—Process for attaching electrodes to piezo-
electric elements of the fusible or multi-plate type,

The Brush Development Co. (assignees of C. K.
Gravley). Convention date (U.S5.4.) 16th December,
1942.

575 223.—Combination of a standard-frequency
oscillator with a continuously-variable oscillator
in order to allow the spot measurement ”’ of a
drifting frequency.

H. J. Finden and The Plessy Co. Ltd. Applica-
tion date 8th Maych, 1944.

575 252.—Arrangement of an auxiliary priming
capacitor across the glow-discharge tube of a
detonating or like relay.

D. Weghton and Pye Ltd. Application date
25th February, 1943.

575 256.—Impedance bridge which is unresponsive
to voltages that are up to go° out-of-phase with
those to be measured.

Honeywell-Brown Ltd. Convention date (U.S.4.)
24th October, 1942.

575 411.—Process for forming selenium * wafers ”’
as used for electric rectifiers and light-sensitive cells.

Standard Telephones and Cables I.td. (assignees
of O. Saslaw). Convention date (U.S.A4.) 24th April,
1942.

575 447.—High-frequency testing equipment of the
type in which a signal-generator is coupled through
an attenuating circuit to the apparatus under test.

W. L. Wation. Application date 17th Decembey,
1943.

575 463.—Magnetometer bridge with accessories for
measuring the total intensity as well as the hori-
zontal and vertical components, say of the earth’s
magnetic field.

H. Hughes and Son Lid., E. Smith and A.].
Hughes. Application date 18th March, 1944.

575 719.—Construction designed to reduce the
weight of a power-supply transformer, particularly
for use on aircraft.

Standard Telephones and Cables Lid. (assignees
of F. V. Edmonds). Convention date (U.5.4))
10th April, 1943.

575 8o5.—Method ot coupling and calibrating a
series arrangement ot piezo-electric oscillators in
order to increase the power that the resulting unit
can handle.

B. Tenenbaum. Application date 6th April, 1944.

576 097.-——Process and apparatus for bonding to-
gether the layers of plywood by high-frequency
current.

The General Electvic Co. Ltd. and FE. McP.
Leyton. Application date 5th October, 1942.

576 192.—Optical method of preparing long cali-
bration-strips for use with an oscillator of wide
frequency-range.

Standard Telephones and Cables Lid. and I. V.
Feldhusen.  Application date I4th April, 1944.

576 473-— Cathode-heating switch having a bi-
metallic strip under a * click ” control for the sharp
operation of a glow discharge tube.

The Geneval Electvic Co. Lid., W. G. Branson
and R. W. Strong. Application date 14th May,

1943.
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PAGE  534.321.9 2449
‘ . . ) A Ultrasonic Velocity in Water.—P. L. F. Jones
Acousties and Audio Frequencies ... 183 & A, J. Gale. (Nature, Lond., 16th March 1940,
 Aerials and Transmission Lines ... . 184 Vol 157, No. 3985, p. 341) A graph is given
Groals . o s shoving the velooty as's function of temperatue.
iGeneral Physies ... .. .. .. .. 189 g 15 A Singh, Nature, Lond., 1945, Vol. Zso,
Geophysical and Extraterrestrial Phenomena ... 181 P. 500.
Location and Aids to Navigation .. 192
Materials and Subsidiary Techniques ... . 193 53403219 2450
iMathematies... ... ... ... .. .. 195 On the Measurement of Ultra-Sound Absorption
Measurements and Test Gear ... .. 196 in (i}ises l:s;/Spl}?erica;l Wajx_yes Metho&s.l—l-’. i}’ras-
: S . . nushkin. (Zh. eksp. teor. Fiz., 1944, Vol. 14, No. 5,
Dther Appllcatlons of Radio and Electronies ... 198 T Roptee] Thi advantages 9&4 Sy ;i)herngl
Propagation of Waves ... oo 199 intead of plane waves for the measurements are
Reception ... -+ 200 pointed out, and the following two mew methods
Stations and Communication Systems ... ... 201 proposed: (a) A point receiver is moved along
Bubsidiary Apparatus . 202 E_he agi?dof fthe cepttral g.iﬂtractiondlobe ?'fttléle ra[qiai
talayicd - on field of a point radiator, and amplitudes " o
ﬁgﬁ::;ﬁi;ti;?d Phototelegraphy ... ;82 the field are mpeqsured with respect .tlg distance R
) between the radiator and the receiver. (b) The
Valves and Thermionies ... -+ 205 receiver is replaced by a metallic plane that reflects
H.VIiscellaneous ... 206 the waves back to the radiator. With a continuous

ACOUSTICS AND AUDIO FREQUENCIES

341 621.392 2447
Electro-Mechanical Analogy in Acoustic Design.—
= M. Wiggins. (Radio, N.Y ., April 1946, Vol. 30,
0. 4, PP. 28-29.) An explanation and justifica-
lon of the analogy whereby mechanical problems
an be solved by the solution of equivalent electrical
ircuits. The method is applied to a unidirec-
flonal microphone.

34.2 2448
. The Absorption of Sound of High Frequency
A Metals.—L. Gurevich. (Zh. eksp. teor. Fiz.,
.{‘944,.\701. 14, No. 6, pp. 202-204.) From an
quation (1) determining the change in the number
# sound quanta (phonons) resulting from their
Ateraction ith electrons, a formula is derived
)r calculating the absorption coefficient 7, It
iPpears that 7, is proportional to the sound fre-
juency. It is also shown that for frequencies
xceeding the inverse value of the time of the free
ravel of electrons, sound is absorbed during an
Merval of the order of the sound period, i.e. propa-
ation cannot take place,

:i This paper is related to 2232 of 1937 (Landau
 Rumer),

'l
)

J

i
/
)

movement of the plane the acoustic reactance of the
radiator and therefore the anode current I, of the
oscillator are varied. A formula determining the
relationship between I, and d (distance between
the plane and the radiator) is given.

The results obtained by both methods in room
air are shown in a table. It appears that for the
frequencies used (400-710 kcfs) dA? remains con-
stant within 7%, and its average value is 23.7 x 103,
ie. it exceeds by 44% the value given by the
classical theory.

534.321.9 1 621.396.9 2451
Ultrasonic [radar] Trainer Circuits.—Larsen.
(See 2582.)

534417 : 534.88 2452

Navy Releases Sonar Story.—(Electronics, May
1946, Vol. 19, No. 5, pp. 284..294.) A general
account of the system and its history. See also
1750 of July (Lanier & Sawyer).

534.43 1 621.395.61 2453

A New Moving-Coil [gramophone] Pickup.—
(Electvonic Engng, July 1946, Vol. 18, No. 221, pp.
224-226.) Detailed description of the * Lexing-
ton " pickup, which has a flat response from 30¢/s
to 12 kefs, with a weight of } oz on the record.
Sapphire or steel needles of special shape are used.

Y
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534.43 1 621.395.61 : 538.652 2454 A general description of the Recordgraph and its :1

Torsional Magnetostriction [gramophone] Pickup.
—S. R. Rich. (Electronics, June 1946, Vol. 19,
No. 6, pp. 107-109.) The device makes use of
the variation of magnetic reluctance in a wire
subjected to torsion in a magnetic field. It has
a small moving mass, low distortion, and wide
frequency response. The torsional magneto-
striction element also operates successfully as a
recording mechanism.

534.43 : 621.395.645.3 R455
Unique Phono Amphﬁer —Pett. (See 2515.)
534.01 : 621.317.35 2456

Range Extender for General Radio V60A Sound
Analyzer.—]. D. Cobine J. R. Curry. ([eev.
sci. Instrum., May 1946, Vol. 17, No. 5, pp. 190—
194.) Details of a circuit to extend the frequency
range to 1 Mc/s by a heterodyne principle.

621.395.2 + 621.395.625 2457

Nuernberg Trials Recording System.—P. C. Er-
horn.  (Electronic Industr., June 1946, Vol. 5,
No. 6, pp. 70..114.) A block diagram of the

‘equipment is given, with a general description of

the circuits. Eight microphones and five hundred
pairs of headphones are catered for, and provision
1s made for various recorders and for broadcasting

621.395.613.32 " 2458

Microphones : Part 3 (cont.).—S. W. Amos &
F. C. Brooker. (Electronic Emngng, July 1046,
Vol. 18, No. 221, pp. 221-223.) A description of
various makes of microphone of the moving coil,
condenser, and piezoelectric types, and of their
equivalent circuits, including the acoustic networks
incorporated to maintain an even response curve.
A polar diagram for a typical pressure-operated
microphone shows variation of directional properties
with frequency. For parts 1 and 2 see 1755 of July ;
for part 3(a) see 2120 of August,

621.395.614 ’ 2459

Sound - Pressure Measurement Standard. — F.
Massa. (Electronics, May 1946, Vol. 19, No. 5,
pp. 218..228.) A microphone comprising a pile of
piezoelectric crystal plates in a rigid housing has
wider frequency and dynamic ranges than other
microphones generally available for making absolute
sound measurements.

621.395.623.54 : 621.395.92 2460

A New Earpiece [for deaf-aid equipment]. —
C. M. R. Balbi. (IWireless TWorld, June 1940, Vol. 52,
No. 6, p. 179.)

621.395.623.7 2461

Corner [loudspeaker) Deflector Baftles.—(1Viveless
World, June 1946, Vol. 52, No, 6, p. 181.) The walls
of the room housing the loudspeaker are used as
elements in the combined horn and baffle system.
Two outward radiating paths of logarithmically
increasing ‘section are produced, and a diffuser is
incorporated to give even distribution of high
frequencies. There is ample bass response, and the
full rated power is delivered without any signs of

overloading. A short illustrated description of the
system.
621.395.625.2 2462

Embossing Sound on Film.—S. Kempner. (RRadio
News, June 1946, Vol. 35, No. 6, pp. 30..108).

performance. See also 537 of March. ]
621.395.625.3 2463 |
The German Magnetophon.—R. A. Power ?

(1Wiveless World, June 1946, Vol. 52, No. 0, pp. |
195-197.) A description of the magnetic recording {
equipment in which the medium is a polyvinyl- [
chloride strip impregnated with an equal weighty

of finely powdered magnetic I'e,Oj. (ompared)
with other tape or wire recorders the equipment|{
offers (a) better quality (25-10 000 c¢fs, dynamic '

range about 70 db with 2% distortion), (b) a lighter, .
tovgher, and cheaper medium, (¢) easy cutting and /\

splicing of the tape, (d) facility for writing notes \
titles, etc., along the roll. See also 834 of April and ;
back references.

621.395.645.3 : 2464x
Addxtxonal Notes on the Parallel Tube Amplifier. —;
F.C. Jones: J. Velasco. (Radio, N.Y., June 1946,
Vol. 30, No. 6, pp. 26..38.) Notes on an experi- )
mental high-fidelity amplifier with a parallel-tube;
output and separate high- and low -frequency tone;
controls., Follows a previous paper on the subject,|
263 of FPbruary (Jones). A comment on the latter(
by Velasco is included.

621.305.82 : 621.395.645 : 621.317.79 2465 1
Measuring Audio Intermodulation.—D’ickering.
(See 2641.)

621.396.667 ‘ 24664 .
Low-Frequency Correction Circuit.—(See 2532.)
621.396.667 2467,

Tone Correction,—Gregory. (See 2533.)

AERIALS AND TRANSMISSION LINES !

621.392 2468
On the Calculation of the Radiation Field of a
Waveguide.—N. Maloff. (Zh. eksp. teor. I'iz., 1044
Vol. 14, No. 6, pp. 224—225.) In calculating thel
field at the open end of a waveguide from Kirch-
hoff's formula it is usual to assume that the con
figuration of this field is the same as that of theq
field inside an infinitely long waveguide. In thel{
present paper the validity 01 this dssumptlon fox
the Hy mode in a cylindrical guide is examined
by checking whether the ratio A,/A, remaing
equal to unity for all values of the ratio )\/)\0 (= 4),
where A, is the energy flux through the cross-|
section of the waveguide, 4, the energy flui

‘through a sphere at the centre of which the opéning

of the waveguide is located, A the free-space operat;
ing wa\elenffth and A, the critical wavelengthy
The calculated results, which are collected in atable
throw considerable doubt on the validity of the
assumption, particularly in the region of mos‘{‘
practical interest, ¢.e. when Ay >0.8. ;

621.392 246"‘

On the Propagation of Electromagnetlc Wavei
in Curved Pipes.—M. Jouguet. (C. R. Acad. Sci.,
Paris, 18th Feb. 1946, Vol. 222, No. 8, pp. 440~- 442}
A theoretical analysis of a curved rrulde of circulay,
cross-section excited in the £, and H, modes. It
is concluded that for £, the curve causes no changt|
in phase velocity and that the £ and H fields arg
not orthogonal. Analysis for H, gives mcompatlblf ‘
equations, from which it is concluded that \\avc
cannot be propagated in this mode.
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:621.392 : 2470 the expressions thus derived is such as to indicate

| Wave Guide Transmission Sy-stems.ﬁT. Moreno.

\(Electronics, June 1946, Vol. 19, No. 6, Pp. 136—-141.)
‘A sequel to 2136 of August. A discussion of the
ittenuation and standing waves produced by various
joints and bends used in waveguides. If the inner
radius of a bend is greater than a guide wave-
jength A, the voltage standing wave ratio produced
Jvill be under 1.05. A rectargular guide of length
'}z,\g or more, twisted by 9o° about its axis, will
introduce a-s.w.r. generally less than 1.1. Graphs
showing the required dimensions of corner con-
pectors for minimum reflection are given, and
jouplings, tee-joints, matching diaphragms, and
toaxial-line transformers discussed,

?')21.392.2 2471

‘1 Propagation along a Line having only Distributed
Resistance and Capacitance which are Functions
éf Position but have a Particular Relationship to
ach Other.—M. Parodi. (C. R. Acad. Sci., Pavis,
rd Sept. 1945, Vol. 222, No. 10, pp. 257-259.) A
pathematical paper. For a particular relationship
etween C and R, given in the paper, the differential
quation can, by change of variable, be transformed
one with constant coefficients and solved
lxplicitly.

121.392.2 : : 2472
Remarks on the Equations of Propagation on
ny Line. — ¥. Raymond. C.R. Acad. Sci., Payis,
i'h April 1945, Vol. 220, No. 14, pp. 497-500.) A
iathematical paper. It gives formally the solution
r the propagation of any disturbance along a
ansmission line of which the characteristics
, C, R, and G are functions of the distance along
e line.

111.392.2 ) _ 2473
' Propagation along any Polyphase Symmetrical
e—M. Parodi & F. Raymond. (C.R. Acad.

» Paris, gth April 1945, Vol. 220, No. 15,
. 522-523.) A very general formal matrix
jalysis of a symmetrical system of » lines. with
%)n-uniform characteristics.

h1.392.2 2474
i Transmission Problems.—R. H. Paul. (Elec-
jcian, 20th April & 3rd May 1946, Vol. 136,
8. 3543 & 3544, Pp. 1097-1099 & I1165-1167.)
| discussion of “ some rigorous methods of solving
joblems connected with long transmission .lines
sthout having recourse to hyperbolic functions of
%mplex angles or convergent series.”

{1.392.2 2475
jSome Novel Expressions for the Propagation
mstant of a Uniform Line.— J. L. Clarke. (Bell
yst. tech. J., Jan. 1946, Vol. 25, No. 1, pp. 156-157.)
v a simple extension of well-known equations for
¢ characteristics of a line, the attenuation con-
unt is expressed in terms of the electrostatic
id electromagnetic energies per unit length of line,

)d the characteristic impedance is expressed in

'ms of the phase velocity.

1:392.2 2476
Propagation Characteristics of a Uniform Line.—
{ F. Macdiarmid & H. J. Orchard. (Wireless
/87, June 1946, Vol. 23, No. 273, pp. 168-171.)
Feometrical method of deriving the real and imag-
Ty components of the propagation constant of a
iform transmission line is give The form of

i
)

|

‘the physical significance of the different line
parameters,

621.392.2 2477

Simplified Input Impedance Chart for Lossless
Transmission Lines.—I. Mautner. (Communica-
tions, May 1946, Vol. 26, No. 5, PP- 44—45, 603.)
A chart giving the range of input impedance for
lines of length #A/8 terminated resistively and
reactively.

621.392.2 : 621.306.61 ' 2478,

Transmission Lines as Resonant Circuits. —L. R.
Quarles. (Communications, May 1946, Vol. 26,
No. 5, pp. 22..52.) Formulae for calculating the
dimensions for any reactance using either coaxial
or twin lines, with some examples of their applica-
tion. Part 1 of a 3-part series, for part 2 see 2480
below. :

621.392.43 ' ’ 2479

Graphical Calculation of Double Stubs.—R. C.
Paine. (Radio, N.Y., June 1946, Vol. 30, No. 6,
Pp. 23-25..37.) Circle diagrams, together with a
parabolic locus defining the admittance of stubs,

can be used to solve double-stub transmission-line °

matching problems. The diagrams are given, and
examples are worked out.

621.392.52 2480

Transmission Lines as Filters.—L. R. Quarles.
(Communications, June 1946, Vol. 26, No. 6, pp.
34..48.) The design of filters for the following types
of application are considered : (q) suppression of
unwanted r.f. harmonics on transmission lines, by
means of a shunt stub; () band-pass intercircuit
coupling with filters of T configuration: (¢) wide-
band matching filters. Part 2 of a series beginning
with 2478 above.

621.396.67 2481

Coaxial Feed F.M. Loop Antennas.—A. G.
Kandoian. (Electronic Industr., May 1946, Vdl. 3,
No. 5, pp. 74..126.) Paper based on 1180 of May by
the same author.

621.396.671 : 621.396.822 2482
Fluctuation Noise in a Receiving Aerial.—Burgess.
(See 2699.) .

621.396.674 . - 2483

Inductive Tuned Loop Circuits : Parts 1 & 2.—
W. J. Polydoroff. (Radio, N.Y., April & May 1946,
Vol. 30, Nos. 4 & 5, pp. 21—22 & 20-22.) The
advantages of permeability-tuned loop aerials in
respect of signal/noise ratio and directional dis-
crimination against interference are described.
The need for balancing and shielding the loop to
obtain these advantages is explained. 8

621.396.674 : 621.317.79 2434

An Improved Method of Testing Loop Receivers.—
W. J. Polydoroff. (Radio, N.Y., June 1046,
Vol. 30, No. 6, pp. 15-17, 36.) A single-wire trans-
mission line is strung across a screened room. One
end of the line is connected to a signal generator,
the other is terminated with its characteristic
impedance. The radiation simulates the field
of a horizontally propagated vertically polarized
wave. The receiver loop under test is supported
underneath the transmission line.
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621.396.674 1 621.318.323.2.020.5 2485 of a concave lens. A general description of th;“

Iron-Cored Loop Receiving Aerial—R. E. Bur-
gess. (Wireless Engr, June 1946, Vol. 23, No. 273,
pp. 172—-178.) “‘ The complex effective permeability
ot a mass core is expressed in terms of the relevant
factors, and the imaginary part is related to the
eddy current loss in the particles, which should
predominate over other components of loss.

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

‘“ Recommendations are made
design for maximum sensitivity.”

An editorial comment (G. W. O. H.) appears in
the same journal, pp. 156-157.

regarding the

621.396.677 2486

Radar Technique.—W. T. C. (Wiveless World,
May 1946, Vol. 52, No. 5, pp. 151-154.) A review
of papers on waveguide and aerial techniques
presented at the I.E.E. Radiolocation Convention.

621.396.677 2487

A Current Distribution for Broadside Arrays
which Optimizes the Relationship between Beam
Width and Side-Lobe Level.—C. L. Dolph. (Proc.
Inst. Radio Ewngrs, W. & E., June 1946, Vol. 34,
No. 6, pp. 335-348.) “° A one-parameter family of
current distributions is derived for symmetric
broadside arrays of equally spaced point sources
energized.in phase. For each value of the para-
meter, the corresponding current distribution gives
rise to a pattern in which (1) all the side lobes are
at the same level ; and (2) the beam width to the
first null is a minimum for all patterns arising from
symmetric distributions of in-phase currents none
of whose side lobes exceeds that level.”

Design curves expressing both the value of the
parameter and the relative current values as func-
tions of side-lobe level are given for the cases of

8-, 12-, 16-, 20-, and 24-element linear arrays.
621.306.677 2488
Long-Wire Antennas.—W. V. B. Roberts. (QST,

June 1946, Vol. 30, No. 6, pp. 36-39.) A simplified
qualitative treatment of the operation of rhombic
and V aerials. The power gains of the rhombic
and the half-wave dipole are compared.

621.396.677 + 621.396.61].029.63 2489

CQ 2400 Mc/s: Transceivers and Antennas
for the 13-Centimeter Band.—Koch & Floyd.
(See 2758.)

621.396.677.029.64 2490
Radio Lenses.—W. E. Kock (Beil Lab. Rec.,
May 1946, Vol. 24, No. 5, pp. 193-196.) The

phase velocity of a radio wave propagated between

parallel metal plates is greater, on waveguide
principles, than the velocity of propagation in
tree space. A pile of equally spaced parallel plates

therefore acts like a block of material with refrac-
tive index less than that of free space. Con-
verging lenses have been made by shaping the
edces of the plates in such an array to the profile

principle and illustrations of lenses are given|
Beams o0.1° wide have been obtained. Othe,
possible applications of the principle are mentioned;

621.302 249

Problémes de Propagations Guidées des Ondel
Electromagnétiques. [Book Review]—L. de Broghe"
Gauthier-Villars, Paris, 1941, 160 fr. (MWireles|
Engy, June 1946, Vol. 23, No. 273, p. 171.) “
carefully prepared review of the subject. . .” ‘,:

CIRCUITS !

621.3.017 249|
Loss due to Shunt or Series Resistance Inserteg
between Matched Source and Sink.—(Radio, N.YJ
April 1946, Vol. 30, No. 4, p. 38} A chart giving
the loss as a function of the ratio of the shunt 0
series resistance to the load resistance. "
|

621.314.2 2495
Equivalent Capacitances of Transformer Windings
—W. T. Duerdoth. (I7ireless Engr, June 1940
Vol. 23, No. 273, pp. 161-167.) ' The paper show|
that the distributed capacitances between winding
or windings and screens, of transformers may bj
represented by lumped capacitances provided “thal
the magnetic coupling between the turns of |
winding 1s perfect. Expressions have been obtaine|
for the equivalent capacitances of a number (
different arrangements including windings 19“
layers, sections, and with screens.” B

621.316.722.078.3 1 621.392.5 248

The Theory of the Non-Linear Bridge Circuif 2
Applied to Voltage Stabilizers.—G. N. Patchet
(J. Instn elect. Engrs, Part I, April 1946, Vol. 9;»3

No. 64, pp. 189-190.) Long summary of 867
April. [
621.316.974 : 621.318.4.017.31 249

Power Loss in Electromagnetic Screens. —Sloco

(See 2710.) i

621.318.572 249

Design and Use of Directly Coupled Pentod
Trigger Pairs.—V. H. Regener. (Rev. sci. Instrumy
May 1946, Vol. 17, No. 5, pp. 180-184.) Discussic
of a trigger circuit using two pentodes with dired
plate to screen intercoupling.

D

using 6AKO6 pentodes, showing the effect of biasingj
either the control or suppressor grids of one (§
both valves. Circuits for a pulse generator ang
an electronic switch are given, and the limits !
input for successful operatlon are deduced frof
the curves. Another circuit, in which each st
pressor is capacitively coupled to the screen
the same valve, may be used to obtain triggerif¥
with pulses of one sign only. [

Scaling circuits up to scale of eight are briefji
mentioned.

621.318.572 244,
Decade Counting Circuits.—V. H. Regeney

(Rev. sci. Imstrum., May 1946, Vol. 17, No

pp. 185-189.) A slmple ring-of-ten counter dg

signed round the directly coupled pentode trigg(
discussed in 2496 above. The essential characte‘,
istic of the circuit is that it has ten possible equil
brium conditions. Two detailed circuits are give!
one of which will count sharp pulses up tO
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requency of 10%c/s. The other will do the same
r impulses of arbitrary shape and frequency.
“he number of pulses counted by each ring of ten
nay be indicated by the position of the spot on a
athode -ray tube. Multiplicity of circuits and
jibes enables decimal counting to be obtained to
ny required number.

%21.392.43 1 621.365.92 2498
! Qoupling Method for Dielectric Heating.—R. C.
lleinberger. (Electronic Industr., June 1946, Vol.
{ No. 6, pp. 78-79.) The necessary impedance
hatching to obtain maximum power transfer from
fansmission line to load can be most conveniently
ptained by the use of adjustable stubs. Procedure
hd equations are given whereby stubs may be
?asigned to effect approximate tuning of the load
npedance and matching of the transmission line.
inal adjustments are determined by actual trial.

1.392.5 + 621.395.665 2499
Radio Design Worksheet : No. 47 — Bridged
yand H Attenuators ; Diode Conduction.—(Radio,
. Y., April 1946, Vol. 30, No. 4, pp. 36-37.)

41.302.5 2500
Solving 4-Terminal Network Problems Graphi-
Hly : Part 2 — R. Baum. (Communications,
;,\y 1946, Vol. 26, No. 5, pp. 40..53.) Further
pcussion of the Smith diagram and inversion
jarts, and an illustration of the technique by
|z solution of a problem containing tuned circuits,
pistances, and lines. For part 1 see 1786 of
iy

1.392.5 2501
Determination of a Class of Coupled Circuits
th n Degrees of Freedom, having the same Natural
>quencies as a Given Assemblage of Coupled
reuits, — M. Parodi. (C. R. Acad. Sci., Pavis,
ith  Jan. 1946, Vol. 222," No. 5, pp. 281-283)
jmathematical paper. It derives formally, by
itrix methods, the values of the circuit elements
) Cand R} for all members of a class of coupled
icuits having the same natural frequencies as a
ren assembly of such circuits. The demon-
ation depends on the fact that the determinant
ia product of matrices is equal to the product
ithe determinants of the matrices.

i.392.52 2502
Preferred Numbers and Filter Design. — P.
anchet : H. Jefferson. (Wireless Engr, June
16, Vol 23, No. 273, p. 179.) A comment, in
pnch, on 3823 of 1945 (Jefferson) with Jefterson’s
ily.  See also 871 of April {Jefferson).

1-392.52 2503
‘ilter Design Tables Based on Preferred Numbers :
th-Pass Filters.—H. Jefferson. (Wireless Engr,
Iy 1946, Vol. 23, No. 274, Pp. 197-199.) Tables

given for the design of constant-k high-pass
215 of T- or z-sections. See also 871 of April
13823 of 1945 (Jefferson).

1.392.52 2504
* Tunable Rejection Filter—R. C. Taylor.
{cms. Amer. Inst. elect. Engrs, May 1946, Vol. 65,
' 5, PP. 263-267.) The theory and design of a
?lge-type narrow-band filter. Range of adjust-
ht and effect of component variations are dis-
Sed with the aid of impedance circle diagrams.
§>roximate formulae for attenuation and band-
th are deduced.

?
fu
!
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621.392.52 2505
Transmission Lines as Filters.—Quarles. (See
2480.)

621.394/.396].645 - 2506
Radio Design Worksheet : No. 48 — Reactive
Feedback Factors.—(Radio, N.Y., May 1046, Vol. 30,
No. 5, p. 24.) Analysis of reactive feedback in an
amplifying stage having an elliptical load line.

621.394/.397].645.2 2507

The Cathode-Coupled Amplifier.—K. A. Pullen,
J1. (Proc. Inst. Radio Engrs, W. & E., June 1946,
Vol. 34, No. 6, pp. 402—405.) Further applications
of the double-triode cathode-coupled circuit pre-
viously described by Sziklai & Schroeder (3811 of
1945), including its use as h.f, amplifier, multi-
vibrator, a.f. and r.f. oscillators, resonant-resistance
meter, and mixer circuit. Design data, including
gain characteristics for a typical valve (6SN7),
are given. See also 2157 of August (Crosby)

621.394/.397].645.2 2508.

Wide-Band Amplifiers ; Part 8.—(Wiveless World,
May 1946, Vol. 52, No. 5, pp. I61-162.) An analysis
of band-pass coupling by critically coupled equally
damped circuits, showing that the arrangement gives
less gain for the same bandwidth than that of
stagger-tuned circuits described in 1789 of July.

621.394/.397).645.29 2509

An Analysis of Cascode Coupling.-——R. G. Middle-
ton. (Radio, N.Y., June 1946, Vol. 30, No. 6,
Pp. 19, 32.) A graphical analysis of a ““ cascode ”’
amplifier based on the family of plate current curves,
In this circuit the signal is applied equally to the
grids of two amplifying valves, of which the cathode
of one is connected directly to and in series with
the anode of the other. The basic d.c. amplifier
may be adapted for a.c.

621.394.045.35 : 621.317.715 . 2510

A Contact Modulated Amplifier to Replace Sensi-
tive Suspension Galvanometers.—Liston, Quinn,
Sargeant & Scott. (See 2629.)

621.394.645.35 : 621.383 2511

Direct-Current Amplifier for a Photocell with
Low Insulation Resistance or Large Dark-Current.—
J. Dubois. (C. R. Acad. Sci., Paris, 28th May
1945, Vol. 220, No. 22, pp.768-770.) Note on a modi-
fication of the input circuit to a B4os amplifier valve
that gives a substantial improvement of sensitivity
by maintaining the operating point on the linear
part of the characteristic.

621.395.645 + 621.306.621 2512

Superamp with Tuner.—C. G. Brennan. (Radio
Craft, May 1946, Vol. 17, No. 8, pp. 3539, 563.)
Details of a high fidelity a.f. amplifier and super-
heterodyne receiver.

621.395.645 251
Additional Notes on the Parallel Tube Amplifier.—
Jones: Velasco. (See 2464.)

621.395.645 2514

Negative Feedback and Hum.—‘“ Cathode Ray”.
(Wiveless World, May 1946, Vol. 52, No. 5, Pp. 142—
145.) A series of experimental results is given for
typical triode and pentode amplifier stages. It is
concluded that (a) feedback from the anode, when
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the load is transformer coupled, is generally bad
practice unless the h.t. supply is very smooth ;
(b) with triodes, when feedback is generally not used,
parallel feed should be used; (¢) with tetrodes and
pentodes, freedom from hum is obtained by smooth-
g the screen supply, or by use of feedback; (d) a
transformer-coupled pentode is remarkably hum-
free without feedback. See also 1477 of June

(Builder).
621.395.645 : 534.43 2515
Unique Phono Amplifier..—C. E. Pett, Jr. (Radio

News, May 1946, Vol. 35, No. 5, pp. 50..90.) Con-
structional details of an amplifier with circuits for
bass and treble boost and for contrast expansion.

621.395/.397].645 : 621.314.25 - 2516
Phase Inverters.—H. A. Bustard. (Radio News,
Feb. 1946, Vol. 35, No. 2, pp. 57..104.) Circuit

diagrams of nine different types, with a detailed
discussion of their design and operation.

621.395.645 : 621.317.733 2517
A Convenient Amplifier and Null Detector.—
Scott & Byers. (See 2634.)

621.395.645 : 621.395.665.1 2518

A Volume Expander Compressor Preamplifier.—
R. C. Moses. (Radio News, June 1946, Vol. 35,
No. 6, pp. 32..149.) Constructional details of a
preamplifier with a maximum overall gain of 110 db.
The time delay of the automatic gain control can
be adjusted to give a minimum rise time of 3 milli-
seconds, and maximum decay time of 500 milli-
seconds.

621.396.6.018.1 2519
Phase Relationships.—M. G. Scroggie: J. H.

Barrett. (Wiveless World, May 1046, Vol. 52, No. 5,
pp. 170-171.) Critical discussion of 1794 of July
(Cooper).

621.390.61 2520

Tuned Circuits for the U.H.F. and S.H.F. Bands.—
F. C. Everett. (Communications, June 1040,
Vol. 26, No. 6, pp. 19-21, 51.) A review of fixed
and variable tuned circuits including a more detailed
description of a symmetrical wide-band cylindrical
circuit similar to those described in 1797 of July
(Gross).

621.396.611 : 536.7 2521

Boltzmann’s Law of Slow Transtormation and the
Theory of Electromagnetic Cavities.—T. Kahan.
(C. R. Acad. Sct., Paris, 2nd Jan. 1946, Vol. 222,
No. 1, pp. 70-71.) Derivation of a general formula
for the Q of a cavity which “‘leads to new methods
of determining dielectric constants, multiplication
factors, and magnetic permeabilities at hyper-
frequencies.”

621.396.615 2522

A Study of Locking Phenomena in Oscillators.—
R. Adler. (Proc. Inst. Radio Engys, W.& E., June
1946, Vol. 34, No. 6, pp. 351-357.) ‘° Impression
of an external signal upon an oscillator of similar
fundamental frequency affects both the instan-
‘taneous amplitude and the instantaneous fre-
quency. Using the assumption that time constants
in the oscillator circuit are small compared to the
length of one beat cycle, a differential equation is
derived which gives the oscillator phase as a function
of time. With the aid of this equation, the transient

process of ‘ pull-in’ as well as the production of &}
distorted beat note are described in detail. i

“It is shown that the same equation serves tc!
describe the motion of a pendulum suspended in a
viscous fluid inside a rotating container. The whole
range of locking phenomena is illustrated with the

aid of this simple mechanical model.” ‘

)

621.396.615 2522
Notes on the Stability of LC Oscillators.—XN. Lea
(J. Instn elect. Engrs, Part I, May 1946, Vol. 93
No. 635, pp. 235-230.) Summary of 569 of March, |

621.396.615 : 621.396.611.21 + 621.317.3061 2524

Series-Resonant Crystal Oscillators.—F. Butler
(Wiveless Emngr, June 1946, Vol. 23, No. 273, pp";’
157-160.) Most crystal oscillators use the crysta)
in the parallel-resonant mode. Quartz crystals
however possess a series resonant mode that has thd
advantage of somewhat higher constancy of fre{
quency. The frequency, in the series mode, iy
unaffected by changes in parallel reactance (e.g
holder capacitance) but is affected by changes in
series reactance. Circuits of the Hartley type ard
described in which the crystal is connected betweer
the cathode of the wvalve and the centre of thd
oscillatory coil. !

621.396.615.17 252k
Kinematic Definition of Relaxation Oscillations.—
J. Abelé. (C. K. Acad. Sci., Paris, oth April 1945
Vol. 220, No. 15, pp. 51I-513.) Van der Pl
(1930 Abstracts, p. 503) defined relaxation oscillag
tions in terms of anonlinear second-order differentiaj
equation. The present author calls thisa “dynamic’
definition, and proposes a ‘‘ kinematic ”’ definitiof;
analogous to the definition of sinusoidal oscillatior}
_as the projection of a circular motion. Considera é
tion is given to the projection of the end of :
uniformly rotating vector on an axis that oscillatel
according to a fixed law relative to the rotation)
“ The curves so obtained are analogous to those o!
van der Pol who used a more laborious and les|

accurate method of graphical integration.”” A mory
detailed account is to appear elsewhere. :

b
621.396.615.17 2520,

Linear Saw-Tooth Oscillator.—W. T. Cocking|
(IWireless World, June 1946, Vol. 52, No. 6, pf
176-178.) A modification of the transitron time
base, operating with a single pentode, and essen
tially a combination of the pre-war transitron ang
the Miller integrator developed during the war|
The control grid, cathode, and anode are usel}
for the linearizing action, and the screen and sup,
pressor grids are resistance-capacitance coupled tii
give a transitron type of circuit, thus providing
a self-oscillating linear timebase. ]

252

621.396.0619.16 : 621.390.9
Radar Technique.—\\V. T. C. (W ireless Worlg
May 1946, Vol. 52, No. 5, pp. 150-158.) Reviey

of papers on pulse circuits presented at the I.E.E}’
Radiolocation Convention. I

621.396.645 252¢

Intermediate Frequency Amplifier  Stabilit]
Factors.—D. L. Jaffe. (Fadio, N.Y., April 1940
Vol. 30, No. 4, pp. 26-27, 55.) The stability 1
determined by the plate-grid capacitance of thy
individual tubes, wiring, overall gain, and couplmg;
between the input and output. The lastis importan;
for amplifiers with gains in excess of 80 db. It iy
4
i}
{
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ishown, by considering the phase of the feedback
current, that the maximum anode impedance for
(stability is 4/(2/g,weC,,) for a single tuned circuit,
jand V(28 mfweC,,) 1s the maximum stable gain.
The corresponding figures for double tuned circuits
icritically  coupled — are V(0.79/g mweC,,)  and
'/ (0.798 m/wCy,).  Values for the latter are shown
\in graphs against frequency for a number of
.commonly used valves.

]
j621.396.645.3.029.58 2529
!‘ Long Leads aren’t Necessary.—Shuart. (See
2772.)

621.396.66 2530

Clamping Circuits.—]. McQuay. (Radio Craft,

May 1946, Vol. 17, No. 8, pp. 541..561.) ‘A
clamping circuit maintains either the positive
extreme or the negative extreme of a waveform
within the limits of a desired reference level of
voltage.”’

621.396.662.2.029.6 2531

% V.HLF. Coil Design.—Meyerson. (See 2732.)
521.396.667 ' 2532
. Low-Frequency Correction  Circuit.—(IVireless

World, June 1946, Vol. 52, No. 6, PP. 199~200.)
Jesign of a circuit giving a rising response character-
istic at the lower frequencies, such as is required
Jg“or gramophone reproduction : the circuit also
Jiives a small amplification.

1121.396.667 - 25633
| Tone Correction.—L. Gregory. (Wireless World,
lune 1046, Vol. 52, No. 6, p. 204.) Brief descrip-
fion of a circuit combining bass and treble boost
lrith negative feedback. :

121.397.645.2 : 621.396.621.54 2534
| LF. Amplifiers in Television Receivers.— M. H.
{ronenberg. (0ST, June 1946, Vol. 30, No. 6,
ip. 62-65.) Circuits are given for two 12.75-Mc/s
‘mplifiers with 2.5-Mc/s and 4-Mc/s bandwidth
espectively, having attenuation at the 8.25-Mc/s
bund channel. Design formulae are discussed.

21.302 2535
Heaviside’s Electric Cireuit Theory. [Book Review]
-H. J. Josephs. Methuen & Co., London, 115 pP.,
3. 6d. (Wireless Engr, July 1946, Vol. 23, No. 274,

200) One of the Monographs on Physical
ubjects. ‘... a valuable addition to the Heaviside
terature.””’

GENERAL PHYSICS

35.343.4 -+ 621.317.1.011.5 25636
~+ 621.396.11.029.64] : 546.171.1

Ammonia Spectrum in the 1cm Wavelength
gegion.—Bleaney & Penrose. (See 2662.)

B5.43 : 537.122 2537
,On the Theory of the Scattering of Light on Free
lectrons.—M. Al'perin. (Zh. eksp. teor. Fiz., 1944,
bl 14, Nos. 1/2, pp. 3-13.) The existing methods
jr studying the problem are valid for small
tensities of the incident wave only. It is possible,
pwever, by choosing suitable variables to find an
{act solution of the Dirac equations for an electron
| the field of a plane wave. This is done in the
fesent paper, and the solution found (17) is used
 derive a formula (47) similar to the one obtained
; Klein & Nishina (1929 Abstracts p. 588) but
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applicable to large intensities of the incident radia-
tion and taking into account the possibility of a
simultaneous absorption of several quanta. The
results obtained are discussed in the light of quantum
electrodynamics.

5355 2538

A Graphical Method for determining the Refrac-
tive Index and Thickness of Thin Films,—1. Obreim-
off. (Zh. eksp. teor. Fiz., 1944, Vol. 14, Nos. 10/11,
PP. 431—438.) It is assumed that the film has a
uniform thickness %4 and a constant refractive
index n,, and that a plane wave falls on the film
at an angle 7;,. If under these conditions, E, and
E; denote respectively the component of the electric
vector in the plane of incidence and the component
perpendicular to it, then E,mand E; in the reflected
wave will be reflected differently, viz., E;r=p,E,
and £ = p E,. Moreover there will be a phase
difference § between these components. A system
of equations (2) determining the relationship
between p,, p, and § was derived by Vlasoff who
also pointed out that if y and § are determined
experimentally (p, p, = tan y), then % and #, can
be calculated from equations (2). With the many
measurements required, however, the calculations
would be too laborious, and a namber of nomograms
are given in order to simplify these, as well as those
required in the measurements of yand 8. Numerical
examples are worked out, and the accuracy of the
method is estimated.

536.7: 621.396.611 2539

Boltzmann’s Law of Slow Transformation and
the Theory of Electromagnetic Cavities.—Kahan.
(See 2521.)

537.226 ‘ 2540

The Theory of the Polarization of Dipole Liguids
in Strong Electric Fields.—A. Anselm. (Za. eksp.
teov. Fiz., 1944, Vol. 14, No. g, Pp. 364-369.) It
was shown by the author in previous papers (Zh.
eksp. leor. Fiz., 1942, Vol. 12, p. 274," & 1943, Vol.
I3, p. 432) that the theory of the inner field pro-
posed by Debye for interpreting the polarization
of dipole liquids in weak fields is incorrect. The
same considerations also apply to Debye’s theory
of polarization in strong fields. In the present
paper the author develops a new theory from the
method used by Kirkwood (J. Chem. Phys., 1939,
Vol. 7, p. 911) investigating the polarization in
weak fields., It is pointed out, however, that
Kirkwood, having derived formula (1) for deter-
mining the permittivity ¢ in a weak field has
attempted to calculate M,,, the electric moment
appearing in an infinite dielectric with a fixed
orientation of one of its molecules. Such attempts
are bound to fail with the present state of knowledge
of intramolecular forces in a liquid, so the author
proposes to treat M asa parameterwhich character-
izes the molecular interaction, and which can be
determined experimentally. Accordingly, a formula
(14) is derived for calculating the dielectric constant
€ in strong fields. It is possible to check the new
theory experimentally by considering other pheno-
mena determined quantitatively by M. Thus it
is shown that the value of (¢’ —e¢)/e depends on M, .
A comparison between the theoretical and experi-
mental values of the ratio for water and nitro-
benzene indicates that the theoretical results are
of the correct order of magnitude.
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537.312.62 2541  538.31 2546 |

Notes on the Theory of Superconductivity.—V.
Ginsburg. (Zh. eksp. teor. Fiz., 1944, Vol. 14,
No. 5, pp. 134-151.) The theory is discussed in
the light of the latest experimental and theoretical
investigations under the following headings: (a)
main properties of superconductivity; (b) pheno-
menological electrodynamics ; (¢) microscopic aspect
of superconductivity ; (d) energy spectrum and
properties of the electron liquid ; () statistical and
some other properties of superconductors.

The main conclusion reached is that the theory
of superconductivity is closely associated with the
electron theory of metals in a normal state. Efforts
therefore should be directed towards further develop-
ment of the latter theory, but on the basis of the
electron liquid concept, Z.e. without using the
electron gas hypothesis.

A list of 16 references is given.

537-525 ¢ 535-34 2542

On the Absorption of Light by a Plasma.—A.
Kompaneyets. (Zh. eksp. teor. Fiz., 1944, Vol. 14,
No. 6, pp. 171-176.) It is known that free electrons
do not absorb light. It would therefore appear
that a completely ionized gas at a sufficiently high
temperature would have a very low absorption
coefficient. To verify this a mathematical investi-
gation of the propagation of electromagnetic
oscillations in a plasma is presented. It is shown
that owing to the forces acting between the electrons
and the positive ionsof the plasmathe latter possesses
a considerable absorption coefficient. This absorp-
tion, as distinct from the photoelectric absorption,
does not decrease with the frequency of the light
wave and the temperature of the plasma. A formula
(37) is derived determining the absorption coefficient,
and methods are indicated for carrying out the
necessary calculations.

338.222 : 538.56 2543
A New Method for Investigating Paramagnetic

Absorption. —S. Altschiller, E. Zavoiski & V.
Kozirev. (Zh. eksp. leov. Fiz., 1944, Vol. 14,
Nos. 10/11, pp. 407-409.)

538.3 2544

Electromagnetic Field Equations for a Conduct-
ing Medium with Hysteresis. — M. Rozovski.
(Zh. eksp. teor. Fiz., 1044, Vol. 14, Nos. 10/11,
PP- 402—406.) In Maxwell’s equations, it is usually
assumed that B(z, f) = pH(z, £). 1f, however,
the magnetic lag is taken into account, the
latter formula must be so modified as to reflect the
dependence of B(z, #), not only on the value of
H(z, t) at the given moment, but also on the states
of H{z, f) preceding this moment. Using the re-
lationship (3) between Bz, #) and H{(z, ¢), introduced
by Volterra, an integral-differential equation (11)
of a more general characteris derived from Maxwell’s
equations. It is shown that this equation can be
solved by the Fourier method.

538.31 2545

Two Electromagnetic Problems.—G. W. O. H.
(Wiveless Engy, July 1946, Vol. 23, No. 274, pp.
181—182.) If a current-carrying solenoid, placed
in a magnetic field from a source remote from the
solenoid, is reversed in direction, the reduction of
magnetic energy within the solenoid is balanced
by the increase outside it, and all the work done
against the field appears as energy in the electric
circuit.

On the Parametric Oscillations of an Iron Body |
in an Alternating Magnetic Field.—S. Rytoffy
(Zh. eksp. teor. Fiz., 1944, Vol. 14, No. 9, pp. 370~}
378.) An electromechanical system is considered }
consisting of a circular loop and an iron ball capable
of moving along the axis of the loop. If a current |
is passed through the loop the ball will be attracted k
into-the loop, and the coefficient of elasticity of the !
system for a current of frequency w will vary)
between zero and maximum values with a frequency |
of 2w. This is therefore an oscillating system with a ‘i;
periodically variable parameter determining its
natural frequency, and, as is known, the equilibrium
of such a system may become unstable under)
certain conditions. I

A mathematical analysis of the system is offered, }
and equation (4) determining the appearance of
oscillations is derived. It is shown that there arel
discrete regions of instability which can be reached |
by varying the strength of the loop current. A|
detailed description of experiments is given in}
which the following two types of oscillations were
observed : (a) oscillations at the current frequency |
with small amplitudes and only slight nonlinearity ;|
and (b) oscillations at fractional current frequencies
with large amplitudes and a strongly pronounced!
nonlinearity. The parametric interaction between||
the loop current and eddy currents in the ball is
also briefly discussed. ¢

538.32: 621.385.832

Problem of Two Electrons.—R. E. Burgess:

G. W. O. H. (Wiveless Engr, June 1946, Vol. 23,
No. 273, p. 178.) Discussion of g13 of April (G. W.&
O. H.). Burgess points out that the apparent}f

paradox in the problem of two electrons is easily:
Tesolved by application of the principle of specialj

relativity. G. W. O. H. replies editorially in thep?
same journal, pp. I55-156. See also 587 of Marchy,
(Tripp).

i
538.56 : 517.948.3 2548
The Boundary Problem of Electrodynamics and;
Integral Equations of Certain Diffraction Problems.,
—VYa. Feld. (Zh. eksp. teor. Fiz., 1044, Vol 14,
No. g, pp- 330-341.) In a number of problems off,
electrodynamics it is required to determine the{
electromagnetic field set up by given exciters in &j
space bounded by metallic surfaces. Problems of}
this type can be reduced to the following: it is(J
required to find, in a space v bounded by a surfaces, |
a field with the tangential component of the electric
vector vanishing at the surface s. In the present,
paper the case of harmonic oscillations only i
considered, and a solution (1) of the problem isj
derived. The results obtained can be used to;
reduce some of the problems of electromagnetic/
diffraction to Fredholm’s integral equations of the{"
first kind. This is shown in a number of examples;
dealing with the diffraction of electromagnetic |
waves at an aperture in an infinite plane. Methods,!.
for solving the equations so derived are alsoll
indicated. 'g

§541.133 : [621.3.020.5/.6 2549(

The Variation of the Electrical Conductivity off
Electrolytes with Frequency.—N. DMaloff. (Zh)
eksp. teor. Fiz., 1944, Vol. 14, No. 6, pp. 221-223.)}
In a previous investigation (2682 of 19.40) into thﬁ?
electrical conductivity of highly concentrated solu-
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tions of sodium chloride in water (up to 0.3 mol/
litre) the author found a considerable decrease in
the conductivity at high frequencies. In the present
paper a mathematical analysis of the phenomenon is
proposed based on a study of Belikoff (Z. eksp.
teor. Fiz., 1939, Vol. 9, p. 969) of the movement of
ions in electrolytes and on the conductivity of
electrolytes at low frequencies. To simplify the
discussion it is limited to the case of a symmetrical
binary monovalent electrolyte, and it is shown that
Belikoff’s equations when extended to higher
frequencies indicate a fall in the conductivity, In
the case of low concentrations this becomes apparent
at frequencies within the range of centimetre waves,
while with high concentrations the effect begins to
take place at frequencies of the order of ro$ cfs. A
physical interpretation of the results obtained is
also given.

621.314.6 : 621.383.2 2550

Experimental Behaviour of a Photoelectric Cell
under the Influence of an Alternating Potential of
, Very High Frequency.—Charles, (See 2725.)

621.314.6: 621.383.2 2551

Theory of the Behaviour of a Photoelectric Cell
- under the Influence of an Alternating Potential of
Very High Frequency.-——Charles. (See 2726.)

| 621.314.63 - 621.315.34 : 2552

An Anomalous Phenomenon in Thermal Recti-
fication in Lead Sulphide (Preliminary Communica-
[ tion).—Kh. Amirkhanoff. (Zk. eksp. teov. Fiz.,
| 1944, Vol. 14, No. 6, pp. 193-194.) Experiments
| were conducted with lead sulphide obtained chemi-
' cally in the form of a black powder. Samples at
room temperature and a pressure of 10 000 kg/cm?
_-possessed a hole-type conductivity, and a resistivity
{ of 5.105 Q cm. After heat treatment at 200-300°C,
adepending on the duration of the treatment, the
Eresistivity decreased, and the hole-type conductivity

‘'was replaced by that of the electron type. In
one. sample, however, conductivity of the electron
type changed again to the hole type after a current
had passed for 30-60 sec. The phenomenon also
roccurred when the direction of the temperature
'gradient was changed. No residual polarization or
jother effects were observed. A table of the
‘experimental data is given.

,

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.7 + 525.24] : 551.51.053.5 2553
., The Application of Solar and Geomagnetic Data
to Short-Term Forecasts of Ionospheric Conditions.—

A. H. Shapley. (Terr. Magn. atmos. Elect., June
71946, Vol. 51, No. 2, PP. 247-266.) The ways
10 which recurrence tendencies of geomagnetic

activity, reports of solar activity, and various
Qsolar—terrestrial relationships are used in preparing
Horecasts at the Dept. of Terrestrial Magnetism,
Carnegie Institution of Washington. Forecasts are
Compared with magnetic activity over a 15-month

eriod, and are 70% satisfactory. Analysis of
/coronagraphic and spectro-heliographic data with
;nagnetic activity show that for two years there was
2 decided tendency for disturbances to occur when
’)solar regions identified by these observations were
fast of the central meridian of the Sun,. A minimum
n solar activity occurred early in 1944 as indicated
Py reduction of solar and geomagnetic data.

?
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Recorders have been constructed which give an
instantly visible record of variation of the earth’s
magnetic field,

" Solar-geomagnetic relationships are still too
general to be the sole factor in detailed forecasts,
The manifestation, if any, of the solar cause of
geomagnetic disturbance has not yet been found.”

523.7 + 525.24] " 1946.01/.03 "’ 2554

Solar and Magnetic Data, January to March 1946,
Mount Wilson Observatory.—S. B. Nicholson &
E. S. Mulders. (Terr. Magn. atmos. Elect., June
1946, Vol. 51, No. 2, pp. 284-286.)

523.72 2555

The Solid Angle of the Corpuscular Solar Radia-
tion.—M. N. Gnevishev & A.I.OL. (Terr. Magnu.
atmos. Elect., June 1946, Vol. 51, No. 2, Pp. 163—
170.) The solid angle may be evaluated by using
data on (a) duration of magnetic storms;  (b)
equinoctial increase of geomagnetic activity; (c)
correlation coefficients between magnetic activity
and sunspot area in the central zone with different
radii; (d) the lag of the I1-year variation of
geomagnetic activity,

The researches indicate an angle of from 8° to
9°.

523.72 . 2556

A Theoretical Discussion of the Continuous
Spectrum of the Sun.—G. Miinch. (dstrophys. J.,
Nov. 1945, Vol. 102, No. 3, PP- 385-394.) Experi-
mental data are examined in relation to the theory
of radiative equilibrium. The intensity distribu-
tion and the law of darkening in the different
wavelengths can be explained in terms of the
absorption coefficient. The required variation of
this coefficient in the visual and near infra-red
regions of the spectrum is also explained.

523.72:525.24 = 2557

Geomagnetic Data on Variations of Solar Radia-
tion: Part1— Wave-Radiation.—]. Bartels. (Terr.
Magn. atmos. Elect., June 1946, Vol, 51, No. 2,
pp. 181-242.) Homogeneous time-series for W
(a wave type of solar radiation) and P (a particle
type) are derived from magnetic observations,
Daily values for the deviations of W from a normal
value are inferred from the variation of the hori-
zontal intensity. These are compared with tables
derived for the solar activity R and radiation P, the
correlation for *“ slow " variations between R and.W
being well marked. ‘“ Fast ” variations in R due to
solar rotations are followed after a time lag by similar
variations in W. The physical meaning of W and its
extraction from geomagnetic records are discussed.
523.740 "' 1945 " _ 2558

Final Relative Sunspot-Numbers for 1945. _M.
Waldmeier. (Terr. Magn. atmos. Elect., June 1946,
Vol. 51, No. 2, pp. 267-209.)

523.746 '1946.01/.03" 2559

Provisional Sunspot-Numbers for January to
March, 1946.—M. Waldmeier. (Terr, Magn. atmos.
‘Elect., June 1946, Vol. 51, No. 2, pP. 274.)

523.746.5 2560
A Prediction of the Next Maximum of Solar
Activity.—M. Waldmeier. (Terr. M agn. atmos.

Elect., June 1946, Vol. 51, No. 2, P. 270.) The
maximum should be expected to take place as.early
as 1947.6. A table gives the smoothed monthly

D



A.192

WIRELESS

September, 1946

ENGINEER

relative numbers for the epoch two' years before
to five years after the maximum.

523.78 : 525.23 2561

Atmospheric-Electric Potential-Gradient in Kok-
kola, Finland, during the Solar Eclipse of July 9,
1945.—F. Sucksdorff. (Terr. Magn. atmos. Elect.,
June 1946, Vol. 51, No. 2, pp. 171-176.) Measure-
ments were made using a bifilar electrometer and
an ionium-collector. The eclipse caused a marked
and smooth diminution of the potential gradient
which began two hours prior to the beginning of
the eclipse and continued even after the end of the
visual eclipse.

523.78 : 551.51.053.5 : 621.396.11 2562

The. Influence of an Eclipse of the Sun on the
Tonosphere. — R. L. Smith-Rose. (J. Brit. Insin
Radio Engrs, June 1946, Vol. 6, No. 3, pp. 82-97.)
A survey of the structure of the ionosphere and its
effects on propagation. The information gained
from radio observations during solar eclipses is
outlined. Experimental evidence shows that the
main source of ionization is ultra-violet radiation
from the sun ; the possible contribution in the F,
region from incident neutral particles is an open
question. A more complete understanding is
required of long-distance transmission, particularly
at very low frequencies. A bibliography of 20 items
is given.

533.6.013.22 . 2563
On Atmospheric Turbulence.—A. M. Obukhov.

(J. Phys., U.S.S.R., 1942, Vol. 6, No. 5, pp. 228-229.)

Abstract of a paper of the Acad. Sci,, U.5.5.R.

550.38 2564

Geomagnetic Secular Variations and Surveys.—

J. A. Fleming. (Proc. phys. Soc., 1st May 1946,
Vol. 58, No. 327, pp. 213-246.)

550.38 ‘1945.07/.09" 2565

Five International Quiet and Disturbed Days for
July to September, 1945.—W. E. Scott. (Terr.
Magn. atmos. Elect., June 1946, Vol. 51, No. 2,

P. 284.)

550.38 1 523.75 2566

Relations between Magnetic Disturbances and
Solar Eruptions.—M. Burgaud. (C. R. Acad. Sct.,
Pavris, 18th Feb. 1946, Vol. 222, No. 8, pp. 449-450.)
Observations lead to the following conclusions:
(@) magnetic storms do not depend on the size or
growth of sunspots and faculae, but on violent
eruptions; (b) a storm can be caused by an eruption
on any part of the solar disk, but maximum effects
are associated with eruptions near the central
meridian; {¢) magnetic disturbances have taken
place in the absence of visible sunspots ; they follow
eruptions.

550.385 ‘1945.10/1946.03" 2567

Principal Magnetic Storms [reported from various
observatories].—(Terr. Magn. atmos. Elect., June
1946, Vol. 51, No. 2, pp. 287-301.)

550,385 “1946.01/.03" 2568

Geomagnetic Storms.—(Curr. Sci., May 1946,
Vol. 15, No. 5, p. 146.) A brief review of the more
intense storms recorded at the Alibag Magnetic
Observatory in the period January to March 1946.

i

" 319-320, 367 & 389-390.)

550.385 *1946.03.23/.29" 2569

Two Notable Geomagnetic Storms.—(Nature,
Lond., 6th April 1946, Vol. 157, No. 3988, p. 435.
Reprinted Terr. Magn. atmos. Elect., june 1946,
Vol. 51, No. 2, pp. 283-284.)

550.385 “1946.03.28" 2570

Geomagnetic Storm at Elisabethville, March 28,
1946.—W. E. Scott. (Terr. Magn. atmos. Elect.,
June 1946, Vol. 51, No. 2, pp. 281-283.)

551.51.053.5 “1940/1944" 2571
Annual Variation of the Values at Noon of the
Critical Frequencies of the Ionized Layers at Tromsd

during 1940, 1941, 1942, 1943, and 1944.—L.

Harang.
Vol. 51, No. 2, pp. 275-277.) The monthly mean
values show a continuous decrease for all three
layers compared with those taken before 1940,
the decrease being particularly pronounced for the
F, layer. )

LOCATION AND AIDS TO NAVIGATION

534.417 : 534.88 2572
Navy Releases Sonar Story.—(See 2452.)

2573

551.576 1 621.383
Sounding. —

On Atmospheric [cloud - height]
Barthélemy. (See 2657.)

621.306.674 : 621.318.323.2.020.5 2574
Iron-Cored Loop Receiving Aerial.—Burgess.
(See 2485.)

621.396.677.1 2575

Aperiodic Combination of an Antenna and a°
Frame. Application in Direction-Finding to an
Aperiodic Arrangement for Indicating Sense.—
F. Carbenay. (C. R. Acad. Sci., Paris, 2nd Jan. i
1946, Vol. 222, No. 1, pp. 63-64.) The potential
difference at the terminals of a small resistance at
the base of an aerial can be written « = RChdF|dt
(R = resistance, C = aerial capacitance, k = effec-

tive height, = vertical electrical intensity, |
t = time). The e.m.f. in the frame is e = NSdH/dt |
(N = turns, S = area, H = horizontal magnetic {§
intensity). The resultant of the two in series is i

zero or a maximum if RChe = NS (¢ = velocity)
which is a relationship independent of signal fre-
quency. The arrangement 1s used in connexion |
with atmospheric locators. y

621.396.9 2576

(1.E.E.] Radiolocation Convention.—{Engineering, |
Lond., 29th March, 5th, 19th & 26th April 1046, |
Vol. 161, Nos. 4185, 4186, 4188 & 4189, pp. 306-308, !
Summary of the pro- |
ceedings. For other accounts see Engineer, Lond., |
29th March 1946, Vol. 181, No. 4707, pp. 296-297; |
Radio, N.Y., May 1946, Vol. 30, No. 5, pp- 26..48; [|
see also 1850 of July. !

621.396.9 2577 l'?

Radar in War and Peace.—L. N. Ridenour.|
(Elect. Engng, N.Y., May 1946, Vol. 65 No. 5 |
pp. 202-207.) The fundamental principles of radar, (‘
with brief notes on outstanding war-time achieve- {
ments. The post-war possibilities of pulse naviga-|
tion systems, radar beacons, and relay radar are
discussed. (
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Marine Radar for Peacetime Use.—L. H. Lynn &
O. H. Winn. (Tvans. Awmer. Inst. elect. Engrs,
May 1946, Vol. 65, No. s,. pp. 271-273.})  Brief
description of a commercial radar system for use
on cargo vessels. Simplicity of operation for non-
technical personnel is claimed.

621.396.9 2579

Radar for Blind Bombing : Part 2.—]. V. Holdam,
S. McGrath & A. D. Cole. (Electronics, June 1946,
Vol. 19, No. 6, pp. 142-149.) The conclusion of
2196 of August, giving details, with circuit diagrams,
. of the modulators, scanners, r.f. systems, receiver-
y indicator systems, and synchronizers in the APQ-13
and APS-15 versions of the H2X equipment.

LSS e

621.396.9 2580
Airborne Radar for Navigation and Obstacle
y Detection.—R. C. Jensen & R. A. Arnett.  (Tvans.
I Amer. Inst. elect. Engrs, May 1946, Vol. 65, No. 5,
Pp- 307-313.) An account of wartime achievements
y as a basis for peacetime applications.

621.396.9 ‘ 2581
Early Fire-Control Radars for [U.S.] Naval
Vessels.—W. C. Tinus & W. H. C. Higgins. (Bell
Syst. tech. J., Jan. 1946, Vol. 25, No. 1, pp. 1—-47.)
i An account of the development in the Bell Tele-
phone Lahoratories of equipments “Mark I” to
“Mark IV . The first operated at 680~720 Mc/s
using 2-kW pulses of adjustable duration 1-5 us,
i repetition rate 1 640 pjs, obtained from a pair of
“doorknob "’ valves (see 126 of 1938—Samuel),
The aerial was an array of 8 half-wave dipoles in
line with a parabolic cylinder reflector 6 ft square,
giving a beam width of 12° and gain of 22 db. The
Lreceiver operated with 30-Mc/s i.f., 1-Mc/s band-
width, and had a noise factor of 24 db. The equip-
| ment gave range to an accuracy of about + 200 yd
lup to 10 miles or more, and azimuth to 1-2°,
The Mk II radar was superseded by Mk III before
' production began. Aerial lobe-switching was used
| in Mk IITI to give azimuth determination and track-
ing to 4- 15 ft. A new type of range presentation
gave an accuracy better than the requirement of
+ 50yd. A magnetron (W. E. 701-A) for 700 Mc/s,
based on the 3-kMc/s British cavity type, gave
40-kW, 2-us pulses, and the receiver, using ‘‘ light-
house ” tubes for r.f. amplification, had a noise
factor of ¢ db, so that there was a substantial
improvement of range. A gas-discharge (t.r.)
switch was used for aerial duplexing (see 2784).

‘The Mk IV set had two aerial arrays one above the
vother, and used lobe-switching in elevation as well
1as azimuth, but was otherwise similar to Mk III.

4 All types were first installed in 1941.

621.396.9 1 534.321.9 2582
} Ultrasonic [radar] Trainer Circuits. —F. J. Larsen.
?(Electmmcs, June 1946, Vol. 19, No. 6, pp. 126-129.)
"A 15-Mc/s pulsed ultrasonic beam is projected in a
{water trough which has a special map made on its
[bottom surface with graduated surface roughening
to represent terrain of different kinds. Sound waves
ireflected from the rough parts of the map are

i
t

jreceived by the crystal transducer and used to
operate radar equipment. The beam is rotated,
?and the device is used to give p.p.i. presentation
of the map. Auxiliary equipment is used to
Simulate aerial bombing runs. A general descrip-
100 is given, with details of some of the circuits.
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621.396.9 2578  621.396.9: 621.317.79 2583

Techniques and Facilities for Microwave, Radar
Testing.—Green, Fisher & Ferguson. (See 2645.)

621.396.9: 621.385.18 L 2584

The Gas-Discharge Transﬁﬁt-Receive‘ Switch.—

Samuel, Clark & Mumford. (See 2783.)

621.396.9 : [621.396.11.029.64 -+ 538.569.4 2585 -

Radio Echoes from the Planets.—W. D. Hersh-
berger. (Science, 22nd March 1946, Vol. 103, No.
2673, p. 371.) A note on the effect of absorption
of microwaves by various gases. See also 1336
of May.

621.396.9 : 621.396.82 2586
Radar Countermeasures.—O. G. Villard, Jr.
(Proc. Radio Cl. Amer., March 1946, Vol. 23, No. 3,

pp. 7-15.)

621.396.933 : 629.1.052 : 2587

Pulse-Type Radio Altimeter.—A. Goldman. (Elec-
tronics, June 1946, Vol. 19, No. 6, pp. 116-119.)
General description and circuit details of a high-
altitude altimeter, designated SCR-718-C, that
operates on the radar principle. The sine-wave
output from a crystal-concrolled oscillatoris clipped,
differentiated, and amplified in pulse-generating
circuits to form the modulating signal for the 440-
Mc/s transmitter, which provides 0.25-us signals
of 5-10 W. The cathode-ray indicator has a
circular sweep, and the signals received directly
from the transmitter and after ground reflection
produce radial deflexions. The height is given. by
the angular separation of the deflexions. 5 ooo-ft
and 50 00o-ft scales are provided. Accuracy 50 ft.

621.396.933.23 2588
Use of Microwaves for Instrument Landing :
Parts 2 & 3.—D. F. Folland. (Radio, N.Y.
April & May 1946, Vol. 30, Nos. 4 & 5, PP. 23-25,
55 & 16-19.) Further details of the Spérry blind-
landing system. For part 1 see 1866 of July.

MATERIALS AND SUBSIDIARY TECHNIQUES

531.788.7 2589
Ionization Gauge Control Unit.—A. H. King.
(J. sci. Instrum., April 1946, Vol. 23, No. 4, p. 85.)

A device for maintaining constant filamént emission.

5335 2590
An Apparatus for Stirring under Vacuum.—
B. R. Atkins.  (]. sci. Instrum., April 1946, Vol. 23,

No. 4, p. 84.)

533.5:621.3.032.53 - 2591

Coppered-Tungsten Seals through Hard Glass.—
A. L. Reimann. (/. sci. Instrum., June 1946, Vol.
23, No. 6, pp. 121-124.) The fine longitudinal cracks

in tungsten wire which cause air leaks may be filled

by plating the wire with Cu, with or without an
added layer of Ni, and fusing the coating to the
wire in a hydrogen furnace. The wire is then
plated further with Cu and sealed into a glass with
suitable properties depending on the diameter of
the wire and the thickness of the plating.

35.37 ) 2592
On the Inhibiting Effect of Oxygen on the Fluores-
cence of Solutions.—C. Chéchan. (C. R. Acad.
Sci., Paris, 2nd Jan, 1946, Vol. 222, No. 1, pp. 8o—
82.) g
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535-37 . . 2593  539.234: 535.87 ) 2598 |
Note on the Behaviour of Zinc Sulphide Phosphors Anfi-Reflexion Films Evaporated on Glass.— |

under Conditions of Periodic Excitation.—M: P.
Lord & A. L. G. Rees. (Proc. phys. Soc., 1st
May 1946, Vol. 58, No. 327, pp. 280-289.) The
. effect of periodic excitation on luminescent solids
_ and the electronic processes involved in the emission
of luminescent radiation are examined theoretically,
showing that the phase shift with respect to the
exciting radiation and the ratio of the maximum to
the minimum emitted intensities are the significant
factors in the time function of the luminescent
intensity. The variations of these parameters with
intensity and period of excitation can be used to
distinguish between the various mechanisms of the
luminescent process, as is illustrated by an experi-
mental examination of zinc sulphide and zinc
cadmium sulphide phosphors. These phosphors
show a semi-quantitative agreement with the
characteristics of a simple ionization-recombination
process, deviations from the theory being attri-
buted to the activation of these phosphors by
more than one type of ‘activator atom.

535-37 - 2594
Note on the Rapid Determination of Decay
Characteristics of Luminescent Solids.—M. P.

Lord & A. L. G. Rees. (Proc. phys. Soc., 1Ist
May 1946, Vol. 58, No. 327, pp. 289-291.) Square-
wave light pulses from a gaseous discharge tube,
obtained by using a small vibrator to interrupt
the d.c. supply to the tube, and used in conjunction
with a cathode-ray display, afford a convenient
and rapid method of investigation. i

536.48 4 539.803 2595

Measurements at Low Temperatures and High
Pressures : Part I.— Development of the Method
for obtaining High Pressures at Low Temperatures.
—B. Lazareff & L. Kahn. (Zh. eksp. teov. Fiz.,
1944, Vol. 14, Nos. 10/r1, pp. 439-447.) The
method proposed is based on the fact that certain
substances such as water, bismuth, antimony and
gallium increase in volume during the transition
from a liquid into a solid state. In a bomb con-
taining such a substance high pressures can thus
be generated and transmitted to a body immersed
in it. Accordingly a bomb was developed (Fig. 2)
utilizing water and ‘intended for investigating
superconductivity by the induction method. A
description is also given of a simple device for
accurate measurements of the pressure by observing
the expansion of the bomb. Pressures of the
order of 2 000 kgjcm? were obtained with this
bomb at the liquid helium temperature. It is
indicated that, with bismuth and gallium, pressures
up to 10 ooo kg/em? would be possible.

. 536.55 2596
Temperature Indicating Compounds. —G. A.
Williams. (Electronic Engng, July 1946, Vol. 18,

No. 221, pp. 208-212.) An account, with coloured
illustrations, of methods of estimating temperature
by the use of () paints formulated to change colour
at given temperatures in the range 8o-800 °C,
and (b) compounds available in the form of crayons,
emulsions, or pellets, which melt at sharply defined
temperatures in the range 52-982°C.

537.226 k : 2597
The Theory of the Polarization of Dipole Liquids
in Strong Electric Fields.—Anselm. (See 2540.)

‘of the two electrodes ; (3) temperature gradient.

J. Bannon. (Nature, Lond., 6th April 1946, Vol. |
157, No. 3988, p. 446.) Reflection from a glass |
surface may be reduced substantially by evaporat- 1
ing a metallic fluoride on to the surface. Magnesium
fluoride is particularly suitable, and the results
of various laboratory evaporation processes with |
this material are given.

620.197 1 621.357.7 : 669.55.0 2599 |

Corrosion-Resisting Properties of Electrodeposited |
Tin-Zine¢ Alloys.—R. M. Angles & R. Kerr. (Engi- |
neering, Lond., 20th March 1946, Vol. 161, No. f
4185, pp. 289-292.) Alloys with tin content varying [
from o to 100% were tested on iron and steel. {
The 78% alloy gives the greatest protection and y
is able to withstand a reasonable amount of defor-
mation by bending or cupping. T

621.314.63 + 621.315.34 _ 2600 “
An Anomalous Phenomenon in Thermal Rectifica~
tion in Lead Sulphide (Preliminary Communication. /
— Amirkhanoff. (See 2552.) i

621.314.63 + 021.315.34 2601 |

The Asymmetry of Conductivity in Electronic
Semiconductors. — Kh. Amirkhanoff. (Zh. eksp. |
teov. Fiz., 1044, Vol. 14, No. 6, pp. 187-192.) The ¢
following factors are enumerated, with which the
appearance of the asymmetry is associated : (1)
difference in the shape of the two contacts (plane,
needle) ; (2) difference in the specific conductivity

[y e

Experimental data supplemented by the author’s
own experiments are surveyed, and the theoretical
implications of each of the above factors discussed.-
The effects of combining several of these factors]
are then considered under the following headings:/
(a) Contact between a metallic needle and a crystal.
— Heat is generated at the point of the contact, and
thus both factors 1 and 3 are effective in this case. |
The two effects are cumulative or oppose each
other according to the type of conductivity of
the semiconductor (electroms, holes). (b) Solidy
plate rectifiers—No definite indication is available
as to whether factors 1 and 3 are co-existent in thisy
case with factor 2. (¢) Thermal rectiﬁcation.——Thi-s“% ]1
is effective simultaneously with factors 1 and 2.7
It is pointed out that in the case of copper oxide|
thermal rectification can only take place when|
there is a high-resistance layer on the electrode.|
This is proved by a number of experiments in |
which copper-oxide plates were etched by nitric
acid. The results of these experiments given in
table 2 show that thermal rectification becomes:
negligible in plates with polished surface. g

e et

621.314.632 2602

The Effect of Temperature Gradient on -the
Rectifying Action of Copper Oxide .Rectifiers.—
Kh. Amirkhanoff. (Zh. eksp. teor. Fiz., 1944, Voli
14, No. 6, pp. 195—201.) Experiments were cop-[i
ducted with plates of various types with facilitiesy
for varying the temperature at both sides of the}
plate within a range — 15 to 150°C. The apparatus g
used is described, and the results obtained are shownf
in three tables. The main conclusion reached is
that heating the upper electrode (oxide) and coolingy
the lower (copper) considerably improves thel
rectifying action. At the same time the sensitivitys

of the plate is also raised. It appears that.undeI



EE September, 1946

. imposed on the nermal rectifying process. It is
. therefore suggested that in practice provision
should be made for cooling only the copper surface
} of the rectifier elements. This would not only
decrease the forward resistance, but also raise the
permissible current density, as shown by Sharavski
(307 of 1938).

Some of the results obtained in these experiments
are also discussed from the point of view of an
investigation of the barrier layer in copper-oxide
rectifiers by means of a thermal sonde, reported by
the author elsewhere,

621.315.59 1 621.396.822 2603

Voltage Fluctuations in Electronic Semi-Con-
ductors.—B. 1. Davidov. (J. Phys., U.S.S.R.,
1942, Vol. 6, No. 35, p. 230.) A general formula
for the square of the voltage fluctuation is given,
which reduces to the expressions for shot effect and
Johnson effect under appropriate conditions.
, Abstract of a paper of the Acad. Sci., U.S.S.R.

621.315.01 : [621.315.2/.3 2604

Insulated Wire and Cable in Communications
Today. — A. P. Lunt. (Communications, June

1946, Vol. 26, No. 6, pp. 30, 53.) The paper is
! concerned with available insulating materials, their
properties and use in radio applications. Recom-
mended types of insulation for a wide range of
applications are given in tables.

621.315.611 2805
The Electrical Strength of Solid Solutions and
their Melting Temperature.——N. Bogdanova. (Za.
{ eksp. teor. Fiz., 1944, Vol. 14, Nos. 1/2, Pp. 30~31.)
! A report of an experimental investigation. Data
obtained by von Hippel (1186 of 1938) were used
to plot the curves in Fig. 1 (system KCl— RbCl:
svstem KCI-KBr also behaves in a similar manner)
and Fig. 2 (system NaCl—Ag Cl). In the first case
{ the maximum electrical strength is obtained with
a melting temperature of the order of 750°C. In
the second case thereis alinear decrease in electrical
strength with increass in melting temperature.
Systems KI-Nal and KI-KBr were also investi-
gated, and the results are plotted in Figs. 3 and
4 respectively. Itappearsthat the electrical strength
of these solutions increases with the melting
temperature. The effect of the composition of solid
dielectric solutions was also investigated, but no
sharp strengthening of the dielectric with the
introduction of admixtures was observed.

621.316.86 : 546.281.26 26086
Silicon Carbide [non-ohmic] Resistors.—F. Ash-
jworth, W. Needham & R.W. Sillars. (Engineering,
i Lond., 29th Alarch 1946, Vol. 161, No. 4185, p. 295.)
Summary of an I.E . E. paper. See also 1885 of July.

621.318.22/.23 2607
Modern Hard Magnetic Materials.—K. Hoselitz.
(J. sci. Instyum., April 1946, Vol. 23, No. 4, pp.
65-71.) A survey of the preparation and propzarties
of the alloys, and data for the design of psrmanent
magnets made with them.

621.318.322.029.54/.64 2608
The Permeability of Ferromagnetic Materials at
Frequencies between 105 and 10 cls.—J. T.
3Allanson. (/. Instn elect. Engys, Part 1, May 1946,

Vol. 93, No. 65, pp. 234-235.) Summary of 645 of
March,

)
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these conditions the thermal rectification is super-  621.318.323.2,029.3 26809

Study of Ferromagnetic Cores exposed to Sinu-
soidal Induction [frequencies up to 10 ke/s].—I.
Epelboim. (C. R. dcad. Sci., Paris, 3oth April
1945, Vol. 220, No. 18, pPp. 651-653.)

621.38/.39](058.7) 2610

1946 Electronic Engineering Directory,—( Elec-
tronic Industr., May 1946, Vol. 5, No. 3, 48 pp..
following p. 90.) A directory of American sources
of supply of electronic and radio equipment and
materials.

621.386.1 1 548.73 2611

X-Ray Studies of Surface Layers of Crystals.—
E. J. Armstrong.  (Beil Syst. tech. [., Jan. 1946,
Vol. 25, No. 1, pp. 136-155) When a crystalline
substance is sawn, ground, lapped, or polished, the
crystal structure adjacent to the worked surface is
distorted, and the disturbance is detectable by
X-ray diffraction. A single crystal spectrometer,
in which the intensity of reflection of X rays by
the surface is measured, can be used to detect
highly distorted layers. Less distorted surfaces
can be detected by means of a double crystal
spectrometer or by photography of X rays trans-
mitted through the crystal. In quartz crystals, the
amount of misorientation is mainly of the order of
a minute of arc, but some material may be mis-
oriented by three or four degrees. In addition there
is usually some randomly oriented powder which
can be detected only by electron diffraction. The
distorted layers may be removed by etching. The
paper reviews the appropriate X-ray techniques,

and gives examples of their application. 38 refer-
ences are given,
669.231.635.8 : 621.326.21 2612

Welding Small Platinum Heaters and Electrodes.—
A. R Morris. (/. sei. Instrum., April 1046, Vol. 23,
No. 4, p. 84.) Simple device to facilitate hammer
welding of thin platinum wire or foil.

621.703 2613

Metallizing Non-Conductors. {Book Review]—
S. Wein. Metal Industry Pub. Co.,, New York,
62 pp., $2.00. ([Llectronics, May 1046, Vol. 19,
No. 5, p. 324.) A survey of commercial methods
of forming metallic films on almost any type of
surface, including chemical formulae and detailed
procedures.

MATHEMATICS

517.92 1 518.42 ! 531.721 2614

Simple Differential Equations arising in Physics ;
Rapid Solution by using Hatchet Planimeters.—
A. Callender. (J. sci. Instrion., April 1946, Vol. 23,
No. 4. pp. 77-81)

517.947.44 2815
> (/)n t/he Near-Periodicity of Solutions of the Wave

Equation : Part 3.—S. L. Soboleff. (C. R. Acad.
Sei. U.R.S.S., 1oth Oct. 1945, Vol. 49, No. 1,
pp. 12-15. In French.) FYor parts 1 and 2 see

1901 & 1902 of July.

18.5 2816
A Slide Rule for the Addition of Squares.—W. E,

Morrell.  (Science, 25th Jan., 1946, Vol 103, No.
2065, pp. 113-114.) Instructions for making a
slide rule for solving problems of the form

d= (5 4+ v 4+ .. )i
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518.6 2617 between the two bridges becomes necessary. Six
On Relaxation Methods : a Mathematics for different existing theories of the method are ex-
Engineering Science.—R. V. Southwell. (Proc. amined critically, and it is shown that none of

voy. Soc. A, 21st Aug. 1945, Vol. 184, No. 998,
pp. 253-288.) Review of a powerful method for
obtaining approximate solution of boundary value
problems (e.g. Laplace’s or Poisson’s equation),
illustrated by application to various mechanical
and electrical systems,

533.56 1 517.948.3 2618
The Boundary Problem of Electrodynamics and

Integral Equations of Certain Diffraction Problems.
—Feld. (See 2548.)

538.3 2619

The Transformation of the Integral of Retarded
Potentials to the Liénard-Wiechert Formulae.—
E. Durand. (C. R. Acad. Sci., Paris, 28th Jan.
1946, Vol. 222, No. 5, pp. 284-286.) The deriva-
tion is based on Jacobi’'s theorem on the changing
of variables in definite integrals.

518.2 2620

Circular and Hyperbolic Functions, Exponential
and Sine and Cosine Integrals, Factorial Function
and Allied Functions, Hermitian Probability Func-
tions (British Association Mathematical Tables,
Volume I). [Book Review] — Cambridge Univ.
Press, London, 2nd edn. 1946, 72 pp., 10s. (Proc.
phys. Soc., 1st May 1946, Vol. 58 No. 327, pp.
339-340.)

MEASUREMENTS AND TEST GEAR

621.317.1 : 621.396.621.029.6 2621

V.H.F. Receiver [selectivity] Measurements.—
H. Gordon & L. George. (Electronics, June 1946,
Vol. 19, No. 6, pp. 214..218.) Most v.h.f. signal
generators have frequency scales that are too
coarsely calibrated to show small frequency incre-
ments to the required accuracy. Medsurements
of the signal-frequency increments are made by
observing the change in the i.f. of the receiver
under test.

621.317.1.011.5 4 621.396.11.029.64
+ 535-343.4] : 546.171.1

Ammonia Spectrum in the 1 cm Wavelength
Region.—B. Bleaney & R. P. Penrose. (Natuve,
Lond., 16th March 1946, Vol. 157, No. 3985, pp.
339-340.) DMeasurements were made over the
pressure range 0.2~600 mm Hg by observing, at
the higher pressures, the decrease of power trans-
mitted in a waveguide filled with the gas, and at
the lower pressures, the damping of a cavity
resonator. The results are briefly described and
discussed. The absorption spectrum at 1.z mm
Hg is shown graphically for the wavelength range
I.15—1.48 cm. See also 1934 Abstracts p. 260
(Cleeton & Williams).

2622

621.317.1.011.5 : 621.392 2623

The Theory of the Second Method of Drude.—
B. K. Maibaum. (Zh. eksp. teor. Fiz., 1944, Vol.
I4, Nos. 10f11 & 12, Pp. 448458 & 501-513.)
One of the more serious difficulties arising in
the use of this method of measuring the di-
electric constants and specific conductivities of
dielectrics with the aid of a Lecher system is the
possibility of negative displacements (see 471 of
194I—Maibaum), 4.e. of conditions under which
an increase, instead of a decrease, in the spacing

621.317.32 : 621.3.015.33

them is applicable to the above conditions. The
effects of the following factors on the sign of the
displacement are discussed : (1) ¢ and €” (real
and imaginary parts respectively of the complex
dielectric constant); (2) suspension straps of the
capacitor; (3) increase in diameter of the line
conductors at the points at which the straps are
connected ; (4) the presence of an inductively
coupled indicator. The effects of various constants
of the capacitor on the results obtained by the
Drude method are also discussed, and formulae
for calculating these constants are given together
with a description of the necessary experiments.
In part 2 equations (1) for caleulating ¢ and ¢
are quoted, and a general solution of these is
found. Simplified formulae (46) are also derived
in which the attenuation of the measuring system
and the effect of the suspension straps are taken
into account.

2624

The Inifluence of Irradiation on the Measurement
of Impulse Voltages with Sphere-Gaps.—]J. M.
Meek. (J. Instn elect. Engrs, Part 11, April 1946,
Vol. 93, No. 32, pp. 97-115.) Full paper of which
summaries were noted in 365 of February and 967
of April.

621.317.33: 621.611.21 2625

The Measurement of the Activity of Quartz
Oscillator Crystals.—A. J. Biggs & G. M. Wells.
(J. Instn elect. Engrvs, Part I, April 1946, Vol. 93,
No. 64, pp. 191-192.)
April,

621.317.335 2626

Measurement of the Ratio of Two Small Capacit-
ances using a Tetrode Electrometer.—]. Lacaze.
(C. R. Acad. Sci., Paris, 18th June 1945, Vol. 220,
No. 25, pp. 876-877.)

621.317.35 : 534.01 ) 2627
Range Extender for General Radio 760A Sound
Analyzer.—Cobine & Curry. (See 2450.)

621.317.361 + 621.300.615 1 621.396.611.21 2628
Series-Resonant Crystal Oscillators.—Butler. (Se¢
2524.)

621.317.715 : 621.394.645.35 2629

A Contact Modulated Amplifier to replace Sensi-
tive Suspension Galvanometers.—M. D. Liston,
C. E. Quinn, W. E. Sargeant & G. G. Scott. (Rev.
sct. Instrum., May 1946, Vol. 17, No. 5, pp. 194~
198.) A high gain amplifier with low input im-
pedance for measurement of small d.c. and very
low frequency a.c. voltages and currents. The
input is chopped by mechanical contacts, amplified,
rectified by other synchronous contacts, and re-
corded by a milliammeter. Contact troubles aré
avoided in the input circuit by extreme rigidity,
and by the use of gold for contacts and a special
cadmium-tin mixture for soldering, as both have
a low thermal e.m.f. against copper. The input
circuit is also carefully shielded with mu-metal,
and the size of all loops minimized. The equip-

Long summary of 969 of -4

T T T

ment will operate from mains or batteries, and /
has a noise level of the order of 107V, the
actual value depending on the input circuit.

On ‘:
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b test, a zéro drift of 4.10™°V was recorded over a
ﬁ period of 4 hours.

| 621.317.715.5 2630
}& The Use of a Moving Coil Galvanometer for
aﬂ' Recording at Frequencies Higher than its Own.—
} D.C. Johnson. (J. sct. Instrum., June 1946, Vol.
i 23, No. 6, pp. 113-114.) The speed of response of
| the galvanometer can be increased at the expens:
} of sensitivity by introducing ‘‘ electromagnetic
| stiffness ’ by means of external resistive and
J reactive Circuits.

§. 621.317.72.029.62 2631
) A Field-Intensity Meter for V.H.F. —D. C.
{ Summerford. (QST, June 1946, Vol. 30, No. 6,
| pp. 40-42.) Constructional details of a small
| instrument incorporating an acorn triode rectifier
| for rough measurements at frequencies up to
) 225 Mc/s.

621.317.725 2632
y A Correction Formula for ‘Voltmeter Loading.—
i R. E. Lafferty. (Proc. Inst. Radio Engrs, W.& E.,
" June 1946, Vol. 34, No. 6, p. 358.) The finite
i resistance of a current-operated voltmeter causes
i errors due to the load it imposes on the source
being measured. A simple formula is derived
which enables the true voltage to be obtained
| from measurements on two voltage ranges which
| have a known internal resistance ratio. A similar
| equation may be used to correct the reading of an
jammeter having appreciable resistance.

h

1621.317.725 2633
i _Suppressed-Range Recording Peak Voltmeter.—
i F. G. Brockman. (Rev. sci. Instrum., May 1946,
Vol. 17, No. 5, pp. 177-179.) Description of an
linstrument designed to detect small fluctuations
1{0.000 95 V) in relatively large audio-frequency
|voltages (5-30 V). A single-valve circuit is used,
'but stabilized filament and h.t. supplies are
;quuired. Calibration methods are given in detail.

3621.317.733 1 621.395.645 2634
i _A Convenient Amplifier and Null Detector.—
IH. H. Scott & W. F. Byers. (Gen. Radio Exp.,

/March 1946, Vol. 20, No. 10, pp. 1-3.) The high- .

igain amplifier is suitable for the range 20c¢js to
iTookefs. A semi-logarithmic valve voltmeter is
ncluded to provide null deflexion indications.
Miniature valves are used throughout. The circuit
diagram and gain/frequency curves are given.

i
o

1621.317.733.085.3 2635
.__Phase Sensitive [a.c.-] Bridge Detector.—P. H.
Hunter. (Electronic Industr., June 1946, Vol. 5,
No. 6, pp. 60-61.) The detector consists of a twin-
jtriode network essentially similar to a full-wave
igrid-controlled rectifier system. It needs no d.c.
power supply, and indicates the direction as well
fas the magnitude of the bridge unbalance. The
+hclusion of an amplifier increases the sensitivity.
[Fhe device may be useful in industrial process re-
‘jiloil’dlng and automatic control as well as in ordinary
hridge work.

1P21.317.738 . 2636
| Production Bridge for Incremental [inductance]
[.;*I‘Tests.—W. Muller. (Electronic Industr., May 1946,
WVol. 5, No. 5, pp. 72..122.) The apparatus contains
fl.c. and a.c. power sources with an oscillograph as
}ﬂetector. A switch permits operation as either
‘a Hay or an Owen bridge. Inductances from 1 mH
i
:)

t
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to 50 H may be measured with d.c. up to 1A,
50-500 H with 0.15 A and above 500 H with 15mA.

621.317.78 1 621.317.382 2637

Oscillographic Arrangement for Measuring Small
Powers.—]. Benoit. (C. R. Acad. Sci., Paris,
z2nd Jan. 1946, Vol. 222, No. 1, pp. 59-60.) The
voltage across the load is applied'to the X-plates,
and the voltage across a very small resistance in
series with the load is applied, through a valve
with-a capacitive load, to the Y-plates, so that the
area enclosed by the c.r. trace is proportional to the
power in the load.

621.317.78.029.5/.6] : 621.326 2638
Load Lamp for Microwave Power Measurements.—
J. E. Beggs. (Electvonics, June 1946, Vol. 19, No. 6,
Pp- 204..210.) To reduce lead inductance and glass
losses in small load lamps, a concentric-line con-
struction has been used with multiple filaments
of fine wire strung from inner to outer line. Low-
loss sealing glass and a gettered vacuum prevent
breakdown when measuring pulsed h.f, power.

621.317.79 : 621.314.24 : 621.396.823 2639

Maintenance Testing of Dynamotors.—H. M.
Tremaine. (Electvonics, June 1946, Vol. 19, No. 6,
pp. 158..168.) Description and circuit diagram of
an equipment for the rapid testing of load character-
istics and radio noise interference.

621.317.79 1 621.318.4 2640

Coil Short Tests.——N. L. Chalfin. (Electronic
Industy.,, May 1946, Vol. 5, No. 5, p. 77.) A
solenoidal iron-cored transformer, with two secon-
daries connected in opposition, is unbalanced when
a coil with a shorted turn is placed on the core near
one of the secondaries. The resulting voltage
operates a relay or indicator.

621.317.79 : 021.395.82 : 621.395.045 ) 2641
Measuring Audio Intermodulation.—N. C. Picker-
ing. (Electronic Industr., June 1946, Vol. 5, No. 6,
pp. 56..125.) Sine waves at 10oc/s and 7 kc/s
are fed to an amplifier under test. The 100c/s
component is filtered from the amplifier output,
leaving the 7 kc/s as a carrier with intermodulation
sidebands 7 kcfs &= 100 ¢fs. This combined signal
is amplified and applied to a linear detector which
feeds a carrier-level meter and a modulation meter
calibrated to read percentage distortion. The
theory of the method is summarized, and results of
typical measurements are shown graphically.

621.317.79 : 621.396.62 2642

Multipurpose Tester.—B. White. (Radio Craft,
May 1946, Vol. 17, No. 8, pp. 534..567.) Descrip-
tion of an r.f. and a.f. signal tracer that incorporates
a volt-, ohm-, and milliampere-meter.

621.317.79 1 621.396.645 2643

Visual Radio Alignment.—E. J. Thompson.-

(Radio Craft, May 1946, Vol. 17, No. 8, pp. 540..
574.) Description and circuit diagram of a fre-
quency - modulated signal generator (“ wobbu-
lator ), mean frequency 415-450 kc/s, bandwidth
adjustable o—40 kc/s. .

621.317.79 : 621.396.712 2644

Portable Precision Amplifier-Detector.—F. -A.
Peachey, S. D. Berry & C. Gunn-Russell. (Wiveless
Engr, July 1946, Vol. 23, No. 274, pp. 183-192.)
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Description of an instrument for tone-level measure-
ments at 50-10 000 ¢/s to the nearest 0.1 db over
the range + 20.db to — 50 db with respect to
1 mW in 600 £2. Facilities are provided for measur-
ing peak programme level and noise level down to
— 110 db. The two main attenuator controls are
geared together so that the algebraic sum of the
attenuators is seen directly on the calibrated dial
through a window.

621.317.79 : 621.396.9 2645

Techniques and Facilities for Microwave Radar
Testing.—E. I. Green, H. J. Fisher & F. J. Fergu-
son. (Tvans. Amey. Inst. elect. Engys, May 1946,
Vol. 65, No. 5, pp. 274-290.) Equipments and
procedures developed at the Bell Telephone Labora-
tories for testing radar apparatus in the range
500—25 000 Mc/s. The requirements are out-
lined, and the f{following items are described:
signal generators, their design and application to
receiver testing; frequency measurement by the
use of tuned cavities; power measurement by the
use of thermistors, and, for high power, by the use
of directional couplers of known loss in conjunction
with thermistors; echo boxes, their design,
properties, and uses for testing overall performance ;
spectrum analysis with echo boxes; standing-wave
measurements with various devices; directional
couplers ; attenuators and pads; oscilloscopes ;
range calibration : computer test sets.

621.317.79 : 621.397.62 2646
A Television Signal Generator: Part 2 — Mono-
scope and Video Circuits.—R. G. Hibberd. (FElec-
tronic Engng, July 1946, Vol. 18, No. 221, pp.
204-207.) A detailed description, with circuit
diagrams. The frame and line scanning generators
each consist of a thyratron feeding a cathode
follower with a suitable output stage matched to the
low-impedance scanning-coil system, synchronizing
impulses being fed to the grid of each thyratron.
The monoscope output passes to a video amplifier
with a cathode-follower input and output, and then
to the impulse-mixing unit where the blanking and
synchronizing impulses are mixed into the video
signal. All units are supplied from a stabilized
power pack. For part 1 see 2255 of August.

621.317.79 : 621.397.645 2647

Transient Video Analyzer.—C. Moritz. (FElec-
tvonics, June 1946, Vol. 19, No. 6, pp. 130-135.)
A description, with circuit details, of a test set
combining a five-signal transient generator and
wide-band oscilloscope for checking the performance
of wide-band amplifiers connected between them.
The five signals are (a) a 30-c/s square-wave,
(b) a 5-kc/s saw tooth, (c¢) a 10-us pulse repeated at
5 000 per sec, (d) a step function, (¢) a spike function.
The sweep of the oscilloscope is synchronized with
the signal. The oscilloscope amplifier is designed
to have higher fidelity than any ordinary equipment
likely to be tested.

621.317.79.029.5 2648

LCR Meter for Amateur Use..—W. B. Bernard.
(Radio News, June 1946, Vol. 35, No. 6, pp. 40. .125.)
Constructional details of an instrument which
measures ( from 10 to 600, capacitance up to
350 puF accurately and up to 1 uF less accurately,
and which can be used as a modulated or unmodu-
lated local oscillator with an output of 1W in the
frequency range 90 kc/s—36 Mc/s.

- Printing.—]. Robins & L. E. Varden.

621.318.4.013.22 2649

On a System of Coils producing a Uniform Mag-
netic Field for a Narrow Wilson Chamber.—
Nageotte. (See 2720.)

621.306 : 621.317 2650

Application of Radio Technique to General
Measurements.—G. R. Polgreen. (J. Instn elect.
Engys, Part I, April 1946, Vol. 93, No. 64, p. 160.)
Abstract only.

621.306.615.029.5/.63 2651

Test Oscillator TS-47/APR.—D. W. Moore, ]Jr.
(Radio News, May 1946, Vol. 35, No. 5, pp. 32—
34, 08.) Detailed description of a robust (army)
test oscillator covering 40-500 Mc/s in two bands,
with 1% frequency accuracy. Provision is made
for 1 ooo-c/s sine-wave modulation or pulse modula-
tion.

OTHER APPLICATIONS OF RADIO AND
ELECTRONICS

621.3.078 2652
On Increasing the Stability of Seli-Regulation by
Means of Back Coupling.—Peshkoff. (See 2784.)

621.317.39.082.7 2653

Rapid Moisture Testing of Granular Material.—
J. H. Jupe. (Electronics, Nay 1946, Vol. 19, No. 5,
pp. 180..186.) An account of the instrument
described in 388 of February (Hartshorn & Wilson).

621.365.02 : 664.84 2654
Electronies in Processing Foods.—S. R. Winters.
(Radio News, June 1946, Vol. 35, No. 6, pp. 3I..

123.) Report on use of dielectric heating in food

preservation. See also 393 of February (Moyer &

Stotz).

621.38 : 6(048) 2655
Electronic Uses in Industry.—W. C. White.

(Electronic Industy., June 1946, Vol. 5 No. 6,

pp- 66..111.) The fourth of a series of selected
references, published annually.  About four
hundred titles are given, with a subject index.
For previous lists see 2844 of 1945.

621.383 ! 522.2 2656
Photoelectric Sight for Solar Telescope.—W. O.
Roberts. (Electvonics, June 1946, Vol. 19, No. 6,
pPp. 100-103.) A separate guiding telescope is
attached to the main telescope, and a disk which
masks most of the solar light is automatically
centred within 1 second of arc by means of four
photocells and associated amplifiers and relays.

621.383 : 551.570 2657

On Atmospheric [cloud-height] Sounding.—R.
Barthélemy. (C. R. Acad. Sci., Paris, 18th Feb.
1946, Vol. 222, No. 8, pp. 450—451.) Brief account
of an optical echo-sounding device for cloud-height
determination apparently identical in principle
with the equipment described in 1943 of July
(Moles). Extreme range 7 ooo metres.

621.383.078 : 778.6 2658

Photoelectric Controls for [photographic] Color
(Electronucs,
June 1946, Vol. 19, No. 6, pp. 110-115.) A dis-
cussion of the problems involved in the production
of high quality photographic colour prints on a
large scale. Details of photoelectric circuits used
in various processes are given.
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621.385.833 1 537.133 2659 541.133 1 ,0621.3.029.5,.6

On a Project for a Protom Microscope. — C.
Magnan, P. Chanson & A. Ertaud. (C. R. dcad.
{ Sei., Paris, 28th May 1945, Vol. 220, No. 22, pp.
b 770-772.) By using protons instead of electrons
'the resolving power due to diffraction will be im-
proved by a factor of 40 for the same aperture and
equal energy. A resolving power of 3 A is expected
pwith a magnification of 20 ooco. Enlargement of
sthe photograph increases magnification to 000 oo,

1621.389 : 5351 2660
i Night Vision with Electronic Infrared Equipment.
—(Electronics, June 1946. \al. 19, No. 6, PP
192..204.) A description of the application of
infra-red image converters and searchlights in
German military equipments.

621.380 1 623.555.2 1 535~1 2661
{ Electronic Night Sight.—\W. MacD. (FElectronics,
June 1946, Vol. 19, No. 6, P. 95} See also 2346
of August.

'521.392.43 1 621.365.92 . 2662
Coupling Method for Dielectric Heating.-—Klcin-
rerger. (See 2498.)

#121.306.610.16 : 621.3835.38% 2663

¢ Thyratron Pulser Tube for Industrial Microwaves,
g—(See 2770.)
3
i

21.398 : 534.43 2664
[Gramophone, Remote Record-Selection Systerm.
~-F. AL Berrv.  (Electronics, June 1a46, Vol 14,
0. 6, pp. 104-106.) An oscillator transmits r.f.
ulses by a carrier-current svstem to discriminator
ircuits  in  the gramophone cabinet. Twelve
harrier frequencies and the use of both alternations
£ the power line permit the selection of 24 records.

21.398 : 621.307 2665
| Tele-Guided Missiles.—(See 2738}
123.26 1 621.396.9 2666

Mine Detectors.—(Ii ireless World, Mayv 1040,
ol. 52, No. 35, pp. 166-168.1  An account of the
tTitish Army detector No. 4, with crreurt diagram,
ee also 1626 of June {(Westy

113.454.25 1 621.396.9 2867
The Radio Proximity Fuze.—I.. G. Heotor,
’roc. Radio CI. A4 mier., March 1046, Vol 23, Na, 3.

b. 36,

ﬁi6.6 : 621.3%3 2868
> Photo-Electronic Organ : Part 1.—K. L. Camp-
Ml & L. E. Greenlee. (Radio News, June 1940,
2. 35, No. 6, pp. 25..110.) A beam of light passes
irough a tone pattern printed on a otating wheel
a photocell.  The impulses are amphified and
oroduced on a loudspeaker. A detailed descrip-
0 of the construction of the instrument.

1.385.833 26869
e Electron Microscope. [Book Keview -1,
bor. Hulton Press, 19435, 104 pp., 45 d. (Hire-
s World, May 1946, Vol. 52, No. 5, p. 168
ncermned with the electron-optical aspects.

PROPAGATION OF WAVES

781 551.51.053.5 : 621.300.11 26870
e Influence of an Eclipge of the Sun on the
osphere.—Smith-Kose. (Ses 2562 )

2671
The Variation of the Electrical Conductivity of
Electrolytes with Frequency.— Maloff. {See 2540.)

621.306.11 2672

Theory of the Coastal Refraction of Electro-
magnetic Waves. —G. Grinberg. (Zh. eksp. tear. Fia.,
Togq, Vol g, Nos. 3 4, pp. 84 111, Enghsh version
inJ. Phvs 1TSS R, tugz Vol o, N, 5. pPp. 185
2000 The difficulties of investigating the pro-
pagation of electromagnetic waves in the presence of
three difterent media tair, sea and land} are pointed
aut. and a simplified treatment of the problem
Is presented. The propagation of the waves along
A boundary planc between the media {air and
ground) s considered, and appraximate boundary
conditions (16§ for the colectrie field component
normal to the surface of the ground are derived
using the fact that for suthciently high conductivity
of the medium the fall of the mtensity of the feld
penetrating 1t dees ot depend on the character
of the ficld outside the medium.  From these con-
ditions, assuming that the sea 1 an ideal conductor
and also that the surface of the earth 1s a honzontal
planc. an ntegral equation (21) of the component
1s obtained.  This is the mamn equation of the prob-
lem, an exact solution ot which waould give 4 com-
plete anawer. In the present paper an approximate
solution cit of the equation e found and its imphica-
tioms discussed mn detay) for the case of plane waves
impinging an an unhimited rectihnear coast. General
considerations are alse given regarding an approx:-
mate solutien of the equation for the case of small
wlands of an arbitary shape.  Formulae are given
for evaluating defimte and indefinite integrals
contaming Besse! functions

This 15 the paper referred 1o in 1930 of 143 and
3350 of 1044,

OIT.30.11.020.60y 2873

An Experimental Investigation of the Reflection
and Absorption of Radiation of 8-cou Waveleogth. —
LoH. ¥Ford & K. Ohver.  Frac phvs, Soc , st May
tagn, Vol 58, Noo 327, PP 205 80} Using angles
of modence ranging from 45 to 8o . measure-
ments were made on the reflecting power of the
surfaces of level and uneven bare ground, vegeta-
Bor-covered  ground. tap water. and a 4°, salt
solution. " Specular reflection was found to ocour
only from very level wurfares | the absorptions of
these surface media were measured, and from the
combnned measurements of reflection and abmorp.
Gon thar electrcal constants were derived,

" Rough urfaces, either of bare ground or vege-
tation-coverced zround, gave values of refection
cocthcient in general agreement wath the optical
rule that regular reflection s only olwerved from an
uneven surface o the product of the depth of the
surface arregulanties and the cowune of the aogle
of adence voa small fracoon of the wavelength.
I this fraction exceeded LA the values of retlec.
uon coefiicient measured were about o 5,

Y The calculated values of reflection coeflicient
corresponding to dry soll wet sl and sea water,
for angles of incidence varving from o to 55% are
given e an appendix to the paper ™

L3N0 D §51.51.053 5 Jugtog 2674

Short-Wave Conditions : Expectations for May, -~
T. W. Henmington.  (Wiredess World, May 1ugn,
Vol 52, No, 5, p. 165}

-
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621.396.11 : 551.51.053.5] ** 1946.06 2675 621.396.621.029.6: 621.317.1 2688 |

Short-Wave Conditions: Expectations for June.— V.H.F. Receiver [selectivity] Measurements.— {

T. W. Bennington. (Wireless World, June 1946, Gordon & George. (See 2621.) i

Vol. 52, No. 6, p.207.) i
621.396.621.029.62.004.67 2689

100 Mc/s Receivers require New Servicing Tech- |

EZU AP niques.—D. W. Gunn. (Radio News, May 1946, !

621.396.61 + 621.396.621].029.63 . 2676  Vol. 35, No. 5, pp. 36..68.) Brief survey of the {
Getting Started on 420 Mec/s.—Hoisington. (See  complications which a service-engineer will en-

2757.) counter in f.m. receivers for frequencies over |

50 Mgc/s. !

621.396.61 + 621.306.677].029.63 2677 ft

CQ 2400 Mc/s : Transceivers and Antennas for 621.396.621.5 2690 4

the 13-Centimeter Band.—Koch & Floyd. (See Super-Regenerative Receivers.— Cathode Ray ” f

2758:) (Wireless World, June 1946, Vol. 52, No. 6, pp. |

182-186.) A simple explanation of the manner of |

62X3%6§IF02I91'63 T . L O ]3%7.8 operatior)l prompl‘zed gy the recent successful E

Craft, M?:ly. 19121, \%L]I_lsie;j’ei:; é,g’pu;é245,(,5%81,()) application of the principle in military equipments. {

Description of a small equipment for 420—450 NMc/s.

621.390.621 + 021.305.645 2679
Superamp with Tuner.—Brennan. (See 2512.)
621.396.621 2680

The Radio News Circuit File.—(Fadio News,

May & June 1946, Vol. 35, Nos. 5 & 6, pp. 60..82
& 62..72.) Circuit diagrams and parts lists of 21
American post-war commercial broadcast receivers,
arranged so that they can be cut out and attached
to 5in. x 3in. filing cards.

621.396.621 2681
- Looking Over the Postwar Receivers.— B. G.
(QST, June 1946, Vol. 30, No. 6, pp. 24..108.)
Review of the mechanical and electrical features

of the Hammarlund HQ-120-X. The noise

limiter is explained with the aid of a circuit

diagram.

621.390.621 - 2682
High-Level Detector. — J. C. Rankin. (Elec-

tronics, May 1946, Vol. 19, No. 5, pp. 212..218.)

Audio-frequency amplification is eliminated from a
radio receiver by using a low-impedance copper-
oxide rectifier immediately before the loudspeaker
and following an i.f. power amplifier.

621.396.621 2683
Radio Data Sheet 335. -(Rad10 Craft, May 1946,

Vol. 17, No. 8, p. 547.) Servicing data for RCA

Victor receivers 54B1, 54B1-X, 54B.z & 54B3.

621.396.621 : 621.396.662 2684
. Practical Radio Course : Part43.—A. A. Ghirardi.
(Radio News, April 1946, Vol. 35, No. 4, pp. 46..

107.) Automatic frequency control of receivers.
For previous parts of the series see 1646 of June.
621.396.621 : 621.396.9 + 621.396.61 2685
Radar Technique.—F. L. D. (See 2751.)
621.396.621.004.67 2686
Radio Servicing.—(Elect. Rev., Lond., 11th Jan.
1946, Vol. 138, No. 3555, p. 70.) Summary of

LLEE. discussion led by R. C. G. Williams. The
need for more test equipment and for a recognized
qualification for servicemen was stressed.

621.396.621.029.56/.58 2687
The ¢ Super-3”’.—(Radiv News, June 1946,
Vol. 35, No. 6, pp. 76..88.) Constructional de-

tails of a three-valve regenerative receiver for
1.7-14.5 Mc/s.

621.396.621.5 2691 i"
The Super-Regenerative Detector : an Analytical |
and Experimental Investigation.—F. R. W. Straf- |

ford. (J. Insin elect.
Vol. 93, No. 64, p. 192.)

Engrs, Part I, April 1946, |
Summary of 1032 of April. |

A 4
621.300.621.54 2692
Practical Radio Course : Parts 44 & 45.—A. A |
Ghirardi. (Radio News, May & June 1946, Vol !
35, Nos. 5 & 6, pp. 48..123 & 55..70.) An ac- |
count of frequency conversion in superheterodyne |
receivers. For previous parts in the series see 2684

above. i

|

I

621.306.621.54.020.62 2693 1!

Miniature Tubes in-a Six-Meter Converter.——R. W.
Houghton. (QS7T, June 1946, Vol. 30, No. 6, pp

18-21.) Constructional details of a set for frequencyﬁ

conversion to 10.5 Mc/s. é)

6©21.396.622 2694 .. i
Audio - Modulated Detection : an Improved |
Method for Reception of C.W. Signals.—D. A.

Griffin & 1.. C. Waller. (QST, July 1946, Vol. 39, !
No. 7, pp. 13-15, 124.) Two diodes are connected '

in opposite senses, in parallel, with a common load |
resistance. One diode is biased by a square-wave iy
a.i. signal from a special generator. This provides ¢
a.f. modulation of c.w. signals, and also an upper-ia
level limiting action. Bias applied to the otherdiode |
provides low-level limiting. The advantage in |
signal/noise ratio is considerable, especially if an
a.f. output filter is used. |

021.396.82 &695*-*3

Analysis of Radio Interference Phenomena.— i
{Radio News, June 1946, Vol. 35, No. 0, p. 54.) A;ﬂ
table showing character, cause, type of receivers i
affected, where prevalent, and suggested service |
remedies, for 11 types of interference. {
621.396.822 2696 i

A Theory of Valve and Circuit Noise.—N. R.j
Campbell & V. J. Francis. (]. Inustn elect. Engrs,

Part I, April 1946, Vol. 93, No. 64, p. 190.) Sum- |
mary of 1037 of April. }
621.396.822 : 621.315.59 2697 [‘

Voltage Fluctuations in Electronic Semi-Con- |
ductors.m—Davidov. (See 2603.) ,j
©21.396.822 1 621.396.13 2698 /| !

Theoretical Signal-to-Noise Ratios.—]. E. Smith. {
(Electronics, June 1940, Vol. 19, No. 6, pp. 150-15%, ||




{noise ratios are derived in terms of the frequency
tbands of the signal and of the transmitted radio
carriers for single or double a.m. or f.m., as used in
u.h.f. multiplex relay systems. The relative advan-
?tages of the systems are shown in tabular form.

621.396.822 : 621.396.671 . 2699
Fluctuation Noise in a Receiving Aerial —R. E.
Burgess. (Proc. phys. Soc., 1st May 1946, Vol. 58,
0. 327, Pp.- 313-321.) * The factors which de-
termine the signalfnoise ratio at the terminals of a
receiving aerial are discussed. The aerial noise
Lonsidered is the random fluctuation type, consisting
bf (i) thermal noise associated with the loss resistance
of the aerial, and (ii) noise associated with the
»‘_radiation resistance which is induced by the sur-
J;roundings. The effective temperature of the radia-
ttion resistance is expressed in terms of the tempera-
fure distribution of the surroundings and the
l;listribution of power dissipation when the aerial is
transmitting. Radiation from the sun and from the
ilky Way are briefly discussed, and it is shown
hat the detection of solar radiation at radio fre-
Juencies requires the use of highly directional
erials. The limitations imposed by the receiver
oise on (a) the sensitivity of the reception of signals,
nd (b) the accuracy of measurement of aerial
poise, are discussed and the results presented
raphically.
“ The conclusions are of most practical interest
t the higher radio frequencies (above about
0 Mc/s) where atmospheric noise is negligible.”

21.396.823 2700
Interference from Industrial Electronic Apparatus.
i—(Wiveless Wovlid, June 1946, Vol. 52, No..6, p. 198.)
ieport of an I.E.E. discussion led by M. R. Gavin.

STATIONS AND COMMUNICATION SYSTEMS

21.396 2701
' Engineers study F.M.— (Electronic Industy., May
940, Vol. 5, No. 5, pp. 66-70.) Extracts from papers
ad at the sixth Broadcasting Conference, held at
olumbus, Ohio, in March 1946, covering other
ibjects besides f.m. See also 2125 of August
1d cross references.

'1.396.1 2702
The Conference on [allocation of] Radio Fre-
Mgencies for Civilian Services in the Liberated
buntries of Europe.—L. B. de Ciéjoulx. (Onde
ect., Jan. 1946, Vol. 26, No. 226, PP. 45—46.) A
ort account of the conference held in London
Sept. 1945.

1.396.619.018.41 2703
Frequency Modulation: Parts 1 & 2.—P.
@sson.  (Onde élect., Jan.-May 1946, Vol. 26, Nos.
{6-230, pp. 6-25, 74-91, 107-129, 155-172 &
¢4~214, with other parts to follow.) A compre-
-nsive review of existing knowledge. Part 1 is

‘jinine chapters as follows : introduction ; history ;
inciples of f.m. ; production of f.m., oscillations ;
fotra of f.m. oscillations ; reception ; comparison
/ fm. and a.m, reception ; propagation of f.m.
hves | comparative advantages and disadvantages
, fm. and a.m. Part 2, dealing with technique
idapplications, is in four chapters as follows: trans-
Jtters; receivers ; measurements ; applications.
“16 instalments to which references are given
slude part 1, and chapters 1, 2 and part of chapter
?i)f part 2.

i
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154.) The sources of noise are described. Signal/ 621.396.619.018.41 2704

Spectrum of a Phase- or Frequenecy - Modulated
Wave.—R. E. Burgess. (Wiveless Engr, July 1946,
Vol. 23, No. 274, pp. 203-204.) If the carrier fre-
quency is an integral or half-integral multiple of the
modulation frequency, each sidewave is a doublet
and, in general, the mean square value of the wave
is not equal to half the square of the amplitude.
See also 2637 of 1944 (Colebrook).

621.396.619.018.41 : 621.396.61 2705
Frequency Modulated Transmitters for Police
and Similar Services.—Fairbaim. (See 2750.)

621.396.619.16 + 621.396.61.029.64 2706

Multi- Channel Pulse Modulation. — (Wiveless
World, June 1946, Vol. 52, No. 6, pp. 187-192.)
Details of the British Army Signalling Equipment
No. 10, operating on a wavelength in the 6-7 cm
band, and using pulse modulation.

" Narrow pulses recurrent at g kcfs are width-
modulated by the a.f. signals which are to be trans-
mitted. The pulses are narrow with an average
duration of 3.5 ws. FEach of the eight speech
channels modulates a separate train of pulses of the
same recurrence frequency, but all the trains are
staggered in time so that they can fit together with-
out interference. A synchronizing pulse is also
included to control the receiving apparatus which
sorts out the pulses, demodulates them, and routes
the a.f. signals to the proper output circuits.”
See also 470 of February.

621.396.619.16 2707

Pulse Modulation.—F. F. Roberts & J. C.
Simmonds. (Wireless Engr, July 1946, Vol. 23,
No. 274, p. 204.) Continuation of correspondence
on 183 of January (Roberts & Simmonds) following
1676 of June (Shepherd).

621.396.7 (058.7) 2708

Radio Stations.—(Electronic Industr., May 1946,
Vol. 5, No. 5, pp. 89-92.) Directory giving the
addresses of U.S. broadcasting stations for a.m.,
f.m. and television, and names of the chief engineers.

621.396.712.004.5 2709

Preventive Maintenance for Broadeast Stations.—
C. H. Singer. (Communications, June 1946, Vol. 26,
No. 6, pp. 22-28, 52.) First of a series of papers
dealing with the methods and equipment used.
The need for proper care of tools is emphasized.
Descriptions are given of simple tools used in the
maintenance of relay contacts and commutators.

621.396.931 2710
Railroad F.M. Satellite System.—\V. S. Halstead.

(Communications, May 1946, Vol. 26, No. 5, pp

17-21..55.) See also 2325 of August (Halstead).

621.396.931 2711

Railroad Radio — from F.C.C. to 1.C.C.—]. Court-
ney.
92-94.) A general discussion of the advantages of a
railway radio service compared with existing manual
block systems.

621.396.931.029.62 _

V.H.F. Communication Equipment.—(Wireless
World, June 1946, Vol. 52, No. 6, pp. 180—18.1,)
A short general description of some of the equip-
ment for the police radio system described in 1357
of May and 2326 of August.

{(Electronics, June 1946, Vol. 19, No. 6, pp..
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SUBSIDIARY APPARATUS (J. sci. Instrum., April 1946, Vol. 23, No. 4, pp.
621.314.2 2913 85-86.) Simple valve circuits for operating electro-
Equivalent Capacitances of Transformer Windings. magnetic and thermal types of relay.
—Duerdoth. (See 2493.) : Ao | o193
621.314.632 2714 Capacitor Machine.—(Radio, N.Y., April 1946,

The Effect of Temperature Gradient on the
Rectifying Action of Copper Oxide Rectifiers.—

Amirkhanoff. (See2602.)

621.316.86 : 546.281.26 2715
Silicon Carbide [non-ohmic] Resistors.—Ash-

worth, Needham & Sillars. (See 2606.)

621.316.974 : 621.318.4.017.31 2716

Power Loss in Electromagnetic Screens.—C. A.
Siocos. (Wireless Engr, July 1946, Vol. 23, No. 274,
p. 202.) A letter in which the method of Davidson
et al. (1077 of April) is extended to the calculation
of the eddy current density produced by a coil in an
infinite shielding plane.

621.317.755 2717
A Simple Oscilloscope : using the Mains as a
Time Base.—F. P. Williams. (Wireless World,

June 1946, Vol. 52, No. 6, p. 206.) Deflecting and
focusing coils are made nearly to follow television
practice. The ‘‘ straight ” middle portion of the
sine wave from the mains is used to provide a
timebase.

621.318.22/.23 2718
Modern Hard Magnetic Materials.—Hoselitz.
(See 2607.)

621.318.24 2719
Capacitor Discharge Magnetizer for Plant Shops.—
W. L. Porta. (Electronics, June 1946, Vol. 19,
No, 6, pp. 168..188.) Description of an equipment
for magnetizing small permanent magnets. The
essential components are a source of d.c. voltage,
a capacitor, and a special transformer. The trans-
former, which must have a low leakage-reactance
factor, carries a I-millisecond power impulse.
The capacitor discharge into the primary is initiated
through a manually controlled ignitron tube.

621.318.4.013.22 2720

On a System of Coils producing a Uniform Magnetic
Field for a Narrow Wilson Chamber.—E. Nageotte.
(C. R. Acad. Sci., Paris, 16th April 1945, Vol. 220,
No. 16, pp. 557-559.) The coils are each wound on a
rectangular former of which the long sides are
curved in a direction normal to the plane of the
undistorted rectangle. The coils are arranged so
that the convex sides of the formers are together.
The magnetic field shows variations of 0.1% over
a space in which the Helmholtz arrangement would
show variations of 0.5%.

621.318.44 2721

The Technique of Toroidal Winding.—F. E.
Planer. (Electronic Emngng, July 1946, Vol. 18,
No. 221, pp. 109-203.) A brief description of the
advantages of toroidal coils and an account of the
principle of a toroidal winding machine. Various
methods are given for maintaining constant tension
in the wire, illustrated by photographs of repre-
sentative types of machine.

621.318.57 2722
A Simple Electronic Relay.—F. A. P. Maggs.

Vol. 30, No. 4, pp- 10, 12.) Illustrated note on a
U.S. Dept. of Commerce OPB report PB421 by
F. E. Henderson, describing a German (Bosch Co.)
method of making paper capacitors, in which the
usual metal foil is replaced by a film of zinc or
cadmium deposited on the paper dielectric.

621.383 2724

Cooling Photosensitive Cells [by the use of solid
CO,].—E. F. Coleman. (Electronics, June 1946,
Vol. 19, No. 6, pp. 220 . . 224.)

621.383.2 : 621.314.6 2725

Experimental Behaviour of a Photoelectric Cell
under the Influence of an Alternating Potential of
Very High Frequency.—D. Charles. (C. R. Acad.
Sci., Pavis, 20th Oct. 1945, Vol. 221, No. 18, pp.
495-497.) It has previously been shown (1948 of
1941—Geest) that over particular frequency ranges
and for particular voltages the cell gives abnormally
high rectified currents, even when not illuminated.
Special cells were made to investigate this pheno-
menon, using a number of different photoelectric
materials. Potential differences of 0—300 V were
applied at frequencies of 60—120 Mc/s. The follow-
ing results were obtained: (a} Niand Al cathodes
do not show the phenomenon;
frequency, the rectified current

increases to a

maximum, then drops abruptly to zero as the h.{. :{ !

voltage 1is increased; (¢) for a given voltage the
output rises to a maximum and falls again as the *{

frequency is increased ; (d) positive bias increases, “{¥

and negative bias decreases the output; (e) the
phenomena are unaffected by illumination;
(f) cooling to —140°C neither stops the phenomenon
nor prevents it from starting; (g) modulation at
10 Mc/s has no effect; (h) a magnetic field normal
to the axis stops the phenomenon. See also 2720 °
below.

621.383.2: 621.314.6 2726
Theory of the Behaviour of a Photoelectric Cell
under the Influence of an Alternating Potential of
Very High Frequency.—D. Charles. (C. R. 4cad.
Sci., Paris, 2nd Jan. 1946, Vol. No. 1, pp. |
65-67.) For experimental work see 2725 above. |
Electron trajectories were calculated by numerical
integration of the equations of motion. For a fixed
h.f. voltage and frequency a group of electrons with
initial velocities lying within a small range arée
concerned in a resonant phenomenon. Complete ¢
calculation of the response curves as a function of
frequency for different values of h.f. voltage for a
caesium cell gives results in good agreement with
experiment.
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621.385.18 : 621.396.9 2727 ;
The Gas-Discharge Transmit-Receive Switch.— |
Samuel, Clark & Mumiord. (See 2783.) !

{

621.389 : 535-1 2728 &
Night Vision with Electronic Infrared Equipment. (
—(See 26060.) i

2729

621.389 : 623.555.2 1 535-1
(See 2661,)

Electronic Night Sight.—W. MacD.
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1

Electronic Code Translator.—H. W. Babcock.
o (Electronics, June 1946, Vol. 19, No. 6, pp. 120-122.)
Code signals (e.g. Morse) from a receiver are fed
into a discriminator in which five or more pairs of
# thyratrons produce a unique voltage determined
by each group of dots and dashes. This triggers
a gas-filled tube. Illumination from the tube
causes corresponding letters and numerals to appear
on a moving fluorescent screen.

621.390.66™ 621.395.63 2731

Selective Calling System.—]. K. Kulansky.
(Electromics, June 1946, Vol. 19, No. 6, pp. 96—99.)
A description of a system for positive control of
[ remote communication equipment based on the
transmission of suitably pulsed audio signals. The
coding and decoding devices can be added to
existing transmitter and mobile receivers respect-
ively, enabling a control operator to call any of 84
stations by dialling a four-digit number.

1621.396.662.2.029.6 2732
'\ V.HF. Coil Design.—A. H. Meyerson. (Com-
\munications, June 1946, Vol. 26, No. 6, pPD. 46-47,
:50.) The influences of coil shape and dimensions
on the @ and on stability with temperature are
lexamined experimentally for frequencies in the
jrange 60-120 Mc/s. See also 66 of January (Meyer-
Json). :

1621.396.682 2733
\ Type 1261-A Power Supply. —E. E. Gross.
{{Gen. Radio Exp., March 1946, Vol. 20, No. 710,
1PP. 4-6.) Description and circuit diagram of an
fa.c.-operated power supply for instruments which
nse the U.S. Signal Corps BA48 Battery Block
{Burgess Type 6TA60). )

321.396.689 : 621.362 2734
Thermoelectric Generator for Portable Equip-
iment.—J. M. Lee. (Electronics, May 1946, Vol. 19,
No. 35, pp. 196..202.) Banks of chromel-P/con-
stantan  thermocouples embedded in ceramic
material and heated by a gasoline burner give
power outputs up to 20 W at 12 V. The couples
lave a useful lite of about 2 coo hours, and the
jenerator weighs about 24 Ib per watt output.

"71.448.1 : 778.39 2735
A High-Power Stroboscope.—D. A. Senior. (/.
ct. Instrum., April 1946, Vol. 23, No. 4, pp. 81-83.)
Jescription of the circuit for producing, with a
uitable discharge tube, 1 000 5-ps flashes a second
or periods of several seconds, each with sufficient
atensity to permit photography by reflected.light
f areas up to 50 sq. ft.

TELEVISION AND PHOTOTELEGRAPHY

121397 2736

Practical Television.—R. A. Monfort. (Radio
Jews, May 1946, Vol. 35, No. 5, pp. 38..120.)
L semi-technical explanation of the principles and

If the main parts of the equipment.

121.397 2737
i 4-Color Facsimile Transmission.—E. C. Thomson.
‘Communications, May 1946, Vol. 26, No. 5, PP.
12-34.) Four black and white pictures for use in a
Jolour-superposition process are transmitted separ-
itely.  Report of a partly successful experimental
}'ansrnission by Cable & Wireless Ltd between
‘ngland and Australia.
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621.394.024 2730  621.397: 621.308 - 2738

Tele-Guided Missiles.—(Electronic Industy., May
1946, Vol. 5, No. 5, pp. 6265 . . 118.) A 325-line,
40-frames/sec television transmitter in a remotely
controlled bomb sends a picture of the target to the
bomb aimer, A “ Vericon ” tube is used in the
transmitter, with stabilized supplies, and the
iris of the lens system is controlled by the video
signal to give a constant average signal intensity.
Circuit diagrams are given.

621.397 : 621.398 2739

Television Equipment for Guided Missiles.—C. J.
Marshall & L. Katz. (Pyoc. Iust. Radio Engrs,
W. & E., June 1946, Vol. 34, No. 6, PP 375—401.)
*“ A brief history of the technical problems associa-
ted with the development of compact airborne
television equipment is outlined. =~ The system
provides resolution, linearity, and stability which
approaches that obtained from broadcast equipment.
Technical difficulties which arose after the comple-
tion of the equipment design are described. The
final solution of these and other problems resulting
from its installation in guided missiles are discussed.
Photographs taken from the receiver screen during
experimental flights are shown.”

621.397.5 2740

Contribution to the Study of a Video Standard.—
Y. Angel. (Onde élect., Feb. 1946, Vol. 26, No. 227,
Pp. 60-73.) The definition of a television image is
no longer limited by technique, but by economic
and practical considerations. As a preliminary
to the large-scale development of television it is
necessary to agree on standards for the transmitted
signal. For this purpose it is necessary to determine
the optimum definition. The article gives a detailed
analysis of the technical and subjective factors
involved, and concludes that the standard should
be (a) 1 200-1 300 lines with fourfold interlacing
with the sequence 1-3-4-2 (or 1-3-2-4), or (b) 800—goo
lines with twofold interlacing.

621.397.5 2741

1 015-Line Television Apparatus of the Compagnie
des Compteurs, Montrouge.—P. Mandel. (Onde
élect., Jan. 1946, Vol. 26, No. 226, pp. 26-37.) A
description of development work by the company ;
a theoretical and practical examination of the
requirements for a television system with detail
limited only by visual acuity. The work eventually
realized a complete system, including the radio
link, on 145Mc/s. The development included
apparatus permitting a wide range of scanning,
both in lines and degree of interlacing. The final
selection of interlaced scanning with 1 015 lines was
based on tests over a wide range of values.

621.397.62 : 621.317.79 A 2’742
A Television Signal Generator : Part 2-— Mono-
scope and Video Circuits.—Hibberd. (See 2646.)

621.397.621 : 2743

Television Deflection Channels : Part 18.—E. M.
Noll. (Radio News, May 1946, Vol. 35 No. 3,
PP 55 .. 147.) Description of circuits for generating
and synchronizing the sweep signals, with particular
reference to the G.E. Model 9o receiver. For other
parts in this series on television circuits see 2349 of
August (which should read part 14) and back
references.
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621.397.645.2 1 621.396.621.54 2744 621.396.61.029.56/.58 2754

I.F. Amplifiers in Television Receivers.—Kronen-

berg. (See 2534.)

621.397 + 621.396 2745
Modern Practical Radio and Television. [Book

Review]—Quarrington. (See 2789.)

621.397 2746

Television, the Eyes of Tomorrow. [Book Review]

—W. C. Eddy. Prentice-Hall, New York, 1945,
330 pp., $3.75. (Electronics, May 1946, Vol. 19,
No. 5, p. 320.)

TRANSMISSION
621.396.61 2747

F.C.C. Approved A.M. Broadcast Transmitters.—
R. G. Peters. (Communications, May 1946, Vol. 26,
No. 5, pp. 26..34.) Some features, including
circuit diagrams, of Collins, Gates and R.C.A. a.m.
transmitters in the range r1oo W-s50 kW,

621.390.61 2748

Modern A.M. Transmitter Design.— W. E.
Phillips & C. Probeck. (Radio, N.Y., April 1946,
Vol. 30, No. 4, pp. 30..54.) Some modern im-
provements, and a description (with circuit diagram)
of a 250-W transmitter of quality comparable
with that of the largest stations.
621.396.61 2749

High Power in Two Stages.— D. Mix. (QST,
June 1946, Vol. 30, No. 6, pp. 13-17.) A crystal
oscillator operating in the 3.5-, 7-, 14- and 28-Mc/s
bands feeds an 8oo-W beam-tetrode transmitter.
Shunt feed enables plug-in coils to be used with
safety.

621.396.61 : 621.396.610.018.41 2750

Frequency Modulated Transmitters for EFolice
and Similar Services.—E. P. Fairbairn. (Electronic
Engng, July 1946, Vol. 18, No. 221, pp. 213—218.)
The main advantage of f.m. is freedom from
interference in dense traffic areas. Tests show that
a small deviation at the transmitter gives widest
service area at some expense in signal/noise ratio.
A circuit diagram is given of a 10-W phase-modu-
lated transmitter. Other illustrations show typical
headquarters and mobile equipments. Crystal-con-
trolled receivers are used. See also 2326 of August
(Brinkley).

621.390.61+621.396.621] : 621.396.9 2751

Radar Technique.—¥.L.D. (Wireless World, May
1946, Vol. 52, No. 5, pp. 154-156.) Review of papers
on receivers and transmitters presented at the
I.E.E. Radiolocation Convention.

621.390.61 : 621.396.033 2762

Unit-Type Multi-Channel Aircraft Ground Trans-
mitter.—R. G. Peters. (Communications, June
1946, Vol. 26, No. 6, pp. 54-55.) Description of an
equipment covering the ranges 200-540 k¢/s,
2—20 Mc/s and 108-140 Mc/s, with circuit diagram
of the 108-140 Mc/s, 200-W r.f. circuit.

621.396.61.029.5/.62 2753

1000 Watt R.F. Amplifier for the Ham.—H. D.
Hooton. (Radio News, May 1946, Vol. 35, No. 5,
pp. 28..88.) Constructional details and performance.
Uses two 4—125A tubes, and can be operated at
frequencies up to 250 Mc/s.

A Beginner’s Two-Stage Transmitter.—A. D.

Middelton. (QS7, July 1946, Vol. 30, No. 7
pp. 16—22, 126.) Constructional details of a mains-
or battery-operated crystal-controlled c.w. circuit
of very simple design for 3.5 and 7 Mc/s.
621.306.61.029.62 2755
A Mobile Rig for 50 and 28 Mec/s.—E. P. Tilion.

(OST, June 1940, Vol. 30, No. 6, pp. 31-35, 110.)
For economical operation from a car battery. A
crystal-controlled ** push-to-talk ”’ transmitter uses
midget valves with quick-heating filaments. A
rotary converter is used for h.t.

621.396.61.029.62 2756
More Stations per Megacycle at Two Meters.—
C. F. Hadlock & R. 5. Hawkins. (QST, July

1946, Vol. 30, No. 7, pp. 61-66.) Constructional
details of a 100-W push-pull crystal-controlled
transmitter. A 5.4-Mc/s crystal is used with three

frequency tripler stages and a power amplifier.

621.396.61 + 621.396.621].029.63 2757
Getting Started on 420 Mcjs.—W. F. Hoisington.
(QST, June 1046, Vol. 30, No. 6, pp. 43-45.) Con-

structional details of a portable station comprising |

a half-wave-line transmitter feeding a o-element |

array, a modulator, two power units, and a super-
regenerative receiver.

621.396.614621.396.677] .029.03 2758

CQ 2400 Mcs : Transceivers and Antennas for
the 13-Centimeter Band.—A. R. Koch & G. H.
Floyd. (QST, July 1946, Vol. 30, No. 7, pp. 32-
38.) A cavity-tuned 2C40 (lighthouse) tube is used
as oscillator and superregenerative detector witha
separate quench oscillator working at 100-250 kc/s.

Constructional details are given for the tuned-plate |

tuned-grid cavity. Two aerials with parabolic
reflectors are described ; the smaller has a gain of
about 25, the larger has a 7° beam and a power
gain of about 200.

2759 |

621.306.61.029.03
A U.H.F. Ham Transceiver.—Queen. (See 2678.) |
621.396.615 : 621.306.611.21 + 621.317.361 2760

Series-Resonant Crystal Oscillators.—Butler. (See
2524.)
621.396.615.17 2761
Power Pulse Generator.—M. Levy. (Wireless
Engr, July 1946, Vol. 23, No. 274, pp. 192-1386.)

Pulses of the required amplitude are produced in a
high imp>dance by a low-power pulse generator,

then a succession of cathode followers increases the

power and reduces the impzadance, without mate-
rially reducing the amplitude. In the circuit gives,
1 ooo-V pulses in 150 £ with a p°ak pulse output
power of 6.5 kW \~ere obtained -with an overall
efficiency of about 209

621.396.619 2762

Features of Grid and Plate Modulation in New
System.—(Electronics, May 1946, Vol. 19, No. 5,
PP. 192..196.) Greater power output for size in
purlable transmitters is obtained by the use of
grid modulation on negative half cycles and an
addiiional r.f. amplifier as side-band generator on
positive half cycles. A circuit diagram is given.

e
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;1 621.396.619 2763 100-kW pulses at a rate of 1 500 per sec, with
| Class ““C” Grid Bias Modulation : Part 2. average power T kW, .
'W. W. Smith. (Radio News, May 1946, Vol. 33, )
'No. 5, pp. 70..129.) Study of an inexpensive 621-396-645-3-929-56/-58 ) 2771
' 100-125-W grid-modulated transmitter, based on A Conservative Kilowatt.—D. Mix. (QST, July

' 2379 of August.

| 621.396.610.018.41 2764
' Frequency-Shift Keying.—G. G. (QST, June
11946, Vol. 30, No. 6, pp. 46-48.) While the system
ispeeds up commercial traffic, the bandwidth re-
/quired appears to be too large for its use in amateur
/communication.,

1621.396.619.018.41 . 2765
| F.M. Carrier Stabilization : Part 1, — The General
{Electric and Federal Systems.—I. Queen. (Radio
?Cmft, May 1946, Vol. 17, No. 8, PP- 537..549.)
|An illustrated simple account of the phasitron
[(see 1405 of May), and of the Miller-effect method.
621.396.619.018.41 2766

F.M. Transmitters using Phase Modulators.
IN. Marchand. (Communications, June 1946, Vol.
6, No. 6, pp. 38-42.) Phase-modulator circuits used
in commercial transmitters are analysed in relation
fo the principles described in 2767 below. Part 6
Sr’)f a series.

521.306.619.018.41 - 2767
| Phase to Frequency Modulation.—N. Marchand.
|Communications, May 1946, Vol. 26, No. 5, pp.
46..58.) An analysis of the Armstrong method, and
¢pn account of the phasitron (see 1405 of May).
Part 5 of a series. For other parts in this series see
[766 above, 2383 of August and back references.

}

~"121.3()6.619.018.4I 2768
' A New Angular-Velocity-Modulation System em-
{loying Pulse Techniques.—]. F. Gordon. (Proc.
\nst. Radio Engys, W. & E., June 1946, Vol. 34,
ffo. 6, pp. 328-334.) A two-valve multivibrator
p controlled by synchronizing pulses from a crystal
iscillator applied to the grid of one valve, and the
zlative duration of the conducting periods of the
wo valves is controlled by the amplitude of an
udio-frequency modulating voltage applied to the
rid of the second valve. The multivibrator output
i differentiated and the positive pulses clipped,
|aving a series of negative pulses which operate a
(ass-C amplifier. An rf. voltage is therefore
‘roduced, of which the phase is controlled by the
/hase of the pulses, and thus by the amplitude of
e modulating voltage. In an experimental trans-
litter, a multivibrator frequency of 200 kc/s was
altiplied to 105.6 Mc/s. Phase deviation was
hnstant within 4 4% for modulation frequencies
ztween 50 and 20 000 ¢/s and harmonic distortion
-as small.

),
$1.306.619.018.471 : 621.306.611.21 2769
(Crystal - Controlled Frequency Modulation. — A
reskinsky. (Wiveless World, May 1946, Vol. 52,
0. 5 p. 170.) A letter commenting on 479 of
iebruary (Lewer).

"1.396.610.16 : 621.385.38 2770
) Thyratron Pulser Tube for Industrial Microwaves.
-(Electronics, May 1946, Vol. 19, No. 35, pp.
10..180.) Application of a hydrogen thyratron in
line modulator circuit to new methods of plastic
pnufacture, high-speed welding, and electro-
;;B.ting. The system with a 4C35 tube can provide

e

1946, Vol. 30, No. 7, pp. 54-56.)
push-pull amplifier for four amateur bands.

621.396.645.3.029.58 2772

Long Leads arem’t Necessary.—G. W. Shuart.
(ST, June 1946, Vol. 30, No. 6, pp. 55-57.)
Parasitic oscillations are avoided in a push-pull
tetrode amplifier for 28 Mc/s by careful arrangement
of components and by neutralizing. '

621.396[.65 + .71 + .812.3 2773

Radio Communication Developments.—A. H.
Mumferd. (Nature, Lond., Igth Jan. 1946, Vol.
157, No. 3977, p. 83.) Summary of the inaugural
address of the Chairman of the Radio Section,
LE.E. For full paper see 1102 of April.

VALVES AND THERMIONICS.
621.385 2774
Radio Design Worksheet: No. 49. —Perveance,—
(Radio, N.Y., June 1946, Vol. 30, No. 6, p. 29.)

621.385 2775

The Electron-Optical Theory of Ultra-High-
Frequency Oscillators.—P. Golubkoff, (Zh. eksp.
teor. Fiz., 1944, Vol. 14, Nos. 7/8, PpP. 280-306.)
There are three types of u.h.f. oscillators : retard-
ing-field type, magnetrons, and electron-beam type.
Various theories of these oscillators have been
developed, but they are usually based on a study
of the movement of a single (isolated) electron, and
each applies to one typs of oscillator only. The
author proposes a new theory based on the following
considerations. (1) The electronic processes and the
mechanisms for sustaining oscillations in all types
are identical. The primary mechanism is a con-
tinuous electron stream in which a process of phase
focusing takes place, and this establishes the neces-
sary interaction between the stream and the
clements of the oscillatory system. Thus all typss
of oscillators can be regarded as electron-bBeam
devices and interpreted by a single theory. (2) From
the point of view of kinematics the physics of ultra-
high frequencies can be regarded as a development
as well as a practical application of electron optics.

From these considerations the author has
developed a general method of investigation in
which the conception of a moving focus in an electron
stream is introduced, and the movement of the
focus studied. It is possible, with the aid of this
method, to interpret the main characteristics of
u.h.f. oscillators of all types. A brief survey of an
extensive theoretical and experimental investiga-
tion by the author is presented to support this
claim. The following are the main points of the
survey. The movement of an electron stream in the
absence of a retarding field is examined, and the
conclusions reached are applied to the case of
klystrons. An analogy between klystrons and
Barkhausen oscillators is established. The focusing
of the stream in constant and in alternating retard-
ing fields is discussed, and the main features of the
Barkhausen circuit, such as the discreteness of the
regions of oscillations, the position of the centres
of these regions, the appearance of *“ dwarf”’ waves,
etc., are explained. For a general case of the triode

Description of a
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when the electron stream is acted upon by two
electrodes at the boundaries of the focusing space
{and not by one—the phase lens—as in the previous
cases), a law is formulated governing the distribu-
tion of the centres of the regions of oscillations in
the plane Va4, Ve. The focusing of the electron
stream in a magnetic field is also considered, and
a theoretical interpretation of the operation of the
magnetron with a whole anode is given.

621.385 2776

Contribution to the Study of Reflex Velocity-
Modulation Oscillators.—M. Kuhner & A. M.
Gratzmuller. (Onde élect., Jan. 1946, Vol. 26,
No. 226, pp. 38-44.) A simple account of the theory
of the reflection klystron, and a description of a
number of types developed at the L.M.T. labora-
tories in 1943—1944. These embody glass-metal disk
seals and external tunable cavities, tuning either by
the screwing in of pistons, or by single or double
rectangular plungers moving in rectangular cavities.
One model of the latter type gave a maximum out-
put .of 200 mW at 149 mm wavelength, with an
efficiency of 1%, and had a tuning range of 95 to
156 mm.

621.385 2777

Electron Ballistics in High-Frequency Fields.—
A. L. Samuel. (Bell Syst. tech. J., Jan. 1046,

Vol. 25, No. 1, Supplementary page.) Corrections
to 1396 of May.
621.385 1 621.396.9 2778

Radar Technique.—M. G. S.: H. B. D. (Wireless
World, May 1946, Vol. 52, No. 5, pp. 146-151.)
Review of papers on valves presented at the T.E.E.
Radiolocation Convention.

621.385.1.032.216 : 537.583 2779

On a New Method of Measuring the Intensity of
the Saturation Current in an Oxide Cathode.—
R. Champeix. (C. R. Acad. Sci., Pavis, 23rd May
1945, Vol. 220, No. 21, pp. 736-738.) A capacitor
is discharged through the valve under test, once
per second. The resulting impulsive current is
passed through a non-inductive resistor of small
value, and the potential drop so produced is used
to trigger a thyratron which carries an adjustable
grid bias. The bias is set to the maximum negative
value at which the impulses will fire the discharge,
and its value is used as a measure of the current
in the valve under test.

Curves of electron current against applied voltage
have the same general shape as those for pure
tungsten, though higher voltages are necessary to
produce saturation. The phenomenon of increasing
saturation current with increase of applied voltage
gradient at the cathode (Schottky’s law) is much
more marked for oxide cathodes than for pure
metals.

621.385.16 2780

Recent Developments in Magnetron Technique.—
G. Goudet. (Onde élect., Feb. 1946, Vol. 26, No. 227,
PP- 49-59.) A short account of the basic theory of
the simple magnetron and of the multiple-cavity
tube. The frequency and phase relationships of the
latter are derived in terms of a closed ring of filter
cells, and the field conditions by application of
Maxwell’s equations to an approximately equivalent
system of plane parallel electrodes with equi-spaced
gaps in one of them. The mechanism of oscillation
is explained in terms of the interaction between the
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emitted electrons and the high-frequency fields in
the annular interelectrode space. i

621.385.16.029.64 2781 |

The Cavity Magnetron.—]. T. Randall. (Proc. !
phys. Soc., 1st May 1946, Vol. 58, No. 327, pp.
247-252.) An address delivered to the Physical |
Society giving an historical outline of the develop- {
ment. ?

621.385.16.029.64 2782
An Introduction to Multi-Resonater Magnetrons.— |

R. Latham, A. H. King & L. Rushforth. (Engineer, |

Lond., 5th & 12th April 1946, Vol. 181, Nos. 4708

& 4709, Pp. 310-312 & 331-333.) f

621.385.18 : 621.396.9 2783 :
The Gas-Discharge Transmit-Receive Switch.— |
A. L. Samuel, J. W. Clark & W. W. Mumford. |
(Bell Syst. tech. J., Jan. 1946, Vol. 25, No. 1, pp. 48~ {
101.) A detailed account of the purpose, design, |
construction, testing, method of application, and |
performance, of gas-filled resonant-cavity tubes used )
to protect radar receivers from damage due to the
high-power transmitted pulse, and to prevent energ%T
received in the dual-purpose aerial from being
absorbed: by the quiescent transmitter instead of !
by the reteiver. The tubes operate by presenting |
a virtual short-circuit when discharged by the trans- f
mitted pulse, and an open-circuit when undis-g
charged. A mathematical analysis of an idealized .
system is developed, and an account is included of 4
the parameters of the coupling holes in the asso- ¥
ciated waveguides.

MISCELLANEOUS

621.3.078 2784 4
On Increasing the Stability of Seli-Ragulation by ¢
Means of Back Coupling.—V. Peshkoft. Zh. ehsp.
teov. Fiz., 1044, Vol. 14, No. 12, pp. 5I4-518.)
Very often self-oscillations appear in automatic !"
regulating systems. In many cases this can be |
prevented by introducing back coupling between |
the regulating indicator and the regulated mechan- !
ism. A detailed mathematical analysis is given as’
an example, confirmed by experiments, of Bancroft's |
thyratron thermostat (2253 of 1942} in which a trans- |
former provides the required back coupling. . E

621.38/.39] (058.7) 27854
1946 Electronic Engineering Directory.—(Ses !
2610.) §

3o

621.396 21786 ;:
Engineers study F.M.—(See 2701.)
621.396.621.004.67 2787
Radio Servicing.—(See 2036.) i
621.396.7 (058.7) 2788 "
Radio Stations.—(See 2708.) |
621.396 + 621.397 2789 {
Modern Practical Radio and Television. [Book|

Review]—C. A. Quarrington. W. H. Date (Ed). |
The Caxton Pub. Co., London, 3 vols., 7os. (Elé- |
tronic Engng, July 1946, Vol. 18, No. 221, p. 227, bl

621.396 27901

Principles of Radio for Operators. [Book Review] {
—R. Atherton. Macmillan, New York, 1945 Y
344 Pp-, $3.75. (Science, 22nd March 1946, Vol. 103, {:‘
No. 2673, p. 374} . outgrowth of the author’s|
experience in training Navy men and women . . -}
The general plane of instruction is excellent.” i
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