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ullers CERAMICS

FOR INDUSTRY

High quality material and
dimensional precision are
attributes of Bullers die-
pressed products.

Prompt delivery at com-
petitive prices.

|

We specialise in the manufacture of

PORCELAIN

for general insulation

REFRACTORIES

for high-temperature insulation

FREQUELEX

for high-frequency insulation

PERMALEX & TEMPLEX

for capacitors

' )
%

MILTON - STOKE-ON-TRENT * STAFFS
Phone: Stoke-on-Trent 21381 (5 lines) Telegrams & Cables: Bullers, Stoke-on-Trent
tronworks: TIPTON, STAFFS. London Office: 6 LAURENCE POUNTNEY HILL, E.C.4
Phone: Tipton 1691 Phone: MANsion House 997}
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A NEW-PRINCIPLE
~ A-G AUTOMATIC
- VOLTAGE STABILISER

This is our Model ASR-1150 Automatic Voltage Step Regulator. It
ideally fills the need for a cheap, small and light Stabiliser. Although
it measures only 84in. X 4%in. X 5in., weighs as little as 11 1b., and
costs only £24 net, it has a performance fully equal to any similarly
rated Automatic Stabiliser of the resonated, saturated core type,
without any of the disadvantages.

ASR-1150 has a purc output waveform, is unaffected by changes in
mains frequency, and works equally well from no-load to full load,
which is 1150 VA. It has a stabilised output at 230V unless otherwise

We can supply from stock
all types of American tubes,
condensers, valves, poten-

tiometers, etc.

ordered.

Many other Automatic Voltage Stabilisers are now manufactured by
us, and all are available for immediate delivery. In some cases the
constancy of output is as high as 0.15%. Models are available from
200 VA to 30 kVA, single phase. 3-Phase Stabilisers are also available.
Prices are extremely competitive.

MEMQO: If you are interested in
infinitely-variable Transformers, do
not forget the almost indispensable
“VARIAC” (Reg'd. Trademark).
Models are available from 170VA
to 21kVA. Our new 12-page coloured
VARIAC brochure Form 424-UK tells
the whole story and will gladly be
muailed free and post free, an request.

The NEW ““ASR-1150"
costs only £24 net

Complete information is obtainable from:
GLAUDE LYONS LTD., STABILISER DIVISION,

H D OFFICES & WORKS: 76 OLDHALL STREET, LIVERPOOL 3, LANCS.
s THERN FACTORY: VALLEY WORKS, WARE ROAD, HODDESDON, HERTS.
(A10 main London/Cambridge Road, at Junction of A602)
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High quality, stable charac-
teristics, robust construc-
tion, proven performance, are
inherent features of the quartz
crystal units developed and
manufactured by S.T.C.

Crystals in hermetically sealed cans to meet
the rigid Inter-Service specification; crystals

High Grade

UARTZ
CRY%TALS

Srondard

in evacuated glass envelopes with wire ends or with valve
base; G.T. Cut crystals for absolute frequency standards ; high

frequency Overtone crystals for V.H.F. applications. . . these

are the principal types in the S.T.C. range.
There is almost certain to be an S.T.C. quartz crystal unit Inter-Service Style “D™ or

to meet your specification . . . if not, our engineers are

ready to discuss your special requirements.

(33

The quartz crystal units illus-
trated are in hermetically
sealed cans equivalent to the

the Amrerican HC6U. This
unit has been widely adopted
Jor useinmodern equipments,

Srandard Telephores and Cobles Limired

Registered Office : Connaught House, Aldwych, W.C.2

TELEPHONE LINE DIVISION :

NORTH WOOLWICH - LONDON - E.I6
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PRESSURE UNIT
i

SPECIFICATION Specially designed and developed to meet the
Power Handling Capacity |0 watts peak I need of the P.A. Engineer requiring a compact,
Voice Coil Impedance |5 ohms I efficient unit combining good tone with average
Frequency Response £20-9000 c.p.s. handling capacity, at a price that will make the
Flux Density 12,000 gauss I “small” installation a profitable proposition.
Pole Piece JHRCIELCLCT High Sensitivity Heavy cross-sectioned cup with

Price £6 10s. 0d. latest anisotropic alloy CP magnet.

I Phase Equalizing Throat One-piece zinc based alloy
die-casting.
I Self-Centring Diaphragm Can be changed in the field

DIMENSIONS I Assembly without special tools or
DC10 DC 12 soldering iron in | mins.

Diameter(w"hm;;lﬁne ) (w"z;',',em') | Spring Loaded Terminals Ensure quick and positive line
Length 43" 63" termination.
Weight 43ib. 54b. I Weatherproof Totally enclosed, ensuring protection
when in exposed position, watertight
I gland cable entry.

Manufactured in Gt. Britain by

I_ T e — .
DC 12 PRESSURE UNIT
ol Rola Colestion Led.

totally enclosed [00v line
l transformer tapped 2°5, 5, FERRY WORKS THAMES DITTON, SURREY

8 and 12 watts,
PRICE £7 10s. 0d. Telephone : EMBerbrook 3402
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World wide radio-communication began with Marconi’s COMPLEtE RAD“:)/T»E[»:EPHON'EV .

Transatlantic messages in 1901. Since then Marconi
research and development have led to every major advance
in technique. Marconi equipment today, operating at all
frequencies, covers a very wide field of both long and
short range radio-telegraph and radio-telephone
requirements. Marconi VHF multi-channel equipment
can provide for as many as 48 telephone channels and

is largely superseding land-line or cable routes on

grounds of efficiency, economy and, where terrain

is difficult, ease of installation and maintenance.

MARCONI

Complete Gommunication Systems
Surveyed, Planned, Installed, Maintained

_AND RADIO/TELEGRAPH

~ SYSTEMS AND EQUIPMENT

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSE)?
LG
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RUTOMATIC
ANTENNA PATTERN RECORDING

HIS EQUIPMENT has been
developed by EKCO Electronics
to automatically record the radiation
patterns of any centimetric antenna.
The antenna under test is mounted

on the roof of a rotatable trailer and

illuminated by a fixed transmitter.
The amplitude of the received signal
is then continuously plotted against

the angular traverse of the trailer.

All the equipment except the transmitter unit is
mounted in the trailer and remote controls for the
transmitter are provided. The received C.W. signal
is mixed with a modulated local oscillator signal and
the resultant I.F. output combined with an anti-
phase modulated LF. signal. The reference signal is
derived from a 30 Mc/s oscillator and servo-driven
piston attenuator. The combined signals are fed via
a seven-stage, low noise LLF. amplifier to a balanced
modulator, and the resultant error signal applied to a
servo amplifier. The output of this amplifier drives a
servo motor which moves the piston attenuator insuch
a direction as to reduce the difference between the

This equipment is also available to special order for installation in a permanent location,

EKGO

electronics

We shall be pleased to discuss this equipment with you.

@ EKCO ELECTRONICS LTD
WIRELESS ENGINEER, SEPTEMBER 1956
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EKCO WORKS

EKCO ANTENNA PATTERN RECORDER type E59

reference signal and the received signal. A pen
attached to the piston drive mechanism records the
amplitude of the received signal in terms of the
attenuation law of the standard piston which is
directly calibrated in dB.

Facilities are available for plotting either on Cartesian
or polar co-ordinate graph paper. Piston Attenuators
can be supplied to provide amplitude scales of either
or both 5 and 10 dB per inch.

The maximum travel is 35 or 65 dB respectively.
The Cartesian co-ordinate paper can be run at
rates accurately corresponding to two or five
degrees per inch.

The Mixer section is a plug-in
unitand ‘X'and ‘S’ Band versions
are available covering the ranges
8250-10,000 Mc/s and 2500-
3300Mc/s respectively.Other fre-
quency rangescan be covered, to
special order. The Recorder can
be supplied in two forms with
either a single 6 ft. (shown above
with plotting table) or a twin
4 ft. console rack shown at right.

SOUTHEND-ON-SEA . ESSEX
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If you manufacture Ei.-E—‘CTRON TUB~E‘?

I-U MA supplies material

90 % of Luma’s production of tungsten and molybdenum
wire is exported. Luma’s wire and coiled filaments for radio valves
and other uses are sold in more than 40 countries.

Lumalampan AB runs its own tungsten and molybdenum works in
order to have these important elements under its own control.
Modern laboratories maintain an efficient

production control and ensure progressive technical development.
Consult LUMA about tungsten and molybdenum wire and coiled
filaments. Wire is supplied in all dimensions and finishes, e. g.

black, cleaned or plated, semi-finished rods or finished electrodes.
Plated wire supplied in the following forms, among others:

gold-plated tungsten wire, gold-, silver- or nickel-plated molybdenum wire.

Outstanding properties of LUMA’s plated wire:

impermeable coating with good bond to base metal
bright surface
uniform mechanical properties,

which efficiently prevent oxidation and grid emission.

The Luma Factory, the largest of its kind in Scandinavia has
high capacity and short delivery times.

Our tungsten wire catalogue, in English, German or French,
will be sent on request.

Manufaciuring all types of

incandescent, mercury wva-

pour, neon and flourescent

s, uorescene v | LUMMALAMPAN AB

and accessories. J Address: Stockholm 20 Sweden

\_ Cables: LUMALAMPAN Stockholm
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OF STEVERAGE

BRITAIN'S FOREMOST DESIGNERS

AND MANUFACTURERS OF

PRECISION N

. % 2
An extensive range - <
R o ” W
of our standard types of 2 - P—ai ~
% = =

Relays B l - :

. ' i) : \ =)

always available for o 1 uies =

prompt delivery
*

SPECIAL TYPES CAN BE DESIGNED

TO SUIT YOUR NEEDS = \h\ %) (‘1 | &
* 2 / =" 1

5 e
Full technical data 2 b f 5 N D]

and illustrated leaflets promptly ” ——y ¢
forwarded on request = 59

ELECTRO-METHODS LTD. 22-46 CAXTON WAY, STEVENAGE, HERTS. Phone: STEVENAGE 780



UNBRAKO
SCREWS
MAKE A
GOOD JOB
BETTER

Quality is not taken for
granted at Unbrako. Our
laboratories check the
properties of every
incoming batch of metal.
Our metallurgists and
technicians check for
torque, fatigue, hardness,
stress and other physical
characteristics. But
because research alone
does not make fine screws
we supplement our
experience with the finest
plant and machine tools
the world has yet
produced.

That’s why you should
specify Unbrako always
—the precision screw that
makes a good job better.

Unbrako Screws cost less
than trouble . . .

UNBRAKO SOCKET SCREW CO.
LTD., COVENTRY
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Telecommunication
Cables

!
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COAXIAL AND SYMMETRIGAL CABLES

PAPER INSULATED AUDIO TRUNK
]
/
FOR CARRIER FREQUENCY WORKING

AND EXCHANGE AREA GABLES

RF AND MULTI UNIT CABLES

!
/
II
AND WINDING WIRES |

II TEXTILE OR THERMOPLASTIC INSULATED
/
f
/

;

SWITCHBOARD CABLES AND WIRES
AND INTERNAL DISTRIBUTION GABLES

red

B

1

(\'$

7
(=

2/ BLOOMSBURY STREET, LONDON,

BRITISH INSULATED CALLENDER’S GABLES LIMITED
w.C.I
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MANUFAC

MINIATURE VITREOUS ENAMELLED CAPACITORS

with these outstanding advantages:
Vitreous glazes are used for the dielectric and protective materials.

The composition of the dielectric glaze is closely controlled and absolurely
unvarying in its electrical characteristics.

The dielectric material is fused to the copper plates, giving greater stabiliry.

The capacitors are of simple and robust construction; they have welded connections
in place of the conventional rivetiing.

The vitreous enamel protection is effective against even the most humid conditions.
The capacitors can be used at ambient temperatures up to 150°C,

By varying the composition of the dielectric glaze, it is possible to supply capacitors
of different temperature coefficients.

TURERS OF  For fuller information about Vitricon capacitors, write to:

ELWYN vewvn ececrrica Lagoratories Limiten

BEDLINGTON - NORTHUMBERLAND

E L E C T R I C A L On Admiralty, Ministry of Supply (A.1.D. Approved) and Post Office Lists.
COMPONENTS

Welwyn Products include: VITREOUS ENAMELLED TOROIDAL POTENTIOMETERS * PANCLIMATIC
HIGH STABILITY CARBON RESISTORS * CARBON COMPOSITION AND WIREWOUND POTENTIOMETERS
VITREOUS ENAMELLED WIREWOUND RESISTORS * INSULATED HIGH STABILITY CARBON RESISTORS
HIGH VOLTAGE COMPOSITION RESISTORS
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BROADC :
= ' I s H VACUUM
1S @
“ “ "%\ pOWER RECTIFIERS

THYRATRONS

TRANSMITTING VALVES
MAGNETRONS

‘VOLTAGE STABIL!SERS

KL YSTRONS

TRAVEL(,
NG
Tusgs "YAVE

A
T.
\&K'UP TUBES
CATHODE

\ "AY Tugg

/ . . .
— The new English Electric Valve brochure gives
data of the widest range of valves for industry, communi-
cations, radar and broadcasting made in Great Britain. A

copy of this publication will gladly be sent on request.

"ENGLISH ELECTRIC

ENGLIS“ ELEGTRIG ‘TAL‘/E 00. LTD. @ Waterhouse Lane, Chelmsford

\/ Telephone : Chelmsford 3491
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These plugs and sockets are designed for screened coaxial
cable with an overall dia. from 0-156 in. to 0-312 in. The
outer housings are sturdily constructed in light alloy and
are splash-proof, but not sealed. A quick-action retain-
ing ring, ensuring positive, vibration-proof locking, is
fitted to the free member.

Centre contacts are hard gold plated and the complete
internal assemblies are interchangeable in their hous-
ings. Cable clamping nuts are incorporated in both
fixed and free members. In addition the free mem-
bers have a rubber gland ertry. The adaptor bulk-
head has two sockets; one for L.764/FP; the other,
through chassis, to take a standard coaxial plug
(L.734/P or L.781/P).

Working voltage—pin/screen, and screen/housing: 500 volts

peak. Insulation resistance (500 volts d.c.): 50,000 megohm

min. Current rating (continuous): 3 amp. max. Contact

resistance, all poles after sizing: Less than 5 milliohm.

Characteristic impedance: 70 ohms. Engagement force:

2 Ib max.  Withstands Specification R.[.C. 322
vibration tests.

The housings are supplied also with 2, 3, 4, 6 and 12-pole
assemblies, and are then known as ‘Multipole’ plugs and sockets.

BELLING ¢ LEE LTD

GREAT CAMBRIDGE -RD., - ENFIELD, MIDDX., ENGLAND

——— ) ¢l€Phone: Enfield 3322 - Telegrams: ‘Radiobel, Enfield

12
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A complete service |

to Electronics and Industry

-

i

[nstrument Design

Microcell Electronics undertake dielectric and

component measurements—including the measurement

of high temperatures—in addition to the design of elec- Microcell
tronic instruments and wave guide components. They Electronics
have manufacturing capacity for the production of are A.1.D.
electronic equipment and are contractors to leading approved

industrial companies.

Microcell Electronics

A DIVISION OF MICROCELL LIMITED
IMPERIAL BUILDINGS, 56, KINGSWAY, W.C.2 I TELEPHONE: BISHOPSGATE 6801

13
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WAVEMETERS
OSCILLATORS
CONDENSERS

ALL TYPES
ALL ACCURACIES
AND ALL FREQUENCIES

SULLIVAN-GRIFFITHS

DIRECT READING
INDUCTANCE BRIDGE
| mH to 1000 H

FOR THE MEASUREMENT OF
IRON CORED COILS
with or without
SUPERPOSED DIRECT
CURRENT
up to
2 AMPERES

FREQUENCY RANGE
50 to 5,000 ¢/s

H. W. SULLIVAN
—LIMITED -

LONDON, S.E.I5
Telephone : New Cross 3225 (P.B.X.)

14

Electrical Standards for
Research and Industry

Testing and Measuring Apparatus

FOR COMMUNICATION
ENGINEERING

INDUCTANCES

RESISTANCES

Capacitance
BR ID G E S——— Inductance

Resistance

List No. AC1104

A NOTE OF PARAMOUNT IMPORTANCE TO
DESIGNERS OF IRON CORED COILS,
CHOKES, etc. :-

The network employed is that of the well-known

“OWEN" Bridge. Several features have been

introduced to make the bridge entirely DIRECT

READING for both Inductance and Resistance—a

unique feature in the measurement of coils with

Superposed direct current, for which patents have
been granted.
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HF.
POWER
TRANSFORMERS

H.F. power transformers of outstanding effi-
= . | ciency are the latest additions to the Mullard
range of high quality components designed
around Ferroxcube magnetic cores.
Utilising the unique characteristics of Ferrox-
cube to the full, Mullard H.F. transformers are
smaller, lighter, and less costly than trans-
formers using alternativecorematerials. These
advantages are particuiarly marked in trans-
formers required to handle powers of up to 2kW,
between the frequency range 2ke/s to 2Mc/s.

/ Mullard transformers are already finding wide
use inapplications as diverse asultrasonic H.F.
power generators and aircraft power packs
overating from an aircraft’s normal A.C. sup-
ply. In the latter application, the low leakage

FREQUENCY RANGE . .. .2 Kc/s to 2 Mc/s field of Ferroxcube can eliminate the need for

external screening, thereby reducing the size

and weight of the transformer even further.

As with all Mullard high quality components,

these H.F. power transformers are designed and

built to engineers’ individual specifications.

Write now for details of the complete range of

components available under this service.

RATING ............UP TO 2 kW

Mullard =8~

Ferroxcube magnetic cores

MULLARD LTD ¢ COMPONENTS DIVISION * CENTURY HOUSE : SHAFTESBURY AVENUE - WC2
MCIA
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Janet

l ; NOWN by the code name of Janet, a new
long-range communication system has
been developed by the Canadian Defence

Research Board. Ranges of up to 1,000 miles

with frequencies of 30 — 60 Mc/s are obtained

using the trails of minute meteors as the reflecting
medium.

The meteors and their ionized trails, which
provide the reflections, are natural phenomena
and it has long been known that they reflect
radio waves. Indeed, in radio-astronomy, radar
methods are used for tracking large meteors.

Communication by ionospheric scatter is, of
course, well known and is considered to depend
in part upon meteor trails. It provides more-or-
less continuous communication but demands the
use of high power.

Janet employs relatively low power and so
permits communication only when the reflecting
medium is in just the right state. This is when a
meteor trail occurs at the right point in space
relative to transmitter and receiver. The period
of communication may be as short as a few
tenths of a second or as long as a few seconds.
However, it has been found that such bursts of
communication may occur hundreds of times an
hour.

So far as the medium is concerned, communi-
cation is highly irregular and the development
which has taken place is in apparatus which is
capable of utilizing such a variable path for the
passing of messages. All messages are recorded
on punched paper tape and are stored until com-
munication is established and are then sent at

WIRELESS ENGINEER, SEPTEMBER 1956
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high speed (of the order of 1,300 w.p.m.} while
communication lasts. At the receiver, the
message is recorded on magnetic tape and typed
out in the intervals between communication.

A transmitter and receiver are used at each
station and all operate continuously. When a
meteor trail occurs in the right region, trans-
mission takes place in both directions and the
resulting outputs from the receivers trigger off the
modulators and the messages stored at both ends
are passed. When transmission is interrupted,
the receiver outputs cease and the messages are
stopped to await the next suitable meteor trail.

The transmitters, being produced by Redifon
Ltd., have a power output of some 800 W and
are used with Yagi aerial systems having a gain
of about 10dB.

The idea is certainly an ingenious one and we
await further details with interest. At the
moment, information is scanty and we feel some
hesitation in commenting on it. We are a
little disturbed, however, about the use of 40-60
Mc/s for such purposes. This is in the television
band, and there would seem to be distinct pos-
sibilities of serious interference with television.
However, much depends on field-strengths,
bandwidths and precise frequency allocations and
it may be that there is really no cause for distur-
bance. At 1,300 w.p.m., the bandwidth needed
is clearly quite small and there would seem to be
little difficulty in allocating frequencies so that
they fall in the guard bands between the tele-
vision frequencies.

W.T.C.
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IMPEDANCE TRANSFORMERS

Experimental Results with Non-Uniform Lines

By J. Willis, B.Sc.(Eng.), AM.LEE. and N. K. Sinha, Ph.D.,B.Sc.(Eng.)*

(Faculty of Technology, University of Manchester)

SUMMARY.—The equipment required for the experimental investigation of the use of non-
uniform transmission lines as impedance transformers is discussed and a termination developed to

give negligible reflection over a wide frequency band.

The reflection patterns for two types of

tapered line have been obtained experimentally and compared with the theoretical patterns. The
effect of attenuation in a practical non-uniform line impedance transformer has been shown to be

negligible.

LIST OF SYMBOLS

x = Distance from the sending end of the non-
uniform line
! = Length of the non-uniform line

y =x/[l

Zy(x) = Nominal characteristic impcdance of the non-
uniform line
Z, = Value of Z, for x = 0
Z, = Value of Z, for x = [
A = Free-space wavelength
I' = Reflection-coefficient
P(y) = dldy (log, Z,)
d, = Inner diameter of the outer conductor of
coaxial line
d, = Outer diameter of the centre conductor of
coaxial line
o« = Attenuation constant
B = Phase-shift constant
y = Propagation constant
R = Resistance per unit length of the line
L = Inductance per unit length of the line
C = Shunt capacitance per unit length of the line
G = Shunt conductance per unit length of the line

1. Introduction

N a paper published recentlyt, the theory of
I non-uniform line impedance transformers was

discussed and methods were suggested for the
design of such lines for optimum performance.
There it has been pointed out that an exact
solution of the differential equations for non-
uniform lines is possible only in a few special
cases. This has led to the development of a num-
ber of approximate solutions. Among these, the
method using Fourier transforms provides the
best approximate solution as regards simplicity
and accuracy.

It can be shown that the reflection-coefficient
at the sending-end of a loss-free non-uniform line
impedance transformer, matched at the load-end,
is given by

1
I f Wi dy L (1)
0

It has been shown in the previous paper that
optimum distributions of P(y) can be obtained by

* Mr. Sinha is now at the Biha Institute of Technology, Sindri, India.

t “Non-Uniformi Transmission Lines as Impedance Transformers”,
by J. Willis and N. K. Sinha. Proc. Instn elect. Engrs, Vol. 103, Part
B, No. 8, March 1956, p.166.

MS accepted by the Editor, November 1953
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finding a suitable Fourier series for this function,
the coefficients of the various components of the
series being adjusted so as to reduce the height of
the side-lobes of the reflection patternt to the
desired value.

While the theory of non-uniform line impedance
transformers has been discussed in a number of
papers, very few give any experimental evidence
in confirmation of the theory. Moreover, the
theory used involves some approximations. It is,
therefore, interesting to investigate the properties
of practical non-uniform lines under actual work-
ing conditions.

This paper gives some experimental results
obtained for the type of non-uniform lines con-
sidered in the previous paper.

X=0

O Z,
|
)
Fig. 1. Schematic arrangement.

2. General Description

The most straightforward procedure in verifica-
tion of the theory is to measure the reflection-
coefficient at different frequencies for a given
length of taper. The schematic arrangement is
shown in Fig. 1.

The non-uniform line is connected between two
uniform lines of characteristic impedances equal
to those at its respective ends. One of the uniform
lines is terminated into its characteristic im-
pedance, Zo. The measurement of the voltage
standing-wave ratio (v.s.w.r.) along the other
uniform line at different frequencies will give the
reflection pattern for the given non-uniform line.

Practical considerations suggest that it is best
to use coaxial lines for the work. The centre
conductor of the line can be shaped to obtain any
desired taper, keeping the diameter of the outer
conductor constant.

WIRELESS ENGINEER, SEPTEMBER 1956




3. Design of the Measuring Equipment

The main difficulty in the experimental work
lies in the inability of the equipment to measure
very low standing-wave ratios accurately. Since
the main interest is in the side-lobes of the re-
flection pattern, this limitation becomes very
serious. [For the best results, therefore, it is
essential that the equipment be designed very
carefully with the minimum possible inherent
reflection. The design of the equipment for the
measurement of v.s.w.r. has been discussed in
detail in references 2, 5, 10 and 11. By using these
techniques, a standing-wave indicator capable of
measuring a v.s.w.r. of 1005 can be obtained.

A further difficulty is the requirement that one
¢of the uniform lines be terminated in its character-
istic impedance. The termination is required to
give perfect match over the entire range of fre-
quencies at which the measurements are to be
made. The two types of termination generally used
are (1) the disc resistor and (2) the cylindrical
resistor enclosed in a coaxial jacket. The former
is easier to design, but it must be backed by a
short-circuited quarter-wave line8 so that the size
of the resistor is unduly increased. The latter
can be much smaller in size, and does not need
any adjustment over a wide range of frequency.

A general study of the cylindrical resistor en-
closed in a coaxial jacket of high electrical
conductivity, is given in references 6 and 9. In
the latter, it has been shown that, making the
characteristic impedance of the line formed by

the resistor and its jacket about 1/4/4-5 times the
d.c. resistance of the resistor, and adding a
compensating device to cancel the reactance thus
caused, it is possible to get a v.s.w.r. of less than
1-01 so long as the
length of the resistor
does not exceed A/8.
The most conven-
ient compensating
device is a short-
circuited transmis-
sion line connected
in series with the
resistor. The sche-
matic arrangement
is shown in Fig. 2.

By a proper choice of the length of the compen-
sating line and its characteristic impedance® a
very good impedance match can be obtained over
the given range of frequency (i.e., / is not greater
than A/8). Moreover, while designing the
compensating line, the discontinuity capacitances
caused by the changes in diameters cah also be
taken into account, thereby cancelling all re-
actances. Difficulty is experienced, however, in
the accurate assessment of the discontinuity
capacitances, which are of a very complex nature.

COMPENSATING LINE

[ 2 4—1{'-

ZZTZIZITA

RESISTOR JACKET

FFig. 2. Line-compensatedresistor.
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The complexity of the discontinuities is further
increased by the proximity of the short-circuits in
the compensating line and the line formed by the
resistor and its jacket. It is also possible that the
contribution of the axial-field component in the
resistive line to the general field distortion at the
junction of the resistive element with the lossless
line is not quite negligible. Hence it is not pos-
sible to calculate accurately the length of the
compensating line that will cancel all reactances.
This difficulty can be overcome by making the
length of the compensating line adjustable, so
that the desired compensation can be obtained
under actual working conditions. One adjust-
ment only of the length of the compensating line
at the middle frequency in the band will ordinarily
be sufficient, but under more rigorous conditions
the length of the compensating line can be
calibrated to give the best impedance match at
all frequencies in the band.

COMPENSATING LINE

JACKET SOLDERED JOINT\ 7 % IN B.S.F
3 é /
N -
-\
100-f1 LINE RESISTOR | 5 TAPPED HOLES 2BA
120 DEG. APART

SLIDING PLUNGER

Fig. 8. Termination for the 100-olum line.

The practical adaptation of these principles to
terminate a 100-chm line is shown in Fig. 3. A
sliding short-circuiting plunger is used to adjust
the length of the compensating line. The adjust-
ment is made by moving the outer disc, the posi-
tion of which on the central external rod can be
calibrated for the frequency at which the best
impedance match is obtained.

4. Tests on the V.S.W.R.-Measuring Equip-
ment

To ascertain the accuracy of the equipment,
the following tests were performed:

4.1. Determination of the Standing-Wave Paitern
when the Line is Approximately Maiched

The most severe test on the equipment is the
determination of the standing-wave pattern when
the line is approximately matched at the load-end,
since even a very small change in the probe-
output alters the standing-wave pattern appre-
ciably. For this purpose, the line was approxi-
mately matched using a termination of the type
described in Section 3, with inaccurate compensa-
tion, and the standing-wave pattern was deter-
mined. The standing-wave ratio was found to be
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1-015, and even for this low v.s.w.r. the standing-
wave pattern was found to differ only slightly
from the ideal sine-curve. For example, the
standing-wave pattern obtained at the signal
frequency of 750 Mc/s is shown in Fig. 4. This
indicates that the mechanical irregularities in the
equipment are negligible, and that the equipment
can be used for the measurement of low standing-
wave ratios of the order of 1-01 with sufficient
accuracy.

1-04
—
102 AN
N
v N
100 e o N
0 0 20 30

DISTANCE ALONG THE SLOTTED LINE (cm)

Fig. 4. Standing-wave pattern at 750 Mc|s when the line is
approximalely matched,; v = voltmeter veading normalized
with vespect to the minimum value.

4.2. Testing the Termination

The termination shown in Fig. 3 was used to
terminate a 100-ohm line and the standing-wave
pattern was obtained. The length of the compen-
sating line was adjusted to give the minimum
v.s.w.r. in the frequency-band of 450 to 900 Mc/s,
and it was found that one setting of the length
was sufficient for the entire frequency-band. The
reflection-coefficients measured at different fre-
quencies have been plotted against frequency in
Fig. 5. It can be concluded that the termination
is practically reflection-free in the given frequency-
band.

4.3. Determination of the Standing-Wave Pattern
for a Step-Discontinuity in the Centre Conduc-
tor, changing the Characteristic Impedance of
the Line from 50 ohms to 100 ohms and
Terminating the 100-ohm side by its Character-
istic Impedance

This test was performed to obtain an extra
check upon the accuracy of the equipment. The
schematic arrangement is shown in Fig. 6.

It can be shown theoretically that the standing-
wave ratio will be 2:00 in the frequency-band of
450 to 900 Mc/s. The standing-wave patterns
actually obtained at these frequencies agreed very
closely with the theoretical sine-curves, and the

V.S.W.T. was
also found to
LA be 2-00.
Irl 0-01 IO
Fig. 5.
—— Frequency -
0 characteristic

400 500 600 700 800 900

of the termina-
FREQUENCY ( Mc/s) f

tion.
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This test, therefore, confirms that the standing-
wave detector and the termination give reasonably
accurate results.

5. Tests on the Non-Uniform Lines

The experimental determination of the complete
reflection pattern for a given non-uniform line
involves the measurement of the standing-wave
ratio for all frequencies from zero to infinity but,
in practice, the measurement can be made only
in a limited frequency-range, so that only a por-
tion of the reflection pattern can be determined
experimentally. The lower frequency-limit at
which the v.s.w.r. can be conveniently measured
is determined by the physical length of the
slotted line, whereas the upper frequency-limit
is determined by its transverse dimensions. In
the present work, the frequency-range was
limited to the available signal generator range of
450 to 900 Mc/s.

It was decided to verify the theory of non-
uniform lines in the case of two types of taper,
namely, (1) the simple linear taper of the centre
conductor, and (2) the type for which,

P(y) o (sinmy — } sin 3my).
TERMINATION FOR 100 0L

4 okl 2L L L &
Zyy= 5001 / ALARARRRNY
ol Zoz2= 10001

jros 2222 :
[ =— \
' \

2277777,
/] N
s
> - ] W

I'ig. 6. Schematic arrangement for the test.

The former was selected mainly because it is
the simplest type of non-uniform line to construct.
Another reason for the choice was that, in this
case, the side-lobes of the reflection pattern are
sufficiently high for the reflection-coefficients to
be measured quite accurately. Two lengths of
the tapered section were constructed, one 25 cm
long and the other 50 cm long, so that a large
portion of the reflection pattern could be verified.
With the available signal generator, the values
of //A vary between 0-375 and 1-5 in this case,
so that a part of the main-lobe and two side-
lobes of the reflection pattern can be obtained
experimentally.

The latter was selected mainly because it gives
a v.s.w.r. of less than 1-01 for //A equal to or greater
than one. This line was made 50 cm long, hence
the v.s.w.r. will be less than 1-01 in the frequency-
band of 600 to 900 Mc/s. A good check on the
impedance-matching property of the optimized
lines can be obtained thereby.
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The combined reflection pattern obtained for
the two lengths of straight taper is shown in Fig. 7.
It will be seen that the difference between the
theoretical and experimental values is very small.

03
\
02 \
\ 0000 EXPERIMENTAL POINTS
\ ———— THEORETICAL CURVE
Ir] \
01
\ N
\ A L
VAREAP.ARN
} \ X
0 05 -0 1-5 20
/)
Vig. 7. Reflection pattern for linear taper of the centre
conduclor.

The reflection pattern for the line for which
P(v) o (sinmy — % sin 3wy)

is shown in Fig. 8. It will again be seen that
the experimental points agree very closely with
the theoretical curve. It may be noted that the
small amount of frequency-sensitivity seen in
the theoretical curve is almost completely absent
from the experimental curve. The reason is that
the inherent reflection present in the slotted line
due to structural imperfections affects the
accuracy of the measurement of standing-wave
ratios less than 1-01.

\
0-10
\ 0000 EXPERIMENTAL POINTS -
\ THEORETICAL CURVE
Irl
005
Neotaalsst®
0 05 1-0 15 2:0
N
IFig. 8. Reflection patlern for the line for which

P(y) o (sin 7wy — § sin 3my).
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6. Conclusion

In the experimental work carried out, it has
been shown that a sudden transition in the
characteristic impedance from 50 ohms to 100
ohms causes a standing-wave ratio of 2-0, and
that the reflection caused by this change in the
characteristic impedance can be reduced if the
change is introduced gradually in the form
of a non-uniform line of continuously varying
parameters.

A linear change in the diameter of the centre
conductor to vary the characteristic impedance
from 50 ohms to 100 ohms gives a maximum
v.s.w.r. of 1-16 for /A greater than 0-41 and causes
the line to be highly frequency-sensitive. Con-
siderable improvement can be made by tapering
the centre conductor to give one of the optimized
distributions of P(v). Thus, for //A greater than
one and

P(y) o (sinmwy — 1 sin 3wy},
a v.s.w.r. less than the measurable limit of 1-01

T 1T T T 1
N N N I A |
STEP OISCONTINUITY

03 ~

IT] :
02

\_—P(y) e (SINTy—£SIN

\ 3my)
1

K

\

\

A/\‘——LINEAR TAPER OF THE CENTRE CONDUCTOR
|‘ "‘ -
T ‘\

04

\ \X\
\ / A, \\ <
\l/ NA TN

0 0-5 -0 8]
/2

Fig. 9. Comparison between the various reflection palterns.

2.0

was obtained. These reflection patterns have
been shown together in Fig. 9. The portions
verified experimentally have been shown solid,
and the dotted portions represent the remainder
calculated theoretically.
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APPENDIX 1
Reflection Pattern for Straight Taper of the Centre Conductor
. The characteristic impedance of a coaxial line is given
y

60 d,
vy (@)

When the diameter of the centre conductor is varied
linearly,

Zy =

Zy =

log, a — by) oo .. .. (3)

b

{a — by) log, (a — by)
where a and b are constants.
Substituting in equation (1),
! —b
171 =4[ =537 1o, = 39
A general solution of equation (5) is not possible, but
it can be solved in special cases by finding a suitable
approximate expression for P(y). Yor example, if
50 ohims and Z, = 100 ohms, it can be shown that
for an air-dielectric lme with an error of less than 19,

P(y) ~ {0-9841 — 0-1663 y + 0-2976 y?) log,72 .. (8)
“1

Using this expression in equation (1), the solution for
| I'| was obtained, and its value was calculated for
different values of //A. The values obtained for integral
values of 4//X are given in the following table:

\/e

and P(y) = — 4

eHmiiAdy .. (5)

41/2 1 2 3 4 5 6

|F| 0-218 0-0089 0-077 0-0038 0-046 0-0025

APPENDIX 2

Effect of Attenuation

One of the approximations made in deriving equation
(1) was that the line was assumed loss free. Although no
line can be loss free, all practical high-frequency lines
have a low loss. The effect of attenuation in the case of
the linear taper of the centre conductor will be
investigated here.

If the attenuation in the line is not zero, equation (1)
can be re-written as,

1
|71 = [(4P0) v ay
1
- J‘ng(y) e2Aa+iBlyldy .. .. (7

It can be shown that in a transmission line with low
losses, to a very close approximation,

R G
°‘=2_ZT,+§Z° .. . .. T
and B ::w\/'LC=2;(' .. .. .. )]

For an air-dielectric coaxial line, G = (), and it can be

shown that in this case®
KV 1+ enl®0
4 Z,

where f = frequency in cycles per second

and K = constant depending upon the resistivity of

the conductors
= 83 x 10~® for brass (approximately).
It is evident from equation (10) that for any given
value of d, the attenuation constant will vary with Z,.

nepers per unit length (10)
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However, the variation is quite small between Z, = 50
ohms and Z; = 100 ohms, as shown in the following

table:
Z, (ohms) 50 60 75 90 100
1 + ez/60 7
7 0-0660 0-0620 0-0599 0-0620 0-0629
~ 0

Hence an approximate solution of equation (7) can be
obtained by assuming that the attenuation isindependent
of Z,, and the error arising will be small if Z; varies
between 50 ohms and 100 ohms. For a tapered line
50 cm long, and having d, cqual to one inch, it will be

assumed that « is constant at its value for Z;, = 50 ohms.
With this assumption, for brass conductors,
0-03737
= ~ nepers per metre (11)

VA

Substituting the values of « and B in equation (7), it
is found that
rl

| T| ,;J“gp( exp. [ +J'2"1/A>y ] dy

1
— f @) exp. | -(0-03283\/1 X+ janl [Ny dv (12)

2 (0 -03737!1

taking / = 0-5 metre.

Substituting the approximate expression for P(y) from
cquation (6), the values of |I'| can be obtained for
different values of //A. It was found that attenuation
causes a negligible change in the reflection pattern. The
values of | I'| calculated with and without attenuation
arc given in the following table:

42/ [ 1 2 3
I'| with attenuation 0217 0-0090 0-077
I'| without attenuation 0218 00089 0-077

4112 4 5 6
I'| with attenuation 0-0039 0-046 0-0026
I'| without attenuation 0-0038 0-046 0-0025
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OSCILLATOR FREQUENCY STABILITY

Load Coupled through Long Feeder
By A. S. Gladwin, D.Sc., Ph.D.

{University of Sheffield)
SUMMARY.——It is shown that in addition to the well-known hysteresis effects which occur in
an oscillator connected to a mismatched load through a long feeder, another type of instability is

also possible. This takes the form of a periodic modulation of the oscillation frequency and can
occur when the load is a resonant circuit. A basic theory is developed from which stability criteria
appropriate to the two types of instability and to various circuit arrangements are derived.
Instability can always be inhibited by choosing suitable values for the circuit parameters. It is
shown that, in general, the hysteresis type of instability is likely to predominate.

1. Introduction
T is well known that frequency instability may
I arise in an oscillator circuit where a mis-

matched resistive load is connected to the
generator through a long feeder. The instability
is manifest in the form of a hysteresis effect when
an attempt is made to tune the oscillator. Sudden
and irreversible frequency changes take place at
certain critical points, and there is a band or
bands of frequencies over which the oscillator
cannot be tuned at all. This type of behaviour
has been described by several writers! 6 and is
fairly well understood.

However, a recent study? has disclosed, as a
general possibility, the existence of another type
of frequency instability. This takes the form of a
periodic frequency modulation and may be
initiated by adjusting some parameter of the
circuit towards a critical value. This has been
called ‘periodic instability’ and, unlike the
‘aperiodic’ type of instability responsible for
hysteresis, periodic instability is reversible with
respect to changes in the parameters whose
adjustment produces it.

It is natural to enquire whether this new type
of instability can exist in oscillators with long
feeders, and the answer is that it may arise under
certain conditions when the feeder is terminated
by a resonant load. Thus, the criteria for the
absence of hysteresis are not by themselves
sufficient to guarantee stability; further condi-
tions must be imposed if the frequency is not to
be periodically unstable.

Problems of stability also arise when an
oscillator is coupled through a comparatively
short feeder to a resonant cavity (e.g., for the
purpose of stabilizing the mean frequency) or to
other devices in which the reactance changes
rapidly with frequency. It is the object of this
paper to determine the conditions necessary for
complete stability. A theory of the 2-terminal
oscillator is first worked out in general terms and
the results are applied to the circuit arrangements
involving feeders which arise most frequently in
practice.

MS accepted by the Editor, October 1955
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2. List of Symbols
F(p) = Frequency stability function. [see (3.12)
! Length of feeder.

n - Number of quarter-wavelengths in feeder.
P — a + jwg, Characteristic complex frequency
of the transient disturbance.

Qo. O, = External Q-factor of oscillator coil, Q-factor

of load coil.
— Modified values of Q, and Q,. [see (4.12)]
Impedance of oscillator network at fre-
quency ws.

Q' Qv
R

Ry - 1/Y,. Characteristic impedance of feeder.

R, Load resistance referred to feeder.

7D Ratio of group to phase velocities in the
feeder.

Uy Group velocity of waves in the feeder.

z = plv,.

zZt, Z- Impedance of the oscillator network at the

complex frequencies p -+ jwg, p — jwg.

v « -+ jB, Propagation constant of the feeder
at frequency w,.
¥ — Propagation constant of feeder at frequency
wq-
A \\'avele';gth of a wave of frequency w, in
the feeder.
wg Frequency of steady oscillation.

3. General Theory

The procedure adopted is to calculate first the
possible steady states of the oscillator; i.e., the
states for which the system is in equilibrium with
a periodic wave of constant amplitude and fre-
quency. A small disturbance is then added to the
steady state. If the magnitude of the disturbance
decreases with time the equilibrium is stable and
the possible steady state may be an actual steady
state. If the disturbance tends to increase with
time, equilibrium is unstable and the possible
steady state cannot be physically realized.

Fig. 1 shows a 2-terminal oscillator consisting

Fig. 1. 2-tevrminal

oscillator. NL.R 2

of a linear passive network Z connected across a
nonlinear resistance element NL.R. which has a
negative slope over part of its current-voltage
characteristic. The current 7 in the element is
assumed to be a continuous and single-valued
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function of the voltage v. Thus ¢ = f(v). 7 is
assumed to have a significant value only near to
the oscillation frequency so that all harmonic,
low-frequency and direct voltages can be
neglected.

For a steady oscillation the voltage across 7 is
thereforev = V' cos wef. In the nonlinear element
the current of fundamental frequency is 7 =
I cos wyt where

= (Z'IW)JZf(V cos x)cos x dx = T'h(17) (3.1)

This must be equal and opposite to the current in
Z. Hence if Z= R + jX, the equation of the
possible steady states is —V /(R + jX) = Vi(V),
or
X =0and Ri(V) = —1 ..

the function 4(}") being defined by (3.1).

Suppose now that a small disturbance vq is
added to the steady-state voltage v. The current
in the nonlinear element becomes f(v + vg) =
f) + vaf'(v). Since f(v) is a periodic function of
wol, f'(v) must also be periodic in wot.
Thus

fv) = Z Gp exp (jnwel)

(3.2)

(3.3)

where G, = (1/m) f f(V cos x) cos nx dx  (3.4)
0

From (3.1), (3.2) and (3.4) it can be shown that
Go — Gy = — 1/R (3.5)
Using the differential operator D (= d/dt), the
current in the network Z due to vg can be written
[1/Z(D)]vg, and this is equal and opposite to the
current in the nonlinear element also due to vg.
Hence
[1/Z(D)]vg = — vaf'(v) (3.6
If the linear network has lumped parameters
Z(D) is a rational function of D — the quotient
of two polynomials. In this case (3.6) is a
linear differential equation with periodic coeffi-
cients the solutions of which are known8 to be of
the form

[=e]
vg = explat) Z Va cos[(nwy + we)t + 8,
- 0
or, in complex notation,

=]

va = V4 exp(pt) Zun exp(jnwot)
The actual voltage is to be taken as the real part
of the last expression and p =a + jwg is a
complex frequency characteristic of each solution.
In general, the complete solution of (3.6) would
be the sum of a number of such expressions with
different values of p and u,,.

(3.7)
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When the network has distributed parameters
as, for example, when the load is coupled through
a uniform feeder, the situation is less simple. A
straightforward method would be to write down
the partial differential equations for the feeder
and to apply the boundary conditions appropriate
to the two ends. However, a fresh analysis is
unnecessary if only for the reason that the
physical behaviour of a network with distributed
parameters can always be approximated, to any
required degree of accuracy, by a network with
lumped parameters. It is perhaps also helpful
to regard a transient state as a kind of steady
state in which the system is in equilibrium with
a group of sine waves having exponential ampli-
tude factors. For all such waves the impedance
of a linear network, whether with lumped or
distributed parameters, is a constant quantity
dependent only on the complex frequency of the
applied wave. If the network contains distributed
parameters, Z(I)) contains hyperbolic functions
and (3.6) is not a differential equation in the
ordinary sense. Nevertheless, the foregoing
remarks indicate that the solutions are still of the
form (3.7).

The values of p which satisfy (3.6) and (3.7) are
found as follows. Since the network impedance
is assumed to be negligible, except near to the
oscillation frequency, only those components of
vq wWhich are near to" wg need be considered.

vg = Valug exp(p + jwo)t + u_1 exp(p - jwoz:t;_

In order that no terms associated with harmonic
frequencies should fall within the frequency band
represented by this expression the imaginary part
of p must be restricted so that the frequency
ranges p 4+ wo, p + 2wp etc., do not overlap. Thus
— $wo < wqg < }wp.
Now [1/Z(D)]exp(p + jwo)t = exp(p + jwo)t/Z
($ + jwo). )
Hence the left-hand side of equation (3.6) becomes
Val(11/Z+)exp(p + jwo)t + (u-1/Z-)exp(p — jwo)t]
where Z+ = Z(p + jwg) and Z- = Z(p — jwo).
The terms of corresponding frequencies on the
right-hand side of (3.6) are, from (3.3) and (3.8)
Va(uiGo 4+ u 1Ga)exp(p + jwa)t — Va{u 1Go +
u1G2)exp(p — jwolt.
Equating terms of like frequencies gives

muy + cqu-1 = 0
aqur +caqu.qg =0 f
where a; = 1 + GoZt ¢ = GoZ+
a.1=(}2Z C.IZI—G()Z‘
In order that solutions of (3.9) other than u; —
u-1 = 0 should be possible, it is necessary that
aic 1 = c1a 1. Since all the coefficients are func-
tions of p this equation can be written

D(p) = arc 4

(3.9)

(3.10)

c1a .1:0 . (3.11)
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This is the characteristic equation of the transient
states whose roots are the complex characteristic
frequencies.

When p = 0, Z+ = Z- = R, and by using (3.5)
it is easily shown that D(0) = 0. Hence p = 0is
a solution of (3.11), but this represents a wave of
constant amplitude and frequency wo and so
corresponds merely to permanent infinitesimal
changes in the amplitude and phase of the steady-
state oscillation. All other roots represent
transients of increasing or decreasing amplitudes.
The stability criterion is, therefore, that all the
roots of (3.11), other than 0, should have negative
real parts, since
this ensures that
the transients
ultimately vanish.

1 .
7 /% e ===

A " oy

Fig. 2. p-plane L, = ———
contour. 7/

Of special interest are oscillators in which the
impedance Z is symmetrical with respect to the
oscillation frequency; i.e., the real part of Z has
even symmetry and the imaginary part odd
symmetry with respect to wo. This, of course,
can be realized only approximately and over a
limited range of frequencies. Then Zj(wo + wgq)
= Z*j(wo — wg), or in terms of complex frequen-
cies, Z(p 4+ jwo) = Z*(p* + jw), where the
asterisk denotes the complex conjugate value.
Since for all impedances Z*(p* -+ jwo) = Z
(p — jwo), it follows that for symmetrical im-
pedances Z(p + jwo) = Z(p — jwo), or L+ = Z~.

Assuming symmetry and using (3.5), expression
(3.11) can be factorized to give

D(p) = F(p) A(p)

where F(p) =1— Z*/R ..
and A(p) = 1 4+ (Go + G)Z+
The oscillation is therefore unstable if any root of
either I°(p) = 0 or A(p) = 0 has a positive real
part. To see the physical significance of these
two conditions, suppose that in expression (3.8)
w1 = — uy and let 1V = 3bV exp(j6), then the
sum of the real part of the transient voltage vg and
the steady-state voltage V cos wot is a frequency-
modulated wave

V cos[wet + b explat)sin(wat +6)] .. (3.13)
Equations (3.9) reduce to the single equation
F(p) = 0. Hence, if any root of this equation
has a positive real part, the oscillation frequency
is unstable.

Similarly, if % 3 = u; the sum of the real part
of vg and the steady-state oscillation is an
amplitude-modulated wave

V1 4 b exp(at)cos(wgt + 0)]cos we!
Equations (3.9) reduce to the single equation

. (3.12)
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A(p) = 0, and if this has any root with a positive
real part the oscillation amplitude is unstable.
As previously explained, the root p = 0, which is
a root of I'(p) = 0, corresponds to a small change
in the amplitude and phase of the steady-state
oscillation. Thus the general transient in a
symmetrical-circuit oscillator takes the form of
independent modulations of amplitude and
frequency. Only frequency modulation is con-
sidered further.

Except for the simplest circuits the frequency
stability equation I'(p) = 0 is not readily soluble,
but the information required about the nature of
its roots can be obtained directly by plotting the
locus of I°(p) in the complex plane when p moves
once round the contour shown in Tig. 2. The
frequency is unstable or stable as the locus does
or does not enclose the origin. This follows from
a theorem of Cauchy according to which the
number of times which the locus of I'(p) encircles
the origin' when p describes any closed contour
is N — P, where N is the number of zeroes and
P the number of poles of I'(p) lying within the
contour of p. Since Z is a passive impedance
function, I'(p) can have no poles in the right-hand
half-plane. Hence each encirclement indicates a
root of the equation I°(p) = O with a real positive
part. The imaginary part of p is restricted to the
range + }wo, for the reason previously discussed,
and the root p = 0, which is of no interest, is
excluded by indenting the contour at the origin
as shown in Fig. 2.

(\C

(2)
Fig. 3. Aperiodic
a = 0). For (a) Q,

(v)
and instability; (n I,
= 40; and for (b) Q, = 40,
60).

stability
60, 0,

Typical loci of I'(p) are shown in Figs. 3 and 4.
Owing to the shunting effect of stray capacitances,
7+ is small for large values of p, and so F(p)~
1 asp — oo. Only one half of each locus is plotted,
namely from p = 0 to p = o + 4jwo, the other
half being simply a mirror image with respect to
thereal axis. If the derivative F'(0) [ = dI'(p)/dp
at p = 0] is positive, the indentation in the p-
plane contour is mapped into the right-hand
half-plane as shown in Figs. 3(a), 4(a) and (b).
If, however, I”’(0) is negative, the indentation
falls into the left-hand half-plane as shown in
Fig. 3(b). Inspection of these diagrams shows
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that the frequency will certainly be unstable if
I'(0) < 0, for the locus must then make at least
one encirclement of the origin. Hence a necessary
criterion for stability is

F'(0) >0 (3.14)

-

NN

(2) (b)
Fig. 4. Periodic stability and instability; (n = 2, « = 0).
For (a) Qp = 10,0, = 9; () Qo = 9, Q, = 10.

In the simplest case of instability corresponding
to Fig. 3(b) the equation F(p) — 0 has one real
positive root p = a and the instability takes the
form of a unidirectional change of the frequency
away from the value wp. This is shown by
expression (3.13) when wg = 0. Here the in-
stability is of the aperiodic type. Since F(p) is
an analytic function of  its differential coefficient
with respect to p is the same as with respect to
Jwa. The real part of Z has even symmetry about
wo and so at this point dR/dwg — 0. Hence, and
from (3.12), the stability criterion (3.14) can be
written as — X' > 0, where X’ — d.X/dwy at wq
= 0. This is the familar criterion used by all
previous writers, though no very satisfactory
proof seems hitherto to have been given. An
equivalent form is — d¢/dwq > 0 where ¢ is the
phase angle of Z. Although (3.14) has been de-
rived on the assumption of circuit symmetry it is
not difficult to show that it is valid also for
asymmetrical networks.

It is clear, however, that condition (3.14),
although necessary, is not sufficient to ensure
stability for, even when the condition is satisfied,
the frequency may still be unstable as shown by
Fig. 4(b). Here the locus makes two encircle-
ments showing that the frequency-stability
equation has two roots (in this case complex
conjugates) with positive real parts. This
corresponds to periodic instability since the trans-
ient now has the form of a periodic frequency
modulation of exponentially increasing magnitude
as shown by expression (3.13). No very simple
criterion for periodic stability can be given but a
few special cases are treated analytically in later
Sections.

4. Application to the ‘Long-Line’ Oscillator
For the most part, oscillators in which the load
is coupled through a long feeder use magnetron,
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klystron or other types of microwave generator.
It is characteristic of such devices that the
equivalent admittance, at the oscillation
frequency, of the space charge or electron beam
has a susceptive as well as a conductive com-
ponent, both of which may depend on the
amplitude and frequency of oscillation. Thus
the internal operation of the generator cannot be
represented in any simple way.

A discussion of the effects of electronic admit-
tance variation on frequency stability is beyond
the scope of the present inquiry. The purpose of
the foregoing remarks is simply to indicate that
some error must be expected when stability
criteria based on the assumption that the valve
can be represented as a nonlinear resistor are
applied to magnetron, klystron and similar types
of generators.

A further difficulty is that the analysis of the
previous Section applies only to continuous-wave
steady-state operation, but many microwave
oscillators are pulse modulated and this introduces
new features into the stability conditions. If the
pulse length is shorter than twice the time required
to traverse the feeder the load can have no
influence on the performance of the generator.
When the pulse length is longer than this value
the reflected wave (assuming the feeder to be
mismatched) reacts on the generator to modify
the initial frequency. From Domb’s study? of
this effect is would appear that shortly after the
arrival of the first reflection the oscillator, has
settled down to its steady-state frequency to
which the stability criteria may therefore be
applied. With these reservations the results of
the general theory will be applied to the problem
of the long-line oscillator. Only frequency-
symmetrical networks are covered by this theory
but this is not a serious drawback as will be
explained later.

A l
NL.R Co QL
F
B

Yig. 5. Basic oscillatoy civcuit.

- — — —f— >

Fig. 5 shows the arrangement to be examined.
The generator is represented by the nonlinear
resistance element NL.R. and the resonant
circuit LoCo. Any dissipation in this circuit can
be incorporated into NL.R. The network
L,CyRy represents the load which is coupled to
the generator through a uniform feeder F of
length /. In practice the feeder would be con-
nected at both ends through transformers or
impedance-matching networks, but the effect of
these is simply to alter the scale of the load and
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generator impedances and to introduce new
reactive elements which, as a first approximation,
can be incorporated into the load and generator
impedances and into the feeder length. The
impedances shown in Fig. 5 are therefore these
transformed or ‘referred’ impedances. Although
Fig. 5is by no means a general or exact representa-
tion of the actual oscillator it is sufficiently
accurate at frequencies near to wp, and only such
frequencies are of interest for the present purpose.
The impedance Z of the general theory is the
impedance measured between terminals A and B
with NL.R. removed. In order that this im-
pedance should be symmetrical with respect to
wp the two resonant circuits must be tuned to wp
and the feeder must be an integral number of
quarter-wavelengths long at this frequency. Thus
L()C() = LlCl =N w02 andl = nA/4 .. ('4.1)
where A is the wavelength in the feeder. [t might
seem that this restriction on the feeder length
constitutes a serious limitation, but in most
applications the length will seldom be known
exactly and, with a long feeder, it may easily vary
by several wavelengths when the oscillation fre-
quency is varied. It is necessary and sufficient to
consider the extreme conditions and these arise
when the feeder is an odd or even number of
wavelengths long.
At the complex frequency p + jwo the admit-
tance of the load circuit is
Yi+ = 1Ry + 1/(p + jwo)L1 + (p + jewo)Cs
Assuming |p| to be small compared with wg, the
admittance can be written as
Y1t = (1 4 201p/wo)/ K1

where Ql = Ry/woly (42)
Similarly the admittance of Lo and Co is

Yc+ — ZQ()j) wo]\’o } (4 ,*)
where Q() = Ro/wolo *

In these expressions Ry, which is arbitrary, will
be taken as the characteristic impedance of the
feeder. The value of Qp thus defined is sometimes
called the ‘external (-factor’ since it indicates
the extent to which the oscillatory circuit is
damped by external loading.

Two parameters suffice to specify the steady-
state performance of the feeder—the character-
istic admittance Yo and the propagation constant
y = o + jB. For coaxial or 2-wire lines at high
frequencies Yo is resistive (= 1/Ko) and sub-
stantially independent of frequency. At the
complex frequency p -+ jwo the value of the
propagation constant is obtained by replacing
jwo by p + jwo in the expression for y. Thus

¥ = (R + (p + joo)L}G + (p =+ jun)C}I}
where R, G, L and C have the usual significance
(line constants per unit length). Ignoring the
slight variation of R and G with frequency and
assuming, as is usual, that R < wol and
G < woC this expression becomes
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vyt =y + pBlwo =7y + Plvp
where v, is the phase velocity of waves in the line.
This result can easily be generalized to cover
any uniform feeder, for if p is small

y+ =y + pRy/0p) =y + p(= + jB)/dewd]
In practical feeders « is small compared with B
and its rate of change with frequency is altogether
negligible compared with the rate of change of 8.
Hence y* =y + p(dBdwg); but the quantity
dB/dwy defines the group velocity vg, and so

vt =v+ Pl (4.4)

In the case of the coaxial line the phase and group

velocities are equal under the assumed conditions.
Hence (4.4) is valid in all cases.

For all practical waveguides o is small and vy
at the frequency wy is given by

vg = v(l (4.5)
where v is the phase velocity in the unbounded

medium and w, the cut-off frequency of the
guide. The phase velocity of waves in the guide is

we? w02)§ ..

vp = ¥(1 we2lwp?) "t and the ratio of the two
velocities is

ro = vg/vp = 1 — we?/wo? (4.6)
From (4.1) ljvg = nm/2rpwo 4.7)

For waveguides the characteristic admittance
Y must be replaced by the wave admittance Yy
defined in terms of the transverse electric and
magnetic forces. Unfortunately Yy varies with
frequency, but except near to the cut-off frequency
the variation is not rapid. Thus for all H-waves
Yot = Yyl — jp/wo(wo?/wc? 1)]
w, will usually be of the order of 0-6wy, and since
[ p]| << wo the variation of Yy,+ with p can be
neglected.

[f a uniform feeder of length / with the para-
meters Yo and y+ is terminated by an admittance
Y+, the sending-end admittance is
Yt = Yo(Y1++ Yo tanh y*l) (Yo + Y1t tanh y*))

.. .. (4.8)
The total admittance of the network to the right
of terminals A,B in Fig. 5is Y+ 4 Yt =1 VAR
Using (4.2), (4.3), (4.4) and (4.8) the frequency
stability function F(p) can be written as

F(p)=1—Z*/R =

mz + as?® + (as + asz + asz?) tanh z
bolby + boz + b32? + (ba + bsz + bez?)tanh 2]

. 49
in which z = pl/vg = pnm/2rywo . (4.10)
and
a) = QOI(R]‘R() + T2 + (QIIRI Ro)(l — TZ)
ag = Qo'Qll(Rl Ry - T)T
ag = {(It1/Ro)2 — 1}(1 — T?)
as = Qo'(1 + TRy/Ro)(R1/Ro + T) — Q1'(1 T2)
as = Qo'Qr'(R1/Ro + T)
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— RyRo+ T

bl | + TRl ‘R()

b2 = Qo'(R1/Ro + T) + @1’
QOIQIIT

ba = by

= Qo'(1 + TRi/Ry) + Q1'T
bﬁ = Q()’Qll . oo
where T = tanh y!/ and

Qo' = 4Qory/nm Q1 = 401y 0w . (4.12)

Since the feeder length is assumed to be an
integral number of quarter wavelengths at the
oscillation frequency, the total phase shift along
the feeder is 8/ = lnw. Then

T = tanh yl = tanh(«d + }jnm)

= tanh o if # is even
= coth o if % is odd

Stability can always be determined by plotting
the locus of F(p), but even in the simplest cases
this is a very laborious procedure. The stability
criterion is also expressed by requiring that all
the roots of I"(p) = 0, other than 0, should lie in
the left-hand half-plane. Since the denominator
of (4.9) has no poles except at oo, and since z is a
real positive multiple of p, this is equivalent to
demanding that all the roots other than 0 of the
equaticn
a1z + age® + (az + a4z + asBtanh z = 0 (4.14)
should lie in the left-hand half-plane. A complete
solution of this problem will not be attempted,
for in most cases of practical interest one or more
of the coefficients is small enough to be neglected
and the simplified equation is easily treated.

. (411)

(4.13)

5. Aperiodic Stability
In Section 3 is was shown that a necessary
condition for stability is I*/(0) > 0, the frequency
being aperiodically unstable when this condition
is not fulfilled. Since I7(0) = 0 the derivative can
be written as I7(0) = lim F(p)/p. Also the
p—>0

product beb; in the denominator of (4.9) is positive.
Hence the criterion for aperiodic stability can be
expressed as

a + az3 >0 .. .. (5.1)
Substituting according to (4.11) and (4.13) gives,
if # is even
1 —(R1/Ro)2—01'R1/Ro] sech? al

Qo > (F1/Ro + tanh af)? (5-2)
and if » is odd
Yol 2__ 1] 2
QOI > Ql Rl R()—I— (Rl/R()) 17‘ sech ol (53)

1 + (K1 Ro) tanh ol]2

When 7 is even the effect of @y is to improve
stability, and when # is odd the stability margin
is decreased. In cases where the feeder length is
not known exactly both (5.2) and (5.3) must be
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satisfied. The effect of attenuation is always to
improve stability. A number of special instances
of (5.2) and (5.3) are now considered in detail.

First, suppose that the load is matched to the
feeder at the oscillation frequency; i.e., Ry = Ry.
Then (5.2) is always satisfied and (5.3) becomes
(using (4.12))

Qo/Q1 > exp(— 2«) (5.4)
This is satisfied for all values of o if Qo > O1.
Fig. 3(a) and (b) show loci of °(p) corresponding
to Qo > Q1 (stable) and Qo < Q; (unstable) for the
case of a loss-free quarter-wave feeder with
71) == 1.

Next, suppose that the load is almost entirely
resistive over a wide frequency range or that the
feeder is very long. In either case Qy'(= 4Q1ry/nm)
is negligible and criteria (5.2) and (5.3) become,
if n is even

(7l Ary)[(Ro/Ry)2 — 1]

Qo > 1osh ol 4 (Ro/R1) sinh ol]? (5-5)
and if » is odd
(/A7 2)[(Ry/Ro)> — 1 i
Q0> cosh i+ (Ry/Ro) sinh oIF (56)

It is seen that when # isevenaperiodic instability
can exist only when R) < Ry, and if # is odd
instability exists only when R; > R,. If the
attenuation were zero it would always be possible
to find a feeder length such that no matter how
closely the load were matched the frequency
would be unstable. The presence of attenuation
modifies this conclusion, for the right-hand sides
of these inequalities, instead of approaching co
as / increases, pass through a maximum and then
decrease to zero. Thus, depending on the value
of R;/Ry, there exists a critical value of Qo for
which the oscillation has aperiodic stability
whatever the length of feeder.

To find this critical value it will be supposed
that the load is fairly well matched; i.e.,
Ri/Ro = 1 + d, where d is small. The maximum
values of the right-hand sides of (5.6) and (5.5)
can then be calculated approximately and are
found to be

Om = 7d/adery (5.7)

where e is the base of Naperian logarithms.
Hence if Qo > @y, stability is assured for all lengths
of feeder. For example, a rectangular waveguide
for operation at 10,000 Mc/s might have o) —
0-0007 and 7y = 0-57. With d = (-1, correspond-
ing to a standing-wave ratio of 1'1, this would
give Qp = 290.

In deriving formula (5.7) it was assumed that
01" was negligible compared with (Ry/Rp)2 — 1 in
(5.2) and (5.3). Formula (3.7) is therefore valid
only if the quantity 2Qy7,/nmd is much less than 1.

If the feeder length is given and the ratio
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R1/Ry is regarded as the unknown (¢ still being
taken as 0) it is again possible to find a value of
Qo for which aperiodic stability is guaranteed
whatever the value of ;. As R)/Rp is increased
or decreased away from 1 expressions (5.5) and
(5.6) tend asymptotically to the limiting value
Qo > ml/Ary sinh? of

This is equivalent to equation (36) of KachSs. In
practice no very great attenuation could be
tolerated. For example, with a total attenuation
of 3dB at 10,000 Mc/s and with «A = 0-0007 and
vy = 0-57, the required value of Qg is 22,000 which
is impracticably large.

Formulae (5.5) and (5.6) can also be expressed
in terms of the standing-wave ratio 7 in the feeder.
If the attenuation is zero » = R1/Rg or r = Ry/R;
as Ry/Ry is greater or less than 1. When attenua-
tion is present the standing-wave ratio has no very
precise physical significance, but it may be defined
formally at any point in the feeder in terms of the
amplitudes of the forward and backward travell-
ing waves. Thus at a distance / from the load the
standing-wave ratio is

ro = (r 4+ tanh od)/(1 + r tanh «f) (5.8)

where 7 is defined above. Using this expression
(5.5) and (5.6) can be reduced to the single
criterion
Qo > (nm/4ry)(re? — 1) (5.9)
Allowing for the difference of notation this is the
same as formulae (9.31) and (9.32) of Pierce and
Shepherd3 who considered only even values of #
and zero attenuation. The expression is also
equivalent to equations (33) and (34) of KachS.
The effect of a mismatched load on oscillator
performance is often specified in terms of the
‘pulling-figure’the amount by which the oscilla-
tion frequency varies as a load producing a
specified standing-wave ratio is moved along the
feeder. Using (4.8) and (5.8) it is easily shown
that the total change of susceptance at the
sending-end terminals of the feeder produced by
moving the load is + }{(ro — 1/rg)/Ry. Provided
this is small compared with woC, the total change
Adw in the oscillation frequency is dw/wo = }
(ro — 1/ro)/Qo. Hence if the pulling is not to
exceed a certain specified value, Qo > %(ro — 1/ro)
wy/dw. Comparing this with the previous formulae
it is seen that there is no relation between the
pulling figure and the criteria for frequency
stability.

6. Periodic Stability

The criteria derived in the last Section, though
necessary, are not sufficient to guarantee stability;
for the frequency may still be periodically un-
stable when these conditions are satisfied. To
decide the question of periodic stability the roots
of the characteristic equation (4.14) must be
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examined in greater detail. This will now be
done for three particular cases.

It is first assumed that the load is purely
resistive; i.e., Q1 = (. (4.11) then shows that the
coefficients as and as are zero, and the character-

istic equation becomes

a1z + (az + asz)tanh z =0 (6.1)
It can be shownl10 that the conditions for all the
roots of this equation, other than 0, to lie in the
left-hand half-plane are

a; +-ag >0if ag >0

a; +az3<0 ag<0 (6.2)
Since a4 is positive the first condition applies and
this is simply the criterion (5.1) for aperiodic

stability. It follows that periodic instability
cannot exist with a purely resistive load.
'
08 /
06 /
- ao/az
0-4
02
0 02 0-4 0-6 08 I
i/(1+q, [ay)

Fig. 6. Critical values of a,lag and — a,la,.

Next it is supposed that the load is resonant but
matched to the feeder at the oscillation frequency;
ie., Ri = Ryg. Then, from (4.11), a3 = 0 and
after removing the factor z, the characteristic
equation is

ay + asz + (ag + asz)tanh z = 0 (6.3)
Assuming that a; > 0, which is the criterion for
aperiodic stability, the conditions for all the
roots to lie in the left-hand half-plane arel®

dg > 0 as > 0
and — ag/as < vy cot y; (6.4)
where y; is the smallest positive root of the
equation

ytany = a/as .. (6.5)
(4.11) shows that ag and as are positive and so the
first two conditions are always satisfied. The
third condition (6.4) can be represented graphi-
cally. Fig. 6 shows the critical values of — a4/az
calculated from (6.4) and (6.5), plotted as a
function of 1/(1 4 aj/as). Only points lying
below the graph represent stable states.
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From (4.11) the values of a4/as and a;/as with
Ry = Ry are

ag/az = (1 — coth ¥l)/Qo" + (1 + cothyl)/Qy’ }
aijas = (1 — tanhyl)/Qo" + (1 + tanh y/)/Q1’
.. .. (6.6)
If the feeder length is an odd number of quarter-
wavelengths (4.13) and the above give

asfaz = (1 — tanh «d)/Qo" + (1 + tanh of)/Q1’
which is always positive. Hence (6.4) is satisfied
and periodic instability cannot exist with odd
values of #.
If nis even

aglag = (1 — cothad)/Qo" + (1 + cothad)/Q1"
aifas = (1 — tanh od)/Qo" + (1 + tanhad)/Qy" f
.. .. (6.7)
These expressions together with Fig. 6 enable
the stability of any given arrangement to be
determined but they do not afford a ready means
of finding the critical value of any particular
parameter; e.g., Qo. However, with the help of
(6.7), expressions (6.4) and (6.5) can be recast in
the equivalent forms

Qo > 2(1 — tanh l)tan y/y(tan? y + tanh /)|
Q1" < 2(1 + tanh of)tan y/y(tan?y — tanh «f) |

. (6.8)
For any given value of the total attenuation of,
corresponding critical values of Qy" and Q1" can
be calculated by giving vy a succession of positive
values less than }= and such that tan2y > tanh ol.
Fig. 7 shows a few graphs obtained 1n this way.
Only points lying above the respective graphs
represent stable states as it is only for such
points that Qo is greater than, or Q1 is less than,
the critical value. This method will give a
complete solution of the problem provided only

10

6

0dE

2\
.

.

£\

06

/ 4d

04 ) // //
N e
/

i

02 04 06 l/ 2 4 6 10
@
Yig. 7. Critical values of Q," and Q" for various values of
total attenuation.

o
a
(o=}

216

a sufficient number of graphs are constructed to
cover the required ranges of o/, Qp" and Q1.

Two general trends can be discerned in Fig. 7.
When Qp’and @y’ are small the graphs become
parallel straight lines with a slope of unity on
the logarithmic scale. It follows that the limiting
critical values of Qo and @; are related by the
equation Qo/Q1 = f(ef). When Q1" is large Qo

tends asymptotically to a limit which depends

only on «l. The value of this limit and of the
function f(ed) will be deduced later. When the
attenuation 1s zero the critical values of Qp" and
Q1" are equal. Hence if Qp > Q1 the frequency has
periodic stability for all values of «/. This is also
clear from (6.7) which shows that a4/as is then
positive and criterion (6.4) is therefore satisfied.
Fig. 4(a) and (b) show loci of F(p) for Qo > Qy
(stable) and Q¢ < Q; (unstable) calculated from
(4.9) for a loss-free half-wave line with r, = 1.
As shown in the previous Section the condition
Qo > Q1 also guarantees aperiodic stability for all
values of o/ when Ry = Ry.

Periodic stability is also assured for all values
of / and Q1 if

Qo = m/adry (6.9)

This can be deduced from expressions (6.8). As
y decreases from 4x to its lower limit of tan—!
(tanht /) the critical value of Q" increases from
0 to oo and the critical value of Qo' increases
continuously from 0 to an upper limit. It
follows that stability is assured for all values of
Q1" when Qq’ is greater than this limit. Substitut-
ing the lower limit of y into the expression for
Qo and using (4.12) gives

Qo > (ml/Ary)(1 — tanh al)/tanh? ol tan-1 (tanh! «l)
. . (6.10)

The right-hand side is greatest when o/ is small and
this leads at once to (6.9). For a waveguide at
10,000 Mc/s with aA = 0-0007 and 7, = 0-57 the
critical value of Qg given by (6.9) is 7,900—an
impracticably large figure. However, at lower
frequencies with coaxial cables more reasonable
values of Qg are obtained. For example, with the
cable used in the experiments at a frequency of
10 Mc/s, the critical value of Qp is 39. Although
the most severe requirement arises when ol is
small the value of this quantity has no great
influence on the critical value of Qp. Thus for a
total attenuation of 3 dB the value of Qg for the
waveguide is reduced to 3,900.

More definite forms of the relation between the
critical values of Qp and @ can be obtained for
the two limiting cases in which both Q" and Q;’
are either large or small. When Qo' and @, are
large a;/as is small and the solution of equation
(6.5) is approximately

12 = (a1/as)(1 — a1/3as)

. (6.11)
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The criterion (6.4) then becomes — ag/as << 1
ay/3as which is a good approximation for values
of a1/as up to 0-3. Using (6.7) the criterion can be
written

(3 — 2 tanh ol — tanh2od)/Qy’
tanh2 of)/Q1" < 3 tanh of

If the total attenuation is small tanh a/l~«l and
the above expression reduces to

(1 — 2ad/3)/Q0 — (1 + 20d/3)/Q1 < adry/m  (6.12)
From this the approximate limiting value of
Qo as Q) — oo follows at once. The exact value
is given by (6.10).

Expression (6.12) may be compared with the
criterion for aperiodic stability under the same
conditions, namely R; = Ko and a small total
attenuation. If of is small the criterion (5.4) can
be written (1 — &f)/Qo — (1 + od)/Q1 < 0. If this
inequality is satisfied then (6.12) is also satisfied
provided 1/Qo" + 1/Q1" < 3, and this is certainly
true under the assumed conditions of large Qo'
and Qy'. It is concluded that in those cases
where, because of variations in the oscillator
frequency, the electrical length of the feeder may
range over an interval of half a wavelength or
more, the dominant type of instability under the
conditions assumed above is aperiodic.

It is also possible to calculate the characteristic
modulation frequency wg at the inception of
periodic instability. At the critical point between
stability and instability the amplitude of the
principal transient is stationary, neither increasing
nor decreasing, and the characteristic equation
has then a pair of purely imaginary roots. Thus
z = 4 jy = 4+ }jnnmwga/wory. Hence wq can be
calculated from (6.5) and (6.7). This identification
of y with the root of (6.5) owes its validity to the
fact that expressions (6.5) and (6.4) (which also
becomes an equation in the critical case) are ob-
tained from the characteristic equation (6.1) by
writing z = jy.

Using the approximate solution (6.11) valid for
large values of Qp" and @y’

(3 + 2 tanh od-

wglwy = (2ry/nm)(a1/as)(l — a1/6as) (6.13)

When a;/as is not small (6.4) and (6.5) must be
solved by the usual methods of successive approxi-
mations to find Qg and ¥. A start can be made
with the approximate value of Qo given by (6.12)
or Fig. 7.

Finally, if Q¢ and Q; are small or if the feeder
length is great then Q¢’ and ¢4’ are small and the
coefficients ag and a5 in the characteristic equation
(4.14) are negligible compared with the others.
It is no longer necessary to assume that R; = K,.
The equation becomes

a1z + (as + ag2)tanh z =0

This is the same as equation (6.1) and the criteria
(6.2) therefore apply. Since for aperiodic
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stability a; 4+ a3 > 0 the sole criterion for periodic
stability is a4 > 0. From (4.11) and (4.13) it can
be seen that if # is odd sech2y! is negative and a4
is therefore positive.  Accordingly, periodic
instability is impossible when % is odd. If # is
even the stability criterion becomes

00/01 > sech? ol [1 + (Ry/Ro) tanh al](Ry/Ro +
tanhal) .. .. .. .. .. (6.14)

The frequency is stable for all values of of if
Q0/Q1 > Ro/Iy or, from (4.2) and (4.3), Co > C1.
The frequency is stable for all values of Ry/Ry if
Qo0/Q1 > 2 cosech 2al. If the load is matched to
the feeder at the oscillation frequency, R; = Ry,
and (6.14) becomes Qo/Q1 > exp(—2a«). This is
the same as the criterion (5.4) for aperiodic
stability which applies when # is odd. The
physical explanation of this correspondence is
that as the feeder length becomes longer and
longer the imaginary part jwg of the complex
characteristic frequency p becomes smaller and
smaller in accordance with (6.13), and so, in the
end, periodic and aperiodic instability become
indistinguishable.

It seems safe to say that in all cases where the
feeder length is not known precisely, stability
considerations should be based on the criterion for
aperiodic stability, since it is usually aperiodic
instability which arises first as Qg is decreased.

7. Experimental Results and Conclusions

Although the main application of the theory
is probably to microwave oscillators, the appar-
atus required to test the stability criteria can be
more cheaply constructed, and the various
parameters more easily and certainly measured,
at lower frequencies. Accordingly the experi-
ments were carried out at a frequency of 10 Mc/s.
This choice, of course, imposes limitations on the
Q-factor values and feeder lengths which can
conveniently be used, but there is no reason to
suppose that different results would be obtained
at higher frequencies.

A triode oscillator was used, as shown in Fig. 8,
regeneration being effected by mutual-inductance
coupling between the grid and anode coils. Since
the theory has been developed only for 2-terminal
oscillators, its application to the 4-terminal net-
work of Fig. 8 is perhaps not obvious. However,
it can easily be shown that, as far as small fre-
quency changes in symmetrical networks are
concerned, the circuit to the left of the dashed
line in Fig. 8 (including the mutual inductance)
can be replaced by a nonlinear resistor connected
across terminals A, B, provided either that the
amplification factor of the valve is large or that
the coefficient of coupling between grid and anode
coils is 1. If the grid-leak and capacitor are
replaced by a direct connection or by a grid-bias
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battery the equivalence holds also for amplitude
changes and asymmetrical networks.

The feeder was a coaxial-cable connected at
both ends to taps on the coils. Neglecting losses,
a tapped coil behaves as a perfect transformer
with an inductance connected in parallel with one
pair of terminals and a second (leakage) induc-
tance connected in series with the other pair. Two
capacitors were therefore placed in series with the
cable as shown to neutralize the leakage induc-
tances at the oscillation frequency and thus to
improve the symmetry of the network with
respect to frequency. With the values of capacit-
ance used (2,500 - 5,000 pF) the resultant re-
actances in series with the cable were negligible
over a wide frequency range.

By means of a movable dust-core the induc-
tance of the oscillator grid coil, and thus the value
of Qo, could be
adjusted, the cap-
acitance being

I"ig. 8. Experimental
circuit.

lengths of line. Theoretical values of Qo were
calculated from (5.3) and (5.6).

TEST 1
Q0
R, n -

(ohms) Meas. Calc
2 16-8 16-3
19 4 26-1 25-3
12 353 338
3 165 | 157
237 5 21-9 21-1
11 28-4 27-0

Test 2. Aperiodic stability with resonant load
(R1 = Ro). For this test the load was matched to
the cable at the oscillation frequency. As shown
in Section 5 instability exists only with odd
values of #. Theoretical values of Qp were
calculated from (5.4).

TEST 2
Qo
n O
Meas. Calc.
3 25-5 23-2 22-6
— 5 25-5 20-6 20-9
11 389 25-3 25-1

varied simultaneously to keep the circuit tuned to
the frequency wp. A calibrated receiver with
beat-frequency oscillator was used to monitor
the oscillation frequency. An extreme roughness
of beat note indicated the threshold of aperiodic
instability, while periodic instability was manifest
in the appearance of two side frequencies corres-
ponding to the modulation frequency wq.

In carrying out the experiments the value of
Qo was slowly decreased until instability was
detected. The critical value of Q¢ was then
determined by measuring first the intrinsic
Q-factor Q; of the coil with the cable disconnected,
and then the total Q-factor (), with the cable
connected and terminated by its characteristic
impedance Kg. Irom these values the external
Q-factor Qo is Qo= Q:Q1/(Q: — Q1). The experi-
mental results were as follows.

At a frequency of 10 Mc/s the constants of the
cable were Rg = 73 Q, o = 0-00407 neper/metre,
A=196 m, r, = 1. From these figures, ol =
0-02n and aA = 0-08 neper.

Test 1. Aperiodic stability with resistive load
(Q1 = 0). The load circuit (including the series
capacitor) shown in Fig. 8 was removed and re-
placed by a resistor R;. For two values of I; the
critical values of Qp were found for various
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Test 3. Periodic stability with resonant load
(R1 = Ry). The circuit arrangement was tle
same as in test 2 but only even values of # were
used. At the inception of instability the modula-
tion frequency wq was also measured.

TEST 3
0, waf2m (Mcfs)

n Oy

Mcas. Calc. Mecas. Calc.
2 389 17-7 18-8 1-08 1-10
2 255 14-8 14-8 1-20 1-26
4 389 17-2 18-0 0-79 0-76
10 389 16-2 15-6 0-46 0-46

Theoretical values of Qy and wg were calculated
from (6.12) and (6.13) except for the last result
which wasobtained by solving (6.4) and (6.5) by suc-
cessive approximations as described in Section 6.

In carrying out this test a type of hysteresis
effect was observed with # = 2 and Q; = 255.
When Qo had been decreased to the critical value
at which instability set in (and it is these values
which are tabulated) it was found that in order to
restore stability Qo had to be increased to a value
a few per cent higher. This effect is associated
with the large value of modulation frequency
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(1-26 Mc/s) for at this frequency the network
impedance—frequency characteristic has become
markedly asymmetrical, and frequency modula-
tion is then inevitably accompanied by amplitude
modulation. Frequency instability by itself is
independent of the properties of the maintaining
system, but when amplitude modulation is also
present the non-linear characteristic of the
amplifier is brought into play. At lower modula-
tion frequencies where the network impedance-
frequency characteristic is more highly sym-
metrical no hysteresis effect could be detected.

It was also found that when Qg was reduced
well below the value at which instability began
a- second critical point was reached where the
frequency changed suddenly to a new stable
value close to one of the side-frequencies wg + wq.
This was due to the inevitable asymmetry of the
network characteristic which favoured one of the
side-frequency components at the expense of the
other.

In all three tests the theoretical and experi-
mental results are in reasonable agreement.
Tests 2 and 3 confirm the conclusion reached in
Section 6 that for approximately the same lengths
of feeder, e.g., n = 10, n = 11, the critical value
of Qo required for aperiodic stability is much
greater than for periodic stability.

In practical applications, particularly at micro-
wave frequencies, the results would be influenced
by irregularities in the impedance and propaga-
tion constant at the feeder and by reflections from
junctions and bends. Also, as mentioned pre-
viously, the equivalent circuit of the oscillator may
not be quite so simple as the basic scheme of Fig. 5.
Again it may not always be possible to obtain the
desired high value of Qg. The generator oscil-
latory circuit LgCo, which has justifiably been
assumed loss-free for the purpose of the analysis,
has in fact an intrinsic Q-factor Qi If Qo
becomes comparable with Q; much of the total
available power is dissipated in the oscillatory
circuit instead of being transferred to the load.
Hence in practice Qg cannot be more than a small
fraction of Q.

From the practical point of view the problem
of a microwave transmitter connected to its
radiator by a long waveguide has already been
solved in a very satisfactory manner!! by intro-
ducing a unilateral ferrite transducer between the
generator and the guide. This allows free
transmission of energy to the radiator but
suppresses all waves reflected back to the gener-
ator, thus making instability impossible. How-
ever, for longer wavelengths where this technique
cannot be applied or for some of the problems
mentioned in the Introduction, the theory of
stability presented here may still find a useful
application.
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APPENDIX
Wideband Networks

It was assumed in Section 3 that the network imiped-
ance Z has a significant value only near to the frequency
wy; in particular it was supposed to be negligible along
the lines a + #jw, in Fig. 2. Although this assumption
is justified for most practical oscillators it is of some
interest to determine what modification is required in
the analysis of Section 3 when the network impedance
has a significant value over a wide band of frequencics.

Voltages and currents of frequencies p and p + 2jw,
must now be considered since their magnitudes are
comparable with those of frequencies p + jw, when p is
close toa + 3jwy. On the other hand it can be assumed
that Z is negligible at frequencies of 2w, and beyond.
Hence, if attention is confined to positive values of wg,
it is sufficient to consider four terms in the expression
for the complex transient voltage, namely

1
va = Vaexp(pt) Z u,eXp(jnwyt)
-2

where, as before, the actual voltage is the real part of
this expression.

At the frequency p + jrw, let the network impedance
be Z, and let the current in the non-linear resistor be i,,.

Then i, = — Vau,/Z,. But iz = vgf’(vr) where f’(v) i3
given by (3.3). Hence the four equations for u, can be
written as

1 + GyZ, G,Z, GoZ, GyZ, ",

G, Z, 1 +GyZy, G,Z, GyZ, "y

G Z_, GZ_, 14+GZ_, GZ_, u |=0

G,Z , Gy 7 _, GZ 3 1 +GyZ 4| lu_,

Al

The characteristic frequencies of the transients are given
by the equation D(p) = 0, where D(p) is the determinant
of the first matrix, remembering that only solutions with
0 < wg < }w, are valid.

1f the locus-plot method is used to determine stability
only one half of the locus, corresponding to positive
values of wg, should be drawn: the other half is a
mirror image of this. When Z, and Z , are negligible
the determinant reduces to (3.11).

It is obvious that Z; and Z_, can influence the
stability only if Z has a value at the frequencies }w, or
14w, comparable with its value R at w,.

The possibility of the transient wave prcducing pure
frequency modulation may be investigated by writing

u -uy and u -u#y. Equations A.1 become
1+ (Go — G4)Z,y (Gy — Gy)Z,
1 + (Gy — Gy)Z, [ul]
1+ (Go — G9)Z 4 0 us) =0
(Gi = Gy)Z 3 1+ (Go — Go)Z
A2

Since the general solution is any linear combination of
the individual solutions of (A.2) it is sufficient to consider
these elementary solutions. Apart from the trivial case
of u, = uy = 0 three possibilities exist for #, and u,:
either may be zero and the other non-zero, or both may
be non-zero.
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If #,=0 then G, —G,=0, Z , =2, and
1 — Z,/R = 0 the last equation following from (3.5).
The first condition means that the steady-state current
of second-harmonic frequency must be zero; for the
amplitude of this current is
w

I, = (2/")fo J(V cos x) cos 2x dx
while, from (3.4)
G, — Gy = (l/vr)J:;f'(I’ cos x) (cos ¥ — cos 3x) dx = 21,

The second condition requires the network impedance to
be symmetrical with respect to w, over the range $wy-to
1}w,, and the third equation gives the complex frequency
of the modulation. Stability can be determined by
solving this equation or by plotting the locus of 1 Z,/R.

Similarly if #, = 0 equations (A.2) become G, — G, — 0,
Z_,=2Z, and 1 Zy/R = 0. The second equation
requires the network impedance to be symmetrical with
respect to wg in the ranges 0 to dw, and ljw, to 2w,.
The complex modulation frequency is now Jwy + p*
where p (with w, positive) is the root of fhe third
equation.

Finally u, and #, may both be non-zero. Since
frequency stability or instability can hardly depend on
the amplitude of the steady-state oscillation, G, Gy = 0.
Then Zy = Z, = Z , = Z _, and the complex modulat-
ing frequencies are p and jw, -+ p*, where p is the root
of the equation 1 Zy/R = 0 with wy positive. Thus
Z must now be symmetrical not only about w, but also,
over small ranges, about the frequencies }w, and Hoaw,.

Such a characteristic is not likely to be obtained except
by special design.

It must be concluded that periodic instability in
oscillators with networks having significant values of
impedance at jw, or 13w, will always take the form of
mixed amplitude and frequency modulation. Even when
the network impedance has the required symmetry
independent modulations of amplitude and frequency
can exist only when the steady-state second-harmonic
current is zero.
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HIGH-FREQUENCY ELECTRONIC
COUNTER

By A. V. Lord, BSc.(Tech.), AM.LEE. and S. J. Lent

(Research Department, British Broadcasting Corporation)

SUMMARY.—A binary counter has been developed which

is characterized by a higher

counting rate than that hitherto achieved. The article outlines the principles involved and describes

a practical arrangement.

1. Introduction

OME of the television systems! now under
development include the use of a sub-carrier,
the frequency of which lies within the limits

of the video spectrum.

The sub-carrier is in turn modulated by signals
additional to, and independent of, those required
by a normal black-and-white system and, in
order to reduce cross-talk between the modulated
sub-carrier and the black-and-white signals to
the minimum, the sub-carrier frequency is usually
chosen to be an odd multiple of half the line-
scanning frequency.

In such a television system, therefore, it is
necessary to relate both line and frame repetition
frequencies to that of the sub-carrier. This may
be effected by a chain of frequency dividers and
multipliers, as illustrated in Fig. 1, where a sub-
carrier, of frequency f;, is generated in the unit
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A and is fed to a frequency-dividing and multiply-
ing circuit B.

D
rL
A B
(2941
su-caRRIER | TS (Azb M o
GENERATOR e

c

+(2r+i1) —a—
1

Fig. 1. Avrangement of counters in a television system
employing a band-shared sub-carrier.

The frequency division effected in B has a
divisor which is an odd integer (2¢ + 1) and the
divider output is, in the majority of systems?,
then multiplied by four. With suitable choice of
Js and ¢, the output from the multiplier can
constitute a source of twice line-scan frequency
2f1, which may be fed to the customary frame and
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line-frequency divider circuits (C and D). In the
arrangement illustrated the frame frequency fr
has been related to twice the line frequency by
an odd integer (2r + 1), a condition necessary to
produce the normal form of interlaced scanning
raster.

The sub-carrier frequency chosen for a partic-
ular television system may (with British and
American scanning standards) lie in the range
2-4 Mc/s, and it is necessary, therefore, that a
frequency divider or counter should be developed
which will accept an input within such a frequency
range and operate satisfactorily when counting
by a fairly large odd number which may be prime.

BINARY STAGES BINARY STAGES

e L
PN

OQUTPUT

ADDING  CIRCUITS [+~
e PULSE
GENERATOR
WAVEFORM AT :-
1 i | | l 1

2 |

3 1 1 | | | |
¥ig. 2. Binary cascade with additive feedback.

2. General Considerations

A well-known form of pulse counter or frequency
divider which may be considered to fulfil the
requirements listed above is the triggered binary
cascade3.

In such an arrangement, each binary stage
delivers one output pulse for every two input
pulses. Evidently » such stages arranged in
cascade will have an overall divisor or count of
2n.  If pulses derived from the output are re-
inserted at suitable points, which may include the
input, in such a manner that the added pulses
occur during the intervals between the normal
triggers, the cascade may be arranged to have an
overall count equal to any integer between unity
and 27. Such an arrangement is illustrated in
Fig. 2, where the waveform diagrams show the
derived feedback pulses added to the normal
trigger pulses.

The upper limit to the input pulse repetition
frequency, beyond which a binary cascade fails
to operate satisfactorily, is determined by two
factors. First, due to the presence of stray
reactance, triggering of the first binary stage will
be followed by a finite recovery period during
which the circuit will fail to respond to any further
trigger. In these conditions, therefore, the maxi-
mum input repetition frequency will be such that
the interval between input pulses just exceeds the
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duration of the first-stage recovery period.
Secondly, if feedback pulses derived from the
cascade output are added to the input-pulse train,
as shown in Fig. 2, the maximum usable input
repetition frequency will fall to a value equal to or
less than half that acceptable when operating
without feedback. The factor of two relating
these limits will result when the feedback pulse is
arranged to occur exactly midway between two
normal trigger pulses.

From the above discussion it will be seen that,
in order to satisfy the requirements demanded
by the application described in Section 1, the
first counter stage must be characterized by a
recovery period equal to or less than 0-125 usec.

A modified form of the binary cascade counter?
has been developed wherein the second of the two
limiting factors described above has been
eliminated.

3. Gated Counter

In the modified arrangement a pulse, derived
from the output of the cascade, is used to suppress
one or more of the normal triggers driving various
binary stages in the cascade. A simple example
illustrating this principle is shown in Fig. 3, where
a cascade of » stages is driven from the output of
a gating circuit consisting of a simple electronic

switch.
ouTPUT
-— ’—/—D——P

BINARY STAGES

GATE CIRCUT
INPUT

2—" B
PULSE
GENERATOR
WAVEFORM AT .-

1 | ] | | ]

B b
2 N GATE OPEN

CLOSED

3 ] | ] I

Fig. 3. Binary cascade with gating feedback.

Fig. 3 shows an input-pulse train (1) fed to a
gate circuit A which is, in turn, operated by a
control pulse (2) derived from the cascade output
by means of the pulse generator B. The gate
output waveform (3) constitutes the drive to a
series of binary stages and, if the cascade consists
of n such stages, 2# pulses of the waveform (3)
will occur for every output pulse from the cascade.
If each control pulse (2) is arranged to remove one
pulse from the gate output, then each output pulse
from the cascade will correspond to 27 4 1
pulses of the waveform (1). These operations are
illustrated in the waveform diagrams of Fig. 3.
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It follows that if each control pulse is arranged
to remove x input pulses, the overall count will
be 27 + x. 1If the repetition frequency of the
input pulses does not vary by more than one
octave, the control pulse (2) may have a constant
duration ; however, operation may be made
independent of input repetition frequency below
a certain upper limit if the gate circuit A and the
pulse generator B are of the form shown in Fig. 4.

into the pulse generator as a ‘stop’ pulse (3).
The waveform diagrams of Fig. 4 illustrate these
operations and show that the trailing edge of the
control waveform always occurs immediately
following the trailing edge of the pulse gated out.
A pul.e counter may be inserted in the stop’
pulse circuit, in order that the gate circuit may
remove two or more pulses per operation.

In a general arrangement several such gate
circuits may be inserted at various points in the
binary cascade. Each of these gate circuits may
then be operated by suitable control pulses
derived from the cascade output.

It can be shown (see Appendix) that if such an
arrangement contains # binary stages, where each
stage is preceded by a gate circuit removing one
input pulse per cascade output pulse, the count
may be arranged to have any integral value

between 27 and 27+ .

1.

GATE SWITCH A 5
NPUT X / BINN
e > INARY
v STAGES
i Y
) ystop
CONTROL
PULSE 8 2
FROM
4 PULSE —44050:):
GENERATOR START OUTPUT
WAVEFORM AT :—
1 1 1 } | |
2 |
3 1
X X
LA
s _1 | | |

Fig. 4. Automatic control of the gating puise duration.

In this case, the gate circuit A is arranged as a
double-throw electronic switch controlled, as
before, from the pulse generator B. The switch
normally connects the input waveform (1) to the
binary cascade (switch position X). The cascade
output pulse (2) is fed to the pulse generator B
as a ‘start ' pulse and initiates the control pulse
(4) which, in turn, operates the electronic switch
(position Y). The next input pulse is thus diverted

4. Practical Example

A complete counter, based upon the principles
outlined, has been developed in connection with
an investigationintothe propertiesof dot-interlace®
as a bandwidth-saving device. Such an applica-
tion is very similar in requirements to those out-
lined in Section 1 although, in this case, the operat-
ing range of input-pulse repetition frequency is
somewhat higher. A block schematic diagram of
the counter (Fig. 5) shows a cascade of four binary
stages arranged to count by any integer within
the limits of 16 and 31 inclusive.

The input-pulse train is applied to the first
gate circuit G wherein one input pulse may be
removed for each gating pulse derived from P;;
that is, for each cascade output pulse. The output
of the gate G drives the first binary stage S;.

Short pulses representing the output of S; now
form the input to the double-throw switch circuit

INPUT OUTPUT
A TK
SI Gau sz Gya S, Ggs Ss
¢ £ G J CATHODE
G -— — o =)
1 |GATE _.;'_‘—’—{GATE o7( 3 1GATE 503 GATE T2 FOLLOWER
3 4 [
B D F H
Y Y Y
A A l
3 [ I
A G Py Py P,
PULSE GATE PULSE PULSE PULSE
GENERATOR GENERATOR GENERATOR GENERATOR
[ [ I 3 ¥
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Fig. 5. Schewmatic diagram of a gated counter.
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formed by Ggza and Ggp. The principle of
operation of this arrangement has been outlined
above and illustrated in Fig. 4. The two gates
Gsaa and Ggp have identical input waveforms but
are operated by control pulses of opposite polarity
such that, in the normal condition, Gga is open
and Ggp is closed. A cascade output pulse fed
through P; will actuate Py causing Gza to close
and Ggzp to open. The next input pulse to the
gates will now be routed to P2 thus terminating
the control pulse. The circuit has now been
returned to the normal condition (Gsa open,
Ggp closed) and will remain so until the next
cascade output pulse.

The remaining binary and gate stages of the
cascade are similar in design and performance.
By means of switches each of the gating circuits
may bearranged either toremain open continuously
or to operate as described. Thus, one stage input
pulse per cascade output pulse

resulting anode current of V4 flows through the
pulse-generating circuit formed by the resonance
of the anode load inductance with stray capaci-
tance. A crystal rectifier is connected in such a
way as to damp all oscillation other than that
resulting from a cessation of anode current in
V4. A positive voltage pulse of half-sinusoid
shape appears at the anode of V4 for every two
pulses applied at the stage input.

4.2. Gating Circuits

As will be evident from Fig. 5, two types of
gating arrangement are utilized in the complete
counter. The first, used in the gate Gy, is of the
type discussed with reference to Fig. 3 and consists
simply of an amplifier accepting input trigger
pulses of positive sign at the control grid and
control pulses of negative polarity at the suppres-
sor grid. A control switch is provided whereby

+300V

may be removed at will from I
the input to any of the binary S0kl
stages in the cascade. In this

(G4C 10k

3 10k
1

way the cascade count may be
varied over the range of 16 (all
gates open continuously) to

16uF
.ﬁ ouF {éﬂm“
_;I “ eon 2kl I’

$680kfL OUTPUT

150k L
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4.1. Binary Stage

Fig. 6 shows the circuit of a binary stage as
incorporated in the cascade. The valves Vi, Vs
and V3 form a directly-coupled multivibrator
wherein the cross-coupling feedback paths are
routed through the cathode followers formed by
Vaa and Vep. By this means, the recovery time
of the circuit is reduced to a minimum in that
grid current in either Vz or V3 cannot cause
charging of the cross-coupling capacitors. In
addition, the capacitance appearing across the
load resistors of Vy and V3 is reduced to a mini-
mum. The input pulses, of negative polarity, are
applied through crystal rectifiers to the grids of
the cathode followers Vsa and Vag. The bias on
the rectifiers is such that a negative input pulse
is applied to that grid of Vz having the greater
positive potential with respect to earth. The
rectangular voltage waveform appearing at the
cathode of Vsp forms the drive to V4. The
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the control pulses may be removed from the
suppresssor grid, resulting in a continuous and
uninterrupted pulse output from the gate. Control
pulses of positive polarity are derived from the
pulse generator P; (Fig. 5) wherein the rectangular
waveform at the cascade output is converted into
a train of pulses having a duration, polarity and
timing such that the gate G; removes one cascade
input pulse for each cascade output pulse. The
circuit arrangement used for P; is very similar to
that associated with V4 in Fig. 6. The output
pulses from P; are also used as trigger pulses for
the other gates (G2, Gg and G4) in the counter.
The circuit arrangement used for these gates is of
the type illustrated in Fig. 4 and a detailed
circuit diagram of one such stage is shown in Fig. 7.

Input pulses of positive polarity are applied to
the control grid of V; and, in the absence of gating
pulses at the suppressor grid, are passed from the
anode circuit of V; to the next binary stage

223




(Fig. 4, gate switch A, position X). The ungated
input pulses appear at the cathode of Vyand are
fed to an amplifier V5. At this point in the discus-
sion it will be assumed, for the sake of simplicity,
that the high-speed bistable stage formed by
Vg, V3 and Vg, is in that state of equilibrium
where V2 is cut off and V4 conducting. A trigger
pulse derived from the cascade output is amplified
in Vg and is passed through a suitably-biased
crystal rectifier to the anode of Vi, causing a
change in the circuit conditions of Vg, V3 and Vy
such that Vg conducts and V4 is cut off. The
resulting negative-going voltage transition occur-
ring at the cathode of Vg, is fed to the suppressor
grid of Vi, cutting off the pulse drive to the follow-
ing binary stage. A similar transition of positive
polarity appearing at the cathode of Vg is fed to
the suppressor grid of Vs so that the next input
pulse appears at the anode of Vs (Fig. 4, gate
switch A, position Y). This pulse, fed through
a suitably-biased rectifier, causes the bistable
circuit to revert to the first condition of equili-
brium. The resulting positive-going voltage
transition at the cathode of Vg, terminates the
gating pulse to V; and a similar negative transition
at the cathode of Vap results in anode current
cut-off in Vs. The circuit has thus completed one
gating cycle and will repeat the above operations
whenever a trigger pulse is received from the
cascade output. It will be appreciated that the
circuit shown relies on rectification for bias
setting at the grids of the coincidence gates V;
and V;. The rectification is effected either by
grid current or by means of anode current
in auxiliary diodes. The grid time-constants
shown are suitable for operation with a cascade

GATED QUTPUT TO
j BINARY STAGE

whose output repetition frequency is fairly high
and these constants should be increased when the
gating circuit is required to operate at lower
repetition frequencies.

As in the case of the gate Gy, all the remaining
gate circuits are provided with a control switch
whereby the gating process may be discontinued.
Such a switch is shown in Fig. 7, in series with the
h.t. supply to valves Vg and V4. When this
switch is opened, gating pulses are removed from
the suppressor grid of V;.

5. Results and Conclusions

The complete counter unit, as outlined above
and illustrated schematically in Fig. 5, has proved
to be fully practicable and reliable. In order to
provide some evidence of correct operation and to
illustrate further the operating sequence, a series
of oscilloscope photographs is provided in Fig. 8.
The traces show waveforms at various points in
the complete circuit when an input-pulse train
having a repetition frequency of 5-5Mc/s is
applied to the counter, a value of input repetition
frequency equal to the video sampling rate used
in some experiments carried out on a dot interlace
television system as mentioned in Section 4.

In the waveforms illustrated all the gate circuits
are in the pulse-operated condition and, as there
are four binary stages (n = 4), the overall divisor
has the value 31 (27+1 — 1). Thus, for an input
repetition frequency of 5-5 Mc/s, the repetition
frequency at the output will be 177 kc/s.

The code letters beside each photograph refer
to a similar set in Fig. 5 and illustrate the wave-
forms appearing at the corresponding points
indicated in that schematic diagram.

\1 GATE CoNTROL 38k 330k
! 10k L
10k 1ok} NMFIL\% tokf
1ok
100kf) hl'““r
_ lookf) .I -
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Fig. 7. High-speed single-pole two-way gating circuit. e oM,

224

WIRELESS ENGINEER, SEPTEMBER 1956




TR AT

fi

YT

) ‘ H;

Fig. 8. Waveform at vavious points within the counter of Fig. 5.
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A counting arrangement of the type described
should prove valuable in many applications,
particularly where high operating frequencies are
encountered. The circuit provides convenient
means for changing the overall count, a feature
which may prove valuable in future colour-
television systems. Further developments of the
arrangement can effect a saving in the total
number of valves employed.

A complete counter based on the foregoing
work has been built and has given trouble free
operation since its inception, a period of 700
working hours.

7 BINARY STAGES

indicated in the diagram, loop A embracing a stages,
loop B embracing b stages, etc.

1f each cascade output pulse suppresses one input
pulse at the first gate in each loop, the divisor D4 of loop
A will be

Dy=2s 41 (1)
IFor loop B
Dg = 26428 + 1) + 1
26 2 4]
Similarly for loop N
Dy =2 2070 - 2076 Qn—e | + 2vm 4]

where m is the number of binary stages enclosed by the
penultimate loop. In general

a
Dy =1 2n + 2% (2)
AZm

- \
r
Ll —_— —_— —_— I — -— guTPuT \Vh‘en cach stage of the cas-
cade is preceded by a gating
circuit removing one stage-
input pulse per cascade-output
) —e e e e | — - —— - pulse, the total number of loops
,/ e \ will equal the total number of
I - 1
| e ) \ stages #n.
Sl
1 T l \ [ | Hence, from (2)
1
GATING GATING . ! i
| «— PULSE — o i PULSE — | i I il | Dy =1+ 2n z 202
! GENERATORS GENERATOR +— LOOP { R P
] 6o 99 :
| | X .
i H LooP “‘B*° [ 04 — Ontl _
T OO [T S ——— | A=0
L LooF N ]I since D, is a geometrical pro-
- e e —————— e — — —— ——~ gression of n + 1 terms, with
first term 1, and ratio 2.

I'ig. 9. General arvangement of galing binarvy stages
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APPENDIX

Fig. 9 shows an arrangement of » binary stages, a
gating circuit being provided at the input of certain
stages.

For the purpose of analysis, loops A, B and N are

in a gated counter.
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CORRESPONDENCE

Letters to the Editor on technical subjects arve always welcome. In publishing such communications
the Editovs do not mecessavily endorvse any technical o geneval stalements which they may contain.

The Bifilar-T Trap

Sir,—Your readers may be interested in further in-
formation regarding the bifilar-T trap which you discus-
sed in recent issues of Wireless Engineer and which is
being used in colour television sets in this country: the
bifilar-T trap, as used in television circuitry, is discussed
in the following R.C.A. Laboratory Bulletins:

Benjamin Fisher and Jack Avins, “An Analysis of
the Bifilar-T Trap Circuit”, RCA Industry Service
Laboratory Bulletin 1.B-961, September 16, 1954.

Morris D. Nelson and Jack Avins, “The Design of IF
Amplifiers for Color Television Receivers”, RCA Industry
Service Laboratory Bulletin LB-950, May 20, 1954.

It may be of interest to know that the bifilar-T trap
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has been used at frequencics as low as 50 kefs in this
country. A composite filter which is used in the
Hallicrafters’ HT-30 transmitter in combination with
other circuit elements for the generation of single-
sideband suppressed-carrier telephony signals employs
the 50-kc/s version of the bifilar-T trap. The filter,
which was designcd by Wm. Counts of the Halli-
crafters Company, achicves over 40-dB suppression
of the unwanted sideband and has a cut-off of approxi-
mately 50 dB in 300 ¢/s, starting from the 3-dB point on
the carrier side of the passband.
Ricuarp F. Burns
Beloit Research and Development Co.,
Beloit, Wisconsin, U.S. A,
24th July 1956.
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Constant-Frequency Oscillators

SIR,—Mr. Lukaszewicz's assumption, in the August
issue of Wireless Engineer, p. 201, that the current ratio
ngy is real is equivalent to assuming from the outset that
the oscillation frequency is independent of u; for the
expression for i, shows, when the harmonic voltages are
zero, that i, (1 + n,), and so also i, and i,, must
have the same phase as v, + vq/u. As neither 7, nor i,
are functions of v, + w,/p this requirement can be
satisfied only if both v, and v,; arein phase (or antiphase)
with #,,. Changes in p can then affect only the mag-
nitudes but not the phases of ¢, and i,, and so the
oscillation frequency is independent of u. Thus Mr.
Lukaszewicz's proof is based on circular reasoning.

\With regard to the effects of harmonics, none of the
papers to which Mr. Lukaszewicz refers shows how the
oscillation frequency can be made independent of the
harmonic content of the input and output voltages.
However, the criterion derived for the stability of sinu-

soidal oscillations can ecasily be cxtended to cover
nonsinusoidal operation.

Harmonic voltages influence the oscillation frequency
by changing the phases of the input and output currents
of fundamental frequency through intermodulation in
the nonlinear amplifier. If the input and output voltages

e
are of the form V,cos wt + 31, cos (nwt + 6,) the

2
condition for the input and output currents of funda-
mental frequency to be of the form I, cos w?, independent
of the values of V,, is that 8, = 0 for all . Thus the
harmonic currents and voltages must have the same
phase, from which it follows that the input, output and
transfer impedances of the network must be resistive at
the oscillation frequency and all its harmonics.

A.S. GLADWIN
University of Sheffield.
23rd July 1956.

NEW BOOKS

Taschenbuch der Hochfrequenztechnik

By H. MeINKE and F. W. GUNDLACH.
- xxviii with 1856 illustrations. Springer-Verlag,
Reichpietschufer 20, Berlin, W.35. Price D.M, 69.

Although called a ‘pocket-book’ it should he noted
that it has 1436 pages and weighs 3 1b. DProfessors
Meinke and Gundlach are the directors of the high-
frequency institutes of the technical universities of
Munich and Berlin-Charlottenburg respectively, but the
book is the combined output of thirty-seven German
cxperts in the various fields, of whom particulars are
given in the introduction. The bcok is not to be
regarded as a text-book but as a reference book in which
the high-frequency engineer can find curves, formulae
and data which will give him the scientific basis for the
research or development work on which he is engaged.
It might justifiably be called an encyclopaedia in one
volume.

The book is divided into 25 chapters, not numbered
but lettered from A to Z, and each chapter is then
divided into numbered sections. These are set out in
a 17-page table of contents, giving also the names of the
authors who have contributed to each chapter: the sub-
division of the chapter between the various authors is
given in a footnote at the beginning of each chapter.
Each chapter ends with an extensive index to the
literature referred to, the total number of references
being over 2,000. The book concludes with the usual
subject index. A slip giving a list of nine errata is
inserted in the book, but it overlooks the two spellings,
Oersted and Qerstedt within four pages of one another,
donbtless due to different authors: there is also a mistake
in the chapter heading of g. 1312. On the whole, the
book appears to have been prepared with great care.

The opening chapter entitled ‘‘circuit elements’’
begins with the fundamental laws of magnetism and
skin effect, and then, after 42 pages devoted to coils,
etc., of various types, devotes the next 40 pages to the
electric field and capacitors: then follows h.f. resistance,
etc., piezo effect, and quartz crystals, and the chapter
concludes with 119 references. Chap. B deals with
circuits with concentrated or lumped elements, whereas
Chap. C deals with homogeneous conductors, especially
h.f. cables: in both cases the treatment is very thorough
both mathematically and graphically. The following
four chapters are devoted to waveguides, both hollow
and solid of the Goubau type, the various elements and
devices that enter into the construction of lines and

Pp. 1408
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waveguides and with cavity resonators and filters.
Chap. H of 143 pages deals very thoroughly with every
type of h.f. aerial, and the following chapter with the
radiated waves, their reflection, refraction, etc.

With Chap. K we turn to semiconductors, thermistors,
transistors, etc., followed by the construction and
properties of ordinary valves, and then those of the
klystron and allied types; then follow chapters on
amplifiers of all types and applications, and on the use
of valves as rectifiers. Chap. Q deals with the super-
position or mixing of different frequencies. Chap. R
with the production of oscillatory currents, Chap. S
with impulse circuits such as the flip-flop and multi-
vibrator, and Chap. T with the various sources of noise.
Chap. U of 100 pages is devoted to modulation and de-
modulation, while Chap. V is a relatively short chapter
by Kupfmiiller on the general principles of information
transmission. Chapters W and X are also short chapters
entitled ‘‘senders’’ and ‘‘receivers’’ respectively, dis-
cussing such things as the various types of modulation,
long, medium, and short waves, single-sideband trans-
mission and reception. Chap. Y of about 100 pages by
7 contributors deals with h.f. measurement of every
kind. The final chapter is a very thorough discussion
of transformers and rectifiers with choking coils, smooth-
ing capacitors and filters.

The book is an outstanding production, containing
the essential material of every branch of the subject,
arranged and set out in an exemplary manner, together
with a liberal supply of international references.

G.W.0.H.

Television Engineering: Vol. 2. Video-Frequency
Amplification
By S. W. Amos, B.Sc.(Hons.), AMILE.E. and D. C.
BirkINsHAW, M.B.E., M.A,, M.LE.E. A B.B.C. En-
gineering Training Manual. Pp. 270. Published for
Wireless World by lliffe & Sons Ltd., Dorset House,
Stamford Street, London, S.E.1. Price 35s.

Das Ohr als Nachrichtenempfinger

By R. FeLDTKELLER and E. ZwIcKer. Pp. 90.
S. Hirzel Verlag, Birkenwaldstrasse 185, Stuttgart N.,
Germany. Price D.M.14.

Wireless Servicing Manual (9th Edn.)

By W. T. CockING, M.LE.E. Pp. 268 - viii. Pub-
lished for Wireless World by lliffe & Sons Ltd., Dorset
House, Stamford Street, London, S.E.1. Price 17s. 6d.
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R.F. Transmission Lines

Edited by ALEXANDER ScHURE, Ph.D., Ed.D. Elec-
tronic Technology Scries No. 166-8. Pp. 63. Price
$1.25.

Amplitude Modulation
Edited by ALEXANDER ScHURE, ’h.D., Ed.D. Elec-
tronic Technology Series No. 166-9. P’p. 56. P’rice $1.25.

Blocking Oscillators

Edited by ALEXANDER
Electronic Technology Secries No.
Price $1.25.

Picture Book of TV Troubles:
Output and H-V Circuits

Ed.D.
P’p. 64.

SCHURE, DPh.D.,
166-10.

Vol. 5, Horizontal

By John F. Rider Laboratories Staff. Pp. 108.
Price §1.80.
Radio Receiver Laboratory Manual

By ALex. W. LEVEY, B.A,, M.S. Pp. 112. Price $2.

The above five books can be obtained from John F.
Rider Publisher Inc., 480 Canal Street, New York 13,
N.Y., US.A.

Guide to Broadcasting Stations 1956—1957.
Edition
Compiled by the staff of Wireless World. Pp. 80.
Published for Wireless World by liffe & Sons Ltd.,
Dorset House, Stamford Strect, london, S.E.l1. Price
2s. 6d. (postage 4d.).

British Plastics Year Book 1956. 26th Edition
Pp. 740. lliffe & Sons Ltd., Dorset House, Stamford
Street, London, S.E.1. Price 35s.

Electrical Who's Who 1956-57

Pp. 458. Published by Electrical Review Publications
Ltd., and distributed by Iliffie & Sons Ltd., Dorsct
House, Stamford Street, London, S.E.1. Price 21s.

9th

Metal Transfer between Palladium and Silver
Contacts at Low Inductance
By J. RippLEsTONE. Report No. U/T133.
Electrical Research Association,
Dorking Road, Leatherhead, Surrey.

Pp. 10.
Thorncroft Manor,
Price 12s. 6d.

A Stable Synchronous Detector for Audio-Frequency
Measurements
By P. G. KEnDALL. Report No. V/T125. Pp. 18.
Electrical Research Association, Thorncroft Manor,
Dorking Road, Leatherhead, Surrey. Price 12s. 6d.

Radio Valve Data. 5th Edition

Compiled by the staff of Wireless World, this book
contains full operating data on over 2,500 types of British
and American radio valves, 37 transistors and 300
cathode-ray tubes. The main tables give electrical
characteristics of each valve and classify the valves into
current, replacement or obsolete types, as recommended
by the makers. An index enables any valve to be found
immediately in the tables, while the full list of equivalents
has been enlarged. Base connections are shown diagram-
matically, the main tables being keyed to the series of
diagrams.

Published for Wireless World by lliffe & Sons 1Ltd.,
Dorset House, Stamford Street, London, S.E.1. Price
4s. 6d. (postage 6d.).

OBITUARY
We regret to record the death of Labouchere Hillyer
Bainbridge-Bell, O.B.E., M.C., M.A., on 7th August after
a short illness. Born in 1893, “B-B” served in World
War I with R.E. Signals and later as wireless officer in
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the R.F.C. and R.A.F. He was on the research staff of
the Radio Communication Co. from 1920-26 and then
joined the Radio Research Station, Slough.

He was one of the pioneer workers on radar from
19351939, after which he joined the Admiralty Signals
and Radar Establishment, where he remained until his
retirement in 1953. The Royal Commission on Awards
to Inventors awarded him £2,400 for his contributions to
the development of radar transmitters and receivers, and
an optical convertor.

Since his ‘‘retirement’” he has been a committee
secretary in the electrical division of the British Standards
Institution.

MEETINGS
Brit.I.R.E.

26th September. ““Some Aspects of Transistor
Progress,” by H. W. Lceb, Ph.D., to be held at 6.30 at
the London School of Hygicne and Tropical Medicine,
Keppel Street, Gower Street, London, W.C.1.

Television Society

21st September. “‘Recent Advances in Colour Display
Tubes”, by Dr. R. R. Law, at 7 o’clock at 164 Shaftesbury
Avenue, London, W.C.2.

STANDARD-FREQUENCY TRANSMISSIONS

(Communization from the National Physical Laboratory)

Values for July 1956

Date
1956
July

MSF 60 kc/s
Frequency deviation from nominal*:
parts in 10°
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value of 9 192 631 830 ¢/s for the N.P.L. caesium resonator.
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ABSTRACTS

and REFERENCES

Compiled by the Radio Research Organization of the Department of Scientific and Industrial
Research and published by arrangement with that Department.

The abstracts are classified in accovdance with the Universal Decimal Classification. They are arranged
within broad subject sections in the order of the U.D.C. numbers, except that notices of book reviews are

placed at the ends of the sections.

U.D.C. numbers marked with a dagger (1) must be vegarded as pro-

visional. The abbreviations of journal titles conform generally with the style of the World List of Scientific
Periodicals. An Author and Subject Index to the abstracts is published annually, it includes a selected
list of journals abstracted, the abbreviations of their titles and their publishers’ addresses.
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ACOUSTICS AND AUDIC FREQUENCIES

534.01 2597

Group Theory of Vibrations of Symmetric
Molecules, Membranes, and Plates.—M. A. Meclvin
& S. Edwards, Jr. (J. acoust. Soc. Amer., March 1956,
Vol. 28, No. 2, pp. 201-216.) ‘It is shown that the
detailed group-theoretical analysis of molecular vibra-
tions can be extended to continuous bodies of various
shapes by rcgarding them as the limits of discrete
systems with the number of particles becoming in-
definitely large.”

534.121.2 2598

On the Vibrations of Triangular Membranes.—
S. K. L. Rao. (/J. Indian Inst. Sci., Section B, Jan. 1956,
Vol. 38, No. 1, pp. 1-3.) Analysis is presented for the
frec-cdge casc.

534.2 2599

The Propagation and Reflection of Sound Pulses
of Finite Amplitude.—T. F. \WV. Embleton. (Proc. phys.
Soc., 1st March 1956, Vol. 69, No. 435B, pp. 382--395.)
“Experimental results are discussed covering many
aspects of the propagation and reflection of finite
amplitude sound pulses and weak shock fronts. These
are compared with theory and show amongst other
features (a) that an N-shaped wave form tends to
shorten on reflection and () that a shock front disappears
on reflection at an open-ended tube.”
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534.23 2600

Determination of the Amplitude Distribution on
Plane Surfaces from the Directional Distribution
of the Radiation Fields. K. Vehér. (Arch. elekt.
Ubertragung, March & April 1956, Vol. 10, Ncs. 3 & 4,
pp. 125-131 & 163--173.) Theory based on Iourier
analysis of the radiation pattern is supported by results
of measurements on vibrating plates.

534 232-8 2601

Experimental Characteristics of Continuously-
Variable-Resonant-Frequency Crystal Systems.—
F. bunn, F. J. Fry & W. J. Fry. (]. acoust. Soc. Amer.,
March 1956, Vol. 28, No. 2, pp. 275-280.) The character-
istics of the transducer described in 2813 of 1955 (Fry
ct al.) are presented graphically and are discussed.

534.24 '538.566 : 535.42 2602

Variational Method for the Calculation of the
Distribution of Energy reflected from a Periodic
Surface: Part 1.—W. C. Meecham. (/. appl. Phys.,
April 1956, Vol. 27, No. 4, pp. 361-367.)

534.612 2603

Anomalous Behavior of Rayleigh Disk for High-
Frequency Waves.—J. Awatani. (/. acoust. Soc. Amer.,
March 1956, Vol. 28, No. 2, pp. 297-301.)

534.75 : 533.723 2604

How Loud is Silence? -C. E. White. (Audio,
March 1956, Vol. 40, No. 3, pp. 17-19, 68.) A quantitative
discussion of the relation between thermal noise level and
hearing threshold.

534.78 : 621.39 2605
Speech Bandwidth Compression.—W. E. Kock.
(Bell Lab. Rec., March 1956, Vol. 34, No. 3, pp. 81-85.)
The basic principles of operation of three systems, the
‘Vocoder’, 'Audrey’ and ‘Vobanc’, are described.

534.845 2606

Measurements on Resonant Absorbent Acoustic
Structures.—E. Brosio. (Alla Frequenza, Feb. 1956,
Vol. 25, No. 1, pp. 32-37.) Laboratory measurements on
plastic membranes are reported. Curves show the
variation of absorption coefficient with frequency for
different distances of the membrane from the wall and
for different materials, etc.

534.85/.86 : 534.76 2607
Two-Channel Stereophonic Sound Systems.-
F. H. Brittain & D. M. Leakey. (Wireless World, July
1956, Vol. 62, No. 7, pp. 331-334.) Continuation of paper
abstracted in 1946 of July, giving practical details of the

equipment used.

534.86 : 061-3(47) 2608

Scientific Symposium on Electroacoustics.—
B. D. Tartakovski. (Uspekhi fiz. Nauk, Feb. 1956,
Vol. 58, No. 2, pp. 347-358.) Summaries are given of
17 papers read at the symposium held at Kiev, 1st-5th
July 1955.
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621.395.623.7 4 621.395.625.3 -+ 621.375.029.3] : 061.4
Developments in Sound Reproduction.—(Wireless
World, July 1956, Vol. 62, No. 7, pp. 335-339.) Equip-
ment shown at the London Audio Fair, the British Sound

Recording Association’s exhibition and the Radio
Components Show is described.
621.395.625.3 2610

New 16-mm Magnetic Signal-Level Test Film.—
(/. Soc. Mot. Pict. Telev. Engrs, Feb. 1956, Vol. 65, No. 2,
p. 110.) A film providing a reference level for measure-
ments based on work by Schwartz et al. (1864 of 1955).

621.395.625.3 2611

Field Strength and Gap Distribution Function in
the magnetic] Reproducing Head with and without
Tape.—]. Greiner. (NachrTech., Feb. 1956, Vol. 6,
No. 2, pp. 63-70.) Analysis is presented for six different
types of gap. The field distribution is closest to ideal for
the ring head, the longitudinal component having a
nearly rectangular waveform and the transverse com-
ponent being largely suppressed.

621.395.625.3 : 538.221 2612

The Process of the Magnetization of Magnetic
Tape.-—W. Guckenburg. (/. Soc. Mot. Pict. Telev.
FEngrs, Feb. 1956, Vol. 65, No. 2, pp. 69-72.) A method
for making visible a magnetic recording on tape involves
softening the agent binding the magnetic particles so that
the magnetic forces between the particles can produce
mechanical displacement. It is possible to examine
recordings of wavelengths < 0-4 mil. The azimuth
angles of the recording head can be measured to within
£17 of arc.

AERIALS AND TRANSMISSION LINES

621.372 2613
Electromagnetic Properties of a Medium
comprising Thin Layers.- -S. M. Rytov. (Zk. eksp.

teor. Phys., Nov. 1955, Vol. 29, No. 5(11), pp. 605-616.)
A medium comprising alternate thin layers of two
different isotropic materials behaves effectively as a
uniform but anisotropic medium. The tensors of the
effective permittivity and permeability are derived as
functions of the parameters of the materials and of the
frequency. The losses and boundary conditions at the
surface of the medium arc also considered. The theory
isrelevant tolaminated lines of the general type described
by Clogston (e.g. 2908 of 1951).

621.372.2 2614

Line Transmission Circuits.- -E. D. Fitton & R. E.
Howland. (Wireless Engr, June 1956, Vol. 33, No. 6,
pp. 143-150.) An examination is made of effects in
transmission-line pairs and associated apparatus due to
longitudinal currents and voltages which may be intro-
duced by either e.m. or e.s. coupling. Complex wave-
forms transmitted along a line in the presence of such
currents or voltages will suffer undesired modification.
To keep this effect as small as possible, not only should the
line pairs be screened and twisted, but the terminal-to-
earth impedances should be accurately balanced. Details
of suitable techniques are discussed, with numerical
illustrations.

621.372.2 2615

Investigation of the Energy Exchange and the
Field Distribution for Parallel Surface-Wave Trans-
mission Lines.—-D). Marcuse. (Arch. elekt. Ubertragung,
March 1956, Vol. 10, No. 3, pp. 117-124.) The coupling
between two parallel surface-wave lines is calculatcd by
considering them as a two-wire system, different initial
conditions being represented by the superposition of
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co-phaseand opposed-phase waves on the two lines. With
identical lines, the whole of the current fed into one of
them is coupled into the other at a distance along the
line termed the 'exchange length’. The presence of a
dissimilar conductor near a surface-wave line is shown to
impair the field concentration.

621.372.2 : 621.396.677.75 2616

Diffraction of Surface Electromagnetic Waves.
Application to the Theory of the Diclectric Aerial.—
G. Weill. (Ann. Radicélect., July 1955, Vol. 10, No. 41,
pp. 228-255.) Radiation losses from dielectric-coated
single conductors are analysed and related to the
operation of dielcctric aerials. Diffraction of the surface
wave at discontinuities of the dielectric permittivity cr
surface impcdance is particularly considercd. Methods
used and results obtained in measurements of phase
along a line with variable characteristics are discussed;
phase-velocity anomalies have been observed on rhombic
aerials. The characteristics of some end-fire aerials 80 A
long are described.

621.372.22

Bibliography of Nonuniform Transmission
Lines.—H. Kaufman. (Trans. Inst. Radio Engrs, Oct.
1955, Vol. AP-3, No. 4, pp. 218-220.)

621.372.8 : 538.221 : 538.6 2618

Calculation of the Faraday Effect in a Gyropara-
magnetic Medium.—]. Soutif-Guicherd. (C. R. Acad.
Sci., Paris, 9th April 1956, Vol. 242, No. 15, pp. 1868-
1871.) Continuation of work reported previously (2289
of August) on propagation in waveguides containing a
gyromagnetic medium. Iormulae are derived for the
absorption and the rotation of the plane of polarization.

621.372.8 : 621.316.726 2619

Propagation of Electromagnetic Waves in Cir-
cular Waveguides with Finite Wall Conductivity, at
Frequencies near Cut-Off.—W. Schaffeld & H. Baycr.
(Arch. elekt. Ubertmgung, March 1956, Vol. 10, No. 3,
pp. 89-97. Correction, ibid., April 1956, Vol. 10, No.
4, p. 173.) Analysis is presented applicable to all
possible E and H modes. Calculations of the propagation
constants are based on the assumption of an infinitely
thick wall, this approximation being satisfactory for ail
actual thicknesses > 0-1mm. The results were verified
experimentally for H,, mode propagation. The high
slope of the attenuation/frequency characteristic near
cut-off is uscd as the basis of a method for stabilizing
klystron oscillators; the effectiveness of the methed is
improved by introducing a suitable gas filling in the
waveguide.

621.372.8 : 621.385.029.6 2620

Nonlinear Phenomena in a Waveguide in the
Presence of an Electron Beam with Nearly Equal
Electron and Wave Velocities.-—Loshakov. (Sce 2914.)
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621.396.67 2621

On an Error in the Use of the Method of Integral
Equations in the Theory of Aerials.—B. V. Braudc.
(Zh. tekh. Fiz., Sept. 1955, Vol. 25, No. 10, pp. 1819--1824.)

621.396.674.3 2622

Some Comments on Wide-Band and Folded
Aerials.—E. O. Willoughby. (Proc. Instn Radio Engrs,
Aust., March 1956, Vol. 17, No. 3, pp. 79-87.) "The
impedance-frequency characteristic of simple cylindrical
acrials is discusscd and it is shown that the bandwidth
may be considerably improved by the use of appropriate
correcting networks. The folded type of aerial auto-
matically makes use of some of these principles. I17olded
aerials with equal and uncqual legs are considercd and
experimental results illustrating the analysis are given.”
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621.396.676 : 621.398 2623
A Multiple Telemetering Antenna System for
Supersonic Aircraft.—R. E. Anderson, C. J. Dorren-
bacher, R. Krausz & D. L. Margerum. (Trans. Insi.
Radio Iingrs, Oct. 1955, Vol. AP-3, No. 4, pp. 173-176.)
A system comprising threc independent aerials for three
separate telemetering transmitters operating in the
frequency band 216-235 Mc/s makes use of the existing
angle-of-attack indicator and ram-pressure tubes.

621.396.676.029.6 : 621.3.012.12 2624

Patterns of Stub Antennas on Cylindrical Struc-
tures.—J. R. Wait & K. Okashimo. (Canad. J. Phys.,
Feb. 1956, Vol. 34, No. 2, pp. 190-202.) A thcoretical
investigation relevant to microwave aerials for aircraft
is reported. Radiation patterns are presented for radial
clectric dipoles located on an insulated cylinder and on a
cylindrically tipped half-plane. The patterns are in
reasonable agreement with those obtained experimentally
by Bain (Stanford Research Inst. tech. Rep. No. 42, April
1953).

621.396.676.2 2625

Current Distribution on Wing-Cap and Tail-Cap
Antennas.—I. Carswell.  (Trans. Inst. Radio Engrs,
Oct. 1955, Vol. AP-3, No. 4, pp. 207-212))

621.396.677 2626

A New Antenna Feed having Equal E- and H-
Plane Patterns.-—A. Clhjlavin. (Tvans. Insti. Radio
Ingrs, July 1954, Vol. AP-2, No. 3, pp. 113-119; Proc.
Instn Radio Engrs, Aust., March 1956, Vol. 17, No. 3,
pp. 88-93. Abstract, Proc. Inst. Radio Engrs, July 1954,
Vol. 42, No. 7, p. 1197.) The design of fecds for circular
paraboloids is discussed.

621.396.677.3 2627

Cross Section of Colinear Arrays at Normal
Incidence.—-J. M. Minkowski & E. S. Cassedy. (/.
appl. Phys., April 1956, Vol. 27, No. 4, pp. 313-317.)
The back-scattering cross-section of collinear arrays of
thin dipoles is derived by the variational method, for
normally incident waves. The case of the two-dipole
array is investigated particularly. Measurements made
using the method described by Scharfman & King (2310
of 1954) confirm the validity of the theory.

621.396.677.7/.8 2628

Horn-Parabola Aerials for Wide-Band Direc-
tional Radio Systems.- -H. Laub & W. Stéhr.
(Frequenz., Feb. 1956, Vol. 10, No. 2, pp. 33-44.) Detailed
discussion is presented of the radiation properties of
aerials comprising parabolic sectors illuminated at high
angle and formed as integral structures with the primary
radiator. A particular aerial designed for operation at
4 kMc/s centre frequency can be adapted to operate at
6 kMc/s by suitably modifying the waveguide-to-horn
transition in the primary radiator. Two channels can be
provided by radiating waves polarized at right angles to
one another. Another type of aerial suitable for tele-
vision transmissions is a paraboloid of revolution excited
axially; this can be provided with extensions to reduce
the intensity of side lobes.

621.396.677.71 2629

Radiation Patterns of Slotted-Elliptic Cylinder
Antennas.—J. Y. Wong. (Trans. Inst. Radio Engrs,
Oct. 1955, Vol. AP-3, No. 4, pp. 200-203). Continuation
of theoretical work reported previously (3482 of 1953).
The results can be applied to determine the patterns
radiated by very thin slotted cylinders such as wing and
tail surfaces of aircraft.
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621.396.677.71 2630

The Application of Mathieu Functions in comput-
ing the Field Distribution of an Aerial from
its Directional Characteristic.—A. A. Pistol’kors.
(NachrTech., March 1956, Vol. 6, No. 3, pp. 128-129.)
German version of paper abstracted previously from the
Russian (3468 of 1954).

621.396.677.833 2631

The Curved Passive Reflector.—-E. Bedrosian.
(Trans. Inst. Radio FEngrs, Oct. 1955, Vol. AP-3, No. 4,
pp. 168-173.) Analysis for aerial reflectors with slightly
curved surfaces indicates that with appropriate illumina-
tion the gain can be increased indefinitely by increasing
the size. In systems in which the reflector is at the top
of a tower and the illuminating aerial at the foot, the
effect of reducing tower height is to widen the main lobe
of the radiated pattern and to rcduce the level of side
lobes.

AUTOMATIC COMPUTERS

681.142 2632

A New Serial Digital Decoder.—S. V. Soanes.
(Electronic Engng, June 1956, Vol. 28, No. 340, pp. 247
249.) Intermediate storage and an amplifier feedback
loop are used, making the decoder practically independent
of clock timing pulses. It can also be uscd in an analogue
system to solve certain types of polynomial equation.

681.142 2633
Interconnection of Electronic Computers.——(Tech.
News Bull. nat. Bur. Stand., March 1956, Vol. 40, No. 3,
pp- 33-35.) Brief account of experiments on the joint
operation of the SEAC and DYSEAC machines on
business data-processing work; the former machine
transmits control signals to the latter via a cable.

681.142 2634

Design and Construction of Small Automatic
Computers with Programming Arrangement, at
the Higher Technical School in Dresden.—I. Lemann.
(Aviomatika i Telemekhanika, Jan. 1956, Vol. 17, No. 1,
pp- 3-18.) Illustrated description of a computer which
includes about 600 valves and measures 290 x 180

% 60 cm; the control desk is separate. A magnetic-
drum store is used.
681.142 2635

Principles and Application of Electronic Analogue
Computers.—P. Heggs. (Electronic Engng, March-June
1956, Vol. 28, Nos. 337-340, pp. 120-122, 168-170,
212-215 & 257-259.) Typical. examples of electrical
analogues and the equipment for producing them are
discussed and general design considerations are presented.
The Saunders-Roe general-purpose analogue computer
is described.

681.142 2636

New Electronic Analogue Apparatus of the
Institute of Automatics and Telemechanics of the
U.S.S.R. Academy of Sciences.—V. V. Gurov, B. Ya.
Kogan, A. D. Talantsev & V. A. Trapeznikov. (4vtomalika
i Telemekhanika, Jan. 1956, Vol. 17, No. 1, pp. 19-35.)
An illustrated description, including block and circuit
diagrams, of the EMU-5 comprising a unit for solving
linear differential equations of up to the sixth order, a
unit for solving nonlinear differential equations and a
power supply unit as well as additional special-purpose
units.

681.142 2637

Design of a Timing Device and Nonlinear Units
for an Electronic Differential Analyser. V. C.
Rideout, N. S. Nagaraja, S. Sampath, V. N. Chiplunkar
& L. S. Manavalan. (J. Indian Inst. Sci., Section B,
Jan. 1956, Vol. 38, No. 1, pp. 66-79.)
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681.142 : 621.3 2638
Basic Circuits used in Digital Automation.-
M. L. Klein, F. K. Williams & H. C. Morgan. (Instrum.
& Automation, Feb. 1956, Vol. 29, No. 2, pp. 271-279.)
Commonly used circuits are described from a practical
point of view, with circuit diagrams and details of

components.

681.142 : 621.374.32 2639
An Economical Relay-Operated Accumulator.
J. K. Wood. (Electronic Engng, June 1956, Vol. 28,
No. 340, pp. 250-253.) Design details are given of a

binary adder with a maximum capacity of about 224,

681.142 : 621.385.832 2640

The Hyperbolic-Field Tube, an Electron-Beam
Tube for Multiplication in Analogue Computers.—
Schmidt. (See 2924.)

CIRCUITS AND CIRCUIT ELEMENTS

621.3.012.1 : 621.372.4 2641
Impedance and Admittance Surfaces.—R. Merten.
(Arch. Elektrotech., 3rd Feb. 1956, Vol. 42, No. 4, pp.
205-216.) Three-dimensional locus diagrams are used
- to investigate the variation of impedance (or admittance)
and phase displacement in two-pole circuits in response
to variations of frequency, resistance, inductance or
capacitance. The impedance and admittance surfaces
include straight lines corresponding to the important
special case of zero phase displacement, when the im-
pedance is independent of the damping or detuning.

621.3.066.6 2642

Bridge and Short-Arc Erosion of Copper, Silver,
and Palladium Contacts on Break.—W. B. [ttner,
II1. (/. appl. Phys., April 1956, Vol. 27, No. 4, pp.
382-388.)

621.314.22.029.3 : 621.375.23 2643

Transformer Design for ‘Zero’ Impedance Ampli-
fiers.—N. R. Grossner. (Audio, March 1956, Vol. 40,
No. 3, pp. 27-30, 69.) Lamination-weight reductions of
up to 42% may be obtained without increased distortion
in a transformer designed for an a.f. ‘zero-impedance’
output stage [e.g. 1390 of 1950 (Miller)]. Design formulae
are given.

621.316.726 : 621.396.6 2644
The Stabilidyne.—M. Colas. (Onde élect., Feb. 1956,
Vol. 36, No. 347, pp. 83-93.) A method for applying the
harmonics of a quartz crystal oscillator to control the
frequency of a receiver or transmitter is described. For
reception, the signal frequency and a suitable harmonic
of the crystal oscillator are separately mixed with
oscillations from a common local oscillator and the two
products are then mixed to obtain a frequency which is
the difference between that of the signal and the crystal
harmonic. Stability of the order of +-50 c/s with a signal
frequency of 30 Mc/s is readily obtained. The character-
istics of several industrial equipments are described.

621.316.727 2645
A 90°-Phase-Shift Circuit for a Wide Frequency
Range.—O. Limann. (Elektronik, Feb. 1956, Vol. 5,
No. 2, p. 46.) A CR and a RC network are combined in
such a way that the undesired phase changes at the
outputs of the individual networks due to a frequency
change cancel one another in the combined output.

621.318.424 2646

Calculations for Ferroxcube-Pot-Cored Coils.—
J. Arrazau. (Onde élect., March 1956, Vol. 36, No. 348,

A.194

pp. 252-267.) A method of calculating core dimensions
and windings is presented, giving results accurate to
within 10-15¢,.

621.318.5 2647

Ferroresonant Computing Circuits.—R. S. Arbon
& G. Phylip-Jones. (Wireless World, July 1956, Vol. 62,
No. 7, pp. 324-330.) The basic ferroresonant circuit and
applications to switching and counting devices are
described.

621.318.57 2648

The Equilibrium States of a Bistable Flip-Flop
from the Point of View of Reliable and Stable
Operation.—M. Bataille. (Onde élect., Feb. 1956, Vol.
36, No. 347, pp. 94-103.) The influence of individual
components on the functioning of the Eccles-Jordan
circuit is discussed and permissible tolerances for given
performance are determined.

621.319.4 : 621.375.5 2649
Influence of an Alternating Voltage and a Direct
Voltage on a Nonlinear Capacitor.—J. C. Hoffmann.
(C. R. Acad. Sci., Paris, 23rd April 1956, Vol. 242, No. 17,
pp. 2122-2124.) Families of curves are presented show-
ing measured variations of capacitance and tan§ as
functions of a direct voltage and a 2-kMc/s voltage,
applied simultaneously, for a capacitor with BaTiO,
dielectric. The curves facilitate determination of
optimum working point for dielectric amplifiers.

621.372.41 : 534.01 2650

Linear Systems.—B. Gross. (Nuovo Cim., 1956,
Supplement to Vol. 3, No. 2, pp. 235-296. In German.)
The method of analysis presented previously (2245 of
1953) is developed; the treatment is applicable to all
linear passive resonator systems, whether damped or
undamped.

621.372.41 : 534.01 2651

Possibility of Free Oscillations in a Variable-
Parameter Resonant System. -E. Cambi. (Nwuovo
Cim., 1956, Supplement to Vol. 3, No. 2, pp. 137-181.
In English.) Comprehensive general analysis is presented
for time-variable linear systems.

621.372.412 | 621.373.421.13 + 537.227/228.1 2652

Papers presented at the 2nd Conference on
Piezoelectricity (Moscow, 26th-29th April 1955).
(See 2770.)

621.372.412 : 621.372.5 2653

The Equivalent Network of a Piezoelectric
Crystal with Divided Electrodes.—B. van der Veen.
(Philips Res. Rep., Feb. 1956, Vol. 11, No. 1, pp. 66-79.)
A general equivalent circuit is worked out for the crystal
treated as a quadripole, for frequencies close to that of
mechanical resonance.

621.372.413 2654

Spherical-Frustum Cavities.- -G. Boudouris. (Onde
élect., Feb. 1956, Vol. 36, No. 347, pp. 104-121.) Sym-
metrical spherical-frustum cavities are studied as inter-
mediate cases between the sphere and the cylinder.
Resonance wavelengths and Q factors are determined by
Abele’s method (3823 of 1947). A wavemeter using a
hemispherical cavity partly filled with Hg is proposed.
Curves are presented showing the variation of Q with
cavity size, for A ~ 3 cm and 10 cm.

621.372.413

Theory of Coupled Endovibrators [cavity
resonators): Part 2.—A. [. Akhiezer & G. Ya. Lyubarski.
(Zh. tekh. Fiz., Sept. 1955, Vol. 25, No. 9, pp. 1597-1603.)
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Continuation of work noted previously (658 of 1955). A
mathematical analysis is given of the propagation of
waves in a chain of cavity resonators coupled by long
narrow slots.

621.372.413 2656

Electromagnetic Oscillations in a Parabolic Tube
as a Particular Case of the Interaction of Two
Cavities through a Throat..—E. R. Mustel’. (Zh.
tekh. Fiz., Sept. 1955, Vol. 25, No. 10, pp. 1788-1799.)
Free oscillations in a tube of parabolic profile and
rectangular cross-section are considered. The tube is
regarded as consisting of two cavities interacting through
the throat. The wave equation is derived and solutions
are found for the cases where the two cavities are (a)
identical and (b) not identical. Experimental results are
in good agreement with the theoretical conclusions.

621.372.413 :621.317.335.3 2657

Calculation of the Natural Frequency of a II-type
single re-entrant] Cavity Partly Filled with an
Absorbing Dielectric.-—V. L.. Patrushev. (C. R. Acad.
Sci. U.R.S.S., 21st March 1956, Vol. 107, No. 3, pp.
409-412. 1In Russian.) The system considered comprises
a re-entrant cylindrical cavity resonator with a solid
dielectric specimen in the form of a truncated cone placed
between the base of the cylinder and the butt end of the
inner conductor. Iormulae derived for the natural
frequency and the damping can be used also to determine
the components of the complex dielectric constant of the
specimen; this analysis also provides the theoretical
basis of the measurement method described by Works
(173 of 1948) and others.

621.372.413 : 621.318.134 2658
Ferrites in Resonant Cavities.-R. A. Waldron.
(Brit. J. appl. Phys., March 1956, Vol. 7, No. 3, p. 114.)
A formula is derived for the frequency shift produced by
introducing a sphere of ferrite into a resonant cavity.

621.372.5 2659
Parallel-T RC Network.—G. V. Buckley. (Wireless
Engr, July 1956, Vol. 33, No. 7, pp. 168-173.) A

simplified design method is presented based on finding
an equivalent network which is more amenable to
mathematical treatment.

621.372.5.01 2660

A Note on Bandwidth.——A. Nathan. (Proc. Inst.
Radio Engrs, June 1956, Vol. 44, No. 6, Part 1, pp. 788
790.) The concept of bandwidth is examined in relation
to networks such as integrators, which are not designed
to provide faithful transmission of a waveform. The
bandwidth of such a network is defined as the maximum
bandwidth of the input signal for which the output does
not differ from that of an ideal network by more than a
prescribed amount.

621.372.54 2661

Resistance-Capacitance Filter Networks with
Single-Component Frequency Control.-—-\W. K.
Clothier. (Trvans. Inst. Radio Engrs, March 1955, Vol.
CT-2, No. 1, pp. 97--102. Abstract, Proc. Inst. Radio
Engrs, May 1955, Vol. 43, No. 5, p. 641))

621.372.54.029.42 : 621.375 2662

A Practical Method of designing RC Active
Filters.-—R. . Sallen & E. L. Key. (Trans. Inst. Radio
Ingrs, March 1955, Vol. CT-2, No. 1, pp. 74-85.) A
method for designing filters for the frequency range below
about 30 c/s, with sharp cut-off, is based on consideration
of five basic variables, namely, two resistances, two
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capacitances, and the gain; from these, further practical
parameters are derived by taking the products of
resistance and capacitance, the ratio of resistances, and
the ratio of capacitances. The active elements can in
many cases be simple cathode-follower circuits.

data for a number of different cases are tabulated.

Design

621.372.542.3.029.4 :621.375.23 2663

The Design of Low-Frequency High-Pass RC
Filters.—D. D. Crombie. (Electronic Engng, June 1956,
Vol. 28, No. 340, pp. 254-256.) The design of a twin-T
network incorporated in a feedback amplifier circuit is
discussed and details are given relating frequency
response to phase shift in the amplifier. The use of
compensating sections for securing a flat pass-band
characteristic is considered and a practical example is
worked out.

621.372.543.3

New Rejector Circuit: Bifilar-T Trap.—H. ].
Orchard: W. P. Wilson. (Wireless Engr, July 1956,
Vol. 33, No. 7, pp. 175-177.) Comments on 1993 of
July (Cocking).
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621.372.57 2665
Theory of Noisy Four-Poles.—H. Rothe & W.
Dahlke. (Proc. Inst. Radio Engrs, June 1956, Vol. 44,
No. 6, Part 1, pp. 811-818.) English version of paper
originally published in German (2568 of 1955).

621.373.4 2666

Nonlinear Coupled Systems.—L. Sideriades. (C. R.
Acad. Sci., Paris, 4th April 1956, Vol. 242, No. 14, pp.
1784-1787.) Analysis applicable to valve oscillator
circuits generally is presented. Different types of oscil-
lator are distinguished topologically.

621.373.421.1
Amplitude Limitation

2667
in LC-Oscillators.—Z.

Akgasu. (Wireless Engr, June 1956, Vol. 33, No. 6, pp.
151-155.) ‘‘An LC-oscillator which includes two biased

diodes in the grid circuit to limit oscillation amplitude is
analysed. Amplitude of oscillation and harmonic
distortion are calculated and represented by curves.
I‘rom these curves it is observed that oscillations can be
modulated linearly; no frequency modulation occurs
during amplitude modulation and harmonic distortion
is very low. Also the circuit is found to be adequate for
high frequency stability. The distinctive feature of the
circuit is shown to be that the static conditions of the
valve, such as bias voltage and direct anode current, are
independent of the oscillation amplitude. A practical
circuit is described.”

2668
621.375.029.3 - 621.395.623.7 + 621.395.625.3/:061.4
Developments in Sound Reproduction.—(See 2609.)

621.375.13 2669
Docile Behavior of Feedback Amplifiers.—S. J.
Mason. (Proc. Inst. Radio Engrs, June 1956, Vol. 44,
No. 6, Part 1, pp. 781--787.) “A docile amplifier is one
that remains stable when connected to any passive net-
work of a specified class. A simplified geometrical
approach is used to derive the docility criteria for
passive-end-loading, ideal-transformer feedback, bilateral
passive feedback, and arbitrary passive feedback.”

621.375.221.2 2670

Notes on the Design of Distributed Amplifiers.—
G. Fidecaro & A. M. Wetherell. (Nuovo Cim., 1st Feb.
1956, Vol. 3, No. 2, pp. 359-370. In English.) The
treatment used takes account of the self-capacitance of
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the coils and the effect of using anode and grid lines with
different propagation speeds; the latter effect can be
useful in avoiding the large increase in gain of the m-
derived filter-type amplifier at the upper end of the band.

621.375.232.9 2671

Differential Amplifiers with Asymmetrical Out-
put.—E. Giva. (A4lta Frequenza, Feb. 1956, Vol. 25,
No. 1, pp. 4-14.) The basic circuit discussed comprises
a pair of similar triodes with equal resistances in anode
and cathode leads; when cqual-phase voltages are
applied to the two grids, voltages in phase opposition are
produced at the cathode of one valve and the anode of the
other; the output is taken from the mid-point of the
circuit connecting these two points. Theory of operation
is presented and two experimental models are described.

621.375.3 2672

Design of Push-Pull Magnetic Power Amplifiers.
—N. P. Vasil’eva. (Avtomatika @ Telemekhanika, Jan.
1956, Vol. 17, No. 1, pp. 53-65. Addendum, #bid, April
1956, Vol. 17, No. 4, p. 361.) The method is described in
detail and is illustrated by discussion of a 120-W ampli-
fier with a power amplification of 500 and internal feed-
back.

621.375.3 2673

Principles of Construction of Magnetic Amplifiers
with a Low Sensitivity Threshold.- M. A. Rozenblat.
(Avtomatika ¢ Telemekhanika, Jan. 1956, Vol. 17, No. 1,
pp. 66-77.)

621.375.3 2674

High-Frequency Operation of Magnetic Ampli-
fiers.—H. W. Collins. (Elect. Engng, N.Y., Jan. 1956,
Vol. 75, No. 1, p. §3.) Digest of paper published in
Trans. Amer. Inst. elect. Engrs, Part 1, Communication
and Electronics, Sept. 1955, Vol. 74, pp. 500-505.
Operation at high frequency (e.g. 200 kc/s) makes
possible power gains and bandwidths unattainable at
power frequencies, since a given power can be controlled
with a smaller core.

621.375.4 : 621.314.7 2675

[The design of circuits using] Junction Transistors
at High Frequencies.—]. Vasseur. (Onde ¢élect.,
March 1956, Vol. 36, No. 348, pp. 230-251.) Methods of
stabilizing transistor amplifiers are discussed and
formulae are presented for calculating the characteristics
of alinear amplifier at any frequency, and for determining
the principal parameters of junction transistors with
common-emitter, common-base, or common-collector
connections. Curves are given of maximum gain as a
function of frequency.

GENERAL PHYSICS

53.05 2676

The Successive Derivation of Experimental Laws.
—P. Vernotte. (C. R. Acad. Sci., Paris, 16th April 1956,
Vol. 242, No. 16, pp. 1966--1968.) Refinement of the
method of smoothing experimental curves described
previously (2345 of August).

530.162 : 519.2 2677

On the Use of Gram-Charlier Series to represent
Noise..—C. W. Horton. (J. appl. Phys., April 1956,
Vol. 27, No. 4, pp. 350-355.) The stochastic time series
produced by the random occurrence of identical events is
considered. 1f the waveforms corresponding to the
individual events and to the resulting autocorrelation
function and power spectrum are each represented by a
Gram-Charlier series, relatively simple relations exist
between the different sequences of coefficients. If the
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noise bandwidth is not too great, the number of terms in
the series is small cnough to permit computation. The
formulae are applied to the analysis of experimental data
for noise associated with reverse current in a Si diode.

534.2-16 : 537.21 2678

On the Theory of the Acousto-Electric Effect.—
A. Van Den Beukel. (Appl. sci. Res., 1956, Vol. Bj,
No. 6, pp. 459-468.) When an acoustic wave passes
through an insulated solid it gives rise to an electric field
in the direction of propagation. The influence on this
phenomenon of thermal lattice vibrations at temperatures
above the Debye temperature isinvestigated theoretically.
The calculations indicate that the field is proportional to
both the intensity and frequency of the acoustic wave.
The effect is so small that it would not generally be
observable in Cu, but is larger by several orders of
magnitude in Ge.

535.37 : 061.3(47) 2679

4th Symposium on Luminescence (Molecular
Luminescence and Luminescence Analysis).—B. S.
Neporent & . P. Feofilov. (Uspekhi fiz. Nauk, Jan. 1956,
Vol. §8, No. 1, pp. 151--164.) Brief summaries are given
of about 50 papers read at the symposium held at Minsk,
20th--25th June 1955,

535.515 2680

Birefringence resulting from the Application of
an Intense Beam of Light to an Isotropic Medium.
A. D. Buckingham. (Proc. phys. Soc., 1st March 1956,
Vol. 69, No. 4351, pp. 344-349.)

537/538 2681

A New Model of Classical Electron.—-P. Caldirola.
(Nuovo Cim., 1956, Supplement to Vol. 3, No. 2, pp.
297-343. 1n English.)

537.122 2682

Electron Physics Tables.—IL.. Marton, C. Marton &
W. G. Hall. (Nat. Bur. Stand. Circulars, 30th March
1956, No. 571, 83 pp.) Eight parameters are tabulated
relating to the energy and motion of electrons accelerated
by a potential difference.

537.122 2683

Magnetic Moment of the Electron.—P. Kusch.
(Science, 10th Feb. 1956, Vol. 123, No. 3189, pp. 207-211.)
A survey of experimental and theoretical work, indicating
evidence of anomalies.

537.22 : 621.315.616 2684

Electrostatic Charges in Plastics.—-S. M. Skinner,
J. Gaynor & G. W. Sohl. (Mod. Plast., eb. 1956,
Vol. 33, No. 6, pp. 127-136, 246.) ‘'Experimental
evidence is presented that the ‘static’ charge on plastics
is a volume charge distribution rather than a surface
distribution. The charge contained in a plastic that has
been in contact with metal is found to drain out of the
plastic by a flow process which depends both upon the
resistivity of the plastic and upon the possibility of
neutralization of surface charges by opposite charges
external to the plastic such asin air.”

537.312.8 2685

Field Dependence of Magnetoconductivity.—]. W.
McClure. (Phys. Rev., 15th March 1956, Vol. 101, No. 6,
pp. 1642-1646.) A theoretical calculation is made of the
dependence of the elements of the conductivity tensor on
the magnetic field for the case of a crystal with arbitrary
energy-band structure. The results are the same as
would be given by a superposition of electron gases whose
cyclotron frequencies are related harmonically. The
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strengths of the harmonics depend on the band structure.
The diagonal elements of the conductivity tensor are
monotonically decreasing functions of the magnetic ficld
strength.

537.5 2686

The Characteristics of a Discharge at a Probe at
a Positive Potential and the Measurement of the
Associated Gas Density.—B. N. Klyarfel'd, A. A.
Timofeev, N. A. Neretina & L. G. Guseva. (Zh. tekh.
Fiz., Sept. 1955, Vol. 25, No. 9, pp. 1581-1596.)

537.5 2687

On the Floating Probe Method for the Measure-
ment of Ionized Gas.—K. Yamamoto & T. Okuda.
(/. phys. Soc. Japan, Jan. 1956, Vol. 11, No. 1, pp. 57-68.)
Revised expressions are obtained for the positive-ion
current and electron temperature for the usual double-
probe method. A triple-probe method is proposed for
measurement of energy distribution in electrodeless or
h.f. discharges and the applicability of the techniques is
discussed.

537.5 : 538.566 2688
Formulae for the Mean Losses of Energy in
Collisions of Slow Electrons moving in Diatomic
Gases.—1.. G. H. Huxley. (Aust. J. Phys., March 1956,
Vol. 9, No. 1, pp. 44-53.) Approximate formulae are
derived which correspond closely with results of experi-
ments for electrons of low energy. The formulae are
relevant to the theory of interaction of radio waves.

537.52 : 538.561 2689

Two-Electrode High-Frequency Discharge at
Pressures from 100 mm Hg to Atmospheric.—G. S.
Solntsev & M. M. Dmitrieva. (Zh. eksp. teor. Phys.,
Nov. 1955, Vol. 29, No. 5(11), pp. 651-657.) An experi-
mental investigation is reported of discharges in nitrogen
and argon at frequencies of 35 to 36 Mc/s and 1-5 Mc/s.
Variation of running-voltage with electrode separation
and variation of electric field with pressure are shown
graphically and photographs of discharges are reproduced.

537.533 2690

Theoretical Interpretation of Field Emission
Experiments.—T. J. Lewis. (Phys. Rev., 15th March
1956, Vol. 101, No. 6, pp. 1694-1698.) Ixperimental
results obtained Dby various workers on field emission
from tungsten and barium-on-tungsten surfaces are
discussed in relation to theories regarding the nature of
the surface potential barrier and the distortion of the
field by space charge.

537.56 : 538.56 2691

Kinetic Theory of the Lorentz Gas: Case of
‘Maxwellian’ Molecules.--M. Bayet. (/. Phys.
Radium, Feb. 1956, Vol. 17, No. 2, pp. 167-168.) Dis-
cussion of differences between the views and results of
the author (e.g. 2925 of 1954) and those of Jancel &
Kahan (1366 of May, 2196 of 1954, etc.).

537.56 : 538.6 2692
Use of the Boltzmann Equation for the Study of
Ionized Gases of Low Density.- (Phys. Rev., lIst
April 1956, Vol. 102, No. 1, pp. 12-27.)
Part 1.—K. M. Watson (pp. 12-19).
Part 2.—K. A. Brueckner & K. M. Watson (pp. 19-27).
The behaviour of the gas in a strong magnetic field is
discussed.

537.562 : 538.56 2693
On the Dipole Resonant Mode of an Ionized Gas

Column.—G. H. Keitel. (dust. J. Phys., March 1956,
Vol. 9, No. 1, pp. 144-147.) Calculations show that the
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multiple resonances found by Makinson & Slade (3532 of
1954) were created by the discontinuities in their approxi-
mation to the Gaussian function, and that the actual
Gaussian distribution exhibits only one resonance. See
also Proc. Inst. Radio Engrs, Oct. 1955, Vol. 43, No. 10,
pp- 1481-1487.

538.3 2694

Fundamental Equations of a Classical Non-
conservative Electromagnetism.-—E. Durand. (C. R.
Acad. Sci., Paris, 9th April 1956, Vol. 242, No. 15, pp.
1862--1865.)

538.311 :621.318.4 2695

The Computation of Coils for producing Uniform
Magnetic Fields and Constant Field Gradients.-
W. Berger & H. ]. Butterweck. (dAdrch. Elektrotech.,
3rd Feb. 1956, Vol. 42, No. 4, pp. 216-222.) Calculations
for Helmholtz-coil systems are presented. For the field
at the mid-point on the axis to be uniform, the second
derivative of the field in the axial direction must be zero
at that point; for the field gradient to be constant, the
third derivative must vanish. I‘amilies of curves
suitable for design purposes are derived.

538.566 2696

Incidence of Electromagnetic Waves on Double
Infinite Grids.—Ya. N. Ivel'd. (C. R. Acad. Sci.
U.R.S.S., 1st March 1956, Vol. 107, No. 1, pp. 71-74.
In Russian.) The system considered comprises a double
grid of parallel metal rods; the grids are spaced a apart
and the rods in each grid are spaced / apart, the rods in
one grid being staggered by an amount 4 relative to the
rods in the other grid; the radius of the rods is 7,.
Calculations are made of the reflection coefficient | R | and
the refractive index | Q | corresponding to three values of
a/A, for I = 0-2), d = 0-1X and 7, = 0-01A, for normal
incidence; with a/A = 0-25, R 0-994 and Q = 0-110.

538.566 : 535.13 2697
A Method for integrating Maxwell’s Equations.-
R. Vallée. (Onde élect., Feb. 1956, Vol. 36, No. 347, pp.
122--133.) Maxwell’s equations for propagation of e.m.
waves are integrated for the case where the functions
representing the wave contours are separable. Appli-
cations are discussed showing the relation between the

e.m. theory and geometrical optics.

538.566 : 535.42) + 534.24 2698

Variational Method for the Calculation of the
Distribution of Energy reflected from a Periodic
Surface: Part 1..—W. C. Meecham. (/. appl. Phys.,
April 1956, Vol. 27, No. 4, pp. 361-367.)

538.566 : 535.42 2699

Experimental Study of the Diffraction of Micro-
waves by Rotationally Symmetrical Apertures.—
A. Boivin, A. Dion & H. P. Koenig. (Canad. J. Phys.,
Feb. 1956, Vol. 34, No. 2, pp. 166-178. In French.)
Measurements at 1-25cm A have been made using
circular and annular apertures. The results indicate that
diffraction calculations based on Kirchhoff’'s approxi-
mation are accurate to within 5% at planes as close as
twice the diameter of the aperture, the accuracy improv-
ing as the distance increases.

538.566 : 535.42 2700

Rigorous Solution of a Particular Diffraction
Phenomenon.-——P. Poincelot. (Ann. Télécommun.,
March 1956, Vol. 11, No. 3, pp. 50-56.) Diffraction of a
plane e.m. wave by a perfectly conducting infinitely thin
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screen is analysed, using an infinite system of algebraic
equations and an infinite number of unknowns, for the
case of the electric vector parallel to the screen edges.
The procedure is to calculate the vector potential for
the surface assuming a sinusoidal distribution of parallel
straight-line currents. Extension of the method to the
more general case of arbitrary direction of electric vector
would be feasible using electronic computers.

538.566 : 537.56 2701
Structure of a Magnetohydrodynamic Shock
Wave in a Plasma of Infinite Conductivity.—H. K.
Sen. (Phys. Rev., 1st April 1956, Vol. 102, No. 1, PP
5-11.) The analysis presented is relevant to problems of
solar r.f. radiation, the ionosphere, and cosmic rays.

538.566 : 537.56 : 621.385.029.6 2702
Growing Electric Space-Charge Waves. J. H.
Piddington. (Aust. J. Phys., March 1956, Vol. 9, No. 1,
pp. 31-43.) Theory presented previously, purporting to
explain the operation of the electron-wave valve and the
origin of solar r.f. emission, is shown to be unsound:
alternative theory is given. See also 2258 of July.

538.569.4 : 547.556 2703

Some Measurements on the Spectral Line Shape
and Width of a Paramagnetic Resonance Absorption
Line.—F. Bruin & M. Bruin. (Physica, Feb. 1956,
Vol. 22, No. 2, pp. 129-140.) Measurements on aa-
diphenyl-g-picryl hydrazyl at a frequency of about
20 Mc/s are reported.

538.691 2704

The Motion of Charged Particles in Weakly
Variable Magnetic Fields.-—G. Hellwig. (Z. Naturf.,
July 1955, Vol. 10a, No. 7, pp. 508-516.) Analysis is
simplified by considering in place of the actual particle,
which follows a helical path, an equivalent particle
following a mean path and having a magnetic moment.

548.0 : 539.11 2705

Interaction of Excitons with Lattice Vibrations in
Polar Crystals: Part 1.—H. J. G. Meyer. (Physica,
Feb. 1956, Vol. 22, No. 2, pp. 109-120.)

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.16 2706
Early History of Radio Astronomy. G. C.

Southworth. (Sci. Mon., Feb, 1956, Vol. 82, No. 2, pp.
55-66.)
523.16 2707

Cosmic Radio Sources Observed at 600 Mc/s.-
J. H. Piddington & G. H. Trent. (Aust. J. Phys., March
1956, Vol. 9, No. 1, pp. 74 -83.) A survey has been made
over most of the celestial sphere between declinations
90° S and 51° N, using a narrow pencil beam. 49 discrete
sources giving flux densities of about 10~ 2 W/m? per ¢/s
were identified, including 18 which may not have been
previously reported. Nearly all the discrete sources are
associated with irregularities of the background radiation.

523.16 2708

Radio Emission from Novae and Supernovae. —
B.Y. Mills, A. G. Little & K. V. Sheridan. (dust. /. Phys.,
March 1956, Vol. 9, No. 1, pp. 84-89.) “Attempts have
been made to observe the radio emission at 3-5 m from
two supernovae and ten novae. Kepler's star was the
only reasonably certain identification. A comparison
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with radio observations of other supernova remnants
suggests a constant ratio between the present radio
cmission and the maximum emission of light. It is
concluded that for common novae, which are not detect-
able as radio sources, this ratio must be smaller than for
supernovae. The galactic radio emission near the plane
of the Milky Way could be largely the integrated emission
of supernova remnants but common novae could not
contribute appreciably.”’

523.16 2709

The Masses of the Magellanic Clouds from Radio
Observations.—F. J. Kerr & G. de Vaucouleurs, (Aust.
J. Phys., March 1956, Vol. 9, No. 1, pp. 90-111.)

523.16 : 523.4 2710

18-3-Mc/s Radiation from Jupiter.--C. A. Shain.
(Aust. J. Phys., March 1956, Vol. 9, No. 1, pp. 61-73.)
An examination of records at Sydney shows that bursts
at 183 Mc/s observed in 19501951 and previously
ascribed to a terrestrial cause were in fact due to radiation
from Jupiter; this confirms the observations of Burke &
Franklin (2933 of 1955). Some new observations are
also mentioned. The usefulness of Jupiter radiation for
studying propagation conditions near the sun is pointed
out. See also 406 of February.

523.16 : 523.991 2711
Observation of an Eclipse of the Crab Nebula..
A, Boischot, E. J. Blum, M. Ginat & E. Le Roux. (C. R.
Acad. Sci., Paris, 9th April 1956, Vol. 242, No. 15, PP-
1849-1852.) Report of observations at frequencies of
169 and 900 Mc/s during the occultation of the Crab
nebula by the moon, on 24th January 1956. The radio
source corresponds closely to the visible structure of the
nebula; it is deduced from this result that the electron

density in the lunar atmosphere is < 104/cm?.

523.165 : 523.746 2712

The Daily Variation of the Cosmic Ray Intensity
Measured near the 1954 Sunspot Minimum. M.
Possener & 1. J. van Heerden. (Phil. Mag., March 1956,
Vol. 1, No. 3, pp. 253-260.)

523.5 : 551.510.535 2713

A Note on the Interpretation of Transient Echoes
from the Ionosphere.—A. C. B. Lovell. (/. atmos.
levr. Phys., May 1956, Vol. 8, Nos. 4/5, pp. 293-294.)
Comment on a note by Shain & Kerr (3075 of 1955).
Recent radio-echo work on meteors shows that a midday
maximum is often observed in the rate of occurrence of
meteors. Observations with narrow-beam aerials on
70 Mc/s show that a tendency during the months
October-March for the main peak to occur at 0600 is
completely reversed from April to September, when the
major peak occurs during the daytime.

523.7 : 538.12 2714
The Sun’s General Magnetic Field.. H. Alfvén.
(Tellus, Feb. 1956, Vol. 8, No. 1, pp. 1-12))

523.75 : 551.594.6 2715

The Solar Outburst, 23 February 1956. Observa-
tions by the Royal Greenwich Observatory.— T.
Gold & D. R. Palmer. (J. atmos. terr. Phys., May 1956,
Vol. 8, Nos. 4/5, pp. 287-291.) Cosmic-ray, photographic
and magnetic observations are presented; records of the
intensity of atmospherics on a frequency of 27 kc/s show
a very substantial decrease in received signal level at
0345 U.T., which appears to be attributable to the
cosmic-ray increase associated with the flare.
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523.75 : 551.594.6 2716

A Long-Wave Anomaly associated with the
Arrival of Cosmic-Ray Particles of Solar Origin on
23 February 1956.—M. A. Ellison & J. H. Reid.
(/. atmos. terr. Phys., May 1956, Vol. 8, Nos. 4/5, pp.
291-293.) Records of atmospherics received on a fre-
quency of 24 kc/s at the Royal Observatory, Edinburgh,
show a sudden decrease coinciding with the time of
arrival of solar cosmic-ray particles in the dark hemi-
sphere of the earth.

523.75 : 621.396.11 : 551.510.535 2717
Some Unusual Radio Observations made on 23
February 1956.—]. S. Belrose, M. H. Devenport & K.
Weekes. (/. atmos. terr. Phys., May 1956, Vol. 8, Nos. 4/5,
pPp. 281-286.) Records of sky-wave signals obtained at
Cambridge, England, on frequencies 70-300 kc/s showed
very strong absorption during the occurrence of the solar
flare of this date; on 16 kc/s the main effect was a decrease
of 7-8km in the reflection height. On frequencies
1-5-8 Mc/s, at Upsala, almost complete absorption
occurred from sunrise until the late afternoon.

55 :621.396.934 2718

Symposium on the U.S. Earth Satellite Program
—Vanguard of Outer Space.—(Proc. Inst. Radio
Engrs, June 1956, Vol. 44, No. 6, Part 1, pp. 741-767.)
The text is given of seven papers presented at a
symposium held in New York in March 1956, dealing
with various aspects of the U.S.A. plans for launching
earth satellites during the International Geophysical
Year, 1957-1958.

550.384 2719

The Crust as the Possible Seat of Earth's Mag-
netism.—J. S. Chatterjee. (/. atmos. terr. Phys., May
1956, Vol. 8, Nos. 4/5, pp. 233-239.) Magnetic material
in the earth's crust, to a depth of 20 km, will be highly
permeable as a result of temperature and pressure
conditions.  Interaction between solar corpuscular
streams and a very weak initial magnetic field in the
crust will magnetize it to saturation; the estimated
magnetic moment of the shell agrees with the observed
magnetic moment of the earth.

550.385.24 : 523.746.5 2720

Long-Period Variations in Geomagnetic Activity.
—E. J. Chernosky. (Trans. Amer. geophys. Union, Aug.
1955, Vol. 36, No. 4, pp. 591-595.) Analysis of data
shows that correlation between the sunspot number R
and the magnetic u figure is markedly improved by taking
means for the 11-year sunspot-number cycle and for the
22-year sunspot-magnetism cycle in place of annual
means.

551.510.53 : 534.22 2721

Theory of the Rocket-Grenade Method of deter-
mining Upper-Atmospheric Properties by Sound
Propagation.-—G. V. Groves. (/J. atmos. terr. Phys.,
May 1956, Vol. 8, Nos. 4/5, pp. 189-203.) Theory
applicable to projected experiments is developed from
earlier work (2046 of July); a knowledge of the composi-
tion of the atmosphere and of the velocity of the sound
of the explosions is assumed.

551.510.535 2722

Electron Distribution in the Ionosphere.- ;. A. M.
King & C. H. Cummack. (/. atmos. terr. Phys., May 1956,
Vol. 8, Nos. 4/5, pp. 270--273.) Analysis of &’f records by
the method described earlier [117 of 1955 (King)| suggests
that the ionosphere consists of three Chapman layers,
E, IV, and TV, and that the temperature is uniform.
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551.510.535 2723
Effective Tilts of the Ionosphere at Places about
1000 km apart.—H. A. Whale. (Proc. phys. Soc., 1st
March 1956, Vol. 69, No. 435B, pp. 301-310.) Fuller
account of work described previously (1978 of 1955).

551.510.535 2724

The Rates of Production and Loss of Electrons in
the F Region of the Ionosphere.—]. A. Ratcliffe, E. R.
Schmerling, C. S. G. K. Setty & J. O. Thomas. (Phil.
Trans. A, 1st March 1956, Vol. 248, No. 956, pp. 621-642.)
From the results of Schmerling & Thomas (2726 below)
the rates of production and loss of electrons in the region
are deduced. Bradbury's theory of the formation of the
F layers (1757 and 2184 of 1938) is shown to be self-
consistent; it gives a scale height of 45 km for the
ionizable constituent of the atmosphere between 180 and
350 km. This result agrees better with the atmospheric
R model deduced by Bates from rocket experiments
(Rocket Exploration of the Upper Atmosphere, 1954, pp.
347-356) than with the G model deduced from experi-
ments made on the ground. Limits are established for
the movements caused by electron diffusion under gravity.

551.510.535 2725

The Formation of the Ionospheric Layers F; and
Fe.—J. A. Ratcliffe. (J. atmos. terr. Phys., May 1956,
Vol. 8, Nos. 4/5, pp. 260-269.) It is shown that an
electron loss cocfficient varying with height in the
manner suggested previously (2724 above) would explain
the known facts about the splitting of the F layer and
might also be a factor in determining the height of the
peak of electron density in the F, layer.

551.510.535 2726

The Distribution of Electrons in the Undisturbed
Fy Layer of the Ionosphere.—E. R. Schmerling & J. O.
Thomas. (Phil. Trans. A, 1st March 1956, Vol. 248, No.
956, pp. 609-620.) The variation of electron density
with height is deduced from A’(f) records obtained at
Watheroo, Huancavo and Slough, and the form of the
typical ¥ layer for magnetically quiet days is described
in a series of curves; detailed tabulated results are

available at the Cavendish lLaboratory, Cambridge,
England.
551.510.535 2727

Processes controlling Ionization Distribution in
the Fy Region of the lonosphere..—D. F. Martyn.
(Aust. J. Phys., March 1956, Vol. 9, No. 1, pp. 161-165.)
Rocket measurements at heights approaching 200 km
suggest that the atmospheric density in the F, region may
be some 30 times less than previously deduced from radio
experiments. If the new value were correct, diffusion
of ¥, ionization under the forces of gravity and of its
own pressure gradient would be likely to affect the shape
and height of the region notably. An investigation was
made of the possible effects of diffusion processes at such
levels. The results indicate that a region with arbitrary
height distribution of ionization will by diffusion assume
the form of a Chapman region after a time which, for
¥, levels, is a few hours if the radio determinations of
density are correct, but only a few minutes if the rocket
determinations are correct. It is suggested that there
must be a systematic error in the rocket observations.

551.510.535 2728
Observations and Analysis of lonospheric Drift.-
D. G. Yerg. (J. atmos. terv. Phys., May 1956, Vol. 8,
Nos. 4/5, pp. 247-259.) Spaced-receiver fading observa-
tions made at Puerto Rico during 1954-1955 on 2-33
and 4-57 Mc/s indicate average drift speeds of 19 m/s and
12 m/s respectively. The 2:33-Mc/s data are thought to
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apply to the E layer, and the 4-57-Mc/s data to the I,
layer. Owing to random changes, the method of similar
fades is less reliable than the correlation method of
evaluation.

551.510.535 2729

Automatic Recording of Ionospheric Character-
istics.—K. Bibl. (/. atmos. terr. Phys., May 1956, Vol. 8,
Nos. 4/5, p. 295.) Following the proposals of Nakata
et al. (2937 of 1954) a device is proposed which gives a
direct record of m.u.f.

551.510.535 2730

Ionospheric Recorders and Sporadic E.—]. A.
Thomas, A. C. Svenson & H. E. Brown. (dust. J. Phys.,
March 1956, Vol. 9, No. 1, pp. 159--161.) Brief report of
tests made at Brisbane, disproving the statement, which
has been made by various workers, that the observed
frequency characteristics of the E, region vary rapidly
with the overall sensitivity of the recording P’f equipment.

§51.510.535 : 523.16 : 550.385 2731

Spread F-Layer Echoes and Radio-Star Scintil-
lation..—R. W. Wright, J. R. Koster & N. J. Skinner.
(J. atwos. terr. Phys., May 1956, Vol. 8, Nos. 4/5, pp.
240-246.) Correlation is noted between observations of
radio-star scintillations at one station in equatorial W.
Africa and of spread F layers at another, 510 km distant.
Disturbed magnetic conditions, in winter, cause decreased
F-layer spread.

551.510.535 : 523.78 2732

Ionospheric Observations during the Solar
Eclipse of June 20, 1955.—A. K. Saha, S. Ray, S. Datta
& R. K. Mitra. (Sci. & Cult., Feb. 1956, Vol. 21, No. 8,
pp. 475-477.) Observations made at Haringhata, 28
miles N.E. of Calcutta, are reported. The recorder used
provided a frequency sweep from 1 to 13 Mc/s in 1 min
55sec. The observed variation of fyE shows that the
disappearance and reappearance of the ionizing radiation
source for the E layer was not symmetrical with respect
to the time of the eclipse maximum. The ionization of
the F, layer also showed a marked drop during the
eclipse. An observed drop in the ionization of the F,
layer may or may not have been an eclipse effect.

551.510.535 : 525.624 2733

Lunar Variations in the Ionosphere..—R. A.
Duncan. (dust. J. Phys., March 1956, Vol. 9, No. 1, pp.
112-132.) The global pattern of the observed lunar
variations of the height and electron density of the F,
region is suminarized, new analyses being presented for
Canberra (f,F,), Brisbane (h'F,) and ‘Washington
(h’Fy and f,FF,). The height variation has an amplitude
of 1-3 km; maximum height occurs at 06 lunar hours at
moderate latitudes and at 09 lunar hours at the geo-
magnetic equator. The variation of f,F, has an ampli-
tude of 2-49%; the maximum occurs at about 09 lunar
hours at moderate geomagnetic latitudes and at 04 lunar
hours near the geomagnetic equator. Theory is developed
on the basis of a current system at a height of about
100 km. The tidal winds needed to drive the current, the
potential distribution in the dynamo layer, and the
resulting periodic vertical drifts of ionization in the higher
layers are calculated. The lunar variations in f,F, are
calculated taking into account probable height variations
of recombination coefficient and ionization production
rate; theresults arein good agreement with observations.
It is concluded that the amplitude of the lunar tidal wind
near the E layer is about 45 times greater than that on
the ground.
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551.510.535 : 551.557 2734

Influence of Variable Flow of Positive Solar
Particles on the Wind in the Ionosphere.— V. V.
Shuleikin & 1.. A. Korneva. (C. R. Acad. Sci. U.R.S.S.,
lst March 1956, Vol. 107, No. 1, pp. 59-62. In Russian.)
Qualitative results of a calculation of the interaction of
electrodynamic and hydrodynamic forces in the iono-
sphere, at a height where the two forces are of the same
order of magnitude, indicate a distribution of wind
velocity and direction (fig. 2a) similar to that observed by
Hoffmeister (1932 of 1949) and shown in fig. 2b. Fig. 1
shows the variation of the E-W and N-S components
and of the resultant of the wind velocity over a 27-day
period.

531.510.535 : 621.396.11 2735
Oblique Transmission by the Meteoric E-Layer.
—Naismith. (See 2871.)

551.576/.578 : 621.396.969.36 2736

The Nature and Detectability of Clouds and
Precipitation as determined by 1-:25-cm Radar.
Plank, Atlas & Paulsen. (See 2749.)

551.59 : 538.566.029.6 : 523.72 2737

Measurement of Atmospheric Absorption on
9 350 Mc/s, using Solar R.F. Radiation.—P. André,
I. Kazes & ]. L. Steinberg. (C. R. Acad. Sci., Paris,
23rd April 1956, Vol. 242, No. 17, pp. 2099-2101.)
Measurements were made at various times of day, using a
radiotelescope described previously (1636 of 1955 (Kazes
& Steinberg)]. Only a part of the attenuation observed
during sunset can be attributed to absorption by oxygen
and water vapour; the remainder, about 35%, is so far
unexplained.

551.593 2738

The Height of Emission of the 5577 Line of the
Air-Glow as observed on the Jungfraujoch.—H.
Elsasser & H. Siedentopf. (/. atmos. terr. Phys., May
1956, Vol. 8, Nos. 4/5, pp. 222-232. 1In German.) A
mean altitude of 90 10 km is deduced.

551.594.5 : 621.396.11.029.62 2739

A Theory of Scattering by Nonisotropic Irregula-
rities with Application to Radar Reflections from
the Aurora.—H. G. Booker. (]. atmos. terr. Phys.,
May 1956, Vol. 8, Nos. 4/5, pp. 204-221.) The existence
and aspect sensitivity of auroral v.h.f. echoes can be
explained as back scatter from nonisotropic columns of
ionization parallel to the earth’s magnetic field, of length
about 40 m and diamecter 1 m, caused by turbulence in
an E region having a maximum clectron density about
100 times the normal value; but the theory fails to
explain the rapid fading rates associated with auroral
echoes.

551.594.6 : 621.396.933 2740

Low-Frequency Atmospheric Noise Levels in
Southern and Central Africa.—D. Hogg. (Trans. S.
Afr. Inst. elect. Engrs, Dec. 1955, Vol. 46, Part 12, pp.
341-348.) Detailed report of measurements made to
determine the interfering effect of atmospherics on radio
navigation aids. Results are presented graphically and
discussed with reference to local thunder conditions.
See also 2305 of 1955.

523.5 : 061.3 2741
Meteors. [Book review]—T. R. Kaiser (Ed.). Pub-
lishers : Pergamon Press, London and New York, 1955,
204 pp., 85s. (J. Franklin Inst., Feb. 1956, Vol. 261,
No. 2, p. 275.) The text is given of the papers presented
at the symposium reported previously (1016 of 1955).
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LOCATION AND AIDS TO NAVIGATION

534.88-14 2742
Underwater Echo-Ranging.—D. G. Tucker. (/.
Brit. Instn Radio Engrs, May 1956, Vol. 16, No. 5, pp.
243-269.) A rcview covering basic principles, engineering
aspects, and various applications. 66 references.

621.396.93

D.F. Plotting Aid.—H. G. Hopkins. (Wireless Engr,
July 1956, Vol. 33, No. 7, pp. 173-175.) The simple aid
described is in the form of a transparent graticule which
is placed on the map over the most probable position of
the transmitter to facilitate the determination of the
area within which the transmitter lies with a given
probability.

2743

621.396.93 : 621.396.11.029.55 2744

An Automatic Direction Finder for recording
Rapid Fluctuations of the Bearing of Short Radio
Waves.—H. A. Whale & W. J. Ross. (Proc. phys. Soc.,
1st March 1956, Vol. 69, No. 4358, pp. 311-320.) The
signals in two pairs of acrials placed at the corners of a
rectangle 10 m X 5m are combined so that a required
90° phase shift is automatically maintained at all frequen-
cies up to about 17 Mc/s; sense is determined manually.
The accuracy of the system is discussed; the effective
aperture must be small if it is to follow bearing fluctua-
tions when there is an appreciable spread of the com-
ponent waves in the incoming signal.

621.396.933 : 551.594.6 2745
Low-Frequency Atmospheric Noise Levels in
Southern and Central Africa.—Hogg. (Sce 2740).)

621.396.969.13 2746

The Radar Measurement of Low Angles of Eleva-
tion.—J. S. Hey & S. J. Parsons. (Proc. phys. Soc., 1st
March 1956, Vol. 69, No. 435B, pp. 321-328.) “The
errors which occur in the measurement of low angles of
elevation by centimetric radar on a flat ground site are
estimated theoretically and compared with experimental
measurements. It is demonstrated that a very con-
siderable improvement in angular accuracy is obtained
by erecting a screen to intercept the ground-reflected
wave. The diffraction effects due to the screen are
discussed.”’

621.396.969.3 2747
The Effect of A.G.C. on Radar Tracking Noise.
R. H. Delano & 1. Pfeffer. (Proc. Inst. Radio Engrs,
June 1956, Vol. 44, No. 6, Part 1, pp. 801-810.) Low-
frequency components of the noise arising from the
fluctuating properties of the target echo are enhanced by
the a.g.c. action. This disadvantage could be avoided
by slowing down the a.g.c. response, but such a solution
might be unsatisfactory for other reasons, e.g. in the case
of a radar system closing rapidly on a target. The
solution presented is to place a nonlinear filter in the
a.g.c. path, providing a fast response to rising signals and

a slow response to decaying signals.

621.396.969.35 2748

Multipath Phase Errors in C.W.-F.M. Tracking
Systems.—T. E. Sollenberger. (T'rans. Inst. Radio
Engrs, Oct. 1955, Vol. Al>-3, No. 4, pp. 185-192,) Errors
in missile-tracking systems due to reflections from the
ground and from neighbouring objects are discussed.
Use of frequency modulation permits discrimination
against the relatively weak interfering signals. The phase
error can be reduced indefinitely by increasing the band-
width used.
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621.396.969.36 : 551.576/.578 2749

The Nature and Detectability of Clouds and
Precipitation as determined by 1-25-cm Radar.—
V. G. Plank, D. Atlas & W. H. Paulsen. (/. Met., Aug.
1955, Vol. 12, No. 4, pp. 358-378.) Results are presented
of a survey of the frequency of occurrence of various
cloud types from their echo characteristics. With most
types, temperature is the most important factor affecting
detectability; the presence of ice crystals increases
detectability. The 1-23-cm radar equipment used would
detect only about 15% of clouds of common types at
ranges up to 1 mile. The characteristic features of
stratiform precipitation are discussed.

MATERIALS AND SUBSIDIARY TECHNIQUES

531.788.7 : 621.311.6 2750

Stabilized Power Supply for an Ionization Gauge
for Industrial Use.—R. I’. Henry. (Le I'ide, Jan./I'eb.
1956, Vol. 11, No. 61, pp. 28-33.) Neon stabilizers are
used for the (positive) grid potential. A triode stabilizing
circuit in the filament supply compensates for variations
in the grid current of the gauge.

533.5 2751

Some Particular Features of the Ilonization
Method of producing a Very High Vacuum.—N. D.
Morgulis. (Zh. tekh. Fiz., Sept. 1955, Vol. 25, No. 9, pp.
1667-1670.) Experiments made to investigate the nature
of the method are briefly reported and a number of
practical suggestions are offered.

533.56 2752
Experimental Study of a Rotary Molecular Pump.
-G;. Mongodin & 17, Prevot.  (Le Vide, jan./I'eb. 1956,

Vol. 11, No. 61, pp. 3-13))

535.215 2753
Spectral Distribution of Photoconductivity.
H. B. DeVore. (P’hys. Rev., 1st April 1956, Vol. 102,
No. 1, pp. 86-91.) “‘A theoretical analysis of the shape
of photoconductivity spectral distribution curves is
presented, based upon the effects of surface and volume
recombination of the charge carriersliberated by thelight.
Representative curves of photoconductivity vs absorp-
tion are computed and compared with experimental
observations. As an application of this analysis, experi-
mental data for antimony sulfide are compared with a
theoretical curve, and the difference is found to be
resolvable into two bands representing nonphotocon-

ductive transitions.”

535.215 : 537.311.33 : 546.289 2754
The Energy Distribution of Electrons in the
External Photoeffect of Germanium containing
Impurities.--A. N. Arsen’eva-Geil'. (Zh. tekh. Fiz.,
Sept. 1955, Vol. 25, No. 9, pp. 1544-1546.) Experimental
V/I characteristics are plotted indicating that photo-
clectrons are emitted from two energy regions. When
the Ge layer is heated to 60°-100°C, an irreversible
change in the contact-potential difference between the
collector and the emitter takes place, and the number of
photo-electrons is considerably increased.

535.215 : 537.311.33 : 546.482.21 2755

Comparison of Surface-Excited and Volume-
Excited Photoconduction in Cadmium Sulfide
Crystals.—R. H. Bube. (Phys. Rev., 15th March 1956,
Vol. 101, No. 6, pp. 1668-1676.) Measurements have
been made of the spectral response, the variation of the
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photocurrent with illumination intensity, the quenching
effect of infrared radiation, the decay time of the photo-
current, and the effect of thermal stimulation. The
results can be largely explained by assuming that the
surface is inherently less sensitive than the interior of the
crystals, the surface sensitivity being highly dependent
on the surrounding atmosphere.

535.215 : 537.311.33 : 546.482.21 : 537.312.8 2756

Change of Photocurrent of CdS Single Crystal in
a Magnetic Field.——S. Tanaka, T. Masumi & S. lijima.
(J. phys. Soc. Japan, Jan. 1956, Vol. 11, No. 1, pp. 90-91.)
Experiments indicate that the photocurrent increases or
decreases, depending on the direction of the magnetic
field.

535.215 : 546.57 2757

Photoemission from Silver into Sodium Chloride,
Thallium Chloride and Thallium Bromide.—
W. J. Turner. (Phys. Rev., 15th March 1956, Vol. 101,
No. 6, pp. 1653-1660.) Experiments yielding negative
results are reported.

535.37 : 546.472.21 2758
Investigation of the Origin of Electron Localiza-
tion Levels in Zinc Sulphide [ZnS-Cu Phosphors.-
N. V. Zhukova. (Zh.eksp. teor. Phys., Nov. 1955, Vol. 29,
No. 5(11), pp. 680-692.) Three thermoluminescence
intensity maxima were observed; these occured at (a)
— 120°C, due to excess Zn in the ZnS lattice, at (b)
— 60°C, and at (¢} + 20°C, due to Cu luminescence
centres. The shape of the curve over different tempera-
ture ranges is related to the composition. The quenching
effect of Fe, Ni and Co was investigated at temperatures
from — 180° to + 60°C. Results are presented graphically.

535.37 : 546.472.21 2759

Conductivity Measurements and Spectrographic
and X-Ray Investigations on Zinc Sulphide
Crystals.—]. Krumbiegel & K. H. Jost. (Z. Naturf.,
July 1955, Vol. 10a, No. 7, pp. 526-529.) The conductiv-
ity measurements indicate that the photosensitivity
maximum occurs at a wavelength of 3520A. The
spectrographic investigation indicates that crystals with
different-coloured luminescence do not necessarily contain
different impurities.

535.376 2760

Contribution to the Study of Quenching and
Sensitizing Effects of Electric Fields.- -H. E. Gumlich.
(J- Phys. Radium, Feb. 1956, Vol. 17, No. 2, pp. 117-121.)
The luminescence of ZnS-CdS mixtures activated by Mn
and excited by ultraviolet or X rays was investigated
experimentally. With ultraviolet excitation an applied
field has a quenching effect, with X-ray excitation it
produces permanent enhancement of the luminescence.
See also 2081 of July (Destriau et al.).

535.376 2761

The Temperature Dependence of Brightness
Waves in Electroluminescence.—D. Hahn & . W.
Seemann. (Z. Naturf., July 1955, Vol. 10a, No. 7, pPpP.
586-587.) A number of phosphors have been studied.
Oscillograms are reproduced showing the change in the
form of the brightness waves of two phosphors at
temperatures between — 95° and 110°C in a 500-c/s
field.

535.376 : (546.472.21 - 546.48.47.221 2762

Spectral Energy Distribution Curves of ZnS:Ag
and ZnCdS:Ag after Thermal Vacuum Treatment.
—C.H.Bachman,M.I..Sawner & W. Allen. ([ .electrochem.
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Soc., I'eb. 1956, Vol. 103, No. 2, pp. 117-122.) Phosphor
screens of thickness comparable to that used in c.r.
tubes were maintained at temperatures between 300°
and 800°C for 5-30 min in vacuum; measurements were
then made of the spectral energy distribution under
bombardment by a diffuse 1 000-V electron beam. The
heating produces both general reductions and spectral
redistributions of emission. The results are discussed in
relation to the ion-burn effect in c.r. tubes.

535.376 : 546.472.21 2763

Electrophotoluminescence Effects.—I°. Matossi &
S. Nudelman. (/. electrochem. Soc., Feb. 1956, Vol. 103,
No. 2, pp. 122-127.) A study is reported of the frequency
and field-strength dependence of the intensity quenching
and the intensity ripple occurring on application of an
electric field to a phosphor; 28 different ultraviolet-
excited ZnS phosphors of cubic and hexagonal structure
were investigated.

535.376 : 546.472.21 2764

Electroluminescence in Zinc Sulfide.—\W. A,
Thornton. (Phys. Rev., 1st April 1956, Vol. 102, No. 1,
pp- 38-46.) Simple theory based on single-level electron
trapping and a field-controlled thermal release process
is developed to explain the observed dependence of the
electroluminescence waveform and the integrated light
output on voltage, frequency and temperature.

537.226/.228 : 546.431.824-31 2765

Role of Domain Processes in Polycrystalline
Barium Titanate.—M. McQuarrie. (]. Amer. ceram.
Soc., 1st I'eb. 1956, Vol. 39, No. 2, pp. 54-59.) Discussion
of results obtained by various workers indicates that
while the high initial dielectric constant of polycrystal-
line BaTiO,, and possibly also the frequency variation
of the initial dielectric constant, can be accounted for
without making assumptions regarding domain-wall
motion, effects associated with the ‘poling’ and aging
processes can be explained more satisfactorily in terms
of movements of both 90° and 180° walls.

537.226/.227 : 546.431.824-31

Retarded Polarization Phenomena in BaTiO;
Crystals. —H. H. Wieder. (/. appl. Phys., April 1956,
Vol. 27, No. 4, pp. 413-416) An investigation was
made of the relation between the applied electric field
and the resulting polarization of c-domain BaTiO,
crystals in the tetragonal crystal phase for field strengths
< 1kVjecm. The results indicate that the processes
involved are the same as for greater field strengths. No
threshold value of field strength was found for the
propagation of antiparallel nuclei.

2766

537.226.31 2767

Dielectric Losses in Ionic Dielectrics in Strong
Electric Fields.—L. E. Gurevich & V. N. Gribov. (Zh.
eksp. teor. Phys., Nov. 1955, Vol. 29, No. 5(11), pp.
629-636.) Dielectrics in which the ions in the crystal
lattice exist in two nearly equal energy states are con-
sidered theoretically. Polarization, low-frequency and
high-frequency losses are calculated.

537.226.31 : 549.514.51 2768

Electric Polarizability of Colour Centres in
Quartz Crystals and Glasses.—]. Volger & J. M.
Stevels. (Philips Res. Rep., Feb. 1956, Vol. 11, No. 1,
pp. 79-80.) Relaxation losses induced in clear crystals
by irradiation at low temperatures are attributed to
orientational polarizability of colour centres generated
by impurities, such that transitions occur between
equivalent positions of trapped electrons or holes. The
effect has not been observed in glasses.
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537.226.8 2769

Effects of Pressure on the Complex Dielectric
Constant of Liquids.—P. Caillon & E. Groubert.
(C. R. Acad. Sci., Paris, 9th April 1956, Vol. 242, No. 15,
pp- 1855-1856.) Measurements on chlorodiphenyl at a
frequency of 127 kc/s indicate that the characteristic
variation of dielectric constant with pressure at normal
temperature is similar to that with temperature at normal
pressure.

537.227/228.1 -+ 621.372.412 + 621.373.421.13 2770

Papers presented at the 2nd Conference on
Piezoelectricity (Moscow, 26th—29th April 1955).—
(Bull. Acad. Sci. U.R.S.S., sér. phys., Feb. 1956, Vol. 20,
No. 2, pp. 163-272. In Russian.) The following 15
papers are collected in this issue:-—

New Ferroelectrics and Antiferroelectrics of the Oxygen-
Octahedral Type.—G. A. Smolenski (pp. 163-177).

X-Ray Structural Investigation of Solid Solutions of
IFerroelectrics with Perovskite-Type Structure.—Yu. N.
Venevtsev & G. S. Zhdanov (pp. 178-184).

Nonlinear Properties of Ferroelectrics.—T. N.
Verbitskaya (pp. 185-194).

Stability of the Piczoelectric Effect in Dolycrystalline
Barium Titanate.—I. I’. Kozlobaev (pp. 195-198).

Effect of Pressure on the Dielectric Properties of
I‘erroelectric Ceramics.—I. A, lzhak (pp. 199-205).

Tusion of Barium Titanate by Conduction Currents.
N. S. Novosil'tsev, O. 1. Prokopalo & A. F. Yatsenko
(pp. 206-210).

Some Physical Properties of Ferroelectric-Salt Crystals
exposed to Radioactive Irradiation.—!. S. Zheludev &
V. A. Yurin (pp. 211-214).

Some Physical Properties of Ferroelectric-Salt Crystals.

-1. Ya. Eisner (pp. 215-218).

Investigation of New Diezoelectric Crystals.—V. A,
Koptsik (pp. 219--225).

Piezoelectric  Properties of Wood and
Materials.—V. A. Bazhenov (pp. 226-230).

Thermal Mechanical Oscillations (IFluctuations) of
Dliczoelectric Crystals.—K. V. Goncharov & V. A.
Krasil’'nikov (pp. 231--236).

New Quartz Parameters and Engineering Method of
Quartz Oscillator Design.—E. I. Kamenski (pp. 237--250).

Parasitic Oscillations of Piezoelectric Plates with
Fundamental Longitudinal Oscillations.—E. G.
Bronnikova (pp. 251-260).

Theory of the Compound Piezoelectric Vibrator.
V. A. Solov'ev & I. G. Mikhailov (pp. 261-267).

Piezoelectric Resonators with Crystals having Struct-
ural Defects.—M. I. Yaroslavski (pp. 268-272).

CeHulose

537.227 277t

X-Ray and Neutron Diffraction Study of Ferro-
electric PbTiO3.—G. Shirane, R. Pepinsky & B. C.
Frazer. (Acta cryst.,, 10th Teb, 1956, Vol. 9, Part 2,
pp- 131-140.) Detailed account of work noted previously
from shorter paper (2312 of 1955).

537.227 2772

Guanidine Vanadium Sulfate Hexahydrate: a
New Ferroelectric Material.——]. P. Remeika & \W. ].
Merz. (Phys. Rev., 1st April 1956, Vol. 102, No. 1, p. 295.)
A brief note on the preparation and properties of this
material; the shape of the 60-c/s hysteresis loop is more
nearly rectangular than that of the corresponding
compound with aluminium in place of the vanadium
[2415 of August (Holden et al.)].

537.227 : [546.431.824-31 546.824-3] : 548.0 2773

An Explanation of the Structures of Hexagonal
Barium Titanate and Titanium Dioxide. .
Vousden. (Acta cryst., 10th Feb. 1956, Vol. 9, Part 2,
pp. 141--142))
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537.227 : 547.476.3 2774

On Ferroelectric Barkhausen Pulses of Rochelle
Salt.—R. Abe. (/. phys. Soc. Japan, IFeb. 1956, Vol. 11,
No. 2, pp. 104-111.) Experiments are described in which
Barkhausen pulses were observed on applying an electric
field to the crystal. The volumes whose polarization
reversal corresponds to single pulses are estimated to be
of the order of 107°cm® From the field-strength
threshold values it is inferred that the pulses occur when
a domain wall passes across a hollow in a crystal.

537.311.33 2775

The Voltage/Current Characteristic of the n-p
Junction for a Weak Signal.—E. 1. Rashba. (Zh. tekh.
Fiz., Sept. 1955, Vol. 25, No. 9, pp. 1663-1667.) PPub-
lished literature on the subject is reviewed and inaccur-
aciesin a paper by Shockley (379 of 1950) are pointed out.
A statistical system of equations (1} determining the
dynamic characteristic of a p-» junction is quoted and
applied to the case of small alternating voltages, of the
order of a few hundred mV, superimposed on a constant
reverse bias. Methods are indicated for an approximate
solution of these equations for various conditions, and
formulac are derived for determining the capacitance of
the junction.

537.311.33 2776

Theoretical Study of the Current/Voltage
Characteristic of a Semiconductor p-i-p Structure,
taking Account of Ionization of the Medium due to
Carriers.—A. Leblond. (C. R. Acad. Sci., Paris, 9th
April 1956, Vol. 242, No. 15, pp. 1856-1859.) In the
structure considered, the major part of an applied voltage
is across the intrinsic middle region, since the adjacent
p regions have much higher conductivity. Theory is
developed affording an explanation of the negative region
of the I/V characteristic which has been observed
experimentally; this negative characteristic is a con-
sequence of ionization which occurs in the vicinity of the
two junctions, where very strong fields develop at high
current values.

537.311.33 2777

Diffusion Effects in Drift-Mobility Measurements
in Semiconductors.—]. I>. McKelvey. (/. appl. Phys.,
April 1956, Vol. 27, No. 4, pp. 341-343.) A simple
method of measurement, using low-strength steady
fields between the emitter and collector, gives results of
satisfactory accuracy if an appropriate correction is made
for diffusion effects.

537.311.33 : 061.3

Research in Semiconductors: Symposium at
Ottawa.—T. H. K. Barron. (Nature, Lond., 5th May
1956, Vol. 177, No. 4514, p. 833.) Brief report of a
symposium held in February 1956.

2778

537.311.33 : 535.215 2779

The Photoelectric Properties of some Compounds
with Zinc-Blende Structure.-—N. A. Goryunova,
V. S. Grigor'eva, B. M. Konovalenko & S. M. Ryvkin.
(Zh. tekh. Fiz., Sept. 1955, Vol. 25, No. 10, pp. 1675
1682.) Experiments were conducted with compounds of
indium and gallium having the same crystal structure as
zinc blende. All these materials are semiconductors and
sensitive to light. Spectral characteristics are shown,
together with tables of experimental data.

537.311.33 : 535.215 : 538.63 2780
Theory of the Photomagnetoelectric [PME
Effect in Semiconductors.—W. van Roosbroeck.

(Phys. Rev., 15th March 1956, Vol. 101, No. 6, pp. 1713-
1725.) “Through an ambipolar treatment, the under-
lying general theory for current carrier transport with
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magnetic field, which can provide. .. unrestricted results
for the Hall, Suhl, and magnetic rectifier effects, is
first developed. The PME effect is considered in detail
for the infinite slab with strongly absorbed steady
radiation on one surface and parallel, steady, uniform
magnetic field. Small Hall angles and constant surface
recombination velocities and lifetime are assumed.
Small-signal theory is given as well as nonlincar theory
for arbitrary light intensity. The latter provides methods
for determining lifetime that require only negligible
dark-surface concentration of added carriers, as well as
a method for determining surface recombination velocity ;
curves for these are given for germanium.”

537.311.33 : 541.57
Chemical Bond in Semiconductors.E. Mooser &
W. B. Pearson. (Phys. Rev., 1st March 1956, Vol. 101,
No. §, pp. 1608-1609.) Semiconductivity results from
the existence in a solid of essentially covalent bonds,
with filled s and p sub-shells occurring in at least one of
any two atoms connected by a bond. This property
allows a sharp distinction to be made between semi-
conductors and metals. A simple rule is given for
predicting whether a given compound will be semi-
conducting from a knowledge of the stoichiometric
formula and the valencies of the constituent atoms. The
formation of a continuous network of bonds distinguishes
semiconductors from molecular crystals.

2781

537.311.33 : 546.23 2782

Conductivity Measurements on Highly Purified
Selenium.—F. Eckart. (Ann. Phys., Lpz., 1st Feb. 1956,
Vol. 17, Nos. 2/3, pp. 84-93.) A continuation of earlier
work (3582 of 1954) is reported. The activation energy,
determined in the temperature range 18°-40°C, was
1:2-1-6 ¢V for a specimen remelted several times in
vacuum. After heat treatment in air the activation
energy dropped to 0-14-0-19 eV and the conductivity
increased by a factor of 106,

537.311.33 : 546.26 2783

Thermoelectric Power, Electrical Resistance, and
Crystalline Structure of Carbons.—E. E. Locbner.
(Phys. Rev., 1st April 1956, Vol. 102, No. 1, pp. 46-57.)
Report of measurements on soft and hard carbons; the
influence of heat-treatment temperature wasinvestigated.

537.311.33 : 546.26-1 2784

Electrical and Optical Properties of a Semi-
conducting Diamond.—1. G. Austin & R. Wolfe. (Proc.
phys. Soc., 1st March 1956, Vol. 69, No. 435B, pp. 329
338.) The resistivity, Hall coefficient and infrared
absorption spectrum of a type-Ilb diamond have been
investigated over a wide range of temperatures. The
material behaves like a normal p-type semiconductor.
Photoconductivity was detected at” — 155°C over the
wavelength range 0-9-3-6u. A model energy-band
structure is proposed.

537.311.33 : 546.26-1 2785
Electrical Measurements on Type-IIb Diamonds.
-H. B. Dyer & P. T. Wedepohl. (Proc. phys. Soc., 1st

March 1956, Vol. 69, No. 435B, pp. 410-412)) The
rectification characteristics, resistance linearity, tempera-
ture dependence of conductivity and Hall coefficient of
type-1Tb diamonds have been determined. Conductivity
at room temperature is found to be related to the strength
of infrared absorption bands.

537.311.33 : 546.26-1 2786

Some Physical Consequences of Elementary
Defects in Diamonds.-I. C. Champion. (Proc. roy.
Soc. A, 6th March 1956, Vol, 234, No. 1199, pp. 541--556.)
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Using the concept of the defect bond, a qualitative
theory is developed of the physical properties of pure
diamond, including the electrical properties and the
electronic energy levels.

537.311.33 : [546.28 4 546.289 2787

Influence of Holes and Electrons on the Solubility
of Lithium in Boron-Doped Silicon.—H. Reciss &
C. S. Fuller. (]. Metals, N.Y., Feb. 1956, Vol. 8, No. 2,
pp. 276-282.) Fuller details are given of work reported
previously (2011 of 1955). Experimental results support
the theoretical prediction that increase of acceptor
(boron) content leads to increased solubility of donor
(lithium) in the boron-doped Si; the expected tempera-
ture variation is observed. Qualitative results for Ge
indicate that doping with a donor decreases the solubility
of another donor.

537.311.33 : 546.28 2788

Spiral Etch Pits in Silicon.—\V. Bardsley & B. W.
Straughan. (/. Electronics, March 1956, Vol. 1, No. 5,
pPp- 561-562.)

537.311.33 : 546.28 2789

Radiation resulting from Recombination of Holes
and Electrons in Silicon.—]. R. Haynes & W. C.
Westphal. (Phys. Rev., 15th March 1956, Vol. 101, No. 6,
pp. 1676-1678.) Recombination radiation produced
following application of current pulses to Si p-n junctions
has been investigated using a PbS cell. The results
indicate that the radiation at room temperature is a
property of the intrinsic material; additional radiation
observed at 77°K is associated with the presence of
impurities.

537.311.33 : 546.28 2790
Drift and Conductivity Mobility in Silicon.—G. \V".
Ludwig & R. L. Watters. (Phys. Rev., 15th March 1956,
Vol. 101, No. 6, pp. 1699-1701.) The drift mobility of
minority carriers has been measured at temperatures
between 120° and 400°K for p-type specimens and be-
tween 78° and 400°K for n-type specimens, using a
pulsed-field method. Formulaec are derived for the
temperature variation of the mobilities; the validity of
these formulae is confirmed by the results of conductivity
measurements over the same temperature range,

537.311.33 : 546.281.26 2791

Energy-Band Structure of the Carborundum SiC
Crystal.—S. Kobayasi. (/. phys. Soc. Japan, Feb. 1956,
Vol. 11, No. 2, pp. 175-176.) ' Brief preliminary report of
computations.

537.311.33 : 546.289 2792
On the Impurity Conduction in Germanium. —
Y. Kanai & R. Nii. (J. phys. Soc. Japan, Jan. 1956,
Vol. 11, No. I, pp. 83-84.) The work of Hung & Gliess-
mann (1696 of 1955) and of Fritzsche & Lark-Horovitz
(2018 of 1955) is confirmed by an investigation of Ni-
doped Ge, in which impurity-type conduction is shown to
occur at higher temperatures than with normal Ge.

537.311.33 : 546.289 2793
Thermally Induced Acceptors in Germanium.
R. Al logan. (Phys. Rev., Ist March 1956, Vol. 101,
No. 5, pp. 1455-1459.) Previous investigations (e.g. 170
of 1954) are extended. Results indicate that acceptor
centres formed by rapid quenching from high tempera-
tures are either vacant lattice sites or a chemical impurity
with atomic radius smaller than that of Ge. The anncal-
ing process depends on both the density of dislocations
and the concentration of Cu; no mechanism has yet been
proposed capable of explaining the observed character-

istics of the annealing process.
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537.311.33 : 546.289 2794

The Effect of Heat Treatment on the Lifetime of
Minority Current Carriers in Germanium (the
Kinetics of the Formation of Defects during Heat
Treatment).— T. V. Mashovets & S. M. Ryvkin. (Zh.
tekh. Fiz., Sept. 1953, Vol. 25, No. 9, pp. 1530--1543.) 1f
Ge is heated to relatively low temperatures (400°-550°C)
the lifetime of the minority carriers is decreased when the
temperature and duration of heating arc increased. This
is explained by the formation of defects which act as
recombination centres. Irom a study of the process of
appearance of the defects, data have been obtained on
their energyv structure. For the temperature range in-
vestigated, this process is different from that involved
in the formation of thermal defects in Ge at higher
temperatures.

537.311.33 : 546.289 : 537.533 2795

Temperature Variations of the Work Function of
n-Type and p-Type Germanium.—A. R. Shul’'man
& A. N. Pisarevski. (Zh. tekh. Fiz., Scpt. 1955, Vol. 25,
No. 9, pp. 1547-1555.) Results of an experimental in-
vestigation indicate that there is a definite temperature
dependence of the work function and of the position of
the chemical potential level and that in cach case it is
different for n-type and p-type Ge. The experiments arc

described, and a number of curves are plotted. A theo-
retical interpretation of the results is given.
537.311.33 : 546.289 : 538.63 2796

The Resistance Variation of Ge Single Crystals
in a Magnetic Field at 10°-300°K.-G. J.autz & W.
Ruppel. (Z. Naturf., July 1955, Vol. 10a, No. 7, pp. 521-
526.) Measurements of the variation of transverse
resistance have been made on p- and n-type specimens.
in magnetic ficlds of strengths up to 24 kG. The results
are notin agreement with theories based on semiconductor
isotropy, such as that of Appel (450 of 1955); measured
values are much higher than calculated ones. For a
particularly pure n-type specimen at 11°IK a variation of
12009 was observed without any indication of satura-
tion. The mechanism giving risc to this variation is not
yet understood, but quantization of the clectron paths
at low temperatures may be the explanation.

537.311.33 : 546.289.05 2797

Electrolytic Stream Etching of Germanium. -
M. V. Sullivan & J. H. Eigler. (/. electrochem. Soc.,
Feb. 1956, Vol. 103, No. 2, pp. 132--134.) The stream
of 0-1% KOH solution used for the etching is restricted
to a junction area by means of a special jig. The tech-
nique and results obtained are described.

537.311.33 : 546.3-1 : 541.5 2798

On the Valence and Atomic Size of Silicon,
Germanium, Arsenic, Antimony, and Bismuth in
Alloys.—L. Pauling & P. Pauling. (A4cta cryst., 10th
Feb. 1956, Vol. 9, Part 2, pp. 127--130.)

537.311.33 : 546.461-31 2799

The Mechanism of Growth of Cuprous Oxide
Crystals at High Temperature.—A. 1. Andrievski &
M. T. Mishchenko. (C. R. Acad. Sci. U.RS.S., lIst
March 1956, Vol. 107, No. 1, pp. 81-83. In Russian.)
Photographs of Cu,O surfaces after heating ata tempera-
ture of 1020°C for 90 and 157 hours are presented and
discussed.

537.311.33 : 546.471.95 2800

The Semiconductor Properties of ZnAs,. -C.
Fritzsche. (Ann. Phys.,, Lpz., 1st Feb. 1956, Vol. 17,
Nos. 2/3, pp. 94-101.) The preparation of ZnAs, and
similar compounds is briefly described and the results
of conductivity and rectification measurements are
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presented graphically.  The highest observed forward/
reverse current ratio in a ZnAs, point-contact diode was
3000 :1 at 3 V. This ratio depends on the orientation
of the crystal, the best results being obtained when the
current flow is in the direction of the highest resistance.

537.311.33 : 546.57.241.1 2801

Electrical and Optical Properties of Silver
Telluride AgeTe.,—]. Appel. (Z. Naturf., July 1955,
Vol. 10a, No. 7, pp. 530-541.) An extensive experimental
investigation of the semiconductor properties of Ag,Tc
is reported. A phase transition occurs at 150°C, asso-
ciated with marked variations of the electrical propertics.
From the temperature variation of the properties of
stoichiometric n-type specimens a covalent metallic
bond is inferred for the low-temperature (8) phasc.
Impurities such as Ge, Sn and Sb have a strong effect on
carrier concentration and mobility. Temperature varia-
tion of the properties in the high-temperature («) phase
indicates that Ag ions as well as electrons participate in
the conduction. Discussion of the mobility values in the
light of Howarth & Sondheimer’s theory (381 of 1954)
leads to a value of 0-4 m for the apparent mass of the
carriers. A value of 0-67 eV is obtained for the energy gap
of the B phase from optical absorption measurements.

537.311.33 : 546.682.86 2802
Elastic Constants of Indium Antimonide.—L. H.
DeVaux & F. A. Pizzarello. (Phys. Rev., 1st April 1956,
Vol. 102, No. 1, p. 85.) Values of the elastic constants
derived from sound-velocity measurements are given.

537.311.33 : 546.682.86 2803

The Conductivity of Indium Antimonide at Low
Temperature.—]. Bok. (C. R. Acad. Sci., Paris, 23rd
April 1956, Vol. 242, No. 17, pp. 2114-2117.) Mecasure-
ments were made of the clectric field strength as a func-
tion of current strength at a temperature of 20°K using
two specimens with different resistivities. In cach casc
the curve obtained first rises in accordance with Ohm’s
law, then turns horizontal, and finally rises sharply again.
The significance of this characteristic is discussed with
reference to theory advanced by Conwell (3328 of 1953)
in relation to Ge.

537.311.33 : 546.682.86 2804

Effects at High-Angle Grain Boundaries in
Indium Antimonide. 1. M. Mackintosh. (]. Elec-
tronics, March 1956, Vol. 1, No. 5, pp. 554--558.)
Experiments on #- and p-type filament specimens at
room temperature and lower temperatures are reported.

537.311.33 : 546.682.86 2805

Low-Temperature Magnetoresistance Anomalies
in Indium Antimonide.—I. M. Mackintosh. (Proc.
phys. Soc., 1st March 1956, Vol. 69, No. 4358, pp. 403-
406.) The observation of Iritzsche & Lark-Horovitz
(160 of January), that the magnectoresistive ratio of
InSh becomes ncgative below about 8°K, may be ex-
plained by changes in the concentration of charge
carriers which occur when the impurity levels supplying
these carriers arc split in a magnetic field, although
serious quantitative discrepancies are found on attempt-
ing to verify the theory.

537.311.33 : 546.682.86 2806
Population Changes with Magnetic Field.-
K. W. H. Stevens. (Proc. phys. Soc., 1st March 1956,
Vol. 69, No. 435B, pp. 406-407.) The relative change in
the number of conduction electrons on application of a
magnetic field is determined by a method alternative
to that of Mackintosh (2805 above). The possibility of a
reversal in the sign of the magnetoresistance at low

temperature is confirmed.
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537.311.33 : 546.682.86 : 535.215 2807

Recombination Radiation from InSb.—T. S. Moss
& T. H. Hawkins. (Phys. Rev., 1st March 1956, Vol. 101,
No. §, pp. 1609-1610.) Radiation produced by the re-
combination of optically produced excess carriers has
been detected in the wavelength region near the absorp-
tion edge. From the magnitude of the effect it is deduced
that the fraction of total recombinations which are
radiative approaches 1009;.

537.311.33 : 546.682.86.05 : 669.054 2808

Effect of Zone-Refining Variables on the Segre-
gation of Impurities in Indium-Antimonide.—T. C.
Harman. (J.electrochem. Soc., Feb. 1956, Vol. 103, No. 2,
pp- 128-132.) Zinc and tellurium can be removed from
the indium used in the preparation of InSb by electrolytic
refining and zonc-refining, respectively. The compound
is further purified by zone-refining.

537.311.33 : 548.1 2809

Junction Rectification as a Function of Crystal
Orientation.—W. Kossel, E. Menzel & . Naumann.
(Z. Naturf., July 1955, Vol. 10a, No. 7, pp. 590-592.)
Experiments with junctions of Cu and Cu,O single
crystals are described and discussed. Forward current is
greater and reverse current is smaller for an octahedral
crystal surface than for a dodecahedral surface, and the
forward/reverse current ratio is better for the octahedral
surface.

537.311.33 : 669.046.54/.55 2810
Zone-Melting Processes for Pure Compounds
AB with a Negligible Vapour Pressure.-— ]. van den
Boomgaard. (Philips Res. Rep., Feb. 1956, Vol. 11,
No. 1, pp. 27-44.) Expressions are derived for deviations
from the stoichiometric composition as a function of
position along a rod of a binary semiconductor subjected
to zone melting.
537.311.33.07 2811
Micromanipulators.—\. L. Bond. (Bell Lab. Rec.,
March 1956, Vol. 34, No. 3, pp. 90-92.) An illustrated
note on two devices for controlling and locating metal
contacts on a semiconductor surface in research.

538.22 + 537.311.3 2812

Magnetic and Electrical Properties of Manganese
Telluride.—E. Uchida, H. Kondoh & N. Fukuoka. (/.
phys. Sce. Japan, Jan. 1956, Vol. 11, No. 1, pp. 27-32.)
The temperature variation of susceptibility may be
explained by assuming the presence of two phases cor-
responding to MnTe and MnTe,, possessing different
susceptibilitiecs. The electrical properties show anomalies
at the Néel point; at higher temperatures the material
behaves as a semiconductor, at lower temperatures as a
mmetal. A change in crystalline structure at about 130°C
is indicated.

538.22 2813

Magnetic Properties of Nickel Telluride.--E.
Uchida & H. Kondoh. (/. phys. Soc. Japan, Jan. 1956,
Vol. 11, No. 1, pp. 21-27.) NiTe, is ferromagnetic in
the range 0-1 < x = 0-65. There is a transition at » =
0-33 from a heterogeneous phase beginningat ¥ = O toa
homogeneous phase. In the range 0-7 = » =« 2-0 the
material is paramagnetic, but its behaviour is anomalous
at high temperatures.

538.22 2814

Condition for Resonance in a Nearly Compensated
Ferrimagnetic.- K. F. Niessen. (Philips Res. Rep.,
Feb. 1956, Vol. 11, No. 1, pp. 57-65.) The resonance
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condition is calculated for a ferrimagnetic with two sub-
lattices having slightly different properties. The theory
is applicable to an antiferromagnetic in whose sublattice
a relatively small number of magnetic ions have been
replaced by non-magnetic ones.

548.22 2815

Domain Walls in Antiferromagnets and the Weak
Ferromagnetism of a-FesO3.—Y. Y. Li. (Phys. Rev.
Ist March 1956, Vol. 101, No. 5, pp. 1450--1454.)

538.22 : 538.652 2816

Magnetostrictive Effects in an Antiferromagnetic
Hematite Crystal.—H. M. A. Urquhart & ]J. E.
Goldman. (Phys. Rev., 1st March 1956, Vol. 101, No. 5,
pp. 1443-1450.) ‘‘Magnetostrictive distortions in an
antiferromagnetic natural single crystal of hematite
have been studied in the region of the transition near
— 25°C, where the antiferromagnetic axis spontaneously
shifts its crystallographic direction by 90°. The mag-
netostriction is shown to beclosely related to the parasitic
magnetization and is interpreted in terms of the existence
of domain walls separating antiferromagnetic domains.”

538.221 2817

Ferromagnetic Relaxation and Gyromagnetic
Anomalies in Metals.—C. Kittel & A. H. Mitchell.
(Phys. Rev., 1st March 1956, Vol. 101, No. 5, pp. 1611-
1612.) A new mechanism is proposed which may con-
tribute to relaxation in all ferromagnetic metals and
which appears to account for both the apparent frequency
dependence of the observed g values and the apparent
inaccuracy of the theoretical connection between micro-
‘wave and magnetomechanical studies.

538.221 : 538.569.4 2818

Ferromagnetic Resonance Absorption in a Nickel
Single Crystal at Low Temperatures.—K. H. Reich.
(Phys. Rev., 15th March 1956, Vol. 101, No. 6, pp. 1647
1648.) Measurements have been made at 9 kMc/s and at
24-3 kMc/s. Values are derived for the spectroscopic
splitting factor, the resonance line width and the aniso-
tropy contents and for their variation over a range of
low temperatures.

538.221 : 538.632 2819

Hall Effect and Magnetic Properties of Armco
Iron.—S. Foner. (Phys. Rev., 15th March 1956, Vol. 101,
No. 6, pp. 1648-1652.) Experimental results presented
previously [3625 of 1953 (I‘oner & Pugh)] are analysed
in detail. Over a wide range of values of the magnetizing
field, the Hall effect in armco iron is given by the sum of
the ordinary and extraordinary effects, the extraordinary
Hall constant being independent of the magnetizing
field strength.

538.221 : 548.0 2820

Deformations in Perovskites composed of Rare
Earths and Trivalent Transition Elements. F.
Bertaut & F. Forrat. (J. Phys. Radium, Feb. 1956,
Vol. 17, No. 2, pp. 129-131.) A crystallographic study
of bodies represented by the general formula A,O,,
B,0;, where A is a rare earth and B one of the transition
elements. The subject is important in relation to the
magnetic properties of ferrites.

538.221 : 621.318.134 2821
Magnetic Properties of Gadolinium Ferrites.
R. Pauthenet. (C. R. Acad. Sci., Paris, 9th April 1956,
Vol. 242, No. 15, pp. 1859-1862.) Measurements on
1°¢,05.Gd,0; and 5e,0,.3Gd,0; are reported and

discussed.
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538.221 : 621.318.134 2822

On the Magnetism of the Ferrites (La, Sr)FeOx
with Perovskite Structure.-H. \atanabe. (Sci.
Rep. Res. Inst. Tohoku Univ., Ser. A, Feb. 1956, Vol. 8,
No. 1, pp. 14-23.) Thermomagnetic studies are reported;
the magnetic properties of this system of solid solutions
are strongly dependent on preliminary heat treatment.

538.221 : 621.318.2 2823

The Definition and Determination of the Coercive
Force of Permanent Magnets taking Account of
Irreversible After-Effect. —A. Kussmann & .
Yamada. (Arch. Elektrotech., 3rd I'eb. 1956, Vol. 42,
No. 4, pp. 237-244.) Calculations and measurements
indicate that as a consequence of the irreversible after-
effect the static coercive force of ferromagnetic materials
varies with time; for alni and alnico permanent magnets
the variation may amount to several per cent. A more
precise definition of coercive force is required, including
reference to the measuring time and an index characteriz-
ing the after-effect. The appropriate commutation
rate for taking hysteresis curves is discussed.

538.224 : 546.3-1-56 2824

The Magnetic Susceptibilities of some Diamag-
netic Alloys: the Primary Solid Solutions of Zinc,
Gallium, Germanium and Arsenic in Copper.
W. G. Henry & J. L. Rogers. (PPhil. Mag., March 1956,
Vol. 1, No. 3, pp. 237-252.) A method of alloy prepara-
tion is described. Results of measurements, by a
modified Gouy method, of the rate of change of diamag-
netic susceptibility with concentration of the solid
solutions are presented. Conclusions are drawn regarding
the states occupied by the electrons.

538.652 : 546.3-1-72-621 2825
Dynamic Magnetostrictive Properties of Alfenol.
C. M. Davis & S. I'. IFerebee. (/. acoust. Soc. Amer.,

March 1956, Vol. 28, No. 2, pp. 286-290.) Report of an

experimental investigation of a cold-rollcd Al-Fe alloy

containing between 11% and 16% Al. The clectro-
mechanical coupling coefficient is comparable to that
of Ni.

549.514.51 2826

Dislocations, Relaxations, and Anelasticity of
Crystal Quartz.- -H. E. Bommel, W, P, Mason & A. .
Warner. (Phys. Rev., 1st April 1956, Vol. 102, No. 1,
pp. 64-71.) Experimental evidence indicates that the
Q of quartz crystals varies as an inverse function of
frequency between 1 and 100 Mc/s at room temperature;
this variation is consistent with the existence of two
relaxation processes, with time constants of 107!% and
7-7 X 10719 sec respectively; the first of these is probably
associated with lattice distortion due to impurities, and
the second with dislocation loops. An observed long-term
aging effect may be due to closer pinning of dislocations
by impurity atoms. A frequency standard of improved
time stability might be obtained by maintaining the
crystal at the temperature of liquid helium.

621.315.612 2827

Fundamental Factors controlling Electrical
Resistivity in Vitreous Ternary Lead Silicates.
S. W. Strauss, D. . Moore, W. N. Harrison & L. E.
Richards. (J. Res. nat. Bur. Stand., March 1956, Vol. 56,
No. 3, pp. 135-142.) Resistivity measurements were
made on a number of vitreous ternary lead silicates of
widely varied compositions, as well as on vitreous silica
and quartz, over the temperature range 200°-500°C,
with an applied direct field of 525 V/jecm. The results
are presented as log-resistivity/composition curves for
specimens containing alkali and alkaline-earth ions, and
as log-resistivity /temperature curves for specimens con-
taining other ions.
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621.315.616 2828
Materials used in Radio and Electronic Engineer-
ing: Part 4—Plastics.—(J. Brit. Instn Radio Engrs,
May 1956, Vol. 16, No. 5, pp. 283-294) A survey
including information about the physical properties and
commercial availability of numerous plastics, together
with British Standards and more than 50 references.

621.315.616 : 621.3.002.2 2829

Casting Resins insulate and protect Electronic
Components.-—H. 1.. Loucks. (Mater. & AMeth., I'eb.
1956, Vol. 43, No. 2, pp. 90-94.) Polyester and epoxy
resins, foam-type resins such as polyisocyanates and poly-
styrenes, and elastomeric resins such as polysulphides
and silicone rubber compounds are discussed; factors to
be considered in choosing the appropriate resin for a
particular application are indicated; methods of embed-
ment are outlined.

MATHEMATICS

512.3 2830

On Generalized Tchebycheff Polynomials.—J. 1.
Walsh & M. Zedek. (Proc. nal. Acad. Sci., Wash., I'eb.
1956, Vol. 42, No. 2, pp. 99-104.)

517 2831

The Method of Comparison Equations in the
Solution of Linear Second-Order Differential
Equations (Generalized W.K.B. Method). -R. B.

Dingle. (Appl. sci. Res., 1956, Vol. B5, No. §, pp. 345
367.)
519.272 2832

A Simple Interpretation of the Complex Cor-
relation Coefficient.——H. |. Linn & K. Péschl. (drch.
elekt. Ubertragung, March 1956, Vol. 10, No. 3, pp. 105
106.)

51:621.3 2833
. Mathematische Methoden in der Hochfrequenz-
technik. [Book Review|—K. DP8schl. Publishers:
Springer, Berlin, 331 pp., D.M. 36. (Wireless Ingr,
June 1956, Vol. 33, No. 6, p. 156.) The first ten chapters
develop the mathematics and the last five deal with its
application to ficld problems, cavity resonators, wave-
guides, aerials, magnetrons, space-charge waves, ctc.

MEASUREMENTS AND TEST GEAR

531.711 + 531.761 2834
The Standard of Length and the Standard of
Time.—A. Perard. (Nature, Lond., 5th May 1956, Vol.
177, No. 4514, pp. 850-851.) Critical comments on the
arguments advanced by Clemence (1153 of April).

531.765 : 621.374.3 2835

Time-to-Pulse-Height Converter for Measure-
ment of Millimicrosecond Time Intervals.—\\.
Weber, C. W. Johnstone & L. Cranberg. (Rev. sci.
Instrum., March 1956, Vol. 27, No. 3, pp. 166-170.)
Details are given of a circuit designed to measure the time
between a neutron-detector signal and the next sub-
scquent pulse of a reference series.

538.56 : 535.51.088.2 2836

Errors in Measurements of an Elliptically
Polarized. Electromagnetic Field.—O. M. Barsukov.
(Bull. Acad. Sci. U.R.S.S., sér. géophys., Feb. 1956, No. 2,
pp- 226-231. In Russian.) The ratio of the principal
axes and the orientation of the polarization ellipse
relative to a given direction can be calculated, using the
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set of equations (4}, from the measured ratio of the com-
ponents of ficld strength in two known directions and the
phase diffcrence between them. The effect of an error
in the orientation of the pick-up loop is considered
theoretically and results of calculations are presented
graphically. The graphs should be useful for finding the
conditions for minimizing the cffect of an error.

621.3.011.4(083.74) 2837

A New Theorem in Electrostatics and its
Application to Calculable Standards of Capacitance.

-A. M. Thompson & D. G. Lampard. (Nature, Lond.,
12th May 1956, Vol. 177, No. 4515, p. 888.) It is shown
that, for the class of cylindrical capacitors whose cross-
section has at least one axis of symmetry and is bounded
by a closed curve, the capacitance can be calculated
from only one length determination. A preliminary
study is made of a capacitance standard constituted by
the space between four parallel circular cylinders whose
cross-sections are arranged in a square.

621.3.018.41(083.74) + 621.396.91 2838

Improvements in Standard Frequencies broad-
cast by Radio Stations WWV and WWVH. (Tech.
News Bull. nat. Bur. Stand., March 1956, Vol. 40, No. 3,
pp. 37-38.) The accuracy of standard frequencies and
time signals has been increased; a new uniform time,
designated UTZ2, is used for reference.

621.3.018.41(083.74) - 621.396.91] : 529.786 2839

MSF Standard Frequencies expressed in Terms
of the Caesium Resonance. L. Essen. (Wireless
Engr, July 1956, Vol. 33, No. 7, p. 178.}) A note explain-
ing a modification of the basis of the reports of standard-
frequency transmissions published monthly in Wireless
Engineer.

621.317.2 : 621.3 2840

Testing of Components and Valves at the
Laboratoire Central des Industries Electriques.-
M. A. Dauphin. (Onde élect., March 1956, Vol. 36, No.
348, pp. 176-185.) An account of equipment used for
electrical and life testing and quality control, and of
methods used for checking the climatic and mechanical
endurance of finishes.

621.317.2 : 621.373.4.029.5/.64 2841

The Signal Generator and its Uses in Modern
Telecommunications.—]. I. Golding. (Brit. Commun.
Electronics, Feb. 1956, Vol. 3, No. 2, pp. 75-81.) A
general discussion of the signal generator as a piece of
receiver test equipment. The principal characteristics
of representative British-made apparatus for frequencies
up to 4 kMc/s are tabulated.

621.317.3 : 621.314.7 : 546.289 2842

Measurements on Alloy-Type Germanium
Transistors and their Relation to Theory.-—Evans.
(See 2903.)

621.317.32 2843
Measurement of Electric Field Distributions.-
R. Justice & V. H. Rumsey. (Trans. Inst. Radio Engrs,
Oct. 1955, Vol. AP-3, No. 4, pp. 177-180.) A method
which eliminates the need for a transmission line between
observation point and detecting apparatus is based on
introducing a thin straight conductor to act as a reflcctor
of the field. Applications mentioned include measurc-

ments on slot aerials.

621.317.326 2844

Voltage Calibration System for Pulse-Height
Measurement.—W. A, Rhinehart & D. ]J. Zaffarano.
(Nucleonics, I'eb. 1956, Vol. 14, No. 2, pp. 54, 56.)
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Description of a c.r.o. method of measuring pulse height
by comparison of the pulse waveform with a direct
voltage, the two displays alternating at mains frequency
on a long-persistence screen.

621.317.335.3 -+ 621.317.411 2845

Extension of the ‘Thin-Sample Method’ for the
Measurement of Initial Complex Permeability and
Permittivity.—E. E. Conrad, C. S. Porter, N. ].
Doctor & P. ]J. Franklin. (/. appl. Phys., April 1956,
Vol. 27, No. 4, pp. 346-350.) The method described c.g.
by Birks (2807 of 1948) is adapted for use with a com-
mercial dielectric-filled slotted line. The frcquency
range is 5 Mc/s—-1 kMc/s. Errors and corrections are
discussed.

2846
621.317.335.3 + 621.317.411] : 621.318.134 : 621.372.413
Measurement of Microwave Dielectric Constants
and Tensor Permeabilities of Ferrite Spheres.-
E. G. Spencer, R. C. LeCraw & F. Reggia. (Proc. Inst.
Radio Engrs, June 1956, Vol. 44, No. 6, Part 1, PP. 790
800.) Detailed account of a cavity-perturbation method
using circularly polarized waves. Experimental results
obtained with a polycrystalline MgMn ferrite are prc-
sented. See also 2366 of 1955.

621.317.335.3 : 621.372.413 2847
Calculation of the Natural Frequency of a II-type

single re-entrant| Cavity Partly Filled with an

Absorbing Dielectric.—Gatrushev. (See 2657.)

621.317.411 : 621.372.413 . 2848
A Re-entrant Cavity for Measurement of Complex
Permeability in the Very-High-Frequency Region.
—R. D. Harrington, R. C. Powell & P. H. Haas. (/. Res.
nat. Bur. Stand., March 1956, Vol. 56, No. 3, pp. 129- -134.)
The cquipment described is suitable for measurements
on toroidal cores at frequencies from 60 to 180 Mc/s.
Design problems are discussed, calibration techniques
described, and some measurement results presented.

621.317.44 : 621.384.612 2849

A Magnetic Differential Probe. Its Employment
for the Determination of the Static Median Magnetic
Surface in the Gap of a Synchrotron.-—G. D. Palazzi.
(Nuovo Cim., 1st Feb. 1956, Vol. 3, No. 2, pp- 336-349.
In English.) The probe comprises two thin ferromagnetic
wires subjected to opposing magnetic fields at a frequency
of 1 ke/s. The position of the probe is determined for
which the components of the magnetic field along the
two wires, parallel to the radius of the synchrotron and
lying in a vertical plane, arc equal and opposite. The
technique used for preparing the wires is explained in
somne detail.

621.317.725.029.6 : 621.372.56 2850

Stable Radiofrequency Voltmeters.- (Tech. News
Bull. nat. Bur. Stand., Feb. 1956, Vol. 40, No. 2, pp- 29-
30.) The voltmeter described, developed by Selby &
Behrent at the N.B.S., comprises a waveguide piston
attenuator together with a frequency-insensitive thermo-
element and d.c. millivoltmeter. The piston houses the
thermoelement and a built-in probe for calibrating one
r{. voltage level. The voltage range is from 0-1 V to
several hundred volts, at frequencies up to about 1 kMc/s.

621.317.729 2851

Determination of the Intensity of the Electron
Current in a Vacuum by the Use of a Rubber
Membrane.—V. M. KeI'man & I. F. Krasnov. (Zh.
tekh. Fiz., Sept. 1955, Vol. 25, No. 10, pp. 1714-1725.)
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The rubber-membrane method of investigating electron
trajectories is modified so that, for the case of a cathode
operating with space-charge limitation, all parameters of
a two-dimensional electron beam in a two-dimensional
electric field can be determined if the shapes and potentials
of the electrodes are known.

621.317.729 : 621.385.2 2852

The Solution of the Problem of a Planar Diode
with a Limited-Width Emitting Surface by Use of a
Rubber Membrane.—1I. F. Krasnov & V. M. Kel’'man.
(Zh. tekh. Fiz., Sept. 1955, Vol. 25, No. 10, pp. 1726--1734.)
A description is given of the apparatus used for determin-
ing the density distribution of the current at the cathode
of a diode consisting of two long parallel electrodes, with
emission only from a narrow middle strip of the cathode.
A number of experimental curves are shown.

621.317.729.087.6 : 621.396.62 2853

Instruments for Recording and Automatic
Analysis of Field-Strength Measurements.——H. |.
Griese & E. Haberkant. (Elektronische Rundschau,
Feb. 1956, Vol. 10, No. 2, pp. 43-46.) Modern technique
is reviewed and a null instrument for field-strength
measurements is described. It includes a standard
signal generator and an automatically operated piston-
type attenuator. The field strength is recorded by cutting
a continuously moving metal foil, and this record is
analysed by a simple scanning device.

621.317.733 : 621.317.33 2854

Bridge for Measurement of the Differential
Resistance of Nonlinear Elements.- M. Mancianti.
(Alta Frequenza, Feb. 1956, Vol. 25, No. 1, pp. 15-31.)
The variation of the unbalanced bridge voltage as a
function of the input voltage is shown on an oscillograph.
By observing the disappearance of the derivative of the
unbalanced voltage, the relation between the unknown
differential resistance and the three known bridge
resistances can be established. Results of measurements
on a triode valve are presented.

621.317.75.029.42 : 621.396.822 2855

Low-Frequency Power Spectrum Analyzer.
T. E. Firle. (Rev. sci. Instrum., March 1956, Vol. 27, No. 3,
pp- 140-143.) A system devised for measurements of
semiconductor noise in the frequency range 0-000 06-
0-02 c/s [3426 of 1955 (Firle & Winston)] involves making
a variable-area tilm recording of the noise, reproducing
this at a speed increased up to 500 000-fold, and picking
up the signal with a photocell whose output is fed to an
a.f. analyser.

621.317.755 2856

A Cathode-Ray Oscillograph for the Measure-
ment of Very Short, Aperiodic, Single, High-Voltage
Phenomena.—F. Briininghaus.  (drch. Elektrotech.,
3rd Feb. 1956, Vol. 42, No. 4, pp. 245-256.) A compari-
son of various beam-forming systems indicates that a gun
with a thermionic cathode designed on the Steigerwald
principle (Optik, Stuttgart, 1949, Vol. §, p. 469) gives the
best results in respect of small spot size and beam
aperture. The signal deflection is effected by means of a
parallel-wire system and the timebase deflection by a
pair of plates. A timebase and blanking circuit is des-
cribed giving a fixed response delay and a linear timebase
adjustable between 1077 and 107 sec with an oscillogram
size of 6 X 9 cm.
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621.317.794 2857
A Simple Theory for Solid-Backed Bolometers.
I.. M. Roberts & S. J. Fray. (/. sci. Instrum., March
1956, Vol. 33, No. 3, pp. 115-119.) A theory of the
speed of response of solid-backed bolometers is developed
and is applied to measurements on Nb;Nj superconduct-
ing bolometers. Constructional details of the bolometers
used in the experimental part of the investigation are

given and their characteristics are tabulated.

OTHER APPLICATIONS OF RADIO AND
ELECTRONICS

621.384.612 2858

The Acceleration of Protons to Energies above
10 GeV.- M. L. Oliphant. (Proc. roy. Soc. A, 6th March
1956, Vol. 234, No. 1199, pp. 441-456.) Text of Bakerian
Lecture. DMethods of accelerating protons are reviewed
with particular reference to proton synchrotrons. The
new 10-GeV, 15-ft-radius proton synchrotron at Canberra
will use magnetic fields of up to 80 000 G produced by
passing currents of the order of 10% A in opposite direc-

tions through two suitably arrangcd field coils. The
homopolar generator is also described.
621.384.612 2859

The Nonlinear Theory of Betatron Oscillations
in the Strong-Focusing Synchrotron: Part 1.-
Y. Orlov. (Nuovo Cim., 1st Feb. 1956, Vol. 3, No. 2, pp.
252-259. In English.) Resonances due to errors in the
field gradient are examined analytically.

621.384.612 2860

An Analysis of Injection Phenomena in the
Birmingham Proton Synchrotron.—C. A. Ramm,
R. F. Coe & T. B. Vaughan. (/. sci. Instrum., March
1956, Vol. 33, No. 3, pp. 102-106.)

621.385.833 2861
Electron-Optical Image of an Atomic Beam.
1.. Marton, D. C. Schubert & S. R. Mielczarek. (J. appl.
Phys., April 1956, Vol. 27, No. 4, p. 419.) The shadow
technique (see e.g. 199 of 1950) is used to demonstrate
the scattering of an electron beam by an atomic beam

projected across its path.

621.385.833 2862

The Aperture Error of Magnetic Electron Lenses.
—W. Glaser. (Optik, Stuttgart, 1956, Vol. 13, No. 1, pp.
7-12.) Discussion indicates that lower limits previously
published for the aperture errors of rotationally sym-
metrical lenses cannot be confirmed.

621.385.833 2863

Pulsed T-F [temperature-and-field| Emission Elec-
tron Projection Microscopy.—W. P. Dyke & J. P.
Barbour. (/. appl. Phys., April 1956, Vol. 27, No. 4, pp.
356--360.)

621.386.8 : 621.397.611.2 : 620.179.1 2864

Large-Area Photoconductive X-Ray Pickup-
Tube Performance.--]. Jacobs & H. Berger. (Elect.
Engng, N.Y., Feb. 1956, Vol. 75, No. 2, pp. 158-161.)
Discussion of the general characteristics and the detection
sensitivity of a low-velocity-scan vidicon tube and of some
of its industrial applications. The advantages and dis-
advantages of film, direct fluoroscopy, direct-image
intensifying tube and scanned-image pick-up tube for
observing X-ray images are listed.
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621.387.424
Double Pulses

Counters.—D. van Zoonen.

B5, No. 5, pp. 368-386.)

2865
in Rare-Gas/Halogen Geiger
(Appl. sci. Res., 1956, Vol.

621.396.934 : 55 2866
Symposium on the U.S. Earth Satellite Program

—Vanguard of Outer Space.—(See 2718.)
642.6 : 681.142 2867
Machine Translation of Languages: Fourteen

Essays. [Book Review]—W. N. Locke & A. D. Booth
(Eds). Publishers: Chapman & Hall, London, 48s.
(Engineering, Lond., 10th Feb. 1956, Vol. 181, No. 4698,
p.- 136.) This book includes papers given at a conference
held in 1952 at the Massachusetts Institute of Technology,
revised and supplemented, with a bibliography of 40
other papers. Both engineering and linguistic problems
are discussed. The central engineering problem is the
development of a large, cheap storage unit to hold the
stem dictionary, in conjunction with a rudimentary
computer.

PROPAGATION OF WAVES

538.566 2868

The Frequency Dependence of the Propagation of
Electromagnetic Waves in Conducting Media.-
J. G. Smit. (NachrTech., Feb. & March 1956, Vol. 6,
Nos. 2 & 3, pp. 71-75 & 121-125.) Theory is presented
based on Maxwell’s equations. Universal curves are
prepared from considerations of the critical wavelength
in the medium, the phase velocity in the nondispersive
frequency range, and the reference frequency for the
normalized representation. The reduced curves are
constituted, to a first approximation, by two straight
lines in a double-logarithmic coordinate system, inter-
secting at the point corresponding to unity normalized
group delay time and unity normalized frequency.
Formulae are derived for attenuation, refractive index
and delay time for both dispersive and nondispersive
ranges. Values of important parameters are tabulated
for salt water, fresh water and various types of ground.

621.396.11 2869

Amplitude and Phase Pulsations of a Wave
propagated in a Slightly Inhomogeneous Atmo-
sphere.—V. 1. Tatarski. (C. R. Acad.Sci. U.R.S.S.,11th
March 1956, Vol. 107, No. 2, pp. 245-248. In Russian.)
The modification of the distant field by an atmosphere
in which the scale of the refractive-index inhomogencities
is large compared with the wavelength is considered by a
statistical method. The expressions obtained are simpler
than those derived earlier by Obukhov (Bull. Acad. Sci.
[J.R.S.S., 1953, No. 2, pp. 155-165, in Russian). Sec also
2024 of 1949 (Krasil'nikov).

621.396.11 : 551.510.52 2870

Tropospheric Scatter Propagation and a Theor-
etical Study of the Transmission Loss.—j. A.
Lejer. (Trans. S. Afr. Inst. elect. Engrs, Dec. 1955,
Vol. 46, Part 12, pp. 348-363. Discussion, pp. 364--367.)
The internal-reflection theory of u.s.w. propagation
beyond the horizon (240 of January (Carroll & Ring)] is
critically examined; it is concluded that reflections from
a smoothly varying atmosphere are too weak to account
for observed field strengths. The transmission loss for
propagation beyond the horizon is calculated on the
assumption of scattering by turbulent fluctuations, for
the case of identical transmitting and receiving aerials.
IFor given values of distance and aerial aperture, there is
a minimum value of transmission loss; this value is
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calculated for both the Booker-Gordon (1757 of 1950)
and Villars-Weisskopf (244 of January) theories. Some
applications of tropospheric scattering to communications
are discussed brietly.

621.396.11 : 551.510.535 2871
Oblique Transmission by the Meteoric E-Layer.
‘R. Naismith. (Wireless Engr, July 1956, Vol. 33, No. 7,

pp. 159-162.) A report is presented on transmissions

effected during the winter of 1951 and the summer of 1952

over distances of 900-1 900 km between England and

Norway, on frequencies of 22-7, 25 and 27 Mc/s. The

observations indicate that propagation took place by

way of the meteoric E-layer (2666 of 1954). The results
confirm that this layer may enable long-distance com-
munication to be maintained at frequencies higher than
those normally propagated by way of the E and F layers.

621.396.11 : 551.510.535 2872

Focusing on a ‘Rippled’ Ionosphere.—K. Rawer.
(J. atmos. terr. Phys., May 1956, Vol. 8, Nos. 4/5, p. 296.)
Exact formulae are given for the field strength produced
by echoes of orders 1-4, assuming reflection by spherically
shaped ripples in the ionosphere.

621.396.11 : 551.510.535 : 523.75 2873
Some Unusual Radio Observations made on 23

February 1956.—Belrose, Devenport & Weekes. (See
2717.)
621.396.11.029.55 : 621.396.93 2874

An Automatic Direction Finder for recording
Rapid Fluctuations of the Bearing of Short Radio
Waves.—Whale & Ross. (See 2744.)

621.396.11.029.6 : 535.42 2875

A Simple Theory of Diffraction of Radio Waves
beyond the Optical Horizon.—H. Poeverlein. (Z.
angew. Phys., Feb. 1956, Vol. 8, No. 2, pp. 90-95.) The
propagation of waves of wavelength less than about
10 m is treated by repeated application of Huygens’
principle. Reflection from the earth’s surface is taken
into account.

621.396.11.029.6 : 621.396.96 2876
Prediction of Oceanic Duct Propagation from
Climatological Data.—L. ]. Anderson & E. E. Gossard.
(T'rans. Inst. Radio Engrs, Oct. 1955, Vol. AP-3, No. 4,
pp. 163-167.) Procedure is indicated whereby data
obtained from routine shipboard observations of sea and
air temperature, humidity and wind speed are combined
to permit prediction of the coverage of low-sited micro-
wave radar systems. Maps are presented for an area in
the N.W. Pacific showing the probability of extended
coverage for the radar X bands in July and December.

621.396.11.029.62 : 551.594.5 2877

A Theory of Scattering by Nonisotropic Irreg-
ularities with Application to Radar Reflections
from the Aurora.—Booker. (See 2739.)

621.396.11.029.6 2878

UKW-Fernempfangsbeobachtungen,ihre Bedeut-
ung fiir Meteorologie und Funktechnik. [Book
Review]—L. Klinker. Publishers: Akademie-Verlag,
Berlin, 1955, 68 pp., D.M. 12.50. (Frequenz, Feb. 1956,
Vol. 10, No. 2, pp. 60-61.) Theory of u.s.w. radio
propagation is presented and observations over 200-km
paths with different weather conditions are analysed.
Diurnal and annual field-strength variations are discussed.
The common occurrence of high field strengths at
distances of several hundred kilometres with m-A trans-
missions is considered in relation to the planning of
broadcasting services.
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RECEPTION

621.376.33 : 621.372.5 2879

Response of Nonlinear Circuits to Oscillations
modulated in Amplitude and Frequency according
to an Arbitrary Law.—E. De Castro. (Ricerca sci.,
Feb. 1956, Vol. 26, No. 2, pp. 470-481.) Iourier-series
analysis is presented relevant to the operation of limiter
circuits; idealized characteristics are assumed, with
different properties in the positive and negative regions.

621.396.621 : 621.376.3 2880

Crystal-Controlled F.M. Receiver.—D. N. Corfield.
(Wireless World, July 1956, Vol. 62, No. 7, pp. 312-316.)
Circuit and constructional details are given of a fixed-
tuned receiver for the thrce British f.m. broadcast
frequencics. Three overtone crystals are used generating
the local-oscillator frequencies directly, with manually
operated selection switch.

621.396.621 : 621.396.812.3 2881

Improvement of Reception by Diversity Opera-
tion.——R. Heidester & E. Henze. (Arch. elekt. Ubertrag-
ung, March 1956, Vol. 10, No. 3, pp. 107-116.)
Calculations are made of the time averages of the signal
noise ratio for space-diversity and frequency-diversity
systems; a value is derived for the average error figure
in frequency-shift telegraphy. The probabilities of the
signal/noise ratio exceeding or falling below a given value
are determined. A practical diversity circuit is described.

STATIONS AND COMMUNICATION SYSTEMS

621.396 : 621.376.3 2882

Spain and Frequency Moedulation.—F. Moyano
Reina. (Rev. espanola Electrénica, Feb. & March 1956,
Vol.3,Nos. 15 & 16,pp.54-57,79 & 51-53. .57.) Frequency
allocations and coverage problems are discussed with
special reference to Spain, and the advantages, both for
peace-time and war-time, of v.h.f. operation with f.m.
are indicated. An appropriate development plan has
been laid before the Government by the First Congress
of Telecommunication Engineers.

621.396.41 : 621.396.822.1 2883

Spectral Density of Cross-Modulation Noise.—
R. Codelupi. (Alta Frequenza, Feb. 1956, Vol. 25, No. 1,
pp. 38-64.) Detailed analysis is presented for a multi-
channel transmission system considered as a cascaded
series of alternate nonlinear and phase-distorting
quadripoles, and assuming that the probability distribu-
tion at the input is Gaussian.

SUBSIDIARY APPARATUS

621.314.1 : 621.373.52 : 621.314.7 2884

The Design and Operation of Transistor D.C.
Converters.—(Mullard tech. Commun., 'eb. 1956, Vol.
2, No. 17, pp. 157-204.) Circuits are discussed in which
a junction transistor is made to oscillate and thus to chop
the current from a battery; the chopped current is fed
to a transformer or ringing choke, and the stepped-up-
voltage output is rectified and smoothed. Design
procedures are described in detail. See also 573 of
February.

621.314.63 : [546.28 | 546.289 2885

Germanium and Silicon Power Rectifiers.—T. H.
Kinman, G. A. Carrick, R. G. Hibberd & A. ]. Blundell.
(Proc. Instn elect. Engrs, Part A, April 1956, Vol. 103,
No. 8, pp. 89-107. Discussion, pp. 107-111.) The
development of p-n-junction power rectifiers is reviewed
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and the special features of a unit rated up to 2 kW are
described. For a shortened version, see J. Instn elect.
Engrs, March 1956, Vol. 2, No. 15, pp. 144--151.

621.314.63 : 546.289 2886

Germanium Power Rectifiers.— M. Sassicr. (Onde
élect., March 1956, Vol. 36, No. 348, pp. 224-229.) The
production and characteristics of Ge junction rectifiers
capable of handling current densities of the order of
100 A/cm? at an ambient temperature of 60°C are des-
cribed and compared with those of other rectifiers. Some
suitable circuits are indicated.

621.316.722.1 2887

An A.C. Voltage Stabilizer.——F. A. Benson & M. S.
Seaman. (Electronic Engng, June 1956, Vol. 28, No. 340,
pp- 260-265.) A temperaturc-limited dicde placed in
one arm of a resistance bridge controls the output
voltage through a saturable reactor and autotransformer.

621.352.3 2888

Wafer Cells.—R. W. Hallows. (Wireless World,
July 1956, Vol. 62, No. 7, pp. 341-343.) The Burgess
(U.S.A.) dry battery is described and discharge character-
istics are given. The cells are of sandwich construction,
hermetically sealed, and the construction affords sub-
stantial savings in size and weight as compared with
carlier types of dry battery.

TELEVISION AND PHOTOTELEGRAPHY

621.397(083.7) 2889

ILR.E. Standards on Facsimile: Definitions of
Terms, 1956.—(Proc. Inst. Radio Engrs, June 1956,
Vol. 44, No. 6, Part 1, pp. 776-781.) Standard 56 [.R.E.
9. S1.

621.397.26 : 621.396.65.029.63 2890
The Microwave System between London and
Windsor in Canada.—A. D. Hodgson & G. M. B. Wills,
(G.E.C. Telecommun., Feb. 1956, No. 21, pp. 4-24.) The
television link described provides two onc-way reversible
channels and includes four repeater stations separated by
up to 26-4 miles; the f.m. transmitters operate in the
1-:7-2-3-kMc/s band with output power of about 2 \W.

621.397.5 : 535.623 2891

Colour Television.—H. Angleés d’Auriac. (Onde
élect., Feb. & March 1956, Vol. 36, Nos. 347 & 348, pp.
134-144 & 277-282.) The development and present
practice of colour television in the U.S.A. are reviewed,
in order to point the way for development of a European
service. Differences in economic and technical factors
between the two continents are emphasized.

621.397.62 2892

Some Remarks on the Radio-Frequency Phase
and Amplitude Characteristics of Television
Receivers.-—A. van Weel. (/. Brit. Instn Radio Engrs,
May 1956, Vol. 16, No. 5, pp. 271-280.) “The influence
on the picture of the steady state characteristics of the
radio frequency part of a television receiver is considered
especially for the frequencies close to the carrier frequency
(the so-called Nyquist flank). It follows from numerical
calculations that the shape of the amplitude character-
istics of this Nyquist flank has but little influence on
the picture quality. The performance of a receiver will
be substantially the same in combination with a double-
sideband transmitter as witha vestigial-sideband trans-
mitter, provided the latter has been compensated for its
own phase errors. The performance of a vestigial-
sideband transmitter should be monitored with a phase-
linear receiver, of which the exact shape of the Nyquist
flank is not very critical.”
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621.397.62 : 621.373.43 2893

Television Sweep Generation with Resonant
Networks and Lines.——K. Schlesinger. (Proc. Inst.
Radio Engrs, June 1956, Vol. 44, No. 6, Part 1, pp. 768-
775.) Circuits for producing horizontal-deflection current
waveforms with economical use of power are discussed.
Such waveforms can be obtained by synthesis from a
limited number of harmonics of a sinusoidal oscillation.
Satisfactory linearity can be obtained using only four
harmonics, if their relative amplitudes are slightly
adjusted, but to achieve a retrace time not greater than
15% eight harmonics must be used. Various circuits
using shock excitation of multiresonators have been tried.
The best multiresonator found was a delay line just
under A/2 long; a construction which minimizes dis-
persion is described.

621.397.62 : 621.397 .8 2894

Television Pattern Eliminator.—(Wireless World,
July 1956, Vol. 62, No. 7, p. 307.) Band-I interference
experienced when receiving band I1l with a band-I set
and converter is balanced out by an equal, oppositely
phased signal.

621.397.7 2895

Siidwestfunk Television Studio Technique.—
(Tech. Hausmitt. NovdwDtsch. Rdfunks, 1956, Vol. 8, Nos.
1/2, pp. 1-39.) Eight individual papers are presented,
dealing with various aspects of the Baden-Baden tele-
vision centre; these include the general plan, the
program handling equipment, the lighting and back-
projection, the transmission chain, and the use of 16-mm
film.

621.397.7 2896

The New B.B.C. Television Station at the Crystal
Palace.—(]. Telev. Soc., Jan.-March 1956, Vol. 8, No. 1,
pp. 35-36 .. 40.) A brief description of this station,
which took over the service from Alexandra P’alace in
March 1956. The station transmits on 45 Mc/s (vision)
and 41-5 Mc/s (sound) with a vestigial-upper-sideband
characteristic.

621.397.8 2897

Definition of the Signal/Noise Ratio due to
Statistical Fluctudtions in Television.—R. Theile &
H. Fix. (drch. elekt. Ubertragung, March 1958, Vol. 10,
No. 3, pp. 98-104.) The amplitude distribution of
fluctuations in television signals is discussed; oscillo-
grams obtained with different pickup systems are
compared. Experiments to determine the disturbing
effect of fluctuations at different brightness levels are
reported. A new method is proposed for defining
signal/noise ratio based on measurements at three signal
levels, corresponding respectively to black, white, and a
selected grey.

621.397.8 : 535.623 2898

Television Picture Quality.—W. T. Cocking.
(Wiveless Engr, july 1956, Vol. 33, No. 7, pp. 157-158.)
A brief discussion of factors affecting vertical and
horizontal picture definition, in relation to the decision
yet to be made regarding the line standard to be adopted
for colour television in Great Britain.

621.397.82 2899

Interference with Television Reception: some
Causes and Cures.—R. A, Dilworth. (/. Telev. Soc.,
Jan.—March 1956, Vol. 8, No. 1, pp. 3-15.) Complaints
of interference received by the British Post Office in
19541955 were attributed to commutator motors,
contact devices, power lines, filament lamps, discharge
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lamps, receiver oscillators, ignition, transmitters, in-
dustrial and medical equipment, and faulty electric
wiring, in descending order of frequency of occurrence.
Noserious difficulty is forescen in suppressing interference
generated by motor-driven machines, but other sources
still present many practical problems.

TRANSMISSION
621.396.61 : 621.376.22 2900
Anode Self-Modulation, a High-Frequency-
Engineering Paradox.—F. H. lLange. (NachrTech.,

Feb. 1956, Vol. 6, No. 2, pp. 58-62.) Anode self-modula-
tion is a term applied to an a.m. process for a transmitter
output stage in which a.f. and h.f. control are effected in
the grid circuit. The arrangement is equivalent to a
reflex type of constant-current anode-voltage modulator
using a.f. choke. Ieatures distinguishing the operation
of this circuit from the ordinary grid modulator are
indicated.

VALVES AND THERMIONICS

621.314.63 : 546.28 2901

The Blocking Properties of Alloyed Si-Junction
Rectifiers.—A. Herlet & H. Patalong. (Z. Naturf.,
July 1955, Vol. 10a, No. 7, pp. 584-586.) Rectifiers of
this type generally have a p-s-n structure [2776 of 1955
(Herlet & Spenke)|. The relation between the break-
down voltage and resistivity has been investigated for
specimens with high-resistivity p-type middle zones;
the relation is not linear. 1t is deduced that the critical
field strength depends markedly on the resistivity.

621.314.7 2902

The Determination of Base Thickness in Alloy-
Junction Transistors by Etching.—J. Rolfe. (Brit. J.
appl. Phys., March 1956, Vol. 7, No. 3, pp. 109, 112.) The
geometry of In p-n junctions in Ge is investigated by
using a short-duration (20 or 30 s) C.P.4 etch [1928 of
1951 (Haynes & Shockley)l. The method is described
and photographs of junctions are shown.

621.314.7 : 546.289 : 621.317.3 2903

Measurements on Alloy-Type Germanium Trans-
istors and their Relation to Theory.—D. M. Evans.
(/. Electronics, March 1956, Vol. 1, No. 5, pp. 461-476.)
Two methods of determining the current amplification
a are described. On the basis of an injection ratio of
unity, the frequency dependence of a is compared with
the theoretical variation of the base transport factor 8
obtained from the equations of the one-dimensional
minority-carrier-diffusion theory. The comparison con-
firms the applicability of this theory, and further
confirmation is obtained by consideration of the variation
of emitter/base impedance with emitter current. The
results are applied to show that the mobility of holes in
n-type Ge varies as 7723 and that the effective diffusion
constant is doubled in going from small to large emitter
currents. Three methods for estimating the effective
base thickness are described.

621.314.7.012.8 2904

Transistor Equivalent Circuits.—J. Gaschi. (Onde
élect., March 1956, Vol. 36, No. 348, pp. 268-276.)
Equivalent circuits representing the behaviour of fused-
junction p-n-p transistors at high frequencies are dis-
cussed based on the solution of the diffusion equation;
eight elements are involved. Practical formulae for the
principal parameters are derived.
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621.383.2 2905

The Time Lag and other Undesirable Phenomena
observed in Vacuum Photo-tubes at Weak Illumin-
ation: Part 1.—M. Sugawara. (J. phys. Soc. [apan,
Feb. 1956, Vol. 11, No. 2, pp. 169-175.) Experiments
have been made to determine the causes of nonlinearity
and time-varying response in photoemissive cells.
Abnormal effects are mainly due to photoemissive
materials such as Cs adhering to parts of the cell wall in
poor contact with the photocathode.

621.385 2906
Origin and Analysis of Gas in Electron Tubes..
S. J. Stoll. (Brit. [. appl. Phys., March 1956, Vol. 7, No. 3,
pp. 94-96.) The gas liberated during electron bombard-
ment of the anode is mainly CO which is probably pro-
duced by a reaction between the CO, and the Ba absorbed
during cathode conversion. By keeping the anode at
600°C or higher temperatures during cathode conversion
and removing the CO, by pumping, valves have been
made which were relatively free of gas and required no

aging.

621.385 2907

Axially Symmetrical Electron Beams of Given
Shape.—V. T. Ovcharov. (C. R. Acad. Sci. U.R.S.S.,
Ist March 1956, Vol. 107, No. 1, pp. 47-50. In Russian.)
Equations are derived for the field required to produce
a beam of given shape. Space-charge effects are taken
into account.

621.385.012 2908
An Analysis of Grid Current.—\W. Knappe.
(Frequenz, Feb. 1956, Vol. 10, No. 2, pp. 44-50.) The

d.c. and first three harmonic components of grid current
are calculated as functions of the fraction of the cycle
during which grid current flows. The overall r.m.s. value
and the separate r.m.s. values for even and odd harmonics
are also determined for various V,/I, characteristics.
Results are shown graphically.

621.385.029.6 2909

Space-Charge Effects in Dense, Velocity-Modul-
ated Electron Beams.—M. Weinstein & H. M. Von
Foerster. (/. appl. Phys., April 1956, Vol. 27, No. 4, pp.
344-346.) The motion of electrons in the drift space of a
klystron is examined; the de-bunching effect is analysed
using a coordinate system moving at a speed equal to the
initial speed of the electrons, space-periodic rather than
time-periodic distributions being considered. A discrete
spectrum of beam oscillations is deduced, with the plasma
frequency as limiting frequency. The results are sup-
ported by observations with a heam analyser [e.g. 2379
of 1955 (Purl & Von Foerster)}.

621.385.029.6 2910

Calculation of the Performance Chart of Mag-
netrons.—W. Praxmarer. (NachrTech., March 1956,
Vol. 6, No. 3, pp. 97-104.) From consideration of
limiting conditions and estimates of mean values,
analytical relations are derived between anode voltage,
anode current, overall efficiency and power of a mag-
netron, thus permitting advance calculation of the
characteristics.  Predictions have been checked by
measurements on various types of magnetron at wave-
lengths between 1-21 and 33-5cm with pulsed and
continuous operation. No large errors result from space
charge, but the effect of the load on the efficiency is
difficult to predict; the theoretical results are however
sufficiently accurate for practical purposes.

WIRELESS ENGINEER, SEPTEMBER 1956

E

621.385.029.6 2911

Design Information on Large-Signal Traveling-
Wave Amplifiers.—]. E. Rowe. (Proc. Inst. Radio
Engrs, June 1956, Vol. 44, No. 6, Part 1, pp. 818-819.)
Addendum to 1589 of May.

621.385.029.6 : 537.533 2912
Excitation of Space-Charge Waves in Drift Tubes.
M. Scotto & P. Parzen. (/. appl. Phys., April 1956,

Vol. 27, No. 4, pp. 375-381.) “An analysis has been

made of the effect of initial conditions on the excitation

of electromagnetic waves in a drift tube. The method
employs the Laplace transform which directly includes
the initial quantities. Iiield quantities which have been
transformed with respect to the longitudinal coordinate
are solved for and the results then inverted. Explicit
expressions are then obtaincd for the velocity, charge
density, and current density modulations as a series of

modes. .

621.385.029.6 : 538.566 : 537.56 2913
Growing  Electric Space-Charge Waves.—

Piddington. (See 2702.)

621.385.029.6 : 621.372.8 2914

Nonlinear Phenomena in a Waveguide in the
Presence of an Electron Beam with Nearly Equal
Electron and Wave Velocities.—L. N. Loshakov.
(Zh. tekh. Fiz., Sept. 1955, Vol. 25, No. 10, pp. 1768--1787.)
By considering a model consisting of a waveguide with
a dielectric in which free movement of electrons is
postulated, theory based on the method of successive
approximations is developed. The theory is used to
estimate nonlinear phenomena characterizing the inter-
action of the beam with the field of the travelling wave
for nearly equal velocities of the electrons and waves.

621.385.029.6 : 621.374.4 2915

The Frequency-Multiplier Klystron.—V. J. Norris.
(/. Electronics, March 1956, Vol. 1, No. 5, pp. 477-486.)
‘““The factors controlling design and performance of
frequency-multiplier klystrons are examincd and the
conclusions drawn are checked against the performance
of the VX 8175, a tube driven at 937-5 Mc/s and deliver-
ing about 100 mW of c.w. power at 9 375 Mc/s. Good
agreement between theory and practice is found despite
limitations of the former.”

621.385.032.213 2916

Measurement of the Cathode Temperature in
Triodes by the Method of Initial Current.——A. E.
Gershberg. (Zh. tekh. Fiz., Sept. 1955, Vol. 25, No. 10,
pp. 1703-1713.) Development of a method described
e.g. by lkehara (3405 of 1954).

621.385.032.216 2917

Current/Voltage Characteristics of the Oxide-
Coated Cathode at Low Activation Energies.
R. E. J. King. (Research, Lond., March 1956, Vol. 9,
No. 3, pp. S9-S10.) The I/V characteristics in the
temperature range 300°-600° K have been determined by
applying a sinusoidal voltage across the coating and a
small series resistance, and observing the variation of the
voltage across the latter. Assuming the characteristic to
be represented by an equation of the form I — al” 4 b2
4 ..., the coefficients of the power series can be
evaluated from the harmonics in the observed variation.
The deviation from linearity decreases with increasing
temperature over the range examined. Possible
mechanisms giving rise to the observed results are briefly
discussed.
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621.385.032.216 2918

Impregnated Barium Dispenser Cathodes con-
taining Strontium or Calcium Oxide.—1. Brodie &
R. O. Jenkins. (/. appl. Phys., April 1956, Vol. 27, No. 4,
pp. 417-418.) Tests have been made on cathodes of the
type described by Levi (3125 of 1955) modified by
addition of CaO or SrO to the barium silicate or barium
aluminate impregnant. Emission/temperature character-
istics are shown; the additions lead to increased emission
in all cases.

621.385.15 2919

The Secondary-Emission Valve and its Appli-
cation.—A. H. Atherton. (/. Telev. Soc., Jan. March
1956, Vol. 8, No. 1, pp. 23-29.) Consideration is confined
to valves with a single stage of multiplication. By
comparison with the conventional valve, the secondary-
emission valve has the advantage that a high gain-
bandwidth product can be obtained more easily in
practice, and that an output in phase with the input is
obtained from the dynode. Difficulties in achieving
stability of characteristics over the lifetime are discussed
and two commercially available stable types are briefly
described. The required operating voltages and the
noise are both high compared with the values for con-
ventional valves. The use of secondary-emission valves
merits consideration when designing for bandwidths
> 10 Mc/s.

621.385.2 : 621.317.729 2920

The Solution of the Problem of a Planar Diode
with a Limited-Width Emitting Surface by Use of a
Rubber Membrane. —Krasnov & Kel’'man. (See 2852.)

621.385.4/.5 2921

Non-additivity in Selenium Photocells with
Barrier Layers under the Influence of an External
Voltage.—Z. A. Gol'dman. (Zh. tekh. Fiz., Sept. 1955,
Vol. 25, No. 10, pp. 1689--1695.) If a Se photocell is
simultaneously illuminated by light waves of different
wavelengths, the resulting photocurrent may greatly
exceed the sum of the currents obtained with separate
illuminations. Experiments have shown that short-wave
illumination removes the barrier layer and the resistance
due to it, so that the decrease in the resistance of the Se
caused by long-wave illumination results in an amplifi-
cation of the photocurrent.

621.385.832 2922

Deposition and Removal of Electric Charges on
Insulators by Secondary Emission: Part 2.—M.
Barbier. (Ann. Radioélect., July 1955, Vol. 10, No. 41,
pp. 303-323.) Experiments are reported providing the
basis for the theory presented previously (2262 of July).
Special c.r. tubes were used to facilitate observations of
the electron movements with different field distributions.
Results indicate that a high-voltage beam should be used
for writing and a low-voltage beam for reading, in con-
junction with a perfect insulator.

621.385.832 : 681.142 2923
Coplanar-Mesh Storage.——G. R. Hoffman. (Brit.
J. appl. Phys., March 1956, Vol. 7, No. 3, pp. 102--108.)
A storage system is described using a c.r. tube with a
target consisting of a sheet of mica on to which a con-
ducting mesh has been evaporated. In this system the
writing is controlled by the bright-up pulses alone and
transient voltages on the mesh are eliminated.

621.385.832 : 681.142 2924
The Hyperbolic-Field Tube, an Electron-Beam
Tube for Multiplication in Analogue Computers.
W. Schmidt. (Z. angew. Phys., Feb. 1956, Vol. 8, No. 2,
pp. 69-75.) The tube comprises three deflector systems

A.214

and a pair of target anodes. The first and third deflectors
are pairs of X and Y plates, respectively, the second
comprises four cross-connected plates with hyperbolic
section in the xy plane, oriented with the asymptotes
along the axes. The deflection of the electron beam in the
y direction in the second deflector is proportional to the x
displacement produced by the first deflector. A control
voltage depending on the difference between the currents
collected by the two target anodes is fed back to the
third deflector to produce equal currents in the target
anodes; its value is then proportional to the required
product of the voltages applied to the first and second
deflectors.

621.387 2925

Experiments with Gas-Filled Triodes.— J. A. Kok.
(Appl. sci. Res., 1956, Vol. B5, No. 6, pp. 445-453.)
“In this paper experiments are described showing the
different types of electrical discharges in a gas-filled
triode. The determining parameters are the following:
the cathode emission, the spacing of cathode, grid and
anode, the diameter of the meshes of the grid, the
potentials of the grid and the ancde, the gas pressure
and the differential ionization function of the gas. The
anode voltage may be concentrated in a space charge
sheath. 1f this space charge sheath is located at the grid,
the anode current may be modulated with moderate grid
potentials. 1f not, much larger voltages are required for
modulation.”

621.387 2926
The Hydrogen Thyratron. -D. Charles & R. J.
Warnecke. (dnn. Radioélect., July 1955, Vol. 10, No. 41,
pp. 256-302.) A detailed study is reported of the pulsed
operation of the medium-power thyratron Type-T.G.200.
The variations of grid and anode currents and voltages
were measured both during the passage of the pulses and
during the intervals. An estimate was made of the power
required to control the valve with positive grid. The
curve showing dissipated power as a function of time is
characterized by a peak corresponding to the initiation
of ionization. Bombardment of the anode by ions in the
period immediately after the pulse must be taken into
account in developing new valves. 49 references.

621.387 2927

Investigation of a New Continuously Controllable
Gas Discharge using a Cold Cathode.—C. H. Hertz.
(Ark. Fys., 7th Feb. 1956, Vol. 10, Part 3, pp. 213-245.
In German.) An account is given of the design and opera-
tion of a corona valve developed as a result of experi-
ments described previously (e.g. 1938 of 1955). A
negative point corona serves as cathode, and the anode
system comprises an array of fine tungsten wires arranged
in parallel grooves cut in a brass plate serving as control
grid; the operation depends on the provision of a very
strong electric field in the neighbourhood of the anode
wires. When such a discharge is operated in hydrogen
at a pressure of 150 mm Hg its characteristics resemble
those of a vacuum valve, the amplification factor being
50-100. The internal resistance is negative. Use of the
valve as an amplifier may be restricted by considerations
of noise and frequency range, but it should be useful for
stabilization.

MISCELLANEOUS

621.3.002.2 : 68 2928

Dip Soldering.—H. G. Manfield. (Wireless World,
July 1956, Vol. 62, No. 7, pp. 304-306.) A simple method
evolved at the British Radar Research Station for use
with printed circuits is described.
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Flexible —twistable.
Flexible — non-twistable.

@ Two types:

@ The high quality of ** Waveflex "’ waveguides is
maintained because all production operations
from selection of correct materials to final testing
are completed within the one organisation.

@ The ‘Neoprene'’ rubber sheath which is moulded
and bonded to the guide, has been specially
produced to give flexibility at extremely
low temperatures.

@ Twistable waveguides are designed to take a
plus or minus 30 degree twist per foot.

@ A standard range of “ Waveflex "’ waveguides is
made in lengths from 3" to 36" fitted with standard
flanges. We shall be interested to investigate
special guides to meet particular requirements.

Twisting
without
Busting

No..... not a lesson in cheating
at pontoon but a few words to

tell you about “ Waveflex" flexible

and twistable waveguides.

“ Waveflex " flexible waveguides to match rigid
guides in WG. 10, 15 and 16 are in production,
the final range will include WG. 11, 18 and 22.

“ Waveflex " flexible waveguides are approved
by the Radar Research Establishment of the
Ministry of Supply, and by the Admiralty Signals
and Radar Establishment. We are fully
approved for A.LLD. and A.R.B.

HERE ARE THE TEST DETAILS

A typical specification of WG. 16. V.S.W.R. 97
minimum per end termination.

Attenuation ‘15 DB/ft. maximum.

Band width 8.2 to 10.7 k.m. ¢/s.

Monitoring tests are carried out on a unique
rig which flexes and/or twists the * Waveflex "
guides many hundreds of thousands of

times to ensure reliability in use.

WY EF LSS

WAVEGUIDES

Full technical details from :
GABRIEL MANUFACTURING CO LTD
Newton Road, Torquay, Devon

One of the Tecalemit Group of Companies

“WAVEFLEX” WILL BE EXHIBITED ON THE TECALEMIT STAND NO. 129

AT THE S.B.A.C. EXHIBITION
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A typical example of the use of Murex
‘ Sincomax > Magnets where a high energy
product with high magnetic stability is essential.
Murex ‘Sincomax’ Magnets with an alloyed bond
between magnet and soft iron, continue to give accurate and
reliable service in this and many other applications.

rvogy

T voir

& Pty

MUREX LTD. (Powder Metallurgy Division)
RAINHAM - ESSEX - Rainham, Essex 3322

Telex 8632 * Telegrams: Murex, Rainham — Dagenham Telex

London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.l.  EUSton 8265

Photograph by courtesy of
British Physical Laboratories Ltd.

TYPE 51A
CARPENTER POLARIZED RELAY

For circuits employing a polarized relay where a high order of relay stability is required, e.g.,
in aircraft control systems, we are now able to offer the Type 51a Carpenter polarized relay.

This new “each-side-stable’ relay, designed principally for d.c. operation, is a develop-
ment of the Type 5a relay well-known for its high sensitivity, fast operation and relative
freedom from contact bounce. It has all the good qualities of the earlier model but its perform-
ance is markedly improved due to the fitting of a new form of armature suspension, (see
tllustration below) and provision for adjusting the flux of the polarizing magnets.

With an operate sensitivity of 2.5 ampere turns (approximately 60 micro-watts) the 514
relay will hold its adjustment between close limits over a fairly wide temperature range.

This relay is, therefore, offered and recommended as a direct replacement for all existing
Type 54 relays used in d.c. applications where a higher order of stability and reliability is
required.

To learn more about this relay send for Leaflet F.3526.

Rapg uat

DIMENSIONS (excluding connecting pins or tags). Height: 2% in. Width: 1% in. Depth: % in,

Manufactured by the sole licensees

TELEPHONE MANUFACTURING COMPANY LTD
Hollingsworth Works - Dulwich « London : §.E.21  Telephone: GIPsy Hill 2211
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Valuable aids to the
—_— RADIO SERVICE ENGINEER

AR 120 PAGE
- L | POCKET BOOKLET

A 120 page pocket-size booklet gives
summarised data i.e. characteristics,
operating conditions, base diagrams
relating to Ferranti valves and cathode
ray tubes. Included also is a comprehen-
sive valve equivalents list. Free copy
\ supplied on request.

ame

Telovision Tubes }

" 1988 (BITIEN ‘

“\

.

TECHNICAL
HANDBOOK

This Handbook contains the fullest
information about all types of Ferranti valves
and cathoderay tubes. Complete data such

as physical details. base connections, ratings,

operating conditions, etc. Price 7/6.

Send now for both publications to:—

FERRANTI 1o E

GEM MILL - CHADDERTON - OLDHAM - LANCASHIRE
FERRANT!
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2. ‘—J
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BROOKES (I sials

mean DEPENDABLE
frequency control

ALL Brookes Crystals are made to exacting
standards and close tolerances. They are
available with a variety of bases and in a
wide range o! frequencies. Thereis a Brookes
Crystal to suit your purpose—let us have
your enquiry now.

Brookes Crystals Ltd.

Suppliers to Ministry of Supply, Home Office, B.B.C., etc.
181/3 TRAFALGAR ROAD, LONDON, S.E.I10
Phone: GREenwich 1828 Grams: Xtals, Green, London

Hlustrated above are
(left) Type G2 Crys-
tal Unit, Frequency
62kefs; (right) Type
Gl Crystal  Unit,
Frequency 100 kels.

BROOKES

Manufacturers of all types of

INSTRUMENT CASES & CHASSIS
in all METALS

N R > - ~~, )

GENERAL SHEET METAL WORK
for the Trade

HASE oDUCTS
( : ng) LAD

27 PACKINGTON RD., SOUTH ACTON, W3
Acorn 1153-4 ond ot LEEDS

SERVO MECHANISM DEVELOPMENT

The IDEAL
0SCILLOSGOPE

for this work is the

NAGARD

Two Channel D.C.
MODEL DSI103

TWO IDENTICAL
Y AMPLIFIERS

giving response from

0-200Kc/s (-3dB) with

sensitivity of | cm/8m
V-pk.-p.k.

Equality of phase shift in each channel
—balanced inputs

Calibrated within 59 over range of 1omV to 500v.

WIDE RANGE TIME BASE -2 secs/cm’ to 20 psec/cm

continuously variable.

Sweep expansion X 5 on either or both beams.

Calibrated for time measurements within 29, over 20 secs to
20 psecs. X amplifier.

NA GAR !’ 6” diam. CRT with two in-

OSCILLOSCOPES

dependent gun systems of new
type, each providing 4” undis-
torted display.

NAGARD LTD., 18 Avenue Road, Belmont, Surrey

there’s something
in every department
that needs

r+ MORANE PROTECTION

| i; - =
, [: (PN "t i s ¢
lr(l4of 9 'lu‘\« ‘_ = 4

WORKSHOF]

| —_—————= o _ -
) Notices, Documents, Book Covers, Charts, Labels,
! Blueprints and all printed matter can be pl:otected
: with Morane Heatsealing Plastic Skin. Easily fixed
) by unskilled labour, this washable high gloss pro-
tective skin gives an instantaneous firm bond to
paper, cardboard, etc.

1
L Morane Heatsealing Plastic Skin
1

=Y

|
M
| Wt o= i ]
! GisFaY oeFr) e forrice) 3
14 - SR e =
T2 SRV YA L T |l Y =
q Aa‘\TT ! s [Z
:Fggﬂ‘\ & ft /A"VR : ,Mﬁ =7
| “‘\‘\\ A”a,/ o u&ﬂ“‘_‘ 0 0,0’447/,"
i\\‘\“/ - o ,E‘J:@ L= %’7
! - Gl el

|

Send now for full details to:—
MORANE PLASTIC CO. LTD.

21 WOODTHORPE ROAD, ASHFORD, MIDDLESEX
Tel. Ashford Middx. 2727 & 3391
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ORT/IPHONE

TRANSFORMER HANDBOOK

miniature screened and encapsulated transformers and transductors

copies on

request fron FORTIPHONE LTD.—COMPONENT DIVISION, 92, Middlesex St., London, E.1.

/: Better than 5§ weeks!

l . ;
| Due to increased production we can now offer

MINIATURE PLUGS and SOCKETS

° on short delivery ——
° 2,4,6,8, 18 & 33 Way................ 3 to 4 weeks
° 12& 24 Way ..................... ...5 to 6 weeks

. Also

¢ MINIATURE WIRE WOUND VITREOUS & LACQUERED RESISTORS

. 3 watt to 25 watt:—

o e 5 to 6 weeks

o

- ELECTRONIC COMPONENTS

o WEEDON ROAD 'NDUSTRIAL ESTATE

NORTHAMPTON

[ ] TELEPHONE : NORTHAMPTON 2467
GRAMS: “ELCOM" NORTHAMPTON

[ ]
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MULTI-RATIO TRANSFORMERS

For Transistor Circuits

POWERMASTER

Overall Pri. - Sec, ratio: 4-5: 1
(with split centre at taps)

RATIOS I 33+ 8*
1} 4 9
(* push-pull) 2* 44+ 1]
23 6 I5
3 7 20
: primary primary | secondary
l TYPE inductance PER. | dec. Q d.c. Q
| PM-1A |4H at 125mA | 70 kohms | 14 4
- _ i
| PM-IB ‘l|~4H at 5:0mA | 38 kohms ' 14 4

Overall Dimensions: 1-625 x 1-375 x 125 ins.

Price each 30/- post free

MATCHMASTER

Ratios: as above but without split at centre taps

primary secondary f

| Tyee | Rme. | PER. [ PITY i
, MM-1A | 15H at 0-4mA | 170 kohms| 350 150 |
i B
LMMJB | 5H 2t 20mA | 92 kohms | 350 T -
Overall Dimensions: 0-75 x 0-625 x 0-75 ins.

Price each 25/- post free
COMPONENT DIVISION
FORTIPHONE LIMITED

92, MIDDLESEX STREET, LONDON, E.1

MODEL DE 103
Two Channel Wide
Band D.C. 10 Mc/s.
Rise time 0:035
usec in each chan-
nel with identical
amplifiers. Ver-
satile time base
with calibrated
sweep times
from 0°2
second to
20 psecs
per 10 cm.

X Accurately calibrated time
and voltage measurement.
IX Simple controls.

X 6" Double Gun Cathode Ray
Tube.

IV Identical facilities on each
channel with means of align-
ing displays in any desired
manner.

V' Robust and accessible con-
struction.

See what you measure!

NAGARD °

18 AVENUE ROAD °* BELMONT - SURREY - VIGilant 9161/2
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Time-saving methods for
repetitive and

complicated calculations

ABACS or Nomograms

By A. Giet
Translated from the French by H. D. Phippen and J. W. Head

Not only demonstrates the many and varied applications of
the Abac or Nomogram, but shows how even those without
highly specialized mathematical knowledge may construct
their own charts. It deals with both Cartesian abacs and
alignment charts and contains a large number of practical
examples in mechanics, physics and electrical engineering.
This edition has been specially adapted for English readers.

84" 54" 235 pp. lllustrated 35s. net By post 35s. 10d.
NOW READY—from all booksellers

lliffe & Sons Ltd - Corset House - Stamford St - London - SEI

Electronic Engineers are required by the Equipment Engineering
Department of Westinghouse Brake & Signal Co. Ltd. at
Chippenham, Wiltshire, to take part in the development and
subsequent engineering design for production of new control
systems, employing electronic techniques, for traffic control on
British and Overseas railways. The score of the work will
range from practical experimental work to the issue of design
instructions on which will be based manufacturing drawings,
together with the compilation of manufacturing specifications
and descriptive pamphlets. In addition, co-operation will be
required with Production Engineers during manufacture of

first-off equipments in the Company’s Chippenham Works.

Positions are available for University graduates with a good
Telecommunication Degree in Electrical Engineering. Some
experience with transistor techniques is required, together with
experience of line communication systems employing audio and
carrier frequencies. A knowledge of computing techniques

would also be an advantage but is not essential.

The salaries will be determined by age, qualifications and
experience; the Company operates a pension scheme and a

five-day week.

For further information, write, giving age and full particulars,
to Personnel Superintendent, Westinghouse Brake & Signal Co.
Ltd., Chippenham, Wilts, quoting reference No. EQUIP/N/Q.
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Actual camera shot of graph
paper through a spherical
magnifier at 2X magnification.

Alice soon found out the disastrous results of distortion,
engineers, too, know that the average spherical or cross
cylinder magnifier not only distorts but causes undue
eye-strain over long periods of inspection.

PLASTA ASPHERIC magnifiers reduce distortion to a
minimum, right to the very edge of the field of vision.
Furthermore, they can be used with binocular vision (i.e.
both eyes at once) for any length of time without strain.

Mail your enquiries to :—DEPT. M.

COMBINED OPTICAL INDUSTRIES LTD
Manufacturers of the World Famous IGARD Ophthalmic lenses
BATH ROAD +* SLOUGH + BUCKS

. . . for every service

For radio, television, communica-
tions and the many other plug and
jack applications on innumerable
electrical appliances the choice
has long been Igranic.

Now increased production
facilities ensure immediate
delivery plus the continuance of
that meticulous standard of
reliability which has always
characterised Igranic Plugs and
Jacks.

IGRANIC ELECTRIC CO LTD
HEAD OFFICE & WORKS, BEDFORD

LONDON & EXPORT OFFICE:
VICTORIA STATION HOUSE, 191 VICTORIA STREET, LONDON, S.W.I
Grams: Igranic London

8ranch Offices:
Birmingham -« Bristol - Cardiff - East Anglia + Glasgow
Leeds - Manchester - Newcastle - Sheffield

A METAL INDUSTRIES éé GROUP COMPANY

PR 4
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With apologies to Lewis Carroll
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Actual camera shot of the
same graph paper through
equivalent PLASTA As-
pherical magnifier at the
same magnification.

PLASTA magnifiers have these added advantages :—

LIGHTNESS

Less than half the weight
of glass, thus allowing the
assembly holding the lens
either for inspection or com-

GAR

ponent parts, to be much lighter
than usual.

BREAKPROOF

All PLASTA Lenses are
virtually unbreakable in normal
use and can be used under
conditions where there is the
risk of glass breaking.

SAFETY

PLASTA magnifiers are in-
valuable in applications where
the use of a glass lens would
constitute a hazard.

N

MIDGET JACK

P73 Moulded Bake-
lite Suitable for
switching-in high fre-
quency circuits. Capa-
city between springs
eliminated. Silver
contacts, hole

JSP/ICOPA

one

fixing, perfect contact.

TYPE P40 PLUG

Moulded Bakelite.
Nickel plated metal
parts. Especially suit-
able for extension
speakers, hcadphones,
and similar applica-
tions.

M

TYPE P50 PLUG

CylindricalBakelitecase.
Nickel plated metal
parts. Ideal for ampli-
fiers and other applica-
tions where concentric
cable is used.

1G/s3 P2838
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HER MAJESTY'S OVERSEA CIVIL SERVICE
Director of Electricity and Telephones Department, Mauritius

To undertake general administrative control of the Department,
advise the Government on all electrical and telecommunications
matters, plan and develop telecommunication services and the
operation of ship to shore wireless service, and to exercise the
functions and duties conferred upon him by the Telephone and
Radio-Communication Ordinances.

Permanent and pensionable appointment or contract appoint-
ment for three years. Salary £1,620 p.a. plus cost of living
allowance.

Contract gratuity—£50 for each
service,

three months’ resident
Free passages for officer, wife and up to three children.

Quarters if available. Generous leave.

Candidates must be A.M.I.LE.E. and have had considerable
practical experience.

Write Director of Recruitment, Colonial Office, London,
S.W.1, giving age, and experience,
BCD 145/52/01.

qualifications quoting

Senior Telec ication E required for development
of submarine repeaters. Applicants should have several years'
experience in carrier telephony practice, e.g., in the design of
filters and feed-back amplifiers. Technical education—Honours
degree in Electrical Engineering or equivalent qualifications.
Post is pensionable. Five-day week. Applicants should give
details of age. previous experience and salary required to
Personnel Manager, Telcon Works, Greenwich. S.E.10.

i
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TRANSFORMERS

FOR
PUSH-PULL TRANSISTOR AMPLIFIERS

These transformers are suitable for use with the
260 mW all-transistor amplifier circuit developed by
Mullard Limited and are used where miniaturization
is of prime importance.

A203 (Driver: OC71 to two OC72’s)
Ratio: 2 : |41 (centre-tapped)
Primary Inductance: 10 H at .6 mA (1000 c.p.s.)
Resistances: Pri. 1754, Sec. 225Q
A204 (Output: two OC72’s to 3Q load)
Ratio: 4-4-4 : | (centre-tapped primary)
Primary Inductance: 440 mH at OmA (1000 c.p.s.)
Resistances: Pri. 6.5Q (per 4), Sec. 0.5Q
A267 (Push Pull coupling from two OC72’s to two
large Power Transistors: Details on
Application)
Prices: each (Post Free): A203 15/-; A204, 267 15/éd.
LARGER VERSIONS OF THE ABOVE ARE ALSO AVAILABLE

COMPONENT DIVISION

FORTIPHONE LIMITED
92, MIDDLESEX STREET, LONDON, E.1.

e
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A TELEVISION RECEIVER ENGINEER

preferably experienced in NTSC COLOUR TELEVISION
SYSTEM is needed by a British Consulting Engineering
Laboratory in Bermuda. This is an opportunity to engage in
new and unusual research projects mainly for American
Corporations. The work can increase the professional reputation
of a successful applicant on both sides of the Atlantic. Salary
£1,800 upwards per annum, plus bonus, and depending upon
experience. There is no Income Tax in Bermuda. Fares paid
to and from Bermuda. The Bermudian Currency Control permit
the purchase of $500 per annum for vacations in the dollar area.

OWEN HARRIES,
Consulting Engineers, WARWICK, BERMUDA.
Write: 17 Half Moon Street, London, W.1, for
INTERVIEWS IN LONDON

NORTHERN POLYTECHNIC
Session 1956-57
ADVANCED COURSES IN
ELECTRONICS AND WAVEGUIDE PHYSICS
ELECTRICAL DISCHARGES IN GASES
SOLID STATE PHYSICS
Suitably qualified students can proceed to the M.Sc. Degree
of the University of London.
Session begins 24th September 1956.

Also short lecture courses on
MICROWAVE VALVES-—beginning 2nd October 1956.
PULSE TECHNIQUES-—beginning 5th November 1956.

Engquiries should be addressed to:

Head of Department of Physics,

Northern Polytechnic, Holloway, London, N.7

(Telephone: NORth 1686)

BRITISH THOMSON-HOUSTON CO. LTD.

Vacancies exist in the ‘Company’s Research
Laboratory at Rugby for physicists or electrical
engineers with degrees or Higher National Certificate
for work on the development of transistors and other
semiconductor devices.

Applicants are invited to write to the Director of
British Thomson-Houston Co., Ltd.,

Rugby, giving details of their age, qualifications and

Research,

experience, quoting reference HGR.

ELGAR SILVER PRODUCTS
Full range of silver preparations for silvered condenser manu-
factures and other applications in electronics.
Elgar Laboratories (Elgar Trading Ltd.), 240 High Street,
London, N.W.10.

[ ] [ ]
100 bays of brand new adjustable STEEL SHELVING,
72" high % 34” wide x 12" deep, stove enamelled bronze
green. Sent knocked down, 6-shelf bay—£3 15s. 0d.
Sample delivered free.

N. C. BROWN LTD., EAGLE STEELWORKS,

! HEYWOOD, LANCS. Telephone 6%9018.
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Comprehensive and up-to-date—operating
characteristics of over 2,800 valves and C.R. tubes

VALVE DATA 5th Edition

H H 1
complled by “Wireless World"'. Gives in tabular form the characteristics of approxi-
mately 2,500 types of British and American valves and of 37 transistors for radio, tele-
communications and electronic circuits, together with particulars of over 300 cathode
ray tubes.

The main tables give the electrical characteristics of each valve, and include a key to
the valve base connections of which there are 19 pages of diagrams. The main tables
further classify the valves into current, replacement or obsolete types as recommended
by the makers.

This edition has been completely revised and enlarged so as to include all the latest
types, and the comprehensive list of valve equivalents, first introduced in the previous
edition, has been revised and expanded. A new feature is the improved method of pre-
senting the valve-base connections, which should prove of considerable assistance to
those using the tables.

An essential book for every radio- designer,
experimenter and service engineer...NOW READY

from booksellers and radio dealers
Iliffe and Sons Limited - Dorset House - Stamford St - London - SEI

PHILIPS ELECTRICAL INDUSTRIES LTD.
have a number of vacancies for

(1) SENIOR ELECTRICAL DRAUGHTSMEN
(2) SENIOR MECHANICAL DESIGNERS

in the Design Laboratories of their new

RADIO AND TELEVISION FACTORY

Starting salaries will be up to £850 p.a. for senior
draughtsmen and £1,000 p.a. for senior designers.
The Company provides a five-day week, a staff Super-
annuation Scheme, and long service Holiday and
Sick Pay Schemes.

The Personnel Officer,
Philips Electrical Industries Ltd., COMPONENT DIVISION
Croydon Works,
Commerce Way,
Croydon.

DIGITAL COMPUTORS

MAGNETIC
MEMORY CORES

of metallic and ferrite materials, in

LAl

i AL T

QTN T

very small sizes, are wound to order
with extremely fine gauges of wire by

being opened at Croydon, Surrcy Fortiphone Limited, who have special

experience in this field.

s

Complete printed-circuit or potted
“brick’’ assemblies can be made up
to your requirements, either as plug-in
or wired-in units, in sub-miniature
form with either valve or transistor

Applicants are invited to write to: circuitry.

FORTIPHONE LIMITED
92, MIDDLESEX STREET, LONDON, E.1.
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STAND OFF
INSULATOR

REGD. TRADE MARK

 “PERMATIP”
3 “PERMABIT”

INSTRUMENTS

FOR

GREATER ' MINITRIMMER
SOLDERING Standard maximum

capacities up to

EFFICIENCY 13pF. Voliage 500

DC. Base §" square T
° with fixing centres for l0BA 1" apart
Details from:—

For 1,500 volt working

Overall height 1-1”

Over chassis -86”

i . Silver plated spill -35”

; ﬁ 6 BA hexagon stud, chromium plated

e sy o2

These are reproduced (approx) actual size

The soldering bit which maintains its face indefinitely without
attention. 25 modeis available for mains or low voltage supply.
Bit sizes 3/32 to 3/8 inch. Full details in booklet S.P.17 from sole
manufacturers:—

LIGHT SOLDERING DEVELOPMENTS LTD.

106 GEORGE ST., CROYDON, SURREY DEVE LOPMENTS co LTD
R ULVERSTON NORTH LANCS 7o/: Ulverston3306

!_l_'llllIIIIHIIIIIllII|llIIIIIIIllIIHIIIIlIIIIHlIIHlIIIIIIIIIIIIHIIIHIIHIIIIIIIIIIIIHIIII!IIIIllIIIlIIIIlIIIIlNIIIlIIIIlIIIlIiI)lllw
THE WORLD’S GREATEST BOOKSHOP COMMERCIAL T.v.

Es Commercial Television and F.M. Broadcasting have resulted
l *FOR BOOKS

in vacancies becoming available for men interested in the develop-
ment of V.H.F. and U.H.F. tuners involving new techniques of
New and secondhand Books on every subject, Large
Technical dept. Stock of over three million volumes.

design and manufa-ture. Salariesin the range of £650 to £1,200
are offered to engineers with the required experience, and pros-
119-125 CHARING CROSS ROAD, LONDON, WwW.C.2
Gerrard 5660 (16 lines) % Open 9—é (inc. Sat.) =

pects of future advancements are good. Write, in confidence, giving
I_IIIIIIlIlIIIlIIIIIIIIINIIIIIIIIIIIIIIII|l|IIIIIIIIIllIIlIIIlllIIIIIIIIIIIII"IIIIIIIIIIIIIIIIlIIIlIII|IIIIlIIIIIIIIIIIIIIHIHIIIIIII|IIllIIl

full particulars of experience and qualifications to Box No. 3793,
clo Wireless Engineer.

Write for DATA SHEETS
to Dept. A.3, ANDERTON
SPRINGS LTD., BINGLEY

Telerhone: 2388, 2351 & 2226
Tetegrams: Circlips, Bingley

CIRCLIPS

A..D., A.R.B., l.F.V. approved
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We welcome
Engineers and Manufacturers to

STAND 64

where we shall be showing
CONDENSERS
& PRINTED A
CIrRCUITS i

for all electronic
applications

THE TELEGRAPH CONDENSER CO. LTD

RADIO DIVISION - NORTH ACTON - LONDON - W3 - Tel: ACORN 0Csl
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WIRELESS
ENGINEER

REVOLUTIONARY

in design—
and performance!

TYPE W97

SLrTEMBER 1956

HUNTS *“THERMETIC” MIDGET METALLISED PAPER

CAPACITORS WITH A TRUE HERMETIC SEAL
FULLY APPROVED TO JOINT SERVICES STANDARD R.C.S.136/A

CATEGORY 40/100, CLASS I1.1.

TEMPERATURE RANGE : —100°C 10

The W97 capacitor, although of diminutive size, is an extraordinarily robust
unit. Most miniature units are prone to weakness in end connections and
general mechanical flimsiness. Such undesirable features are eliminated in
the W97 by the special processes used and extreme care in manufacture.
CAPACITQR UNIT

A single metaihised paper is used to wind this unit which is made possible
by the use of Hunt's Patent covering the ‘“‘castellated’’ pattern. Recent
development by Hunt on a special impregnating matecrial gives the unit
remarkable brackets of operating temperature.

CASING

Hunt's patented double metal tube, sealed with the special “'Thermetic'’
compound, provides positive closure on the casing and lead entry, ensuring
positive hermetic sealing.

INSULATION OF CASING

The capacitors are supplied without an insulating medium on the case. If
specially requested they can be supplied with an approved plastic sleeve
which increases the dimensions by 0.07 in length and 0.03° in diameter.
TERMINATIONS

The terminations are of 24 gauge tinned phosphor bronze wire having a
nominal length of 11", Special attention is paid to the retinning of the wires
after the capacitor is fully processed. Connection is made to the unit by
applying copper spray to the metailising. The pigtail is soldered to this
bond giving a perfect connection of exceptional strength.
INDUCTANCE

W97 "'Thermetic’* Midgets have a very high self resonant frequency—the
following figures are quoted as a guide. 50 pF at 600 volts, which is the
fowest capacitance in the range, has a self resonant frequency of 280 mega-
cycles. At the other end of the range, 0.04 uF 200 volts, which is the
maximum capacitance, it is 8.5 megacycles.

INSULATION RESISTANCE

This is measured at working voltage at a temperature of 20 C. The
minimum capacitance in the range, 50 pF at 600 volts, has an insulation
resistance greater than 2,000,000 megohms. The maximum capacitance in
the range 0.04 uF at 200 volts, has an insulation resistance greater than
25,000 megohms, The intermediate capacitances are approximately pro
rata.

POWER FACTOR

Less than 2%, at 1,000 cycles per second at 20 C.

CAPACITANCE TOLERANCE

Standard = 20%,. Closer tolerances are available, for capacitances
exceeding 500 pF.

W97 IS A ‘MUST’
for the
MAKERS OF ELECTRONIC EQUIPMENT

A H. Hunt (Capacitors) Ltd, Wandsworth S.W.18- BAT 1083
And in Canada: HUNT CAPACITORS (Canada) Ltd., AJAX, ONTARIO.

'World Radio History|

- 100°C

TYPE W97 STANDARD RANGE

LisY
ND

BM7Z
BMg
BMi
BMN¢
BMI2
BMI3
BMid
BMi15
BMis

CAP ¢F.  AMENSIOMS “inches)
thy D.

200 volts D.C

400 volts D.C.

0.0005
0.00t
0.002
0.003

0.0

€GO volts D.C.

Wkg.
0.610
0.610
0.500
0.610
0.500
0 500
0.610
0.610
0610

0.135
2135
0.180
.435
®.180
0.'80
180
C.260
0.260

REGISFERED TRADE MARK

CAPACITORS

THE TRADE- MARK OF RELIABILITY
e ——————————————




