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Buller's CERAMICS

FOR INDUSTRY




A NEW-PRINGIPLE
A-C AUTOMATIC
VOLTAGE STABILISER

We have now had released to us by a Government Department the
design of our *“A.C. Mains Regulator, Automatic, Step, Mark II”°, and
are therefore manuﬁtcturing this unit for general sale. 1t ideally fills the
need for a cheap, small and light Stabiliser. Although it measures only
84in. x 43in. x 5in., weighs as little as 11 1bs., 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 cqually well from no-load to full load,
which is 1150 VA, It has a stabiliscd output at 230V unless otherwisc

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 cascs the
constancy of output is as high as 0.15%. Models arc available from
200 VA to 30 kVA, singlc phasc. 3-Phase Stabiliscrs arc also available.
Prices are extremely competitive.
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The NEW “ASR-1150"°
costs only £24 net

Complete information is obtainable from:

CLAUDE LYONS LTD., sTABILISER DIVISION,

QUEEN’S HOUSE, 180-182 TOTTENHAM COURT ROAD, LONDON, W.1
{Telephone MUSeum 3025-6 Ext, [3)

MEMO: 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 Catalogue V-549

(3rd Edition) tells the whole story, and will gladly be mailed free and post free, on request.




“SCREENECTOR”.

Lightweight plugs and sockets for
coaxial, 2 or 3-pole assemblies

® Versatile
® Perfect contact

® High insulation
resistance
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THIS range of light weight screened connectors
is based upon the draft R.E.C.M.F. specifica-
tion for a non-reversible screened twin plug and
socket to load cables up to 0.24 in. diameter over
the braid. At the same time, the design has been
made versatile so that single and multiple contacts
may be assembled into the common housing. This

— - __‘.:___‘___..‘- . . .
il d bR R e alan aa) housing is machined and therefore possesses an

L625/C A dust cover, with the “quick” thread ~ appearance in keeping with modern instrument
locking device, has been developed for use with these finish.

connectors and is supplied complete with chain attachment. . . .
PP P Although a “quick” thread locking ring forms

Assembly Coaxial Twin 3-pole part of the aSSCmbly, the screen skirt is resilient,
thus maintaining excellent contact should the
Free plug ... o5 . L722/P L625/P L715/P 0 0 0
Fied socker o | s L62S/5 e locking ring be inadvertently left loose.
Adaptor bulkhzad ... ... | L723 LeB9 L716 The contact assembly insulator is produced
Free socket ... L724 Lé90 L717 0 o o
from a moisture resistant nylon-filled phenolic
p—— moulding material, and the design includes
Characteristic Contact Capacitance P. & 5. mated g
Type impedance, | resistance lengthened leakage paths between contacts in
ohms* at § amp. Conductor/ | Conductor . K Y K [ . .
conductor |  screen order to maintain high insulation resistance which
Coaxial 75 (less than - 1.9 pF is 0.6 x 10> M Q at 500 V. between pins or pins
2-pole 100 2 milli- 1.4 pF 2.3 pF and frame.
3-pole - ohms ea.) 2.0 pF 2.7 pF

*Approx. at 1 Mc/s.

BELLING & LEE LTD|

GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND
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A New Portable Wave Analyser

THE WAYNE KERR MODEL A.321

An audio frequency analyser
of the heterodyne type to
measure the relative levels of
the components of a complex
waveform down to —75db below
fundamental.

It is light, compact and simple
to operate and can be supplied
either in a transportable
case or for standard 19"
rack mounting.

Specification

FREQUENCY COVERAGE: 50—20,000c¢/sin two
ranges

FREQUENCY STABILITY: Better than +1%

INPUT LEVEL: Between —20 and -+20 db relative to imV into
600 ohms adjusted by a 5 step attenuator and
fine control of 0—10 db

FREQUENCY Flat to within +1 db over the whole working

RESPONSE: range.
LEVEL STABILITY: 1dbifmainssupplyvoltageremainswithin £5%
ACCURACY OF Harmonics below fundamental

HARMONIC to —55 db +5%

MEASUREMENTS: to —75 db +10%

or 1 db whichever is the greater.

INPUT 100,000 ohm unbalanced (greater than 25,000 0hm,

IMPEDANCE: balanced, can be supplied to order)

SELECTIVITY: Constant over the frequency range, 2 stage crystal
filter, mid band frequency 100 Kc/s. Flat top
(1 db) pass band extending over 10 ¢/s +1 ¢/s.

HUM LEVEL: ~—55db
POWER SUPPLY: 110/115 and 200/250 volts 40/60 c/s
POWER

CONSUMPTION:  Approz. 60 watts
DIMENSIONS: In case 20" x 9" x 8%"
WEIGHT: 31 Ibs. approx.

THE WAYNE KERR LABORATORIES LIMITED - NEW MALDEN - SURREY ' MALDEN 2201
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Put your name on our mailing list
fo

TECHNIQUE

A JOURNAL OF INSTRUMENT ENGINEERING
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MUIRHEAD & CO. LTD - BECKENHAM .- KENT - ENGLAND
MAKERS OF HIGH GRADE PRECISION ELECTRICAL INSTRUMENTS

TELCONNECTORS

*
L 4
L 4

*

co=axial cable connectors

Illustrated is a range of Telconnectors which enable small flexible
cables to be readily attached to larger feeder cables. In all cases the
Socket Termination is designed to accept the standard S53P series
Plug. A further step-down in size is possible by using a 53/58 Adaptor,
the female section of which will accept the standard 58P series Plug.

All types are readily available in various sizes and combinations,
Write for publication T|1.

TELCON/ A
cables oy

Plug, type 53P|29M

type 538

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD
Head Office: 22 O!d Broad Street, London, E.C2
Tel: LONdon Wall 7104
All enquiries to: Telcon Works, Greenwich, S.E.I0
Tel: GREenwich 3291
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{r weight 0-42 srammes -

SenTerCel Types M1 and M3 rectifiers are 1ow 1n cost and offer man

advantages. They 1eplace equivalent thermionic valves and can be
wired directly into circuit ; wiring is reduced and valve-holders are
eliminated.

Both types operate at minimum input levels of 0.5 wvolts, type M
at frequencies up to 5 Mc/s and type M3 up to 100 kc/s.

APPLICATIONS
AGC rectifiers : muting circuits ¢ contrast expansion and com-
pression : level indicators : modulation depth indicators :
limiters : automatic frequency control.

Self Capacitance 22 pF
Forward Resistance at 5 V D.C. 10 kQ
Reverse resistance at 5V D.C. 1,000 MQ

Average Maximum Peak Inverse Voltage .68 V
Characteristics Minimum A.C. Input ... 0. vy
Maximum Frequency .. ; ]j ?um,
|
l !
v

2% 5WG.
TINNGD copogR

et

Self Capacitance ..............
Forward Resistance at 5V D.C. 1.2 kQ o
Reverse Resistance at 5 V D.C. 45 MQ

Average Maximum Peak Inverse Voltage.. .68 V
Characteristics  Minimum A.C. Input 05V
Maximum Frequency 100 ke

SELENIUM Srandard Telephones and Cables Lirited

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

RECTIFIER DIVISION : Warwick Road, Boreham Wood, Hertfordshire
Telephone ; Eistree 2401

RECTIFIERS
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for all Good Instruments

suit all types of instrument move-

ments.

The performance data and details
of the types available are given in

| our publication No. C.O.R. 5305/2.

Please apply to the following
address :(—

SA[F(]RD ELECTRICAL INSTRUMENTS LTD

PEEL WORKS -« SILK STREET . SALFORD 3 - LANCS
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND

"\ CARPENTER POLARIZED
—— % RELAYS

—have these outstanding features

The Carpenter Polarized Relay will High operational speed
respond to weak, ill-defined or short- High sensitivity

duration impulses of differing polarity,
or it will follow weak alternating
current inputs of high frequencies and so provide
a continuously operating symmetrical change-

Freedom from contact
rebound

No positional error

over switch between two different sources. High contact pressures
Five basic types are available with a wide range Accuracy of signal

of single and multiple windings. repetition
Particulars of the type best suited to your purpose Exceptional thermal
will be gladly supplied if you will send us your stability

circuit details. Ease of adjustment

Manufactured by the solz licensees.
TELEPHONE MANUFACTURING CO. LTD

Contractors to Gevernments of the British Commonwealth and other Nations

HOLLINGSWORTH WORKS - DULWICH -+ LONDON SE21 - Tel: GIPsy Hill 2211
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Potted
with Araldite

For potting and scaling electrical components, ‘Araldite’ is without

equal. In addition to its remarkable electrical and mechanical qualities, ‘Araldite’ offers outstanding
adhesion to metals, whilst shrinkage on setting is exceptionally low. ‘Araldite’ is resistant to high
temperatures, humidity and corrosive agents and satisfics the Services specification for the sealing
and potting of clectrical equipment. This new epoxy resin is being extensively used for potting and
sealing components for radio, electronics and electrical engineering. Our illustration shows an induct-

ance and mica dielectric capacitor network for shaping a transmitted radar pulse. Potting in ‘Araldite’

Photo by courtesy of Telegraph Condenser Company Lid. ensures hermetic Sealing and permits a

reduction in size and weight.

These are the new Epoxies!
‘Araldite’ (regd.) epoxy resins are
obtainable in the following forms:—
® Hot and cold setting adhestves for
metals and most other materials ‘in
common use.

T C C 3 ® Casting Resins for the electrical,
- mechanical and chemical engtneering
industries.

® Surface Coating Resins for the
paint industry and for the protection
of metal surfaces.

|3 kV. PK.PFN
0-5uSEC. 2000 PRF.

Full details will be sent
gladly on request.

‘Araldite’

Aero Research Limited epoxy casting resins

A Ciba Company, DUXFORD, CAMBRIDGE. Telephone: Sawsion 187
@ :264-65
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LONGEST SCALE —-SMALLEST SPACE

This compact, robust D.C. Milliammeter
is flush mounting and is ideal for use in
restricted space.
SCALE LENGTH: 9"
RANGE FROM 0-500p4

The meter with the
dead beat movement

The meter measures only 5” across and the depth behind the panel is only 2” yet it retains
a scale length of 9”. It is available with spade or knife-edge pointer and special scales
can be supplied to customer’s specification if required. Send for prices and full details.

BRITISH PHYSICAL LABORATORIES

Radlett, Herts.

Tel : Radlett 5674/5/6

LONDON STOCKIST: M. R. SUPPLIES LTD., 68 NEW OXFORD STREET, LONDON, W.C.I

%

dmBP19

NOW ON SALE - the first volume of this important textbook

A B.B.C. ENGINEERING
TRAINING MANUAL

TELEVISION
ENGINEERING

PRINCIPLES AND PRACTICE

Volume 1: Fundamentals, Camera Tubes,
Television Optics, Electron Optics

By S. W. Amos, B.SC.(HONS.), A.M.LE.E., and D. C.
Birkinshaw, M.B.E., M.A., M.LE.E., in collaboration with
J. L. Bliss, A.M.LLE.E. This is the first volume of a
comprehensive work on the fundamentals of television
theory and practice, written primarily for the instruction
of B.B.C. Engineering Staff. It covers basic theory
of the signal, all types of modern camera tubes, theory
of light, mirrors and lenses as applied to television,
and electron optics, including electron lenses. Volume 1
comprises 320 pages with 188

illustrations. Other volumes of 3 os‘ net'
this work are in preparation. B)’ post 30s. 8d.

From booksellers or direct from lliffe & Sons Ltd., Dorset House, Stamford Street, London, S.E.l
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For specialised remote control—centimetre radio links—

ground radar—outside broadcast television

BICC Couplers and Cables are intended for
the outdoor inter-connection of equipment, such as
that mentioned above. Each application calls for
composite trailing cables containing both R.F. units
and other polythene insulated conductors.

BICC Polypole Mark Il Couplers are available
in two versions, designed for use with two standard
types of BICC outdoor trailing cables. The Mark
IIIA cable and coupler incorporates three coaxial
circuits, and the Mark Il11B three screened twin cir-
cuits. In addition, both cables contain three triplets
and 21 other conductors.

The couplers are permanently moulded to the ends
of the cable in the factory. This technique provides
a remarkably robust coupler which is virtually free
from the hazards of conductor breakages near to, or
within the coupler.

If you are interested in the uses of BICC Polypole
Cable Couplers, we will be pleased to send you
Sfurther information.
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Note these important features

The couple

conductors in ten-
» sion to ensure that
they each contri-

r's

rs are
assembled with the

bute their share of
the total strength.

Polythene injection
moulding permits
a watertight assem-

bly.

.
é‘@BRITISHINSU
24, BLOOMS

LA

BU

Screwed lock rings
provide forced en-

gagement and
»withdrawal. The
overall metal hous-

ing canalsobeeasi-
ly replaced should

it become damaged.

The cable itself is
designed with a
symmetrical cross
section to provide
the greatest relia-
bility under severe
handling.

LENDER’S CABLES LIMITED
REET, .C.h

LONDON, W.C
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¢Of course rubber
would do it...

=
For over a century when a problem P.B.COW SERVE
like that has arisen, men responsible  Agriculture
for production planning and buying Dairy
have thought at once of P. B. Cow. RMa':‘;' Cy
Knowing the vast resources of the rgevision
P. B. Cow organisation were always at  Shipbuilding
their service. Public Utilities

General Engineering

Today, we are proud to offer an
¥ p Pharmaceutical

unparalleled service to every industry.
A large team of experts, experienced in
the latest and most up-to-dare methods
of production, is available to solve
your problem. Experts who will bring
to the job all the knowledge acquired
in advising and supplying leading
companies the world over.

So whenever you have a problem
that concerns rubber, write or phone
for one of our technicians to call. He
will be fully qualified to help and
advise you.

WE SPECIALISE IN:

Production of

Rubber tc Metal
bonded parts, Anti-
vibration and Resilient
Moauntings, Qil Seals,
Handmade Fabricated
Parts, Proofed Fabrics
in Natural or
Synthetic Rubbers

for every purpose, and
Air Buoyancy work

of all descriptions.

...get in touch

with P. B. COW

RUBBER THAT IS RUBBER

P. B. Cow & Company Ltd., Rubber Manufacturing

Specialists for every Industry. Industrial Division:

470 Streatham High Road, London, S.W.16.
Phone: Pollards 4481.
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The Manning-Carr
Miniature
Polarised Relay

Actual

Size

DATA—A Sensitivity of 25 milli-watts and capable of handling
mains voltage on the contacts with alternating currents up
to 0.25 amps. Being polarised it has the advantage that the
Armature contact can be biased to lock in either direction
by suitabie adjustment of the contact screws, which provides
a useful facility where pulse operation is required.
Speed of operation is also high and the Relay will follow
A.C. frequency of 50 c.p.s. Resistance up to 8,000 ohms,
which is acceptable for Anode circuits. Alternatives to
specification if required. Sole Concessionaires.

POST OFFICE TYPES 3,000 AND
600 RELAYS
to specification. Tropicalising, impregnating and
Services jungle finish if required. Delivery 3-4 weeks.

Manufacturers to H.M. Govt. Depts., and leading contractors.

L. E. SSIMMONDS LTD.

5 BYRON ROAD, HARROW, MIDDX.

Telephone : Harrow 2524—0315.

STAND OFF
INSULATOR

For 1,500 volt working
Overall height 1-1”
Over chassis ‘86"

3 Dipped tinned spill -35”
AP Thread & hexagon 6BA

These are rt;r;)duced (approx) actual size
MINITRIMMER

Standard maximum
capacities up to

13pF. Voltage 500
DC. Base 3" square —
with fixing centres for 10BA 1" apart

Details from:

~

DEVELOPMENTS CO. LTD.
ULVERSTON NORTH LANCS 7o/: Ulversion3306
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Clearly-you get hetter pictures
with this ALUMINIZED

cathode ray tube

i
nimmliimlm:‘

You cannot beat the new Ediswan Mazda Aluminized Cathode Ray

Tubes for picture quality or length of life. Ediswan Aluminizing gives
609%, brighter pictures with greater depth of contrast. The improved
ion trap tetrode electron gun effectively traps harmful ions within
the tube. Ediswan production methods, including the special
in-line exhausting process, guarantee a higher, more uniform
standard of efliciency. For complete satisfaction recom-

mend Ediswan Mazda cathode ray tubes.

ol

1 S

SCREEN */‘ -

‘_‘ ooBAY }
USEFUL WASTED
LIGHT 1 LIGHT

| W

N 60% MORE
LIGHT

w OR BACKING
Without Aluminizing With Ediswan Aluminizing

Without Aluminizing, tubes waste half  Ediswan aluminized tubes have a mirror
their light by backicard reflection. To backing to the screen. All the light is
counteract this the brilliance must be thus thrown forward giving brighter,

increased which shortens tube life. clearer pictures, and extra life.

Quicker Service

Ediswan are the only com- ‘
pany to have 6 fully equipped
cathode ray tube service

Depots throughout Great M A z D A

Britain, thus providing

better, quicker tube testing A LU M I N Iz E D CAT H o D E RAY T U B ES

should the need arise. Also,
18 Ediswan District Offices THE EDISON SWAN ELECTRIC COMPANY LIMITE.D
carry stocks of tubes. 155 Charing Cross Road, London, W.C.2, and branches Member of the A.E.l. Group of Companies
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SULLIVAN PORTABLE GALVANOMETERS

EMPLOYING A NEW

SUSPENDED COIL
PORTABLE GALVANOMETER UNIT

which may be supplied alone or boxed
complete with scale, illumination (with
Mains Transformer) and novel Scale

Magnification

TYPE

12001 .
A compact, sensitive, yet robustly suspended galvanometer

has been developed in our laboratories and, having undergone
extensive trials, has proved to be extremely reliable for all
purposes. All galvanometers are fitted with shock-absorbing
SERIAL Nt non-sticking stops, thus overloads of up to 100 times full-
1426/1950 ; scale current may be applied without risk of damage to the
\ ¢ movement.

It is available as a compact unit for bench use, mounted
in a bakelite case measuring only 12 X 8 X 4 cms. and is
eminently suitable for mounting in the client’s own equipment—
a simple bracket mounting is incorporated to facilitate this.

It is available alsc in portable form in a polished teak case (complete with scale and illumination) with
different internal optical arrangements of some novelty which give, in effect, various scale distances without
having to resort to large awkwardly shaped boxes. In some cases effective scale-reading magnification of
approximately 8 to 1 is obtained within a small box measuring only 27 X 16 X 16 cms. They may be used for
all “null” balance measurements, such as for Wheatstone and Kelvin bridge work, in which case they are
provided with centre zero scales. They may, however, if desired, be fitted with side zero scales for accurate
deflection measurements—a high degree of law linearity rendering this possible.

H.W. SULLIVAN
LONOON. o

These Galvanometers are also available as
DIRECT-READING
MICROAMMETERS
MILLIVOLTMETERS
and OHMMETERS

Direct Reading Microammeter. Three ranges (switch
selected) 1 pA, 10 pA, and 100uA full scale

Periodic Time: 2 seconds.

Internal resistance: 150 ohms on the 1 pA range.

List No. T.2010
Direct Reading Millivoltmeter. Five ranges (switch

selected) 1 mV, 10mV, 100mV, 1 V and 10 V full

scale.

Period Time: 1 second.

Resistance: 200,000 ohms per volt (very low current
consumption). Will withstand heavy overload and are
suitable for high working speed.

List No. T.2020
Direct Reading Ohmmeter. Self-contained single range

instruments which may be read with both speed and

accuracy.
List Nos. T.2031 0-5:000 ohms T.2033 0-0-5 Megohms
List Nos. T.2032 0-50,000 ohms T.2034 0-50 Megohms

H. W. SULLIVAN
—LIMITED —
LONDON, S.E.15
Telephone: New Cross 3225 (P.B.X))

Electrical Standards for Research and Industry
Testing and Measuring Apparatus
FOR COMMUNICATION
ENGINEERING
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RECTIFIERS 72 meer your ,
HIGH VOLTAGE regusrementts!

—— : el

----m—----\

.’ XENON RANGE

| . . . quick heating-up time . . . freedom from efTects I

of ambient temperature . . . any mounting position
‘ . . . suitable for fixed and mobile equipment.
N EE CENE SR HER D BN DEE KD e

G T e e

g MERCURY VAPOUR
| RANGE i
i

. zirconium coated anode . . . minimum bom-

bardment of cathode . . . extremely long life.
\ SGHNN NNNN CEEN NN NN SR NN J

ABRIDGED DATA (All Half-wave Rectifiers)

T T -
| | P.LV. | ia(pk) la (av) Ambient
Type No. British Services Base i I | Max. Max. Max. Temperature
Type No. [ ™ [ T B (1% S VY (N Range (°C)
I ‘, | 1
3 q ] 1.0 0.25
- RR3—250 | cvigss 4-pin UX 25 5.0 [ o e ’ o } } —55to +75
{ !
RR3—1250 | cvasig B4F 5.0 7.1 10 5.0 1.25 l —55¢t0 +70
' . | | l
! | 1 I 4
g [ RG | —240A ' CV1626/1072 British 4-pin 4.0 2.7 6.5 | .25 0.25 + 10 to 4 4C
{
(=] RG3—250 CV1625 | Medium Edison Screw 25 5.0 10 1.0 0.25 | + 10 to + 40
(-9
- { RG3—250A Cv32 ! 4-pin UX 2.5 5.0 10 | 1.0 0.25 + 10 to + 40
>>_ | RG3—1250 CV1629/152 | Galiath Edison Screw ] 4.0 7.0 13 | 50 1.25 I + 10 10 + 40
g i RG4—1250 CV5 | Goliath Edison Serew | 4.0 B} 13 | 50 1.5 + 10 to + 40
[+ #* 872A CV642 | BA4F [ 50 | 75 10 | s0 1.25 + 10 to + 40
x |
(5] |
=
# Supplied for
replacement purposes -—
XA
MULLARD LTD - COMMUNICATIONS AND INDUSTRIAL VALVE DEPARTMENT
CENTURY HOUSE SHAFTESBURY AVENUE LONDON W.C.2 V59
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Improved Morphology of Electromagnetics

the Bulleiin of the Technical University of
Istanbul (1952) by Paul de Belatini of the
Telecommunication Department. The dictionary
tells us that morphology is the science of organic
form. There has been a tendency in recent years
to merge the two systems, one based on the unit
charge and the other on the unit pole, into a
common system, but the author suggests elimi-
nating the anomalies of the usual duality of
electricity and magnetism by ‘replacing the
duality by triplicity, where the third sector is that
of ‘dielectricity’ in duality to magnetism, with
electricity midway between them’.
The meaning of this is made clear by the
following:—

THIS is the title of an article of 83 pages in

TABLE 11
Triple Analogies
w = B/H k= J|E; e = D|E,
B=9|F J=1F D= ¥Y|F
Wy =3V Ri=Ve, W = }eq
Dy = 3HB N =E; Dy = $E.D
Double ‘Analogies
H=M] E, = ¢/l
M = ¢RJ{ € = ZRF
Ry = ljuF Rg = ljxF

Without Analogies
C = eFJl, L = n?¥Ryu, M = ni, g = eC, etc. .
In these formulae F = area, E. = electric field
strength, J = current density, W = energy, D
= energy density, also displacement density
P — power, N = power density, ¢ = em.f., M

WiIRELESS ENGINEER, JuLy 1954

m.m.f.,, R.= resistance, R,, — reluctance,
x = conductivity. We have copied the author’s
symbols except where they were obviously wrong.

In the triple analogies the first column is
magnetic, the third electrostatic or dielectric and
the second column is what the author regards as
their electric analogues. In the double analogies
one of the three is missing from ordinary usage,
and there are many formulae without any
analogy. The author’s object is to fill these gaps
as far as possible by introducing new conceptions
and reshaping equations. He claims that this
results in a perfectly symmetrical classification
of electromagnetic quantities and laws. A tabu-
lation is proposed, which he calls the Pe iodic
System, “in which all known quantities are
included and the laws are shown by the geometry
of the tabulation”. This is applied to other
branches of physics, and he develops three periodic
systems, viz., electromagnetic, mechanical and
thermal, which he then unifies in a single general
periodic system, with three absolute basic
dimensions, length, time, and energy (or one of
its time derivatives) and one relative dimension,
viz., ‘““the impedance of the domain in question”.
The name ‘periodic’ is adopted from Mendeleev’s
chemical system.

An interesting example of the author’s pro-
cedure is the introeluction of the multi-plate-pair
capacitor. The reciprocal of the capacitance is
called the dielectric reluctance K; and in the
formula Rg = I/(eF), [ and F are regarded as the
length and cross-section of the dielectric core,
just as in the formula L = 1/R, for the induc-
tance of a single turn inductor, R, is the
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reluctance of the core. If the inductor has # turns
L = n?%/Ry, and to obtain the dielectric analogy,
the author uses a number of capacitors in series
but all using the same slab of dielectric as shown
in Fig. 1. If the reluctance Ry  of the whole slab
is thus divided between p pairs of plates, the
reluctance of each section will be pR; and the
capacitance of the p pairs in series will be

C = (1/p)*/R»
whichisanalogousto

L = nz/R,u
The dual of # is 1/p
because wL and wC
are of an inverse
character. This ex-
ample shows how,
by departing some-
what from ordinary usage, analogies can be devised
and the gaps in the table filled up.

His first example of the lack of analogy between
magnetic and electric formulae is rather sur-
prising; he says that although [, Hdl = M where
M is the m.m.f., the line integral folfcdl =0
where E; is the electric field strength. This is
surely wrong, since the line integral of E; in a
closed path is the e.m.f. which he designates e.
He returns to the subject later on and it is seen
that the anomaly is of his own invention. In
a section entitled ““Reshaping of the Maxwell
vector equations’’ he uses three different symbols
for electric field strength, viz., E, E; and U; he
says, “Up to now we have used a common space
derivation, E; = de/dl. Obviously we must split
this into dielectric field strength U = du/dl and
the rate of voltage drop E = de/dl.” The word
‘obviously’ is ominous. Four lines after stating
that foEcdl =0, he has curl E, dB|dt
which seems contradictory. He thensays, “U is
restricted to media characterized by e or dielec-
trics; for conducting media characterized by « it
is the rate of voltage drop which is to be used.”
He does not say what is to be done when current
flows in a conductor without any voltage drop.
Consider two closed rings, one of copper and the
other of a dielectric, on an iron core through
which the magnetic flux is changing. The e.m.f.
¢ induced will be the same in each ring, viz.,
— d®/dt and the electric field strength E in each
case will be the e.m.f. divided by the length of
the path around the ring. In the copper ring
the current will be e¢/R and the current density
J = E/p; in the dielectric ring the displacement
density D = Ee where e is the permittivity of
the material. In neither case does potential enter
into the case since all points of the ring are at the
same potential; in both cases the effect is due to
the induced electric field and not to fall of
potential. In a recent programme for a meeting

Fig. 1
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of the Education Discussion Circle of the Insti-
tution of Electrical Engineers we were surprised
to see that one of the questions to be discussed
was ““Is there any electric field strength in a
short-circuited ring?”” One of the free electrons
might be consulted as to why it was moving.
Perhaps further light is thrown on his point of
view by considering a dynamo and its external
circuit. In the external circuit the electric field
strength at any point is equal to the fall of
potential per unit length, but in the armature
winding there are three electric forces, viz., the
induced electric field due to the movement in the
magnetic field, the opposing electric field due to
the fall of potential and the resultant electric
field equal to the difference between them. The
only one of these for which the line integral
around the circuit is zero is that due to the fall
of potential, and the author must have had this
in mind when he wrote foEcdl = 0, although
this does not agree with curl E; = — dB/dt which
he writes four lines further on. Since the line
integral around the circuit of the forces due to
the potential difference must be zero, the integral
of the actual resultant force must be the same as
that of the induced electric force; i.e., — nd®d/dt.

On page 42 he states that E = electric rateof
voltage-drop and U = dielectric field-strength,
and on page 43 we are told that U = —E and
curl E = dB/dt and then on page 44 that curl
E = —dB/dt. Apart from this final contra-
diction, surely the field-strength or electric force
in a dielectric is in the same direction as the
voltage drop.

We have only touched on a fraction of this
lengthy paper, but we must confess that, after
struggling with these apparent contradictions for
many hours, we gave it up. In view of the great
amount of work that has evidently been put into
the paper, it is to be hoped that the author will
make an effort to set out more clearly the initial
basic sections. G. W.0. H.

A Heaviside-Lorentz Network Theorem

N both the April and May Editorials we
Ireferred to a theorem of Heaviside which was

developed by Lorentz and recently discussed
in a paper by van der Pol and also in a paper by
Tellegen. In both cases the reference given was
to Heaviside’s Electrical Papers, Vol. II, p. 412,
Our attention has been drawn to the fact that
Heaviside is here merely quoting a special appli-
cation of a general theorem which he had derived
in Vol. I, p. 462, where a section is entitled “Work
done by impressed forces during transient states”.

G.W.0. H.
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SELF-HEATING TRIODE FOR
VOLTAGE STABILIZATION

By E. G. Hopkins, BE., AMIE.(Aust.).

(School of Electrical Engincering, N.S.W. University of Technology, Sydney.)

SUMMARY.—A self-heating triode for use in voltage-stabilizing circuits is described. It contains
two planar oxide cathodes separated by a planar grid and acts as a variable resistance directly in series
with the a.c. supply to small fixed loads. The valve has two auxiliary anodes which connect the grid
circuit to the appropriate cathode during each half-cycle. A large cathode area of 8-4 cm? relative to
the total power dissipation of 16 W renders the triode more sunitable than conventional valves for

operation in low-voltage circuits.

1. Introduction

HE alternating voltage supplied to a piece
Tof small electrical equipment is sometimes

stabilized or controlled by a pair of high-
vacuum triodes or pentodes acting as a variable
resistance.l The valves are usually connected
across the centre-tapped secondary of a trans-
former whose primary is placed in series with the
supply line. The transformer is necessary to
increase the low equivalent conductance and the
low rated current of standard receiving valves to
more appropriate values.

The present paper describes a self-heating
triode? 3 designed especially to replace the two
valves and the transformer by acting as a variable
a.c. resistance directly in the supply line to a
constant or nearly-constant load. The triode has
two paralle! planar cathodes equally spaced about
a planar grid. Lach cathode acts alternately as
anode and cathode. Heat generated by electron
bombardment maintains the cathode temperature
within its working range. The cathodes are
provided with heaters which are used only for
starting. Two auxiliary anodes clamp the grid
circuit to the appropriate cathode during each
half-cycle of operation.

The basic principles of self-heating valves are
discussed in other papers.? 4

2. Description of the Valve

The working parts of the triode are illustrated
in Fig. 1. The cathodes are 42 mm in length and
have a hollow rectangular cross-section measuring
10 mm X 1-5 mm outside, with a wall thickness
of 0-25 mm. They are made of polished Grade A
nickel and are supported at cach end in the mica
spacers by two nickel rods 1 mm in diameter.
The cathodesare induction-heated during exhaust.
One face of each cathode is completely coated
with barium-strontium oxide. A length of 1 cm
at the centre of each reverse side is also coated to
form the emitting surface of a clamping diode.

Each cathode is provided with a well-insulated
6-3-V, 0-6-ampere heater which is retained within
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the cathode between 0-85-mm diameter nickel
rods. It is proposed to replace the present heaters
in future valves by heaters rated at 0-2 ampere
and 33 V which will be connected in place of the
electron stream during the starting period, as is
shown in the circuit of Fig. 2. Any value of
heater power between the limits of about 6 W
and 15 W is satisfactory for starting the triode.

The grid consists of molybdenum wires 0-178
mm in diameter welded to 1-mm nickel side rods.
Each side rod carries four carbonized nickel
cooling fins 10 mm long and 5 mm wide. The
plain nickel clamping anodes measuring 1 cm X
I cm are attached to two supporting members
which are eyeletted to the mica spacers.

The spacing between cathodes is 0-8 mm. This
relatively large spacing is used only to avoid the
necessity for close mechanical tolerances.

T'he envelope is 29 mm in diameter and 85 mm
in length. The envelope, stem, base and heaters
are standard “GT” receiving-valve parts.

3. Performance of the Valve

Fig. 2 shows a circuit in which the self-heating
triode is connected, together with the shunt

Fig. I.  The parts of the self-healing lviode.
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resistor R;, between a constant load and an a.c.
supply which varies about a nominal voltage of
240. Because the resistances R are large com-
pared with those of the clamping diodes, each
cathode is effectively connected to one end of the
grid transformer winding during the half-cycle in
which it is negative with respect to the other
cathode. A control signal in phase with the
anode voltage V, is fed into the transformer so
that the grid is driven negative with respect to the
appropriate cathode by 17, a voltage of sinusoidal
form. The control signal, which is derived from a
measuring circuit, maintains the load current,
I, constant as the supply voltage changes.

FROM 10
SuPPLY R, Vo /Ry LOAD
AN » -
Ve ¢
2
| L
!
: stapt  JRUN
R? [/9 —- <——V9 R.V

CONTROL SIGNAL

Fig. 2. A circuit in which the self-heating triode acts as a

variable vesistance to maintain a constant load curvent, I,

when controlled by a mains-frequency signal devived from
a measuring circuit.

The characteristic curves of r.m.s. anode
current, I,, versus r.m.s. anode voltage, V,,
measured with sinusoidal anode and grid voltages
are shown in Fig. 3. Since I = Ia. + Va/Rs, the
operating point is defined by the intersection of
the straight line I = I, — V4/Rs and the
Va/la characteristic for the particular grid
voltage being considered. l1armonic currents may
be ignored.2 The region between the curves of
maximum and minimum dissipation (16 W and
10 W) defines the safe working range of the valve.
The power delivered to a load of unity power
factor is I, (240 — V'), where V4’ is the centre
value of anode voltage. R;sis chosen to give the
best centre value and range of anode voltage with
the specified load current. For example, when R;
is 400 ohms a control of 422 V is possible for a
load current of 0-4 ampere (56 W load power),
and when Rs is 600 ohms 440V variation is
possible for a load current of 0-32 ampere
(40 W load power). The voltage-gain of these
circuits is about unity and the total harmonic
distortion introduced into the load current is
about 29.
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4. Comments

The emitting areas of the cathodes are much
greater than those of two conventional valves of
similar total bulb dissipation. For example, if
a double triode were designed with cathodes of
similar area to those of the present self-heating
triode it would require a filament power alone of
at least 16 W, which equals the total bulb
dissipation of the self-heating triode. This power
would have to be dissipated by the anodes and
bulb of such a valve in addition to the power lost
at the anodes themselves.

The present triode will operate stably between
the limits of 8-\ and 25-\W dissipation. The
range 10\ to 16 W quoted above was chosen
arbitrarily pending an investigation of life
performance with relatively large numbers of
valves.

\With negative grid voltage, the convergence of
the electron streams between grid wires causes a
large increase in current density on the bombarded
regions of the cathode surfaces. In the present
experimental valves, which use sprayed coating
and highly polished base metal, considerable
localized erosion of cathode coating takes place.
Experiments are continuing to ascertain whether
the base metal surfaces® ¢ and coatings, which
have been developed to improve thermal and
electrical conduction between cathode surface
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Tig. 3. Characteristic curves of r.m.s. anode current

versus r.m.s. anode voltage with sinusoidal anode and grid

voltages. The load lines intersec! the curvent axis at the

load current I and have a Slope equal to R, the shunt
rvesistance of Fig. 2.
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and base metal, will reduce this effect to
negligible proportions.

It is thought that the performance of the
present valve may Dbe improved by a small
increase in cathode area and a decrease in inter-
electrode spacing to accomimnodate a variation in
Va of 440V about a centre value of 30\ for a
load current of 0-5 ampere. This performance
would be adequate for stabilizing the supply
voltage to pieces of electronic equipment with
power consumptions of up to 80 W or the heater
voltage of a group of about 40 receiving valves.
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SPECTRUM OR WAVEFORM
EQUALIZATION ?

By D. A. Bell, Mm.A. PhD.*MAEE.

(University of Birmingham)

SUMMARY. -The relationship between the wave-filter approach to equalization and the approach
via differentiating and integrating circuits is discussed in the light of their historical development and
of present-day needs in both communication and servo systems.

1. Introduction

HE supremacy of the electric wave filter in
Tcircuit engineering is a phenomenon of the
past quarter-century; and this, together with
the general use of steady-state methods of circuit
calculation, has tended to blind us to the possibility
of carrying out engineering design in the time—
amplitude plane instead of in the frequency plane.
It was, therefore, very refreshing to read G. G.
Gouriet’s paper! (strangely entitled “‘Spectrum
Equalization” when it approaches the problem
from the angle of time functions rather than
frequency functions) on the use of differentiating
and integrating networks to restore the waveform
of a signal which has been distorted at some
point in the communication channel.* It is of
course agreed that no system of correction can
restore a component of the signal which has been
entirvely eliminated in transmission, or has been
reduced to an intensity well below noise level: any
process of equalization must, in principle, operate
by levelling down to the weakest of the surviving
components, accompanied usually by a uniform
scalar amplification of the whole signal either
before or after equalization. Moreover, if the
specification for equalization requires that it
should introduce no time .delay, one can only
work on the components as they exist at the first
instant of the received signal.
An example may. clarify this last point. If
delay is permitted, the response of a typical

* The author has also had the pleasure and benefit of personal discussion
of this topic with Mr. Gouriet.

o Mg a.cceptetﬁ)y the Editor, November 1953
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physically-occurring low-pass filter can be phase-
equalized by means of all-pass filter sections;? this
will improve the symmetry and steepness of rise
of the output response to a step-function input
without introducing additional attenuation, but it
will introduce delay. Alternatively, Bode has
stated® that the frequency-discriminating effect of
any physically-realizable minimum-phase network
can be cancelled by adding in series with it an
inverse network, the pair together then having a
transfer characteristic of zero phase and constant
magnitude. The apparent time delay (Gouriet’s
‘virtual delay’) of the first circuit must then have
been cancelled by the second circuit, but only at
the cost of an overall attenuation not less than
that at the critical point on the characteristic of
the first network. (The ‘critical point’ may be
defined either in terms of spectral response as the
maximum frequency which is required to be trans-
mitted, or in terms of waveform response as the
earliest time at which full response to a step
function is required.)

2. History

It is interesting now to note that an early
proposal to use differentiating circuits for equali-
zation related to the telegraph signals received
through a submarine cable; i.e., it was concerned
with counteracting the frequency-dispersion of a
distributed circuit. This was described in U.S.
Patent No. 1,315,539, issued to J. R. Carson on
Oth September, 1919, the first claim being as
follows:

“In a wave form correcting device, means
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tor producing from the arrival current
separate currents having wave forms corres-
ponding substantially to the arrival current
itself and one or more of its derivatives
respectively, and means for superimposing
the separate currents in a single output
circuit.”
Carson proposed in the first place to use inductive
differentiating circuits (the low-inductance prim-
ary of a transformer was to be fed from a com-
paratively high-impedance source so as to carry a
current proportional to the signal amplitude, and
the secondary e.m.{. proportional to the derivative
of the current was to be applied to a valve grid or
other high-impedance circuit) with valves as
buffer amplifiers between successive differentia-
tions. Dartial outputs could be tapped off along a
chain of such differentiators to give a sum of the
form
Vo=(1+ap+bp2+cp*+.. )Vi .. (1)
where V, is the output of the equalizing system,
V; its input, and p = d/dt. So long as the
differentiating circuits are nearly perfect and the
various derivatives are combined by simple
addition, such a system has the advantage that
the several coefficients a, b, ¢ . .. . in equation (1)
can be adjusted separately. But Carson also
suggested taking the output simply from the end
of a cascade of imperfect differentiators. The
output would then be of the form

Vo= (14 a,p) (1 + ayp) (1 + a3p). ...
(1+anp) I/1 o0 >0 o0 onQ (2)
and the coefficients of the powers of p in the
polynomial form of the right-hand side of (2)
would not be mutually independent.

Formula (2) is in fact a typical circuit frequency
response, in which p is interchangeable with juw.
The transition from the ‘derivative’ interpretation
to the ‘filter’ interpretation is carried a stage
further by considering American patent No.
1,686,821 issued to R. C. Mathes on lst June,
1926.* Mathes placed far less stress on the use of
buffer amplifiers and the desirability of mutual
independence of the several differentiating
circuits. He also proposed quite complex circuits,
ranging from Fig. 1(a) to (b), as the ‘differentiating’
units, though these clearly would not produce pure
single derivatives. When one has circuits as com-
plex as this with, in some cases, mutual inter-
action between successive stages, one would now-
adays design them in terms of frequency response
as filters; the mathematical theory of electric
wave filters barely existed in 1919, but has since
become highly developed.

* Carson’s patent, dated 9th September, 1919, was based on his applica-
tion filed on 3rd July, 1918. Mathes's application was originally filed on
19th June, 1918 (i.e., a few days before Carson’s), but was left in abeyance
until 27th March, 1925, so that Mathes's patent was not granted until
1926, seven years after Carson’s.
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3. Application to Communication Systems

Now Gouriet proposes! to abandon the idea of
equalization of the spectrum by wave filters, and
to design instead in terms of equalization of the
system response by means ol differentiating
circuits. Two questions are inevitable: “Is this
really different?”” and “Does it give any substantial
advantage?” So far as the ultimate theory is
concerned, there is no difference. The loose
statement above that p and jw are interchangeable
can for this purpose be made sufficiently rigorous
by pointing out that the various forms of opera-
tional calculus allow the time-function response
to be completely derived froin a frequency (p or
jw) specification of the circuit. Hence correction
of the jw response necessarily corrects the wave-
form response and vice versa.*

'_

(2) (b)

Fig. 1. Complex differentialing civcuils proposed by Mathes.

The practical advantage of derivative equaliza-
tion, however, is that it greatly simplifies the
construction of an approximate correcting circuit
for the overall distortion which may have been
contributed to by many separate circuits of
unknown form. The theoretical method of
equalizing by networks might be to factorize the
total transfer function so that its inverse could
be constructed from a cascade of networks,
using in principle one section of correcting net-
work per factor in the transmission function;
but this is cumbersome, and one would prefer to
construct empirically a correcting network of
polynomial form having the least number of
terms consistent with a fair fit to the required
characteristic. The great advantage of using
pure derivatives is that each term in the
polynomial can be adjusted independently, where-
as a cascaded-network response of the type of
formula (2) is such that change of any one para-
meter will affect the values of most of the terms
in the polynomial and vice versa.

On these grounds it is difficult to see why the
use of derivative equalization has been neglected
from the time of Carson (1919) to Gouriet (1953).

* Only if the frequency response is expressed as a function of & (instead
of jew) will there be a possibility of failure through lack of phase agreement.
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A possible answer 1s that whereas the wave filter
is a passive network, and therefore has stable
characteristics, the derivative equalizer commonly
has a number of separate amplifiers, the relative
gains of which affect the proportion of the
different derivatives in the output; i.e., the
equalization characteristic. This objection can
now be largely overcome by the use of negative
feedback to stabilize gains; e.g., by using cathode-
followers as buffer stages between successive
clifferentiating networks.

4. Application to Feedback and Servo Systems

For practical reasons, however, it is desirable
to distinguish between communication systems
and servo systems. In the former it can usually
be assumed that although the communication
channel is of limited bandwidth, the terminal
equipment can be made with virtually infinite
bandwidth; but in the servo system there is no
such distinction between ‘channel’ and ‘terminal
equipment’. It is true that there may be a
distinction between valve amplifying stages, of
virtually infinite bandwidth, and rotary-machine
amplifying stages of very limited bandwidth;
but in this case the bandwidth limitation comes
second in the chain, and one cannot put much
pre-correction in the valve stages without reach-
ing the power limitation which is the sole reason
for the existence of the machine amplifying
stages.

I
-

RESPONSE

Fig. 2. Gouriet's method of stabilization. Curve 1 is for

the original chavacteristic and curve 2 for the equalized

svstemn. Curve 3 shows the final characteristic including a
quadralic filtey.

In connection with feedback systems, Gouriet
proposes an apparently new principle of stabiliza-
tion: make the response perfect over a frequency
range extending far beyond the required working
band, then insert a quadratic low-pass filter to
provide the cut-off. The qguadratic filter cannot
produce a phase-shift in excess of 180° so the
complete system is necessarily stable. In principle,
however, this in no way differs from the Bode
technique of adjusting the rate of cut-off of the
system. According to Gouriet, stabilization is to
be achieved as shown in Fig. 2: the original
characteristic with nominal cut-off at f; (curve 1)
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is equalized out to some higher frequency f,

(curve 2) and then a new and safe cut-off charac-

teristic (curve 3) is introduced by means of a
AJ

quadratic filter; i.e., the slope of curve 3 is less
than 12 db per octave for a sufficient range.

RESPONSE

S=SLOPE IN db PER OCTAVE

Fig. 3. Bode’s method of stabilization. S is the slope of
the curve in dbfoctave.

This clearly requires additional gain at high
frequencies, the amount of which is arrived at as
follows: (i) The additional gain G, at f, must
equal the loss of the original circuit at fo. (i) The
amount of attenuation A, introduced by the
quadratic filter at /, must be at least equal to the
loop gain, (to ensure stability when the overall
characteristic leaves the quadratic characteristic 3
and begins to take on the large phase-shift which
must be associated with the sharp cut-off at fo)
and this controls the distance of f, from f;. Now
stabilization by the Bode type of technique is
illustrated in Tig. 3. By increasing the band-
width of a sufficient number of the stages, the
open-loop cut-off is eased to 12 db/octave until
the attenuation A, exceeds the loop gain, after
which the cut-off characteristic is allowed to
take its own course (curve 2). Alternatively, if
greater overall bandwidth is not obtainable one
must ease the slope back as shown in curve 3, at
the cost of curtailment of the working frequency
band. The final result is then the same in Iiig. 2
and Fig. 3—a cut-off slope reduced to a value not
greater than 12 db/octave down to the point of
zero loop gain. (Both methods ignore the question
of shaping the characteristic within the working
frequency band, so the final result may not after
all be ideal [or a servo svstem, but that is another
matter.) However, the claim which may well be
made for the system of [Fig. 2 is that the best
approximation to the equalization of curve 2 by
means of derivatives can eastly be established and
verified empirically, and the quadratic filter is
then simple to design and certain in operation.
The design of the modifying filter for I7ig. 3 is far
more tricky, especially as calculated values of
system characteristics can be unreliable in the
presence of non-linearities.

Any equalization technique requires additional
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amplification, whether this be included in series
with the main signal chain and a network type
ol equalizer, or in paralle] where the derivatives
of the signal are amplified to the required extent.
It there is no practical limitation and little
economic limitation on increasing the amplifica-
tion of the system at a fixed bandwidth, this
presents no difficulty; but in a servo system real
difficulties can arise.

P
WIDE-BAND ! QuADRATIC
=1 AMPLIFIER EQUALIZER _*l FILTE
M-

(a)

(b)

In theorv the gain-bandwidth product of a
given type* of amplifier is independent of power
rating, and in practice the gain-bandwidth may
decrease only slowly as the power rating is
increased. But as already remarked, there is for
various reasons a change of type of amplifier
from thermionic valve to rotary machine at a
certain power level in most servo systems; and
the bandwidtli of the whole is effectively con-
trolled by the machine stages. The achievement
of curve 2 in Fig. 2 therefore implies a very large
pre-distortion of the signal in the thermionic
stages before it is applied to the machine stages,
as shown diagrammatically at (a) in Iig. 4 for the
exactly equalized system and at (b) with the
addition of a quadratic cut-off. Even case (b)
indicates a considerable rise in the peak power
input to the narrow-band amplifier; and if the
output power of the wide-band amplifier is
fixed, the mean input to the narrow-band
amplifier must necessarily be reduced, and its
gain correspondingly increased. This will require
more stages, and the question is whether one
might not just as well have used the extra stages
to shape the cut-off characteristic of the narrow-
band amplifier, thus saving the equipment
involved in the equalizer. \s a first step one
would in any case surely use part of th» narrow-
band amplitier as the quadratic filter, and this
complicates the experimental setting-up of the
equalizer.

There is certainly a case for adjusting the
characteristics of a rotary amplifier by means
other than a cascaded network, (e.g., by some

* E.g., thermionic valve, rotary machine, magnetic amplifier.
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form of feedback) because of the physical
difficulties of constructing a network for extremely
low frequencies; but this is not comparable with
equalization by the addition of derivatives, since
the latter requires additional gain with negligible
time-constant (or in other words, additional gain
at high frequencies) for the derivative components,
and this additional gain is not available in a
narrow-band amplifier. It is sometimes thought

m—r
|
NARROW -BAND
| AMPLIFIER
—c)

| IYig. 4. Transfer charac-
levistic (a) for equalized
svstem, (b) for equalized
svstem plus quadratic filter.
Cumulative characleristic
shown broken line, unil
charactevistic shown solid
| line.

— »

to be available when the amplifier output circuit
has a much shorter time-constant than its input
circuit.* But if the design of the amplifier or the
load-matching conditions have been so adjusted
that the input and output time-constants are
approximately equal, there is in fact no such
reserve.

5. Conclusions

[he addition to the signal of derivatives
amplified in parallel paths, instead of modifica-
tion of the signal by frequency-selective net-
works connected in series with the main amplify-
ing chain, greatly facilitates the empirical
design of the correction for a given system; but
the results which can, in principle, be obtained
from the two systems (disregarding economic or .
constructional limitations) are identical, and the
use of derivative circuits (oes not avoid the need
for additional amplification at high frequencies
(or with short time-constant, if one prefers to
express it in that way). When using the derivative
method, it must be remembered that the result
depends on the constancy of the relative gains of
any parallel paths through which different
components of the output signal may be amplified.
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L.F. COMPENSATION FOR
VIDEO AMPLIFIERS

Part 1. Amplifiers without Feedback
By J. E. Flood, PhD., AMLEE.

SUMMARY.—The effect of distortion at low frequencies on the indicial response (i.e., the response
to a unit-step input voltage) of amplifier circuits is considered. Low-frequency distortion causes the
output waveform to depart from the ideal flat top of the unit step, but it can be made as flat as possible
by making the maximum number of its differential coefficients to be zero at £ = 0. If r derivatives arc
zéro, the amplifier is said to have rth-order compensation. A general method for doing this is described
and is applied to some typical resistance-coupled amplifier circuits. A single resistance-capacitance
coupled stage can have second-order compensation and multi-stage amplifiers can have still higher
orders of compensation. Experimental results confirm the analysis.

1. Introduction

IDEO-FREQUENCY and pulse amplifiers

must introduce as little change as possible

in the waveforms of the signals they amplify.
A useful criterion for judg-
ing the fidelity of an ampli-
fier is its indicial response; | A(p)
that is, its response to a
unit-step input voltage (i.e., -
a voltage which is zero when ¢ < 0 and is unity
when ¢ > 0). The bandwidth of the amplifier is
large, so the effects of gain and phase distortion at
low frequencies and at high frequencies can be con-
sidered independently. Analyses of high-frequency
distortion can be made from equivalent circuits
which omit the coupling and decoupling net-
works. Analyses of low-frequency distortion can
be made from equivalent circuits which omit
stray capacitances and components included to
compensate for their effect.

Distortion at high frequencies affects the
initial build-up period of the indicial response and
may cause overshoot. Distortion at low fre-
quencies affects the subsequent waveform, causing
it to depart from the ideal flat top of the unit step.
The output waveform can be perfectly flat only if
the frequency response is uniform down to zero
frequency. If the amplifier cannot pass d.c. the
output voltage ultimately must tend to zero with
increasing time, but it 1s possible to design an
amplifier so that the response may approximate to
the ideal within given limits for a specified time.

The effects of high-frequency distortion have
been fully dealt with elsewhere. In this paper the
effect of distortion at low frequencies is analysed
for some typical amplifier circuits. The indicial
response is made as flat as possible by causing as
many as possible of its differential coefficients to
be zero at ¢ = 0, as suggested by W. E. Thomson.!
Some well-known results are included as particular
cases.

MS accepte;l by the Editor, October 1953
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2. General Theory

The indicial response of the low-frequency
equivalent circuit is given by its Heaviside
operational expression 4($)1 where

AP bt ket bt

TP b L by b T+ b

Expanding this in inverse powers of p gives

¢ ¢

52-2+...+})’,+... (2
The values of the coefficients in this expansion

are derived in Appendix 1 and are as follows:

148
Wp) =15+

ch =lay—1b)

_ 2
cy=a3 — by, —ab; + b,

g =y — by — aghy + 20\, —aby +ab,® — b3
.. .'“‘1 ......
Cr = Z ds(ar s — br s) (3)
s=0
< (— 1) m!
where ds — 2‘0(71-—3! )' — 0 be, ... b5, . (%)

where the summation extends over all possible
valuesofu,ﬂ...e, )t,;,L, ]
and where

l<)‘",#... :P<S; ag
1 ir

Therefore from equation (2):
2

ad + B + ...+ ep=s;
slip=dp= 1

3

t t
h(t) = l+c,t+62?!+c3m'i—...

{r
+Crrf~1~...(t “)

But by Maclaurin’s theorem
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‘)

h(t) = (())+h(0)t+h()9|+...

+/z,()f-‘-...

where /1,(0) is the rth differential coefficient of
h(t) at ¢ = 0.

h(0) 1

h(0) =c¢; , hy(0) = ¢y

h(0) = ¢y, etc.

The indicial response may be made to approach
more and more nearly to the ideal [4(f) = 1 for
all +> 0] by making more and more of the
differential coeflicients vanish at ¢ = 0. liquation
(3) shows that if a, =&, ay —=b,, . . . ay = by,
then¢; =¢, = ¢35 = ¢ — 0 and the first
r differential coefhc1ents of i() vanish at ¢ = 0.
The amplifier will then be said to have rth-order
compensation of its indicial response. If the
indicial response has (n — )th-order compensa-
tion, it will be called maximally flat. If a; = &,
a, = by, . . . an — by, then equation (1) clearly
gives a completely distortionless indicial response.
It is shown in Section 5 that, except when n — 2,
a maximally-flat indicial response corresponds to
neither a maximally-flat gain—{requency response
nor a maximally-flat phase—frequency response.
This confirms that the gain frequency response
and phase-frequency respouse are not entirely
satisfactory for judging the waveform distortion
caused by gain and phase distortion at low
frequencies.

Ry Ry
Co
i }—4!-—('
Cg P
a 2
b —

Fig. 1.

+ H.T.

—g

B

Resistance-capacitance coupled stage using pentode
valve.

3. RC Coupled Stage

Fig. 1 shows a typical resistance-capacitance
coupled amplifier using a pentode valve. The
usual assumptions will be made, namely:
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(1) the anode and screen currents are in-
dependent of anode voltage, and the ratio
betweeen them is independent of grid
voltage, screen voltage and anode voltage;

(ii) the impedance of the d.c. power supply is

negligible;

the grid resistance K is large compared

with the anode load resistance R, and

decoupling resistance Rg.
Edwards and Cherry? have shown that the gain
between grid and anode is then given by

Va Em (Ra + /d) (5)
vi 1+ grlk + osZs
where g is the grid—anode mutual conductance.

gk 1s the sum of the screen conductance and
the grid-anode, grid-screen and screen—
anode mutual conductances.

os 1s the screen conductance.

Za, Zr and Z; are the impedances of the
anode, cathode and screen decoupling
networks respectively.

The operational expression for v, when v; is a
unit step is therefore

" Ra I
Ka 1 +pCaR
Vo = & Ra R‘: +PCakta R 1
I . S
+ &k [pChEr T T pCsRs
ST
G- Bt . (6)
o 7 ‘ -
| +hk1\k/)+7]+0'sRs/)+ 7
where y = 1/RaCq, A — 1/RqCq
7 1/RrCr, 0 = 1/RsCs
and G gm Ra
. vy PCcRg =
Nowh ol '1+/>C/\1 p+dl @)
where d 1/ RC,

It follows from equations (6) and (7) that the
overall indicial response is given by

P+ ap® + agp® + ayp 1
U p4+l;l/> + byp% + byp + b,

(&)

where a, y+A4+n+6
ay =m0+ (y+ N (o + 6)
ag — 70 (y + A)

by = a2+ A4n(l +geRr) + 0 (1 +o5Rs)

by = 2A + n(a+A) (1 +grRe) + 6 (24 )) (1 405 R5)
+ 78 (1 +-grRr+osRs)

by = adn (14+geKr) + 220 (1 405 Ks)
+ 06 (1 +grRe 4+ osRs) (x+A)

by aAnl (L +grRr + osKs)
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3.1. Compensation for Anode Decoupling by means
of Cathode and Screen Decoupling

At low frequencies, the gain tends to rise be-
cause of the increase in the anode load impedance
due to the finite reactance of C4, but there is also
a fall in gain due to the negative feedback intro-
duced by the finite reactance of Cr and Cs.
Edwards and Cherry? have shown that these
effects can be made to cancel completely so that
the gain between grid and anode is independent of
frequency. Other circuits in which an increase in
anode load impedance offsets screen and cathode
feedback at low frequencies have been described
by Zeidler and Noe.3

IFrom equation (6) it follows that

1w =G|
AL
Y = 7 grRr 4+ OosRs
and A=n=19
ie., CqRq = CrRr = CsRs .. .. 9
and Ra = Ra (grRkE + osRy) (10)

If equations (9) are satisfied, the anode wave-
form is distortionless. However, unless the dis-
tortionless stage has d.c. coupling to the next
stage, distortion will be introduced by the
coupling capacitance. The overall indicial re-
sponse is then of zero order, it being that of the
coupling circuit alone, namely a simple exponential
curve with time constant 1/x. This time constant
must therefore be adequately large to keep the
sag on the top of the waveform within the per-
mitted limit.

3.2, Compensation for the Coupling Circuit by
means of the Anode Decoupling Circuit

At low frequencies the gain is reduced by the
increasing reactance of the coupling capacitor
(corresponding to a sagging indicial response), but
the increasing reactance of the anode decoupling
capacitor tends to incrcase the gain (correspond-
ing to a rising indicial response). The effects of
the coupling and anode decoupling circuits can
thus be made to offset each other. Perfect com-
pensation cannot be obtained because the
coupling circuit reduces the gain to zero at zero fre-
quency but the increase in gain caused by the de-
coupling circuit is only finite. This compensating
effect has been analysed by several authors.1.4.5

The effect of the screen and cathode decoupling
can be avoided either by removing these circuits
or by making their time constants long compared
with those of the coupling circuit and the anode
decoupling circuit. In either case (i.e., letting
Rr = Rs = 0 or letting » and 6 —- 0), equation
(6) becomes
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va:G[l—l—i)—%‘]I (11)

Alternatively, if the screen and cathode coupling
capacitors are omitted but Rsand Ry are retained,
n and 6 become infinite and equation (6) again
reduces to the form of equation (11), but with a
modified gain given by

- _ G_ e

) 1 —l— gkl\)k +— OsI\)s

From equations (7) and (11) the overall indicial

response is
) P+rly+ A
ve(p) 1 7G}52+p(m+)\)+'a)>\1
First-order compensation is obtained when the

coefficients of p are equal in the numerator and
denominator

o =y
'. Rch = RaCd .. (13)

Other circuits in which an increase in anode
impedance offsets the falling response of the
coupling circuit at low frequencies have been
described by Schlesinger.®

G

(12)

ie.,

3.3. Second-Order Compensation

One method of obtaining second-order com-
pensation which has been proposed by Thomson?!
involves adding further components to the
coupling circuit to make it more nearly com-
pensate for the effect of the anode decoupling
circuit: the effects of the screen and cathode de-
coupling circuits are assumed to be negligible. 1t
is possible, however, to obtain second-order com-
pensation without adding any components to the
circuit of FFig. 1 by making use of the screen and

_cathode decoupling circuits as well as the anode

decoupling circuit.
From equation (8), first-order compensation is
obtained when a, = &,

Wy = a4+ pgrRE + OosRs (14)

For second-order compensation it is required in
addition that a, = b,

Syt 0) =a X+ g+ 0) + ngrRe
(x + A+ 8) + bosRs (o + A + ) (15)
Eliminating y from equation (15) by means of
equation (14) gives
o — NERE (D — A) + OosRs (6 — A) (16)
A4 TngRk + fosRs o
[f we attempt to obtain third-order compensa-

tion we also require a; = b, and, from equation (8)
this is obtained when

ynd = o (An + 06 + 0A) + n grRr (A0 + 0o + aA)
+ 0051\)5 (AT] + no + MA)
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Eliminating y by means of equation (14) gives
70 (1 geRe + fosRs)
= oA in (1 + grRe) + 0 (1 + osKs)]
+ (a4 X) 76 (¢aR% + osKs)
But, from equation (16),
2 grRy +- 920sRs — al
" mgrRe + fosRs

ol = n8 (n — 6)% grRx osRs

%2+ A=

a ;72gkRk U—'FERk) :F 9203R3(1 + OSRS)— -ﬁnTgkl_\’k Osl_fs |

Now g, A, n and 6 are all positive, so it isimpossible
to obtain third-order compensation.

The highest order of compensation which can
therefore be obtained for the indicial response of
the circuit shown in Fig. 1 is the second order.
This is obtained when « satisfies equation (16) and
y satisfies equation (14).

3.4. Numerical Example

Consider, as an example, a stage using an
EF91 valve. Typical parameters obtained from
the published characteristics of this valve are as
follows:

grid-anode mutual conductance 7-6 mA/V
grid-screen mutual conductance 2-0 mA/V
screen—anode mutual conductance 01 mA/V

screen conductance 0-029 mA/V
(These figures relate to the following conditions:
Lva - Vs = 250 V, I’,g — - 2 V, Ia = l() mA,
15 = 2D mtA)

The value of g is therefore 9-7mA/V. If
Rr = 160 Q and Rs — 18kQ, then grRg = 1-5
and osRs = 0-5.

In order to compensate for the
effect of anode decoupling by
means of the cathode and screen
decoupling circuits, equations (9) ..

vo(P) 1

100

\\
\

A B

[—
sel) — I\
N\

26 —

il
o

88 \

0 0-2 04 06

PEACENTAGE OF INITIAL VALUE

0\

| 2 4 -6 8
%3

Tig. 2. Indicial vesponse of amplifier stage; A, due to

coupling circuit alone (@ = y); B, with lst-order compen-

sation; C, due 10 coupling circuit alone (a = 0-016y);
D, with 2nd-order compensalion.
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and (10} show that the anode, cathode and screen
time constants should be equal and

Ri = 2R,
The indicial response is then of zero order, it
being a simple exponential curve with the time
constant of the coupling circuit.

If the effects of the screen and cathode circuits
can be made negligible and the anode decoupling
meeresreneenneeeeenec oo circuit is used to compensate
for the effect of the coupling
circuit (x = y), the indicial
¢ response is given by equation
(12). 1f we keep R4 = 2Ra (y = 2A) equation (12)

becomes \
___ Py
WAl =55 0p + 0552 |
whence

vo(t) = 1 — 025 ()2 4 0-125 ()% —0-0365 (yt)*
+ 0-0078 ()5 — (t>0)

The response calculated from this series is shown
as curve B in Fig. 2. This figure also shows as
curve A the response due to the coupling circuit
alone (when « = y), thus showing the improve-
ment brought about by the first-order com-
pensation.

If all the time constants are made finite and are
adjusted to give second-order compensation the
indicial response is given by equation (8). If we
keep y = 2X and put n = 26 then, from equations
(14) and (16),

2 = 0016y,

A=05y
§ — 028y
Equation (8) then becomes
P+ 2:34yp? 4 1-42y%p2 4 0-235)% 1

TP 234yp% - 142y2p% 4 0-25Ty% + 0-00376y4

whence
vof) = 1 — 000037 (pt) + 0-0020 (yt)4
- 000067 (yt)® +

The response calculated from this series is shown
as curve D) in Fig. 2. The use of second-order
compensation thus gives a great improvement
over the response for first-order compensation,
assuming that the value of anode time constant
(1/y) is the same in each case. However, the value
of coupling time constant (I /«) required to obtain
second-order compensation is 62 times that
required for first-order compensation. Fig. 2
shows as curve C the response due to the coupling
circuit alone. This response is still inferior to that
of curve D and it can only be obtained if the
decoupling circuits are omitted, or have much
larger time constants than the coupling circuit, or
are arranged to compensate for each other as
described in Section 3.1. If the decoupling time
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constants can be chosen to compensate tor each
other they can be arranged to give second-order
compensation as shown in curve D. The time
taken by curve D) to drop by 19, is over 24 times
that taken by curve C.

4. Stages in Tandem
Let the indicial responses of two stages be

fot ) agpn P g

/Il(/)) l /)‘” + b]_pvrl_i; byt -2 |
and
b ] L7 et

/m+h fm l+(, f)’" -+

amplifier whose order of compensation is at least
the sum of those which can be obtained from the
individual stages. A very simple example is the
tandem connection of a coupling circuit and an
anode decoupling circuit. Iach, considered
separately, has a zero-order indicial response but
when the two are connected in tandem the
coefficients can be adjusted to give a first-order

+ar n r+..._ _(ln ﬁ_—i— An
+ bept 7 4. b 1p + ba
.+ ar /)’” 4 . + ' I/) - Am
4 by /)’” r + ) 1]‘7 + b

The overall response of the two stages in tandem is thelefme

hp) 1 = hy(P). hs(P) ]
7/;”+mr + CI//;AH-m

) /u+m r

Cn - +m 1/’ =+ Cn- +m

= promdy wem-1 g /,n -mer 4+ = 1/) + dnim
where ¢, = a, + a,’, dy=b,4+b/ R -
! 1+ , ) % ! U , response as shown in
€y = ay + aja,” + dy, dy = by + byb, by Section 3.2. Some
- - | . more complicated cir-
. ’- . .
cuits are considered
= ’ ’ N 1
o =dr + 0 & z frie-a: dr = tr 8" + Z be¥'r 4 in Sections 4.1 to 4.4.
=1 =1 o
? g Because a multi-
stage amplifier has a
Cngm 1= dn 1@m’ + ana@’'m_1, dnm 1 = bu_1bw’ + bub'm 1 higher order of com-
Con4m anam’ l{n+m = bnbm pensation than a

If one stage has rth-order compensation and the
other has g¢th order, then

ay =by, day = by, .. ody =bp, dryy F by
and

a) =b), a, by, ...a) =by, a'ys1 # Vg
where

g = rand dypr # 0 rga, bryr # d'y
therefore
cio= dymcy=1dsy. : : . ¢r = dy, Cry1 F dr

The order of compensation of the complete
amplifier is therefore the same as that of the stage
with the lower-order compensation. It follows
that if an amplifier has n stages all with rth-order
compensation then the complete amplifier will
also have rth-order compensation. If each stage
can be given rth-order compensation, however,
it is usually possible for the complete amplifier to
have a higher order of compensation.

If two stages are connected in tandem and one
can be made to have rth-order compensation and
the other can be made to have gth-order com-
pensation it should be possible to adjust the values
of the coefticients of at least the first (¢ + ) terms
in the numerator and denominator of 4{p)} so as to
produce at least (¢ + r)th compensation. Thus it
should be possible to design a multi-stage
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= : simpler circuit it does
not lollow that its indicial response will approxi-
mate to the ideal more closely at all times.
The multi-stage circuit with the high order of
compensation will have an indicial response nearer
to the ideal at times close to ¢ = 0 but its response
may subsequently fall more rapidly than that of
the simple circuit so as to cross it and ultimately
lie well below it. Asan example, curve C in Fig. 2
relates to a zero-order response (n = 1, r = 0),
but curve B relates to a first-order response
(n 2, m 1). However, curve B crosses curve
C quite close to ¢ = 0 and, subsequently, departs
from the ideal very much more rapidly.
4.1. One Coupling Network and Two Stages with
Anode Decoupling

The operational form of the overall indicial

response, from cquations (7) and (11), is

i 71 V2
" 1 : 1+ - :
R R |
/) +ap24ap
PP+ b p? -H;,/>+hx
where a, =y +y,+ A+ A
a3y = ¥y + ¥,A )-ryw\ + Ay
by =a4 A + A
by = o), + A, + A A,
by = ay7s
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For second-order compensation we require a,
b, and a, = b,

whence « (17)
(18)
In particular, if y; =y, and A; = A, then
equations (17) and (18) give

Y1 1T Yo
and y1y, = y1A T vehe

a =2y =2y, =4} =4} (19)

Thus, when the two anode circuits are identical,
second-order compensation requires the anode
decoupling resistance to be equal to twice the
anode load resistance.

4.2. Two Coupling Networks and Two Stages with
Anode Decoupling
The operational form of the overall indicial
response, from equation (12) is

7"2 ] 7’(}’1_ +A’\1)

This shows that the maximum orcler of compensa-
tion that can be achieved is n, the number of
decoupling circuits. Coupling circuits do not
increase the order of compensation, although they
may assist in providing a sufficient number of
variables to make a desired orcer of compensation
realizable.

In order to obtain a response with a higher
order than zero, there must be at least one

coupling circuit. If there is not (i.e., if m = 0)
then
h z (rs + As), b= Z As

s=1 s=1

1"

The condition a; = b, gives Z ys = 0, which is

s=]
impossible because all y are positive.

/’2 + P(')’? +_ ’\g)

A - N T M) TP b
@) 1 P2+ Pleg + A + oAy P2+ Py + Ay) + aphy
I e T
P+ 1P + bap® + bsp + b,
where
ay =y, +ys+ A+ Ay b, ap 4+ %y + AL+ A

ay = y1ve + vidy + vad + A, by = a Ay + 2pAp + (o7 + Ap)(2e + As)

by = 210 (%a + A) + 2aAs(ay + A)), by = ayapdiA,

Although the circuit considered in this section
has more elements than that in Section 4.1,
resulting in polynomials one degree higher for the
numerator and denominator of /i(p), third-order
compensation cannot be obtained because a; = 0.

For second-order compensation we require
a, = b, and a, = b,, which gives

7+ o =yt 72
wty = yye — V1A — ¥ahs

Hiyi + v £ Vily —7v)® +

4yd; + vo2o) T} (20)
Equation (20) cannot have equal roots, so

second-order compensation cannot be obtained
when the coupling circuits have equal time

and

oy, ®e

constants. The anode circuits can be identical
however. In this particular case y, = y, — y and
A = A, = A, Equation (20) then gives

ay, %y =y £V EyA (21)

Second-order compensation can therefore be
obtained provided that y > 2A. The anode
decoupling resistance can thus have any value
greater than 2R,.

43. m Coupling Networks and n Stages with
Anode Decoupling

The operational form of the indicial response

from equations (7) and (11) is

o)1 =T1 2 Thtetd
(P) ’:1P+1’ iy /) | ,\s
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Pm+n + bll‘;m-f-n T

1t can be shown that one coupling circuit is also
sufficient to obtain nth-order compensation for at
least w =1, 2, 3, 4, 5. The cases n =1 and
n = 2 have been dealt with in Sections 2.2 and
4.1. A further example, n = 3, is given in Section
4.4.

1.4. One Coupling Network and Three Stages with

Anode Decoupling

The operational form of the indicial response,
from equations (7) and (11) is

oy JB /’+')’1‘_i"\| /’_+Y?+i\~z
MY = T e At A
i ')’:1+/\3
P4

P @ asp® +aap
P+ 5P hap? o+ byp + 04
where
a,=yi+ty2tyst A+ A4 A
a, = (v, + A)lya + 2 + (o + A)lya + A3)
+ (y3 + A3y, + A)

az = (y; + Ay + ) (vs + Ay
by =04+ A+ A+ Ay

/)m+n + (l‘ﬁm'_"" T+ q,,]ﬁm

c bt 4+ b l
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by = AAg + AgAg + AgAy + 2(A; + Ay 4 Ay)

by = AAAs + 2(A)2y 4 M) + Aghy)

by = aA A0,
For first-order compensation a,
Y1t Y2+ 73 o (22)
For second-order compensation, putting a, = b,
and eliminating x by means of equation (22) gives
Y1¥2 + Ya¥s + vays = vidp + yede +vidy (23)
Third-order compensation requires in addition
az = by which, after eliminating » by means of
equation (22) gives
7141 (As + Ag) + vada(Ag + Ay) + vala(A + Ay)
= Aways + Avivs + Ay ive + vivevs (24)
Third-order compensation is, therefore, obtained
when equations (23) and (24) are satisfied. It can
be shown that these equations cannot be satisfied

- b,

%

when A, = A, = Ay but they can be satisfied when
¥1 = y2 = v3. In the particular case when
Y1 =Y2 =7y3 =y and A, =}, = A, equations
(23) and (24) become

By = 2X + Ay
and  y? 4 y(24 4 A5) = 222 4 42N,

which give

The values of the coefficients are given in the
appendix.

The gain—{requency response will be said to have
rth-order compensation when the first » deriva-
tives of [g(w)| with respect to w vanish at infinite
frequency. Similarly, the phase-{requency re-
sponse will be said to have rth-order compensation
when the first » derivatives of ¢(w) vanish at
infinite frequency. The gain—{requency response
will be called maximally-flat when 1t has (2n —1)th-
order compensation and the phase-frequency
response will be called maximally flat when it has
(2n—2)th-order compensation.

It is shown in the appendix that when the
indicial response has compensation of order
27 or (2r + 1) the gain-frequency response has
compensation of order (2 4 1). The maximally-
flat indicial response, therefore, always corre-
sponds to a gain—frequency response with a lower
order of compensation than that required for
maximal flatness.

When the indicial response has compensation of
order 2r or (2r — 1) the phase response has com-
pensation of order 2. Thus only when n — 2
does the maximally-flat indicial response corre-
spond to a maximally-flat phase response. For all
higher values of n the maximally-flat indicial

V1= Y =Yy =y /\3(‘_)\/3{ -3) .. (25) response corresponds to a phase response of a
\' A A= A0847 5) 2 lower order of compensation than that required
3 2 Slas VS 26)  for maximal flatness. This is illustrated by the

% = Ay (64/3 — 9) (27)  examples shown in Table 1.
TABLE 1
Order of max. Order of Order of Order (;f max. | Order of max.
flat indicial corresponding | corresponding | flat gain- flat phase-
respornse gain-freq. phase-freq. freq. freq.
response response response response
1 1 2 3 2
2 3 2 5 4
3 3 4 7 6
4 ‘ 5 4 ] 8

5. Comparison with Gain and Phase Responses

It 1s shown in Appendix 2 that the gain
frequency response corresponding to the indicial
response given by equation (1) is

|&(w)|
w2”7+ C._,wz_”tz j_ 2 .v-{- Czrwz”_zf + .. T Con )
|:u,§" szz" 2 e+ doyew® T2 (g,
(28)
and the phase-{requency response is given by
¢(w) = tan"!
et et o
wi L odpw™ 2 4 4 dow®Y Ly
(29)
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Consider, as an example, the indicial response

given by
S+ up2+a
Wp) | =Pt af+ap 4
P+ 0%+ bup + b
This has a maximally-flat indicial response, which
is second-order, when a, = 5, and'a, = b,.
The corresponding  gain-irequency response,
from equation (28), is given by
«% + cowt 4 c‘}w2
o + dywt + dyw* 4 dg
where the coefficients, given by Appendix 2.1 are

g(w) [?

oy = ay> — 2a, , dy = b2 — 2b,
% 2__ 9
6y = dg° , dy = Uy 2bgb,
2
dg = by
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This has a maximally-flat gain {requency re-

sponse, which is fifth-order, when ¢, = d, and
¢, = dy.

b, =4/.a,%+ 2(a, — b,)]

and by = [a,% — by¥/24/[a % + 2(a, — b))

The phase-{requency response, from equation (29),
is given by

e b + d2w4'—|- d4w2-
where the coefficients, given by Appendix 2.2, are

clw5 + cqw® + Csw

on = b — a; dy = a;by — ay, — by

€3 =d by —ayhy — by dy = azh, —aby

5 = bya,
This has a maximally-tlat phase—{requency
response, which is fourth-order, when

cp=¢3 =0
2 () e

and b, = a, + hy/a,

Thus the condition for a maximally-flat indicial
response corresponds neither to the maximally-
flat gain--(requency response nor to the maximally-
flat phase-{requency response. The latter, how-
ever, oes give a first-order compensated indicial
response whereas the maximally-flat gain-fre-
quency response corresponds to an uncompensated
(i.e., zero-order) indicial response.

6. Experimental Work

Fig. 3 shows an amplifier which was built in
order to obtain some experimental verification of
the theory. The values of the components
determining the time-constants of the coupling
circuits and decoupling circuits are accurate to
+ 1°,. The time-constants of the screen de-
coupling circuits are of the order of 100 times those
ol the coupling circuits and anode decoupling

circuits, which were made much smaller than
normal in order to avoid distortion being intro-
duced by the oscilloscope amplifier. The effects of
time-constants other than those of the two
coupling circuits and two anode decoupling
circuits are, therefore, negligible and the analysis
given in Section 4.2 is applicable. The voltage
divider before each stage reduces its gain to about
unity in order to facilitate the taking of oscillo-
grams.

Oscillograms were taken of the response of the
amplifier to a 50-¢/s square-wave input voltage.
Because the period of this wave is long compared
with the amplifier time-constants, the response to
each edge of the wave{ormissubstantially indepen-
dent of its predecessors and approximates closely
to the indicial response. A double-beam oscillo-
scope was used with the output voltage deflecting
one beam and a 500-c/s sine-wave calibrating
signal deflecting the other beam.

When each coupling capacitor is 0-0125 pul° the
time-constants of the coupling and decoupling
circuits are equal. Each stage should then have
first-order compensation ol its indicial response,
and so should the complete amplifier. Figs.
4(a) and (b) show the response of each stage
separately and Fig. 4(c) shows the response of the
two stages in tandem. Ihe initial flatness of the
response indicates that first-order compensation
was obtained in each case.

\When the coupling capacitances are 0-00688 j.1¢
and 0-0682 uT¥ respectively, the time-constants
have the values given by equation (21). The
complete amplifier should then have second-order
compensation. Figs. 4 (d) and (e) show the
response of each stage and (f) shows the response
of the two stages in tandem. The response in
Fig. 4(f) maintains its initial flatness longer than
that in Vig. 4(c), as is expected with second-order

0-5puf
0-0125uF H

0-00688 1. F

13kL

Owee

0-0125pF

0-0682 ;.

—O0 +300V

87k L

mdl%

=0 £

Fig. 3. Experimental amplifier. The coupling and anode decoupling time conslanis ave abnormally small so that their
effect can be observed with an_input of a conventent frequency.
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compensation. The total amount by which the top
of the response sags in 2 ms in the second-order
case is about one-third of that with first-order
compensation.

The time-constants obtained in practice will
depart from the calculated values because of
the tolerances on components. Fig. 5 shows the
effect on the overall response of a 4 109 vari-
ation of the coupling capacitance of the first stage.
The response of the amplifier with incorrectly-
adjusted second-order compensation compares
favourably with that obtained with correctly-
adjusted first-order compensation.

L.f. COMPENSATION
1'st ORDER 2"§ OROER
LN\ A VAV
N K S——
15t STAGE el —
(2) (d)
NV VA VAN NAVAVEN
2nd STAGE — B
o S (o)
aVaVa AN
OVERALL. oy —_——
(e) )

A single resistance-capacitance coupled stage
can have second-order compensation. As the
number of stages in an amplifier is increased, the
order of compensation which can be obtained
increases, but so does the complexity of the
calculations required to obtain the conditions for
compensation. In many practical cases it is suffi-
cient to obtain first- or second-order com-
pensation. A complicated circuit can then be
dealt with by considering it as a number of
simpler stages connected in tandem, each of which
can be made to have the required order of com-
pensation.

L.F. COMPENSATION
15t ORDER 2nd ORDER
NN T
TIME CONSTANT
-10% e —_— TH
(a) (¢)
NV\ \f\/\/\
NORMAL
TIME CONSTANT ey g —
() (e)
RS NT NN
TIME CONSTANT
+107, o L T =
() (t)

Fig. 4. Oscillograms of response of model amplifier lo a
50-c/s square wave. (The timing wave is 500 cfs.)

The gain—frequency response of the amplifier
was measured with the component values corre-
sponding to first- and second-order indicial
responses. The results obtained are shown in
Fig. 6. In each case the response is far from being
maximally flat, thus confirming that a flat
gain—{requency response is not the criterion for a
flat indicial response. The frequency at which
the second-order response has fallen 3 db is nearly
half of that for the first-order case but the peak in
the second-order curve is higher.

7. Conclusion

The indicial response of an amplifier can be
made maximally flat by causing as many as
possible of its differential coefficients to be zero at
t = 0. A general method for doing this has been
developed and applied to some typical circuits.

Some experimental verification has also been
obtained. In order to obtain as high an order of
compensation as possible, in many cases, it is
necessary for the anode decoupling resistance to
be several times the anode load resistance. This
is quite practicable in wideband amplifiers
without the use of an excessive supply voltage
because the anode load resistance must be small in
order to obtain adequate high-frequency perform-
ance.
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Fig. 5. Effect of varying the time constant of one coupling
circuit on the response of model amplifier to a 50-c/s square
wave. (The timing wave is 500 ¢;s.)

a P
) / d e I.
+ 1
)4 o~
0
= VARV,
- 4 8/
: [ |/
£ -4 A
= /1 7
% Tl -
. I
L ¥ i
-9
ST R = swseess  § § § 8985
CYCLES PER SECOND
Fig. 6. Gain frequency vesponse of wmodel amplifier;

A, lst-order compensation; B, 2nd-order compensation of
indicial vesponse.

APPENDIX 1

The substitution » = 1/p in equation (1) gives

hix) - Lt ayx+aw® + ..+ ax - .+ a.x"
1+ by x4 box? 4 ...+ ba" + [
1 4+ A4
1+ B
H n
where 4 Z ax" and B z b%
r=1 r=1
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(%)

(1 +4)1—B+ B*—.... 4 (—1)B"
+....] (30)
=l4cxtecx?+ ... e + ... ...

Let[l — B+ ....4 (= 1)B"...1=1+ dys + dp*
+ ...+ d,x" + . .. then by the multinomial theorem
i (— 1)™m!

al BU. .. &
where the summation extends over all possible values
ofa, B, ... eand A, u... pand where
m=a+ g+ . -+ € ad + Bu + .
I<a<u<. . . <p<r

Then from equation (30)
r—1
6 = dr + zd'ar—e

s=0
It is proved below that

r—1
dv - Z dnbr—a
s=0

it therefore follows that

d, bae . buB ... bt .. (4)

.+ ep=v;

(31)

= =

1
c, Z dya,, — Z dbr,

§=0 5=0

r—1
- z d,(a,_, - Fl) .. L LI (3)
s=0

where ay = by = dy = 1

To prove equation (31), assume it to be true for a
particular value of » and derive from it the value of
d,+1 In each factor ba2. BB ... by (where xA + fu
+ ...+ ep=rand a« + B+ ...+ ¢ =m) one of the
m factors b, is replaced by b,1,, so that a term like
d,b, is replaced by d,b,+,,; in addition, each term in
d, occurs multiplied by b,. Also, when like terms are
collected, the numerical factor of bye’ . buB .

(where o’ + 8"+ .. . + ¢ =m + 1 and o) - Bn’
+ ...+ =r+1)is

m! n! )
(& —INBT TSI e

m!
VBT (¢ = 1)

”I! ’ ’ I"
TET A B+ e

m!(m + 1) (m + 1)!
QTR T T g e

which is the correct multinomial coefficient, so that

r—1 r
degy = z dxbr+ 1-s + d;by stb7+l-s
s=0 s=0

which is of the same form as d, [given by equation (31)]
with 7 replaced by » + 1 throughout. The values of d,
for » = 1, 2, 3 give the valucs of ¢y, ¢, and ¢, shown in
Section 2. These values are easily obtained from
equation (1) by direct division, thus verifying equations
(3) and (4) for » = 1, 2 and 3. But it has been shown
that if equation (31) holds for » it holds for v + 1.
Therefore, by induction, equations (3) and (4) are valid
for all positive integral values of r.
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APPENDIX 2

The steady-state complex gain, from equation (1) is
glw) /dlw)

_ ﬁ(_jw)" + a, ]‘w)n—l 1

4 a,jo)" 4+ ... +a,
.+

bo(j)" + b,(jew)™ + ... + b(jw) T + b,
where a, = b, =1
_ “_HLB (32)
C+jD
If nis even (1 = 2m) then
m m
A Z Aor(— w?)mr B=w z Agra(— w?)™ "
r=0 r=1
m m
C = Zbar( — wYmr D wz Borr(— w?)m-r
r=0 r=1
If nisodd (n = 2m + 1) then
m m
A4 2 Aort+ 1.("' @)™ B =uw Z Ao — )™
r=0 r=0
m "
C =2 byt~ o™ D=w by(— w)wr
r=0 re0
2.1. Gain—Frequency Kesponse
From equation (32)
A2 4 B
lglw)!® =ct i Dt
_9T G Wt ™ b oy
T o + dyw®™t 4+ .+ dp® T4 4 d,,
If nis even (n = 2m)
m m
A 2 _ Z azq( wz)m q . Z ag,( wz)m-:
g=0 $=0
The coefficient of w?(™ ") (where r — ¢ + s) is
r
(" ])'Z A 240 2(r-q)
q=0
» m
B? “’zzaztrl( wz)m—'-zazn—l{ w?m
q7=1 s=1
The coefficient of w7 is
r
(= P Zazq—xaz(rw)-f-l
g=1
n
SA? 4 B? = o™ 4 s‘;wwz(n—r)
r=1
r
where ¢,, = (— l)’z (A280m0) ~ @opi@atmr+1)
9=0
2r
(= 1 D> (= 1fage,
9=0
r
=2 z (= 1) Art oAy (34)

s=0
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n
Z d_zr“) 2(n-1)

r=1

Similarly, C? + D% = o™

r

where dyy =2 Z (— 1) byt by - (35)
s=0
If nisodd (n = 2m + 1)
m Ld
47 = Z Ayqr(— ?) . Zazs+ (= w?)m
q=0 s=0
The coefficient of w27 is
r—‘l
(_ I)r+l Z Agq+192(r-0)1
=0
" ”m
Bt = 0 D an(— o7 . D an(— ot
q=0 s=0

The coefficient of w27 is
Y i
(_ 1)' Z" 204 20r-q)
q=0

Loy = (— 1)'2 (@ 2qf 2(r-00— Ao 182000+ 1)
=0

r
= 22 (_ 1)'a 444,
s=0

and similarly for d,,.

The coefficients ¢,, and d,, therefore have the same
values whether # is even or odd.

Putting 1/w = ¥ in equation (28) and expanding it
ascending powers of x gives

lg(w)l2 = 1 + .22 + eg2* + ... + €p0x,"
r—1

where 6, = > £,(Cat0 — datrs) (36)
and g, Z (—ym 'p' e dotdy -y (37)
where the sum extends over all possible values of «, 8

.eand A, p ... pand

a+ﬂ+...+e=m,1/\+ﬂy+ .+ ep =35
Now by Maclaurin’s theorem e, = -~ f,, (0)

(’V)'
and fart1(0) =0
where f,(0) is the rth differential coefficient of |g(w)?| at

x =0 (ie, o= ). The gain—frequency response
therefore has (2r + 1)th-order compensation when
e, = €4 . . . 25, = 0. Equation (36) shows that this occurs

when ¢, =d,, ¢, =d, .. . Co = dy.
If the indicial response has compensation of order 2r

or (2r 4+ 1) then @, = b, for ¢ =1, 2. . . 2r or g =

2 ... (2, + 1) respectively. [t follows from equatlons
(34) and (35) that ¢, = d,, 02 @, .35 cz, = d,,. There-
fore, from equation (36), e, = ¢4 = ... = €, = 0. Thus,

when the indicial response has compensation of order 2r
or (2» + 1) the gain—frequency response has compensa-
tion of order (2r 4+ 1). The converse is not true, because

the condition e, = e, = ... = ¢, is insuthcient to
determine the coefﬁcxents a,...a, and b, ... b,
uniquely.

2.2. Phase—Frequency Response
From equation (32)
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BC — AD

t: Pl
an ¢(@) = 4c + BD (38)
. P I S B A R 2 Tt
= @+ dyw™ T+ L+ dp@?™T 4 L+ dy,
e (29
If » is even (n = 2m)
”m "
BC = w  byl— @)™ . > @yey(— w?)™
7=0 s=1
The coefficient of w2 "+ (where r = g + s) is
g
(_ l)'}d a'zz—lbz(r-v)
g=1
» »
= wz )q(_ wz)m q z bh_l = &) )nl—l
s=1
The coefﬁcxent of @t s
¥
(= 1) z Ayl ae
=1
"
. BC — AD Cyp w1
where
r
Cary = (= 17 D (Ugeidad — @tr-dbac-t) (39)
g=1
m m
AC = Gyl — @™ . D by(— w?)™*
¢=0 s=0

The coefficient of w27 in AC is

r
(— 1)y Z @ebatr)

»
BD& & Z traa(— @™ D byey(— @)

9= s=1

The coefficient of w?*™ in BD is
r
(— 1t Z Ay01batr-00+1
g=1
"
" AC + BD = > dywt"
r=0

where d, = 1.

and
>
= (=1 {“obz - Z (@agbotr-a — @au1baa+ 1)}

g=1
(40)
If nisodd (n = 2m + 1)
m
= “’Z zv( - i)™ zbzs-i-l( - wlm
The coefﬁcmnt of wr N+l in BC is
r—1
(=1 Z botr-a-1%2q
g=0
mA "
AD = 0 yia(— @I . D by~ wl
g=0 s=0
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The coefficient of @™ N+1in 4D is

r—1
(_ l)"l Z Ay q)—lbzu
q=0
r—1
Copmy = (— 1)1 Z (@2dotra-1 — Aaira-1D2d)
q=0

r
= (- I)'z (A20-1D 200 — AstraiDag-1)
g=1

m m
AC= arpts(— @)™ D boyry(— wi)m
g=0 s=0

The coefficient of w27 in 4D is

r—1
(= jF* z A0+ 1D a1
9=0
m ”t
BD w? Age{ — @)™ . z bo(— w?)mt
9=0 s=0

The coefficient of w?* " in BD is
r
(= z A9botrm)
q::o

r
Lody = (— 1)7< aghy z (@2bote-0 — aeq-lbz(r-q)+1}
9=
The coefficients ¢, , and d,, therefore have the same
values whether » is even or odd.
Putting ¥y = w? in equation (29)

r—1

and  kyq c.6, = Zg.(czr+ 1 — €1dary) (41)
s=0
m!
and g, z (= V" dpp®dy . . dygt  (42)

where the sum extends over all possible values of «,
B.. .eandaX 4+ Bu+ ...+ ep =35

and a+ 8+ ... L e=mad+Pu+ ...+ ep=3s
Now by Maclaurin’s theorem

!
Rort1 = (2r + i)!fzr+1(0)

and  f, (0) = 0
where f, is the rth differential coefficient of tan ¢ at
x = 0w = )

The phase-frequency response therefore has 2rth-
order compensation when k, = k; = ... = kyy = 0.
Equation (41) shows that this occurs when ¢, = ¢, =

Ce =gy = 0. ]

If the indicial response has compensation of order
(2r — 1) or 2r thena, = b, forg =1,2... (2r — 1) or
g =1, 2, ... 2r respectively. It follows from equation

(39) that ¢; = ¢, = . = €yr-y = 0. Thus, when the
indicial response has compensation of order (2r — 1) or
2r the phase—frequency response has compensation of
order (2r — 1). The converse is not true since the

condition ¢, = ¢; = ... €y = 0 is insufficient to
determine the coefficients a,...a, and b;...5,
uniquely.

REFERENCES

'W. E. Thomson, “Transient Response of V.F. Couplings”, Wireless
Engineer, January 1947, Vol, 24, p. 20.

?G. W, Edwards and E. C. Cherry, “Amplifier Characteristics at Low
Frequencies with Particular Reference to a New Method of Frequency
Compensation of Single Stages”, J. Instn elect. Engrs, August 1940, Vol. 87,
p. 178.

o4 G ™mn 55}‘,._2 Cort1 oy + ‘2n-~1y
o B G c c
tan a1 sl o fu W 4 _Tes QU 000
an ¢ @ " ¥t 4 d,yt + A"+ .+ dop n—;+ NP d,,

Expanding this in ascending powers of 1/y gives
(23 €

tan¢::c;1(1+;’—l < SR v—'y“)
= k¥ + Rgx® + L+ Ryt 4L

where ¥ = 1/w

186

# H. M. Zeidler and J. D. Noe, “Pentriode Amplifiers”, Proc. Inst. Radio
Engrs, November 1948, Vol. 36, p. 1332.

¢H. L. Donley and D. W. Epstein, “Low-Frequency Characteristics of
the Coupling Circuits of Single and Multi-stage Video Amplifiers’”, R.C.A4.
Review, April 1942, Vol. 3, p. 416.

*W. A. Lynch, “Video Amplifier L-F Correction”, Communications,
April 1943, Vol. 23, p. 16.

* K. Schlesinger, “Low-Frequency Compensation for Amplifiers”,
Electronics, Vol. 21, No. 2, p. 103.

WIRELESS ENGINEER, JuLy 1954



AUTOMATIC TUNING FOR PRIMARY
RADAR

By S. Ratcliffe, B.se.

(Concluded from p. 163, June issue)

Choice of A.F.C. System

In drawimg up the requirements for the a.f.c.
systemi, it 1s important to avoid placing an
unnecessary load on the a.f.c. by calling on it to
compensate for a defect elsewhere in the equip-
ment which may be more readily dealt with by
attention to the design of the component in
question. lor example, a thermostat in series
with the blower motor may be used to reduce
temperature drifts in the magnetron. The a.f.c.
designer should, therefore, avoid being tempted
to display his ingenuity in solving problems of
this type, since the increased complexity of the
a.f.c. usually brings with it an increased risk of
component failures. Alternatively, it is necessary
to avoid lowering the reliability of the a.f.c. by
attempting to perform a complex task with too
few valves and too many preset adjustments.

It is necessary, in particular, to decide whether
or not to make any serious attempt to deal with
scanner pulling. In general, the wider the pulse
and the higher the transmitter power, the more
likely it is that the improvement in performance
will justifv the increased complexity. It is then
also possible to decide whether to use a narrow
(i.e., electronic) or wide-band a.f.c. system. The
objections to a narrow-range system have been
given earlier, and in an airborne equipment the
arguments in favour of a wide-range system are
very strong indeed. On a ground or shipborne
equipment where a mechanic is in attendance,
there is more difference of opinion. The argument
may be summarized by saying that a human
being usually shows more signs of intelligence but
often also of fatigue.

The choice of local oscillator will be influenced
by many factors which have little connection with
a.f.c., but care should be taken to avoid the trap
of seeking an oscillator with the widest possible
tuning range, regardless of its other demerits.
The most important thing, from the point of view
of the a.f.c. design, is the difference between the
available electronic-tuning range and the possible
drift in local-oscillator frequency due to changes
m temperature and pressure. lf a wide-range
reflector-cam-mechanical a.f.c. is to be used, it is
advisable to avoid flexible mechanical couplings
between the tuning mechanism and the control
motor and gear train. This is best achieved by
making the resonant cavity an integral part of

WIRELESS ENGINEER, JuLy 1954

the radar plumbing, with a plug-in klystron.
Valves designed for use in this way are now
becoming available.

The typical circuits given previously, together
with the theoretical analysis given in the
Appendix, should assist in the choice between the
‘instantaneous’ and the ‘extrapolating’ types of
reflector a.f.c. If a pure reflector a.f.c. is being
designed, it may be necessary to provide a search
valve, either to get an adequate pull-in range, or
to enable the circuit to find a suitable reflector
voltage to obtain oscillations. Two main types of
search circuit have been described, and the
ingentous reader may readily devise many
variants on either of these themes. The essential
point is to arrive at a designable circuit in which
the bare minimum of preset controls is required.

It must again be pointed out that it is essential
to take every possible step to keep down tolerances
on the gain round the reflector a.f.c. loop. Even
if the transient response of the system is unim-
portant, the problems set by the harmonic output
of the mixer will usually necessitate a close
control of the gain, up to the search-stopping
mechanism at least. This point must be clearly
understood. It is completely erroneous to argue
from normal negative-feedback principles, but it
is a common misconception that gain is not
critical above a useful level.

Performance Tests on an A.F.C. Loop

Assuming that a design has been completed and
an experimental model is available, it is necessary
to check that the performance is satisfactory.

Consider first the problem of determining the
locking accuracy. A\ very convenient means of
checking this involves the use of a spectrum
analyser of the type consisting of a narrow-band
superheterodyne receiver having a local oscillator
which is frequency modulated by means of a low-
frequency sawtooth, and a c.r.t. display on which
the receiver response is shown as a function of
frequency. The intermediate frequency of this
receiver is made exactly half the if. of the
af.c. under test, and the spectrum analyser
1s supplied with a signal input both from the
magnetron of the radar, and from the local
oscillator to which the a.f.c. is being applied.
Such a spectrum analyser will, at any given point
in its sweep, respond to signals on two frequencies
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one above and the other below that of the analyser
oscillator, and the difference of the two frequencies
will be twice the i.{. of the spectrum analyser; i.e.,
equal to the radar receiver 1.f. 1f, then, the a.f.c.
under test is holding a local oscillator at the
correct frequency separation from a pulse source,
it is possible, with an analyser such as that
described, to display the spectra of the pulse and
of the local-oscillator output superimposed on
each other. Fig. 24 should help to make this clear.
Any failure of the a.f.c. to maintain the desired
radar i.f. will result in a deviation of the observed
position of the local oscillator ‘pip’ from the centre
of the pulse spectrum.

With the aid of such a device it is possible to
check the locking accuracy of the a.f.c. under
various conditions. Fig. 25 shows a typical
picture obtained when an a.f.c. was locking
correctly to a one-microsecond pulse, although
some undesired ripple on the power supplies to
the klystron was causing a small amount of
frequency modulation of the local oscillator.
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Fig. 24. Action of analvser in viewing signals.

It will be appreciated that the i.f. of the
spectrum analyser is being adopted as the
standard of frequency, for the purpose of this test.
It is, therefore, necessary to ensure high stability
of this frequency. A double superheterodyne
receiver was used in the spectrum analyser from
which Fig. 25 was obtained. The first i.{. was
22-5 Mc/s and the final i.f. 2-5Mc/s, a crystal-
controlled oscillator being used to determine the
remaining 20 Mc/s of the first i.f. so that the
stability of the 225 Mc/s response could be relied
on to 10 kc/s or so. P’resent experience suggests
that such a device in skilled hands is a very
valuable tool, but since it is as likely to go wrong
as is the a.i.c. it is testing, it is emphatically not
suitable for routine maintenance work.

The ideal and universally-applicable method of
testing the transient response of an a.f.c. is to
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prodnce a step-function change in the transmitter
frequency and to observe the rate at which the
reflector voltage or tuning shaft responds. It is
not easy to produce such a change in the fre-
quency of a transmitter, Liowever, and this test is
only practicable if the transmitter sample to the
a.f.c. mixer is replaced by the output of a suitable
pulsed-signal generator. For example. Fig. 25 is

Fig. 25

Typical oscillogram of the pulse spectrum with an
a.f.c. system locking corvectly on a l-usec pulse

a photograph of part of the spectrum of a one-
microsecond XN-band pulse produced by pulse-
modulating the grid of a €V129 klystron. It is
easy to apply a suitable squarc-wave to the
reflector of this klystron and thereby frequency
modulate the output pulse.

Despite the usefulness of such pulse signal
generators as laboratory tools, this method of
testing the a.f.c. performance is somewhat
artificial, since it is ditficult to ensure that the
signal level at the a.f.c. mixer is that which
obtains during normal operation. It is, therefore,
desirable to have some way of testing the transient
response of an a.i.c. system using as signal source
the magnetron with which the a.f.c. is normally
required to work.

One such method, which can often be applied,
is to introduce a step-function disturbance in the
reflector potential of the local oscillator. It is
convenient to make this disturbance a periodic
one, so that an oscilloscope can be used to observe
the response. For example, if a resistance of a few
thousand ohms is connected in series with the
lead to the reflector, a high-speed relay may be
arranged periodically to connect a 1§-V battery,
say, across this resistance. An oscilloscope can
then be connected to display the reflector wave-
form, from which the transient response of the
a.f.c. can readily be deduced. A useful refinement
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is to brighten up the c.r.t. picture momentarily
each time the transmitter fires, and to synchronize
the switching frequency to some sub-multiple of
the p.r.f.

Conclusion

A considerable amount of research has been
devoted to improving the noise factor of centi-
metre-wave receivers. Much of the available
improvement in performance can be lost by an
unfortunate choice of receiver bandwidth and
magnetron-pulling figure or by the use of an
unsuitable a.f.c. system. This article has
attempted to show the extent of the contribution
which a good a.f.c. can make towards improving
the overall performance of an equipment; to give
enough circuit details to indicate the price that
must be paid in increased numbers of valves and
components; and to show that, despite the
increased complexity, a good a.f.c. may simplify
the maintenance problem by eliminating a
number of preset adjustments, and thereby give
both a better and more reliable performance.

It may reasonably be objected that it has been
assumed that the equipment designer has com-
plete control over the tactors, such as the receiver
bandwidth and magnetron-pulling figure, whereas
in practice he is often compelled to use a par-
ticular i.f. amplifier or magnetron because of its
availability. It is felt, however, that many
systems are designed to use some particular com-
ponents, not so much because better ones are
not available, or cannot be developed in time,
but because the designer is not aware of the extent
of the loss in performance which he is tolerating
for the sake of the convenience.

Experience has shown that by adopting the
‘designable’ a.f.c. circuit a better system can be
obtained with less development work.

It is of some interest to compare the present-day
problems of scanner pulling, frequency splitting,
etc., with the problems of transmitter design in
the early days of wireless telegraphy, when self-
oscillatory output stages were in use. The latter
problems included frequency shifts due to aerials
swaying in the wind and varying in capacitance,
and the ‘Ziehen effect’1® which showed itself as
a spasmodic jump in transmitter frequency.

Automatic frequency control was invented to
deal with these transmitter difficulties, but the
solution finally adopted was to use a power
amplifier at the output stage and to drive it from
a separate master oscillator. It may be that
eventually the same solution will be adopted in
cm-wave radar systems, but much more progress
in the technique of power amplification at these
frequencies will be needed before this step
becomes economical.
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In the meantime, existing techniques are
capable of dealing with the problem, at a price,
and the main field in which improvement is to be
expected is in the engineering details of the wide-
range a.f.c. systems which are superseding the
earlier systems.
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APPENDIX
T ransient Response of an A.F.C. Loop

The behaviour of any servomechanism can be summed
up in an ‘Equation of Motion’. For a continuous feedback
servo, this relates the position of the output shaft (or
its equivalent) and, usually, derivatives of this quantity
with respect to time, to the position of the input shaft
(or equivalent), and possibly time derivatives of this
quantity also.

The resulting différential equation can be solved, for a
linear system, by straightforward, but possibly laborious,
methods to give the response of the system to any applied
disturbance, or to establish the stability conditions. For
a linear sampling servo the same situation arises, except
that the infinitesimal calculus must be replaced by the

less familiar calculus of finite differences. Thus the
equation of motion takes the form:

Qi%n + @y +oonn + gty = f(n) .. ia (8]
where u;, #,...... u, denote the values of the output
quantity at the successive instants ¢, #,...... {, when
samples are taken, and f(n) is the applied disturbance.

It can be shown by substitution that equation (1) is
satisfied by:

U, = Aa® + Bb* + ...... Nnr 4+ F(n) = (2)
where a, b, ....n, are the roots of the characteristic
equation:

@A" 4 g™t + L + g, =0 ik to (3)
and 4, B, .... N, are determined by the initial con-

ditions and F(n) gives the forced response to the input

It follows from equation (2) that the stability condition
for the sampling servo is that the modulus of each of the
roots of equation (3), real or complex, should be less than
unity. Just as the Laplace transform is commonly used by
servo designers to simplify the solution of ordinary linear
differential equations, integral transform techniques?!.22
are available for the solution of finite difference equations.
For the reader who does not wish to master these tech-
niques, we will present a simpler though more laborious
treatment of the only two equations of serious interest to
the a.f.c. designer, those relating to systems having
respectively one and two significant time-lags.

Single Time-Lag
Consider the local oscillator and transmitter frequencies
at the equally-spaced instants of time ¢, #;, .... t,, etc.,
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when the transmitter fires, and let the local-uscillator
frequency at these instants be f,, fi....f,, while the
oscillator frequency required for correct tuning at these
instants is g, &, . - -£n-

Then the tuning error e, at time /,, is (f, — g£,), and the
characteristic equation of the system is

o= for — by )
where .4 is a constant determined by the circuit design.

Consider the response of the system to a step-function.
Pute, = Eand g, = g, .= g,. Then equation (4)
becomes

en=E (1 — Ay .. (5)

Thus the system is stable if 0 < .4 < 2, and the
response will be monotonic, 'dead-beat’ or oscillatory,
according as A is less than, equal to, or greater than unity.

Two Time-Lags

Using the above notation, suppose the output of the
discriminator to be zero except for the time interval
ly < t < t, when it then has a value which we may,
without loss of generality, assume to be a constant e,
Then during the interval /4 < ¢ < {;:

‘;{ — Ke, [l — exp — <, ——7_;’9>:|

where T is the speed build-up time-constant of the
system.

.h t — ¢
fo — fi = Keg ii ”l exp < T"):ld!

Putting g T o o v,
Jo—fi=¢o ’\'T[’-l-exp( =) — 1] ‘e (6)
At any time /; </
af : ot
" Keg[1 —exp( — r)]exp ( 7 ‘)

-,
whence  f; — f, = Neg J' [1 —exp( —7)]
1

exp <£ ,i,~,5> dt
Therefore f, — f, = o KT[1 —exp ( — )]

and generally, for n > 2

fﬂ-l fn (2% KT [l exp ( »2
exp[ —(n —2)r] .. . ' @

Now if the output from the discriminator consists not
of one signal ¢, but a sequence {¢,}, then the response of
the oscillator frequency will be given by the sum of its
responses to a series of inputs of the form just discussed.
Thus equations (6) and (7), when applied successively to
each term of {e,}, give:

Srt — Jn =€y NT [r + exp ( vy — 1]
+ e, KT [l —exp( — 1]
RT [l —exp( —r)]2[exp( —7) €ny
+ exp ( —2r) e, + etc]
\With the aid of a similar expression for (f,» — fu-1)

the infinite series can be eliminated, giving:

fo = far [V + exp( —7)] + fozexp( v)
eny KT [r + exp( —7) 1]

eny KT 1 —exp( —7)°
+ e, KT|r +exp( —7) — l]exp( —7)
(8)
To find the response of the system to a step function,
as before, put g, =g, ... =g, =G, say. Then
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equation (8) leads to:
o — {l+exp( —r) — KT[r =1 +exp( —nl} €a\
+ {exp( —n) + KT[1 — (i = exp( —nNT} ens
o .. . . 3e .. )}
1t is then possible to compute the response to a step E
by using:

eg=E {1l — KT[r+exp( —7) — 1]}

e, — e, — KT[1 —exp ( —7)]’°E
and equation (9) for the later terms.

Alternatively, writing equation (%) as:

e, + Ae, + Be, , =0 22 50 .. {10)
it is possible to use equation (2) for terms later than the
second. Since, in deriving equation (9), it was assumed
that the transmitter frequency had remained constant
for at least two pulses, this equation is not valid for e,
and e, The stability conditions for the system are that

the roots of the characteristic equation should have a
modulus less than unity. These are satisfied if:

fl)=1+4+B>0

f(=)=1—4+B>0
f(0)=B<O0
0>
BAY / /
74 %
03 A\ L
-|kw/ / //
016 / ////// 7 A
: ’ G ve' 2444

0l 02 04 | 2 G 10 20 40 on

Fig. 26. Stability conditions for system with two time-lags.

These conditions have been used to plot the curves of
Fig. 26. The shaded area shows the unstable region.

The interested reader should compare this analysis
with a different approach due to Hurewicz.??

Effect of Component Tolerances on the Performance of an
Extvapolating A.F.C. Loop

Consider the single time-lag system discussed above.
lZquation (i) gives the response to a step-function change
in transmitter frequency as

e, = E (1 — A4y

where e, denotes the tuning error » pulses after the appli-
cation of the step of height E, and .{ denotes the ratio of
the amount the oscillator frequency moves between one
pulse and the next, to the tuning error during the corres-
ponding period. The best performance will be attained
when I = 1, but some deviation from this value must
obviously occur in practice, and it was shown previously
that A may well vary over a range of 10 : 1. 1t is now
proposed to derive an expression showing the effect on
performance of given tolerances on .

As a measure of the efficiency of the system, consider
the number of pulses necessary to reduce e,/E to some
amount '/

IFrom equation (3)

K = (1 — )
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IR s
L. - log 'K _ log Kk

T log (1—4)  log (1—4A) (an

It is necessary to choose g, the gecometric-mean value
of 1. This will be chosen to keep the maximum value of
n as low as possible, by making the performance fall off
equally at both limits of .

Let these limits be ar, a,» where » < |.

Since we are only concerned with the modulus of the
error, the desired condition is given by putting

11 ar 1 —

or a
r? 1

Substituting ar for .4 in equation (11):

. — log K

1 =
log 14
Since 72 < 1

log, Iv

% 1O
2 e 15_ !
I 3 3

If v < 0-5, we may neglect the terms in r%, r!0 etc,,
without introducing a serious error. Thus we may write

1
n = og,Sj
2yt
- o1 1 Rlog, K ,
or, writing [l = - i 2-" (13)

where R is the ratio of the greatest possible value of .1
to the smallest. In other words, the system has a time-
constant equal to, or less than, § R 7, where:

]
T =, —tp)) = ot
It is clear from equation (13) that a good transient
response can only be guaranteed if /¢ can be kept low.
Similar results hold for systems having more than one
time-lag, since, although it is possible to devise circuits
which to some extent compensate for variations in A
when following a smoothly-varying transmitter fre-
quency, it has already been shown that this problem is

not that with which we are concerned.

‘Instantaneous’ A.I-.C. System

This system, discussed previously, attempts to avoid
the fundamental limitation discussed above by arranging
that the a.f.c. behaves, during the pulse, as a normal
negative-feedback system.

Baron’s circuit, shown in I7ig. 2¢ has a peak separation
sufficiently wide to make it possible to neglect the phase
shift in the i.f. amplifier. 1t may be assumed that there
are, in all, three significant time-lags: in the diode loads,
in the ‘clamp’ circuit, and in the anode load of the
subsequent d.c. amplifier. 1t may be shown that the
most economical arrangement makes the time-constant
of two of these circuits equal to each other, while the
third must be much larger in order to ensure stability.
Let the long and short time-constants be ¢, and /,
respectively, and let the gain round the feedback loop
be u. Then if F,is the frequency error at time ¢, and if
F’ is the frequency change produced at the local oscil-
lator, the ‘equation of motion’ is given by (1 4 ¢, D)
(1 + t,D)*F" = uF,

Since f, >, the auxiliary equation may be
simplified approximately to:
Pl 1
3 = pe Lt 0
? lgp + X P oty
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Putting p = 1/t, P (i.e,, changing the time scale so that
t = t,T) we obtain:

P34 2P 4 P4 ptyft, =0 (14)

This equation may be solved graphically by plotting
f(P) = p* + 2p2 4 p in the range 0 » > — 2 (this
being the range within which the system is stable). The
solution for any value of ut, 7, is then obtained direct
from the curve, since upt, t; = —f(P). The system is
critically damped for ut,/t; = 0-14, and the response to a
unit step function for this value and other values of
ulyty are shown in Fig. 27, which is due to C. Baron, as is
an analysis from which the above treatment is derived.

z/ﬁ
L/

CORRECTION TO UNIT STEP

0 s 10 15 20
e,
Fig. 27. Response of ‘Baron’ a.f.c.

Effect of Component Tolerances on the Performance of an
‘Instantaneous’ A.F.C. Loop

Since the main objection to ‘extrapolating’ a.f.c.
systems is the considerable departures from the ideal
performance which are occasioned by the tolerances on
the gain round the feedback loop, it is of some interest to
consider the effect of these tolerances on the system
discussed above.

We first require an approximation to the response of
the system for values of ut, ¢, appreciably higher or lower
than the optimum value. [For low values the response
consists of three exponential terms, and it will be
assumed here that only the slowest of these is important.
Thus it will be assumed that the response is determined
by the smallest root of equation (14). TFor values of
ulyt, greater than 0-14, the equation (14) has only one
real root and the response is oscillatory. It is proposed
to consider the response as determined by the envelope
of this oscillation; i.e., by the real part of the complex
roots.

Equation (14) can readily be solved graphically, as
indicated above. The value of the real part of the com-
plex roots, when these occur, can be found when the
real root, —r say, is known, by using the relation that
the sum of the three roots is minus one times the co-
efficient of #% in equation (14). It follows that the real
part of the complex roots is given by:

r —2

a —

. (15)

Fig. 28 then gives a value of p giving a suitable approxi-
mation to the response of the system to a step function
of unit height in the form

C, =1 c.\:l)( p:) .
2

where C, is the error at time / after the application of the
step. It will be rememberec that, for values of ut,/!,
corresponding to the upper part of the curve, equation
(16) gives the envelope only of the oscillation.

Suppose now that the tolerances on the gain round the

(16)
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loop can be estimated, and that the ratio of the maximum
possible gain round the loop to the minimum is /? say,
where a probable value for /2 is about 10. It is now
necessary to choose the mean value for uf,/t; which gives
the best performance over the range R. Since we are
only concerned with the modulus of the error, it will be

224}
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Fig. 28. Smallest real voot or veal part of complex root of
) P2 bt ou

sufficient to choose the mean value such that the two
extreme tolerances give the same value of p in Fig. 28,
for clearly if any other mean is chosen, the ‘guarantee-
able’ performance will deteriorate. The dotted curve
gives the ratio /2, of the two values of ut,/t, for each
value of p.

The response time-constant p must be chosen to suit
the pulse width and the extent to which it is proposed to
attempt to correct the tuning error during a given pulse.

It will be seen from liig. 27 that, although the Baron
a.f.c. makes possible a more rapid response for given
tolerances, these tolerances have a similar effect on
the response speed to that which they have on the
response of an ‘extrapolating’ servo.
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STANDARD-FREQUENCY TRANSMISSIONS

{Communication from the National Physical Laboratory)

Values for May 1954

Frequency deviation from

nominal: parts in 108 yead ol
Bogs impulses on
1954 — GBR 1000
May MSF 60 ks Droitwich G'M‘:‘It.':'e
1429-1530 200 ke/s signal |
GMT. | 1030 GMT, | Milliseconds
|
1 13 ’ + 4 NM
2 —1-3 + 4 NM
3 12 + 5 NM
4 12 + 4 L 65
5 — 12 ; + 4 5.0
6 -~ 13 + 4 42
7 =9 l + 4 Lo2:5
8 12 +3 NM
9 11 , + 4 NM
10 12 + 4 16
1 — 14 +3 26
12 —1:0 + 4 ' 36
13 — 914 +3 l 4-8
14 13 b 9) { 59
15 1-3 + 4 NM
16 — hkg +5 NM
17 —13 + 4 — 85
18 ’ 13 + 4 92
19 1-2 + 4 10-6
20 1-2 + 4 11-0
21 NM + 4 114
22 ~ 12 f + 4 NM
23 13 + 4 NM
24 —12 +5 - 128
25 =942 +5 126
26 ~ 12 + 4 13-8
27 [ =11 +6 144
28 ' 11 —1 142
29 —=1l1 = 9 NM
30 | NM 2 ‘NM
31 | =T =) | —134

The values are based on astronomical data available on 1s¢ June 1954.
NM = Not Measured.
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NEW BOOKS

Statistical Methods in Electrical Engineering

By D. A. BELL. Pp. 175. Chapman & Hall, 37 Essex
Street, London, W.C.2. DPrice 23s.

Some knowledge of statistics is almost indispensable
for scientists, research workers and ‘technologists’.
Unfortunately, from the point of view of the majority
of these workers, statistics is an essentially mathematical
subject. From the point of view of a mathematician,
like the reviewer, statistics is best treated as a branch of
mathematics. There is a certain amount of fundamental
technique and theory which must be mastered whatever
the application; this includes the practical estimation
of the mean, variance, and other moments, of correla-
tion coefficients, and the theory of various standard
statistical distributions and the relations between them.
But there are some who, perhaps rightly from their
own point of view, regard mathematics as a necessary
evil which they wish to avoid as far as possible. 1f they
are experienced engineers with little previous knowledge
of statistics, they will find Dr. Bell’'s book helpful. For
though Dr. Bell’s style is somewhat involved, and there
are too many confusing parenthetic insertions and
asterisked explanatory footnotes, he has written in a
language readily understood by experienced engineers.
The fundamental technique and theory mentioned above
is covered, but the distinctive part of Dr. Bell’s book is
the relation of statistics to such subjects as waveform
analysis, noise and information theory.

The book arose from a series of lectures to post-graduate
students of Birmingham University: it is not intended
for the undergraduate student, for whom the language
familiar to electrical engineers may require as much
learning as the language of mathematics. There should
not be the present unnatural separation between the
subjects of radio-electricity and statistics, which are in
fact closely related. Dr. Beil’s book is welcome because
it helps to reduce this separation. J. W. H.

Prediction of Optimum Traffic Frequencies

By ING. ProF. RuriNo GEA Sacasa. Pp. 20 with
2 diagrams and 5 nomograms. Obtainable from the
author, El Encimar 10, Madrid, Spain. Price 38s.

For some years the production of ionospheric forecasts
has been an important ancillary service to organizations
engaged in radio communication. The laboratories
responsible for preparing the forecasts usually issue six
charts to represent conditions in the F, layer during
a given month at a particular epoch in the solar cycle.
These charts already' contain approximations and it
would be difficult to reduce their number without a
serious loss of accuracy. In spite of the fact that the use
of such charts is complicated, the tendency o~ the part
of the operational users is to demand higher accuracy
rather than a simpler means of presenting the data.

Prof. Gea Sacasa’s method represents an attempt to
compress into five nomograms all the information
required to make forecasts of the optimum traffic
frequency (f.o.t.) in all parts of the world at any part of
the solar cycle and for any desired month. To achieve
this, a very drastic simplification of what does in fact
occur is inevitable and it is worth pointing out the
implications which are inherent in the use of the
nomograms,

The basic assumption which is made, referred to as
the ‘probable law’, is that the f.o.t. for a 1300-km NS
path is a linear function of time of day and that it
increases until 1400 L.M.T. and falls thereafter. The
functions used are: Morning: f.o.t.= 10 4+ 2n Mc/s;
Evening: f.o.t.= 18 — 2» Mc/s where n = number of
hours after sunrise or sunset as appropriate. From the
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way in which these relations are used, it is possible to
derive from them the implied relations for the critical
frequencies ( f,E, f,F,) of E and F, layers:

Morning: foE = 2-2 4 0-5n Mc/s; foFF', = 3-9 + 0-8» Mc/s
Evening: f,E = 4:0 — 0-5% Mc/s; foF, = 7-0 — 0-8n Mc/s

A representative sample of actual values of f,F, and
its slope at sunrise and sunset has<been taken for 1952;
the mean values of these parameters and their standard
deviations lead to the relations:

Morning: f,F, = 3:5 + 07 + »n(1-2 £ 0-7) Mc/s

Evening: foF, = 5-9 4 1-8 — »(1-0 4- 0-9) Mc/s

1t seems likely that the differences between the observed
relations and those implied by the ‘probable law’ could
be explained in terms of different levels of solar activity.
For this reason it is difficult to see how any single
‘probable law’ can be satisfactory throughout the solar
cycle. Quite apart from this criticism of the method,
potential users of the nomograms must satisfy themselves
that their needs can be met by a triangular wave approxi-
mation for the diurnal changes in f,E and f,F,; and by
the substitution of mean values for parameters whose
standard deviations vary from 209, to 90%, of the mean
value.

Although a compact nomographic technique for
calculating approximate values of f.0.t. would be useful,
it seems fair to suggest that I’rof. Gea Sacasa may have
simplified his approximations to such an extent as to
limit rather severely possible applications of his method.

C. M. M.

Thermionic Valves

By A. H. W. Beck, B.Sc.{Eng.), AM.LLE.EE. Pp.
570 + xvi. Cambridge University Press, 200 Euston
Road, London, N.W.l. Price 60s.

This book is in three parts. The first covers the
physical theory of electronics in three chapters on
thermionic emission, secondary, field and photoelectric
emission, and fluorescence and phosphorescence. The
second provides the mathematical theory of electronics
and covers electrostatic fields, electrostatic and magnetic
electron optics of fields without space charge, space-
charge flow and the diode, transit-time effects and
fluctuation noise in valves. In the third part, types of
valve are discussed and there is one chapter on triodes
for low and medium frequencies, another on multigrid
receiving valves and a third on transmitter valves.
The interest then shifts to the higher frequencies in
chapters covering velocity-modulated valves, triodes at
ultra-high frequencies, travelling-wave tubes and beam
interaction tubes, magnetrons and  picture convertors
and storage tubes.

The book is intended mainly for ‘‘graduates with a
first degree in physics or clectrical engineering and those
who are starting independent work in this field, either
in industry or in the various post-graduate courses on
electronics”’.

Mathematics are freely used throughout, but not for
their own sake. There are many consecutive pages of
reading matter with no sign of an equation. It is, how-
ever, true to say that a good mathematical knowledge is
necessary to follow a great deal of the discussion.

Ordinary types of valve are treated somewhat briefly,
but not cathode-ray tubes nor gas-filled types. The whole
emphasis is on valves for the higher frequencies.

Radio Research 1953
Report of the Radio Research Board for 1953. Pp.

40 + iv. Published for D.S.I.R. by H.M. Stationery
Office, York House, Kirosway, London, W.C.2. Price
1s. 9d.
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Laplace Transforms for Electrical Engineers

By B. J. StarxEy, DiplIng., VM.LELE. Pp. 2749,
Published for Wireless Fngineer by lliffe & Sons, Ltd.,
Dorset House, Stamford Street, London, S.E.1. Price 30s.

In the first two chapters, this book deals with the
symbolic method, [FFourier transformations, generalized
impedances and cisoidal oscillations and, in Chapter 3,
introduces the Laplace transform. Its application to
electrical circuits comes in Chapter 4 and the next four
chapters cover functions of a complex variable, inte-
gration in the complex plane, classification of functions
of a complex variable and further analysis of contour
integration. Chapters on Laplace transformation, its
applications and theorems, the use of the inverse
Laplace transformation and the generalization of the
theory follow.

The book is intended for engincers rather than for
the mathematician and the author claims to have used
a physical rather than a mathematical vocabulary.

Applied Electronics Annual 1953-1954

Edited by R. E. Braisg, \.M.Brit.].R.E.
British-Continental Trade Press, Ltd., 222
London, W.C.2. Price 20s.

Pp. 257.
Strand,

Discrete Sources of Extra-Terrestrial Radio Noise

Special Report No. 3 of the International Scientific
Radio Union. Pp. 56. Available from the General
Secretariat of the U.R.S.1., 42 Rue des Minimes, Brussels,
Belgium. Price 75 fr.

Index to “Proc.I.E.E.”, 1942-51

\ 10-year index to the Proceedings of the Institution
of [Llectrical Engineers, covering Parts 1, 1.\, II, 11\
111, 1I1A and Monographs (i.e., Part 1V). It includes
author and subject indexes. I’p. 500. The Secretary,
The Institution of Electrical Engineers, Savoy Place,
London, W.C.2. IP’rice 25s.

Handbook of Industrial Electroplating (2nd Edition)

By E. A. OLrLarp, A.R.CS., I'.R.I.C, I".I.M., and
E. B. SsutH. Pp. 364. Published for \Vetal Industry, by
Iliffe & Sons, Ltd., Dorset House, Stamiord Street,
London, S.EE.1. Price 30s.

The Oscilloscope at Work

By A. Haas and R. W. HarLows, M.\ (Cantab.),
M.ILE.E. Pp. 171 with 102 diagrams and 217 oscillo-
grams. PPublished for Wiveless World by lliffe & Sons,
Ltd., Dorset House, Stamford Street, London, S.1<.1.
Price 15s.

This book was originally published in France. It has
been translated and enlarged, and covers the form and
applications of the general-purposc oscilloscope.

OBITUARY

It is with deep regret that we have to announce the
leath on 2Ist June of I'rancis Morley Colebrook after a
short illness. Born in 1893, Mr. Colebrook was educated
at Birkbeck College, London, and the City and Guilds
College. He was with the Radio Division of the National
Physical l.aboratory from 1926-1949 when he became
Officer-in-Charge of the Electronics Section.

He has contributed to Wireless IEngineer and Wireless
World and was the author of ‘‘Basic Mathematics for
RRadio Students”. Since 1946 he has been a member of
the Wireless Engineer Lditorial Advisory Board

As announced elsewhere, he was appointed an Ofticer
of the Order of the British Empire in this year’s Birthday
Honours.

194

NATIONAL BUREAU OF STANDARDS:
Statistical Theory of Extreme Values and Some Practical
Applications

By E. J. GuumBEL. National Bureau of Standards
Applied Mathematics Series 33. Pp. 51. Price 40 cents.

Optical Image Evaluation

Proceedings of Symposium held
National Bureau of Standards Circular 526.
Price $2.25.

October 1951
Pp. 289

Tables of Lagrangian Coefficients for Sexagesimal Inter-
polation

National Bureau of Standards \pplied Mathematics
Series 35. Pp. 137. Price $2.

Table of Secants and Cosecants to Nine Significant Figures
at Hundredths of a Degree

National Bureau of Standards Applied Mathematics
Series 40. Pp. 46. Price 35 cents.

Effective Radio Ground-Conductivity Measurements in the
United States

By R. S. KirBy, J. C. Harmaxn, [
R. N. JoxEes. National Bureau of Standards Circular
546. Pp. 87. Price 65 cents.

The National Burean of Standards’ publications can
be obtained from the Government Printing Ofhce,
Washington 23, D.C., U.S.A. One-third of the publi-
cation price should be added to cover postage.

M. Capps and

BIRTHDAY HONOURS

In the Birthday Honours List, Major-General L. B.
Nicholls, C.13., C.B.IZ., M.I.LE.E. (Chairman of Cable &
Wireless) is appointed K.C.M.G.

T. E. Goldup, M.1.E.IZ. (Director, Mullard, Ltd., and
Chairman of the Board of Governors of the Ministry of
Supply School of [Llectronics at Malvern), has been
appointed a Commander of the Order of the British
Empire.

E. M. Colebrook, B.Sc., \.C.G.l., D.I.C. (Officer in
charge of the Iilectronics Division, National Physical
Laboratory), becomes an Officer of the Order of the
British Empire.

\. 1. Forbes Simpson of the radio equipment design
department in the Coventry works of the General Electric
Co., L.td. becomes a Member of the Order of the British
Empire.

INSTITUTE OF PHYSICS

Sir John Cockcroft (Director of the Atomic Energy
Research Establishiment, Harwell) was recently elected
President of the Institute of Physics. G. R. Noakes
(Assistant Master, ['ppingham School) was elected Vice-
President. Dr. S. \Whitehead and Dr. B. P. Dudding
were re-elected Honorary Treasurer and Honorary
Secretary respectively.

INSTITUTION OF ELECTRONICS EXHIBITION

The ninth annual Electronics Exhibition is being
held at the Manchester College of Technology, Sackville
Street, Manchester, 1, from 14th-20th July. It will be
open on Wednesday, 14th July, from noon to 10 p.m.
and on other days (except Sunday) from 10 a.m. to
10 p.m. except Saturday, 17th July, when it will close at
7 p.m. The exhibition will be in two sections, one cover-
ing scientific and industrial research items and the other
commercial apparatus.

Tickets are obtainable from \W. Birtwistle, 78 Shaw
Road, Thornham, Rochdale, l.ancs.
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ACOUSTICS AND AUDIO FREQUENCIES
534 4 621.395.61/.62] : 061.3 1977

Proceedings of the First I.C.A. [International Com-
mission on \coustics Congress on Electroacoustics.
(Acustica, 1954, Vol. 4, No. 1, pp. 1-308.) Text of papers
presented at the congress held in the Netherlands, June
1953. See also 28335 of 1953.

534.6 : 621.375 1978

Use of Variable-Gain Amplifiers in Acoustic Measure-
ments.—A. Moles. (Rev. gén. Elect., Jan. 1954, Vol. 63,
No. 1, pp. 36-52.) Two methods of use are distinguished,
namely (a) for maintaining a constant intensity of
sound from the test source, and (b) for obtaining response
curves of a sound source or detector or of an intervening
transmission medium. Applications to the investigation
of the acoustics of halls and of the transmission properties
of partitions, etc., are described. See also 3767 of 1947.

534.75 : 621.3.018.78 1979

The Audibility of Linear Distortion of Natural /musical]
Sounds.—N. Mayer. (Funk u. Ton, Jan. 1954, Vol. 8,
No. I, pp. 1-6.) Subjective tests were made using music
reproduced by a loudspeaker associated with a variable-
frequency-response amplitier. The least perceptible
decrease of the mean amplitude over an octave is 4 db
in the medium and high a.f. range and 10 db at the low-
frequency end of the range.
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534.84 : . 1980
Behaviour of Sound in a Room with Absorbent Walls.—
S. Eutizi. (Alta Frequenza, Feb. 1954, Vol. 23, No. 1,

pp. 3-15.) The equation of propagation for a parallelepi-
pedal room with absorbent walls is obtained in a form
involving a series expansion, and an explicit third-
approximation solution is given for a cubic room. Reson-
ance frequencies and reverberation times are calculated
for some examples. An improved formula is derived for
calculating Sabine’s absorption coefficient.

534.862.4 1981

Measurement and Evaluation of the Interference
Effect of Noises.—IZ. Belger. (Fernmeldetech. Z., Jan.
1954, Vol. 7, No. |, pp. 25-32.) Report of subjective
tests of the effect of warbled or interrupted tones and of
thermal noise with a bandwidth of a musical third
superimposed on reproduced music.

621.395.61 1982
Experiments on the Construction of a ‘One-Dimensional’
Directional Microphone.—G. Kurtze. (Zech. Mitt.
schweiz. Telegy.-TelephVerw., lst Jan. 1954, Vol. 32, No.
1, pp. 27-31.) An arrangement in which sound arriving
from undesired directions is suppressed by interference is
achieved by mounting a slotted tube on the front of an
ordinary microphone. A modification which is frequency
independent within certain limits is also described.
Calculated and measured polar diagrams are shown.

621.395.61 : 5334.321.9 1983
Modulation of Ultrasonic Standing Waves in Air.
L. Pimonow. (dnn. Télécommun., Jan. 1954, Vol. 9,
No. 1, pp. 24-28.) Standing waves from a single ultrasonic
source may be modulated by a Lf. source, e.g. the human
voice. A ‘gas-microphone’ arrangement based on this
principle is described, having 3% modulation depth at
30 kc/s. The device will not operate at frequencies
below 15 ke;s. Theory is developed to explain the

phenomena.

621.395.623 7 : 534.321.9 1984

Marked Demodulation in Air of Two Ultrasonic Waves
of Difterent Frequencies.—S. Klein. (A4unn. Télécommun.,
Jan. 1954, Vol. 9, No. I, pp. 21-23) See 958 of April
(Maulois)

621.395.625.3 : 621.385.832 1985

Investigation of Core Structures for the Electron-Beam
Reproducing Head in Magnetic Recording.— ). W.
Gratian. (Trans. Inst. Radio Engrs, Jan./I'eb. 1954,
Vol. AU-2, No. 1, pp. 27 38.) .An investigation has been
made of factors contributing to losses at the upper end of
the frequency range in the electron-tube magnetic pickup
described by Skellett et al. (11 of January). Strip-type
structures have been designed for the external cores; an
output of the order of 0-2V and a frequency range of
about | c¢/s 15kefs is obtained with a tape speed of
10 in./s.
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AERIALS AND TRANSMISSION LINES

621.315.212 1986

The Evaluation of Cable Irregularities at Very High
Frequencies—W. \W. H. Clarke & J. D. S. Hinchliffe.
(Proc. Insin elect. Engrs, art 1V, Feb. 1954, Vol. 101,
No. 6, pp. 55-60. Digest, ibid., Part 111, Jan. 1954, Vol.
101, No. 69, pp. 44-46.) “The magnitude and distribution
of cable irregularities are related statistically to the end-
to-end input-impedance difference under conditions
involving a large number of wavelengths and appreciable
attenuation. The manner of variation of the measured
quantities with frequency and irregularity magnitude
and distribution is revealed. These relationships are
shown in the form of master curves for a particular cable
on the assumption of exponential fault correlation.”

621.372 1987
Coupling of Modes of Propagation.—]. R. Pierce.
(J. appl. Phys., Feb. 1954, Vol. 25, No. 2, pp. 179-183.)
“When two lossless modes of propagation are coupled,
waves wlich increase or decrease with distance may arise
when the power flow of the two modes is in opposite
directions or when power is generated in the coupling
device. This behavior is claracteristic of wave filters,
traveling-wave tubes, double-streain amplifiers, and
space-charge-wave amplifiers. Suclt behavior is analysed
assuming linearity and conservation of energy only.”

621.372.2 1988

Designing Surface-Wave Transmission Lines.—G.
Goubau. ([ilectronics, April 1954, Vol. 27, No. 4, pp. 180
184.) The theory of the surface-wave line is outlined and
the effects of precipitation are discussed. Measurements
have been made at about 250 Mc/s on a 2-mile line with a
loss of 6 db per mile, and at about 2 kMc/s on a 130-ft
aerial feeder line with a total loss of about 2 db. Design
graphs are given for lines using polyethylene-coated Cu
wire. Launching loss is also considered; best results were
obtained using a horn with an inner conductor tapering
down 1o the line diameter.

621.372.2 : 621.396.67 1989

Foundations of an Exact Theory of the Wave Field of a
Transmission Line.—G. A. Grinberg & B. E. Bonshtedt.
(Zh. tekh. Fiz., Jan. 1954, Vol. 24, No. 1, pp. 67-953.)
The propagation of e.m. waves along a straight conductor
of circular cross-section, located above and parallel to the
surface of a plane homogencous earth is considered
theoretically. The exact solution is derived first, then
approximate solutions arc found and the eltect of the
earth on the field above it is calculated. The complex
velocity of propagation along the conductor, the effective
parameters of the line and wave field near the earth are
also calculated. The solutions by Sommerfeld, Mie,
Pollaczek (Elekt. NuachrTech., 1927, Vol. 4, pp. 295-304 &
515 525) and others are briefly discussed.

621.372.2.029.64 1990

Microstrip — A New Transmission Technique for the
Kilomegacycle Range.—D. ). Grieg & 1. I'. lingelmann.
(Proc. Instn Radio Engrs, Ausl., Jan. 1954, Vol. 15, No.
1, pp. 13-19.) Reprint. See 621 of 1953.

621.372.8 1991
Transmission and Matching Theory of Homogeneously
Guided Waves.—F. J. Tischer. (Avch. elekt. Uberiragung,
Jan. & Feb. 1954, Vol. 8, Nos. 1 & 2, pp. 8-14 & 75-84)
Mathematical expressions for propagation in waveguide
systems are derived-directly from Maxwell’s equations.
The orthogonal curvilinear coordinate system is used.
Particular cases considered include propagation in
cylindrical systems and the effects of terminations,
inhomogeneities, discontinuities and coupling.
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621.372.8 1992
Propagation of Microwaves through a Cylindrical
Metallic Guide filled Coaxially with Two Different
Dielectrics: Part 4—S. K. Chatterjee. (J. Indian Inst.
Sci., Section B, Jan. 1954, Vol. 36, No. 1, pp. 1-13.) The
field components and propagation constants for hybrid
modes are derived theoretically. PPart 3: 1671 of June.

621.372.8 1993

Representation of the Electromagnetic Field in a
Waveguide with Absorbent Walls.——M. De Socio. (R. C.
Accad. naz. Lincei, Jan. 1954, Vol. 16, No. I, pp. 63-68.)
Analysis is given for a system comprising plane parallel
conductors with a homogeneous dielectric filling the space
between them. The ficld can be represented by two super-
imposed evanescent plane waves, of which the one can be
considered as the reflection of the other at the walls of the
interspace.

621.396.67 1994

Radiation Resistance and Gain of Homogeneous Ring
Quasi-Array.—H. L. Knudsen. (Proc. Inst. Radio Engrs,
April 1954, Vol. 42, No. 4, pp. 686-695.) Continuation of
analysis presented previously (2570 of 1933). Ring
arrays of tangential or radial dipoles are considered. To
simplify the calculation of gain and radiation resistance
the number of dipoles is assumed to be infinite. The
method of calculation is similar to that of Foster (46 of
1945), who investigated the particular case of constant
phase round the ring, and is also related to that of Page
(1862 of 1948) for axial dipoles.

621.396.676 1995
Designing Flush Antennas for High-Speed Aircraft. -
. V. N. Granger. (Electronics, March 1954, Vol. 27, No.
3, pp. 136-140) A general discussion of the design
problems encountered.

621.396.677.3.091.22 1996

A New Method of Measuring the Gain of Linear-Array
Antennas.—S. Uda & Y. Mushiake. (Sci. Rep. Kes.
Inst. Tohoku Univ., Ser. B, Dec. 1952, Vol. 4, No. 1,
pp- 51-65.) A method of calculating the gain of lincar
aerials from the measured radiation patterns in the
equatorial plane is briefly described. The necessary
formulae, which involve sine power-series and use of
Simpson’s summation rule, are derived. An alternative
graphical method is indicated. The methods are partic-
ularly applicable to the Yagi-Uda type aerial.

621.396.677.4 1997
Radiation from a Ground Antenna.—]. R. Wait.
(Canad. J. Technol., Jan. 1954, Vol. 32, No. 1, pp. 1-9.)
Theory of the wave aerial is developed and possible
alternative modes of operation are discussed. Curves are
presented for determining radiation characteristics.

621.396.677.8 : 538.52 : 537.311.5 1998

On the Current induced in a Conducting Ribbon by a
Current Filament Parallel to it.—. B. Moullin. (Proc.
Instn elect. Engrs, Part |V, I'eb. 1954, Vol. 101, No. 6,
pp. 7-17.) Tull paper. See 704 of March

621.396.677.832 1999

Measurements on Corner-Reflector Aerials.—G. Burk-
hardt. ([Fernmeldetech. Z., Feb. 1954, Vol. 7, No. 2, pp.
55--56.) Curves are presenied showing variation of gain
with distance a between dipole and vertex, at 50-70 cm 2,
for 60 ' and 72 corner-reflector aerials, for values of ¢ up
to 2X and 1-6X respectively. Ior wide-band aerials a
reflector angle of 72° is better than one of 60 or 90°
because the gain variation is not so great. See also 2224
of 1953 (Harris).
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621.396.677.85 2000
Tolerances in Parameters of Microwave Lenses,—D. H.
Shinn & T. C. Cheston. (Marconi Rev., 1st Quarter 1954,
Vol. 17, No. 112, pp. 1-9.) Lenses comprising metal
plates or square metal tubes are considered. Formulae
for the constructional and electrical tolerances derived by
Risser (Microwave Antenna Theory and Design, chapter
11) are generalized and extended. Some.consistent errors
can be corrected by refocusing. Tolerances in phase-
corrected reflectors are treated in an appendix.

621.396.677.85 2001

Secondary Beams from Metal Lenses.—T. C. Cheston.
(Marconi Rev., 1st Quarter 1954, Vol. 17, No. 112, PP-
10-15.) Microwave lenses of parallel-plate or square-
tube type are considered, and the conditions for the
occurrence of secondary beams are derived using
diffraction-grating theory. A sphero-ellipsoidal lens is
less liable to generate secondary beams than is a plano-
ellipsoidal or a plano-hyperboloidal lens. For scanning
over wide angles it is impractical to design lenses free
from secondary beams, because the required low value of
refractive index is undesirable from the point of view of
matching.

AUTOMATIC COMPUTERS

681.142 2002

Partial Drift Compensation in Electronic D.C. Analog
Computers for Differential Equations.—L. E. Lafgren.
(Appl. sci. Res., 1954, Vol. B4, Nos. 1/2, pp. 109-123.)
A method particularly suitable for computers with time-
shared elements is described. The number of compensa-
tion points can be much smaller than the number of
drift sources. The method is illustrated by describing the
compensation of a machine for computing direction
cosines.

681.142 2003

Analog Computing by Heat Transfer. . H. Savet.
(Tele-Tech, Feb. 1954, Vol. 13, No. 2, pp- 101, 122))
Mutltiplier, divider, a.c. integrating and differentiating
circuits are described, based on the use of a thermal
transducer. This transducer consists basically of a pair
of heater elements each one of which is in thermal
contact with one of a pair of temperature sensing ele-
ments mounted in a Wheatstone bridge circuit. Appro-
priate application to the heater elements of two electrical
input signals creates a temperature difference proportional
to their product between the sensing elements.

681.142 2004

FOSDIC — A Film Optical Sensing Device for Input to
Computers.—(Tech. News Bull. nat. Bur. Stand., Feb.
1954, Vol. 38, No. 2, pp. 24-27.) An instrument is
described for processing written records, such as answers
to questionnaires. Marks made with ordinary pen or
pencil at special locations on microfilm are converted into
electrical pulses, by means of a flying-spot scanning
system. The pulses are recorded on magnetic tape for
input to the computer. See also Tele-Tech, Feb. 1954,
Vol. 13, No. 2, pp. 78=79. . 140.

681.142 2005

Fast-Acting Digital Memory Systems.—I. L. Auerbach.
(Elect. Mfg, Oct. & Nov. 1953, Vol. 52, Nos. 4 & 5, pPP-
100-107 & 136-143.) A survey of moderate- and high-
speed storage techniques for digital computers.

681.142 : 538.221 2006

Penetration of an Electromagnetic Wave into a Ferro-
magnetic Material.—A. Papoulis. (J. appl. Phys., Feb.
1954, Vol. 25, No. 2, pp. 169-176.) An investigation of
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the magnetization of metallic-ribbon toroidal cores with
rectangular hysteresis loop, used as computer storage
elements. Approximate solutions are obtained for the
field inside the core under different conditions of loading.
Theoretical and experimental output waveforms show
close agreement for high magnetizing force and thickness
of core material > 0-5 mil.

681.142 : 538.221 : 621.318.134 2007

Ferromagnetic Spinels with Rectangular Hysteresis
Loops.—I. ]J. Hegyi. (/. appl. Phys., Feb. 1954, Vol. 25,
No. 2, pp. 176-178.) Tests made on materials of different
composition show MgO.3MnFe,O, to be most suitable
for magnetic storage elements. For rings of outside
diameter 55 mil, inside diameter 35 mil, the coercive
force is about 3 oersteds and switch-over time 0-3 us.
Rings of 0-5-cm outside diameter have a lower coercive
force.

681.142 : 621-526 2008

Servo Control of the Position and Size of an Optical
Scanning System.—T. Kilburn & E. R. Laithwaite.
(Proc. Instn elect. Engrs, Part IV, Feb. 1954, Vol. 101,
No. 6, pp. 129-134.) “A method of controlling the posi-
tion and size of a television-type raster relative to arbitrary
references by means of four servo mechanisms is described.
One of the applications of such a system is that of a
reading device for punched cards. A system for reading
any one of a stack of cards without removing the selected
card has been developed using the servo-controlled
raster. The design of the servo mechanisms for this
application is described in detail.”

681.142 : 621.3 (084.2) 2009
Electronic-Circuit Technique for a High-Speed Com-
puter.—G. Piel. (Onde élect., Jan. 1954, Vol. 34, No.
322, pp. 38-46.) Commonly used computer-circuit units
based on a triode or Ge diode are represented by a symbol
indicating the unit and its mode of operation. The
functions of different combinations of the basic units are
listed and their application in a serial binary-scale
computer is illustrated using the notation described.

681.142 : 621.318.572 2010
New Flip-flop Chain Circuits used in Computers for
counting to Base 10 and Base 12.—]. J. Bruzac. (Onde
élect., Jan. 1954, Vol. 34, No. 322, pp. 59-62.) Modifica-
tions to the Potter decade arrangement are described.

681.142 : 621.372 2011

An Improved Experimental Iteration Method for Use
with Resistance-Network Analogues.—G. Liebmann &
R. Bailey. (Brit. /. appl. Phys., Jan. 1954, Vol. 5, No. 1,
pp. 32-35.) A development of the method previously
described by Liebmann (2839 of 1952). The error signals
for a number of network nodes are displayed simul-
taneously on a c.r.-tube screen, so that it is always
possible to work on the worst error instead of making
adjustments cyclically.

681.142 : 621.374.5 \ 2012

The Mercury-Delay-Line Storage System of the Ace
Pilot Model Electronic Computer.—E. A. Newman, D. O.
Clayden & M. A. Wright. (Proc. Instn elect. Engrs,
Part TI, Feb. 1954, Vol. 101, No. 79, p. 65.) Discussion on
61 of January.

681.142 : 621.375.2.024 2013

Time-Shared Amplifier stabilizes Computers.—D. W,
Slaughter. (Electronics, April 1954, Vol. 27, No. 4, pPp-
188-190.) Drift in the d.c. operational amplifiers of
analogue computers is reduced by connecting them
periodically to the output of an auxiliary stabilizing
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amplifier. The advantages of using a direct-coupled
rather than a chopper type of amplifier for this purpose
are indicated. Circuit details are described, including the
switching and filtering arrangements

CIRCUITS AND CIRCUIT ELEMENTS

534.321.9 : 534.213 : 621.396.6 2014

Metal Ultrasonic Delay Lines.—R. W. Mebs, J. H.
Darr & J. D. Grimsley. (/. Res. nat. Bur. Stand., Nov.
1953, Vol. 51, No. 5, pp. 209-220.) An experimental
investigation was made with the object of finding a metal
or alloy suitable for the transmission of 10-Mc/s pulses at
temperatures between —50°C and 4 200°C with a delay
< 50 ps independent of temperature. The effect of
various constructions, crystal attachment methods
and materials, and treatment of the delay-line material
was investigated; the results are tabulated and shown
graphically. An isoelastic iron alloy containing ~ 36%
Ni, 7-8% Cr and other minor constituents, used
with overcured epoxy-resin quartz-crystal attachments,
gave the best transmission characteristics. A shorter
account of the work is given in Tech. News Bull. nat. Bur.
Stand., March 1954, Vol. 38, No. 3, pp. 38-39.

$21.3.015.3.: 517.942.82 2015
The Calculation of Transients in Dynamical Systems.—
Ward. (See 2163.)

621.3.018.75 : 621.387.4 2016
A Stable High-Speed Multichannel Pulse Analyzer.-
E. Gatti. (Nuovo Cim., 1st Feb. 1954, Vol. 11, No. 2, pp.
153-162. In English.) Pulse selection in each channel is
accomplished by a single discriminator whose threshold
is set at a height corresponding to the upper boundary of
the channel, the channel width being determined by

suitably shaping the incoming pulses.

621.316.726.029.6 : 621.376.3 2017

Frequency Discrimination and Stabilization of Square-
Wave Modulated Microwave Transmissions.—C. H. M.
Turner. (Proc. Instn elect. Engrs, Part 1V, Feb. 1954,
Vol. 101, No. 6, pp. 61-72.) Full paper. See 652 of March.

621.316.729 2018

Pulling Effect in Synchronized Systems.—Z. Jelonek,
O. Celinski & R. Syski. (Proc. Instn elect. Engrs, Part 1V,
Vol. 101, No. 6, pp. 108-117. Digest, ibid., Part 111, Vol.
101, No. 69, pp. 50-52.) Synchronization of a valve
oscillator with a low-pass filter in the feedback loop is
considered, and the phase-equation method of analysis
applied, with parameters M and T, proportional to the
detuning and to the filter time-constant respectively.
For |M] < 1, the operating point lies within the syn-
chronization range, but the system remains in the
asynchronous state (i.e., pulling effect exists) for values
of | M| greater than a critical value M,. Tor M} < M,
the system is synchronized, and, if this is an initial con-
dition of the system, synchronization will be maintained
for values of [M| up to unity. A graph of the pulling
function, i.e., the relation between M, and T, obtained in
part by analysis, in part from experiment, is shown.
The case of a limiter in the feedback loop is also con-
sidered.

621.8316.8.029.5 2019

The Design of a Radio-Frequency Coaxial Resistor.—
C.T. Kohn. (Proc. Instn elect. Engrs, Part 1V, Feb. 1954,
Vol. 101, No. 6, pp. 146-153. Digest, ibid., Part 111,
Jan. 1954, Vol. 101, No. 69, pp. 48-50.) Characteristics
of the cylindrical coaxial resistor, intended for use as a
reflection-free termination, are discussed and design
curves given. The jacket diameter is chosen to maintain
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the resistive component of the resistor at the required
value. The reactive component may be compensated in
two ways. The first, suitable for resistor lengths < 0-08A,
consists in undercutting the line. The second requires the
insertion of a short-circuited transmission line in series
with the resistor, and will give either perfect compensa-
tion over a restricted frequency range, or less accurate
compensation over a wider range. The effect of the
holder is taken into account.

621.318.4 . 2020
Iron-free Cylindrical Coils with Reduced External
Field.—G. Kirschstein. (Arch. Elektrotech., 1954, Vol. 41,
No. 4, pp. 222-230.) The design of coils with zero
magnetic moment is described and the necessary formulae
are given. The arrangement consists of three coaxial
coils connected so that the outer coil produces a field
opposing that of the two inner coils and of such magnitude
as to reduce the external field to nearly zero. The internal
field is approximately equal to that of the innermost coil
alone. Coils of this type are useful, e.g., for focusing
electron beams, for magnetic measurements and for
inductance standards. See also Phys. Z., 15th IFeb. 1940,
Vol. 41, Nos. 3/4, pp. 53-535 (Steinhaus & Kussmann).

621.318.423 2021

Design of High-Frequency Coils for High Currents.—
E. Karger. (Funk u. Ton, Jan. 1954, Vol. 8, No. 1, pp-
7-18.) A practical guide to the design of single-layer air-
cored cylindrical coils and a short-circuit variometer.
The dissipation of heat, electrical breakdown potential,
and the various losses are considered. Formulae, tables
and an inductance/coil-dimensions nomogram are given.

621.319.4 2022

The Performance of Dried and Sealed Mica Capacitors.—
G. H. Rayner & L. H. Ford. (/]. sci. Instrum., Jan. 1954,
Vol. 31, No. 1, pp. 3-6.) Good stability has been achieved
in an 0-01-xF capacitor by drying it for a year and then
mounting it in a sealed container. The interdependence
of the variations of capacitance and power factor over the
frequency range 10 ¢/s-10 ke/s is discussed.

621.319.45 2023

Tantalum Electrolytic Capacitors.—Nguyen Thien-Chi
& J. Vergnolle. (Ann. Radioélect., Jan. 1954, Vol. 9,
No. 35, pp. 83-97.) A general review of types of electro-
lytic capacitors and problems of design, manufacture
and testing of Ta types. Data are presented for three
C.S.F. capacitors, having volumes of 1-7, 1-1 and 0-5 cm3,
with average capacitances of 50, 25 and 12 uF respectively
at 70-V operation.

621.372 2024

Normalization of the Frequency Dependence of Imped-
ance and Amplifier Circuits: Outline of Generalized
Circuit Theory.—K. H. R. Weber. (NachrTech., Jan.
1954, Vol. 4, No. 1, pp. 13-19.)

621.372 : 517.63 2025

Some Observations on Time considered as a Complex
Variable.—E. C. Cherry. (Onde élect., Jan. 1954, Vol. 34,
No. 322, pp. 7-13.) Results of applying this concept in
Fourier and Laplace transformations are examined, and
its application to the analysis of transients is discussed.
A practical interpretation of reversing the real-time/
complex-frequency relation is given with reference to
echo phenomena.

621.372 : 621.314.7 2026

The Transistor as a Network Element.—J. T. Bangert.
(Bell Syst. tech. J., March 1954, Vol. 33, No. 2, pp. 329-
352.) The use of transistors for (a) reduction of dissipa-
tion, (b) elimination of inductance, (¢) production of
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delay, (d) inversion of impedance is discussed. lmnprove-
ments in performance can be achieved which would
otherwise e unobtainable or uneconomic.

621.372 : 621.396.822 : 530.162 2027

The Brownian *Movement of Linear and Nonlinear
Systems.—D. K. C. MacDonald. (Phil. Mag., Jan. 1954,
Vol. 45, No. 360, pp. 63-68.) The application of
Brownian-movement analysis to systems with a non-
linear relaxation mechanism (e.g., electrical conductivity)
is considered. A\ statistical hypothesis is proposed which
enables a calculation to be made of the Brownian
movement and corresponding frequency spectrum of such
systems. The results are relevant to the study of elec-
trical noise.

621.372 : 621.396.822 : 530.162 2028

Note on the Theory of Brownian Motion in Nonlinear
Systems.—D. Polder. (Phil. Mag., Jan. 1954, Vol. 45,
No. 360, pp. 69 72.) The hypothesis advanced by
MacDonald (2027 above) is shown to be not self-consistent.

621.372.5 2029
A New Method of Synthesis of Reactance Networks..
A. Talbot. (Proc. Instn elect. Engrs, Part IV, Feb. 1954,
Vol. 101, No. 6, pp. 73-90. Digest, ibid., Part 111, Jan.
1954, Vol. 101, No. 64, pp. 46-48.) Since the chain
matrix of a cascade combination of quadripoles is the
product of the individual chain matrices, and since
synthesis of a complicated network by the insertion-loss
method involves obtaining a number of simple sections to
be connected in cascade, the chain matrix is chosen for
this purpose. A method of factorizing any realizable
chain matrix into two such matrices of lower orider is
presented. Repeated factorizations ultimately yield
sections simple enough to be synthesized. The method
involves only simple algebra and a new theorem con-

cerning reactance and impedance functions.

621.372.5 2030

Lumped-Parameter Delay Lines.—H. Feissel. (Onde
élect., Jan. 1954, Vol. 34, No. 322, pp. 33-58) The
application of rigorous filter theory to delay lines com-
prising a series of coaxial coils is difficult owing to the
coupling between nonadjacent coils. An experimental
method of obtaining frequency characteristics is outlined.
The latter can be corrected by connecting a capacitor
across adjacent coils. Filter theory is applied to give an
indication of suitable capacitance values.

621.372.5 : 621.3.015.3 2031
Monotonic Transient Response.—0. P. D. Cutteridge.
(Proc. Instn elect. Engrs, Part 1V, I'eh. 1954, Vol. 101,
No. 6, pp. 46-54. Digest, ibid., I’art 111, Jan. 1954, Vol
101, No. 69, pp. 43-44.) Restrictions are derived which
must be placed on the poles and zeros of the system
function of a linear system with lumped constants in
order that the response of the system to a step-function
drive shall be monotonic. System functions having up to
three zeros are considered. A method of dealing with
systems containing more than three zeros is explained.

621.372.5 : 621.3.018.78 2032

Distortion of Arbitrarily Shaped Curves by RC Sections.
—E. William. (Funk u. Ton, Jan. & Feb. 1954, Vol. 8,
Nos. 1 & 2, pp. 3046 & 87-99.) A method is given of
calculating the distortion by an RC network of any signal
which is expressible as the sum of a power series and
terms containing exponential functions of the circuit
time constants. Tables and nomograms are given for
calculating the output form given the input curve, and
vice versa, for rectangular, trapezoidal, triangular,
parabolic and exponential-type pulses.
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621.372.51 : 621.396.67 2033

Matching Circuits for Asymmetrical Wire Aerials.—
A. Simon. (Frequenz, Feb. 1954, Vol. 8, No. 2, pPp. 48—
56.) A comparison of various types of aerial coupling
circuits used particularly at medium and long wave-
lengths, and of the ease of adjustient for use at different
frequencies. The discussion shows that the most advan-
tageous circuits consist of two variable reactances used
in conjunction with an impedance meter. Examples of
this type for use at 1-5 12 Mc/s or at medium waves are
shown.

621.372.512 2034

Action of Periodic Telegraphy Signals on Cascaded
RLC Resonant Circuits.—]. Marique. (Rev. HF,
Brussels, 1954, Vol. 2, No. 9, pp. 233-244.) The response
to rectangular, trapezoidal and sine-squared pulses of a
cascaded arrangement of up to three similar tuned
circuits is investigated theoretically and the results
compared with the response of a single tuned circuit
(3241 of 1953). The effect of bandwidth and signal
repetition frequency is studied from the point of view of
using the circuit for I"ourier analysis and for reception of
telegraphy.

621.372.54 2035

Explicit Formulae for the Calculation of Filter Circuits
with Generalized Parameters.—\'. Fetzer. (drch. eleht.
Ubertragung, Jan. 1954, Vol. 8, No. I, pp. 31-46.) An
extension of previous work (1543 of 1952) to the anti-
metrical low-pass, the symmetrical and the antimetrical
band-pass characteristic functions and the determination
of the transmission factor.

621.372.54 2036
The Smoothing of Loss Attenuation in Basic Types of
Ladder Filter.—H. Matthes. (/°vequenz, Dec. 1953, Vol.
7, No. 12, pp. 360-368 & Jan. 1934, Vol. 8, No. |, PP-
17-28.) The characteristics of basic and terminating half-
sections with losses are derived from image-parameter
theory, and the results applied to show how the attenua-
tion can be smoothed by introducing mismatch at the
end of the filter or by inserting series and/or shunt
resistors at properly chosen points within the network.

621.372.54 : 621.3.015.3 2037

The Transient Response of R.F. and LF. Filters to a
Wave Packet.—A. W. Gent. (Proc. Instn elect. Engrs,
Part IV, IF'eb. 1954, Vol. 101, No. 6, p. 164.) Discussion
on 963 of 1953.

621.372.56 2038

A Stable Voltage-Controlled Logarithmic Attenuator.—
G. E. Boggs. (/’roc. Inst. Radio Engrs, April 1954, Vol.
42, No. 4, pp. 696-700.) The variable-impedance element
is a triode operated so that the cathode impedance
varies approximately inversely as the transconductance.
Stabilization is achieved by the use of d.c. feedback with
a suitable increase in loop gain. Design procedure is
given for both high- and low-input types. Experimental
results are discussed.

621.372.6 2039

Design of RC Wide-Band 90-Degree Phase-Difference
Network.—D. IX. \Veaver, Jr. (Proc. Inst. Radio Engrs,
April 1954, Vol. 42, No. 4, pp. 671 676.) The arrange-
ment comprises two all-pass networks, as described by
Orchard (1356 of 1950). The pole-zero pairs are first
determined so as to give the 90° difference of phase shift
over the frequency band, and the networks are syn-
thesized from the response functions thus found. Design
procedure is detailed step by step and is illustrated by a
numerical example. Notes on construction and align-
ment are included.
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621.372.8 : 538.614 2040
A Nonreciprocal Microwave Component.—M. L. Kales,
H. N. Chait & N. G. Sakiotis. (/. appl. Phys., June 1953,
Vol. 24, No. 6, pp. 816-817.) In the presence of a steady
magnetic field the permeability of a ferrite is an asym-
metrical tensor. This property is applied in the construc-
tion of a nonreciprocal device comprising a waveguide in
which a ferrite block is arranged asymmetrically and
parallel to the axis, a static magnetic field being applied
transversely. Experimental results are given.

621.373.4 2041
Valve Oscillators with Voltage-Controlled Frequency
Dependence.—H. Wilde. (Frequenz, Jan. 1954, Vol. 8,
No. 1, pp. 1-7.) A discussion of various circuits in which
reactance is varied by application of control voltage, and
a comparison of their performance in respect of band-
width and output at medium and high frequencies.

621.373.42 2042
Ultra-Low-Frequency Three-Phase Oscillator.—G.
Smiley. (Proc. Inst. Radio Engrs, April 1954, Vol. 42,
No. 4, pp. 677-680.) An oscillator for the frequency
range 0-01 c/s-1 kc/s uses three identical networks each
comprising a polystyrene capacitor and a stable resistor,
in a star arrangement radiating from the power supply
The circuit is in effect a three-stage amplifier, oscillations
occurring at the frequency for which the phase shift is
60° in each RC network. Use is made of the Miller effect
to keep down the size and cost of the frequency-deter-

mining elements.

621.373.42.029.55/.62 : 621.318.572 2043

Electronically-Tuned Wide-Range Oscillator.—D. D
King & R. L. Konigsberg. (Electronics, March 1954, Vol.
27, No. 3, pp. 184-186.) A helical transmission line with
Ge diodes mounted at intervals of A/4 is used as tuning
element in a Colpitts circuit. Tuning is accomplished by
applying a switching pulse to a selected diode to short the
line. The five tuning positions give frequencies of about
8:6, 14, 22, 34 and 46 Mc/s respectively. The length of
helical line required is very much less than that of a
parallel-conductor line for the same frequency. Satis-
factory operation of an experimental model was achieved
at switching rates up to 1 000 pulses/sec.

621.373.421 2044

Perturbations of a Nonlinear Filtered Oscillator.—
G. Cahen. (Onde élect., Jan. 1954, Vol. 34, No. 322,
pp- 80-89.) Analysis, summarized earlier (1279 and 1624
of 1953), of the effect of a disturbance on the behaviour of
an oscillator comprising a nonlinear amplifier, feedback
loop and low-pass filter. See also 972 of 1953 (Cahen &
Loeb).

621.373.421.029.4/.51 2045

Audio Oscillator uses New RC Design.—]J. H. Owens.
(Electronics, March 1954, Vol. 27, No. 3, pp. 176-177.)
A signal generator covering the range 11 ¢/s~100 kc/s in
four bands has both low-pass and high-pass RC filters
incorporated in the feedback loop to give good frequency
stability and good waveform. Amplified a.g.c. is in-
cluded in a commercial adaptation of the circuit

621.374 : 621.314.632 : 546.289 2046
“Positive-Gap’’ Germanium Diode.-Reeves. (See
2256.)

621.374 : 621.396.82 2047

Noise Discriminator for Periodic Signals.—R. L.
Conger & L. E. Schilberg. (Rev. sci. Instrum., Jan. 1954,
Vol. 25, No. 1, pp. 52-54.) The periodic signal, of any
waveform, is applied through a phase inverter to one pair
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of terminals of a resistance bridge including two diode
rectifiers. Periodic pulses are applied to the other pair of
bridge terminals. During each pulse the diodes are un-
blocked and the signal passes to an integrating circuit
with an adjustable time constant. 1f the pulse frequency
is slightly greater than the signal frequency the output
obtained has the waveform of the noise-free input signal
and a much lower frequency; random noise, mains
interference and any other disturbance of a frequency
which is not a multiple of the signal frequency will not be
reproduced. The unit was designed for use with nuclear
magnetic resonance apparatus.

621.374.4 : 621.373.421.13 2048

Subharmonic Crystal Oscillators.—M. O. Thompson,
Jr, C. E. Tschiegg & M. Greenspan. (Rev. sci. Instrum.,
Jan. 1954, Vol. 25, No. 1, pp. 8-12.) The operating fre-
quency of a relaxation oscillator can be stabilized at a
submultiple of a crystal frequency. In a conventional
blocking oscillator with a crystal connected across the
third winding of the pulse transformer, frequency division
by factors up to several thousand can be effected. A
multivibrator with crystal between anode and grid of one
valve gave good frequency and pulse-width stability
when operating with a division factor of 100. Details of
these two circuits are given; three others have been
examined, namely a screen-coupled-phantastron, a
thyratron and a transistor circuit.

621.375 : 534.6 2049
Use of Variable-Gain Amplifiers in Acoustic Measure-
ments.—Moles. (See 1978.)

621.375.132.018.78 2050

Harmonic Distortion and Negative Feedback.—E. E.
Zepler. (Wireless Engr, May 1954, Vol. 31, No. 5, pp.
118-121.) Different methods of defining gain in relation
to the output-voltage/input-voltage characteristic of an
amplifier are discussed; for a nonlinear amplifier it is
reasonable to base the definition on the average slope.
A method is indicated for constructing the characteristic
of the amplifier with feedback from that of the amplifier
without. Distortion can be reduced by means of feed-
back even for flat regions of the characteristic; this
result is in disagreement with that of Rowlands (2278 of
1953). Detailed analysis is given for several types of
amplifier.

621.375.2.018.%75 : 621.373.431.1 2051

Application of the Multivibrator Principle in Counter-
Tube Amplifiers.—\V. Kroebel & G. Stutzer. (Z. angew.
Phys., Jan. 1954, Vol. 6, No. 1, pp. 14-19.) A description
is given of a pulse amplifier based on a multivibrator
circuit, which gives an output pulse of amplitude 180 V
with a leading-edge slope of 11 x 107° sec/V for a 0-3-
mV input pulse.

621.375.222 2052

Cathode-Coupled Valves.—T. . Brady. (Wireless
Engr, May 1954, Vol. 31, No. 5, pp. 111-114.) A graphical
method 1s described for investigating cathode-coupled
amplifiers. The method is demonstrated in relation to a
circuit using a Type-ECC33 twin triode, and involves the
construction of composite load lines on the anode
characteristics. An initial trial solution must be found to
determine the voltage across the cathode resistor in the
quiescent case.

621 375.232.3 2053

An A.C. Cathode-Follower Circuit of Very High Input
Impedance.—]. R. Macdonald. (Rev. sct. Instrum., Feb.
1954,vVol. 25, No. 2, pp. 144-147.) A push-pull amplifier
for the range 102-10% ¢/s is described. Each half of the
input consists of a cathode follower with gain approxi-
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mately unity with a constant-current cathode load
constituted by a further valve. The effect of grid-anode
capacitance in the input valve is reduced by driving the
anode by another cathode follower in series with it.
Input capacitance is << 0-3pF and input resistance
>4 x 10°Q up to 3-2 ke/s. Circuit modifications to
obtain zero or negative input capacitance are explained.

621.375.3 2054
Flux Preset High-Speed Magnetic Amplifiers. C. B.
House. (Elect. I:ngng, N.Y., Jan. 1954, Vol. 73, No. 1,

p- 51.) Digest of paper to be published in Trans. .dmer.
Inst. elect. IZngrs, 1953, Vol. 72.

621.375.3 2055

Parallel-Connected Magnetic Amplifiers.—S. !1. Clow.
(J. appl. Phys., Feb. 1954, Vol. 25, No. 2, pp. 216 221))
A complete analysis, based on a single-valued 13/H
relation, is made for three types of load: resistive, induc-
tive and capacitive. Transient response is considered.
Analysis of feedback amplifiers shows clearly the ‘jump’
phenomenon in the output characteristic.

621.375.4

High-Frequency Transistor Amplifiers.—\V. 17. Chow.
(Electronics, April 1954, Vol. 27, No. 4, pp. 142-145))
Transistor equivalent circuits appropriate for h.f. wide-
band operation are presented. [nput and output imped-
ance and power gain for grounded-base and grounded-
emitter arrangements are discussed. The design of an
i.f. amplifier using four n-p-n transistors is described as
an example; the bandwidth is 14 kc/s centred at 455 ke/s,
and the gain is I8 db per stage.

621.375.4 2057
Transistor Equations using h-Parameters.-C. C
Cheng. (Electronics, April 1454, Vol. 27, No. 4, pp. 191-

192, 194.) Transistor circuit calculations are simplified
by making use of fundamental parameters for the four-
terminal network corresponding to the base-input
common-emitter circuit. Circuit equations in terms of

these parameters are tabulated for the three basic
configurations.
621.375.4 2058

Practical Two-Stage Transistor Amplifiers.—R. L.
Riddle. (Electronics, April 1954, Vol. 27, No. 4, pp. 1649
171.) The effects of feedback and choice of coupling
circuits are discussed. [Ixperimentally determined
operating characteristics are presented for the three most
useful arrangements, (¢) grounded-emitter to grounded-
emitter, (b)) grounded-base to grounded-emitter, and (¢)
grounded-collector to grounded-emitter, using com-
mercially available junction transistors.

621.375.4 2059
Design of Transistor Power Amplifiers.—S. K. Ghandhi.
(Electronics, March 1954, Vol. 27, No. 3, pp. 146-149.)
Methods are outlined for obtaining maximum power
output consistent with acceptable distortion. Factors
considered include stage gain and power supply. Using
values obtainable with the GE2N34 p-n-p transistor, two
numerical examples are warked out, (a) a class-\ push-
pull grounded-base arrangement for a 100-m\V low
distortion a.f. amplifier, and (b) a class-13 grounded-
emitter arrangement for a 300-m\\’ output stage.

621.375.4.024 2060
Temperature-Compensated D.C. Transistor Amplifier.
E. Keonjian. (Proc. Inst. Radio Ingrs, April 1954,
Vol. 42, No. 4, pp. 661 671.) The variation of transistor
parameters with temperature is discussed. Compensation
can be provided by using temperature-sensitive resistors.
A description is given of an experimental d.c. amplifier

compensated in this way. Sec also 1367 of May.

1954
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621.376.5 : 621.385.029.6 2061

Pulse Formation and Supply for Magnetrons.—H. G.
Bruijning. (Tijdschr. ned. Radiogenoot., Jan. 1934, Vol.
19, No. 1, pp. 11-23.) Discussion of the design of a
modulator capable of handling pulses of the order of
30 A at 30 kV with a duration of 1 us and a repetition
rate of 1000 per sec. The method of pulse formation
used is based on the slow charging and rapid discharging
of a capacitor. The use of artificial lines for pulse shaping
is described. If a pulse transformer is used, the charging
voltage need not be unduly high.

621.396.6 2062

Trends of Development in the Field of Electrical Com-
ponents for Telecommunication.—P. Henninger. (Fre-
quenz, Dec. 1953, Vol. 7, No. 12, pp. 345-359, & Jan.
1954, Vol. 8, No. 1, pp. 7-17) Component design is
considered from the point of view of the physics and
chemistry involved in meeting the requirements of (a)
operation over a particular frequency band, (b) operation
under conditions of prescribed current waveform and
intensity, (¢) operation under peak loads, (d) operation at
low loss, (¢) operation under given ambient conditions,
(f) operation under restrictions of tolerance, (g} stability
and durability.
621.396.6 : 061.4 2063

Components Exhibition. Trends in Developments
Portrayed at the R.E.C.M.F. Show.—(Wireless World,
May 1954, Vol. 60, No. 5, pp. 206-210.) A review of the
exhibition held in London, April 1954.

6$21.396.6.002.2 2064
Printed-Circuit Design Sources.—(Elect. 3 fg, Dec.

1933, Vol. 52, No. 6, pp. 129-132..316.) A detailed guide

to commercial design and manufacturing sources

available in the U.S..\.

621.396.6.002.2.001 .4 2065

Standardization of Printed Circuit Materials.—\V.
Hannahs, J. Caffiauz & N. Stein. (Tele-Tech, Feb. 1954,
Vol. 13, No. 2, pp. 68-70..153.) Results of tests on
metal-clad plastic laminates for (a) thermal endurance
under simulated manufacturing conditions, (b) adhesion
variation between the centre and the edge of the sheet, (¢)
bond strength during solder dipping and hand soldering,
(d) cffects of dust, are shown graphically. These and
other types of bond-strength tests are discussed from the
point of view of establishing quality standards and
standard conditions of test. The positioning of com-
ponents to avoid bond stress, and the proper choice of
operating temperatures are also considered.

GENERAL PHYSICS

537.122 2066
A Theory of the Electron.—1I. T. Illint & L. M.
Williamson. (Nwuovo Cim., 1st I'eh. 1954, Vol. 11, No. 2,

pp. 188-199. In English.} An essentially classical theory
is proposed by analogy with the gravitational theory of
matter; it is based on equations of the form snggested by
Mie in 1912. The mass of the electron is accounted for by
means of the energy of the ficld.

537.311.5 : 621.3.015.3 2087
Diffusion of Pulsed Currents in Conductors.—L. M.
Vallese. (/. appl. Phys., Feb. 1954, Vol. 25, No. 2, pp.
225-228.) Theoretical investigation of the density distri-
bution and the equivalent depth of penetration of a
transient current, for the case of a plane TEM wave
incident normally upon a plane conductor. Particular
pulse waveforms are considered. See also 1900 of 1950.
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537.52 2068

The Decay of the Space Charges in Intermittent
Discharges in Neon and Argon.—D. Brini & P. Veronesi.
(Nuovo Cim., 1st Dec. 1953, Vol. 10, No. 12, pp. 1662—
1672. In English.) The influence of the gas pressure and
electrode separation on the decay of the space charges is
investigated experimentally. The decay times for both
neon and argon appear to be of the order of 1072 sec, and
are nearly proportional to the pressure over the range of
measurement (about 1-40 Torr). Possible explanations
of these values are discussed, and the various regions of
the static characteristic are related to the functioning of
counters and periodic discharges.

537.523 2089

The High-Pressure Glow Discharge in Air.—W. A.
Gambling & H. Edels. (Brit. J. appl. Phys., Jan. 1954,
Vol. 5, No. 1, pp. 36-39.) Report of observations on the
glow discharge in air at a pressure of about 760 mm Hg,
between Cu and W electrodes; characteristics are given
for discharge lengths of 0-8 mm and currents of 0-01-
05 A.

537.525.5 : 621.396.822 2070

Spectrum Intensities and Radio Frequency Noise in a
D.C. Hydrogen Arc.—S. E. Willilams & V. Maslen.
(Nature, Lond., 20th Feb. 1954, Vol. 173, No. 4399, pp.
361-362.) R.f. noise generated by the arc was reduced by
shunting the arc with a capacitor; this caused an incidental
modification of the ultraviolet spectrum. The results
suggest a connection between the noise intensity and the
distribution of energy among the electrons.

537.533 : 546.74 2071
Investigation of the Electron Emission from Nickel.—
G. V. Spivak & A. Gel'berg. (C. R. Acad. Sci. U.R.S.S.,
21st Jan. 1954, Vol. 94, No. 3, pp. 455-458. In Russian.)
Experiments show that the work function of a single
crystal of Ni, reduced in hydrogen, is higher above the
Curie point than below it. Thisresult isshown graphically.
Field strengths of about 6 X 107 V/jcm were used in
measurements of electron emission from a point source.
Photographs of the emission patterns are shown.

537.56 2072

A Note on the Formula for the Mobility of Electrons
with Mean Free Path varying with Velocity.—P. M.
Davidson. (Proc. phys. Soc., 1st Ieb. 1954, Vol. 67, No.
410B, pp. 159-161. Correction, ibid., 1st March 1954,
Vol. 67, No. 411B, p. 279.) A correct generalized
formula is derived for the electronic drift velocity in
an ionized gas, taking the Townsend-Ramsauer effect
into account.

537.582 2073

Theory of the Work Function of Metals.—\V. Oldekop
& F. Sauter. (Z. Phys., 25th Jan. 1954, Vol. 136, No. 5,
pp- 534-546.) The polarizing action of individual elec-
trons on the distribution of the remaining electrons in the
conduction band is investigated by means of extended
Thomas-Fermi statistics and the effect on the magnitude
of the work function is calculated. In alkali metals the
work function is determined largely by this polarization
effect (image force) and only slightly by the electrostatic
double-layer at the metal boundary.

538.248 2074

Fluctuation Magnetic After-Effect.—]. C. Barbier.
(Ann. Phys., Paris, Jan.[Feb. 1954, Vol. 9, pp. 84-140.)
Thesis, based on Néel’s theory, on the irreversible after-
effect in ferromagnetic materials which is identified with
the residual loss. Earlier reports of the work were noted
in 2237 of 1952 and 1661 of 1950, in which it should have
been stated that the square root of the remanent magnet-
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ization is proportional to the logarithm of time elapsed
from the suppression of the field and to the logarithm of
the duration of application.

538.3 2075

Self-Consistent Electrodynamics.—O. Buneman. (Proc.
Camb. phil. Soc., Jan, 1954, Vol. 50, Part 1, pp. 77-97.)
“The idea of direct action between streams is applied to
a continuous charged fluid and combined with the new
formulation of the electrodynamical laws of motion in
terms of conservation of circulation. A simple and
rigorous integrated formulation is thus obtained from
the Maxwell-Lorentz differential equations, applicable
to co-existing positive and negative fluids, as well as
vacuum. Exact solutions are obtained, among them
one which represents self-consistent, self-maintained
flow in a hollow tubular region of infinite axial extent.
It is hoped this tube might be bent into a torus and that
an electron model will result from merely quantizing
the one or two vortices around which this flow-pattern
circulates.”

538.52 : 537.311.5 : 621.396.677.8 2076

On the Current induced in a Conducting Ribbon by a
Current Filament Parallel to it.—E. B. Moullin. (Proc.
Instn elect. Engrs, Part 1V, Feb. 1954, Vol. 101, No. 6,
pp. 7-17.) Full paper. See 704 of March.

538.56 : 535.422 2077

On the Complete Theory of Difiraction of Electric
Waves by a Perfect Conducting Wedge.—Y. Nomura.
(Sci. Rep. Res. Inst. Tohoku Univ., Ser. B, Dec. 1952,
Vol. 4, No. 1, pp. 29-50.) Continuation of work ab-
stracted in 374 of 1952. The analysis is revised and
completed, and errata are corrected.

538.566 : 535.42 2078

Diffraction of Electromagnetic Waves by an Aperture
in a Large Screen.—]. H. Crysdale. (/. appl. Phys.,
Feb. 1954, Vol. 25, No. 2, pp. 269-270.) Bekefi's
approximate formula (709 of March) is derived simply
by another method.

538.569.4.029.65 : 535.33 2079

One-to-Two Millimeter Wave Spectroscopy: Part 4 —
Experimental Methods and Results for OCS, CH;F, and
H;0.—W. C. King & W. Gordy. (Phys. Rev., 1st Feb.
1954, Vol. 93, No. 3, pp. 407-412.) Continuation of
work reported previously (2623 of 1953). Multiplier and
detector performance were greatly improved by using
crystals small compared to the wavelength to be detected.
A new tuning technique based on known absorption
lines was developed. Measurements made included
that of a new water-vapour line at 183-31130 4 0-00030
kMc/s.

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.2/.8 : 621.396.822] : 621.396.621 2080
A D.C. Comparison Radiometer.—Seclove. (See 2205.)

523.746 2081

Revised Data for the Mean Sunspot Curve.—W.
Gleissberg. (Naturwissenschaften, Feb. 1954, Vol. 41,
No. 4, p. 82.) When the data for the present nearly
concluded 11-year cycle are included with those for the
seventeen preceding cycles, the mean curve exhibits a
slightly steeper rise and a slightly shallower fall, thus
increasing its asymmetry.

523.746 : 550.386 2082

Controls of Geomagnetic Activity by Sunspots.—
U. Becker & J. F. Denisse. (/]. atmos. terr. Phys., March
1954, Vol. 5, No. 1, pp. 70-72.) Becker (Z. Astrophys.,

WIRELESS ENGINEER, JuLy 1954



1953, Vol. 32, p. 195) showed that a decrease of magnetic
activity occurs when two sunspots or groups of sunspots
are symmetrically located on the solar disk with respect
to the solar equator. On the basis of this work and that
of Denisse (2642 of 1953), it should be possible to fore-
cast each year, on an average, about 80 perturbed and
75 quiet days.

523.854 : 621.396.822 2083

Identification of the Most Powerful Discrete Sources of
Radio Emission of the Galaxy with the Residua of Super-
novae Exploded in the Last 2000 Years.—I. S. Shklovski.
{C. R. Acad. Sci. U.R.S.S., 21st Jan. 1954, Vol. 94, No.
3, pp. 417-420. In Russian)) v

550.38 : 551.510.535 : 621.396.11 2084
Experimental Determination of the Total Intensity of
the Terrestrial Magnetic Field in the Lower Region of the
Upper Atmosphere (E Layer).—M. Cutolo. (Nuovo Cim.,
Ist July 1953, Vol. 10, No. 7, pp. 915-925.) Fuller
account of work described previously (720 of March)

551.510.535 2085

Plasma Theory of the Ionosphere.—I. Lucas & A.
Schlitter. (Awrch. elekt. Ubertragung, Jan. 1954, Vol. 8,
No. 1, pp. 27-30.) The basic equations for the dynamic
and electrical behaviour of the ionosphere are derived
from the theory of a neutral plasma, and are used to
investigate the problems of diffusion of the plasma at
layer boundaries, e.m. damping of air movements and
tidal oscillations of the ionosphere.

551.510.535 2086

Electron Density in the Upper Atmosphere and
Interpretation of the h’f Curves of Ionosphere Virtual
Height: Part 2.—F. Mariani. (4d#nn. Geofis., Oct. 1953,
Vol. 6, No. 4, pp. 533-553.) A calculation is made of
the optical path of a wave reflected by a Chapman
layer with a semithickness 2-5 H (where H is the scale
height). Comparison of the results with those obtained
previously (3598 of 1953) indicates that the lower half
of such a layer is closely approximated by a parabolic
layer of semithickness 1-5 H. The electron density
distribution is investigated for regions of superposition
of the F, and true F, layers, taking recombination into
account. The linear superposition formula used previously
is found to be inadequate and is replaced by the formula
N = (N,* 4+ N,?3%, where N, and N, are the independent
densities of the F, and the true F, layers.

551.510.535 2087
A Tentative Model of the Equilibrium Height Distribution
of Nitric Oxide in the High Atmosphere and the Resulting
D Layer.—A. P. Mitra. (J. atmos. terr. Phys., March
1954, Vol. 5, No. 1, pp. 28-43.) Two possible processes
for the production of NO are considered, (a) three-body
recombination with O, and (b) photodissociation of N,O
into N and NO. The distribution of known constituents
of the atmosphere in the 50-100-km range is discussed,
and the NO height distribution derived for the two
possible production processes. D-layer ionization
characteristics are satisfactorily explained, assuming
photoionization of NO at A << 1 300 A, and the electron
distribution is derived, both for the case of photo-
chemical equilibrium of NO and for a nonequilibrium
distribution under the condition of complete mixing

551.510.535 2088

The Determination of the Electron Density Distribu-
tion of an Ionosphere Layer in the Presence of an External
Magnetic Field.—]. M. Kelso. (]. afmos. terr. Phvs.,
March 1954, Vol. 5, No. 1, pp. 11-27.) ““The electron
density distribution is determined by finding the actual
heights at which waves of various frequencies are
reflected. These true heights are obtained from experi-
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mental k’-f curves by obtaining the exact solution, as a
convergent series of integrals, of the integral equation
giving the group height as a function of frequency.
The errors arising in the numerical work are shown by
applying the procedure to #’-f curves obtained
theoretically from layers of known shape, and such
errors are seen to be small compared with those made
through use of other procedures.”

551.510.535 2089

Regularities in the F Region of the Ionosphere.—
B. Chatterjee. (Nature, Lond., 6th Feb. 1954, Vol. 173,
No. 4397, pp. 263-264.) Justification of the assumptions
made in 407 of February is presented.

551.510.535 : 551.543 2090

Correlation between Variations of Surface Pressure
and Ionospheric Parameters.—M. R. Kundu. (Indian J.
Phys., May 1953, Vol. 27, No. 5, pp. 235-243.) A
statistical analysis was made of meteorological and
ionospheric data obtained at Calcutta during the period
iY48-i95i. Correiation between variations oi 1onosphere
parameters and of surface pressure was found at least
for some months of the year. The results are in agree-
ment with those obtained in Australia by Martyn &
Pulley (Proc. roy. Soc. A, 1936, Vol. 154, p. 455).
Previously proposed tentative explanations based on
variations of ozone content or the effects of circulation
in the troposphere are examined; further data are
required in order to assess their correctness.

551.510.535 : 551.55 2091
Recent Advances in the Study of Ionospheric Winds.—
L. A. Manning. (Bull. Amer. metl. Soc., Nov. 1953, Vol.
34, No. 9, pp. 401-405.) The radio-fading method
developed by Mitra (96 of 1950) and the meteor-trail-
echo method developed by Manning et al. (3052 of
1950) for investigating ionospheric winds are briefly
reviewed, and results so far obtained are discussed.

551.510.535 : 621.396.11 2092

The Effect of Sunrise on the Reflection Height of Low
Frequency Waves.—S. B. Brown & W. Petrie. (Canad.
J. Phys., Jan. 1954, Vol. 32, No. |, pp. 90-98.) The
observed sudden changes of phase and amplitude of
16-kc/s waves transmitted over distances of 540 km
are discussed in relation to the geometry of the system
at the change-over from night-time to daytime refiection
height (95km and 70 km respectively). The effect
cannot be due to photoionization of atmospheric
molecules, but may be due to the removal of electrons
from negative oxygen ions by visible and near-infrared
radiation; calculations are presented giving support to
this view. The rate of fall of the reflection height is
discussed.

551.594.13 : 551.508.11 2093

Measurement of the Electrical Conductivity in the
Upper Air by Radiosonde.—S. P. Venkiteshwaran,
B. K. Gupta & B. B. Huddar. (Proc. Indian Acad. Sci.
A, Aug. 1953, Vol. 38, No. 2, pp. 109-115.) Description
of a measurement technique using the Gerdien con-
ductivity apparatus in conjunction with a valve electro-
meter and an a.f.-modulated American type radiosonde.

551.594.21 2094

Generation of Electricity in Thunderstorms.-—B. J.
Mason. (Elect. Times, 4th Feb. 1954, Vol. 125, No,
3248, pp. 159-163.) A general account of the origin and
nature of lightning.

551.594.6 : 538.566 2095

The Higher-Order Modes in the Propagation of Long
Electric Waves in the Earth-Air-Ionosphere System and
Two Applications (Horizontal and Vertical Dipole).—
Schumann. (See 2195.)
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LOCATION AND AIDS TO NAVIGATION

621.396.93 : 621.396.663 2096

Investigation of the Interference Field of Electro-
magnetic Waves with a C.R. Direction Finder.—].
Pietzner. (Fernmeldetech. Z., Feb. 1954, Vol. 7, No. 2,
PP. 80-84.) Description of a system for determining
the directions of two interfering transmitters operating
on the same frequency. The Adcock- and vertical-
aerial systems are used in conjunction with a goniometer
so that the signals applied to the Y and X plates of the
c.r.o. are the signals received effectively by aerials with
cardioid and figure-of-eight polar diagrams respectively.
The two goniometer settings at which the c.r.o. trace
reduces to a straight line are ¢, and ¢,—¢,~180°, respec-
tively, where ¢, and ¢, are the bearings for the two trans-
mitters.

621.396.962.3 : 621.396.621 2097

Use of Superregenerative Receivers as Intermediate-
Frequency Amplifiers for Pulsed Radar Reception.—
S. Marmor. (Onde élect., Jan. 1954, Vol. 34, No. 322,
pp- 73-79.) Operating principles of a superregenerative
receiver for pulse reception (481 of 1952) are outlined.
Its performance at a wavelength of 3-2 cm is compared
with that of a conventional superheterodyne receiver.
Typical p.p.i. and Type-A displays in the two cases are
compared.

621.396.962.3 : 621.396.822 2098
The Minimum Usable Signal in Radar Reception and
its Improvement by Certain Correlation Techniques.—
L. Gérardin. (Onde élect., Jan. 1954, Vol. 34, No. 322,
pp- 67-72.) The definition of minimum usable signal in
terms of signal/noise ratio and probability of detection
is discussed. Experimental results obtained at a wave-
length of 10cm, using a 12-in. c.r. tube with p.p.i.
display, are in agreement with calculations reported by
Ross (1653 of 1951). For a p.p.i. display, under normal
conditions the minimum usable signal is the tangential
signal, viz. a signal 8 db above r.m.s. noise power.
Principles of design of linear and nonlinear filters
effectively increasing signal/noise ratio are outlined.

621.396.962.38 2099

Secondary Surveillance Radar.—D. A. Levell. (Wireless
World, May 1954, Vol. 60, No. 5, pp. 227-230.) An
experimental system tried at London Airport uses
an interrogation frequency of 1-215 kMc/s and a
response frequency of 1-375 kMc/s. The interrogating
signal comprises three 1-us pulses, (a) a reference pulse
actuating gating circuits in the airborne transponder,
(b) a control pulse, and (¢) the interrogator pulse proper.
The separation between the leading edges of (a) and (b)
is 5 us and that between the leading edges of (a) and (¢)
is 16 us. (a) and (c) are produced by the same oscillator
and radiated from the same directional aerial, (b) is
produced separately and radiated omnidirectionally.
When the received control pulse exceeds the following
interrogator pulse by more than 3 db the interrogator
pulse is prevented from passing through the gate.
Side-lobe responses are thus prevented.

621.396.963.325 2100

Circular Radar cuts Rain Clutter.—W. D. White.
(Electronics, March 1954, Vol. 27, No. 3, pp. 158-180.)
A 1-3-kMc/s radar unit was modified for use with
circularly polarized radiation by covering the dish-
shaped reflector with wire mesh. Improvements in
target/precipitation ratio varying from 8 to 25 db were
obtained. The adverse effect of ground reflections is
noted. Details are given of the statistical method used
In measurements on aircraft targets.
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621.396.969.33 -+ 621.396.969.36 2101

A Survey of Five Years’ Progress in Marine Radar.—
F. J. Wylie. (/. Inst. Nao., Jan. 1954, Vol. 7, No. 1,
pp- 59-77.)

MATERIALS AND SUBSIDIARY TECHNIQUES

531.788.7 2102

Ultra-High Vacuum: Part 2 — Limiting Factors on
the Attainment of Very Low Pressures.—D. Alpert &
R. S. Buritz. (]. appl. Phys., Feb. 1954, Vol. 25, No. 2,
pp- 202-209.) Continuation of work reported in 3603 of
1953 (Alpert). Calibration of the Bayard-Alpert ioniza-
tion gauge shows that its characteristic is linear over
most of its useful range, 5 x 101°-10-8 mm’ Hg. The
achievement of very low pressures in glass systems is
limited ultimately by diffusion of atmospheric He
through the walls. A simplified omegatron [Phys. Rev.,
Ist June 1951, Vol. 82, No. 5, pp. 697-702 (Sommer et
al.)] has been developed for the measurement of partial
pressures in a highly evacuated system

535.215 : 546.817.221 2103
Bulk Photoconductivity in Lead Sulfide.—D. E. Soule
& R. ]J. Cashman. (Phys. Rev., 1st Feb. 1954, Vol. 93,
No. 3, pp. 635-636.) Preliminary results of experiments
at 77°K on three cleaved synthetic PbS crystals are
reported. The crystal surface was scanned by a light spot
and the resulting photocurrent measured. Current
maxima were found at points on the crystal at which
internal potential barriers were known to exist.

535.215.3 : 538.639 : 546.289 2104

Contribution to the Study of the Photomagnetoelectric
Effect in Germanium.—H. Bulliard. (4Aun. Phys., Pavis,
Jan./Feb. 1954, Vol. 9, pp. 52-83.) Detailed report of a
theoretical and experimental investigation. See also
2015 and 2016 of 1953 (Aigrain & Bulliard). Values for
the coefficient of volume recombination and the surface
recombination velocity are calculated.

535.3 : [546.817.22]1 4 546.817.231 + 546.817.241 2105

Further Measurements on the Optical Properties of
Lead Sulphide, Selenide and Telluride.—D. G. Avery.
(Proc. phys. Soc., Ist Jan. 1954, Vol. 67, No. 409B, pp.
2-8.) Continuation of earlier work (2018 of 1953).
Measurements have been made at wavelengths up to
6 u, using reflection techniques. Temperature effects on
PbS and the effects of baking in an O, atmosphere are
discussed.

535.34 :[537.311.31 + 537.311.33 2106

On the Theory of Optical Absorption in Metals and
Semiconductors.—R. Wolfe. (Proc. phys. Soc., 1st ]Jan.
1954, Vol. 67, No. 409A, pp. 74-84.) A quantum-
mechanics method is described for calculating the
effect on the optical absorption of any of the factors
responsible for electrical resistance. The electrons
scattered by imperfections in the crystal lattice are
considered to absorb light by a photoelectric process.
The results calculated, using a first-order approximation,
for the case where the conduction electrons are scattered
by dissolved impurities are similar to those obtained
using semi-classical theory in which the current set up
by the light is assumed to be damped by the impurities.
For semiconductors, the new method gives much lower
absorption values than the semiclassical method. The
use of exact wave functions for the very slow electrons
in semiconductors would give greatly increased absorp-
tion coefficients.

535.37 2107

Emission Spectra of DMultiply Activated Electro-
luminescent Materials.—G. Destriau. (J. Phys. Radium,
Jan. 1954, Vol. 15, No. 1, pp. 13-15.) The spectra are
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composed of bands associated respectively with the
different activators. The electroluminescence spectra
may be very different from the fluorescence spectra, and
are greatly influenced by the frequency and intensity of
the exciting field.

535.37 2108

Periodic Variations of Brightness in Electro-
luminescence and in Luminous Surface Effects.—G.
Curie & D. Curie. (J. Phys. Radium, Jan. 1954, Vol
15, No. 1, pp. 61-62.) The observed phase shift of electro-
luminescence brightness variations with respect to the
exciting field is interpreted as supporting the view that
electroluminescence is essentially a volume rather than
a surface ‘effect.

535.37 2109

Temperature Dependence of the Electroluminescence
of ZnS and ZnO Phosphors.—H. Gobrecht, D. Hahn &
H. E. Gumlich. (Z. Phys., 25th Jan. 1954, Vol. 136,
No. 5, pp. 623-630.) Further investigations (see 2110
below) revealed an electrothermoluminescence effect in
variously activated ZnS and ZnO phosphors, the
luminescence/temperature curve exhibiting maxima at
a number of points when the phosphor is slowly heated
from — 100°C to room temperature. The positions of
the maxima are independent of field strength and
frequency. On eooling, luminescence increases mone-
tonically over a large part or the whole of the temperature
range.

535.37 : 537.228 2110

Electroluminescence of Various Phosphors and its
Dependence on the Strength and Frequency of the
Alternating Electric Field.—H. Gobrecht, D. Hahn &
H. E. Gumlich. (Z. Phys., 25th Jan. 1954, Vol. 136,
No. 3, pp. 612-622.) Electroluminescence was produced
in phospliors at — 100°C by using alternating fields of
strengths between 10¢ and 10° V/cm and frequencies
between 100 c/s and 10 ke/s. Results show that Zn and
Cd sulphides and ZnO are excited more easily than
other materials, that oxidizing pre-treatment of the
sulphides reduces their electroluminescence field-strength
threshold, and that luminescence can be excited in other
materials by a glow-discharge caused by the field.
Several criteria for distinguishing true electro-
luminescence from this latter case are given. The
intensity of electroluminescence increases with field
strength and frequency. Possible causes of these
phenomena are discussed.

535.37 : 537.533.8 2111

The Effect of Organic Vapor on the Secondary Emission
of Phosphors.—P. H. Dowling & J. R. Sewell. (]. appl.
Phys., Feb. 1954, Vol. 25, No. 2, pp. 228-230.) Experi-
ments show that surface contamination causes a rapid
reduction of the secondary emission ratio. 1f the bombard-
ment voltage is sufficiently high this results in a
progressive decrease in the surface potential and a
corresponding decrease in apparent fluorescence efficiency.
The relation between this effect and true ‘phosphor burn’
is discussed. Organic-vapour contamination may
accelerate the development of ‘cross burn’ in c.r. tubes.

535.376 2112

Characteristics of Radioluminescence in Crystals.—
G. T. Wright & G. F. ]J. Garlick. (Brit. . appl. Phys.,
Jan. 1954, Vol. 5, No. 1, pp. 13-18.) Report of an
experimental investigation of the variation of light output
with particle energy for single crystals of organic and
inorganic phosphors excited by « particles.

535.376 2113

A Luminescent Screen for Use with Very-Low-Velocity
Electrons.—S. F. Kaisel & C. B. Clark. *(J. opt. Soc.
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Amer., Feb. 1954, Vol. 44, No. 2, pp. 134-135.) Screens
responding to excitation by electrons with energy as
low as 3 eV are prepared by settling a phosphor desig-
nated as ‘hex ZnO: (Zn)’ on to a glass plate previously
coated with a transparent conducting film

535.376 2114

Excitation of Zinc Oxide Phosphors by Low-Energy
Electrons.—R. E. Shrader & S. F. Kaisel. (J. opt. Soc.
Amer., Feb. 1954, Vol. 44, No. 2, pp. 135-139.) An
experimental investigation was made for cases where the
energy of the exciting electrons was not greater than that
of the observed photons. The results suggest that any
electron accepted by the crystal lattice is capable of
producing luminescence in ZnO phosphors, no matter
how low the bombarding voltage.

537.227 2115

Phase Transitions in Ferroelectric KNbOs.-—G. Shirane,
H. Danner, A. Pavlovic & R. Pepinsky. (Phys. Rev.,
15th Feb. 1954, Vol. 93, No. 4, pp. 672-673.) A third
phase transition has been observed at — 10°C on heating
and — 55°C on cooling, a change from orthorhombic to
rhombohedral structure being accompanied by an
abrupt change of dielectric constant.

537.227 : 546.431.824-31 2116

Effect of a Two-Dimensional Pressure on the Curie
Point of Barium Titanate.—P. W. Forsbergh, Jr. (Phys.
Rev., 15th Feb. 1954, Vol. 93, No. 4, pp. 686-692.)
A disk-shaped single-crystal specimen of BaTiO; was
subjected to pressure on its edges and not on its faces.
The transition temperature increased with the two-
dimensional pressure. This result is discussed in relation
to previous experiments in which hydrostatic pressure
was applied.

537.311.31 : 548.0 2117

Lattice Defects and the Electrical Resistivity of Metals.—
T. Broom. (Advances Phys., Jan. 1954, Vol. 3, No. 9,
pp- 26-83.) Calculations of the effect of lattice defects
on resistivity are summarized and the results are dis-
cussed in relation to observations made by quenching,
irradiation and deformation experiments.

537.311.31 : 669-124.2 2118

The Effect of Cold-Work on the Electrical Resistivity
of Alloys and the Law of Recovery.—]. O. Linde. (Appl.
sci. Res., 1954, Vol. B4, Nos. 1/2, pp. 73-86.) Measure-
ments are reported on alloys with Cu, Ag or Au as
matrix component. The resistivity changes resulting
from cold working differ greatly for the various alloys.
Au-Cr and Au-Fe alloys exhibit a decrease of resistivity.
Recovery is studied for various annealing temperatures.
A law is established expressing the resistivity change as
a function of temperature and time. The results are
discussed in relation to theory.

537.311.33 2119

Theory of the Differential Thermoelectric Power of
Semiconductors.—G. Lautz. (Z. Naturf., June 1953,
Vol. 8a, No. 6, pp. 361-371.) Two formulae are derived
for determining the Fermi level, the one applicable at
the low temperatures associated with impurity semi-
conduction and the other applicable at the medium and
high temperatures associated with the transition from
impurity to intrinsic conditions and with purely intrinsic
semiconduction. Expressions for the thermoelectric
power are derived which are valid over a wide tem-
perature range. These can be used to determine activa-
tion energy, width of energy gap and apparent mass of
charge carriers. The limits of validity of the approximate
formulae are demonstrated by comparison with exact
solutions for two examples. Some experimental results
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on the temperature dependence of the thermoelectric
power are discussed, showing qualitative agreement
with the theoretical results.

537.311.33 2120

On the Existence of Hertzian Absorption Bands in
Monatomic Semiconductors (Boron, Selenium).—].
Meinnel. (/. Phys. Radium, Feb. 1954, Vol. 15, No. 2,
pp. 124-125.) Preliminary results of measurements at
temperatures in the range 88°-300°K and at frequencies
from 100 c/s to 400 kc/s show that one or more absorption
bands exist.

537.311.33 : 546.24 : 535.323 2121

Infrared Index of Refraction of Tellurium Crystals.—
P. A. Hartig & ]J. J. Loferski. (/. opt. Soc. Amer., Jan.
1954, Vol. 44, No. 1, pp. 17-18))

537.311.33 : 546.24-1 : 535.343 2122

Infrared Optical Properties of Single Crystals of
Tellurium.—J. J. Loferski. (Phys. Rev., 15th Feb. 1954,
Vol. 93, No. 4, pp. 707-716.) The absorption and photo-
conductivity were investigated experimentally, the
effects of temperature variation, crystal anisotropy and
Se additions being studied. The variation of energy gap
with temperature is — 2 x 108 eV/°C. The photo-
conductivity is barely detedtable at room temperature
but is considerably enhanced at 90°K. Results obtained
with two SeTe alloys indicate that the reduction of the
lattice parameter is accompanied by an increase of the

energy gap.

537.311.33 : 546.289 2123
Orientation Relationships in Cast Germanium.-
W. C. Ellis & ]. Fageant. (J. Mefals, N.Y., Feb. 1954,

Vol. 6, No. 2, pp. 291--294.)

537.311.33 : 546.28Y 2124

Dislocations in Plastically Deformed Germanium. -
G. L. Pearson. W. T. Read, Jr, & F. ]J. Morin. (Phys.
Rev., 15th Feb. 1954, Vol. 93, No. 4, pp. 666-667.)
Hall-effect, conductivity and lifetime measurements were
made on rods of n-type and of p-type Ge which had been
bent while heated to about 650°C, and on control
specimens. The results are consistent with the hypothesis
that edge dislocations are associated with acceptor levels
in the middle or upper half of the energy gap.

537.311.33 : 546.289 2125

Redistribution of Solutes by Formation and Solidifica-
tion of a Molten Zone.—W. G. Pfann. (/. Metals, N.Y.,
Feb. 1954, Vol. 6, No. 2, pp. 294--297.) Description of
the production of step or graded p-z junctions in semi-
conductors by melting and re-solidifying a zone of a
homogeneous ingot containing suitable concentrations
of a donor and an acceptor in solid solution.

537.311.33 : 546.289 2126

Some Electrical Properties of Germanium Crystals
containing Compensated Impurities.—V. Ozarow. (Phys.
Rev., Ist Feb. 1954, Vol. 93, No. 3, pp. 371-372.) Three
compensated n-type Ge crystals containing both radio-
antimony and radioindium in varying amounts, and
one uncompensated crystal doped with Sb only were
prepared. Measurements of Hall constant and resistivity
were made in the temperature range 78°-393°K. Marked
differences in the characteristics of compensated and
uncompensated crystals of comparable resistivities were
noted.

537.311.33 : 546.289 2127

Electrical Properties of N-Type Germanium.—P. P.
Debye & E. M. Conwell. (Phys. Rev., 15th Feb. 1954,
Vol. 93, No. 4, pp. 693-706.) Measurements of the
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conductivity and Hall effect over the temperature
range 11°-300°K were made on specimens with various
controlled amounts of added arsenic, the room-temper-
ature resistivities ranging from 43 to 0-005Q.cm. The
results are used as the basis of a comprehensive review
of semiconductor theory. The evidence supports the
view that the constant-energy surfaces are not spherical,
though results based on this simplifying assumption
agree in many respects with the experimental results.

537.311.33 : 546.289 2128

Self-Diffusion in Germanium.—H. Letaw, Jr, L. M.
Slifkin & W. M. Portnoy. (Phys. Rev., 15th Feb. 1954,
Vol. 93, No. 4, pp. 892-893.) Diffusion in thin slabs of
Ge with a plating of Ge™ was determined by measuring
the concentration of Ge™ in cuts of known mass and
thickness. The results are discussed in relation to the
vacancy-motion theory of diffusion.

537.311.33 : 546.289 2129

Measurement of Minority Carrier Lifetime and Contact
Injection Ratio on Transistor Materials.—A. Many.
(Proc. phys. Soc., Ist Jan. 1954, Vol: 67, No. 409B, pp-
9-17.) Lifetime is determined by observing the decay of
resistance of a filament of the material during an inject-
ing pulse. By using a bridge circuit incorporating a
RC network electrically analogous to the filament, the
lifetime can be read directly on a calibrated dial. The
measurement range extends down to lus, with an
accuracy usually to within about 5%. Measurements on
n-type Ge with soldered contacts are reported; the
injection ratio is proportional to the current through the
contact.

537.311.33 : 546.289 2130

The Temperature Dependence of the Drift Mobility of
Injected Holes in Germanium.—RR. Lawrance. (Proc.
phys. Soc., 1st Jan. 1954, Vol. 67, No. 409B, pp. 18-27.)
Report of an experimental investigation of the effect of
trapping in n-type Ge, and of the nature of the traps.
The results have been reported previously (2332 of
1953).

537.311.33 : 546.289 : 535.323 2131

The Index of Refraction of Germanium measured by
an Interference Method.—D. H. Rank, H. E. Bennett &
D. C. Cronemeyer. (]. opt. Soc. Amer., Jan. 1954, Vol.
44, No. 1, pp. 13-16.) Measurements in the wavelength
range 2-0-2-4 i are reported.

537.311.33 : 546.289 : 537.533.8 2132

Secondary Electron Emission from Germanium.—
J. R. Johnson & K. G. McKay. (Phys. Rev., 15th Feb.
1954, Vol. 93, No. 4, pp. 668-672.) Measurements were
made on single crystals with p-» junctions. The secondary-
emission yield § exhibited a maximum value of about
1-15 at room temperature at a primary voltage of about
500 V. & has a small negative temperature coefficient
but is independent of donor or acceptor concentrations
up to 10%/cm®. No effects due to space-charge fields
under the surface were observed in the case of Ge.
The secondary-emission process in semiconductors
generally is compared with that in metals and insulators.

537.311.33 : 546.682.86 2133

Radiation Effects in Indium Antimonide. |. W.
Cleland & J. H. Crawford, Jr. (Phys. Rev., 15th Feb.
1954, Vol. 93, No. 4, pp. 894-895.) Polycrystalline
specimens of both n-type and p-type InSb were subjected
to neutron irradiation. The results of conductivity and
Hall-coefficient measurements indicate that (a) donor
impurities are introduced by transmutations in the
expected manner, and (b) lattice defects produced by
fast neutrons act as electron traps in #-type material.
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The evidence is insufficient to indicate whether these
defects behave predominantly as acceptors or hole traps
in p-type material.

537.311.33 : 546.682.86 2134

Anomalous Optical Absorption Limit in InSbh.—E.
Burstein. (Phys. Rev., 1st Feb. 1954, Vol. 93, No. 3,
pp- 632-633.) Experimental results in agreement with
those of Tanenbaum & Briggs (1098 of April) were
obtained. An alternative theoretical explanation is
offered, based on the very small effective mass of the
electrons in InSb. This is associated with small effective
density of states and with a small degeneracy concentra-
tion. InSb therefore becomes degenerate at relatively
low electron densities.

537.311.33 : 546.811-17 : 538.632 2135

Electronic Conduction in Grey Tin.—]. T. Kendall.
(Phil. Mag., Feb. 1954, Vol. 45, No. 361, pp. 141-157.)
The conductivity and Hall constant of grey tin contain-
ing antimony andj/or gallium were measured over the
temperature range 77°-286°K, and the number of
charge carriers and their mobility were calculated from
the results. A comparison is made with the correspond-
ing properties of Si and Ge. Results are tabulated and
shown graphically.

537.311.33 : 546.817.221 2136

Antimony Content and Semiconductor Properties of
Synthetic Lead Sulphide Photoconductive Elements.—
H. G. Smolczyk. (Naturwissenschaften, Feb. 1954, Vol.
41, No. 4, p. 84.) A preliminary report of experimental
work. Measurements were made of the internal photo-
electric effect and of the thermoelectric effect for speci-
mens containing differents amounts of Sb and prepared
under controlled pressure of sulphur vapour. The
possibility of producing PbS p-» junctions is indicated.

537.311.33 : 548.0 : 546.817.221 2137

A Variation Principle for Electronic Wave Functions
in Crystals.—D. P. Jenkins & L. Pincherle. (Phil. Mag.,
Jan. 1954, Vol. 45, No. 360, pp. 93-99.) A variation
principle giving the energy levels of electrons in poly-
atomic lattices is presented. The method is used to
redetermine some of the energy levels of PbS; the results
are in agreement with those obtained by other methods
[2037 of 1953 (Bell et al)].

537.311.33 : 548.55 2138

Preparation of Single Crystals of Semiconductor
Compounds of Type Al BV, -R. Gremmelmaier & O.
Madelung. {(Z. Naturf., May 1953, Vol. 8a, No. 5, pp.
333, 304A)) A method of pulling from the melt is used
similar to that described by Teal et al. (1682 of 1951).
Photographs of a single-crystal specimen of InSb and a
polycrystalline specimen of AlSb produced by the method
are shown.

537.311.33 : 621.396.822 2139

Some Notes on Gisolf’s Theory of Electron Fluctuation
Phenomena in Semiconductors.—K. W. Boer. (Ann.
Phys., Lpz., 5th Jan. 1954, Vol. 14, Nos. 1/2, pp. 87-
96.) Gisolf’s formulae (667 of 1950) are evaluated by
introducing a statistical distribution of lifetimes for the
conduction electrons. The effect of field distortion in
the barrier layer is taken into account. The magnitude
of the effect is compared with that of the Nyquist noise.

538.22 2140

Effects of Band Shape on the Magnetic and Thermal
Properties of Metals and Alloys.—E. W. Elcock, P.
Rhodes & A. Teviotdale. (Proc. voy. Soc. A, 7th Jan.
1954, Vol. 221, No. 1144, pp. 53-77.)
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538.221 2141

Notes on the Theory of the Magnetic Properties of
Hard Materials.—L. Néel. (Appl. sci. Res., 1954, Vol.
B4, Nos. 1/2, pp. 13-24. In French.) The theory of
magnetic hysteresis for single-domain small grains is
considered. By taking into account (a) the dispersion
of the values of the coercive force for the individual
grains and (b) the interaction force between the grains
and the dispersion of the values of this force, numerical
results are obtained which agree well with experimental
results for good permanent magnets.

538.221 : 532.111 2142
The Change of Ferromagnetic Curie Points with
Hydrostatic Pressure.—L. Patrick. (Phys. Rev., lst
Feb. 1954, Vol. 93, No. 3, pp. 384-392.) Consistent
results for eight materials measured in a liquid compress-
ion system were obtained. Results for five other
materials measured in a gas compression system were
less satisfactory. Neither the Bozorth nor the Néel
theoretical interaction curve agrees with the experimental
observations; this may be due to neglect of the part
played by conduction electrons in the interaction.

538.221 : 532.111 2143

The Influence of Pressure on the Curie Temperature of
Iron and Nickel.—R. Smoluchowski. (Phys. Rev., 1st
Feb. 1954, Vol 93, No. 3, pp. 392-393.) A comparison
is made between Patrick’s measurements (2142 above)
and theory based on a Brillouin function.

538.221 : [621.318.124 + 621.318.134 2144
Magnetic Resonance Phenomena in Ferrites.—F.
Brown & D. Park. (Phys. Rev., 1st Feb. 1954, Vol. 93,
No. 3, pp. 381-384.) The resonance frequencies in the
microwave and infrared regions are calculated, taking
into account the effects of anisotropy, external field and
differences in magnetization and g values between the two
sublattices. The relation between the anisotropy fields
in the expressions derived and the measured equivalent
anisotropy field is discussed. Theoretical and experi-
mental results for single-crystal Ni ferrite are in good
agreement. See also 1828 of June (Wangsness).

538.221 : 621.318.134 2145

Microwave Resonance Absorption in Nickel Ferrite-
Aluminate.—T. R. McGuire. (Phys. Rev., 15th Feb.
1954, Vol. 93, No. 4, pp. 682-686.) Results are reported
of experiments on materials having the composition
NiOA1l,Fe,_,O;, with particular attention to the composi-
tion for which the value of ¢ is 0-7, at which value the
magnetic moment is zero.

538.221 : 621.318.134 2146

Ferrites for Microwave Circuits and Digital Computers.
—E. Albers-Shoenberg. (J. appl. Phys., Feb. 1954,
Vol. 25, No. 2, pp. 152-154.) Properties of two classes
of commercially available Mg-Mn ferrites are discussed.
One class is characterized by low losses and a Faraday
rotation effect at microwave frequencies; the other by
high resistivity and a rectangular hysteresis loop
useful in magnetic storage systems operating at high
speed.

538.22]1 : 621.318.134 : 681.142 2147
Ferromagnetic Spinels with Rectangular Hysteresis
Loops.—Hegyi. (Seé 2007.)

538.221 : 681.142 2148
Penetration of an Electromagnetic Wave into a Ferro-
magnetic Material.—Papoulis. (See 2006.)

548.0 : 546.39.185-841 : 539.374 2149

The Plastic Deformation of Ammonium Dihydrogen
Phosphate.—P. L. Smith & E. [. Salkovitz. (J. appl.

A 151




Phys., Feb. 1954, Vol. 25, No. 2, pp. 237-239.) Plastic
deformation was produced in ADP single crystals by
loading specimens as a simple beam at about 100°C.
This deformation does not appreciably alter the piezo-
electric or elastic properties.

549.514.51 : 621.372.412.002.2 2150
V.H.F. Crystal Grinding.—E. A. Gerber. (Electronics,
March 1954, Vol. 27, No. 3, pp. 161-163.) Round

crystals for frequency control in the range 20-180 Mc/s
are finished by fastening the blanks to a work-holder
when about 0:7 mm thick and reducing them to the
required thickness on optical lapping machines. Crystals

with low series resistance are obtained. Unwanted
modes of vibration are reduced.
621.315.61 2151

New Nonrigid Materials for the Functional Design of
Electrical Insulating Systems.—A. E. Javitz. (Elect.
Mfg, Sept. 1953, Vol. 52, No. 3, pp. 123-138.) A survey
of the properties and performance of recently developed
types of insulation in the form of film, tape, sheet and

paper.

621.315.612.029.6 2152

Materials and Problems of High-Frequency Ceramics.—
J. Kainz. (Elektrotech. w. Maschinenb., lst Nov. & lst
Dec. 1953, Vol. 70, Nos. 21 & 23, pp. 473478 & 525-
530.) A survey paper. Composition and properties of
various ceramic insulating materials are tabulated and
shown in graphs. Investigations of the colloid systems
by means of the electron microscope are described.

621.315.616 2153

Conductivity induced in- Insulating Materials by
X-rays.—]. I. IFowler & F. T. IFarmer. (Nature, Lond.,
13th Feb. 1954, Vol. 173, No. 4398, pp. 317-318)
Measurements on polythene and perspex are reported;
the results are of interest in connection with the
determination of the energy-level distribution of the
material.

621.791.342.6 : 546.682 2154
A Technique of Soldering to Thin Metal Films.-
R. B. Belser. (Rev. sci. Instrum., Feb. 1954, Vol. 25,
No. 2, pp. 180-183.) By using In and certain of its
alloys as a solder, without a flux, adherence of thin
metal films to glass or quartz substrates may be obtained
without damage to the film. The technique has been
successfully applied in the mechanical suspension of
mirrors, for making electrical contact with thin metal
films and for mounting piezoelectric crystals. Soldered
connections have been made to films of 18 metals

including Al, Ti and Zr.

MATHEMATICS

514.1 2155

Some Formulae of P. Stein and Others concerning
Trigonometrical Sums.-N. B. Slater. (Proc. Camb.
phil. Soc., Jan. 1954, Vol. 50, Part 1, pp. 33-39.) Formulae
relevant to problems of alternating currents in cables are
discussed.

517.43 2156
Approximations in Operational Methods.-—]. Brodin.
(Ann. Télécommun., Jan. 1954, Vol. 9, No. 1, pp. 1-8.)

517.5 2157

Recurrence Relations for Prolate Spheroidal Wave
Functions.—1. Marx. (/. Math. Phys., Jan. 1954, Vol
32, No. 4, pp. 269-275.)
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517.6 2158

An Approximate Method of Evaluating Integral
Transforms.—A. H. Zemanian. (J. appl. Phys., Feb
1954, Vol. 25, No. 2, pp. 262-266.) The method developed
1s quite general and has been applied to Fourier, Laplace,
Mellin and Hankel transforms. 1t may alsd be effective
in evaluating numerically an integral with a highly
oscillatory term in its integrand.

517.63 2159

On Inverting Laplace Transforms of the Form h(s)/
P(s) + q(s)es—T.E. Hull & W. A. Wolfe. (Canad. J.
Phys., Jan. 1954, Vol. 32, No. 1, pp. 72-80.)

317.9 2160

A Sufficient Condition for an Infinite Discrete Spectrum.

—C. R. Putnam. (Quart. appl. Math., Jan. 1954, Vol.
11, No. 4, pp. 484-487.) A study of the problem of
obtaining a sufficient criterion in order that the equation
x” 4+ f(f)x = 0 be oscillatory, for the particular case
that f(#) satisfies the limit relation f(f) —- 0 as { —» o0.

517.9 2161

On the Gaps in the Spectrum of the Hill Equation.—
C. R. Putnam. (Quart. appl. Aath., Jan. 1954, Vol. 11,
No. 4, pp. 496-498.)

517.93 2162

Geometrical Integration of Nonlinear Second-Order
Differential Equations with Second Member. -G. Cahen
(Bull. Soc. frang. Elect., Jan. 1954, Vol. 4, No. 37 PP-
44-50.) A study is made of equations of the type

x 4+ b(x)x + r(x) = g(2),

and is extended to equations containing a further term
a(x)x? or ¢(x)

517.942.82 : 621.3.015.3 2163

The Calculation of Transients in Dynamical Systems.—
E. E. Ward. (Proc. Camb. phil. Soc., Jan. 1954, Vol. 50,
Part 1, pp. 49-59.) The calculation of transients by
Tricomi’s method, using Laguerre functions, is a practical
alternative to the use of partial fractions. This is shown
by considering numerical examples of Laplace transforms
ranging from quadratic to sixth-power polynomials.
The composition of the coefficients of the Laguerre
series is analysed, and the conditions for rapid convergence
are indicated.

519 : 53 2164
A Method of Solving Very Large Physical Systems in
Easy Stages.—G. Kron. (Proc. Inst. Radio Engrs,
April 1954, Vol. 42, No. 4, pp. 680-686.) By using the
subdivision method of dealing with large systems (202
of January), the amount of calculation required to
obtain the solution can be reduced approximately in the
ratio 2/n%, where n is the number of subdivisions. The
method is illustrated by solving the two-dimensional
Maxwell field equations by subdividing their electric-
circuit models. :

MEASUREMENTS AND TEST GEAR
529.7 2165

The Determination of Time and Frequency.—H. M.
Smith. (Proc. Insin elect. Engrs, Part 11, 1%eb. 1954,

Vol. 101, No. 79, pp. 64-65.) Discussion on 2223 of
1951.
621.317.3 : 621.314.632 : 546.289 2166

Use of the Germanium Rectifier for the Measurement
of Current, Voltage and Power at High Frequency:
Part 2 — Power Measurement.--]J. Schiele. (Arch.
tech. Messen, Jan. 1954, No. 216, pp. 21-22.) Two
examples are illustrated. Part 1: 1498 of May.
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621.317.3 : 621.372.56.029.63/.64 2167

Mismatch Errors in the Measurement of Ultrahigh-
Frequency and Microwave Variable Attenuators.—
R. W. Beatty. (J. Res. nat. Bur. Stand., Jan. 1954, Vol.
52, No. 1, pp. 7-9.) Expressions for the mismatch error
are derived by analysis and an example is given to show
that the mismatch error in measuring the difference in
attenuation between two attenuators is less than the
sum of the mismatch errors obtained when measuring
each attenuator individually.

621.317.3 : 621.396.722 2168
The B.B.C. Measurement and Technical Receiving
Station at Tatsfield.——Griffiths. (See 2210.)

621.317.3.089.6 : 621.372.8 2169

The Calibration of the Slotted Section for Precision
Microwave Measurements.—A. A. Oliner. (Rev. sci.
Instrum., Jan. 1954, Vol. 25, No. 1, pp. 13-20) A
calibration procedure is described in which compensation
is made for the slight change in guide wavelength and
characteristic impedance due to the slot, and for dis-
continmities at the end of the slot and at coupling
elements, bead supports, etc. Practical instructions are
given ior constructing a calibration curve valid for
purely reactive terminations, from which correction
factors are derived for the position of the voltage node
and the value of s.w.r. in dissipative structures.

621.317.326 : 621.314.626 2170

Pulse Measurement with Peak-Voltage Rectifier
Circuit.—IE. de Gruyter. (Bull. schweiz. elektvotech. Ver.,
6th Feb. 1954, Vol. 45, No. 3, pp. 61-70.) The suitability
of direct-indicating peak voltmeters for measuring pulse
trains is examined. TFor instruments using contact
rectifiers, general error curves are given taking account
of the instrument constants, the pulse width and the
voltage reading, for different pulse shapes. Calibration
of individual instruments is thus rendered unnecessary.
An unknown pulse width can be .determined from
comparative measurements.

621.317.335.3.029.63 : 621.315.615 2171

Two New Methods of determining the Electrical
Constants of Liquids in the Decimetre Waveband.—O.
Huber. (Z. angew. Phys., Jan. 1954, Vol. 6, No. 1, pp.
9-14.) The dielectric constant and the loss tangent are
determined from measurements using a vertical coaxial
line. In the first method, the voltage variations at a
fixed probe are determined as a function of the depth of
the liquid, the input termination being reflection-free.
The second method depends on the change of resonance
frequency of the short-circuited line when the liquid is
introduced. See also 3046 of 1951.

621.317.336 : 621.372.8 2172

Measurement of Waveguide Impedance.—A. Cunliffe
& D. P. Saville. (Wireless Engr, May 1954, Vol. 31,
No. 5, pp. 115-118.) The two horizontal arms of a T
junction are connected respectively to a waveguide
section with a sliding short-circuiting termination and
to the unknown impedance, while the vertical arm is
connected to the source. Voltage is measured by means
of a fixed probe in the arm connected to the unknown
impedance, and the value of the latter is found by adjust-
ing the short-circuit to produce resonance. Theory of the
method is given. Results of experiments using a wave-
length of 3-2cm indicate that the accuracy compares
favourably with that of the usnal methods. The apparatus
can be used over a wide frequency band.

621.317.34 : 621.315.212 2173

A Pulse Method for the Quantitative Determination of
Nonuniformities in Wide-Band Cables.—L ~ Kriigel.
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(Fernmeldetech. Z., Jan. 1954, Vol. 7, No. 1, pp. 3-9.)
A simple method suitable for investigating very small
irregularities is described.

621.317.42 : 538.221 2174

The Effect of the Forster Probe on Measurements in the
Vicinity of a Ferromagnetic Material.—1°. Brandstaetter.
(Elektrotech. u. Maschinenb., 1st Nov. 1953, Vol. 70, No.
21, pp. 484-487.) An investigation of the influence of
the macroscopic structure of the ferromagnetic material
on the divergence between readings obtained with this
instrument (1506 of May) and theoretically calculated
values.

621.317.7 : 621.372.412

Quartz Crystal Testing.—R. Rollin. (Wireless World,
May 1954, Vol. 60, No. 5, pp. 220-223.) The principles
described by Biggs & Wells (969 of 1946) are applied in
equipment for evaluating the quality of crystals over
the frequency range 50kc/s—2Mc/s. A two-valve
oscillator with band-switching and input-capacitance
switching is used in conjunction with a calibrated
variable-impedance element which can be substituted
for the crystal. The complete circuit is shown.

2175

621.317.7.087 2176

Direct-Indicating  Recording Instruments.—S. R.
Gilford. (Elect. Mfg. Nov. & Dec. 1953, Vol. 52, Nos. 5
& 6, pp. 114-121 & 120-128.) A survey covering applica-
tions, functional requirements, design and operating
principles.

621.317.723 2177

A Vibrating Needle Electrometer.—Y. L. Yousef &
R. Kamel. (/. sci. Instrum., Jan. 1954, Vol. 31, No. 1,
pp- 13-15.) The e.s. force due to the charge under test
is modulated so that instead of simply deflecting the
suspended needle it produces a resonant vibration whose
amplitude is proportional to the charge.

621.317.73/.74 : 621.315.212 2178

The Development of a Precision Termination for
0-375-inch Polythene-Disc-Insulated Coaxial Cable.—RR. J.
Cheetham, E. L. Mather & W. W. H. Clarke. (Proc.
Instn elect. Engrs, Part 1V, Feb. 1954, Vol. 101, No. 6,
pp. 135-145.) The adjustment facilities necessary in a
precision termination are determined from theoretical
considerations and test requirements. Details are given
of the development of a circuit suitable for use in pulse
testing and in the determination of end impedances to
within about 0-05Q. In bridge testing, similar accuracies
in both real and imaginary parts may be obtained
between 50 kc/s and 8 Mc/s.

621.317.755 2179

Gated Time Markers for C.R.0. Display.—P. Steinberg.
(Electronics, March 1954, Vol. 27, No. 3, pp. 150-151.)
The waveform under examination and a series of marker
dots are presented in alternate horizontal sweeps of the
c.r.o.; the position and brightness of the two traces can
thus be adjusted separately. A brief description is
given of the circuit. Reading accuracy is increased by
providing a vernier scale of marker dots.

621.317.755 : 621.314.7.012.6 2180

Characteristic-Curve Tracer for Transistors.—H.
Lennartz. )Funk u. Ton, Jan. 1954, Vol. 8, No. 1, pp.
25-29.) Description of equipment used in conjunction
with a c.r.o.

621.317.755 : 621.385.832 2181

An Interesting Four-Beam Cathode-Ray Tube.—
Wendling. (See 2267.)
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621.317.791 2182

Universal Meter for Measuring Voltages at High
Impedances, Micromicroamperes, and Insulation
Resistance.—W. R. Clark, R. E. Watson & G. C. Mergner.
(Elect. Engng, N.Y., Jan. 1954, Vol. 73, No. 1, pp. 41—~
45.) Direct voltages up to 500 V, direct currents down
to 10-22A and insulation resistance up to 102 MQ are
measured by a null method with maximum full-scale-
deflection errors of 1-5, 3-5 and 5% respectively. The
meter circuit includes a chopper-type stabilized feed-
back amplifier. To be published also in Trans. Amer.
Inst. elect. Engrs, 1953, Vol. 72.

621.373.44 2183

Current-Step Waveform Generator.—V. A. Babits,
S. R. Spengler & R. V. Morris. (Electronics, March
1954, Vol. 27, No. 3, pp. 164-167.) A circuit is described
for producing stepped currents capable of providing
stepped values of magnetic field such as are required,
e.g. for rotating the plane of polarization in microwave
experiments. The arrangement comprises voltage-step
generator, pulse generator and output stage driving a
coil of inductance 1-5-3 H.

621.387.001.4 2184

A Method of Testing Cold-Cathode Tubes.—D. L.
Benson & D. H. Vogan. (P.O. elect. Engrs’ J., Jan.
1954, Vol. 46, Part 4, pp. 196-197.) In the usual methods
of testing d.c. breakdown potential, using manual
control, it is difficult to vary the potential across the
gap at the optimum speed. An automatically operating
circuit for this purpose is described.

621.396.6.002.2.001.4 2185
Standardization of Printed Circuit Materials.—
Hannahs, Caffiauz & Stein. (See 2065.)

OTHER APPLICATIONS OF RADIO AND
ELECTRONICS

621.317.755 : 621.3.018.75 : 615.471 2186

A Time-Marker for Electrocardiography.- M. A.
Bullen & L. A. Daynes. (J. sci. Instrum., Jan. 1954,
Vol. 31, No. 1, pp. 6-7.) A simple circuit using gas-
filled counting tubes is described by means of which
time-marking signals at four repetition rates between 5
and 100 per sec can be derived from a.c. mains or a
suitable oscillator; the signals ate superposed on the
electrocardiograph displayed on the c.r.o. screen, -no
separate channel being required.

621.37 : 794 2187

Electronic Air-War Game simulates Missile Strikes.—
L. 1. Davis. (Electronics, April 1954, Vol. 27, No. 4,
pp- 146-152.) Circuit arrangements are described for
illustrating the main principles involved in air warfare.
The two participants each have two electric potentials
at their disposal, one of which controls the attack and
the other the defence. The operating time scale is such
as to enable logical decisions to be made regarding
choice of targets, etc.

621.383.2 2188

Development of [electron-optical] Image Converters
and Image Intensifiers.—F. Eckart. (dnn. Phys., Lpz.,
5th Jan. 1954, Vol. 14, Nos. 1/2, pp. 1-13.) Resolving
power is estimated, particular designs, including two-
stage types, are described, and applications are indicated.

621.384.611/.612 2189

A Synchrocyclotron with Fixed Operating Frequency.—
F. Ollendorft. (Elektrotech. u. Maschinendb., 1st Jan.
1954, Vol. 71, No. 1, pp. 10-15.)
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621.384.611 2190

Cyclotron Oscillators and the Shifting Inter-Dee
Ground Surface.—F. H. Schmidt & M. ]. Jakobson.
(Rev. sci. Instrum., Feb. 1954, Vol. 25, No. 2, pp. 136-
139.) The push-pull mode of oscillation of a two-dee
cyclotron can be described in terms of a ground potential
surface between the dees.’ Unbalance in dee voltages
can be interpreted as a shift of the position of the ground
surface. The electrical implications of a particular
adjustment can by application of this concept be quickly
evaluated by the cyclotron operator.

621.385.833 2191

Calculation of some Magnetic and Electric Fields with
Cylindrical Symmetry.—Y. Axner. (Appl. sci. Res.,
1954, Vol. B4, Nos. 1/2, pp. 124-136.) Fields having
cylindrical symmetry and also mirror symmetry with
respect to a median plane are discussed; the field strength
in the median plane is given. Solutions are presented in
the form of power expansions; analytical solutions are
obtained when the field strength in the median plane as
a function of the radius is given by a polynomial.

621.385.833 2192

Investigation of the Mechanism of the Formation of
the Image in an Electron Microscope.—I. G. Stoyanova
& A. 1. Frimer. (C. R. Acad. Sci. U.R.S.S., 21st Jan.
1954, Vol. 94, No. 3, pp. 459-462. In Russian.) Experi-
mental investigation of the dependence of the image
contrast on the thickness of the specimen and on the
electron energy, in dark-field and bright-field image
presentations.

621.387.4 2193

The New Counters.—S. C. Curran. (Sci. Progr., Jan.
1954, Vol. 42, No. 165, pp. 32-45.) A review of develop-
ments in particle counters, with 47 references.

621.387.424 2194

Velocity of Discharge Propagation in Self-Quenching
Geiger-Miiller Counters.—P. A. C. Mortier & J. F. Roose.
(Proc. phys. Soc., 1st Feb. 1954, Vol. 67, No. 4108, pp.
161-163.)

PROPAGATION OF WAVES

538.566 : 551.594.6 2195

The Higher-Order Modes in the Propagation of Long
Electric Waves in the Earth-Air-Ionosphere System and
Two Applications (Horizontal and Vertical Dipole.)—
W. O. Schumann. (Z. angew. Phys. Jan. 1954, Vol. 6,
No. 1, pp. 35-43.) Expressions for the propagation and
the radiation intensities of higher-order modes of very
long (>3 km) waves are derived and applied. For very
long waves the Bessel functions can be approximated by
exponential terms. The numerical illustrations include
the case of lightning signals. See also 1544 of May.

538.566.3 2196
Propagation of Plane Electromagnetic Waves in a
Homogeneous Plasma (Ionosphere).—R. Jancel & T.
Kahan. (J. Phys. Radium, Jan. 1954, Vol 15, No. 1,
pp. 26-33.) Mathematical analysis based on magneto-
ionic theory developed previously (1030 of April).
Refractive index, double refraction, phase and group
velocities, attenuation, polarization and criticalfrequencies
are studied. The range of validity of classical formulae
relating to ionospheric propagation is discussed.

621.396.11 2197

Diffraction of Plane Radio Waves by a Parabolic
Cylinder.—S. O. Rice. (Bell Syst. tech. J., March 1954,
Vol. 33, No. 2, pp. 417-504.) Expressions are given for
the diffraction field far behind, and the surface currents
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on, a parabolic cylinder. Approximate values for the
field strength and current density are given for the case
when the radius of curvature of the cylinder is large
compared with A. The method of analysis makes use of
parabolic cylinder functions of large complex order.
The results indicate that the knife-edge representation
is valid even for gently rounded hills when the angle of
diffraction is small, but that the formulae developed are
applicable to calculation of the shadows cast by hills in
microwave propagation when the angle of diffraction is
so large that the knife-edge representation is invalid

621.396.11 : 535.15 2198

Birefringence in Crystals and in the Ionosphere.—
C. H. M. Turner. (Canad. J. Phys., Jan. 1954, Vol. 32,
No. 1, pp. 16-34.) Propagation of plane e.m. waves in
the ionosphere is compared with that in an optically
inactive crystal, as in the work of Lange-Hesse (2868 of
1932); damping due to collisions of electrons with other
particles is taken into account. In the ionosphere the
plane wave is always characterized by three components
of the field vectors, one of which is linearly polarized
along the direction of the uniform magnetic field while
the other two are circularly polarized in opposite senses
in the plane perpendicular to the magnetic field.

621.396.11 : 351.510.535 2199

Oblique Propagation of Radio Waves over a Curved
Earth.—B. Chatterjee. (/ndian J. Phys., May 1953,
Vol. 27, No. 5, pp. 257-268.) Booker’s analysis of oblique
propagation (Phil. Trans. A, 1938, Vol. 237, pp. 411-
4351) is extended to take account of the earth’s curvature
by introducing appropriate correction factors. The
values obtained for group retardation, attenuation and
lateral deviation in the refracting region are higher than
those for the flat earth and are in better agreement with
experimental results.

621.396.11.029.51 2200

The Ionospheric Propagation of Radio Waves of
Frequency 30-65 kcls over Short Distances.—R. N.
Bracewell, J. Harwood & T. W. Straker. (Proc. Insin
elect. Engrs, Part 1V, Feb. 1954, Vol. 101, No. 6, pp.
154-162. Digest, ibid., Part 111, March 1954, Vol. 101,
No. 70, pp. 108-110.) Experiments carried out at
Cambridge on waves reflected from the ionosphere at
steep incidence are described. The phases and amplitudes
of two linearly polarized components of the down-
coming wave were measured with reference to the ground
wave. Results are compared with those obtained by
Straker for 16-kc/s waves, and show that (a) the day-
to-day variations of the downcoming wave were greater
at the higher frequencies, (b) the change in height of
reflection in passing from day to night was about the
same for all the frequencies, (¢} the amplitudes by day
and night in summer were very different, except at
16 kc/s, and (d) the polarization at all the frequencies
was approximately circular, left-handed and constant.

621.396.11.029.62 : 621.396.812 2201
U.S.W. Extended-Range [propagation] and Inversions.
—H. Wisbar. (Funk-Technik, Berlin, Jan. 1954, Vol.
9, No. 1, pp. 8-10.} Reception and transmission over
abnormally long distances by a North-West German
amateur station operating in the 2-m band, in the period
from March to October 1953, is correlated with meteoro-
logical conditions, particularly barometric pressure
systems. Propagation distances up to 1100 km were
recorded. The effect of widespread fog is also noted.

621.396.11.029.62 : 621.397.5 2202
Wave Propagation and Television Broadcasting at
Very High Frequencies.—Smith-Rose. (See 2234.)
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621.396.81 -+ 621.396.65 2203
Microwave as Applied to Railroad Operation in the
Gulf Coast Area.—Thomas. (See 2219.)

621.396.82.029.62 2204

Prediction of the Likelihood of Interference at
Frequencies of 30 to 42 Megacycles in Alaska.—T. N.
Gaautier, Jr, & C. J. Sargent. (J. Res. nat. Bur. Stand.,
Jan. 1954, Vol. 52, No. 1, pp. 21-31.) A full report is
presented of an investigation of the likelihood of inter-
ference with the operation of a proposed v.h.f. line-of-
sight network, either from ionospheric propagation of
signals between stations of the network, or from stations
outside the network. Diurnal, seasonal and sunspot-
cycle variations are studied. The likelihood of inter-
ference is inferred from the likelihood of occurrence of
m.u.f.s equal to or greater than the operation frequencies.
Calculations were made for paths involving reflections
from (a) the F, layer and (b) the sporadic-E layer.

RECEPTION
621.396.621 : [523.2/.8 : 621.396.822 2205
A D.C. Comparison Radiometer.—W. Selove. (Rev.
sci. Instrum., Feb. 1954, Vol. 25, No. 2, pp. 120-122.)

Apparatus for measuring r.f. radiation from astronomical
sources is described in which a comparison signal is
transmitted through the receiving system along with the
incoming signal, as a means of measuring the gain of the
system and of cancelling the effect of gam fluctuations.
The two signals are separated at the receiver output by
a pair of filters. The rectified outputs of the two filters
are compared, and the difference constitutes the final
output signal. For a signal with bandwidth narrow
compared with the receiving system bandwidth, the
maximum improvement attainable over the switching-
type comparison radiometer is 3-2 db.

621.396.621 : 621.314.7 2206

An Experimental Transistor Personal Broadcast
Receiver.—L. E. Barton. (Tvans. Inst. Radio Engrs,
Jan. 1954, No. PGBTR-5, pp. 6-13.) Details are given
of an a.m. receiver using 6 r.f. junction transistors of the
type described in 1955 of June (Mueller & Pankove), three
conventional junction transistors for class-B audio driver
and output stages, and two diodes. Battery drain is
<12 mA, and maximum output is 150 mW. Sensitivity
and signal/noise ratio are comparable to thcse of
conventional receivers.

621.396.621 : 621.372.2 2207

The History of the Homodyne and Synchrodyne.—
D. G. Tucker. (J. Brit. Instn Radio Engrs, April 1954,
Vol. 14, No. 4, pp. 143-154.) An account is given of the
independent development of the synchronous demodula-
tion system from Colebrook’s homodyne and from
Tucker’s synchrodyne. 62 references.

621.396.621 : 621.396.822 2208

The Minimum Detectable Change in the Mean Noise-
Input Power to a Radio Receiver.——D. G. Lampard.
(Proc. Instn elect. Engrs, Part 1V, Feb. 1954, Vol. 101,
No. 6, pp. 118-128. Dngest ibid., Part 111, March 1954,
Vol. 101, No. 70, pp.'111-113.) Expressions for the
minimum detectable change mvolving only the pre-
detector and the post-detector filter responses have been
derived for receivers using either a power-law instan-
taneous detector (full- or half-wave type) or an ideal
power-law envelope detector. Using these expressions
and making appropriate approximations, an example, in
which the pre-detector filter is a single tuned circuit and
the post-detector filter is a simple RC integrator, is
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worked out in detail. The results, presented in simple
form, show clearly the effect of the filter bandwidths
and the detector law on the sensitivity of the receiver to
changes in noise input power.

621.396.662.078 2209

A Wideband Searching Automatic Frequency Control
Circuit of New Type.—H. \Wallman. (Chalmers lek.
Hégsk. Handl., 1953, No. 132, 21 pp.) A system in
which the local oscillator automatically ‘searches’ a
wide frequency range to locate its correct frequency
before the a.f.c. operates, cannot be based on a simple i.{.
discriminator. In the system described the frequency-
sensing element is an i.f. resonant circuit with a detector
and a circuit differentiating the detector output with
respect to time. Frequency search is effected by a
motor-driven coarse-tuning capacitor; an appropriate
output from the differentiator actuates a multivibrator
which changes the phase of the motor supply, causing the
motor to reverse. The coarse-tuning capacitor stops and
a fine-tuning capacitor is engaged. The continued
presence of a signal gives a periodic output from the
differentiator so that the latter capacitor oscillates back
and forth every second through about + 10°. Over this
range a free-play gear operates so that the coarse-tuning
capacitor is at rest. The system has important applica-
tion at u.h.f. Details are given of a model operated at
2-4 Mc/s with an automatic search range of 500 kc/s.

621.396.722 : 621.317.3 2210

The B.B.C. Measurement and Technical Receiving
Station at Tatsfield.—H. V. Griffiths. (B.B.C. Quari.,
Spring 1954, Vol. 9, No. 1, pp. 43-56.) The development,
functions and equipment of the station are described.
Work undertaken is classified under eight main headings.
It involves measurement of frequency (mainly carrier
frequencies between 150 ke/s and 150 Mc/s), field
strength, and atmospheric noise; relaying programmes
for broadcast or transcription; interference identification
and programme-schedule checking; d.f. and wave angle
measurements; measurement of modulation depth and
sideband dispersion. Frequency-checking procedure and
apparatus in particular are noted. Four frequency
standards are maintained.

621.396.828 2211

Funk-Entstorung. [Book Review]—I°. Seelemann.
Publishers: O. Elsner, Darmstadt, 1954, 832 pp., DM36.
(Frequenz, Feb. 1954, Vol. 8, No. 2, pp. 61-62.) Pub-
lished on behalf of the Federal German Post Office.
Sources of radio interference are discussed and methods
of measurement and suppression described. A chapter is
devoted to the construction of low-interference electrical
apparatus and machines.

STATIONS AND COMMUNICATION SYSTEMS

621.376.2 2212
A General Solution of the Two-Frequency Modulation
Product Problem: Part 1.— R. L. Sternberg & H. Kaufman.
(J. Math. Phys., Jan. 1954, Vol. 32, No. 4, pp. 233-242.)
A method is presented for readily obtaining approximate
numerical values of the amplitudes of the modulation
products occurring in the output of an arbitrary modu-
lator with continuous output’input characteristic, to
which a two-frequency input is applied. A partial
analytical solution of the problem is also given. Exact
values are obtainable in cases such as that of the biased
ideal rectifier considered by Bennett (3506 of 1947).

621.376.3.015.7 2213

Frequency Spectra of Individual H.F. Pulses with Vary-
ing Carrier Frequency.—S. I. Bytschkow. (NachyrTech.,
Jan. 1954, Vol. 4, No. 1, pp. 7-13.)) Translated from
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Radiotekhnika, Moscow, 1950, Vol. 5, No. 1. Analytica
expressions are derived for the spectral density for
different types of variation of the carrier frequency during
the pulse; a graphical method for finding the spectrum is
given. The choice of receiver bandwidth for such systems
is discussed.

621.39 + 621.317] : 519.213 2214

Probability of Causal Events in Telecommunications
and Measurement Technique.—J. Loeb. (Ann.
Télécommun., Jan. 1954, Vol. 9, No. 1, pp. 15-19)
Application of Bayes’ Law to the calculation of Shannon’s
equivocation H,(x) and to the matching of a source to a
channel with noise.

621.39.001.11 2215

Two Types of Error due to Noise.—J. Loeb. (Ann.
Télécommun., Feb. 1954, Vol. 9, No. 2, pp. 29-34.)
Probability theory (2214 above) is discussed in relation
to binary-code telegraphy, when the probability of
mistaking a signal for noise is quite independent of the
probability of accepting a noise voltage as a signal. The
effect of additive and multiplicative iteration techniques
on the probability of error is examined. According to a
‘principle of complements’, for a given signal, noise ratio
no receiver modification can give a simultaneousreduction
of the two types of error.

621.39.001.11 2216
Geometric Aspects of Least Squares Smoothing.
A. A. Hauser, Jr. (Prac. Inst. Radio Engrs, April 1954,
Vol. 42, No. 4, pp. 701-704.) Function space techniques
used by Shannon and Zadeh to clarify concepts in
communication theory are considered. ‘‘An under-
standing of the operation of a least squares smoother is
enhanced by establishing an m-dimensional space in
which inputs and outputs are vectors and the smoother
is a transformation. The concept of transmission and
rejection manifold as established by Zadeh is introduced
and the manner in which signal and noise are separated is
illustrated geometrically. An explicit pictorial repre-
sentation of the process 1s given for the three dimensional

case.”

621.395.44 : 621.315.212 2217

$900-101 Coaxial-Pair Equipment.—(Cdbles & Transm.,
Jan. 1954, Vol. 8, No. 1, pp. 4-125.) A series of articles
gives details of the planning of the system used in France,
of the design of certain individual items of equipment for
repeater and terminal stations and of gear for servicing,
testing and maintenance work.

621.396.4 : 621.396.65 2218

Experimental Radio Bearer Equipment for Carrier
Telephone Systems.—W. S. McGuire & A. G. Bird.
(J. Brit. Instn Radia Engrs, April 1954, Vol. 14, No. 4,
pp. 171-188.) Reprint. See 3412 of 1953.

621.396.65 -+ 621.396.81 2219

Microwave as Applied to Railroad Operation in the Gulf
Coast Area.—L. R. Thomas. (Elect. Engng, N.Y., Jan.
1954, Vol. 73, No. |, pp. 63-67.) A radio link for a path
of approximately 70 miles and comprising two terminal
and three repeater stations is described. Eight p.a.m.
channels are provided; the equipment operates in the
6-7-kMc's range. Propagation tests over a period of
nearly two years show that, even when the aerial heights
have been suitably chosen, fading may be experienced
due to (a) temperature inversions or changes in humidity,
and (b) fog at one of the station sites. To be published
also in Trans. Amer. Inst. elect. Engrs, 1953, Vol. 72.

621.396.65 2220

Carrier-Current Radio Links in the Light of C.C.L.F.
Recommendations.—J]. P. Vasseur. (dnn. Radioélect.,
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Jan. 1954, Vol. 9, No. 35, pp. 47-82.) C.C.I.F. recom-
mendations in respect of signal/noise and signal/crosstatk
ratios are considered in relation to f.m. links. The noise
contribution of each element in the transmission chain is
assessed, and the minimum performance required of each
element specified. A 2 500-km f.m. link will require
careful planning if it is to satisfy C.C.I.F. requirements.
Sine-wave signals are suitable for testing individual
elements, but noise-modulated sine-wave signals are
preferable for overall tests of the complete link.

621.396.97 : 621.397.24/.26 2221

Technical Arrangements for the Sound and Television
Broadcasts of the Coronation Ceremonies on 2nd June,
1953.- -Procter, Pulling & Williams. (See 2231.)

SUBSIDIARY APPARATUS
621-526 : 621.3.015.7 2222
The Pulse Transfer Function and its Application to
Sampling Servo Systems.—R. il. Barker. (Proc. Insin
elect. Engrs, Part 1V, Feb. 1954, Vol. 101, No. 6, pp.
162-163.) Discussion on 1131 of 1953.

621.3.013.783.001.4 2223

Measuring the Effectiveness of Shielding Materials.—
C. DeVore. (Elect. Mfg, Aug. 1953, Vol. 52, No. 2,
pp- 122 125) A method developed at the U.S. Naval
Research Laboratory is described. Only a small sample
of the material under test, e.g. wire mesh or conducting
coating, is needed. The sample is inserted between two
shield cans containing transmitting and receiving aerials
respectively, and the attenuation increase produced by
the sample is observed. The frequency range invest-
igated is 15 kc/s—-100 Mc/s; it may be possible to extend
the method to higher frequencies by using waveguide
technique.

621.314.57 : 621.387 2224

Thyratron Inverter.—]. D. Howells. (Wireless World,
May 1954, Vol. 60, No. 5, pp. 237-241.) Description of
a unit giving 100 W at 240V, 50 ¢/s from d.c. mains.

621.314.6 2225
Rectifier with Smoothing Capacitor and High-Vacuum
Valves or Selenium Rectifiers.—K. Miiller-Liibeck.
(Arch. Elektrotech., 1954, Vol. 41, No. 4, pp. 181-195.)
Exact equations are derived for a p-phase rectifier
circuit with a capacitance connected across the load.
For practical use approximate formulae are derived,
and their application is illustrated by the design of a
two-phase rectifier for an output of 2:25 kV, 0-7 A.

621.314.63 + 621.316.93] : 546.28 2226

Silicon P-N Junction Power Rectifiers and Lightning
Protectors. -~ G. L. I’earson & C. S. Tuller. (Proc. Inst.
Rtadio Engrs, April 1954, Vol. 42, No. 4, p. 760.) A
method of preparing large-area-junction diodes is
indicated, in which donor (e.g. P) or acceptor (e.g. B)
impurities are diffused into high-purity single crystals of
Si at temperatures above 1000 C. Low-resistivity
surface layers are produced, facilitating the application
of contacts. Electrical characteristics are presented of a
power rectitier and a lightning protector prepared by
this method.

621.316.722.1 2227
A Simple Mains Unit for Highly Constant Alternating
Voltages and Currents.—H. Helke. (Elektrvotech. Z.,
Edn A4, 1st Jan. 1954, Vol. 75, No. 1, pp. 11-13.) A unit
giving a voltage continuously variable up to 600 V' and
currents up to 6 A is described, the voltage varying not
more than -4 0-1% with mains voltage variations up to
--10% and mains frequency variations up to 0-5%.
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621.316.722.1 2228

A New D.C. Electronic Voltage-Stabilizing Circuit.—
R. B. Mackenzie. (Proc. Instn elect. Engrs, Part II,
Feb. 1954, Vol. 101, No. 79, pp. 59-63.) The detecting
element across the supply consists of a negative-resistance
and a positive-resistance element of equal numerical
values in series. By controlling the negative resistance
complete compensation can be achieved. A circuit
built on a similar principle but using a different type of
negative-resistance element was described by Patchett
(227 of 1951). A stabilizer with an output of 400V is
described in detail; the output can be maintained con-
stant to within +0-:001% for an input fluctuation of
+10% and a load variation of 1-20 mA. The circuit is
suitable for voltages from 70 V upwards.

621.318.3 2229

Relay Standardization.—(Elec:. Mfg, Sept. 1953,
Vol. 52, No. 3, pp. 146-154..380.) Summarized report
of proceedings of symposium on e.m. relays, held at
Oklahoma in June 1953. Military applications were the
main consideration.

621.355 2230

Recent Patents on Electrical Accumulators.—L.
Jumau. (Rev. gén. Elect., Fely. & March 1954, Vol. 63,
Nos. 2 & 3, pp. 59-70 & 129-142.) Review of develop-
ments. For previous review see 3177 of 1950.

TELEVISION AND PHOTOTELEGRAPHY

621.397.24/.26 : 621.396.97 2231

Technical Arrangements for the Sound and Television
Broadcasts of the Coronation Ceremonies on 2nd June,
1953.—W. S. Procter, M. J. L. Pulling & F. Williams.
tProc. Instn elect. Engrs, PPart I, March 1954, Vol. 101,
No. 128, pp. 57-72. Discussion, pp. 73 78.) A com-
prehensive description of the arrangements and equip-
ment used for the simultaneous broadcasts to the United
Kingdom and parts of Western Europe. An account is
included of the sound and television recording arrange-
ments of the B.B.C. and the North American organiza-
tions, which enabled telerecordings to be screened in
America within 11 hours of the event. See also 2804 of
1953 (Bridgewater).

621.397.26 2232

U.H.F.-TV Satellite Operation.—]. S. Allen. (Svivania
Technologist, Jan. 1954, Vol. 7, -No. 1, pp. 3-7.) An
unattended system is described consisting of two
transmitters, one on a hilltop and the other about 14
miles away in the small town to be served. Programmes
picked up at the hilltop station are re-broadcast on
channel 22 (518-524 Mc/s) and relayed by low-power
microwave link to the town transmitter, broadcasting
on channel 82 (878-884 Mc/s)

621.397.335 2233

Portable Sync Generator for TV Broadcasting.—H. E.
Ennes. (Electronics, April 1954, Vol. 27, No. 4, pp. 138
141.) Description, including detailed circuit diagram,
of equipment using 22 miniature valves and providing a
standard R.E.T.M.A. synchronizing signal at 4V
negative peal to peak across 75Q.

621.397.5 : 621.396.11.029.62 2234

Wave Propagation and Television Broadcasting at
Very High Frequencies.—R. L. Smith-Rose. (Proc.
Instn Radio Engrs, Aust., Jan. 1954, Vol. 15, No. 1, PP
7-12.) ““The fundamental factors determining the bamg-
width of a television system are reviewed and the present
arrangement of the v.h.f. channels in the B.B.C. service
is outlined. Experiments on the propagation of radio
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waves over various distances in the frequency range 30
to 100 Mc/s are then described and the results related to
the problem of extending the service by means of shared
channels.”

621.397.5(083.74)(931) 2235

The Choice of a Television Standard.—N. R. Palmer.
(Radio & Electronics, Wellington, N.Z., 1st Feb. 1954,
Vol. 8, No. 12, pp. 17-19.) Discussion of various
considerations affecting the choice of appropriate
standards for operation in New Zealand. The only
difference between the New Zealand recommendations
and standard DBritish practice was in the choice of
horizontal polarization. The frequency channels
recommended were 48-53 Mc/s for Wellington, 53-58
Mc/s for Dunedin, 58-63 Mc/s for Christchurch and
63-68 Mc/s for Auckland.

621.397.61 : 535.316/.319].001.4 2236
The Measurement of the Performance of Lenses.-
W. N. Sproson. (B:B.C. Quart., Spring 1953, Vol. 8,
No. 1, pp. 55-64.) Lenses for television cameras and

other television purposes are discussed.

621.397.611 : 778.5 2237

New Method for Television Film Scanning.-T. Stutz.
(Tech. Mitt. schweiz. Telegr.-Teleph)Verw., lst Jan. 1954,
Vol. 32, No. 1, pp. 1-27.) A comprehensive analysis is
made of known methods, and a description is given of a
continuous-motion picture projector using two optical
systems in alternation. The film motion is compensated
by moving the axes of the optical systems alternately
forward and backward with respect to the film travel.
The arrangement is used in conjunction with a flying-
spot scanner.

621.397.611 : 778.5 2238

New 35-mm Television Film Scanner.—E. H. Traub.
(J. Soc. Mot. Pict. Telev. Engrs, Jan. 1954, Vol. 62, No.
I, pp. 45-54.) A flying-spot system with continuous
exposure and continuous film motion combined with
optical compensation by means of a new type of rotating-
prism device is described.

621.397.611.2 2239

The Supericonoscope IS 9 mm/10.—R. Just. (Radio
Tech., Vienna, Jan. 1954, Vol. 30, No. 1, pp. 13-21.)
Detailed description of a recently developed German
camera tube with magnetic deflection and focusing
systems. Associated supply, scanning and protection
circuits are shown and operating characteristics are
discussed, particularly sensitivity and performance at
different levels of illumination.

621.397.611.2 : 537.531 2240

X-Ray Noise Observation using a Photoconductive
Pickup Tube.—A. D. Cope & A. Rose. (]. appl. Phys.,
Feb. 1954, Vol. 25, No. 2, pp. 240-242.) X-ray images
have been recorded directly using a vidicon tube with
Se target 0-001-in. thick. Noise effects due to the ab-
sorbed photons are clearly visible. Clear transmitted
pictures at a rate of 30/sec were obtained when irradia-
ting the vidicon with a 5-mA 100-kV beam at a distance
of 2 ft.

621.397.62 2241

An Outline of the British Television System: Part 3 —
Receiving the Picture Waveform.-D. Wray. (P.0.
elect. Engrs’ J., Jan. 1954, Vol. 46, Part 4, pp. 166-170.)
Typical aerials and circuits for domestic receivers are
described; the effects of receiver faults and external
interference on reception are discussed. Part 2: 873 of
March.
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621.397.62 2242

Band III Convertor.—G. H. Russell. (Wireless World,
May 1954, Vol. 60, No. 5, pp. 211-213.) A simple circuit
for adapting Band-I television receivers to accommodate
either of the two proposed British Band-1II television
channels uses a self-oscillating type of mixer whose
output is fed to the receiver via a step-down if. trans-
former. Details are given of components and alignment
procedure.

621.397.62 2243

Signal Overload Relay for Television Receivers.—
C. Masucci, J. R. Peltz & W. B. Whalley. (Electyomics,
April 1954, Vol. 27, No. 4, pp. 153-155.) When a high-
sensitivity receiver is operated in an area where alternative
strong and weak signals are available, it is desirable to
make provision for automatically reducing the gain for
the strong signal and restoring it for the weak one; the
same arrangement can be used simply to prevent over-
loading. The device described consists of a relay in the
r.f. and i.f. anode circuits which is arranged to cut out
the r.f. amplifier valve when the a.g.c. voltage reaches a
set level.

621.397.62 : 535.623 2244

Color Decoder Simplifications based on a Beam Deflec-
tion Tube.—R. Adler & C. Heuer. (Trans. Inst. Radio
Engrs, Jan. 1954, No. PGBTR-5, pp. 64-70.) In a
synchronous demodulator for the N.T.S.C. two-com-
ponent colour signal, the usual multigrid valve is re-
placed by a beam valve; one signal component is applied
to a conventional control grid, and the other to a deflec-
tion control system. Circuit arrangements and experi-
mental results are presented.

621.397.62 : 535.623 2245

TV Color Detectors use Pulsed-Envelope Method.—
K. Schlesinger. (Electronics, March 1954, Vol. 27, No.
3, pp- 142-145.) Synchronous detection of the two
quadrature components of the N.T.S.C. colour signal is
accomplished by means of rectifiers, which may be
conventional diodes or triodes, keyed in and out by a
local oscillator. Balanced and unbalanced arrangements
are described. See also Trans. Inst. Radio Engrs, Jan.
1954, No. PGBTR-5, pp. 53-63.

621.397.62 : 621.385.832 : 537.531 2246

The Production of X Rays by Television C.R. Tubes.—
K. H. J. Rottgardt. (Fernmeldetech. Z., Feb. 1954,
Vol. 7, No. 2, pp. 74-75.) X-ray film measurements on
the Valvo MW 36-44, the Lorenz Bs 42 R-3 and Bs 42
R-6 c.r. tubes, at anode voltages > 16 kV, indicate
that the amount of X-ray radiation penetrating the
glass envelope is negligible. An editorial note adds that
the radiation intensity from a 15-kV tube was equivalent
to that from 1 ug Ra, i.e. of the same order as that from
a luminous watch dial.

621.397.621.018.75 2247

Development of Television Pulse-Regeneration Equip-
ment.—K. H. Vogt. (Fernmeldetech. Z., Feb. 1954,
Vol. 7, No. 2, pp. 53-55.) Description of equipment used
at Hohbeck relay station. For a description of similar
equipment see 558 of February (Drdscher).

621.397.621.2 : 535.623: 535.37 2248

The Preparation of Phosphor Screens for Color Tele-
vision Tubes.—S. Levy & A. K. Levine. (]. electrochem.
Soc., Feb. 1954, Vol. 101, No. 2, pp. 99-103.) See 3440
of 1953.

621.397.813 2249

‘Sensation-Correct” Gamma Correction of Television
Pictures.—P. R. Arendt. (Arch. elekt. ertragung,
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Jan. 1954, Vol. 8, No. 1, pp. 1-4.) Results of subjective
tests indicate that equalization to unity gamma eauses
a distortion of the half-tone scale. The construction of
subjectively correct equidistance brightness scales for
given adaptation levels is discussed.

621.397.828 2250

Beat between Sound Carrier and Color Signal Com-
ponents in a Television Receiver.—]. E. Allen. (Trans.
Inst. Radio Engrs, Jan. 1954, No. PGBTR-5, pp. 71-86.)
Reception of signals conforming to the N.T.S.Z. standards
is discussed. Analysis of the beat produced in the
detector between the sound carrier and the colour sub-
carrier, and visible as streaks in the picture, shows that
the sound carrier attenuation must be at least 14 db
greater tham the desired reduction in beat level below a
full black-to-white transition. Tests show that 30-db
attenuation is required for beat suppression. The sound
level must therefore be at least 44 db below mid-band
response. To allow for transmission variations, a further
margin should be .provided.. The requirement is more
easily realizable in a receiver with a response curve

sloping so as to reduce the response to the colour sub- .

carrier. Effects of the beat in the chrominance channel
are simultaneously suppressed.

TRANSMISSION

621.376.32 2251

Frequency Modulation of Microwaves.-—S. Ireedman.
(Radio & Telev. News, Radio-Electronic Emngineering
Section, Jan. 1954, Vol. 51, No. 1, pp. 16-18.) Direct
frequency modulation of the carrier frequency in a
system comprising microwave generator and resonant
cavity is achieved by altering the dimensions of the
resonant cavity. One wall of the cavity consists of a light
framework supporting a series of concentric wire rings.
This framework replaces the cone in a loudspeaker, and
vibrates when a.f. signals are applied to the loudspeaker.
The vibrating wall is not in electrical connection with the
main body of the cavity. A TE,, mode must be used.
Modifications may be made so that the system operates
as an a.f.c. unit

621.396.61 22562

High Power H.F. Broadcast Transmitters.— D. F.
Bowers & J. I'. Ennos. (Marconi IRev., lst Quarter
1954, Vol. 17, No. 112, pp. 16-36.) A detailed account
is given of the design of a series of 100-k\W transmitters
Type BD.253 for the frequency bands 160-285 kc/s,
525-1605 kc/s and 5-9-26-1 Mc/s respectively. Good
overall efficiency is obtained by using valves with
thoriated tungsten filaments; air cooling is used. Valve
filaments are heated by a.c., and hum is reduced by
feedback. Hot-cathode Hg-vapour rectifiers provide the

h.v. supply.

621.396.61 2253

Design of Transmitter Power Stages from Valve Data
(with Formulae).—W. Lacmann. (Frequenz, Dec. 1953,
Vol. 7, No. 12, pp. 369-375.) Formulae for calculating
operating conditions for these circuits are presented,
based mainly on applied anode voltage, maximum anode
dissipation and maximum emission current as parameters.
It is assumed that the valve is operated so that the
voltage drop across it is a minimum consistent with
maximum anode current, but modifications to the
formulae are indicated for other cases. Diagrams are
given from which efficiency can be estimated under
various operating conditions. The practical application
of the formulae is illustrated for power amplifier and
frequency-doubler stages.
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621.396.61 : 621.314.7 2254

160-Metre Transistor Transmitter.—A. Cockle. (Wire-
less World, May 1954, Vol. 60, No. 5, p. 217.) A Type-
OC51 transistor (alpha cutoff at 1.5Mc/s) is used
In an amateur transmitter employing the negative-
resistance base-oscillator principle and lecked over about
1 kc/s by a 18 Mc/s crystal. With power up to 100 mW,
signals have been received at distances up to 30 miles.

621.396.61.029.58 : 621.396.65 2255

Single-Sideband Multi-Channel Operation of Short-
Wave Point-to-Point Radio Links: Part 4(b) — An
Independent-Sideband High-Power Short-Wave Trans-
mitter — Design and Performance.—H. E. Sturgess &
F. W. Newson. (P.O. elect. Engrs’ ]., Jan. 1954, Vol. 46,
Part 4, pp. 191-195.) Part 4(a): 882 of March.

621.396.61.029.62 2256
V.H.F.JU.H.F. Transmitters for Experimental Work.—
(Elect. J., 26th March 1954, Vol. 152, No. 13, pp. 1031-
1032.) A band-III transmitter for use by the B.B.C. is
described. Square-waveform modulation at 1kcfs is
provided for purposes of field strength measurements,
and pulse modulation for investigation of multipath
transmission and echo effects. Only one r.f. circuit is
used for both conditions of modulation. The transmitter
is intended for operation in a van, and the power-supply
unit is accordingly designed to deal with large variations
of mains supplies. The output is 150 W c.w. The
development of another band-II1 transmitter and of
band-IV and band-V transmitters is mentioned.

VALVES AND THERMIONICS

621.314.632 : 546.289 : 621.374 2257

“Positive-Gap” Germanium Diode.—A. H. Reeves.
(Onde élect., Jan. 1954, Vol. 34, No. 322, pp. 32-37.)
A suitable point contact, such as Ag with As impurity,
and a suitable electrical forming technique produce a
discontinuity in the diode forward characteristic useful
in pulse techniques. Its application in a 20-Mc/s pulse
generator and in counting and trigger circuits operating
at higher frequencies is illustrated.

621.314.7 2258

The Theory of Physical Principles involved in the A-
Type Transistor Action.—Y. Watanabe & N. Honda.
(Sci. Rep. Res. Inst. Tohoku Univ., Ser.B, Dec. 1952,
Vol. 4, No. 1, pp. 117-163.) Detailed consideration of
the nature of the barrier layer of the collector contact
and the mechanism of rectification of high-back-voltage
Ge rectifiers, and of the mechanism of transistor action
principally in n-type Ge. A comparison of the theoretical
results with the experimental results of Bardeen &
Brattain (2979 of 1949) shows satisfactory agreement
The current feedback factor is also considered.

621.314.7.001.4

Measuring Transistor Temperature Rise.—J. Tellerman.
(Electronics, April 1954, Vol. 27, No. 4, pp. 185-187.)
The temperature rise as a function of the power dissipa-
tion is determined by noting the change in the reverse
cellector current, for zero emitter current. Circuits are
illustrated for providing an oscilloscope or a meter
indication of collector current. Experiments with Type
2520 and 252] transistors using various cooling arrange-
ments showed that the temperature rise could be reduced
from about 26° to .about 20° above an ambient tem-
perature of 27°C, thus permitting an increase of 25-30%
in the power dissipation.

621.314.7.012.6 : 621.317.755 2260

Characteristic-Curve Tracer for Transistors.—H.
Lennartz. (Funk u. Ton, Jan. 1954, Vol. 8, No. 1, pp

A.159




25-29.) Description of equipment used in conjunction
with a c.r.o.

621.383.2 2261

Alkali Photocells: Part 2.—M. Ploke. (dwch. tech.
Messen, Jan. 1954, No. 216, pp. 15-18.) 70 references.
Part 1: 1608 of May.

621.385.029.63/.64 2262

On the Focusing of High-Current Electron Beams.—
G. R. Brewer. (J. appl. Phys., Feb. 1954, Vol. 25, No. 2,
pp. 243-251.) The trajectories of electrons under the
influence of magnetic and space-charge forces in a system
of periodically spaced magnetic lenses are determined.
Graphs are presented for use in designing a focusing
system for given values of current, voltage, and beam
diameter. Use of multiple magnetic-lens systems of the
type investigated offers considerable economies over the
use of long focusing coils for travelling-wave valves.

621.385.032.2 : 537.533.9 2263

Some Effects of Slow Electron Bombardment in
Thermionic Valves.—D. A. Wright. (Brit. J. appl. Phys.,
March 1954, Vol. 5, No. 3, pp. 108-111.) A review of
recent work. See also 1748 of June (Wright & Woods).

621.385.032.216 2264

Decay of Emission from an Oxide-Coated Cathode due
to Adsorption of Matter liberated from the Anode.—
S. Deb. (J. Brit. Instn Radio Engys, April 1954, Vol. 14,
No. 4, pp. 157-167.) Two types of adsorption procedure
are distinguished, (a) when the adsorbed particles remain
mobile on the surface, (b) when the adsorbed particles are
immobile. Equations for the decay processes in the two
cases are given in integral form and are solved numerically
using estimated values of the constants involved. An
approximate analytical solution is also given for case (a).
The decay in this case is generally of short duration and
the emission current is likely to recover spontaneously,
whereas in case (b) the decay is of long duration and is
likely to be permanent. Differences between the pulsed
and d.c. behaviour are explained on the hypothesis that
the poisoning of the cathode is only temporary in the
pulsed case.

621.385.032.216 2265

On the Crystallizations of Alkaline Earth Carbonates
and Effects of Sizes and Shapes of these Crystals on the
Oxide-Coated Cathodes.—H. Nukiyama, E. Takagi &
A. Sato. (Sci. Rep. Res. Inst. Tohoku Univ., Ser. B, Dec.
1952, Vol. 4, No. 1, pp. 87-103.) The principal conclusions
of this experimental investigation are: (a) in the crystall-
ization of carbonates by the precipitation method,
temperature, concentration of reactants and pH of pre-
cipitant are important, (b) the velocity of decomposition
into oxides on heating in vacuum depends mainly on the
shape rather than the size of the crystals, and (¢)
thermionic emission is not strongly influenced by crystal
shape or size.

621.385.2 2266

Test of Langmuir’s Three-Halves Power Law, Deviations
due to pgE-Factor and Secondary Emission.—P. L.
Walraven, (Appl. sci. Res., 1954, Vol. B3, No. 6,
pp- 393-399.) Results of measurements on a cylindrical
diode, in which the filament current and the anode
voltage were interrupted alternately at a rate of 3 500/sec,
indicate that there is a large deviation from Langmuir’'s
law due to an additional space charge which is produced
mainly by reflected electrons at anode voltages up to
80 V; the correction factor should then be B*(1 + 2a)
instead of B2, where « is the reflection coefficient. For
a Ta anode a is 14%. The correction for the space charge
in a planar diode is also derived.

A.160

621.385.3.012 2267

Calculation of Characteristic Curves for Planar Triodes.
—O. Heymann. (Frequenz, Feb. 1954, Vol. 8, No. 2,
pp. 33-40.) Equations for the slope and valve current are
derived from the valve geometry, taking into considera-
tion the formation of ‘islands’ by the grid wires. The
slope equation relates the cut-off potential to the grid-
cathode distance and can conveniently be used as the
starting point for valve design. The numerical values of
the elliptic integrals occurring in the equations are shown
graphically and tabulated. See also 3609 of 1952
(Dahlke).

621.385.8 2268

Approximate Electrode Shapes for a Cylindrical
Electron Beam.—E. R. Harrison. (Brit. J. appl. Phys.,
Jan. 1954, Vol. 5, No. 1, pp. 40-41.) With the aid of some
approximations, a simple equation is derived for the
shapes of electrodes to produce a parallel beam of
rotational symmetry in which the current is space-
charge limited. The method has been used for designing
a proton-beam accelerator.

621.385.832 : 537.533 2269

The Geometrical-Optical Distribution of Intensity over
the Focused Spot of the Deflected Electron Beam.—
H. Griimm. (Optik, Stutigart, 1954, Vol. 11, No. 1, pp.
32-43.) Analysis is presented which gives the approxi-
mate distribution with far less calculation than by the
method based on wave mechanics.

621.385.832 : 621.317.755 2270
An Interesting Four-Beam Cathode-Ray Tube.—
H. F. Wendling. (Funk-Technik, Berlin, Feb. 1954, Vol.
9, No. 4, pp. 102-103.) The single-gun oscillograph tube,
Type V113, has a first cylindrical e.s. lens producing a
ribbon beam; this is deflected as a whole by the e.s.
horizontal-deflection system and is split into four in
passing through the multiple e.s. vertical-deflection
system, the individual ribbon beams being restored to
pencil form by the multiple cylindrical lens constituted
by the apertures of the vertical-deflection system in
combination with the post-deflection accelerator.

621.396.822 : 537.533 2271

Cathode Boundary Conditions and Noise Minima in
Electron Beams.—R. Wiesner & H. W. Konig. (Arch.
elekt. Ubertragung, Jan. 1954, Vol. 8, No. 1, pp. 5-7.)
The assumption of the existence of a convection-current
fluctuation at the cathode in addition to the velocity
fluctuation leads to a theoretical noise distribution in
good agreement with that found experimentally by Cutler
& Quate (1274 of 1951). In particular the noise minima
have values differing from zero.

MISCELLANEOUS

061.4 : [621.317.7 4+ 621.35 2272

Physical Society’s Exhibition [1954].—(Wireless Engr,
May 1954, Vol. 31, No. 5, pp. 132-136.) Brief descrip-
tions are given of selected exhibits. See also Elect.
Times, 8th April 1954, Vol. 125, No. 3257, pp. 506-509,
and Instrum. Practice, March 1954, Vol. 8, No. 3, pp.
234-244. :

621.37/.39 2273

Radio Progress during 1953.—(Proc. Inst. Radio
Engrs, April 1954, Vol. 42, No. 4, pp. 705-759.) A review
presented with the main purpose of giving specialist
workers an idea of developments in fields other than their
own. Over 1100 references are given. The headings
under which the material is arranged are almost identical
with those used for the 1952 review.
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—= complete catalogue of Ediswan Clix
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THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.I. Group of Companies

155 Charing Cross Road, London, W.C.2 and Branches. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London.

C.R.la Radio Components Sales Office: 21 Bruton Street, London, W.1  Telephone: Mayfair 5543
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ELECTRONIC COMPONENTS

FADERS and ATTENUATORS. Precision built stud type. Compleie range
available for covering all types of networks from potentiometers. to
| . balanced ‘H.’
Networks to customer’s requirements.
QUADRANT FADERS. A range introduced as alternatives 0
our rotary type. Plug in facilities for rapid interchangeability.
ROTARY STUD SWITCHES. Designed basically and
being the same quality as attenuators.
SINE COSINE POTENTIOMETERS. Precision
built to accuracy *1%.
PLUG and SOCKETS. 2, 4, 6, 8, 12. 18,
24 and 33 way. Completely interchange-
able. Can be supplied with patent
locking device.
MINIATURE WIRE WOUND,
VITREOUS & LACQUERED
RESISTANCES. Resistance
range : 1 ohm to 200
K.ohms; 1-23 watt;

Tolerance: +1%,
2% and 5%.

ELECTRONIC COMPONENTS, WEEDON ROAD INDUSTRIAL ESTATE, NORTHAMPTON [@E

Announcing the NEW @
, . High-Speed
OSCILLOSCOPE

THE OSCILLOSCOPE TYPE 830 has been designed for general
wide-band frequency work and is particularly suitable for
observing pulse waveforms with very fast rise-times. The frequency
response of the Y amplifier is flat from 30 c/s to 20 Mc/s and the
time-base provides writing speeds up to 20 cms per microsecond.

The mechanical design is the same as that employed in the Airmec
Oscilloscope Type 723, the Cathode Ray Tube being mounted
vertically and viewed through a surface aluminised mirror. The
instrument may therefore be used in conjunction with the Airmec
Oscilloscope Camera Type 758.

Y PLATE AMPLIFIER

Frequency Response < 2-5 db from 30 ¢/s-20 Mc/s.
Sensitivity 75 millivolts per cm.
Rise-time 30 millimicroseconds.
TIME-BASE
L Range 0-05 second to 1-5 microseconds.
3 I - Operation Triggered or repetitive.
L Expansion Variable up to 5 times.

Traverse A traverse control enables any portion

. of the expanded time-base to be
‘ viewed.
' E.H.T. VOLTAGES 1,2 or 4kV.

Full details of this or any other Airmec instrument will be forwarded
gladly upon request.

AIRMEC HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND
L 1 M

1 T E D Telephone: High Wycombe 2060 Cables: Airmec, High Wycombe
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FERRANTI

CATHODE RAY TUBES

A wide range of Cathode Ray Tubes and
Valves for industrial and domestic.use
is manufactured by the Electronics
Department. 147 and 17” Rectangular
Tetrode. Cathode Ray Tubes with
Aluminized screens and 63 volt, 03
amp. heaters are available.

Enquiries to Electronics Dept., Moston,
Manchester, 10.

SMALL HERMETICALLY
SEALED INSTRUMENTS

Ferranti 27, 2}° and 34" Herme-
tically Sealed Instruments for
Service reguirements are available
in both moving coil and moving
iron types for current and voltage

measurenent.

Enquiries to Instrument Saies
Dept., Moston, Manchester, 10.

F

FERRAKTI

FER.RANTI LTD - MOSTON +- MANCHESTER 10

Head Office and Works : HOLLINWOOD -+ LANCS
London Office : KERN HOUSE, 36 KINGSWAY, W.C2.
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Valves are a sensitive lot. Their delicate
constitutions are easily shocked by unsympathetic
vibrations transmitted through the chassis. That’s
why they need to be protected by McMurdo
Antimicrophonic Valveholders.

These holders have special resilient
mountings which absorb unpleasant
shocks and knocks. The BYA and B7G
holdersarebothscreened and unscreened
while B8A is unscreened. All are avail-
able in P.V.C. or Silicone rubber
mountings. Use'P.V.C. when operation
temperature does not éxceed 50° C and
Silicone rubber up to 120° C. For full
details write for information to-day.

THE -McMURDO - INSTRUMERT - €0 - LTD  victoria works, Ashtead, surrey

Telephone: ASHSTEAD 3401

BROOKES ﬁqf%

mean
DEPENDABLE
frequency
control

ilustrated left is a Type M
Crystal unit from a range
covering 8 Mc/s to 17 Mc/s.

® Frequency 12,500 kcfs.

® Hermetically
metal can.

sealed

® Frequency tolerance +
01% of nominal at
20°C., or bertter for
special applications.

ALL Brookes Crystals are made to exacting standards
and close tolerances. They are available with a variety of
bases and in a wide range of frequencies. There is 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.
EARLSWOOD STREET, LONDON, S.E.10

Telephone: GREenwich 1828
Groms: Xtals, Green, London. Cables: Xtals, London

A valuable new book for
television service engineers

Television Receiver
Servicing

By E.A.W. Spreadbury, M.Brit. 1.R.E. Vol. I Time Base Circuits

Although written specially for the radio servicing engineer
who wishes to embark on TV servicing, this book will be
invaluable 10 everyone interested in TV receiver fault-
finding. It is written for the practical man in terms he
understands, and is fully illustrated by many clear diagrams.
It is strongly recommended to prospective candidates for
the R.T.E.B.—City & Guilds TV Servicing Certificate
Examinations and will be of help in the Practical Test.

No‘ﬂ ready 21s.net by post 21s. 8d.
Published for ¢ Wireless and Electrieal Trader’

FErom booksellers or from:— Publishing Dept.
DORSET HOUSE, STAMFORD ST.,LONDON, S.E.1
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Written by

Engineers. ..

for Engineers

If you are not already receiving this
useful publication, please let us have
your name and address so that we can
send you a complimentary copy regu-
larly. MARCONI Instrumentation deals
primarily with trends and developments
in telecommunication test equipment,
and provides current data relating to
instrumentation techniques. Written by
engineers for engineers, it is full of
authoritative information—and it is
freely available on request.

- MARCONI

INSTRUMENTS

MARCONI INSTRUMENTS LTD.
ST. ALBANS, HERTFORDSHIRE
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Write for DATA SHEETS
to Dept. A.3., ANDERTON
SPRINGS LTD., BINGLEY.
Telephone: 2226 & 2351.
Telegrams: Circlips, Bingley.

CIRCLIPS

Anderton

Gsil Coelips
57’064 /La/twa

S8 fron- b6 0

_’SHIIIIIIIIIIIIIIllIIlIIIIIlllIllIIIIIIIIIIllII|IIIIIlI|IIllIIIIIIIIIIHII[IIIIIItlIIllIIIlIHIIIIIIIIIL‘:
= THEWORLD’S GREATEST BOOKSHOP

l '!O‘l BOOK S »

New and secondhand Books on every subject., Large
Technical dept. Stock of over three million rolumes,
119-125, CHARING CROSS ROAD, LONDON w.c.2

Gerrard 5660 (16 lines) Open 9—6 (inc.

3IIlIIIlIIlIIIIIIIIIIlIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllllIIIllIIIIIlIIIII|lIIllII|_
APPOINTMENTS —The engagement of persons answering these advertisements must be made through the local office of the Ministry of

Labour and National Service, etc., if the applicant is a man aged 18-64 or a woman 18-59 inclusive, unless he or she or the employer is
excepted from the provisions of The Notification of Vacancies Order, 1952.

Ministry of Supply requires Radio/Radar Technicians at
Medmenham. Bucks, and Watton, Norfolk, to prepare schedules
of radio/radar equipments and breakdown into assemblies, sub-
assemblies and components. Quals.: British of British parents;
recognised apprenticeship or equivalent; appropriate experience;
ablc to interpret drawings. circuil diagrams and specs. essential;
O.N.C. or equivalent and practical experience R.A.F. equipments
desirable. Salary: within £480 (age 26)—£597 p.a. Not established
but opportunities to compete for establishment may arise. Apply
nearest Employment Exchange quoting Order No. Westminster 2852,

ELECTRONIC ENGINEERS

who are qualified and experienced are
invited to apply to:

MARCONI’'S WIRELESS
TELEGRAPH CO. LTD.

for positions connected with expanding activities
in the following fields:

Micro-Wave

wide band telecommunication systems

Airborne

communication and navigational aid equipment

Centimetric Radar
transmitters, receivers and associated equipment.
Permanent and pensionable positions, some of

senior status. Write quoting Ref. S.A. 49 to Dept.
C.P.S., Marconi House, 336, 7 Strand, W.C.2.

Wireless Station Superintendent required by the Gold Coast
Government Posts and Telecommunications Department for two
tours of 18 to 24 months in the first instance. Salary, etc., according
to qualifications and experience in consolidated scale £990 rising to
£1,230 a year, with gratuity of up to £150 a year. Outfit allowance
£60. Liberal lcave on full salary. Free passages. Candidates should
possess a Higher National Certificaie or equivalent, and have had
practical experience in 1wo or more of the following fictds: V.H.F.
link systems; H.F. communication network: Frequency shift keying
and teleprinter maintenance; V.H.F. and H.F. Direction finding
systems: Aeronautical navigation aids (ground); Manufaciure of
light enginecring equipment. Candidates from the British Post
Office should apply through departmental channels. Write to the
Crown Agents, 4 Millbank, London, S.W.1. Staie age, name in
block letters, full qualifications and experience and gquote
M2C/29100/WJ.

Ministry of Transport and Civil Aviation: Telecommunications
Technical Officers. Grade IIl. By arrangement with the Civil
Service Commissioners applications are invited from men for at
least 12 posts. Age at lcast 23 on Ist June, 1954. Candidates must
possess (4) the Ordinary National Certificate in Electrical Engineer-
ing or (») City and Guilds Intermediate Ceriificate in Telecommuni-
cations Engineering, plus City and Guilds Certificate Radio 111 or
(¢) City and Guilds Certificates Telecommunications Principles 111
(or higher) and Radio 111 (or higher) or (d) produce evidence of an
equivalent standard of technical education. They must aiso have had
not less than 8 years’ experience in an appropriate telecommunica-
tions field, including manufacturing or maintenance or operation.

Inclusive London salary £480 (at age 23) to £670 (somewhat
lower in Provinces). Starting pay up to £580 at age 28 or over on
entry. Posts are unesiablished but may have long-term possibilities.

Further particulars and application forms from Ministry of
Transport and Civil Aviation, Establishments Staffing Bl, Room
6057, Berkeley Square House, London. W.1, quoting reference
Staffing B1/TTO. Application forms must be returned by 20th
July, 1954,

Wireless Station Superintendent required by the Nigeria Govern-
ment Posts and Telegraphs Department for one tour of 18 to 24
months in the first instance. Oplion of appoimment («) on
temporary tcrms with salary, etc., in scale £864 rising 10 £1.392 a
year and gratuity of up to £150 a ycar. or (b) with prospect of
pensionable employment with salary, etc.. in scate £750 rising 1o
£1,175 a year. Outfit allowance £60. Frec passages for Officer and
wife, Assistance towards cost of children’s passages or grant of up
to £150 lly for their nce in U.K, Liberal leave on
full salary. Candidates must have had widc practical experience of
modern radio technigques and eguipment, in particular V.H.F.
equipment. and preferably also V.H.F. multi-channe! equipment.
Write to the Crown Agents, 4 Millbank, London, S.W.1. Siatc age.
name in block letters, full qualifications and expcrience and quote
M2C/30086/WJ.

Electronic Engineer for Research Laboratory. Senior position for
engineer with expericnce of research and design of special circuits
at medium to low frequencies. Knowledge of Physics an advantage.
Qualifications should include a good degree and preferably five
years experience in similar post. Intercsting and rewarding work
with excellent prospects for advancement. (Ref. 73.)

Senior Engineer for work in modern research laboratory on
problems of high-speed switching, gas tube circuits and general pulse
methods. Problems call for advanced techniques, good dcgree or
equivalent in Electronic Engineering with not less than three years
experience, required. (Ref. 74.)

Senior Servo-Mechanism Engineer for research work on com-
plicated instrument type servo. Work involves analysis of present
systems and design of new types. Experience of general electronics,
gyro-mechanisms and analogue computors an advantage. This
post calls for a man with excellent qualifications and at least three
years experience on similar problems. (Ref. 75.)

Write in detail, quoting Reference No. of position sought to:
The Personnel Dept. (Technical Employment), De Havilland
Propeliers, Lid., Hatfield, Herts.
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Grinding Mullard ¢ Ticonal’ permanent
magnets to required size.

MAGNETIC MATERIALS Extensive research and
manufacturing facilities have established Mullard as the leading
producers of magnetic materials. They were the first, for example, to
imtroduce Ferroxcube, the world's most efficient magnetic ferrite;
‘ Ticonal ’ anisotropic permanent magnets, renowned for their high
stability and high energy output; and Magnadur, an entirely new
type of permanent magnet with the insulating properties of a ceramic.

The wealth of experience gained from these developments is
available to all users of magnetic materials through the Mullard
advisory service. An enquiry to the address below will put a team
of specialised engineers at your disposal.

Mullard

‘ TICONAL® PERMANENT MAGNETS - MAGNADUR (Formerly Ferroxdure)
PERMANENT MAGNETS . FERROXCUBE MAGNETIC CORE MATERIAL

MCULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AYENUE, LONDON, W.C.2

WIRELESS ENGINEER, JULYy 1954




E.K.COLE LIMITED (MALMESBURY DIVISION)

The Malmesbury Division of E. K. Cole, Ltd., is engaged in
the devel and producti of radar and communication
equipment associated with high priority defence projects. Vacancies
exist in the Development Department for Project Engineers,
E i E s with training and experience in
the followmg fields:—

Pulse circuits.—Pulse Modulators, Strobe Systems, Video
Amplifiers, Time Base Generators, etc.

Microwave techniques.—Aecrial design for radar scanners and
waveguide components for high-power T./R. Units.

H.F. and V.H.F. Communication.—Airborne and ground
receivers, transmitters and Aerial Systems.

Transformer design.—High-frequency power transformers for
airborne equipment.

Mechanical Engineering.—Light mechanisms and structures
for radar scanners.

Applicants should lLave had technical training to Degree or
Higher National Certificate standard, and in the case of Project
Engineers and Engineers appropriaze technical design experience
is necessary. Commencing salaries will be dependent on qualifi-
cations and experience, and will compare favourably with scales
prevailing in the radio industry. Housing accommodation may be
available in the near future for successful married applicants.
A superannuation scheme is in operation, together with canteen
and full welfare facilities. Applicants should apply in the first
instance for a technical staff application form to Personnel
Manager, E. K. Cole, Ltd., Malmesbury, Wilts.

The General Electric Co., Ltd., have a few vacancies for detail and
design Dr in their E ing Division at Stanmore.
The work is interesting and is of a high technical standard embracing
light mechanical and electrical devices. Applicants should be of at
least Ordinary National Certificate standard andfor should have
had previous experience of a similar nature. Applications should be
made in writing to the Personnel Manager (Ref. WE/JEM), G.E.C.
Stanmore Laboratories, The Grove, Stanmore Common, Stanmore,
Middlesex, stating age, qualifications and experience.

Development Engineers required for Research and Development
work on Cold-Cathode Tubes.

Applicants should preferably have had experience in the Valve
or Lamp Industry, or on closely related work. A Science degree,
Engineering degree, or a similar qualification would be helpful.
An attractive salary is offered in accordance with experience,
ability and qualifications.

Please write giving details to the Personnel Officer, Ericsson
Teleph Ltd., B Nottingh (Reference LK/3).

The English Electric Co., Ltd., Kidsgrove Works, Staffordshire,
have an interesting vacancy for a suitable man to take charge of a
manufacturing unit involving metal/glass sealing and vacuum
techniques, assembly work and control of associated labour.
Applicants should have had experience in thermionic valve
manufacture and experience in handling shop labour. Write giving
full details of experience and qualificationsto Ref. 1331, Dept. C.P.S.,
336/7, Strand, W.C.2.

The G.E.C. Stanmore Laboratories invite applications from
Electronic Engineers aged approximately 25 to 30 who would be
interested in filling an interesting vacancy for a Graduate or
similarly qualified man to work on the development of airborne
radar equipment. A working knowledge of elementary Physics
would be advantageous and also a knowledge of aircraft electrical
installation is desirable but not essential. All applications should be
made in writing to the Staff Manager (Ref. WE/AMMYV) G.E.C.
Stanmore Laboratories, The Grove, Stanmore Common, Stanmore,
Middlesex, stating age, qualifications and experience.

The English Electric Co., Ltd., Luton, have an interesting vacancy
for work on the development of new ideas in Microwave circuitry,
Waveguides and Miniaturisation. Apply with full particulars and

quoting Ref. 11600, to Dept. C.P.S., 336/7 Strand, W.C.2.

Test Engineers. E. K. Cole, Ltd., Southend-on-Sea, require Test
Engineers with experience of Radio/T.V. test gear and measure-
ments. Theoretical knowledge to C. & G. Grade 3 or equivalent

essential. Apply Personnel Manager.

Wireless Operator Mechanics required for the Falkland Islands
Dependencies Survey for service in the Antarctic for tour of 18 or 30
months in the first instance. Salary in scale £330 rising to £420 a

year plus Free Quarters, subsistence, clothing and liberal canteen

stores while in D dencies; it is ible to save almost all
emoluments. Liberal leave on full salary. Candidates must be able
to transmit and receive morse at 20 words a minute (plain language
or code) and be ¢

of el y i of wireless

transmitting and receiving equipment. Write to the Crown Agents,
4 Millbank, London, S.W.1.
qualifications and experience and quote M2C/30572/WJ.

State age, name in block letters, full

EXPERIENCED RADIO TESTERS AND INSPECTORS

Required for production of communication and radio apparatus.
Also instrument makers, wirers and assemblers for factory test
apparatus. Apply Personnel Manager, E. K. Cole, Lid., Ekco

Works, Malmesbury, Wilts.

An opportunity for young, versatile and ingenious electronic
engineers to gain experience in the lication of Transistors to a
wide variety of circuits is offered by The English Electric Co., Ltd.,
Luton. Interviews may be arranged locally to suit applicants’ own
convenience. Write full detajls to Dept. C.P.S., 336/7 Strand,
W.C.2, quoting Ref. 1325.

— — -

ASSOCIATED

ILIFFE *  *

TECHNICAL BOOKS

SOUND RECORDING
AND REPRODUCTION

By J. W. Godfrey and S. W. Amos, B.SC.,
A.M.I.E.E. Covers in detail the theory and practice
of disc, magnetic and film recording, special
reference being made. to equipment used by the
B.B.C. 30s. net. By post 30s. 8d.

ADVANCED THEORY
OF WAVEGUIDES

By L. Lewin. Sets out various methods of treat-
ing waveguide problems—the author selecting for
discussion a number of topics as representative of
the field in which the centimetre-wave engineer is
now engaged. 30s. net. By post 30s. 7d.

Obtainable from all booksellers or by post from:—
DORSET HOUSE, STAMFORD ST., LONDON, S.E.x
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Vital
to contin-
uous production
in almost every phase

of engineering, these five
Unbrako standard screw
products are always available
Unbrako Socket from Unbrako Distributors through-

Screws are avail- y out the world in a wide range of sizes
‘ U 0 Ebhi"s’;r;':az:& and threads.
6B/A. Set Screws. Made to the exacting quality specification of

the world’s largest specialist screw manufacturers.

UNBRAKO SOCKET SCREW CO. LTD.
COVENTRY ENGLAND
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A valuable new book for
Electrical and Electronics Engineers

LAPLACE TRANSFORMS FOR
ELECTRICAL ENGINEERS

By B. §. Starkey, Dipl. Ing., AM.I.LE.EE. A become of increasing importance to electrical
presentation of the theory of Laplace trans- engineers in many fields, and the work is
formation in which a physical vocabulary designed to provide a thorough treatment of
rather than a purely mathematical one is used the subject in a language with which they will
as far as possible. This method of analysis has  be familiar. Published for ‘“Wireless Engineer.”

R(’udy NnNow 30s. net BY POST 30s. 8d.

From booksellers or direct from Iliffe & Sons Ltd., Dorset House, Stamford St., London, S.E.1

POLYTHENE
)
WEBB’S | H. F. EQUIPMENT
SERVICE DEPARTMENT (AMBYTHENE BRAND)

for complete renovation of complex ! ENQUIRIES INVITED FOR
communications receivers of any make ' SPECIAL MOULDINGS OF
Test report issued showing sensitivity, selec- COMPONENTS
tivity, signal/noise equal to, or better than, AMPLEX APPLIANCES (KENT) LTD.
makers’ original figures. ' 19 DARTMOUTH ROAD, HAYES, BROMLEY, KENT.

{RAVensbourne 5531)
WEBB'’S RADIO ’ All export enquiries to

14, SOHO STREET, LONDON, W.1 { § ANTEX LTD., 3 TOWER HILL, LONDON, E.C.3
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Types CCI64N
and CCI65N

ACTUAL
SIZE

LEAD-THROUGH AND STAND-OFF
CONQENSERS have been designed for Television protruding cach end,
Receivers incorporating Band 3 and Band 4 tuners. whilst the latter have a
Their outstanding features are : extremely small looped termination at one end
series inductance, efficient decoupling, small X G s .
physical size and a capacity tolerance of —20°, Trimmers: the ‘live’ electrode
to +80%. The Stand-Off Types are particularly  is a silvered band on the outside of the tube,
suitable for cathode and screen decoupling. contact being provided by a tinned copper wire
termination. Variation in capacity is controlled
by a screw in an internally threaded ceramic tube.

Working Voltage: 350v.

Capacity: 1,000 pF.
D.C. Insulation Resistance: greater than 5,000

megohms at 500v. D.C. INSTALLATION
MINIATURE TRIMMERS were developed to Lead-Through Type CC160S is for soldering
dircct into a tuner plate, through a ‘burst’ hole.

provide pre-set adjustment of R.F. and Oscil-
lator circuits in T.V. Tuners, and elsewhere. Lead-Through Type CC161S has a central
flange so that it may be mounted on a tuner

Capacity sweeps supplied: 0.5 pF. to 3 pF.. and .
I pF. to 5 pF. Temperature Coefficient: Plate having a punched hole.
Stand-off Type CCi162S has a mounting
flange at the base enabling the condenser to

—-40 106 °C. Working Voltage: 350v D.C.
greater than 10,000
be soldered to any part of a flat chassis.

Insulation Resistance:
megohms at 350v. D.C.
Stand-off Type CC163S has a central
CONSTRUCTION mounting flange, and is mounted through a
punched hole in the chassis.

Trimmer Types CC164N & CC165N.. The
in a

square - section end is inserted

Lead-Through and Stand-Off: the tubular
suitably punched hole, thus preventing

bodies are a specially selected material of the
barium-titanite group of ceramics with a
diclectric constant of 3,000. The four con-
structions provide two for lead-through, and  movement of the body during adjustment.
two for stand-off purposcs. The former The condenser is held by a spring fixing nut
have an 18 gauge tinned copper wire  which locks the adjusting screw, and gives
runn'ng through the body and a low inductance connection to chassis,

SINCE 1905

CONDENSERS

I X

1ii

SPECIALISTS
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& A roved S A miniature range of Hunts
) )

" pp ‘ Electrolytics approved to
to “ Inter-Service standards

|
1 RCL 134 Addendum Issue 2.

’
!

| | I Issue an
| ENTIRELY NEW 1 50 % e
i .
“ Inter-SGI‘V|ce " Temperature range:

L\ s t d d d 30°C to +70°C max.
“ andaras &  Please write for leaflet giving
'I details of complete range.
—_—
i TYPE L31/l. PATTERN CE4. CLASS HI
. Max. RMS. . . . . .
cw kG NTeE gg,g?';:n:;) Dimgrsions (nF=) Namber & Namber
50 25 70 I §  JB S3AKZ Z145512
100 25 100 13 3 B 54KZ Z145514
1000 25 600 3 | B 57KZ Z145520
25 50 60 1 § BI02BKZ Z145508
50 50 100 H § BI03KZ Z145513
500 50 450 3 | BIO6AKZ Z145519
8 150 60 I 2 BI53BKZ Z145502
6 150 90 13 3 BIS4KZ Z145505
32 150 160 13 3 BIBIKZ Z145509
8 350 75 13 3 B403KZ Z145503
6 350 120 H 3 B405KZ Z145506
2 350 225 2 | B407AKZ Z145510
4 450 50 12 § BS52KZ Z14550
8 450 100 13 3 BS53BKZ Z145504
16 450 175 2 | BS54AKZ Z145507
2 450 275 3 [ BS55AKZ Z145511
TYPE L32/I. PATTERN CE5 CLASS HI
3000 25 T100 ar I3 KB 62KZ Z145557
1500 50 1000 4% 13 KBIIIKZ Z145555
60 350 350 2 13 KB430KZ Z145552
100 350 450 3 13 KB4IIKZ Z145554
2 450 275 3 [ KBSSSBK Z Z14555|
60 450 450 3 I3 KBS8IKZ Z145553
TYPE L32/3. PATTERN CEé6. CLASS HI
32132 350 200 2 F KB4I7KZ Z145601
60+ 100 350 400 4% I3 KB420KZ Z145603
60+ 250 350 400 44 I3 KB422KZ Z145605
1004200 350 550 44 I3 KB423KZ Z145606
- 324 32 450 300 3 1] KBS64AKZ Z145602
60+ 100 450 550 43 13 KBS6SKZ Z145604

" In accordance with Gavernment specification all units are supplied insulated by an
REGISTERED TRADE MARK approved sleeve, the dimensions being increased accordingly by 4" on the length and

\{. & ' on the diameter.
u ) ':I

A. H. HUNT (Capacitors) LIMITED
WANDSWORTH + LONDON - S.W.18

: 0 A - .
CAPACITORS Tel BATtersea 1083-7 Est. 1901

And in CANADA — HUNT CAPACITORS (Canada) Ltd., AJAX, ONTARIO
THE TRADE MARK OF RELIABILITY




