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Output Stage for Personal Receivers
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This class B single-ended output stage uses a matched o5 W
. - . S | 005 :
pair of Mullard transistors type 2-OC72, delivering 0-005 pF |

10omW to the speaker at 109%, total harmonic dis-
tortion. The OC72s, which are used without cooling
fins, each have a maximum dissipation of 2smW. The
circuit will operate safely and satisfactorily up to an
ambient temperature of 45°C. Capacitive coupling to
the speaker does away with the need for a centre-
tapped supply. The point ‘P’ is automatically held to
half the supply voltage.

A Mullard OC71 is used in the driver stage, with d.c.
stabilisation provided by R2-R3-R4. The coupling
transformer has a turns ratio of 7 :1 + 1, with
primary resistance <750Q and secondary resistances
<100Q. The primary inductance is §H with 1.5mA
d.c. flowing.

The input impedance at YY' is about 3.5kQ, which
is partly due to feedback from the speaker via Ri3.
R1 further increases the input impedance at XX’ to 8
or 9ka. A drive of 18omV r.m.s. across XX’ is nec-
essary to provide 1oomW output when transistors
at the minimum sensitivity limit are used. Undesired
feedback from the output stage to earlier stages in
the receiver is prevented by R6-C2. The battery
drain is about 1omA on speech and music, and 4mA
with zero signal. The circuit is therefore suitable
for incorporation in pocket-size personal receivers.
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A further battery economy is provided by the modifi-
cation shown in the inset, which allows operation to
much lower voltages without excessive crossover
distortion by stabilising the base bias voltage. The
point at which the battery must be discarded is there-
fore postponed. With this arrangement a small extra
current, taken from some other point in the re-
ceiver, is required by MRI.

7.6.D. DATA and PUBLICATIONS SECTION, MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE, »BNDON, W.C.1
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Wireless World

Twenty-one Years

IN offering belated felicitations to the B.B.C. on
the 21st anniversary of the establishment of the
world’s first high-definition television service,
Wireless World has in mind in particular the work
of the Engineering Division under the successive
direction of Sir Noel Ashbridge and Sir Harold
Bishop.  Although we allow ourselves to be
distracted occasionally by the efforts of the pro-
gramme departments, it is with the millivolts
per metre and the qual'ty of the modulation that
we are primarily concerned.

Already, the network of high-, medium- and
low-power transmitters covers 98 per cent of the
population; but the remaining 2 per cent, approxi-
mately a million souls, are not to be forgotten, for
we learn that very low-power transmitters which
will operate unattended are being developed to
illuminate the remaining dark corners. Although
local complaints are inevitable there can be no
doubt that the country as a whole has been well
served by the planning departments of the B.B.C.

Against the background of the early 30-line
experiments by Baird which were broadcast by the
B.B.C. on medium waves from 1930, the 405-line
standard adopted in 1936 well merited the des-
cription “high-definition.” It still does for the
majority of viewers in this country, who own
receivers of modest size and cost and who look at
programmes in which the greater part of the
“information’’ conveyed to the brain is essentially
of a dynamic rather than a static nature. The
need for a higher standard becomes apparent only
when the programme people turn their cameras
on still subjects containing detail finer than the
resolution of the system (which includes the
performance of the receiver) or when too large a
screen is viewed at too short a distance. Few will
dispute that the picture quality broadcast by the
B.B.C. is still better than that of the majority
of commercial receivers, which have to be pro-
duced at a price which the public will pay.

What of the future? It is not improbable that
new techniques will eventually be evolved for the
production, at prices we can afford to pay, of
receivers with larger screems, higher definition
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and/or colour. When that day comes the B.B.C.
will be ready to play its part, for it has
already started an exploration of the poten-:
tialities in this country of Band V as a medium for
the propagation of pictures of normal and higher
definition; it is also broadcasting colour signals on
Band I for the use of receiver manufacturers.

Pioneer Experiment

OUR congratulations and best thanks to the
Russians for having placed a 1-watt transmitter in
an orbit which traverses most of the civilized
world, and on frequencies which were well
chosen for revealing the effects of the ionosphere.
Congratulations, also, to the radio receiving and
radar tracking resources of this country for the
speed and accuracy with which they were brought
into action, and the ingenuity already displayed in
extracting the maximum possible information
from quickly improvised experiments.

Radio has given invaluable service to the
physicists and astronomers in determining the
motion of the satellites. It has also collected for
itself a mass of data which is already yielding
fresh knowledge of the constitution of the upper
atmosphere and of the way in which radio waves
are propagated. But because the life of the
batteries has been relatively short, the transmitted
frequencies restricted, and the trajectories have
been at this time of year for the most part outside
the ionosphere, much more remains to be done
before the exploration of the fine structure of the
ionosphere by extra-terrestrial waves reaches the
same level as that attained by the ground iono-
spheric sounding stations of the world.

In many ways these first exciting days are
reminiscent of the early experiments of Rutherford
on atomic structure when far-reaching results
were deduced from the patient observation of and
subsequent cerebration on the scintillation of
alpha particles on a zinc sulphide screen. Once
again, it is the “scintillation” of the received signal
strength and Doppler frequency shift which holds
many of the secrets now being unravelled.
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WORLD OF WIRELESS

“ Scatter ” Frequencies

SIX 400-kc/s bands have been allocated by the
American Federal Communications Commission for
ionospheric scatter transmissions. The lower fre-
quency in each of these bands is 32.6, 34.6, 36.6, 46.6,
49.6 and 54 Mc/s, respectively. To avoid inter-
ference with American television stations, those
frequencies which lie within the U.S. television
channels will be used by scatter stations remote from
the United States and its territories.

Some of these frequencies, of course, come within
our TV channels and reference is made in the
B.B.C.’s annual report to the interference (mainly in
S.E. England) being caused by forward-scatter trans-
missions. Interference in the neighbourhood of the
U.S. Air Force station at Kingston Blount, Oxford,
was at one time very severe.

The possibility of more widespread use of forward
scatter is viewed with some concern by the B.B.C.,
which stresses in it’s report that television broad-
casting bands should be protected from any such
threatened interference.

Intermodulation Testing

AT an informal meeting of representatives of the
leading British recording companies and pickup
manufacturers, convened on the initiative of M.
Minton, chief development engineer of Cosmocord,
Ltd., the question of standards for expressing inter-
modulation distortion in pickups was discussed. At
present no universally accepted method of testing
has been established and comparison of published
figures is often meaningless. After a general survey
of the present position a working party was elected
to investigate the problem in detail.

It has now been agreed that any further discussions
of the working party shall be on a formal basis within
the framework of R.E.C.M.F. Panel “N” (gramo-
phone equipment).

Research Awards

THE Paul Instrument Fund Committee, set up by
the Roya! Society, Physical Society, Institute of
Physics and I.E.E. “to receive applications . . .
for grants for the design, construction and main-
tenance of novel, unusual or much improved types
of physical instruments and apparatus for investi-
gations in pure or applied physical science,” have
announced three awards.

Dr. D. Gabor, Mullard reader in electronics,
Imperial College, receives £100, making £1,900 in
all, for work on a new type of Wilson cloud chamber
in the form of a resonant microwave cavity. Professor
G. F. J. Garlick, professor of physics in the Univer-
sity of Hull, receives £2,700 to enable him to carry
out studies of phosphors and photoconductors with
a view to the development of solid-state light image
amplifiers or converters. The third award, of £2,000,
goes to Dr. H. H. Hopkins, senior lecturer in physics
(technical optics), Imperial College, for the con-
struction of a static scanning fibrescope.
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B.B.C. Colour Tests

A SECOND series of test transmissions of colour
television are being undertaken by the B.B.C. This
new series of experimental transmissions, which
began in October and will continue for about six
months, are being radiated from the B.B.C.’s Crystal
Palace station (Channel 1) outside the normal pro-
gramme times.

The purpose of the tests, which are being con-
ducted with a modified version of the American
N.T.S.C. system, is:

(1) To provide a source of high-grade colour pic-
ture signals so as to permit colour receiver
development work to continue,

(2) To enable further experience to be gained in
the operation of the colour studio and colour
transmitting equipment, and

(3) To obtain further knowledge of the compati-
bility provided by the particular system of
colour transmission being tested.

" Details of the somewhat involved cycle of trans-
mission times are -obtainable from the B.B.C.

Faraday Medallist

FOR his “outstanding contributions in the field
of international communications and particularly in
the development of long-distance, deep-sea telephone
cables and their repeaters,” Sir Gordon Radley,
K.C.B,, has been awarded the Faraday medal of the
Institution of Electrical Engineers, of which he is
the immediate past-president. Sir Gordon, who is the
first engineer to be director general of the Post Office,
has been in the G.P.O. since 1920 when he joined as
a temporary inspector in the research branch. In
1944 he became the first holder of the office of con-
troller of research and was successively deputy
engineer-in-chief, e.-in-c., and deputy director
general until he assumed his present position in
1955.

On his appointment in 1954 as deputy director
general he retained, at his own request, technical
responsibility for the British contribution to the
transatlantic telephone cable with which he had been
so closely associated.

Computer Standardization

ONE of the aims of the recently formed Data Pro-
cessing Section of the Radio Communication and
Electronic Engineering Association is the formula-
tion of standards for computers, and to this end a
number of working parties have been set up. One is
concerned with . nomenclature, another with tape
standards for both analogue and digital computers,
while yet another is studying information storage
cores. The section, of wiich C. Metcalfe (E.M.I.
Electronics) is chairman, includes 16 member-firms
of the Association plus.fcur other companies.

A growing number of associations and groups are
being formed in this country to discuss data pro-
cessing equipment and the R.C.E.E.A. Data Proces-
sing Section is investigating the possibility of forming
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a joint organization, through which information could
be pooled. {

As already announced, the R.C.E.E.A. is collabor-
ating with the Office Appliance and Business Equip-
‘mient * Trades Association in organizing the first
British Electronic Computer Exhibition and Con-
vention, to be held at Olympia, London, from
November 28th to December 4th next year.

The R.C.E.E.A. has also become one of the spon-
soring organizations for the next Instruments, Elec-
tronics and Automation Exhibition to be held at
Olympia from April 16th to 25th next year.

T.E.M.A.—The first awards in a competition intro-
duced by the Telecommunication Engineering and
Manufacturing Association for the best final-year
apprentice of member-firms, were made at the Associa-
tion’s annual dinner on November 13th attended by
some 270 members and guests. The recipients of the
£25 awards in each of the three categories were:—
D. V. Moreton (graduate in training) of A.T. & E.;
R. L. Reid (student apprentice) of Ericsson; and B. A.
Edwards (technician apprentice) of S.T.C. The
T.E.M.A. dinner coincided with the publication of the
Government white paper on changes in the telephone
service including the introduction of electronic group
routing and charging equipment (GRACE).

R.T.E.B.—A record number of candidates sat for this
year’s examinations for the servicing certificates issued
by the Radio Trades Examination Board. Of the 1,117
taking the sound radio exam. 466 (429%) passed and
336 have to retake the practical test. Entrants for
the television exam. totalled 237. Of these 106 (45%)
passed and 48 have to retake the practical test. An
analysis of the entrants shows that some 50% of
the candidates were under 19 years of age, which may
account for the examiners’ view that approximately half
the candidates lacked practical experience.

,-An_Appointments_Service for servicemen has been
introduced by the R.T.E.B. It is available free to
employers and the 2,500 holders of the Board’s servicing
certificates. Particulars are available from the Board at
9, Bedford Square; London, W.C.1.

* Two research scholarships, valued at £435 per
annum, have been awarded by the B.B.C. to graduates
in electrical engineering giving them the opportunity
to work for a higher degree. The subjects for research
must be in those fields of telecommunications or physics
which have an application to sound or television broad-
casting.. The recipients are J. B. Izatt, graduate of
Aberdeen University, who will conduct his researches in
the electrical engineering laboratories of Robert Gor-
don’s Technical College, and W. A. G. Voss, who gradu-
ated at Queen Mary College (University of London),
where he will continue his research work.

Medical Colour TV.—The American pharmaceutical
firm, Smith Kline and French Laboratories, who have
an establishment in this country and earlier this year
demonstrated American closed-circuit colour television
at St. Bartholomew’s Hospital, London, have now
ordered a mobile colour television unit from Marconi’s.
It will employ the anglicized 405-line N.T.S.C. system
and will be placed at the free disposal of medical
authorities for use at professional meetings. Both 21-
inch direct-viewing colour monitors and medium-screen
projectors will be used with the unit, which will also
incorporate a monochrome channel.

Visit te Germany.—The Brit.ILR.E. proposes to
arrange a party to visit factories, research laboratories
and other radio establishments in Western Germany in
the early summer of next year. The tour is planned to
extend ‘over about 10 days and in general the mornings
would be devoted to technical visits and the afternoons
to sight-seeing.

568

General Radio.—We are asked to point out that
General Radio Co., of 9-10, Noel Street, London, W.1,
whose. advertisement appeared on page 92 of the
November 1957 issue of Wireless World is not associ-
ated with the General Radio Co., of Cambridge, Massa-
chusetts, U.S.A. Nor are they associated with Claude
Lyons, Ltd., of Liverpool and Hoddesdon, Herts, who
are the exclusive agents in the UK. for the General
Radio Company, of Cambridge, Mass., U.S.A.

Technical Hitch.—The opening of the L.T.A. trans-
mitter at St. Hilary, Glam., originally planned for
December 17th, has been postponed. An advanced
design of aerial had been planned, but unforeseen
technical difficulties have arisen necessitating further
development work. Marconi’s are therefore replacing
it by a more conventional type giving similar coverage.

Test transmissions from the v.h.f. sound transmitter
installed at the television station at Kirk o’Shotts, Central
Scotland, began on November 15th. The station, which
is due to come into regular service before the end of
the year, will radiate horizontally-polarized transmissions
on 89.9, 92.1 and 94.3 Mc/s with an e.r.p. of 120 kW.

Transatlantic trials of *“Dectra,” the long-range ver-
sion of the Decca Navigator, are again under way. The
tracking pattern is being produced from two of the
stations in the East Newfoundland Decca chain and the
ranging pattern by synchronized transmissions from
stations in Newfoundland and Scotland. Tests on
routine civil and military flights are being undertaken
during these trials. Canada’s fourth Decca Navigator
chain, centred on Quebec, was brought into service on
November 5th.

Brit.L.LR.E.—In the Institution’s report for the year
ended March 31st the total membership is given as
5,568—an increase of 176 during the year, and of over
800 during the past three years.

Transatlantic Television.—A standard Pye 17-inch
television receiver, fed from a rhombic aerial, was used
in New York for the reception of B.B.C. television trans-
missions direct from London on November 1st. The
set was lent to Press Wireless, Inc., and was used at
their receiving station at Baldwin, Long Island. '

TV on Tape.—For his achievements in the develop-
ment of a practical video tape recorder, Charles P. Gins-
burg, manager of advanced videotape development in the
Ampex Corporation, California, has been awarded the
David Sarnoff Gold Medal by the American Society of
Motion Picture & Television Engineers.

Soviet Colour Television.—Three systems of colour
television are now being tested in Moscow and Lenin-
grad, according to Soviet News, to determine which one
to adopt in the Union. At present there are approxi-
mately two million monochrome receivers in use in the
U.S.S.R.

Transistor Circuit Techniques.—A course of ten even-
ing lectures on transistor circuit techniques is to be held
on successive Tuesdays from January 21st at the Med-
way College of Technology, Maidstone Road, Chatham,
Kent.

“ Electronics in Industry” is the title of a five-day
course organized by the factory department of the
Ministry of Labour, to be held at Burton in Wirrall,
Cheshire, from January 20th to 24th. The fee is £6,
including tuition and residence, for people from adjoin-
ing areas, but £7 for others. Applications should be
sent to J. B. Newton, the warden, Burton Manor Resi-
dential College for Adult Education, Burton in Wirrall,
Cheshire.

Radio transmissions of particular interest to yachts-
men, and lists of coast radio stations and radio beacons;
are given in the 52-page reference section of the Yacht-
ing World Diary for 1958, which includes all the day-to-
day information the yachtsman requires. The Diary costs
10s in leather binding or 6s 6d in waterproof Rexine.
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K. S. Brown, the new president of the Institution of
Radio Engineers (Australia), spent five years in England
after graduating Bachelor of Electricaf' Engineering at
Melbourne University. During his stay in this country
he spent two years with the G.E.C. at Coventry and
three years with S.T.C., where he was engaged on
radio and line transmission equipment. He returned
to Australia in 1939 to establish a valve division in the
S.T.C. factory at Sydney and he is now manager of the
electronics division which absorbed the valve division.

Maor C. Collaro, O.B.E., has resigned his position
as chairman and managing director of Collaro, Ltd.,
owing to ill-health, but will continue to be available to
the company on technical matters, Henry Roughton
succeeds him as managing director and E. B. Urietti,
previously works manager, has joined the board.

F. R. W. Strafford, M.ILE.E., has been exclusively
retained as technical consultant for aerial and aerial
components by Kimber-Allen, Ltd.,, of Myron Works,
London, S.E.13. Mr. Strafford will continue his tech-
nical practice in other radio and electronics spheres.

W. Woolfenden, engineer-in-charge of the Croydon
LT.A. station since its opening in 1955, has been
appointed e.-in-c. of the Authority’s St. Hilary trans-
mitter. He was with the B.B.C. for eight years before
joining the I.T.A. and was an R.A.F. radar officer during
the war. He is succeeded at Croydon by G. E. Tag-
holm, B.Sc.(Eng.), who was on the B.B.C.’s Alexandra
Paiace siaff before joining the Authority.

“A. J. Solomon, executive engineer at the Post Office
receiving station at Ongar, Essex, since 1955, succeeds
G. K. Fagg, who retired on August 30th, as manager/
eng.neer or the Post Office rad.o s:ation at Bodmin,
Cornwall, Mr. Fagg joined Marconi’s as a radio
operator in 1912 and in 1921 went to the company’s
research department. He subsequently joined Cable &
Wireless, transferring to the Post Office in 1950 when
C. & W.’s services in the U.K. were integrated with
those of the G.P.O. Mr. Solomon is also an ex-
Marconi man. He was for some time in the commercial
receiver development section at Chelmsford.

A. T. Black, C.B.E,, has left the Ministry of Supply,
where he was director of electronics production (muni-
tions), and has joined Pena Copper Mines, Ltd., where
he will direct the group’s electronics division. It will
be recalled that Pena recently acquired Peto Scott Elec-
trical Instruments and Cosmocord.

H. W. S1ipton, AM.Brit.ILR.E., who for some years
has been electronics development engineer at the Bur-
den Neurological Institute, Bristol,. has accepted the
position as research associate in medical electronics in
the State University of Towa, U.S.A. He is probably
best known for his work on toposcopic display systems
for electro-encephalography. His duties at Bristol will
in future be shared by Dr. R. Cooper and W. J. Warren.

M. W. S. Barlow, M.A,, AM.Brit.IR.E. (G3CVO),
who was a founder member and secretary of the British
Amateur Television Club and has contributed to
Wireless World on amateur television topics, has left
Marconi’s at Chelmsford, where he has been a develop-
ment engineer for the past four or five years, to take up
an appointment with the Canadian Marconi Company.

Baron C. de Beer, who has been associated with the
Rediffusion group of companies for some years, being
until recently assistant chief engineer of the Jamaica
Broadcasting Company (a member of the group), has
joined the Rocke International Corporation, of New
York, as chief engineer (broadcast and communications).
For ten years prior to joining Rediffusion he was a
signals officer in the R.A.F.

N. P. White, recently appointed manager of the com-
ponents division of A. C. Cossor, Ltd., joined the
company in 1939 and has successively held the positions
of manager of the methods department and chief pro-
duction engineer.
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R. J. Hitchcock, M.A,, AM.LE.E,, author of the
article on page 599, joined Cable & Wireless in 1948,
where he was initially engaged on radio-frequency allo-
cation work and represented the company at international
conferences including the Extraordinary Administrative
Radio Conferenze in Geneva in 1951, He is now in
charge of a section of the engineer-in-chief’s depart-
ment responsible for the design of aerials, radio propa-
gation and radio circuit performance studies, prediction
of optimum usable frequencies and other radio fre-
quency matters such as in erference, etcc He is a
member of the U.K. study groups of the C.C.I.R. dealing
with ionospheric, tropospheric and ground-wave propa-
gation.

Francis Oakes, AM.ILEE., AM.Brit.LR.E.,, M.Inst.E,,
and E. W. Lawson, AM.ILE.E,, who contribute the
article in this issue on a transistorized galvanometer,
have previously collaborated to write for Wireless
World. They are both with the Ferguson Radio
Corporation, where Mr. QOakes (a frequent contri-
butor to Wireless World) is in charge of transistor
applications research and Mr. Lawson is in charge
of the standard laboratory at Enfield, Mr. Oakes,
who came to this country from Austria, was for
some time assis'ant chief of the electronics laboratory
of the Morgan Crucible Company before join'ng Fer-
guson. Mr. Lawson, following service with the Ministry
of Aircraft Production during the war, was in charge
of quality control at Plessey until joining Ferguson.

G. J. Phillips, M.A., Ph.D., B.Sc., AAM.LLEE., who
writes in this issue on discriminator bandwidth in f.m.
broadcast receivers, joined the B.B.C. engineering
division in 1951 after post-graduate work on ionospheric
measurements at the Cavendish Laboratory, Cambridge.
Dr. Phillips has been engaged on B.B.C. transmitting
aerial design and is now in charge of receiver and
measurement work in the B.B.C. research department
at Kingswood Warren, Surrey.

Sqn. Ldr. G. de Visme, B.Sc., Grad.I.E.E., contribu-
tor of the article on a phase indicator, took his degree
at London University in 1942 and then spent four years
in REM.E. After demobilization he worked for two
and a half years in the G.E.C. research laboratories,
and then in 1950 joined the education branch of the
R.A.F. He is now instructor in electronics at the R.A.F.
Technical College. Since joining the air force he has
obtained a diploma in electronics from Southampton
University.

OBITUARY

James P. McKenzie, M.C,, AM.LLEE,, chairman and
managng director of Sifam Electrical Instrument Co.,
Ltd., died on October 9th at the age of 68. After the
first world war he was for a short time with Elwell
Radio before joining Standard Telephones & Cables.
He later became sole British agent for the French
company Société Industrielle pour Ila Fabrication
D’Appareils de Mésure and when in 1927 tariffs made
the import of instruments prohibitive he formed the
present Sifam company using the name by agreement
with the French company,

James G. Yates, who since 1946 has been 4 lecturer
in the Department of Engineering at Cambridge Univer-
sity, where he did “ outstanding work in building up the
teaching of electronics,” died on November Ist, aged
42, A graduate of Trinity College, Dublin, he joined
the Radar Research and Development Establishment at
Christchurch in 1940, where he worked throughout the
war.

Lionel W. Sansum, secretary and director of A. F.
Bulgin & Co. for over 30 years, died on October 15th,
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F.M. Discriminator Bandwidth

By G. J. PHILLIPS, M.A., Ph.D.,
B.Sc., AAM.LLE.E*

ITS SIGNIFICANCE IN
HIGH-QUALITY BROADCAST RECEPTION

FROM time to time in the technical literature the
advantages have been discussed of a f.m. discrimina-
tor which remains linear over a bandwidth very
much in excess of the deviation range of the signal
being received'. Some of these articles give the
impression that wide-band discrminators offer a
clear advantage in all f.m. applications, and can give a
useful reduction of many types of interference. It is
the purpose of this article not only to discuss those
aspects in which better performance can be achieved
by this means, but to review all aspects of the per-
formance in relation to the requirements of a broad-
casting service. Interest in wide-band discrimina-
tors was at one time aroused by the possible use of
f.m. for long distance short-wave communication?,
but it is more convenient for discussion to consider

* B.B.C. Engineering Research Department,
1 See for example ‘““F.M, Receiver Design,” by Lawrence W.

Johnson. Wireless World, October 1956, p. 497.
2 Arguimbau, L.B.,, and Granlund, J., ‘Sky-Wave F-M
Receiver.” Electronics, December 1949, p. 101.
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Fig. 1. Power output due to co-channel interference as a

function of carrier ratio. In taking these curves the wanted
carrier was unmodulated, and the interfering carrier was
modulated with 435 kc/s deviation at 2 kc/s. An aural
weighting network was used in front of the power meter.
The narrow discriminator with approximately 30 dB a.m.
suppression ratio gave a curve practically identical with
curve (3).
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first the interference that can arise between two
separate f.m. transmitters operating on the same
channel—i.e., co-channel interference.

Co-channel Interference.—We shall suppose, in
discussing the interference heard when listening to
the stronger of two co-channel transmissions, that
two different programmes are being radiated. On
any given receiver, assuming the signal strength is
adequate, the interference will depend on the level
of the interfering carrier relative to the wanted
carrier., Before going any further we should have
some idea of the kind of noises that will mar the
wanted programme. There are two distinct forms of
interference. First, the unwanted modulation may
be recognizable in the background and secondly,
there may be a characteristic “ swishing ” noise.

The so-called capture effect is concerned with the
first type of interference only. If the unwanted
carrier is equal in strength to the wanted carrier the
two programmes will be equally audible, but as the
unwanted carrier is reduced the unwanted modula-
tion rapidly becomes fainter. The ratio of carrier
levels at which it just becomes inaudible is termed
the capture ratio. Now it is sometimes assumed
that interference troubles are over at this stage, but
this, alas, is not so. There remains a noise which
(except when there happens to be a pause in both
programmes) might be described as a “swishing ” or
“fizzing ” noise. This second type of interference
unfortunately remains audible for a much smaller
unwanted carrier level than that existing at the
“capture” stage, and arises from a beat effect
between the two f.m. signals. Both amplitude and
phase modulation of the wanted carrier result from
the addition of a weaker carrier of a slightly different
frequency, but interference is normally reproduced
in a f.m, receiver by virtue of the phase modulation
component. In the absence of modulation on either
carrier a steady beat note corresponding to the trans-
mitter frequency difference is expected—though in
practice some warbling of the note will occur. But
if either or both of the carriers are deviated the
swishing noise is produced as the frequency differ-
ence passes rapidly through the audible range.

The dependence of the total interference power on
the carrier ratio is shown by the experimental curves
in Fig. 1. They all refer to measurements made
with a special receiver in which the bandwidth
before the limiter was kept at +100 kc/s. Limiting
was achieved in two stages, giving a very good degree
of a.m. suppression. A Foster-Seeley discriminator
was used which was linear over a bandwidth of at
least +1 Mc/s, but, in order to obtain precise dis-
criminator bandwidths, either a wide (+1 Mc/s) or a
narrow (4120 kc/s) band-pass filter could be inter-
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posed between the limiter and the Foster-Seeley
circuit. Two signal generators were used, the out-
puts of both being fed to the receiver; an unmodu-
lated carrier was used to represent the wanted trans-
mission and a carrier with +35kc/s f.m, at 2kc/s was
varied in level to represent a modulated interfering
signal. Under these conditions the receiver output
power represents the interference and has been
plotted against the level of the unwanted carrier, The
two alternative discriminator bandwidths were used
with the full limiting maintained, curves (1) and (2).
In addition, the wide-band condition was measured
with the limiting efficiency reduced to that of a fairly
good domestic receiver for f.m. reception, curve (3).

It is seen that in all cases there is at first a straight-
line region where the interference is proportional to
the unwanted carrier level; this occurs where the
latter is relatively small and only the “swishing”
noise is present. Curve (1) shows that, given good
limiting and a discriminator of +1 Mc/s bandwidth,
the interference remains proportional to the
unwanted carrier level until a carrier ratio of about
2 dB is reached. At this point breakthrough of the
unwanted modulation begins to reinforce the other
interference and the curve begins to rise more
steeply; this is the “capture ” threshold. If the dis-
criminator is narrowed to +120 kc/s this threshold
occurs at a lower level of the unwanted carrier as
shown by the earlier rise of curve (2). The effect of
reduced limiting efficiency, as shown by curve (3) for
the wider discriminator, is two-fold : (a) earlier onset
of the breakthrough of unwanted modulation and (b)
increased interference at all carrier ratios. The
curve for the narrow-band discriminator with
reduced limiting is not shown here—it was found to
coincide within 1 dB with that for the wider dis-
criminator; no significant difference between the dis-
criminators was apparent, due presumably to the
restriction in performance now imposed by the
limiter. In all cases the graphs continue as straight
lines at 45° for unwanted carrier levels lower than
those plotted in Fig. 1, until receiver noise in the
output becomes comparable with the power being
measured.

In a communication system we wish to make the
best of the situation even when the carriers are
nearly equal. It is then worth while paying con-
siderable attention to limiting efficiency. Then, but
only then, a wider discriminator can be used to gain
some further advantage. On the other hand, for a
broadcasting service a 20 dB carrier ratio is not
sufficient to give reasonably interference-free
reception. This may seem an incredible statement
when Fig. 1 shows that a signal-to-interference ratio
of some 55 dB occurs for a 20 dB carrier ratio. But
that is the startling thing revealed by experiments
on co-channel interference—the small amount of it,

in terms of audio power, that can spoil reproduc-~ °

tion, particularly of music; this is true whether or
not the modulation on the unwanted carrier corre-
sponds to the same programme. Now Fig. 1 shows
that for an unwanted carrier at or below the —20
dB level the various arrangements differ in perform-
ance by no more than 1 dB. This includes a narrow-
band discriminator with an a.m. suppression ratio®

3 The a.m. suppression ratic used here is defined as the ratio
of the output due to the f.m. to that due to the a.m. when a
signal having 40% a.m. at 2,000 c/s simultaneously with +30 kc/s
(40% of 75 ke/s) f.m. at 100 c¢/s is fed to the receiver. Its
measurement has been discussed by G. G. Johnstone in the August
1957 issue of Wireless World, p. 378.
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of about 30 dB, since it performs substantially as
shown by curve (3).

Should the a.m. suppression ratio be less than
30 dB the story is rather different. Extra interfer-
ence is produced for all carrier ratios. This is
because, when an audio-frequency beat is produced,
it is not only the phase modulation of the resultant
of the two carriers that matters; amplitude modula-
tion also can contribute appreciably to the interfer-
ence at the receiver output.

Multi-path  Distortion.—Another phenomenon
closely related to co-channel interference is distor-
tion arising from multi-path propagation. With a
very large path difference, in fact, the physical con-
ditions are virtually the same as for co-channel inter-
ference when there are two stations some distance
apart broadcasting the same programme. Fortu-
nately, this has been anticipated in f.m. station plan-
ning since (without allowing for any further advan-
tage possible by a directional aerial) it is intended to
secure a carrier ratio of at least 20 dB between co-
channel stations for 99% of the time when in the
appropriate service area. It is not surprising, there-
fore, to find that a delayed signal some 20dB
below the direct signal causes distortion when the
path difference is greater than about 5 miles. This
distortion is particularly noticeable on piano music.
It changes somewhat in character as the path differ-
eice changes from, say, 20 miles (when it takes
the form of a fizzy noise like co-channel inter-
ference) down to 5 miles (when it becomes almost
indistinguishable from the effect of - something
loose in the loudspeaker). It should be added
that the shorter- the path difference (below about
20 miles) the larger the delayed signal that can be
tolerated, so that reflections with only 1 mile
or less path-difference must exceed a half of the
direct signal in amplitude to give appreciable dis-
tortion. This is because the frequency of difference
between the direct and delayed signals arriving at the
receiver can no longer be very great, and so a fre-
quency high compared with that of the modulation
cannot be produced. This subject has been dis-
cussed more fully by M. G. Scroggie in a previous
issue®.

Regarding co-channel interfererice and multi-path
distortion, experience has shown an a.m. suppression
ratio of 35 dB to be a good target to aim at in
receiver design; given this, receivers with discrim-
inators of ordinary bandwidth will not under condi-
tions applicable to broadcasting show appreciably
greater interference than a more elaborate receiver.
Any interference will be predominantly that corre-
sponding to the audio component of the phase
modulation of the resultant signal. Further im-
provements in difficult situations must rely on suit-
able orientation of a directional receiving aerial.

Impulsive Interference.—Turning now to impul-
sive interference, Fig. 2 gives the result of measure-
ments using the experimental receiver with full
limiting. Short impulses of controllable amplitude
were applied to the input of the receiver at a con-
stant rate, a fairly high rate (2,500 per second) being
used to facilitate measurement of the interference
when using impulses of small amplitude. They were
applied in the presence of a f.m. carrier to which the
receiver was tuned. The output power due to the

¢ See “ F.M. Multi-Path Distortion,” Wireless World, December
1956, p. 578.
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impulsive interference has been plotted against the
amplitude of the impulses.

The difference in performance of the two dis-
criminators is small, being no more than a few
decibels at all levels of interference. Moreover, for
repetition rates met in practice, the amount of inter-
ference heard when the impulse amplitude is less
than the peak carrier amplitude is not serious. The
region of importance is therefore when the impulses
are greater than the threshold value marked in
Fig. 2, and there the wide-band discriminator gives
slightly more interference than the discriminator of
conventional bandwidth. The effect of reducing the
a.m. suppression ratio is not shown here; a moderate
reduction merely gives a more gradual step at the
threshold. Generalizations in the case of impulsive
interference are difficult to make since factors other
than discriminator bandwidth and a.m. suppression
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Fig. 2. Inputjoutput characteristics for impulsive inter-
ference. The measurement was made in the presence of a
carrier with 1-30 kc/s f.m. at 50 c/s, the 50 c¢/s output
being eliminated by a high-pass filter. The impulse repeti-
tion frequency was 2.5 kcjs.

ratio are involved. For example, some receivers
employing a ratio detector have been found less
susceptible to impulsive interference than a receiver
with a limiter and a Foster-Seeley discriminator,
although the measured a.m. suppression ratio was
inferior in the ratio detector receivers. A limiter
before a ratio detector does not necessarily lose this
advantage under impulsive interference conditions,
and can improve the performance with other forms
of interference.

Adjacent-channel Interference.—Adjacent-chan-
nel interference (due to a transmission with a carrier
frequency differing by 200 kc/s from the frequency
of the wanted carrier in the case of broadcasting) can
of course always be reduced by improvements in the
if. selectivity. The selectivity should be sufficient to
ensure that the interfering carrier is fairly small com-
pared with the wanted carrier at the stage where
limiting takes place. Then a good limiter and a
symmetrical two-diode discriminator can in theory
provide good protection. This is because the out-
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put of the ideal limiter, being purely f.m., has side-
band amplitudes which are symmetrical about the
carrier frequency (principally two equal components
at +200 kc/s relative to the carrier in the case being
considered). With an ordinary Foster-Seeley dis-
criminator one diode is mainly sensitive to the com-~
ponent 200 kc/s higher than the wanted carrier in
frequency, and the other to the component 200 kc/s
lower. The contributions of the diode circuits to
the final output are of opposite polarity. With no
modulation on the wanted carrier the extra outputs
of the diodes due to interference should, by sym-
metry, be equal in magnitude and therefore cancel.
This will apply even when the interfering carrier
varies in frequency or amplitude due to modulation.
With deviation of the wanted carrier frequency the
situation is not so straightforward, and cancellation
will not generally be complete. _

In practice we may say that besides if. selectivity,
various departures from the ideal both in limiter per-
formance and in symmetry of the discriminator play
a part in adjacent channel protection. More experi-
mental work is needed to be able to decide how im-
portant these are. There is as yet no evidence that
the use of a wide-band discriminator will help with
this form of interference; in fact its greater sensi-
tivity to +200 kc/s components may result in more
interference for a given degree of symmetry. There
would seem to be a good case, however, for a limiter
which is efficient in suppressing amplitude fluctua-
tions up to a few hundred kilocycles per second.
This will make the best of available selectivity
though, as stated above, an improvement in the if.
selectivity curve is always capable of giving less inter-
ference. A slope of the amplitude response curve
of the if. stages at 200 kc/s from the carrier fre-
quency can play a part by causing the effective
strength of the interfering carrier to vary as it is
deviated by modulation; the shape of the response
curve as well as the attenuation at the adjacent chan-
nel frequency must therefore be considered.

Conclusions.—A wide-band discriminator reduces
co-channel interference only when the unwanted
carrier is comparable in strength with the wanted
carrier. This means that in conditions where the
improvement due to the wide-band discriminator is
becoming important the background interference is
then too high for a satisfactory broadcasting service.
Expressed in another way, a significant improvement
using a wide-band discriminator is achieved only
when the wanted-to-unwanted carrier ratio is less
than about 6 dB. But it is not until an interfering
transmission or a long-delayed echo is more than
20 dB below the wanted signal that reproduction
becomes sufficiently free from background noise or
distortion to be acceptable for a broadcasting service;
in certain critical cases a carrier ratio greater than
30 dB is needed to avoid noticeable effects. More-
over the limited improvement mentioned above can
be achieved only at the expense of considerable com-
plication in the receiver; for optimum performance
of a wide-band discriminator the a.m. suppression
ratio must be at least 50 dB.

On the other hand if conditions are restricted to
those encountered in broadcast reception a narrow-
band discriminator and an a.m. suppression ratio of
35 dB are generally satisfactory, and no significant
improvement is to be obtained from a wide-band
discriminator and increased a.m. suppression. A
practical point worth noting here is that a.m. sup-
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pression may vary considerably with small changes
in tuning in the case of some receivers. A receiver
should therefore be designed to ensure that the sug-
gested a.m. suppression ratio is reached or exceeded
when tuned under normal conditions, since it is
seldom practicable to tune for best results in the
presence of co-channel interference or multi-path
distortion. .
Regarding other forms of interference, several
aspects of receiver design are usually involved and

the importance of some of these are still being
studied. But there does not appear to be any clear
advantage in using a wide-band discriminator and in
one case at least (impulsive interference) its perfor-
mance appears, if anything, to be poorer than that of
more conventional arrangements.

I am grateful to various colleagues for their help-
ful discussion, in particular Mr. J. G. Spencer who
also made available the experimental results which
form the basis of the curves of Figs. 1 and 2.
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ARTIFICIAL
SATELLITES OF
THE EARTH

Observations by Radio on the First Transmitters Beyond the lonosphere

THERE was great excitement in the world of radio
on October 5 when it was learnt that the Russians
had launched their first satellite. In spite of much
previous discussion on the reception of satellite sig-
nals*, the actual event took everyone by surprise.
Observing stations were hastily improvised from
existing equipment by amateurs and professionals
alike. The B.B.C. used their listening station at
Tatsfield, the D.S.L.R. their radio research establish-
ment at Slough, and the G.P.O. their measuring
stations at Baldock and Banbury. At the same time
the radio astronomers at Cambridge and Jodrell Bank
worked furiously to rig up equipment for precise
position-finding measurements on the actual track
of the satellite, while similar measurements were
started immediately by the Royal Aircraft Establish-
ment, Farnborough, and at Malvern by the Royal
Radar Establishment. Between these official organ-
izations and the many amateurs who made observa-
tions were bodies like the British Astronomical
Association, whose Radio Section took recordings.of
the signals at their small station at Clacton.

Nobody in this country was prepared for the use
of 20Mc/s and 40Mc/s as the transmission fre-
quencies because it was expected that the American
satellite, using 108Mc/s, would be the first to be
launched. This state of unpreparedness should
never have existed, however, for the frequencies were
published in the June, 1957, issue of the Russian
journal Radio, which is available in this country,
and were officially notified to the Royal Society in
the following August. The June issue of Radio con-
tained two articles (from the first of which our title
is reproduced) mainly giving advice to amateurs for
observing the satellite. The first begins: —

“During the course of the International Geo-
physical Year it is intended in the U.S.S.R. to launch

* Going back_ as far as 1945 in this journal. See, for example,
¢ Extra-Terrestrial Relays,” by Arthur C. Clarke, October, 1945,
issue.
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a number of artificial satellites of the earth, equipped
with radio-transmitting apparatus. Radio observers
of the signals from these satellites will make it pos-
sible to obtain fresh data regarding the structure of
the ionosphere and to determine with accuracy the
size, shape and position of the orbits of the satellites,
and also to draw conclusions regarding the processes
and occurrences taking place in the satellite during
the course of its flight.”

The second article mentions the use of two
radio transmitters “having frequencies of approxi-
mately 20Mc/s and 40Mc/s, and the power of the
transmissions will be approx. 1W. These transmit-
ters will operate continuous over a long period (this
period being limited by the sources of electrical
power contained in the satellite). Consequently, the
special radio reception points as well as radie
amateurs throughout the whole of the territory of the
Soviet Union as well as countries abroad will be able
to receive time and time again the radio signals

Fig. 1. Elements of the orbit of an artificial satellite.
(Reproduced, with acknowledgments, from Radio.)
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Fig. 3. Schematic of the 40-Mc[s interferometric aerial
system at Cambridge, It was actually modified from a
38-Mc/s radio telescope used on radio stars.
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Fig; 4. General form of the interference-pattern type of
polar diagram produced by the spaced aerial system in
Fig. 3.

whereas an observer situated at a latitude of 45°
would be moved 1760 km and an observer situated at
a latitude of 60° would be moved 1000 km. The
northern and southern limits of observation are
determined by the inclination of the orbit of the
satellite, which defines how far the satellite will
move either to the north or to the south. During
every period of twenty-four hours the artificial satel-
lite will make 16 revolutions round the earth and in
so doing will make, as it were, a regular pattern or
‘network’ over the earth’s surface. The satellite to
be launched in the U.S.S.R. will travel in such a
manner that it will pass over practically every in-
habited region of the earth.

_“The time during which it will be possible at any

given point on the earth’s surface to pick up radio
signals from the artificial satellite will be determined
by the speed of the satellite (8 km per second) and
the greatest distance at which it is possible to receive
the signals transmitted. The time for receiving
signals will probably last for several minutes.”
. The “several minutes™ in the last paragraph is
illustrated in practical terms in Fig. 2, which is one
of the first recordings of Sputnik I’s signals taken at
the Mullard radio astronomy observatory at Cam-
bridge. It was obtained at night in the first hour
of October 6, and occupies a total time scale of
nearly 5 minutes. This record is actually the
output of a receiver fed from interferometric type
of aerial svstem of the kind already described in
Wireless Worldt Two spaced dipoles are used, as
shown in Fig. 3, giving an interference pattern con-
sisting of multiple lobes as in the polar diagram
Fig. 4. A source of signals like a satellite passing
through this pattern therefore produces an output
from the receiver which goes through maxima and
minima of the kind shown on the record.

§ “ Radio Astronomy,” July, 1951.
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At any particular height above ground a plan
view of the minima between lobes in Fig. 4 takes
the form of a hyperbolic pattern, as shown in Fig,
5. The actual positions of these lines are established
of course, from a knowledge of the geometry and
geographical positioning of the aerial system (which
is arranged on an accurately surveyed east-west
line). Similar hyperbolic patterns can be drawn for
all heights above ground. Thus, from the time
intervals between minima on the Fig. 2 record and
the roughly known velocity of the satellite (derived
from the period of rotation), it is possible to calcu-
late a series of points with particular spacings on a
straight line that will fit on to one of the hyber-
bolic patterns. In this way the track of the satellite
relative to the aerial system can be found, as shown
in Fig. 5, while the hyperbolic pattern in use will
give the height.

Measurements of this kind were made not only at
Cambridge (on the 40Mc/s transmission) but also
by the Royal Aircraft Establishment and the Royal
Radar Establishment, both of whom used crossed
interferometric aerial systems. All three establish-
ments in addition took measurements of the changes
in frequency produced by the Doppler effect. The
results were used for calculating the velocity of the
satellites and also for obtaining ranges from which
the tracks could be obtained for correlation with the
interferometric methods. To explain how the Dop-
pler method is used to obtain this velocity and
range information we again give a direct quotation
from the Radio articles.

“The Doppler effect is concerned with the varia-
tions in frequency which are produced when the
transmitter and receiver approach one another or
move further apart from one another. The known
principle is that when the source of the waves and
the receiving station approach one another the fre-
quency observed is higher than the emitted
frequency. Conversely, if the transmitter and the
receiver are receding from one another, the fre-
quency as received will be lower than that emitted.

“The speed of approach or recession of the
satellite will vary according to a special pattern on
account of the elliptical shape of the satellite’s orbit.
It will readily be seen that it is not merely a ques-

(Continued on page 577)
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Fig. 5. Plan view of a horizontal plane cutting through
the interference pattern in Fig. 4 at a particular height.
The hyperbolae represent the minima between lobes. The
calculated points are fitted to these hyperbolae to give the
track of the satellite.
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is, of course, that the waves from the satellite trans-
mitter were retracted by the ionosphere (through
which they wouid pass trom outsiae) In sucn a way
as to bend them round the curvature of the eartn.
The ionosphere was also no doubt responsible tor
the curious short burst of 20Mc/s wnich usually
occurred before the main signal was received. At
Slough most of the measurements were, in tact, done
on 20Mc/s-because of the greater effect of the iono-
sphere on that frequency. At Cambridge, on tne
other hand, they used mostly 40Mc/s in order to
avoid the inaccuracies introduced by the ionosphere
in the position-finding measurements.

Signal Strengths

Many different aerials were pressed into service
by the B.B.C. at 'l'atsfield—open-wire types, hori-
zontal rhombics, double rhombics, vertical “V s,
short-wave stacks—while receivers were standard
communication types with beat frequency oscillators.
Both signal-strength and frequency measurements
(for Doppler calculations) were made. With the first
satellite the signal strength was occasionally as high
as 35uV/m during the first few days, but most of the
time was only just above noise level. The signal
from the Sputnik II was much weaker, as might
be expected from the greater range, and was gener-
ally less reliable.

The variations recorded in the signal strength
were, in fact, one of the most complex aspects of the
satellite transmissions. There were several different
periodicities in these fluctuations and a number of
possible reasons for them. The report from Cam-
bridge in Nature** mentions three likely effects:
(a) rotation of the radiation patterns of the satellite’s
aerials by the spinning of the satellite; (b) changes
of polarization in any plane-polarized component of
the transmitted signal also produced by the spinning
of the satellite; (c) changes of polarization caused by
Faraday rotationtt in the ionosphere resulting from
the earth’s magnetic field. The June issue of the
Russian journal Radio, incidentally, comments on the
expected variations as follows:—

“... At some points in its movement the aerials
of the satellite will be located in such a way that the
wireless waves reaching the aerial of the receiving
station will have a circular polarization. At other
times the aerials fitted to the satellite will be pointing
straight in the direction of the receiving aerials of
the observer station, so that the waves reaching the
receiving station have a linear polarization.”

To distinguish between these possible effects the
Cambridge observers fitted up receiving aerials with
mutually perpendicular planes of polarization. It was
then found that the fading patterns on the two aerials
differed in phase by #/2, showing that the rotation
of the plane of polarization was the most important
cause of the signal fluctuations. To distinguish
between the rotation due to spinning and that due
to the Faraday effect, they made observations of the
fading periodicities on both 20Mc/s and 40Mc/s.
The significance here is that the Faraday rotation is
proportional to the square of the wavelength, and,
therefore, produces more rapid fading on 20Mc/s
than on 40Mc/s. The fading due to the spinning
of the satellite, however, is independent of frequency.

Curves have been plotted of several of the period-

+1 A brief explanation of Faraday rotation was given in the
December, 1956, issue, p. 595.
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icities of fading against G.M.T. for both the 20-Mc/s
and the 40-Mc/s signals. The two curves for a
particular satellite transit coincide more or less
exactly if the periodicity scale on 20Mc/s is arranged
to represent values four times as big as those on the
40-Mc/s periodicity scale. In other words, at twice
the wavelength the fading periodicity is quadrupled
—which shows that the periodicity is proportional
to the square of the wavelength and supports the
hypothesis that some of the fading is, in fact, due
to Faraday rotation,

The Cambridge observers also say in Nature that
their fading periodicity measurements indicate that
Sputnik I was spinning at seven revolutions per
minute. It has been noticed that this spin fading is
accompanied by a marked irregularity in the Doppler
curves. The effect, they say, may be caused by the
periodic reversal of the sense of the circularly
polarized component of the transmission as the
satellite spins.

The Faraday rotation measurements, among others,
are likely to be of great value in the studies of the
ionosphere which form part of the International
Geophysical Year programme. As an example, the
electron density of the ionosphere is of great interest.
The angle of rotation of the plane of polarization
of the transmitted wave is determined by the total
number of electrons along the “line-of-sight” path
to the receiving aerial. Consequently, as the satellite
moves along its track the length of the path through
the ionosphere changes and also the number of elec-
trons. This in turn produces a change in the angle
of rotation of the polarization, giving an alteration
of signal strength at the ground receiving station.
Knowing the track of the satellite and the inclination
of the earth’s magnetic field to the “line-of-sight ”
path, it is possible to find the rate of change of elec-
tron content along this path.

Ionospheric Refraction

The existence of radio transmitters above the
ionosphere at varying heights and at varying angles
of elevation make possible other types of investiga-
tions. To quote again from Radio: “It must also be
borne in mind that the signals received from the
artificial satellite will have had to pass right through the
ionosphere and in so doing will doubtless be sub-
jected to refraction, both on entering and on leaving
the ionosphere. . . . In turn, the amount of this
refraction will depend upon the wavelength, so that
the data received from all sources regarding the
reception conditions of both signals on their different
wavelengths will, when properly collated, supply
further information regarding the structure of the
higher strata of the earth’s atmosphere.”

As an example of this, the Cambridge workers
mention in Nature measurements which allow the
angle of refraction of the waves to be found at
different angles of elevation, The angles of arrival
of the 20-Mc/s and 40-Mc/s signals are measured
by comparing the apparent times at which the source
crosses the minima lines of similar interferometers
working on these respective frequencies.

Preliminary measurements of this kind have
already been done at Cambridge. They mark the
beginning of a new era of scientific study, which has
only been made possible by the tremendous techni-
cal achievement of planting these radio stations in
space beyond the ionosphere.
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Satellite Observations for Amateurs

By O. J. RUSSELL,* B.Sc. (Hons.), A.lnst.P.

THE use of frequencies of 20 to 40 Mc/s in the
Russian satellites opened up the possibility of large-
scale amateur observations with gear already to hand
in most amateur stations. It is hoped that some
American satellites will also employ such frequencies
in view of the larger numbers of amateurs who may
participate. The original announcement that the
American satellite project would use minimum
power transmitters, requiring specialized aerial
systems and very low noise-factor 108-Mc/s re-
ceivers, and would use equatorial orbits that would
prevent any reasonable possibility of reception in
these latitudes, had discouraged British satellite
observing programmes. The Russian launchings
have altered this situation drastically, and lead to
the hope that American satellite projects will also
enable observers to participate with easily obtain-
able equipment.

Receiving equipment for 20 Mc/s may be almost
any type of conventional communication receiver.
If well warmed up, such receivers will be stable
enough for the Doppler shift measurements of
velocity. A better solution is the use of a crystal-
controlled converter (see Fig. 1), enabling the com-
munication receiver to be used on a low frequency
band—say 3 Mc/s, where stability will be enhanced,
thus facilitating Doppier measurements. For
40 Mc/s a similar converter is ideal, and had infor-
mation on frequencies been generally known, many
such equipments would have been in use. How-
ever, most amateurs were able to utilize the
20-Mc/s channel straight away. For possible
108-Mc/s observations, a low noise crystal-con-
trolled converter of the type used for 2-metre recep-
tion would be suitable, Such converters may be
adapted from existing 2-metre converters.

Aerial systems may have any degree of com-
plexity. A simple vertical aerial is ideal for Doppler
and general long-range observation of the satellite
signals. The all-round low-angle polar diagram of
a vertical aerial is very suited to this work. The
vertical may consist of a 12-ft vertical rod or wire,
coaxially fed, and may be elaborated into ground-
plane and similar aerial types. Tracking the satel-
lites by the use of a rotating beam array is unlikely
to be very accurate or satisfactory by “peaking” for
maximum signal strength. However, by tracking on
the minimum signal in an “end on” null, even a
simple rotary dipole may be satisfactory. With con-
ventional 21-Mc/s beams, it will often be found
that the beam “works backwards,” owing to the
reflector becoming in effect a director on the lower
frequency. )

A simple minimum radio interferometer is shown
in Fig. 2. For a vertical transit of the satellite, this
will give three null positions, and ideally these are
sufficient, if the velocity is known from Doppler
measurements, to fix uniquely the height and track
of a satellite. For other than a vertical overhead
transit, the central null will lie on a straight line

*Amateur station G3BH]J.
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but the other nulls will lie on hyperbolz, as already
shown in the previous article. If space is available
greater separation of the dipoles of the interfero-
meter may be used, so that more nulls may be
obtained and the track fixed more certainly.

For the practical arrangement, triply folded wire

+HT
250V

=1k

001

Fig. 1.
used as a frequency converter. A Squier type of overtone
oscillator using the third harmonic will function with .

A simple crystal-controlled mixer stage may be

ordinary production crystals. For a 4-Mc/s i.f. a crystal
with a 5.333-Mc/s fundamental will serve for 20-Mc/s
reception, and a 12-Mc/s crystal will serve for 40 Mc/s.
For optimum results an r.f. stage should be used in front
of the mixer stage.
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Fig. 2. Schematic of a simple interferometer aerial system
giving three null points. At the altitude of the satellites
the two outside nulls lie on hyperbola as shown in Fig. 5
of the previous article on page 576.
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Fig. 3. Some possibilities in reception of satellite signals.
At A the direct wave is received. B receives a ground and
ionospherically reflected signal, while C is in a skip zone
receiving no signals, as the direct ray is reflected into
space at D by the jonosphere. At E atmospheric refraction
extends the ground wave.
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Fig. 4. Signals as received under varying ionospheric
conditions. At (a) the signal is as heard with negligible
ionospheric effects. At (b) some ionospheric reflection
prolongs audibility. At (c) the satellite traverses a skip
zone, and again peaks into good audibility after the true
transit.

dipoles will match nicely into 600-Q spaced feeder
line. The feeder line should be air-spaced, using
light-weight spreaders. Wax impregnated dowel
rods are light and quite suitable, being somewhat
more convenient than heavy ceramic spacers. The
physical centre between the two dipoles is used as
the point to attach a 300-Q line to the receiver. By
using the 13A spacing and transposing one 600-Q
feed line as shown, the simplest possible interfero-
meter giving a central null and two other nulls, one
each side of it, is achieved in a reasonably small
space. Two amateurs, both using such systems in
directions at right angles to each other, will be able
to obtain valuable data for track estimation, on the
principles already described in the previous article.

For the 20-Mc/s frequency one wavelength may
be taken as 49ft. The folded dipoles should be cut
to a length 59% less than this, but being inherently
broad-band a round length of 47ft will be satisfac-
tory. They should be supported a quarter wave-
length above four reflector wires which are half a
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wavelength long and separated by 2ft from each
other. The reflector wires need only be a few
inches above ground level. For 40 Mc/s these
dimensions may be halved. On this higher fre-
quency the erection of interferometers of greater
spacing will be facilitated, so that more nulls may
be achieved and more “zero signal” observations
made to obtain more useful data.

Signal observations may be made with any degree
of elaborateness, ranging from simple “listening to
the signal ” upwards—depending on what equipment
is available. At a close transit the optical-path condi-
tion for the first satellite was some 1,500-2,000 miles
in either direction, so that the transmitters were audi-
ble in direct line-of-sight for a path length of about
3,000-4,000 miles. For less close approaches optical
path conditions will be shorter. Under these condi-
tions, representing little or no ionospheric transmis-
sion and the inaudibility of the WWV transmission,
the signal suddenly leaps into audibility, peaks to a
very strong value, maintained almost rock steady, and
then rapidly declines to a weak signal, Having thus
heard the signal appear on a dead band after hours
spent listening to receiver noise was an eerie and ex-
citing experience. Generally, once the signal has ap-
peared, a weak signal is audible for some three or
four minutes after it is beyond the optical horizon,
under conditions of little or no ionospheric propaga-
tion. Under “good DX ” conditions, with a high
level of ionospheric ionization, the signal may under-
go a number of vicissitudes, as shown in” Fig, 3.
Under such conditions the satellite signals may be
heard well in advance of transit time, and long after.
Some amateurs have followed the signals for upwards
of an hour. Moreover the writer has heard the signal
disappear, traverse a skip zone and again peak into
audibility. Cross-observations on the strengths of
the 20- and 40-Mc/s transmissions may thus yield
valuable information about ionospheric conditions, as
mentioned in the previous article.

For Doppler shift measurements a close transit is
not necessary, for at 1,500 miles range the approach
is practically head-on initially, and corrections that
are quite small may be made if necessary. More-
over, in these latitudes even the correction for the
rotational velocity of the earth is small, and will never
exceed some 500 miles per hour. Aural estimates
made by setting the receiver b.f.o. to zero beat and
measuring the change in b.f.o. setting over a transit
are unlikely to be better than within some 30-50 c/s.
Moreover the sweep of the conventional b.f.0. is too
wide to enable accurate calibration to be made. A
very small variable capacitor of one or two pico-
farads connected from the b.f.0. valve grid to earth
will give a vernier control which may be calibrated in
cycles to enable accurate measurements to be made.
A cathode ray tube comparison system using
Lissajous figures, as mentioned in the previous
article, will enable measurements to be made to less
than a cycle. The “conversion factor ” is almost pre-
cisely 1.5 cycles per megacycle of received frequency
per thousand miles per hour. A more accurate
figure is 1.491 cycles, Thus, on 20 Mc/s for a
satellite velocity of 18,000 miles per hour, we should
observe the frequency 540 c/s high when approach-
ing end on, and 540 c/s low when receding end on.

Finally, the unexpected must always be expected in
such observations. Undue reliance need not be
placed upon newspaper reports. The transmissions
from WWV on 20 Mc/s precisely provide exact
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timing signals—and they also provide tone plus pulse
transmissions which have deluded official and other
observers unacquainted with such matters that they
were hearing the “bleeps” of the first satellite. The
1-Mc/s harmonic marker frequencies from a Class D
wavemeter are also useful for locating the frequency,
particularly as disturbed conditions have prevented
WWYV signals from being heard on many occasions.

Estimates of “tone ” quality should also be made, as
variations in this may well be due to frequency
modulation telemetering. This, of course, is
standard procedure, which has appeared in the
popular newspapers as “ mystery code signals baffle
observers”. The only mystery, however, has been
the calibration scale and what particular variable was
being measured.

DIRECT

AMONG the number of methods which exist for
measuring the phase difference between two
sinusoids of the same frequency are the following:—

(1) Lissajous ellipses derived from the sinu-
soids are displayed on a cathode ray oscilloscope,
and in terms of the ratio of vertical to horizontal
extent thereof, the phase difference can be calcu-
lated. The amplitudes of the sinusocids have
first to be equalized. The determination of which
'is the leading sinusoid presents a further problem.

(2) The phase of one sinusoid is advanced or
retarded as necessary to bring it into phase, or
anti-phase, with the other; the control for doing
this may be calibrated directly in degrees.

(3) The sinusoids are separately squared, the
resulting square waves added, and the final wave-
form rectified. The d.c. level of the rectified sum
depends on the phase difference of the sinusoids,
being zero for 180 degrees phase difference and
a maximum for zero phase difference. The
square wave amplitudes have to be equal to start
with. Again, ambiguity exists as to which wave
leads which.

(4) A modification of (3) exists whereby the
square waves are differentiated, the resulting
pulse trains being used respectively to switch
each valve of an Eccles-Jordan relay. The mean

By Squadron Leader
G. de VISME, B.sc.

INDICATION OF SIN ¢ BY VALVE VOLTMETER

anode current of one or other of the valves is
proportional to the angle of phase difference.
Once again there is ambiguity as to which sinu-
soid leads which.

(5) One sinusoid is fed into a phase splitter,
the two outputs of which (whose amplitudes
must be equalized) are fed one to each of the
anodes of two diodes connected as a balanced
‘modulator. The other sinusoid is fed equally to
each anode. The net output across the two diode
loads in series is a (rather complex) function of
the phase difference.

The above methods all suffer from one or more
defects—either they are complicated, or frequency-
sensitive, or the output bears a complex relation
to the phase difference, or there is ambiguity as to
which is the leading wave.

Basic Theory

The method to be outlined has the advantage of
extreme simplicity and is, in theory at least, almost
independent of frequency. The ambiguity as
regards lead or lag still occurs, but a compara-
tively simple addition is suggested which avoids
this. Using a phase-shifting device consisting of
accurately measured components so as to give an
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accurately known phase shift, the measured phase
difference tallied with the calculated value to within
less than 1% in the range 100 to 2,000 c/s.

Suppose the two sinusoids differ in phase by less
than 90 degrees; then, if one is reversed in phase
and added to the other, its amplitude may be
adjusted to make the amplitude of the resultant a
minimum. If the un-reversed signal is initially
adjusted to yield a deflection of 1 on a valve volt-
meter, the minimum resultant will give a deflection
of sin 6, where 6 is the phase difference.

Thus, in Fig. 1, let a be the generating vector of
one of the sinusoids, and let OX be the direction
of the generating vector of the other, so that OX
makes an angle § with a. The vector along OX will,
after phase reversal, lic along OY. Its length has
to be adjusted so that its vector sum with a has
least length; let it be b when so adjusted. For
the resultant ¢ to be of minimum length it must lie
at right angles to XY, this giving the shortest path
between the two parallel lines shown dotted in
Fig. 1. Thus in the right-angled triangle so formed
c/a=sin 6. Evidently, had the direction OX lagged
a by 0, exactly the same condition would have
obtained—hence the ambiguity.

A Practical Circuit

The required circuit is shown in Fig. 2. It is
seen that the addition takes place in the common
resistance (100 kQ). V1 is the phase reversing valve,
while V2 is a cathode follower, with a very large
input and a very small output impedance. Two
points have to be observed in-connection with the
circuit. In the first place, the phase shifts intro-
duced by the respective input networks, whilst
necessarily not zero, must at least be equal
Secondly, for accurate addition, the total imped-
ances of the series arms of the adding network must
be equal in both magnitude and phase—hence the
resistance values.

The operation is as follows:—

(i) Connect the sinusoid sources respectively to
points P and Q.

(i) Turn the potentiometer R, to zero and adjust
potentiometer R, so that the reading on the valve-
voltmeter is 1, or if possible 10, volts.

(iii) Adjust R, till the reading on the valve-
voltmeter is at a minimum. This reading is sin ¢

or 10sin 6, according to the original reading on the
meter.

To decide whether 8 is a lead or a lag, a small
phase lag is introduced into the input to P by the
circuit shown in Fig. 3, and the control R; is
adjusted to give a new minimum. If the new
minimum exceeds the original, the input to P lags
the input to Q, and vice versa.

If 6 is large, say 85°, it is possible that no new
minimum will be attainable after introducing the
lag—even with R, set at zero. This implies that
the input to P lags that to Q by 85°. Had the
reverse been the case, introducing the lag would
have caused a drop in the minimum.

For 6 very small, say 2°, it is very hard to decide

-for certain whether it is a lead or a lag by com-

paring the minima before and after the added phase
lag, since the minimum is so small anyway. The
phase-lagging device can be set to give only a very
small lag indeed—comparable with 2° in fact—and
its effect on the value of the minimum is then just
detectable.

In Fig. 3, V3 is a cathode follower, while V4 is
a Miller valve presenting an input capacity equal
to (14+A) times the anode-grid capacity, i.e. (1+A)
X (300 pF). The series potentiometer (100 k) and
the 100k potentiometer in the anode circuit of the
Miller valve are ganged, and are both logarithmic.
The RC circuit producing the phase lag therefore
has its R and C simultaneously variable. The resist-
ance of either potentiometer can be accurately con-
trolled from about 1k to 100k(, and so a given
phase lag, say 10°, can be derived at any frequency
from 10 c/s, say, to 10* x 10 ¢/s=100 kc/s, with one
sweep of the dial. This dial is accordingly cali-
brated logarithmically in frequency from 10c¢/s to
100ke/s, so that at a given setting, say 1kc/s, the
device produces a phase lag of 10° at 1 kc/s. If
a smaller phase lag is required, it is only necessary
to turn the dial to a higher frequency setting, and
vice versa. The 680-) resistance in the Miller
valve cathode enables this valve to handle the
greatest possible input without distortion, consistent
with admitting a 100 to 1 gain change.

It can be seen from the vector diagram of Fig. 1
that for phase differences of more than 90° this
method does not give a true minimum, and the
smallest obtainable vector sum corresponds to sin 6
=1 and no input from R,. In this case neither

sinusoid should be re-
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simply adding to the cir-
cuit of Fig, 2 a potenti-
ometer connected between
the anode and un-bypassed
cathode of V1, and deriv-
ing the signal from the
sliding contact, we can
obtain this sinuscid re-
versed or unreversed, as
necessary.
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Fig. 3. Additional circuit
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RETURN LOSS

By THOMAS RODDAM

2.—Return Loss and the Television Picture

LAST month I discussed the convenience of the
return loss concept in carrying out calculations on
mismatched lines. At each junction, you will remem-
ber, we can determine this quantity—we shall come
to details of methods later—and then, by imagining
a very short impulse sent down the line, we can
work out the sort of pulse train which will arrive at
the point of observation. We have seen in a practical
case, too, how such delayed echoes can distort the
signal. In place of the standing wave ratio, which
tells us how the signal is distorted in space, the return
loss offers a direct approach to the problem of
determining how the signal is distorted in time.
Since we are rarely in several places at once, but
often in one place for some time (especially when
time is measured in the milli- and microseconds of
the radio engineer), the return-loss method appears
to be the most suitable one to use.

The purpose of all this is, of course, to find out
whether the circuit is a satisfactory one, whether it
needs changes to improve the matching somewhere,
or perhaps even if we could relax our tolerances on
some parts of the system and save a little money.
We must, therefore, be prepared to set some sort of
limits to the distortion which a practical signal can be
allowed to suffer in transmission.

Return Loss and Response Curves

Usually in setting limits for a transmission system
we make use of the steady state characteristics, i.e.
the amplitude and phase responses plotted as func-
tions of frequency. Sometimes you will find refer-
ences to wavy amplitude responses as standing wave
responses, because if a system has a wavy response
in space at one frequency it will usually, but not
always, have a wavy response in frequency at one
point; but this sort of muddled thinking can lead to
serious difficulties. Since we want to be able to find
the frequency response, and since we also want to
work with return loss, it is worthwhile tying the two
together by a small amount of mathematics.

The easiest way of tackling the problem seems to
be to consider a steady single-frequency signal which
can be represented as exp jwz. Exp x is another way
of writing ¢ with the advantages that it is all on one
line, allows larger print to be used for x, and that it
takes one’s mind away from the ‘ raising to the
power > angle, and reminds one of the functional
nature of exp. We have, of course, the basic equation
exp jx == cos x - j sin x, so that we can always get
back to cosines by taking the real part and throwing
away the rest.

Travelling down the line then, we have a unit
signal exp jwt: we need not write A exp jwt because
A can be unity if we choose. We choose. We also
have a reflected wave travelling back from the mis-
match at the termination. There may be several
reflected waves sent back from various junctions,
but let us stick to one for the moment. This reflected
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wave has an amplitude m; and is delayed by a time =,
since it has travelled down the line and back again.
It can, therefore be written m exp jw (¢-7). The total
signal is then the sum of those two, that is exp jwtz 4
m exp jw (¢ — 7). But we know that exp (@ — b) =
exp a . exp (— b), so that the total signal equals exp
jot [1 4+ mexp (— jor)].

This means that the original exp jwt has been mod-
ulated by an amount m exp (— jw7). For small values
of m this reduces to an amplitude modulation
term (1 4 m cosjwr), and a phase modulation of arc
tan (m sin w7/[l - m cos wr]) ~m sin wr.

There are some rather important relations to be
derived here. The maximum and minimum ampli-
tudes are, of course, (1 + m) and (I — m). Now we
know that m (a number) is directly related to the
return loss (a decibel quantity), and that

m Zy— 2,
Z,+Z,
provided that we measure the return loss at the
point under consideration to get the apparent Z,.
Consequently,

42021

(Zo + Z,)
But 10 log (Z, + Z,)?/4Z,Z, is the reflection loss,
which is therefore also equal to — 10 log (1 — m?).
A quick look in the textbooks (Hardy, “ A Course on
Pure Mathematics”, 10th edn., p. 400, Cambridge
University Press) shows us that ’

10m?*<< — 10 log (1 — m?) < 10m?/(1 — m?) for
0<m2<l.

This enables us to get a pretty good idea of the
reflection loss in terms of the size of the ripples in the
amplitude response. For example, if the response
showed 1dB ripples we should have m~0.1 so
that the reflection loss — 10 log (1 — m?) would be
very close to 10m® or 0.1 dB. The ripples in the
phase characteristic have an amplitude of m radians,
in this case about 6°.

1 — m?) =

Echoes and Response Curves

I am not going to do any more mathematics here,
although the case of two echoes is both interesting
and important. You can find it mentioned in the
appendix to a paper by Mertz (¥. Soc. M.P.T.E.
Vol. 60 p. 572, 1953). Especially interesting is the
possibility of a pre-echo, if we may call it that, which
enables us to get a flat phase characteristic but ripples
in the amplitude -characteristic or, to a first
approximation, a flat amplitude with ripples in the
phase characteristic.

Before -going any further there is one important
simplification to be made. Most systems we consider
are of finite size, so that the signal takes a finite time
to get from input to output, This delay time corres-
ponds to a phase characteristic which is a straight
line when plotted against frequency, the slope
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d¢/dw being equal to the delay. We shall not cause
any error in our studies if we put our clocks back
and make this delay time zero., The phase shift
should then also be zero, and we can concentrate on
the deviations from the horizontal straight line, the
zero phase axis. The results of our mathematics
have been summarized by Mertz (loc. cit.) who
refers us back to Wheeler (Proc. I.LR.E. Vol. 27,
p. 359, 1939). Mertz says:

1. A single echo appears as an array of ripples or
sinusoidal scallops in both the amplitude response and
phase characteristics.

2. The delay of the echo from the main signal
influences the coarseness or fineness of structure of
the scallops. The echo delay is inversely proportional
to the wavelengths of the scallops measured along
the frequency scale in the plotted characteristics.

3. The amplitude of the echo, relative to that of
the main signal, influences the amplitude of excursion
of the scallops. The relative echo amplitude (if
small enough) is equal to the peak-to-zero excursion
in the amplitude response characteristic, measured in
nepers. It is equal similarly to the phase shift peak-
to-zero excursion, measured in radians.

4. There is a phase shift of 90° between the array
of ripples in the amplitude response characteristic
and that in the phase characteristic. That is, the
former are cosinusoidal, and the latter sinusoidal,
ripples.

In Fig. 1 you can see how the echo spacing is
related to the amplitude and phase responses. The
particular features to be noted are the relationship
between echo spacing and ripple frequency (the closer
the echo the fewer the ripples in amplitude and phase
response in a given band-width); and the sideways
shift of the phase ripples with respect to the ampli-
tude ripples.

Very often in the literature you will find references
made, not to the phase characteristic, but to the delay
characteristic. There are actually two different delay
characteristics, and it is not too difficult to get
confused between them. I wouldn’t be at all sur-
prised if “ Cathode Ray ” has already dealt with this
question: if not, he probably will. But until that happy
day let us take a quick look at Fig. 2, which represents
a quite arbitrary phase characteristic. A nice smooth
curve, drawn the way it is just to remind you of a
triode anode-current/anode-voltage characteristic.
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Fig. |. Amplitude and phase response characteristics
associated with various single-echo spacings.
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Fig. 2. Triode-like phase characteristic.

At the point P, the phase shift is ¢ and the frequency
(the radians/second) w. The slope of the line OP
is tan~-"POQ and is, of course, ¢/w. The slope of the
actual phase characteristics at P is the slope of the
tangent line PT, and is tan—'PT Q. This, of course,
is d¢/dw. The first of these, ¢/w, is called the phase
delay, while the second, d¢/dw, is called the envelope
delay.” It may seem odd to you, if you haven’t met
this before, that there should be two kinds of delay.
That is why I drew a triode-like sort of curve.
We are all quite happy to say * This valve takes
5 mA at 200 volts; and has an impedance of 10,000
ohms.” Applying Ohm’s Law, however, the im-
pedance would seem to be 200/(5 X 10- 8), or 40,000
ohms. Most of us never consciously consider that
the valve has two equivalent impedances, one for
the steady h.t. supply (40,000 ohms), and one for
small signals (10,000 ohms), the 10,000 ochms being,
as you well know, the incremental impedance.

Envelope delay gets its name from the analytic
process of considering what happens when two
steady signals at frequencies « and o 4 dw are
applied to a circuit. These beat together, and the
delay experienced by the quasi-signal, the beat peak,
is found to be d¢/dw. If dé/dw is constant over the
band needed to transmit a pulse, d ¢/dw is the actual
pulse delay: if d¢/dw is not constant, there is some
dispersion and the pulse loses its shape. You cannot
measure exactly the velocity of a pig through a sausage
factory.

We are, at the moment, considering a single clear
echo. How big can it be before we object to it?
The clearest collection of data is that given by
Mertz (loc. cit.) whose Fig. 7 is reproduced as Fig. 3.
Mertz gives some notes on these curves, which are
best quoted in full:

(a) Mertz. A suggestion, based largely on experi-
ence with picture transmission, on the course to be
expected of the tolerance as a function of echo delay.
_(b) Doba (1949, unpublished memorandum).
Relative values of tolerance indicated, adjusted to-
ward crosstalk limit at long delays. Picture consisted
of small solid rectangles on a flat field.

(c) Mertz, Fowler and Christopher. Data on only
two delays, summarized for two pictures. Figures
are for echo “ just perceptible * to median observers,
and “ impairment to picture, but not objectionable,”
or worse, to most critical 10%, of observers.

(d) Christopher (1950, unpublished memorandum).
Data covering pictures and engraved geometrical
figures. Form of summary curve, taken as reasonably
representative, smoothed from data.

(e) Fowler and Christopher. Echo “ just percep-
tible >’ to median observer. Single sensitive picture.

(Continued on page 585)
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(f) International Radio Consultative Committee.
Limits recommended for overshoot and echoes.
These are really for a 405-line 3-Mc/s video band
system.

In considering these curves we should not, I
think, lay too much stress on (a), which represents
figures put up just after the war as ““ probable good
practice.”” This curve is really a guide to the experi-
ments which led to the setting up of the standards
of curve (f). Now C.C.I. standards tend to be better
than domestic standards. Norman Douglas, I think
it was, said somewhere that you should never give
a man a dinner more than 10% better than he would
get at home. The C.C.I. view seems to be to replace
never by always: even engineers want to know that
they are keeping up with the Jones’. The smooth
curve (d), given by Christopher, looks like a reason-
able target for the designer, with about 6 dB to
spare before anyone is likely to be at all worried.

The echo delay in Fig. 3 is given in microseconds.
For transmission along cables the velocity of the
signal will be about 2 X 10'° cm/sec., or 200 metres/
microsecond. This means that, if the signal travels
100 ‘metres to a mismatch and then travels back to
the observer, the echo pulse will have gone 200
metres and will be delayed by 1 microsecond.
We could therefore add to the bottom of Fig. 3 a
second scale saying “ distance to reflector in hundreds
of metres,” with the same number positions. This
then gives us all the information we need for studying
a television transmission network—which could just
be the aerial you share with your neighbour.

Distortion Due to Echoes

It is, to my mind, much easier to understand the
way in which the picture is distorted due to each
picture element having a small echo, than to try to
make an estimate of the subjective effect of a non-
uniform phase characteristic. There used to be some
gramophone records, made I think by the German
Siemens Company, of speech which had been trans-
mitted over a very long telephone line without phase
equalization. You could hear quite distinctly the
difference in time of arrival between the high-
pitched “sh” sound and the deep ‘“uh.” In the
same way you can proceed from the idea of an echo
to the phase curves of Fig. 1. You can then in terms
of Fig. 3 find the corresponding criteria for either the
shape of the phase curve, or the shape of one of the
delay curves. It is then quite reasonable to say that
any device which has such and such sort of phase or
delay curve will produce a given echo. We have
already seen, indeed, that the size of the echo is
equal to the amplitude of the phase shift wave (half
the peak-to-peak) measured in radians. We have also
seen that if the * modulation frequency > of the phase
characteristic is 1/7, then the echo delay is just .
This theme can be expanded in detail, and it offers
a very simple method of turning an amplifier phase
characteristic into picture distortion. Inside the black
box which is our amplifier we have something which
behaves to some extent like an echo chamber.

More important at this stage is the effect of dis-
torting the echo. If the echo is differentiated, two small
pulses, one of which is inverted, are produced from
the original pulse, and, according to experimental
evidence, differentiated echoes may be about 10-15
dB larger than the full echo. Here again we can
construct the appropriate phase, phase delay, and
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envelope delay curves and apply tolerances to them.
From the various ways of plotting the phase curve
corresponding to a differentiated echo you can again
work back to interpret a black box phase response as a
differentiated echo, if this is appropriate, and thus
treat ‘a wider range of black box responses in terms
of their echo form. To do this in any detail would
need an article to itself.

A point of very great importance is the fact
that when the echo delay time is zero the echo
amplitude is not important, except, of course,
that the reflection loss must be considered. This
means that a device which produces, as some people
will put it, standing waves does not itself suffer.
It is only when the echo gets back along the line
that it can do any real harm.

The reader will, I hope, already have realized
that the right-hand part of Fig. 3 applies to the

ordinary ghost of television reception. It is one
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Fig. 3. Reported tolerances on echo amplitude as a function
ofg echo delay.

of the advantages of this pulse and echo method
of analysing the behaviour of circuits that it ties
together as a single story a whole set of phenomena
which would otherwise be treated piecemeal. What
is more, the single story is one which is directly
related to the final subjective effect. This idea of
asking what happens to a pulse is one which has
wide applications. It can be used, for example, in
estimating the transient response of a feedback
amplifier, where the first signal to arrive at the out-
put has been amplified by the full gain of the ampli-
fier in many cases. This initial spike is followed
by the main body of the pulse in which the signal
has had time to travel round the feedback loop
and through the amplifier a second time.

Audio frequency applications of return loss are
not so important to readers of Wireless World.
The echo treatment shows that you must have
plenty of room for the echo to get separated from
the main signal. In television a microsecond is
quite a long time, but in ordinary audio work we
don’t have to worry about much less than 100 micro-
seconds, and that means that we need 10,000 metres
to get our pulse and echo separated enough. This
is not, however, very far for a trunk telephone
network, so that the telephone transmission man
is always aware of return loss. It is just within
the range of interest for the wire broadcasting
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people. At power frequencies, where a pulse of
about 10 microseconds would be the one to con-
sider, the line length would need to be about 600
miles. This is a practical length of course for long

trunk lines, and at points where the echo and the

signal (the supply) reinforce each other (i.e. when
7 is an integral multiple of 1/50 sec) the voltage
on the line can go well above its normal value if
the load comes off. I cannot remember if anyone
has gone above 400 kV yet, but you will see that
a 259 echo, adding another 100kV, would be a
pretty alarming thing to happen to anybody’s
power line.

Return Loss Measurement

It still remains to discuss the way in which we
can measure the return loss which our apparatus
gives when we use it at the end of a line. Measure-
ment consists of the comparison of an unknown
quantity, the quantity to be measured, with a known
standard. This is, of course, a truism, though if
you look at the  Philosophy of Physical Science ” by
Sir Arthur Eddington (Cambridge University Press,
1939), you will find that two thirds of the text are
devoted to paving the way for general statements

¢ T
Vo o

i ;

2

Fig. 4. Basic bridge circuit used in return loss measure-
ment.

on measurement and observation. Usually, of
course, the standard with which we make the
comparison is, directly or indirectly, a fundamental
standard. We could, I have no doubt, trace the
subs-standard pint back to the standard kilogram.
Return loss is not defined to be measured in this
way against the background of the basic units.
The question we ask when measuring return loss
is not really “ How many units of such and such? ,
but rather, “ How nearly does this resemble that? .

Immediately after writing the last phrase it
became apparent that it must be qualified. We
may, in measuring return loss, ask either of two
questions. ‘“ How far does this deviate from that? >
is the first question, to which we may add “ and in
what manner? >’ as the second. In general, we find
that we are only interested in the first question
when we are concerned with what are so elegantly
termed “ user aspects.” For buying or selling, or
installing a piece of equipment, we may wish to
know that the return loss against the nominal or
actual line impedance is greater than x dB, and our
interest will end there. When we are designing or
adjusting a piece of apparatus, on the other hand,
we wish to know how the impedance deviates from
the ideal in order that we may attempt to correct
it. We have distinguished between these two
reasons for measurement because rather different
experimental methods are used.

Let us consider the circuit shown in Fig. 4.
This form of bridge circuit, using a centre-tapped
transformer, is well known.
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The current I which flows round the loop, is
given by
I=Vi\/(Z,+2Zy) .. 1)

and the detector open-circuit voltaéé, Vz,.i‘s given
by
v -V ViZ, Vi(Z,—-2Z,
Va=5 —1i=5 Z,+ 2, 2\Z,+Z,
or V2=122—71=the same 2)
Thus V,/V,=2 (Z,+2Z)/(Z,—Z,) ©))

Apart from the factor 2, this is just what we
require for the determination of the return loss of
Z, against Z,, or Z, against Z,. We can write

Vi Z,+Z,
20 log \72 =20 log Z.—7, +6 dB
=(R.L.}6)dB.. )

Before going on to discuss the direct use of this
bridge circuit we may, I feel, dispose of another
mathematical question.  Suppose that we write
the return loss as 20 log . Then

r= I(Zz+z1)/(22_zl),

- (1))

Now either or both Z, and Z, may be complex,
and we can write Z,/Z,=x+j7y. Thus

r= (x4 14)/(x—1+5y)]
which gives us r?==[(x+1)*4-3%/[(x —1)2+»?]
or r¥(x?—2x+1)+ry?=x"+2x+1+4y*
ie (rP—1Dx2—2(r* 4 Dx+ (@2 —1)y*=1—1*

41\ L (1)’
or (x_rz—l) Ty —(r2——1) —1

_ 2r \*
-1

This is just the equation of a circle with radius
2r/(r*—1) and centre at. . (7
x=(r*+1)/(r*~1), y=0 (8)

Remembering that x and y in equation (6) above

are just the real and imaginary parts of the im-
pedance ratio Z,/Z,, we see that if we measure the
return loss, which means that we determine r, we
know only that the relationship between x and y
is such that equation (6) is satisfied. The resistive
component may be the wrong amount, or it may be
correct, but with some unwanted reactance. These
various possibilities affect the phase of the reflected
signal, while we are concerned only with its size.

Having dealt with this bit of algebra, which we

shall make more use of later, let us consider the
problem of measuring the return loss just as a number.
Look back now to Fig. 4 and equation (4). Suppose
that across AB we connect the input of an amplifier,
assumed to have a very high input impedance, and
that the output, assumed to have a very low im-
pedance, is connected across CD. If the gain of the
amplifier is adjusted to be a very small amount greater
than (R.L. + 6) dB we have satisfied one of the
two conditions required for oscillations to build up
from the ordinary circuit noise. If the gain is just
less than (R.L. 4+ 6) dB such oscillations will not
build up.

This gain condition is, of course, not sufficient to

©)
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Fig. 5. Basic circuit of return loss measuring set show-
ing amplifiers Ay, A, band limiting filters F,F, (which

discrimination needed in rou-
tine testing.

also provide phase shift), reversing switch S, oscillation

DETECTOR

detector, and calibrated attenuator.

ATTENUATOR

A[ Az

[

For the designer, as we have
already seen, this information
is not sufficient. He needs to
know the actual value of the
return loss in order to correct
his design. One available
method, which I have never
seen used or described, is to
apply to the bridge network

R

of Fig. 4 a band-limited

ensure oscillation: it is necessary also that the signal
should suffer the correct phase shift in its passage
through the system. Under steady oscillation con-
ditions the signal must, in fact, go through exactly
2n~ radians phase shift in a complete traversal of the
circuit. This involves us in some special design
problems which we shall now discuss.

The designer of an amplifier for this kind of test
will naturally wish to use negative feedback to
stabilize the gain of the amplifier and thus avoid
the need for its frequent recalibration. A consequence
of the use of negative feedback is that the phase
shift through the amplifier will be very nearly the
same at all frequencies away from the edges of the
pass-band. This puts a very severe restriction on our
chances of finding the correct phase for oscillation
in the particular region in our frequency band where
the return loss is lowest (i.e. worst), which is where we
are most interested in measuring it. It is only
reasonable, however, to -use filters to define our
frequency band. These filters are our salvation from
the point of view of phase, because each half-section
we use gives us a phase shift across the band of 90°.
Thus a not unreasonable combination of two sections
of low-pass and two sections of high-pass filter will
assure us of two test frequencies at any given phase,
while a reversing switch anywhere in the loop
will give us two more. Whether this is sufficient or
not depends on the sort of impedance we are going to
test. If it varies rapidly we may need more test
points, though the phase shift in the bridge itself
will help us: if it is a pure resistance it does not matter
much at what frequency the test is made.

In some commercial designs of return loss tester
additional phase shift is provided as a side product of
the need to introduce these filters, and to adjust the
gain. The amplifier is split into two portions, each
provided with negative feedback. The feedback does
not embrace the output transformer of the first
amplifier or the input transformer of the second.
The purpose of these transformers is to establish a
convenient impedance level for the filters which are
connected between the amplifiers; and they offer
a very useful contribution to the phase characteristic
of the whole system.

The block diagram of a return loss tester of this
kind is shown in Fig. 5. The oscillation detector may
be one of a variety of devices. A simple diode and
meter, a pair of headphones if the system is for audio
frequency use, or a tuning indicator valve, are three
possibilities which spring to mind. An instrument
of this kind can easily provide a discrimination of
one decibel. Moreover the calibration is very easily
checked using standard resistors, and these can be
readily built in. Such an instrument is, indeed, just
what it should be; straightforward, easily checked,
and generally suitable for providing the yes-no
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noise input as V,, connect
an r.m.s, reading instrument to measure V,, and
then fiddle about with resistance and capacitance
boxes across Z, or Z, as required to get the lowest
value of V,. This technique, described rather slight-
ingly here, would be a possible test room approach
to a situation where closer return loss tolerances than
normal production permits are needed, subject to an
over-riding limitation on the complexity of the
correcting network. The most likely example I
can bring out of the hat where this technique would
be of use, is an audio-frequency amplifier with an
input transformer using a high permeability alloy
core which for economic reasons has been pushed
slightly beyond the reasonable design limit. I do not
doubt that there are other examples of just-over-the-
edge adjustments.

Normally, however, the designer must measure the
return loss at a number of points in the working band.
Equation (5) and the results which follow from it
lead us to the conclusion that the normal technique
will probably be to use an impedance bridge. We
may, however, find it convenient to measure ad-
mittances, especially at high frequencies. If so, we

ey o
-G -)
- @G-

=
I

(10)

(11

Fig. 6. Return loss contours and orthogonal phase circles
for normalized impedance or admittance. (For a fuller
construction use Table 13, p. 60 of Mole, * Filter Design
Data’* (Spon, 1952), or equations 7 and 8).
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Fig. 7. The addition of the chart
on the left is useful when a large
number of tests must be carried
out.

the only point being that in going from (10) to (11)
we have concealed a phase shift of 180°.

The results which were obtained above as equations
(7) and (8) are incorporated in Fig. 6. On this dia-~
gram, on the rectangular co-ordinate system we plot
a trace of the normalized impedance or admittance.
We can then read off the return loss from the system
of circles, and we can also see where our impedance
is going wrong, either through its reactive behaviour,
or through a basically wrong value of resistance
level. What is more, we can see where it goes wrong
most, so that it can be corrected stage by stage. With
some experience it is easy to interpret traces on Fig. 6
and to devise suitable correcting networks.

Where a large number of tests are to be carried out
within a prescribed frequency range and at a fixed
impedance level, it may be worth while to construct
the special form of combined impedance and return
loss chart shown in Fig. 7. This particular one is
suitable for the classic 600-ohm audio frequency
case. The example marked in shows that an impedance
consisting of 540 ohms in series with about 3.8 mH
will give a return loss of 20 dB at 4,000 c/s. As we
have seen, these charts may be used for admittances
or impedances, so that we can consider R -+ joL
or G -+ j»C equally conveniently. C may, of course,
be negative: I cannot think offhand of a bridge which
gives negative values of L.

There remains one measuring technique for return
loss which is of value in some special video frequency
problems. If we wish to transmit 1usec pulses say
along a line which must be well-matched, we can
check the matching by means of the pulses them-
selves. All we need to do, and this does not mean
there are no experimental difficulties, is use a length
of cable equivalent to about 1 psec of travel (giving us
2 psec go and return), and examine the signal for
echoes. This method is used for looking at impedance
irregularities in cables, and suitable pulse generators
and oscilloscopes can be obtained for it. It is rather
a “ made-to-measure > approach, because the cable
itself probably will not have exactly its nominal
impedance, so that, for example, you may be match-
ing to 80 ohms instead of 75 ohms.

Not much more can be said about return loss in a
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general survey. As might be expected the return loss
chart of Fig. 6 has come to look very like the Smith
chart. Which approach is the more useful in any
particular problem is a matter to be decided by
experience, but a rough guide is probably that return
loss is more appropriate whenever the system is big
enough for echoes to be separated out: if I sing in the
bath, that’s standing waves; if I shout at a distant
cliff, return loss.

CLUB NEWS

Birmingham.—An air traffic control officer from
Elmdon airport will talk on air traffic control at the
meeting of the Slade Radio Society on December 6th.
The club meets at 7.45 at the Church House, High
Street, Erdington. Sec.: C. N, Smart, 110, Woolmore
Road, Erdington, Birmingham, 23,

Brighton and District Radio Club, which operates
station G3EVE, continues to meet at the Eagle Inn,
Gloucester Road, on Tuesdays at 8.0, where visitors
and prospective members are welcome. Sec.: R. Purdy,
37, Bond Street, Brighton, 1.

Northern Mobile Rally.—Plans are being made for
a mobile rally centred on the West Riding for April
27th. Offers of support should be sent to N. Pride,
secretary of the Spen Valley & District Radio & Tele-
vision Society, 100, Raikes Lane, Birstall, W. Leeds,
Yorks,

Nottingham.—The Amateur Radio Club of Notting-
ham, G3EKW, meets every Tuesday and Thursday at
7.15 at Woodthorpe House, Mansfield Road. The
programme includes constructional work, morse train-
ing, lectures and discussions. Sec.: F. V. Farnsworth,
32, Harrow Road, West Bridgford, Nottingham,

Pontefract.—Meetings of the Pontefract Area Trans-
mitting Group are now held at the Queen’s Hotel,
Pontefract, on the first, third and fifth Thursday of
each month. The club transmitter, G3FYQ, has been
installed at the hotel. Sec.: W. Farrar, G3ESP, 6,
Hemsworth Road, Ackworth, Pontefract, Yorks.

Wellingborough.—Members of the Wellingborough
and District Radio and Television Society will debate
the statement “ That the days of radio are numbered”
at their meeting on December 12th at 7.30 at the Silver
Street Club Room. Sec.: P. E. B. Butler, 84, Welling-
borough Road, Rushden, Northants.
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Choke or Capacitor Input?

Significance of the Two Systems in Power Supplies

By <« CATHODE RAY”

AMONG requests received from readers is one
for an explanation of the why and wherefore of
swinging chokes. Resisting the temptation to invent
an analogy between them and swinging cats (or
even pirates) I will go straight into a comparison
between the two diagrams presented as Fig. 1. A
period of 15 seconds is allowed for reaching the
conclusion that they both represent full-wave
rectifier circuits, and that (b) is exactly the same as
(a) except that C, is missing. Those who are not well
up in the design of such circuits might suppose that
the only real difference was that the d.c. output from
(b) was less well smoothed; a deficiency which could
probably be made up by increasing the capacitance
of C, and certainly by adding another choke-and-
capacitor filter stage. Actually, however, the two
circuits work on entirely different principles and have
different characteristics. In particular, the choke L
in (b) has to be of a special kind, commonly known
?s)a swinging choke, quite different from the one in
a).
Circuit (a) is the arrangement commonly used for
supplying h.t. current to small power amplifiers,
etc., from an a.c. supply. C; acts as a reservoir.
If no current is being drawn off it charges up during
the first few cycles to the peak voltage of each half
of the transformer secondary coil. This state is
illustrated in Fig. 2(a), which covers one complete
a.c. cycle. Current cannot be shown on this diagram
because there is none going either in or out.

When current is drawn by a load it starts to dis-
charge Gy, as indicated by the downward slope from
A to B in Fig. 2(b). Cj can only recharge when the
transformer voltage rises above its own voltage,
thereby providing a small balance to drive current

+
L
=Ca =C (2)
d UWLUU‘ +
=C (b)

Fig. 1. Two alternative types of full-wave rectifier circuit:
(a§ capacitor input, and (b) choke input.
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(b)

RECTIFIED CURRENT/

Fig. 2. Diagrams showing the working conditions of a
capacitor-input circuit, when (a) there is no current, and
(b) load current is being taken.

through whichever half of the rectifier is receiving it.
During this phase, marked B to C, C; has to receive
enough current to keep the load supplied continuously
throughout half a cycle.

This is where the designer is faced with a dilemma.
If he makes Cy small it will lose voltage rapidly
between a.c. peaks, the result being a much lower
average output voltage at full load than at no load.
In technical language, it has bad regulation. It
follows too that there is a very large ripple on the
output voltage, necessitating much smoothing.
If on the other hand he makes C; large enough to
hold the output voltage well up, B comes nearly to
the voltage peak, so the period represented by BC is
only a small fraction of the half-cycle (AC) and the
peak current through the rectifier is therefore many
times greater than the steady load current. This is
bad for the rectifier, unless an abnormally large
sized one is used. It is also bad for the transformer,
unless a large and expensive model is used, because
a pulse waveform has a much greater r.m.s. value—
which is what counts in heating the windings—
than the mean value, which is the useful output.

One puts up with these inconveniences when the
amount of power to be supplied is so small that the
extra cost of the components is not worth seriously
bothering about, and especially when the load current
is fairly constant, as it is for example when it con-
sists of a Class A amplifier. The current peak
can if necessary be kept within reasonable bounds by
means of a resistor in series with the rectifier.
And the system does have the advantage that the
output voltage can be a fairly high percentage of the
peak input voltage.

But for large power amplifiers, say 50 watts
or more, the extra cost of the rectifiers and trans-
former on account of the highly peaked current
waveform is serious. What is perhaps more serious
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is that high-power amplifiers often work in Class B
(or C), so the current drawn is liable to fluctuate
between wide limits. The steep fall-off in output
voltage when the current drawn increases—in short,
the bad regulation—is then a most undesirable fea-
ture of this capacitance-input power supply system.

Compare the choke-input system, Fig. 1(b).
Let us suppose that the inductance, L, of the choke

is large enough to keep the current through it prac-’

tically constant. Then the output voltage across the
smoothing capacitor C must be practically constant
and can be represented by a horizontal straight
line. On the rectifier side of the choke the voltage
(neglecting the loss of volts in the rectifier when it is
conducting) consists of the half-cycles seen in Fig. 2.
So the voltage across the choke must be the differ-
ence between these semi-sine-waves and the constant
voltage. The question is, how high up in Fig. 3
must we draw the horizontal line to represent the
constant output voltage?

If we neglect the resistance of the choke and
assume it is purely inductive, the voltage across it
must be entirely alternating, with no d.c. com-
ponent. This means that its average each side of its
zero line is equal. The horizontal output-voltage line
can be regarded as the zero line for the choke voltage,
which is then represented by the half-cycle wave-
form above and below it. To be purely alternating,
the shaded areas below the line must be equal to
those above. This is the same thing as saying that
the height of the horizontal line must be equal
to the average height of the half-cycle waveform.
The books show us that this height is 2/= or 0.64
times the peak height, which we call V,,;,.

Since we know that the voltage across an inductance
L is equal to L times the rate at which the current
through it is changing, we can find the current wave-
form. Its slope at any point must be proportional
to the shaded voltage, so is something like Fig. 4.

OUTPUT
VOLTAGE TO L

INPUT
VOLTAGE TO L Fig. 3. Approximate
voltage relationships
in a choke-input circuit
with very large choke
inductance, when some
current is flowing.

At this stage you may object that we were supposed
to assume a constant output current and here I am
showing it varying. I would point out however
that we assumed it was practically constant, which
means that any variation is small. So Fig. 4 repre-
sents a small ripple on a relatively large constant
current. There must be some ripple, to generate the
shaded voltage across L.

With our simplifying assumptions the output
voltage is as shown in Fig. 3, regardless of the amount
of d.c. drawn by the load. So the choke voltage,
and therefore the current ripple needed to induce it,
is the same at all load currents. In practice an
increase in load current does drop the output voltage
slightly, because it has to pass through the neglected
resistences of . choke, rectifier and transformer.
Provided these are kept low, the output voltage re-
mains steady at nearly 0.64 times the peak value over
a wide range of output current, instead of varying
steeply as in the capacitor-input system.

In practice, L cannot be so enormous that the
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Fig. 4. Waveform of
ripple current corres-
ponding to the voltage
waveform in Fig. 3.

ripple current is negligible, It may be fairly small
compared with full load current, but if the load
current is reduced sufficiently a point will be reached
where it is not as big as the ripple, so current will
cease altogether at the troughs of the ripple. During
these periods of interrupted current (twice per a.c.
cycle) L obviously cannot give rise to any voltage
whatsoever and our theory breaks down. In the
limit, when there is no load current at all, L. might
as well not be there, and C tends to take the place of
C; in Fig. 1(a), so that voltage across it builds up
to the peak level.

The relationships between output voltage and load
current therefore work out as in Fig. 5, where (a)
is the capacitor-input curve and (b) the choke
input. The * critical load ” for (b) is the load current
which is only just enough to be continuous in spite
of the ripple. At smaller load currents the output
voltage soars up towards peak value, and at larger
currents it falls gradually owing to the resistance of
the rectifier, etc. The steeper fall of (a) is because
of the effect explained in connection with Fig. 2.

One of the objectionable features of (a) is that if
current is not being drawn—for example, while
valves are warming up—the voltage rises about
409, above its full-load level, so all the components
concerned have to be rated accordingly. The choke-
input system can be freed from this disadvantage if
its load current is never allowed to fall below the
critical point. This can be ensured by a suitable
resistor connected in parallel with C and known rather
unpleasantly as a bleeder. Such a device would be
wasteful if the current taken by it—at least equal to
the critical load current—was not small compared
with the full load current; say at most a tenth and
preferably less than that. So the requirement for L
is that it must be large enough for the critical load
current to be of this order.

An approximate calculation—given at the end,
in case anyone is interested—shows that the critical
inductance, which is the minimum inductance
needed to ensure continuity of current, and which
we will call L, is equal to the critical load resistance
(R,) divided by 6«f, where f is the supply frequency
to the full-wave rectifier. At f = 50 this reduces
to L, = R,/940. To take an example, suppose the
output voltage (at the critical load) is 500, and one
doesn’t want the critical load to be more than 10mA.
Then R, = 500/10 = 50kQ. Assuming f = 50 c/s,
L, = 50,000/940 = 53 henries. If the full load
current is something like 150 or 200mA, that is a
formidable inductance to provide, especially if
(in order to realize the benefits of the system) its
resistance has to be kept low.

Fortunately, however, there is no need for its
inductance to be anything like 53H at full load. 5H
would be more than enough to ensure continuity
of current. In the capacitor-input system, the
important thing is to ensure adequate smoothing
inductance at full load current, and to avoid satura-
tion of the choke core a gap must be left in it, which
necessitates more turns to keep up the inductance
and therefore more resistance or higher cost. Bu¢
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the choke in the choke-input system can be allowed
to saturate quite a lot at full load provided it gives a
high inductance at critical load. I am not certain of
the origin of the description *swinging’* for this
kind of choke, which was used at least as far back
as 1929, but apparently it refers to the variation of
inductance when the d.c. through it is varied.

That is not the only difference between it and the
ordinary smoothing choke. Fig. 3 shows that the
peak voltage across it at all working load currents is
about equal to the full output voltage. So the insula-
tion of the windings must be adequate.

One way in which the critical current can be
reduced (or alternatively the critical inductance
reduced) is to tune the choke to the fundamental
ripple frequency, which is twice the supply frequency.
This is done by connecting a suitable capacitor across
L. Admittedly it by-passes the higher ripple fre-
quencies, but they can easily be dealt with by the
subsequent smoothing filter. Suppose in the previous
example we cut down the 10mA inductance of
the choke to 20H. This alone would not provide
enough impedance at 100 c/s to keep the funda-
mental ripple current below 10 mA peak, but it
could be made to do so by means of about 0.127 pF
in parallel with it. )

The rectifier used in conjunction with choke-
input is usually a gas-filled type, because that has
negligible slope resistance and so promotes the
constancy of output voltage. The absence of current
peaks much greater than the full load current means
that quite a small rectifier can handle considerable
power. Unless some historian can prove the con-
trary, it may be taken that choke-input was intro-
duced specifically to enable the best use to be made
of the then new gas-filled rectifier.

Summarizing

The capacitor-input system gives bad regulation
and requires higher rated transformer, rectifier
and smoothing capacitors than choke-input. In
low-power apparatus, especially for more or less
constant load current, these disadvantages, being
small, may be outweighed by the advantage of higher
output voltage. The greater the power to be supplied
the more likely the choke-input system is to show
an overall economy, and for Class B and similar

requirements it is far the better. The choke must
have a low resistance and a high inductance at low

* The earliest reference I know is in an article by F. S. Dellenbauch
and R. S. Quimby in Q.S.T., March, 1932.
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Fig. 5. Comparison of output voltage/current curves for (a)
capacitor input and (b) choke input systems.
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current, and be capable of standing peak voltages of;
the same order as the maximum output voltage. It is
helpful to tune it by parallel capacitance to mini-
mize the critical load current, below which the
output voltage rises very steeply.

Lastly, here is the derivation of the L, = R /6af
formula. In Fig. 6, I, is the d.c. or load current and
I, is the peak ripple current at its fundamental
frequency, which is 2f. At the critical value of I;
it is equal to I,. Denote the peak alternating voltage
by V,.qe assuming sine waveform, its average value
is 2V,,../7. The load current I; is equal to this
divided by the total d.c. resistance, of load plus
choke, rectifier and transformer. At the critical I,
these additions are normally small enough to neglect

Ia

Fig. 6. Fundamental $

ripple and load currents )

at the critical point. 1 \
Ig

:

compared with the critical load resistance R,,
so critical I; ~2V, ./7R,.

Now the peak alternating component of the full-
wave rectified *“ input voltage to L ” in Fig. 3, at its
lowest frequency (which is 2f, the fundamental
ripple frequency) is 4V,,,,/37. Again neglecting the
rectifier etc. resistance, and also the impedance of
C at that frequency, we have I,~4V,,,,/3=XL,
where X1 is the reactance of the choke at frequency

2f, so is 4=fL.
Putting I; = I,, which is the critical condition:
4Vmam —_ zvmax
37 X 4afL, 7R,
which simplifies to
R,
Lc g’:f

British Standard Specification for Ebonite

THIS is a revised version of the war-time emergency
standard specification BS234 of 1942 and it covers
three groupings of ebonite.

The specification covers ebonite in the form of sheets,
rods, tubes and monldings suitable for electrical and
certain electronic applications. It also covers the loaded
type of ebonite specified in the Wireless Telegraphy
Board specification No. K109.

It lays down standards and tolerances for thickness
and size of sheets; thickness, length and diameter of
tubes, and length and diameter of rods.

Section 3 defines the nature of electrical tests that
shall be applied, these cover permittivity and power
factor.

Appendix C is concerned with tests at audio frequen-
cies and Appendix D permittivity and power factor at
radio frequencies. In the latter case tests are made
at approximately 1Mc/s. A circuit diagram of an
approved test bridge is included.

The revised specification, which is known as BS234:
1957, covers 24 pages and costs 6s (6s 9d by post).
Copies are obtainable from British Standard Institution,
2, Park Street, London, W.1.
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse the opinions expressed by his correspondents

Loudspeakers in Parallel

REFERRING to the interesting article “Loud-
speakers in Parallel” by J. Moir (October, 1957),
I assume the author is dealing with directional
speakers when he says that no increase of apparent
source size is achieved by using two or more in
parallel; if this assumption is correct, I agree with
Mr. Moir’s findings.

But if we use omni-direction speakers the results
are quire different, especially in concert halls. We
have found that spacing four omni-directional
speakers wide apart on the platform not only
broadens the apparent source size, but also subdues
hall resonance. (Carnegie Hall, New York—in spite
of its reputation—possesses the biggest bass “ honk ”
in the world, and the effect of spacing loudspeakers
on the platform is quite magical.)

"Mr. Moir speaks with authority on cinema in-
stallations, in which horn loading gives an impres-
sion of efficiency, due mainly to strong directional
effects; but if we watch and listen to an orchestra
we must be impressed by the largely omni-direc-
tional quality of the sound from the various instru-
ments. I am convinced that the only way to recap-
ture this effect in reproduction is to use omni-
directional speakers, and any success we have had
in this field has been due mainly to a realization of
this simple truth.

As regards 1f. improvement obtained by using
parallel speakers close together, how right Mr. Moir
is! Two speakers on a baffle give astonishing bass;
the Lf. output is double, and the risk of distortion

from overloading is halved: in fact we get something

for nothing in the audio region where it is usually

wanted the most.
G. A. BRIGGS,

Idle, Yorks. Wharfedale Wireless Works, Ltd.

MR. MOIR’S enthusiasm for so-called stereophonic
reproduction leads him in your October issue ‘to a
piece of special pleading which does not fully present
what can be achieved by effective sound distribution
from a single-channel source under domestic con-
ditions. Mr. Moir’s observations are confined to
twin loudspeakers spaced 8-10ft apart with the
listener moving laterally at an unspecified distance
from the source.

I submit that his conclusion that an increase in
the apparent size of the source cannot be achieved
without “stereophony” is insupportable without
full consideration of all the following factors:—

(a) Multiple loudspeaker placement not necessarily
confined either laterally to the position considered
most advantangeous to stereophony; nor vertically to
floor level whereby the apparent height of the source

becomes fixed unsuitably; nor to two in number .

since even enthusiasts for “stereophony” advocate
at least a third speaker so placed as to fill the central
“hole ’; nor to the specified position on the vertical
axis—since rotation causes marked alteration of the
results achieved. i

(b) Control of the frequency range of individual
speakers up to (with two only) complete elimination
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of the bass range on the one side with or without
elimination of the treble range on the other.

(c) The location of the observer along the axis,
including a position between two speakers.

(d) The type of reproduced sound, particularly
speech—when the greatly enlarged source (!) ren-
ders the method unsuitable. The superiority of
multiple closely spaced small cones in the bass range
and the diminution of eigentone excitation by strate-
gically placed ancillary speakers (the latter not
mentioned by Mr. Moir) are of course not relevant
to the present discussion, which is concerned solely
with the possibility of effective sound distribution
in the domestic listening area without resort to
multiple channels. A. H. BARZILAY.

Stellerbosch, S. Africa.

Projection Television

I WILL admit I am staggered by A. G. Tucker’s
claim (October issue) that he can view a forward
projection picture from a modified Philips 1800
chassis, with 450 watts lighting in the room. .

The black level of the picture can only be that
of the light reflected from his aluminiumized screen,
so his picture contrast range must be from white
to a shade of grey, even if the 450 watts is indirect
lighting. I am certain that satisfactory daylight
viewing is impossible, and I speak from experience.

I have sold and installed several forward projection
models, always against my advice to the customer,
and have had several dissatisfied customers in con-
sequence. Apart from the insufficiently lit picture,
there is all the trouble of setting up the projection
console in the centre of the room, with trailing
mains lead and aerial lead, while the illusion of
reality is killed by the sound coming from the console
instead of the screen.

The back projection model is quite another mat-
ter, and, as typified by the Ferranti 20K series, is,
in my opinion, the best of all television pictures,
and far less tiring to the eyes than direct tube view-
ing. If viewed against the light from the window,
even on a bright sunny day, the picture is quite
acceptable, and at night, a correctly optically
focused 24in screen picture compares more than
favourably with any direct vision receiver, with the
added advantage that the line structure is practically
unnoticeable. Overall focus is far superior to any
2lin tube receiver I have handled, and the picture
has a beautiful photographic quality.

Before the advent of the 17in screen, we sold
large numbers of back projection models, but now-
adays there is not sufficient public demand, and
manufacture has apparently ceased. Perhaps we
shall see a renaissance of the projection television
receiver when colour transmissions begin?

: 0. V. WADDEN,

Hounslow. Wadden & Hill, Ltd.

MR. O. V. WADDEN, in his September letter, is
evidently unaware of the “Daylight” type of
viewing screen recently developed, which does
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in fact permit of daylight viewing of film
and projection television pictures without need
to darken the room. Developed precisely to meet
the difficulty in situations where black-out may be
undesirable or impracticable, this screen requires no
shielding or other special precaution in ordinary
daylight conditions, and will under those conditions
provide a picture comparable in contrast and bril-
liance with the same picture shown in darkness.

“ Free Grid’s ” projected and future receiver (July
issue), therefore, makes no kind of nonsense except
that, the “Daylight” screen being a translucent
or rear-projection one, the picture will appear in the
adjoining room! A simple mirror arrangement, how-
ever, suffices to get it back again, and “Free Grid”
is in fact predicting a development which I can
assure your correspondent has already taken place
and is actually in use in many schools and other
specialized applications to-day. A more practical
technique, however, is to fit the projector with a
short-focus lens and house it in one cabinet or wall-
cupboard with the mirror and screen itself, and I
have in fact been using this arrangement for some
time. :

I have two of these screens, which are black or
nearly so, apparently unbreakable, and can be used
forl either TV or film projection with projectors of
quite moderate power and, being colour-corrected
for incident light over most of the visual spectrum
(actually 4,500-6,500 A), for monochrome and colour
projection also. And how near the mark *Free
Grid ” actually came (albeit retrospectively!) is sug-
gested by tests recently carried out by the B.B.C.
at Lime Grove, in which a spotlight powered by a
high-intensity arc of 2% kW at ten yards failed to
quench the colour picture on one of them with 750
watts in a projector using single-frame 35mm Koda-
chrome film—an apparently miraculous result pos-
sibly accounted for by the name “Black Magic” or
the clue “regenerative” accompanying it, since the
stilb' value of the “quenching” beam exceeded
that of the projector by a factor of the order of 4,
and its intensity in terms of foot-candles by consider-
ably more.

Whatever the reason, which is in fact the novel
one that the screens exhibit gamma-plus character-
istics, i.e., maintain their contrast values under con-
ditions hitherto thought to be impossible, they are
effectively “blind” to ambient light of any inten-
sity likely to be found in the average classroom or
living room and remain unshaken by conditions in-
tolerable to any front-projection or ordinary back-
projection screen, and it is almost startling to show
a picture in the dark and suddenly switch on several
hundred watts of light without apparent effect what-
ever.

But the makers exclude direct sunlight on the
not unreasonable ground that whereas the intensity
of the best tungsten projector lamp at full loading
is under 20 stilb, that of the sun is of the order 200
stilb (that at Lime Grove was circa 60 stilb). This
suggests the conclusion, confirmed in practice, that
for optimum results the screen should be as small
as possible consistent with acceptable magnification,
because the output of even the best high-intensity
c.r. tube in terms of lumens falls considerably short
of that of a 1,000-watt projector lamp, and my own
experience indicates 4 sq. ft. as the present upper

limit of advisable screen area under average room
conditions in daylight, e.g., a mean ambient light
level of 12-20-foot candles. And I say present
because, a true “Daylight” or anti-dilution screen
having been developed, the limiting factor has now
become the light available at the projector which
is by no means likely to remain a static quantity.®

To summarize briefly: (a) Mr. Gould is in order;
(b) Mr. Elliott is in order; (c) “Free Grid” is in
order, but conservative and a few degrees out of
phase; (d) Mr. Wadden is a little “ off-beam” but
now I hope in daylight.

For which scandalous generalization I apologise.

“ANGSTROM UNIT.”
Hadlow Down,
Sussex.

Line Scan Ringing

K. G. BEAUCHAMTP in his article in the September
issue makes a statement that the ratio of the ringing
frequency to the flyback frequency is 2.7:1 and not
3:1, due to the booster diode conducting for more
than one half cycle of the fundamental resonance.
I disagree with this statement for the following
reasons. ,

For a typical design one half cycle of the funda-
mental resonance is about 14 usec. For 1% cycles of
oscillation the difference in time between the ratios of
3:1 and 2.7:1 is 1.55 usec, so if Mr. Beauchamp’s
statement is correct this will be the time the booster
diode conducts in excess of one half cycle of the fun-
damental frequency. For a typical timebase the
difference in potential of the booster diode cathode
at the commencement and finish of the flyback is
about 25 volts, due of course to the impedance of
the valve. Since during the flyback period the peak
potential to which the valve cathode rises is some
4,000 V, it is possible to calculate how long the diode
conducts in addition to one half cycle of oscillation.

The instantaneous diode cathode voltage ¢=4,000
sin ot

.. 25=4,000 sin ot
sin wt=0.0065=0.37°
L 0.37
Expressed in t1me=l—80 > 14 psec=0.029 psec.

This then is obviously not the reason for the ratio
of the frequencies being 2.7: 1.

If Mr. Beauchamp carefully examines the ringing
frequency during the flyback period he will find the
first and last quarter cycles are of shorter duration
than the centre cycle. This is due to the capacities
of the circuit being charged and discharged by the
main flyback pulse. For minimum ringing during
the scanning stroke exactly 1% cycles of the oscilla-
tion must occur during the flyback period and this
is made up of one cycle of the ringing frequency at
2.7 times the fundamental, plus the charge and dis-
charge times of the capacities. This is clearly shown
on page 91 of Mullard Technical Communications,
No. 14, August, 1955.

Mr. Beauchamp also states that with 5th harmonic
tuning, better e.h.t. regulation can be expected. This
is only true if the e.h.t. is lower for the 5th harmonic
condition. For the same value of e.h.t. the regula-
tion with 3rd and 5th harmonic tuning is similar,
With 5th harmonic it is necessary to increase the
overwind turns and this increases the leakage induc-

! Stilb=candelas/sq cm; a unit of intrinsic brilliance in a light- .

source or illuminant,
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* And is not necessarily limited to that obtainable from the
incidence of electrons on the phosphor in a c.r. tube.
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tance, which results in a worsening of the regulation.
Mr. Beauchamp gives the credit for this method of
tuning the leakage inductance of the line transformer
to C. E. Torsch, but the original work was carried
out by P. J. H. Janssen of the Philips Company in
Holland and is described in Patent Specification 723,
510 the date of the application being December 19th,
1951. K. E. MARTIN,
Mullard Research Laboratories.
Salfords, Surrey.

X-radiation from TV Sets

I NOTICE that on page 468 of your October issue,
it is implied that a television receiver with a 24-inch
tube employing 17 kV on its final anode may result in
significant X-ray radiation. )

My Association has been giving considerable
attention to the problem of possible X-ray radiation
from television receivers. While investigations are
not- yet complete, it can be stated that the viewing
public has nothing to fear from this source when
the set is operated inside its cabinet. Tests made
with an e.h.t. voltage of 27kV and a beam current
of 500 #A showed a barely detectable radiation at the
front of the safety screen; at voltages below this there
was no detectable radiation in a forward direction.
At 20kV and with a beam current of 800 A, there
was no detectable radiation at any point on the out-
side of the cabinet, even when the safety glass implo-
sion screen was removed.

The indications are that the critical voltage at
which X-ray radiation commences to be significant is
in the region of 25KkV, although this must be quali-
fied by a number of other factors.

S. E. ALLCHURCH,
Secretary, The British Radio Equipment
Manufacturers’ Association.
London, W.C.1.

“Do It Yourself” Interference

IN a recent series of weekly programmes in the
B.B.C.’s Television Children’s Hour Gilbert Davey
has shown his youthful audience how to make a
simple radio receiver.

The circuit is that of a one-valve regenerative
detector—a dangerous source of heterodyne inter-
ference at any time and particularly when in the
hands of a child whose knowledge of positive feed-
back is, understandably, limited. The tuning and
reaction condensers are of the solid dielectric type so
it would not be easy to adjust the set to the threshold
of oscillation without contributing even more inter-

- ference to the already chaotic state of the medium-

wave band.

So we have the strange paradox of the B.B.C.
Sound Broadcasting Service doing its best to im-
prove reception for its dwindling listening audience
and, at the same time, the B.B.C. Television Service
giving to hordes of eager youngsters minute details
for making an instrument which, basically, is a
transmitter capable of ruining reception for thou-
sands of listeners.

It is understood that the response to the Corpora-
tion’s offer of printed instructions for making the
set has been very large which would suggest that
the Post Office radio interference sleuths can look
forward to a busy season as thousands of one-valve
transmitters, with youth at the helm, merrily join
in the free-for-all “jam session” on the medium
waves.

It is doubtful whether any appeal to the new set
owners NOT to oscillate will have any greater effect
than Capt. P. P. Eckersley’s famous entreaty
“PLEASE don’t do it” from Two Emma Toc in
the early nineteen twenties.

DOUGLAS WALTERS.

Godalming. :

SHORT-WAVE CONDITIONS

Prediction for December
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THE full curves given here indicate the highest fre-
quencies likely to be usable at any time of the day or
night for reliable communications over four long-
distance paths from this country during December.
Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period.
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New Switching Transistor developed
by the German Post Office was de-
scribed by W. von Miinch at the
recent International Components
Symposium at Malvern. It is con-
structed rather like an n-p-n_alloy
junction transistor, with lead-anti-
mony emitter and collector electrodes
alloyed on to a high-resistance p-
type base. During the alloying pro-
cess a tungsten whisker encased in
a nickel tube is embedded in the col-
lector so that it just penetrates the
collector junction. When a resist-
ance is connected in the base circuit
the devicé has a neganve-resxstance
characteristic rather like a point
transistor (see emitter input graph).

P-TYPE BASE
LEAD EMITTER

TUNGSTEN
WHISKER

NICKEL TUBE

BASE CONTACT LEAD
COLLECTOR

+10

EMITTER VOLTAGE

-5 -4 -3 -2 = 0
EMITTER CURRENT (mA)

This gives a regenerative action
which produces a rapid switch-over,
when the emitter is suitably trig-
gered, from a high resistance condi-
tion (right) to a low-resistance condi-
tion (leit). The electric field set up
in the base region by the tungsten
whisker accelerates the current
carriers and thereby gives a switch-
ing time of only 0.1-0.2 usec. It is
niotable that this high-speed response
is obtained with a transistor whose
base region is as thick as that of an
ordinary a.f. transistor. Pulse repe-
tition rates of up to 2Mc/s can be
handled by the device.

3 r.p.m. Record development was
described by Dr. P. Goldmark of
the Columbia Broadcasting System
Laboratories at the ninth annual
convention of the Audio Engineering
Society held recently in New York.
These records were developed under
the sponsorship of the American
Foundation for the Blind, and are
designed for speech reproduction.
This allows the groove amplitude to
be the same as that on the 16% r.p.m.
records using a }-mil radius stylus
tip also developed by the C.B.S.
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Laboratories for the Chrysler car
record player (described in Audio

Engineering for December, 1955).
The upper. frequency limit is, how-
ever, halved, but for speech this
limitation is not serious. A 7-in
diameter record provides four hours
of speech, and a 12in record 10
hours. The same tone arm as in the
car record player is used. A viscous
fluid in the vertical bearing damps
out any tendency for the pickup to
move relative to the record when the
whole player is moved horizontally,
while still providing a bearing free
enough to allow the extra fine record
grooves to be tracked with a stylus
force of only two grams. The pick-
up cartridge in the arm is balanced
about a horizontal axis, and the arm
itself is rigid in a vertical plane, so
that vertical movement of the player
as a whole also does not displace the
stylus from the groove. Moreover,
if the pickup is accidentally moved
by hand across the playing surface
only the stylus force acts on this sur-
face, and this force is so low that
any scratches produced are not
audible. This is an important advan-
tage for blind users and is also, of
course, valuable in the original car
record player application.

Half-Century Time Constant is
claimed for three 1-#F capacitors,
shunted by their own insulation
resistance of 1.5X10° ohms, which
have been on test so far for six years
at the Telegraph Condenser Com-
pany. At the beginning of the six-
year period they were charged to 500
volts and are now still well above 400
volts. The high insulation resistance
has been achieved by the use of
plastic film dielectrics, which are now
tending to replace paper for low
leakage applications, Very thin films
are desirable to reduce the size of
capacitors, and development is pro-
ceeding on polystyrene films of only
0.0001-0.00025 inch in thickness, It
is expected that capacitors of up to
1xF for operation at a maximum of
50 volts d.c. will be possible using
metallized films of this type. These,
of course, will be very suitable for
transistor circuits.

Analogue Divider produced from a
combination of rectangular-hystere-
sis-loop magnetic materials and
transistors used as switches is des-
cribed by D. H. Schaefer in un-
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published report PBI111969. The
device gives an average output vol-
tage which is the quotient, with
correct sign and accurate to +2.5%,
of two input voltages. An extension
of the principle to a much more
general. computing element is dgs-
cussed, and this gives an output
proportional to various functions
containing quotients.

Frequency Shift Modulation, a
quantized system loosely comparable
with frequency shift keying, is sug-
gested as a means of obtaining high
quality sound radio transmission
through a dispersive medium, such
as the ionosphere, in unpublished
report PB118806 by L. B. Arguim-
bau, J. Granlund, E. E. Manna and
C. A. Strutt. This follows an
account of experiments investigating
the possibility of using frequency
modulation techniques to establish a
transatlantic radio link of local
broadcast quality over an ionospheric
path. It is concluded that ordinary
frequency modulation would not be
successful because of the complexity
of the ionospheric path.

High-Speed Correlation Computer.
—The sketch shows in simplified
form the mechanical system of the
Ramo-Wooldridge device mentioned
in September. A 28-inch length of
magnetic tape from the storage reel

PLAYBACK HEADS
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ment can accept 1 volt, 10 volts and 100 volts at
the input terminals without sustaining damage,
whilst a null can still be detected with a discrimina-
tion of 20uV, 200xV and 2mV respectively.

Method (b), on the other hand, would offer the
advantage of greater zero stability on the attenuated
ranges. For use of the instrument as a null detector,
this is of minor importance, however, as the final
check is always made on the most sensitive range.
A complete circuit diagram of the instrument is
shown in Fig. 1. The schematic circuits in Fig. 2
indicate the actual input connections at the three
sensitivity control settings.

Construction.—The instrument is housed in a
small box containing the 50-0-50#A moving coil
meter, which is very robust in comparison with a
galvanometer of a sensitivity approaching that of
this instrument, i.e., 0-05zA full scale.

The sensitivity can be varied by means of a
spring-loaded range switch arranged to return to
the minimum sensitivity position. The medium and
maximum positions can be locked in, if desired, by
means of catches on this switch.

For setting up, two zero controls are required, to
adjust for open-circuit input and short-circuit input
respectively. These adjustments are facilitated by
a second switch, spring-loaded to return to normal
working position. Moved up, it removes the input
signal and short circuits the amplifier input, moved

down it opens the input terminals. By this means,
zero ad;ustment can be checked rapidly and without
removing the signal source from the input terminals.

In order to minimize zero drifts, the transistors

are mounted in holes drilled into an aluminium or
brass block and by insulating this block against
ambient temperature variations. Each transistor is
wrapped with copper foil until a tight fit in the hole.

Before setting up, a few minutes must be allowed

for the collector temperatures to settle, after which
the zero adjustments can be made and the instru-
ment is ready for use. In case of frequent or con-
tinuous use, it may be preferable to keep the
instrument permanently switched on; with a total
current drain of the order of only 2mA, battery
replacement is not a serious problem, and the
additional stability and immediate availability for
use may well justify the extra cost.

Performance Data:

Sensitivity: 0.05¢A full-scale deflection.

1mV full-scale deflection.
Resolution: 10° amperes.

2X10-° volts.

2X10-'* watts.

Zero drift: Short term, Not more than 5% of
full-scale deflection for 10 minutes
at constant ambient temperature.

Long Term: Depends on ambient
temperature changes.

N~

0.C.
(USE
S.C.

22-2k

50-0-50uA

470

Fig. I Circuit of transistorized galvanometer. Controls are as

follows: Ps, set short-circuit zero; Py, set open-circuit zero; Pr,

pre-set to obtain minimum drift with variations in ambient
temperature

198 k

22k ZA

(b)
598

{s

22k

e

<
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Fig. 2 Attenuator circuit arrange-
ments. (a) Maximum sensitivity,
gain 1,000. (b Medium sensitivity,

gain 100. (c) Minimum sensitivity,
T gain 10. The input impedance of

the amplier £, is 22k§). nominal
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Rerial/Propugation Mismatch

By R. J. HITCHCOCK,* M.A, AM.LEE.

THE success of the first transatlantic submerged
repeater cable and the planning of a second emphasises
the resurgence of the cable as a serious competitor
to radio circuits for long distance point-to-point
traffic. This seems an apposite moment therefore
to see whether the h.f. point-to-point services as a
whole are exploiting their propagation medium,
the ionosphere, to the greatest possible extent.

By using the most modest form of equipment
and aerial, costing no more than a few pounds, it is
possible to communicate at some time of the day
with the most distant parts of the earth. While
this phenomenon may be exciting and useful to
radio amateurs it has had
an unfortunate effect on
those financially respon-
sible for the development
of point-to-point systems.
It has resulted in economies
in sites and aerials and in
attempts to obtain more
out of radio services than
the often limited engineer-
ing facilities warrant. In
this respect the cable en-
gineer has been more for-
tunate, in that his com-
munication link must be completely engineered before
one word of traffic can be passed.

The advent of leased channel and automatic
circuit operation have resulted in the demand for
higher circuit performances over the radio path.
Whilst constant improvements in equipment are
partly meeting this demand, much could be achieved
by applying our steadily increasing knowledge of
propagation to the design of aerial systems.

RN AREEAERANNEANNEASARAGGAARANG

Early Lack of Propagation Data.—Serious h.f.
point-to-point communication within the Common-
wealth can be said to have started about 1927 with
the completion of the last of the four Franklin beam
array services linking the United Kingdom with the
Dominions of Australia, Canada, India and South
Africa. It-is interesting to reflect that at the time
these aerial arrays were planned and erected our
knowledge of the ionosphere was still in its infancy
and in fact the means of scientifically exploring the
ionized layers postulated by Heaviside had not yet
been established. That the characteristics of these
arrays very closely match the mechanics of propagat-
ion now known to exist makes the design of the
Franklin beam aerial all the more remarkable, and it
was indeed unfortunate that owing to their high cost
and inflexibility few such aerials were erected.

It was another thirteen years before Appleton
and Beynon' published their solution to the problem
of a ray propagating through a curved layer with a
parabolic ionic-density/height relationship. During
all this time the number of h.f. communications
systems had steadily increased and more often than

not the new services were opened on relatively small
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wide-band aerials at restricted sites. Of necessity
these aerials had to be sited and constructed with
insufficient scientific knowledge of the propagation
characteristics likely to be met with along the route.
Thus throughout the formative years of their devel-
opment, only a very limited amount of ionospheric
data was available on which to base the planning of
h.f. services.

Modes of Propagation.—Information on modes of
propagation, i.e., the exact path whereby h.f. radio
signals travel between two points on the earth’s sur-
face using the ionosphere as the medium of propaga-
tion, is still very limited.

In the past it has been
usual for communications
engineers to make simple
mode models depicting a
series of equidistant hops
between the ground and a
thin mirror-like reflecting
layer at some finite height,
usually representative of
the F, layer. Because such
simple mode models con-
sider neither the relative
influences of the several
layers nor take account of the distance a ray may
travel within the F layer during refraction, results
based on simple mode methods have been very
misleading.

After the second world war there was a tendency
to assume that our knowledge of h.f. propagation .
was complete or at least adequate and to move on
to the new problems of v.h.f. During the sunspot
minimum period 1953-54, however, it became
apparent to many users of point-to-point h.f. that
predictions of optimum frequency based on simple
modes of propagation often failed. In order both
to improve these predictions and to achieve a sounder
basis for the design of aerial systems it became
evident that far more information on modes of
propagation was needed.

During the last three years considerable work has
been done on this subject at the Radio Research
Station of the Department of Scientific and Industrial
Research. In addition to pulse tests on fixed
frequency stations as far apart as Osaka (Japan) and
Ascension Island, a transportable equipment capable
of variable frequency operation is now in use?. It is
not the purpose of this paper to discuss the methods
whereby the active modes of propagation along any
great-circle path can be deduced from observations
of pulse transmissions except to note that the main
measurements consist of (a) observing the angle of
elevation of the down-coming rays as described by
Wilkins and Minnis?, and (b) observing the break-up
and relative arrival times of the various components
of the original pulsé. In addition further valuable
information on modes of propagation is being

* Cable and Wireless Ltd.’
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ASCENSION UK
JSLAND

Fig. |. Typical propagation mode between Ascension
Island and the United Kingdom. The diagram is not to
scale and the drrival angle is actually 6° to the ground.

obtained from the back-scatter observations described
by Shearman.* Although only a small part of the
Radio Research Station’s observations and con-
clusions have yet been published?, the complexity
of aligning possible propagation modes to the
observed results is an exceedingly difficult task.
On the Ascension Island/U.K. path where nearly
5000 observations have so far been made it is
apparent that during daylight the first two or three
hops from Ascension are between the earth and the
tropical sporadic E layer, the remaining hop or hops
being via the F, and or temperate E, clouds® (Fig.
1). The most interesting feature of these tests is the
confirmation that the predominant modes arrive at
very low angles of elevation, in fact the arrival of two
main modes below 7° was a normal occurrence.

Advantages of Using Low-angle Modes.—The
correct exploitation of these low-angle modes results
in two very definite advantages to the user of h.f. In
- the first place the least attenuated mode is the one
arriving at the lowest angle, that is to say the mode
suffering the fewest number of ground and ionosphere
reflections. )

Calculations of the attenuation suffered by different
modes is naturally complex and will vary with circuit,
frequency, time, season, type of ground at earth
reflection point, etc. On a medium distance north-
south multi-hop circuit of the order of 7000 km, for
example, where the ground reflection points are over
land and only propagation via the F, layer is con-
sidered, the total attenuation of the lowest ray during
the daytime is likely to be some 6-8 dB less than
that for the next highest ray. During the night this
gain will probably be reduced to the order of 4-6 dB.
To this may be added the relative gains due to
focusing caused by layer curvature (usually called
convergence gains). This focusing effect is greatest
for near tangential rays and therefore the highest
gains occur on the lowest angle modes. Taking into
account theoretical values® of convergence gains for
the same sort of circuit, and assuming that the gains
of both transmitting and recetving aerials are constant
throughout the vertical plane, then the field strength
of the mode with the lowest angle of arrival might be
expected to be some 9-11 dB above that for the
second highest arrival angle. :

The second great advantage to be gained from
exploiting the lowest angle mode is that this mode
will be present for-the longest possible time; in fact
near the fade-in and fade-out periods it will be the
only mode to propagate. Kift® has shown that the
operating time gained can be very considerable, On
the Ascension Island/U.K. circuit in April 1956, for
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example, the lowest mode (4°) at 20 Mc/s would be
present from about 0700 to 2000 G.M.T. whereas
a higher angle mode at 12° would only be present
from about 0930 to 1900 G.M.T.

It has been shown that the lowest angle mode has
both the greatest potential field strength and the
longest operating time. That full advantage of this
has seldom been taken in the past is probably due
to two reasons which may well be interconnected.
In the first place there has unfortunately existed a
belief that angles of arrival were considerably higher
by night than by day, this seems to have been
coupled with the generalization that low frequencies
necessarily meant high angles, day or night. Of
course in certain circumstances low frequencies are
necessarily associated with high angles but as a
generalization there is no validity for the belief.
Appleton and Beynon! have shown that for a thick
parabolic layer at a given height and thickness,
provided the angle of incidence of the ray with the
layer remains constant, the distance the ray penetrates
through the ionosphere depends on the ratio f/f,
where f is the transmitted frequency and f, the
critical frequency at the area of refraction. In
practice, over much of the route, the ratio f/f, is
often higher by night than by day resulting in
greater hop lengths by night. Quite often, therefore,
on multi-hop circuits the main angle of arrival will be
lower by might than by day. (Of course hop lengths
will in any case be slightly different by night as
layer heights either increase or decrease, depending
on geographical location.)

The second reason why low-angle modes have
seldom been exploited is to be seen in the inherent
nature of aerials themselves. For example, if on a
certain circuit, where the day frequency is 19 Mc/s
and the night frequency 8 Mc/s, low-angle modes
arrive at about 7° both night and day; then for simple
horizontal dipoles to have their major lobes at this
angle, the one for 19 M/cs would need to be 120ft
above ground and that for 8 Mc/s 280ft above
ground. Masts for such aerials are not often avail-
able. This discrimination by horizontally polarized
aerials against low-angle modes at low radio fre-
quencies (Fig. 2) may well have significantly con-
tributed to the belief that at night only high-angle
radiation existed.

¢ Avoidable Aerial/Propagation Matching
Loss —If it is assumed that the -angles of arrival
and departure are equal then it is obvious that on
an h.f. circuit optimum performance on any given
frequency is achieved when the major lobes in the
vertical plane of any given transmitting and receiving
aerials both coincide with the lowest active mode of
propagation. If we define this state of affairs as
entailing no “ avoidable aerial/propagation matching
loss ” then it is interesting to see the magnitude of
the loss suffered by typical point-to-point systems in
use to-day.

Consider a middle-distance route of the order of
say 7000 km where both the transmitting and
receiving aerials are medium-sized rhombics limited
in size to about 350ft side length and in height to
about 100ft. (This can be considered typical of
many of the better international and inter-Common-
wealth stations.) The frequencies used on such a
route will probably vary from 7 to 20 Mc/s and for
the purposes of this example predominant modes of
the orders of 4° and 12° have been taken as representa-
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tive of those met with in practice. If both aerials
are at the top of their respective masts then the
following approximate * avoidable aerial/propagation
matching losses  can be expected to occur on these
high and low angle modes as the various frequencies
are used:

Main Mode Order of Frequency.

Arrival Angles 20 Mc/s 15 Mc/s 10 Mc/s 7 Mcjs
4° —2dB - —4dB —-12dB -—17dB
12° —15dB —11dB —10dB —11dB

If the aerial height was limited to 70ft, a limitation
still met with in practice, then for the same angle of

elevation, path lengths, etc.,, the approximate
“ avoidable aerial/propagation matching losses ”
might be expected to be:
Main Mode Order of Frequency.
Arrival Angles 20 Mc/s 15 Mc/s 10 Mc/s 7 Mcls
4° —4 dB —5dB —14dB —20dB
12° —~12dB —11dB —12dB —15dB

The above figures are computed from the relative
gains of the theoretical polar diagrams of both trans-
mitting and receiving aerials at the required angle
of elevation and operating frequency as well as
average values of different mode attenuation and
convergence gains. When it is also considered that
the lowest mode is always present and will normally
exist for considerably more of the time than the
higher modes, particularly near the fade-in and fade-
out times, then the degree to which many of the
present h.f. systems fail to make use of their propaga-
tion medium is evident. :

Reducing the Losses.—If the 15-, 10- and 7-Mc/s
transmissions in the above example were made from
transmitting and receiving aerials of the same size
but at 150ft above ground then the approximate
“ avoidable aerial/propagation matching losses ”
might be expected to reduce to the order of:

Main Mode Order of Frequency.

Arrival Angles 15 Mc/s . 10 Mc/s 7 Mcls
4° —2dB —3dB —4dB
12° —14dB -—-10dB —9dB

Thus without enlarging the aerials it should be
possible, by increasing the height from 100ft to
150ft, to increase both the operating time and circuit
gain. It will be seen that this latter figure theoretic-
ally varies from about 2 dB at 15 Mc/s to 7 dB at
10 Mc/s, with the gain at 10 Mc/s increasing to 9 dB
during periods when only the lowest mode is pro-
pagating. Further overall circuit gains could be
achieved by increasing the size of the rhombics,
but unfortunately site limitations often make this
impossible in practice. (It is estimated that if the
transmitting and receiving aerials in the foregoing
example were increased to 550ft side length, against
the 350ft side length considered, a further circuit
gain of the order of 5 to 6 dB could be achieved at
10 Mc/s.)

Characteristics of large and high rhombic aerials
at the new Rugby “ B ” station of the British Post
Office have been discussed by Booth and MacLarty?
and Cook and Hall®. It must remain questionable,
however, whether it is a wise concept to consider
non-resonant aerials such as the rhombic capable of
producing suitable radiation characteristics over a
wide range of frequencies, say of the order of one
octave., The angle of elevation of the main lobe
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will vary considerably over this range and conse-
quently discriminate against the low angle modes
for much of the time, To reduce these losses to a
minimum it is considered that an aerial should only
be used over a relatively narrow band of frequencies
and that the average 24-hour radio circuit requires
four designs of aerial to cover the sunspot maximum
and sunspot minimum day and night frequency
ranges. It-has been found that by this means it is
usually possible to restrict the design of any one
aerial to the approximate frequency range 1 to 1.4.
Of course, only two of the four designs need be
erected at one time.

Conclusions.—Many point-to-point h.f, circuits
in operation to-day are unnecessarily inefficient
because aerial designs are not matched to the pre-
dominant modes of propagation. Although our
knowledge of modes is still very limited it is steadily
growing and in the near future methods are likely
to be evolved whereby mode prediction will be
practicable. In the meantime current research
indicates that on medium and long distance circuits
the low angles of arrival predominate over all other
angles both by day and night and the exploitation
of these low angle modes, by increasing aerial
heights, would result both in increased operating
hours and increased circuit gains. In addition many

PLAN DIMENSIONS OF AERIAL

HEIGHT 60ft. ABOVE GROUND

|

1
\i/

|

i

20Mc/s

15Mc /s

10Mc/s

Fig. 2. Varlations in angle of elevation of major lobe of
a typical rhombic aerial with changes in frequency.
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“Grid-Diode” Saw-Tooth Generator

By T. AL MENDES, M.B:E.

THE saw-tooth generator to be described was
developed by the writer in the course of building a
general-purpose oscilloscope, and has been in use
for some time now, giving excellent results. To
the best of his knowledge and belief it is new.
Using common types of valves, it is almost ridicu-
lously simple to set up, and provides a constant-
voltage output that is independent of frequency,
together with voltage and current pulses suitable for
flyback black-out application. Its frequency range
extends certainly to 250 kc/s and probably higher;
it synchronizes readily; the valve heaters may be
run from an existing earthy supply.

_ The output voltage is too low for direct applica-
tion to the deflector plates of a c.r.t., a fact that
some may consider a major disadvantage. But is it?
A circuit that develops a voltage high enough for
such direct application has disadvantages of its own:
at least one extra valve, and sometimes two, are
required to achieve reasonable linearity; the voltage
applied to the cr.t. is asymmetric, leading to
trapezium distortion and deflection defocusing; the
amplitude control varies the sweep frequency as
well as the width of the trace. There is gnashing
of teeth when the time base is not in use (as for
phasp-shift tests, etc.), and no X-amplifier is forth-
coming,.

In the low-voltage circuit there is no difficulty
about linearity if the charging source is high enough,
and the valves saved from ‘‘ linearity duty  can be
applied as an amplifier (preferably push-pull), thus
clearing up all the difficulties listed above. The
circuit to be described is therefore of considerable
practical as well as academic interest.

As is usual, the saw-tooth voltage is produced by
charging a capacitor slowly through a high resistance,
then discharging it rapidly through a low resistance.
As, however, part of the discharge path is the diode
formed by the grid and cathode of a triode, it may
be as well, before proceeding to the actual circuit,
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Fig. |  Anode-volts anode-current curves of typical small
triode (3 66) showing positive-grid characteristics, with
150KQ load-line drawn from 350V.
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A SIMPLE TIME-BASE CIRCUIT WITH

A WIDE FREQUENCY RANGE

to recapitulate some of the peculiarities of triodes
in the positive-grid region.

Consider, then, Fig. 1, which is the anode-volts/
anode-current curves of a typical small triode—
one section of a 6J6, Any triode will be represented
by a similarly shaped and grouped * family,” only
the scales varying from type to type. It will be seen
that in the positive-grid area all the curves run
together into one curve, which may be termed the
asymptote. (This statement is not mathematically
true, but is amply true for all practical purposes.)

“Freezing >’ the Working Point

The line AB in Fig. 1 is a 150 kQ load-line
drawn from an h.t. supply voltags of 350 V, and will
be seen to cut the asymptote at the point where the
“E, = 1.6 V” curve (shown dashed) just enters it.
If, therefore, the valve represented by the curves
were connected in series with 150 kQ across a
350 V supply, and the grid voltage gradually changed
from some negative value into the positive area,
the working point would move along the line AB
towards the left—but only as far as the asymptote.
Any increase in positive grid voltage beyond 1.6 V
would merely leave the working point “ frozen
on the asymptote. The anode voltage and current
would remain unchanged for all values of E, greater
than +1.6 V. The grid voltage at which this
“ freezing > takes place will be referred to in what
follows as the “ freezing bias > and be denoted by E,.

A further point of importance is that when the
grid is positive it draws current from the bias source,
and thus appears as a finite resistance. The value
of this “ diode >’ resistance—which we shall denote
by rq—~—may be obtained either from the valve curves
if available or by experiment. It is not constant,
but may be considered so for what follows. In
general it is of the order of 200 or 300 ohms, a figure
that in the writer’s experience is suitable as a first
approximation for any small triode.

We may now turn to the actual circuit, which is
shown in Fig. 2. Here V1 is a small medium- or
high-mu triode (3 6J6) with the characteristics
sketched in Fig. 1. V2 is a small beam tetrode
(6AQ5). R, biases V2 to the required anode current.
R, is of course merely a grid leak. The remaining
components will be discussed later,

A brief outline of the operation of the circuit,
shorn of all details, would run as follows: With
capacitor C uncharged or only slightly charged,
the cathode current I, of V2 sets up across R, a
voltage E, more than sufficient to cut off V1. C,
however, charges slowly through R and a point is
reached when the grid of V1 is carried sufficiently
positive to approach the cathode voltage and allow
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Fig. 2 Basic circuit of the *‘grid-diode’’ saw-tooth genera-
tor. .

V1 to conduct. The plate current of V1 reduces E;
which in turn reduces I and consequently also Ej,
carrying the cathode of V1 negative and further
increasing its anode current. The action is cumula-
tive, and E, abruptly drops to so low a value that V2
is effectively cut off, while the grid of V1 is suddenly
left positive to its cathode by a voltage greater than
the “ freezing bias.” C now discharges through R
via the diode formed by the grid and cathode of V1,
and the grid voltage drops. E, does not at first
change, as the working point is frozen on the asymp-
tote. Eventually, however, the grid-cathode voltage

drops to the value of the “ freezing bias *” and tends

below, so that E, can begin to rise, thereby triggering
off the reverse cumulative action, abruptly restoring
the original voltage across R;. VI is once more cut
off; C recharges slowly through R, and the cycle
repeats.

Due to the d.c. coupling between the two valves
the cumulative actions described are extremely fast,
and may, to a very close approximation, be con-
sidered instantaneous.

With the foregoing brief outline in mind we can
now make a more detailed examination of the pro-
cesses involved, and develop design formulae.

If E, and E, are considered to represent the
numerical values of these voltages at a time at which
V1 is cut off, and if we write E, for the cut-off bias
of V1 at an anode voltage of E,, then clearly V1 will
start conducting only when C has charged to a
voltage:

E,=E,—E, .. .. .. .. @)
at which point V2 is suddenly cut off. With V2
cut off, the current in Ry, is the sum of the grid current
(I1,) of V1 which is supplied by the capacitor C,
and the anode current (I,) of V1 which is supplied
by the h.t. line.

The voltage across Ry, is now given by RyI,+R;Ip,
and since I, is the “ freezing bias” anode current of
V1, and is thus known and constant, we may put
R,I, = E, and it is clear that the source of I, sees
the common cathode resistor as a resistance R; in
series with a resistance-less generator developing
a voltage E, so polarized as to oppose it. Also in
series is of course the diode resistance r; of the grid-
cathode path. Thus an effective voltage of E, — E;
is driving a current I; through a load of r4 + Ry
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The grid-to-cathode voltage is that across ry and is
given by:

rq .

E, = (E, — Ep) IR, . . (ii)

and for the circuit to work it is necessary for the

value of E, found from equation (ii) to be greater

than the “ freezing bias > E; found from the curves
for V1.

Now C discharges and E, drops (while E, remains
constant) until the point at which the value of E,
given by equation (ii) equals that of E;,. The voltage
across the capacitor at this stage we shall denote
by E, and is found by substituting E, for E, in
equation (ii) and solving for E,. This works out

to:

E/=nE;+E, .. .. .. ..o (i)
where n=(r;+R;)/rs and at this point V1 is once
more cut off and the cycle repeats. Apart from the
initial long charge from zero to E, then, the saw-
tooth voltage across C consists of a slow rise from
E, to E, followed by a rapid drop back to E,.
Thus the peak-to-peak sweep voltage developed
is given by: /

AE,=E,—E,/=E;—(E,+nE;+Ep).. (V)

The ratio of scan time (z,) to flyback time (z,)
is of course a function of the ratio R to R4,
and obviously R, is best held as low as- possible.
In practice R will generally be in two parts—one
variable and one mixed. By proper choice of the
value of the fixed resistor the time ratio can be held
to a predetermined minimum—say 10:1.  For
those who may be interested, the time-ratio is
given by:
log A

L .. . W)
t, Rk + Iy log B
where:
Ep — E/ — AE,
A= 2 _ " ————
Ebb - Ec
and
Ec, - Eac
b= Ec - Eas

As a numerical example consider the circuit of

Fig. 3 Waveforms in the
circuit. Voltages are for
the numerical example
discussed in the text.
The flyback is shown
disproportionately wide
for clarity. Although
“*idealized "', the curves
drawn differ only very
slightly from correspond-
ing oscilloscope traces
at frequencies at which
stray capacitance is not
troublesome.

Es(oR Ibz)"T
14‘9V -
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Fig. 2 with R, so chosen that the cathode current
of V2 with V1 cut off runs to 16mA. This produces
a voltage E; of 64V. Let also E,=150V when V1
is cut off. Reference to Fig. 1 shows that at an
anode voltage of 150V V1 cuts off at —6V. This
gives us E,=6V. Also from Fig. 1 we find E;=
1.6V, and at this grid voltage E, will be about 1V
(quite low enough to cut off V2) while the anode
current I, is around 2.25mA. We may call this
2.5mA to account for the very small cathode cur-
rent in V2, and this gives us E,=R,I,=10V. Since
we have already found that r; is approximately 200
ohms, our value for » works out to 21. These
values inserted in equation (iv) yield a sweep voltage
AE;=14.4V, which should be sufficient to drive
any amplifier,

Note here that to find E, the load-line must be
drawn from the full h.t. supply voltage E,, and
not from E,, since by the time the asymptote is
reached V2 is cut off and may as well not exist.

Circuit Waveforms

At this point we may give some thought to the
other waveforms in the circuit, and a moment’s
consideration will show that E; and E, as well as
the anode current I, of V2 are in the form of
negative-going pulses, the shapes of which are
sketched in Fig. 3 along with the saw-tooth to
indicate time-relationships. The curve at the
trough of E, is caused by the discharge current of
C. The most easily available pulse is that between
the anode of VI and earth, and is the sum of E,
and E; it is of a value and polarity ideal for flyback
black-out (return-trace blanking).

Actually the circuit could be used purely as a
pulse generator, producing either current or voltage
pulses, the current pulses existing in the anode
circuit of V2. The current pulse may with advantage
be used to obtain a voltage pulse by inserting a
low resistance in the anode circuit of V2. Since
such a resistance would in general be very much
smaller than R, for an equivalent voltage, stray
capacitance would be so much less troublesome
at high frequencies.

Synchronization is straightforward, the mechanism
being obvious from Fig. 2. However, input across
R, will not ordinarily be convenient, and the more
normal ‘method will be the app.ication of the sync
signal between the grid of V2 and earth. Unfortun-
ately V2 then becomes a cathode-follower, and it
would appear that a relatively large signal might be
necessary.

However, while no quantitative investigation
has been made, the circuit has been found to be
quite sensitive to sync signals of the order of one
volt or so, even with the input between grid and
earth, The actual circuit used by the writer is
shown in Fig. 4 and is extremely sensitive to syn-
chronization. The d.c. coupling of the sync valve
(V3) does away with the need for R, and R, of
Fig. 2. The operating anode voltage of V3 must of
course be less than E,, but is quite sufficient if
E, is of the order of 40V or more.

What may be annoying in certain applications,
is the transfer of the pulses across R, into the
source of sync. signal via the grid-cathode capaci-
tance of V2 (and the anode-grid capacitance of V3):
but this can be rendered negligible by operating
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V3 as a pentode, taking advantage of its very small

a

gLinearity is excellent, since C need never charge
to more than 5% or so of the applied voltage, which
in this case is (E,,—E,"). Since linearity is accep-
table up to 159, charge, a lower source voltage
could be used to enable smaller values of C to be
employed for the same frequencies, or lower fre-
quencies to be obtained with the same value capaci-
tors. If such a low voltage source is obtained by
dropping the h.t. supply, however, a voltage regula-
tor valve is likely to be necessary. In any case,
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Fig. 4 Complete circuit as used by the writer, showing the
(optional) sync amplifier valve, V3. The switch SW selects
different capacitors for * coarse " frequency control, while
*“fine’’ control is provided by the 3-MQ potentiometer.

purists may apply any trick linear” circuits
they desire (pentodes, cathode-followers, etc.).

As to amplitude, a glance at equation (iv) will
show that AE, is entirely independent of R and
C, and hence of the repetition frequency. This is
quite true in practice: the trace on the oscilloscope
screen is constant - whatever the setting of the
“coarse ” (C) or “fine” (R) frequency controls.
While for long-term accuracy of calibration this
may be not any too reliable, because of valve deteri-
oration—especially since grid current flows—for
short-term approximate work the constancy of
output is a definite advantage.

No amplitude control has been provided in the
circuit itself, since it is intended to work into an
amplifier with a gain control. Any control that
varies AE, will necessarily vary the frequency as
well—an annoying effect inherent in any amplitude
contro that directly varies the generated voltage.
However, if an amplitude control is particularly
desired, equation (iv) provides the clue: vary E,.
This is easily done by making R, of Fig. 2 or R,
of Fig. 4 variable, and indeed such an arrangement
could be quite handy if fitted as a pre-set control
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- The “Quad” Aerial

Its Advantages for Indoor Use on Bands | and |l

By F. B. SINGLETON (GW3CGM)

SOME ten years ago, when ten-metre amateur
activity was at a peak occasioned by the solar cycle,
the “quad” aerial was widely used. The reason
for this account is that the writer feels it ought
to be more widely known, particularly as it has
advantages when used as an indoor aerial.

The “quad” is believed to have originated at
Station HCJB, Ecuador, and, when it first appeared
on the ten-metre scene, usually consisted of a two-
turn square loop, with a quarter-wavelength side,
and backed by a similarly constructed reflector, the
planes of the two loops being parallel. The loops
were mounted so that the sides were all at 45 degrees
to the horizontal, and, for horizontal polarization,
were open at the bottom corner for connection of
a 300-ohm feed line to the driven loop and a phasing
stub to the reflector. An investigation at the time'
showed that folding the driven loop did not result
in a very close match to the line impedance and
pointed out that folding the reflector was no more
necessary than with any other type of aerial. It
also showed that when the diagonals of the loop
were all at 45 degrees to the horizontal the gain
was slightly higher, as expected on theoretical
.grounds.

With the fading of sun-spot activity the “quad ”
was lost to view for a time,.but about two years
ago it made a reappearance as a twenty-metre aerial
and it was stated that the impedance of a single-
turn loop with reflector spaced 0.2 wavelength was
approximately 75 ohms and the gain claimed for
the two-clement combination was 10 dB, although
8 dB seemed a more reasonable figure®,

Modern houses have roofs which are less steeply
pitched than formerly, with insufficient height for
a full-size Band I aerial and insufficient spread,
except when parallel, or nearly so, to the ridge,
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Fig. I. Dimensions of *“quad’’ aerial for Channel 4
(60 Mcis)
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Fig. 2. Addition of an inner loop for Band Il sound
transmissions.

for a slot aerial. The “quad,” which is both
shorter than a dipole and narrower than a slot,
would appear to be the answer to the inside aerial
problem for the inhabitants of such houses, especi-
ally in view of the gain claimed for it. It is now
two years since the writer brought one into use
on Channel 4 (Sutton Coldfield), with satisfactory
results. Fig. 1 gives a sketch of the one then in
use. It will be seen that there is no phasing stub
connected to the reflector, the necessary reactance
being introduced by the more usual method of
making the reflector about 5% longer than the
driven element.

With the coming of Band II sound broadcasting
the need for a more effective aerial than a piece of
wire strung along a picture-rail was felt, and in
the meantime further descriptions had appeared® *:
which showed that it was possible to combine
“quads” for different bands. As a result, the
system shown in Fig. 2 was set up and is working
satisfactorily.

It will be seen that the Band I loop is opened
in the centre of a vertical side (for vertical polariza-
tion), which side being a matter of convenience, and
the Band IT loop is opened in the centre of a hori-
zontal side for the connection of the feeders. The
spacing is a compromise for the two frequencies,
since reducing it has the effect of lowering both
gain and impedance. As originally described, the
total length of ‘one loop was based on the formula
468/f for a half-wavelength, where f is the fre-
quency, but this formula is intended to allow for
end-effects on a half-wave dipole. As the “quad”
has no ends the writer thought it would be better
to use 492/f for calculating the wire length,* and

* Note, actual length of wire = 2X 492/f—Ed.
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although no measurements have been possible it
does appear to give results which are certainly no
worse than those obtained with shorter elements.

There would appear to be no great compromise
involved in combining “quads” for Channels 3, 4,
or 5, of either vertical or horizontal polarization,
with 2 Band II system, but the combination with
Channels 1 or 2, particularly the former, gives a
gross mis-match on one or other band. The writer
is not in a position to investigate this, but suggests
that the spacing be set for the Band I signal and
the results obtained on Band II be accepted. It
appears that adequate signal on Band II is obtained
in most locations where a usable Band I signal, from
the same transmitting site, is present, and when the
Band II aerial is a simple dipole. That being the
case, it seems that a single Band II loop, with an
impedance of the order of 110 ohms and a gain over
the dipole of about 1 dB, should be more than
adequate. In the event of the transmitters not being
co-sited the problem is merely that of siting two
systems in the roof rather than one.

The dimensions given are for a frequency of
60 Mc/s, for the Channel 4 “ quad ” and for 90 Mc/s

for the Band II system. For other frequencies the
dimensions should be scaled accordingly.

Construction is quite simple using plastic-covered
stranded wire carried on frames made of two garden
canes forming the diagonals of the square. Pieces
of string passed through holes in the canes outside
the corner of the squares support the wire and
make adjustment of the positions of the corners
easy. Metallic supports of any description might
well result in shorter loops being necessary because
of the increased capacitance effects.

It only remains to say that the writer’s “.quad”
is slightly more than 60 miles from the transmitting
aerial at Sutton Coldfield.
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Farringdon Street, London, E.C.4, or 330, West 42nd
Street, New York 36.

N

EDITORIAL ASSISTANT WANTED

Wireless World invites applications for a post as
editorial assistant. The duties are as varied as the
contents of the journal and call for wide technical
interests, a well-developed critical faculty and a talent
for lucid exposition. A good grounding in physics
and some experience in radio and electronics are
essential; evidence of writing ability would be an
advantage.

Applications should be addressed to the Editor,
Wireless World, Dorset House, Stamford Street,
London, S.E.I.

¥ puenErSEENEANSEEREESNENAMbSUNURSANEDROART AN TN N SN NN AN RN R Ny n AR

e ENBAEREEEEEEANEE AN ERRNIRAATEERGEERERRS

WIRELESS WORLD, DECEMBER 1957

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

Marconi closed-circuit television is
being used at a branch of the Royal
Marsden Hospital, London, to assist
in the deep therapy radiation treat-
ment of patients. The equipment is
used in conjunction with a radio-
active caesium source and permits
the treatment to be carried out by
remote observation to safeguard
doctors and radiographers against
harmful long-term excess radiation.

Hivac, Ltd.,, are marketing an
augmented range of directly-heated
sub-miniature valves many of which
are exact equivalents of American
types. The range (with U.S. equiva-
lent in parenthesis) includes XFY14,
cutput pentode (5672); XFRI, r.f.
amplifier pentode (1AD4); XFR3
r.f. oscillator triode (5676) and XR4
rf. power amplifier (6397).

S.T.C. have installed sound rein-
forcement equipment in the confer-
ence hall of the Trades Union Con-
gress Memorial Building, Great
Russell Street, London, W.C.2.
Speeches from the dais are radiated
by two “slot diffuser ” loudspeakers
behind the panelling above the
speaker, but for speeches from the
“floor” loudspeakers at the rear of
the hall are brought into circuit and
the others muted.

P.A.M,, Ltd.,, of Merrow Siding,
Guildford, installed a Pye industrial
camera in the Grocers’ Hall,
London, which was linked by G.P.O.
cable to the Mansion House where
they had set up three large-screen
(4 ft by 3 ft) Nera forward-projec-
tion receivers to enable delegates to
watch as well as hear speakers at the
recent Coal Utilization Council’s
convention luncheon.

Decca windfinding radar, manu-
factured under licence by the
Société d’Optique, de Meécanique,
d’Electricité et de Radio, is to be
supplied for 14 meteorological sta-
tions in France and its colonies.

Hudson Electronic Devices, Ltd.,
are supplying 100 walkie-talkie re-
ceivers to the G.P.O. They will be
used during investigations to locate
equipment causing radio. interfer-
ence.

Videotape Patents.—The Radio
Corporation of America and Ampex
Corporation have signed an agree-
ment for the exchange of patent
licences covering vision-on-tape re-
cording and reproducing systems for
both monochrome and colour.

Oryx Electrical Laboratories, Ltd.,
of 98 Dominion Road, Worthing,
Sussex, manufacturers of Oryx
soldering instruments, are setting up
their own home sales organization
and orders should now be addressed
as above.

Morganite Resistors, Ltd.,, who
just under 10 years ago moved to the
Bede Trading Estate, Jarrow, have
transferred to a new factory of some
25,000 square feet alongside the
original one.
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Solartron’s first production model
of their electronic reading automaton
(ERA) has been bought by Boots the
chemists. It will be installed at
their head office in Nottingham to
“read” the sales recorded on the
cash register rolls from the firm’s
1,300 branches.

Miles Electronics, Ltd., has been
formed by F. G. Miles, Ltd., the air-
craft manufacturers, of Shoreham, in
association with the Lombard
Development Corporation. The new
company has grown from the Miles
electronics division and is at present
mainly concerned with the design
and construction of flight simulators
and analogue computers.

RCA Great Britain have supplied
sound reproducing equipment, in-
cluding pre-amplifier, power ampli-
fier, and f.m. tuner, for No. 10
Downing Street.  The equipment
was originally installed for the Con-
ference of Prime Ministers, but is
now used for the play-back of re-
cordings made at cabinet meetings.

Ross, Courtney & Co., Ltd., manu-
facturers of components, wire, ter-
minals and accessories, who are this
year celebrating their diamond
jubilee, have opened an extension to
their Ashbrook Road Works, Hollo-
way, London, N.19. This is the’
second extension in four years. The
company is a subsidiary of the
Southern Areas Electrical Corpora-
tion group, of which P.A.M,, Ltd,,
is also a member.

OVERSEAS TRADE

C.R. Tubes.—£10,000 worth of
21-inch rectangular c.r. tubes are
being supplied by Siemens Edison
Swan, Ltd., to the Campagnia Com-
mercial de Cinematogafia, of Milan.
They will be used in television
chassis made by E. K. Cole, Ltd.,
which are being housed in cabinets
of Italian manufacture.

Duplicated radar equipment for
approach control and general sur-
veillance at the Luxembourg airport
is being supplied by Cossor Radar
& Electronics, Ltd. The order also
calls for triplicate display units, two
of which will be remotely controlled.

 Sound reproducing equ’pment for
the simultaneous translation system
in the new headquarters of the
United Nations Educational, Scien-
tific and Cultural Organization in
Paris is being installed by Pamphonic
Reproducers. The installation, which
provides for a five-language transla-
tion system, includes amplifiers,
control consoles, 500 microphones
and 2,000 headphones.
Communications equipment, in-
cluding three 3.5-kW h.f. trans-
mitters (with their associated drive,
keying and monitoring equipments),
a 30-kW linear amplifier and re-
ceivers, has been ordered from
Marconi’s for the Khartoum Com-
munications Centre in the Sudan.
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-ing Estate,

A complete television station for
operation in Band III has been pur-
chased from Marconi’s by Radio
Valencia of Venezuela. It comprises
a 2-kW vision transmitter, a 1-k'W
sound transmitter, aerial array,
studio equipment, film scanner,
vision and sound links and 3-camera
o.b. unit. Marconi’s have also re-
cently supplied a 2-kW medium-fre-
quency sound broadcasting
transmitter for unattended operation
in Venezuela,

British Physical Laboratories, who
exhibited at the recent Canadian
LR.E. Convention, have appointed
R.O.R. Associates, of Toronto, as
their sole distributors in Canada.
The United Mineral & Chemical
Co., of New York, have been ap-
pointed distributors for the United
States east coast and mid-west. Dr.
V. A, Sheridan, managing director
of B.P.L., has been touring North
America and attended the Toronto
Convention.

South Africa.—The Board of
Trade is considering erecting a
pavilion for the annual South

African Rand Easter Show. A sixth
of the -available space would be
occupied each year by a prestige dis-
play (among the subjects suggested is
electronics) and the remaining 8,000
square feet would be available to
manufacturers and industrial organi-
zations. Those interested in the
project, which would be introduced
in 1959, should communicate with-
out delay with the Export Publicity
and Fairs Branch, Lacon House,
Theobalds Road, London, W.C.1.

NEW ADDRESSES

Siemens Edison Swan have opened
a cathode-ray tube service depot at
Fourth Avenue, Team Valley Trad-
Gateshead, Durham
(Tel.: Low Fell 75463). Tt will deal
with c.r. tubes only; valves must be
returned to the service depot at
Brimsdown, Middlesex. The com-
pany has also opened offices, show-
room, warehouse and maintenance
workshop, at 76-80, Sherlock Street,
Birmingham.

E.AP. (Tape Recorders), Ltd.,
recently moved from 9 Field Place,
London, E.C.1, to a new factory at
Bridge Close, Old Church Road,
Romford, Essex (Tel.: Romford
62366).

Direct TV Replacements have
moved from 134 to 138, Lewisham
Way, New Cross, London, S.E.14
(Tel.: Tideway 6666). They have
installed an Ipsophone recorder for
taking orders when the office is
closed, for which the telephone num-
ber is Tideway 6668.

Alma Components, Ltd., have
moved their works and offices from
165 Ossulston Street, London,
N.W.l, to 551 Holloway Road,
London, N.19 (Tel.: Archway 0014).
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UNBIASED

“ Ears Have They, and
Hear Not™

AT one time it used to be the custom
among the semi-literate to clinch an
argument by saying “I’ve seen it in
print.” The “print” in question
was usually to be found in one of
the more sensational newspapers. If
it appeared in a newspaper it must
be true; so the upholders of this
argument-clinching cliché used to
think. A newspaper to them meant
as much as the “Guid Book” to a
kirk-going Caledonian.

Those times have passed however,
for the authoritarian position of the
newspapers has long ago been under-
mined by the B.B.C. Nowadays the
criterion of truth is “the wireless,”
and the educational status of those
who believe what they hear on “the
wireless ”* is considerably higher than
semi-literate. The word of the
B.B.C. is so powerful in its effect on
certain minds that it is almost
frightening.

‘A month or two ago as Mrs. Free
Grid and I sat in front of our modern
infra-red fire, she suddenly gave a
snort of disgust as she looked up
from the October issue of W.W.
which had just come to hand. This
was the issue in which “Cathode
Ray” discussed certain scientific
theories, past and present, including
the old and popular one of an all-
pervading ether through which wire-
less waves were supposed to travel.
“Surely,” said Mrs. Free Grid,
“even he must be aware that wireless
waves are airborne and always have
been, as the B.B.C., who surely must
know, wouldn’t constantly use the
expression ‘on the air?”

Naturally I made a spirited defence
of “ Cathode Ray ” but only succeed-
ed in losing sclentific caste myself,
and now he has let me down badly
by making a statement in which even
I cannot support him. He states
in the November issue that sound
«“ijs a physical disturbance that
would exist even if there were no
living creatures to hear it” In
my. view it is only necessary to sub-

New road hazard
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By FREE GRID

stitute the word pain for sound and
feel for hear in order to show: that
“Cathode Ray’s” statement won’t
hold water.

I’m not trying to dabble in philos-
ophy with its theory of pan-sub-
jectivism when I say that pain and
sound would cease to exist if there
were no living creatures to feel and
hear them. In the absence of living
creatures the physical disturbances
which cause the mental phenomena
of pain and sound would, of course,
still exist.

*Phoning While You Speed

THE modern generation finds it hard
to believe that there was ever a time
when there was no such thing as
sound broadcasting and television. In
the same way, I think, the generation
of a decade or so hence will find it
hard to believe that our cars were not
connected by radio to the national
telephone system.

It would be, technically speaking,
quite possible for our cars to be “on
the phone” today if only the G.P.O.
would do something about it. As it
is, I pay Ss, register myself as a busi-
ness with my H.Q. at home, and I
can then apply for a mobile radio
licence to cover radio-telephony be-
tween my home and car, but my
ambition is to be able to call any tele-
phone subscriber from my car.

This could be so easily arranged if
the P.M.G. would erect a suitable
transmitting and receiving station on
the roof of every telephone exchange.
Then by calling this exchange-roof
station I could be plugged into the
line of any subscriber just as though
I were ringing from home. Not only
could I call any subscriber but I
could communicate with any other
car, provided that it happened to be
within wireless range of a telephone
exchange.

I think that a start could be made
by the A.A. and R.A.C. who could
rig up a radio link on the roofs of
their phone boxes for night use so
that stranded motorists would be
saved the necessity of trudging a mile
to the nearest box as I
had to do recently after
midnight in order to put
in a call for help. Unlike
my proposed G.P.O. ex-
change arrangement, this
roadside radio link be-
tween stranded car and
breakdown service would
have to be unmanned and
so completely automatic;
but what of that?

The only snag in my
whole idea of cars-on-the-
phone is that women
drivers would certainly
try to drive and carry on
an interminable telephone

www americanradiohistorv com

conversation simultaneously, This
would mean that during the tele-
phone talk the car would be virtually
unmanned—or should I say un-
womanned—and this would consti-
tute another road hazard,

For some years the G.P.O. has
provided a radio-telephone link so
that small craft in the Thames estu-
ary could be connected to the
national telephone system. Why can
they not extend the idea for cars in
the manner I have suggested?

The Old W.W. Tie

WHEN visiting the National Radio
Show and other quasi-radio gather-
ings like the Audio Fair I often feel
that those of us who have some gen-
eral interest in and knowledge of the
scientific side of radio ought to have
some distinguishing emblem whereby
we could recognise our fellow savants
and be picked out by the stand
attendants from the milling crowd
who are only interested in the pro-
grammes,

I can think of nothing better than
to follow the example of our public
schools and other famous institutions
by sporting a specially designed “Old
Wireless World Tie,” for it need
hardly be said that anybody having
any wireless engineering qualifica-
tions at all is a regular reader of this
journal. Indeed, I recollect a former
Editor of W.W. saying in pre-war
days that to be a regular reader of
W.W. was a qualification in itself.
I would suggest that anybody who
could produce proof that he was a
reader of ten years standing should
be entitled to wear the tie which
would, of course, be sold -only to
those who could produce a certificate
signed by the Editor.

Those of us of more than ten years
standing would be entitled to wear
on it a bar for every extra period of
five years. Those who could produce
proof that they had been readers
since the first number (April 1911)
without missing an issue would be
entitled to receive a complementary
copy each month for the rest of their

lives; maybe they would deserve it.

First it is necessary to settle the
question of a suitable design and here
is where I need the assistance of
some of you with heraldic experience,
as thing like “bends sinister” and
“oules argent” are just Greek to me.
As you will gather I want something
completely out of the ordinary in
neckties; something like a coat of
arms complete with Latin motto such
as Audio, Video, Olfaciam, for I am
convinced that the radio transmission
of smell will one day be achieved.

If enough of you write to the
Editor about the suggestion some-
thing is bound to happen, as Editors
are as much susceptible to public
opinion as politicians are at election
time.*

* Observation noted : no comment—ED.
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TO FIT THE POCKET
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This splendid new AVO Instrument has been developed to meet a
definite demand for a sturdy pocket-size multi-range test meter at a
modest price, suitable for use on modern electronic apparatus as well
as for radio and television receivers, motor vehicles, and all kinds of
domestic appliances and workshop equipment.

19 Ranges
D.C.Voitage  A.C.Voltage Readings are obtainable quickly and easily on a very open scale, and
90— 109my.  0— 52 v range selection is by means of a robust clearly marked rotary switch
0— 6V, 0— 100V. of the characteristic AvoMeter type. Measurements of A.C, and D.C.
0— 25 V. 0— 250V. A
90— 100 v. o 1080V Voltage, D.C. Current, and Resistance are made by means of only
01000 V! two connection sockets.

D.C. Current

0— 100xA
Resistance g: “')22 Sensitivity: Accuracy:
0—20,000 O— 100mA 10,000 @/V on D,C. voltage ranges. 39, of full scale value on D.C.
O=allg = D= kO 1000 , . AC e % now s e e AG

List Price: £9/1os.
complete with Test Leads and Clips
Size: 5§ x 3§ x 1} inches
Weight: | 1b. approx.

(<

!

Lezther Case
if required 32/6

Designed and Manufactured by

Avo Ltd. AVOCET HOUSE - 92-96 YAUXHALL BRIDGE ROAD ‘- LONDON - S.W.l ViCroria 3404 (9 lines)

MM.2,
A
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High performance . .. wide applications . .. truly portable

In the Solarscope CD 614 we have BRIEF SPECIFICATION:
included all the valuable features of NOMINAL BANDWIDTH
Beavierlandlnore et illos . i ¢/s—9 Mc/s 4 | Mc/s for 3 db down
J L EXPEnSIVCJOSCl 0SCOPESs SENSITIVITY CALIBRATION
while producing a truly portable By a 50 c.p.s. square wave
instrument at an economical price. EXPANSION
It is particularly suited for radio 10 diameters nominal
— CALIBRATION
_communication, radar, TV and By O:1 S, | 1S, and 10 S markers £ 5%
applications involving pulse work and

. h b TIME BASE
transient investigations. 10 c.p.s.— 200 Kefs. Trigger from TV frame block

THE SOLARTRON ELECTRONIC GROUP LTD.

. I
$ {
]
THAMES DITTON ;> SURREY - TELEPHONE: EMBerbrook. 5522 « CABLES: SOLARTRON, THAMES DITTON

i

£
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l-amp junction diode
with fractional psec
hole storage

OAI0

Outstanding performance in TWO functional groups

In digital computers, square loop ferrite circuits and
ring modulators

The low hole storage and high current of this new
junction diode particularly recommend it for this
group of applications. The peak forward current is
I amp at less than 1 volt drop, and its hole storage
specification approaches that of a good point
contact diode.

The OA10 can be very successfully employed as a
coupling element in junction transistor circuits,
particularly for computing applications. In addition,
its high current characteristics suit it for ferrite
maguetic memory circuits in computing and shifting
registers.

Applied as a ring modulation diode, the sharp
forward discontinuity and the stability of that
characteristic are outstanding.

At 25°C A1 60°C

amb. amb.
temp. temp.
Max. reverse voltage, d.c. or peak ) 30 30
Max. forward current:
Peak (Susec. max.) (A) 1 1
Average (50msec. averaging time) (mA) 100 100
Average Characteristics
Forward voltage (at 0.3mA) ) 0.2 0.13
. .  (at 100mA) (\' 0.5 0.44
Reverse leakage current (at -20V) (wA) 1.5 10
Hole storage recovery time* (usec.) 0.35 0.35
Capacitance (at ~10V) ®F) 4.0 4.0

* For test conditions see published data

In transistor

power supplies

The small size and low forward losses of the OA10 fit it
for use as a general purpose mains rectifier for transistor
power supplies. A single diode in a half-wave rectifier
circuit will deliver up to 100mA d.c. at 6 volts. A bridge
circuit will deliver up to 200mA at 12 volts.

In addition, the OA10 can be used as a non-linear
temperature coefficient compensating device in ger-
manium transistor circuits. It also finds application as
a voltage stabiliser in its forward current direction
where the voltage drop across it (about 0.4 volt) is
relatively independent of current.
¥ Fulldata on the OAI0 and other diodes and transistors
in the Mullard range are.available fron: the address below.

: Mullard Limited,
= Mullard House,

¢ Torrington Place,

5 London, W.C.1

@ MVT 3262
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. 70 C.698 F < Branding of Thermo-Secting Plastics
370 C.-698 Fy A / g t
300 €. /
260 C.-500 F. / Melting of Enthoven Aluminium Cored Solder
238 C.460 F. 2507 [ Melting of 40/60 Sotder
714 e —
200 ¢ IR CI4E. /, Melting of 60/40 Solder
100 €. e T Marking of Thermo-Plastics ™
9 C -
Gucomor  $ 6 10 18 2 5 30 35
secongds

TIME /TEMPERATURE CURVE CHART from
the SUPERSPEED SOLDERING IRON
TIP/TEMPERATURE TIME CHECK

The effect of different voltages on initial
heating-up time is shown. Whilst 4V is the
standard voltage normally employed, 6V will
cause no harm, and accumulators are a useful
source of current supply.

% Activated by light thumb pressure on the switch
ring. When pressure is released, current is
automatically switched off— thus greatly reducing electricity
consumption, wear on copper bit and carbon el¢ment.

% Length, 10”7; weight, 3} ozs.; can be used on 2.5 to 6.3 volt supply
(4 volt transformer normally supplied) or from a car battery.

# More powerful than conventional |150-watt irons; equally suitable
for light wiring work or heavy soldering on chassis.

% Simple to operate ; ideal for precision work.

#  Requires minimum maintenance —at negligible cost; shows
lowest operating costs over a period.

For full particulars, including guarantee terms and free trial facilities,
please write to the sole concessionaires in this country :—

ENTHOVEN SOLDERS LTD. (Industrial Equipment Division)
Dominion Bu'ldings, South Place, London, E.C.2 MONarch 0391

Switch to the

Soldering Iron

as being used by the
Reyal Societv Antarctic Expedition

for the Interngtional Geophysigal Year.

WIELESS WORLD DECEMBER, 1957

heats up from cold
in 6 seconds!

Manufactured for Enthoven Solders Ltd., by Scope
Laboratories, Melbourne, Australia.

Designed on an entirely new principle, this
light-weight, versatile iron is eminently suitable
for soldering operations in the radio, television,
electronic and telecommunication industries.
For test bench and maintenance work it is by
far the most efficient and economical solder-
_ing iron ever designed. Ideally suitable for
use with Enthoven Aluminium Cored
Solder (melting point 260°C. 500°F.).

LIST PRICES
IRON 39/6
TRANSFORMER 35/6

All prices and trade
discounts subject to revision
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INTRODUCING THE NEW
[NASHTON /INSTRUMENT RANGE

Resistance

(552 to 500M Q)

apacitance
(5PF to s00uF)

omparison
(—30% t0+45%)

(1%, mid-scale;

249, from 2082 to 20MQ)

The Nashton R.C.C. Bridge is the first of a new
range of electrical test instruments by Nash &
Thompson, the Company specially selected to
carry out the R.C.S.C. approval testing for the
Ministry of Supply. The R.C.C. Bridge is

“‘.f'k"” .:,.\.y.( >

A
A RECCy |~ vt
57 BRIDGE s
J0e 500 @
i 00y

! y G i
HO:  woke, "'\( PEVERN o ¥ 1

W

and incorporates a 0.1% linearity wire-wound
cam-corrected balancing potentiometer.
Instruments in the new Nashton range, of
which the R.C.C. Bridge is the first, will all be
Accurate - Low-priced -+ Reliable

precision-built of high stability 19, components Compact
WRITE TO:—
Nash and Thompson
LIMITED

OAKCROFT ROAD

* CHESSINGTON -

SURREY + Elmbridge 5252

for inclusion in the / NASHTON 7 mailing list for information

WHG/NTS52
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HE new Airmec AM/FM

Modulation Meter Type 210
enables the measurement of the
percentage modulation of ampli-
tude modulated signals and the
peak deviation of frequency
modulated signals to be made
in the fréquency range 2.25 Mc/s
to 600 Mc/s. It is exceptionally
easy to operate and has outputs
to enable the modulated envel-
ope of the input signal and
demodulated signals to be ob-

served on an oscilloscope.

SPECIFICATION

WIRELESS WORLD DECEMBER, 1957

AM/FM MODULATION
METER Type 210

Frequency Range: 2.25 Mc/s to 300 Mc/s (up to 600 Mc/s with reduced sensitivity) in 7
ranges.
Input Level: Amplitude Modulation, 7mV to 700mV.

Frequency Modulation, 7mV to [0V (Deviation 3 kc/s- 100 kc/s).

50mV to [0V (Deviation 0-3 k¢/s).

Modulation Frequency Range: 30 c¢/s to I5 kc/s.

A.M. Range: 0 to 1009, with an accuracy of better than 4-39%,.

F.M. Range: 0 to 100 ke/s in 4 ranges with an accuracy of better than 4-59%,.

Full details of this or any other Airmec instrument will be forwarded gladly upon request.

AIRMEC

T E D

HIGH WYCOMBE BUCKS ENGLAND

Telephone: High Wycombe 2060 Cables: Airmec High Wycombe
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radio Telephones

The V.H.F. link provides the most economical
and practical means of direct communication
between isolated communities in all areas where
the nature of the terrain or distance involved
preclude the use of open wires for junction or
subscribers’ lines.

Dialling facilities can be provided, and the
radio equipment can be connected to a stan-
dard line circuit in any part of a telephone
system without modification to switching
equipment.

Y No change in Normal Telephone Operating Procedure
Yc Mains or Battery Operation .
Y Signalling Units for All Types of Circuit

STROWGER HOUSE °* ARUNDEL STREET ° LONDON, W.C.2. * Telephone : TEMple Bar 4506
Telegrams : Strowger * Estrand * London. STROWGER WORKS, LIVERPOOL, 1. AT.i466}

ér AUTOMATIC TELEPHONE AND ELECTRIGC COMPANY LIMITED

T )




AP

TRADE MARK

for the mass-production of}

Using a continuous strip of solderless
terminals and a completely automatic
crimping cycle, the A-MP AUTOMATIC
WIRE TERMINATOR achieves production
speeds up to 4,000 identical electrical
connections per hour without special
operator skill.

Continuous strip solderless terminals
are available in many stock wire sizes
and tongue shapes. Types of terminals
include: PRE-INSULATED, INSULATION
PIERCING, INSULATION SUPPORT,
NON-INSULATION SUPPORT, SPECIAL
DESIGNS.

The A-MP  solderless
method meets wire ter-
mination specifications in
foreign countries. Use of
the A-MP method will
enable you to compete in

WIRELESS WORLD DECEMBER, 1957

*
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TRADE MARK

electrically wired products

world markets. It is par-
ticularly significant that
A-MP systems are standard
practice in the U.S.A.

AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD.
London Office: DEPT. |5, 60 KINGLY ST., LONDON W.I Telephone: REG 2517-8 & 3681-2-3
Works: SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND. AP323/44

TRADE MARK

* Trade Mark of AMP Incorpo rated, U.S.A,
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BREAKDOWN TESTER MODEL RM 215E

Output Voltage: o to 10,000 V D.C. § mA. Max.
and oto §,000 V A.C. 10 mA. Max.

Pl

F——————— -

ELECTROLYTIC & TANTALUM H
CONDENSER BRIDGE MODEL CB 154C

Capacity Range: 0.1 mFd to 11,000 mF ds.
Power Factor Range : 0.4% to 30%

Polarising Voltage: o to 600 Volts in 5 ranges.
Leakage Current : o/500 uA, o/s mA, o/50mA.

MODEL CB 154D
Polarising Voltage : o to 800 Volts in § ranges.
Leakage Current: ofso uA, of500 uA, o/s mA.
Other details as CB 154C.

WIRELESS WORLD

Available
for
Im

mediate

Delive ry

——————— ey

MEGOHMMETER
MODEL RM 175 — LZ MKII

Resistance Range: 0.9 Megohm to
10,000,000 Megohms.

Test Pressure: Continuously variable from 10 to
1,000 V D.C.

e e e

Ask for demonstration

BRITISH
PHYSICAL
LABORATORIES

RADLETT HERTS

ENGLAND

TELEPHONE RADLETT 5674

L)
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MUTUAL & SELF INDUCTANCE BRIDGE

DECEMBER, 1957
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Designed for the accurate measurement of either mutual or self
inductance and resistance in the range 0:00/pH to 30mH and
100 Q to 3000Q respectively.

All measurements are made in the form of a four-terminal
network and inductance and resistance of leads and clips are not
included in the measurement.

Accuracy within = 1% frequency 1592¢|s (w = 10 000)

Full technical information on this and other ‘ Cintel’ Bridges is
available on request.

CINEMA

A COMPANY WITHIN THE R ANK

WORSLEY BRIDGE ROAD

SALES AND SERVICING AGENTS:

Hawnt & Co. Ltd., 59 Moor St., Birmingham 4

Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank Glasgow
McKellen Automation Ltd. 122 Seymour Grove, Old Trafford, Manchester 16

F INDU&T‘.A!CE BRIDGE

ORGANISATION LIMITED

- LONDON - S,E.26
HITHER GREEN 4600
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Hunts patented Metallised Paper Capacitors are particularly suitable
for loudspeaker crossover networks and are used extensively for this
application. They have negligible self inductance with consequent lack
of self resonance within the audio frequency range, and with the special
method of end connections used on the capacitor unit, the equivalent

series resistance down to zero applied volts is eéxtremely low.

The capacitors listed below are- considerably smaller. in dimensions
than conventional types, occupying only 25-30% of the space required

STANDARD CAPACITANCE RANGE

A basic circuit for a twin

for their lowest voltage counterparts in foil and paper construction.

speaker combination is shown
on the left. The number of
circuit elements and their cap-

-acitance and inductance values

depends on the number of
loudspeakers, their individual
characteristics, and the re-

quired crossover frequencies.

LIST NO. CAP uF D_‘(’:‘_’{-,],'ig_ TYPE REF. DIMENSIONS LiST PRICE
A3l6 1.5 150 w4s 1 x 4" 49
A304 2 150 w4g 15 x B 5/-

B 557 3 150 W49/ 13" x ¢ 7/6
B 550 4 150 w49/ 27 x 1I” 10/-
B 551 6 150 W49/ 2% x 1”7 12/6
Bss2 |8 150 W49/1 24" x 13" 17/6

WP 45 ) 150 W54/ 24" x 13" 20/-

WP 38 2 150 w54/1 24" x 1§ 0/

WP 247 16 150 w54/l 31 x 137 26/6

TYPE W48

TYPE W49/1

MAKERS OF FIXED CAPACITORS OF ALL TYPES AND FOR ALL APPLICATIONS

REGISTERED

e UNTSSS
CAPACITORS

A. H. HUNT (Capacitors) LTD.
WANDSWORTH, LONDON, S.W.18. Tel: BATtersea 1083

Factories also in Essex, Surrey and North Wales

1
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UNQUESTIONABLY ...

“ The variable oscillator employs a triode in a
modified Colpitts circuit comprising a split-stator capacitor
and an appropriate tuning inductor which is selected
by means of a range switch, the oscillator output
being monitored by a crystal rectifier and
indicating meter which are coupled to an 8odB

resistive step attenuator.”

T e

N\

\

HEN schoolboys are as interested in square-wave
techniques as they are in square-leg tactics, it is
advisable to know all about Marconi instruments.

It’s not difficult. Take the Marconi TF 982A, for
example, about which our young friend is so obviously
well-informed. Here is a Marconi instrument that pro-
vides complete test facilities for mobile radio telephone
sets. It combines, in one compact unit, a signal generator,
a crystal-controlled auxiliary oscillator, a.f. and r.f. power
meters, a local r.f. field detector, and an a.c./d.c. multi- Type TF 982A
range test meter. Signal Generator Section : 60 to 200 Mc/s ; also eight

Details of all this apparatus are given in leaflet G105, bands centred on common i.f. values from 1-6to 8-5
full of technicalities, so that you, too, can discuss the Mc/s; fixed depth 30% a.m. can be applied internally.

V.H.F. Test Set authoritatively. You really should Output 21V to 2 mV at 52 and 75 ohins ; higher out-
puts at 37-5 ohms. A.F. Power Meter: mW fu
send for a copy. 37-5 oh A.F. P M 30 mW full

scale at 600 ohms ; 1 watt full scale at 3 ohms. R.F.

\

AMIAMIIMaan

\

\

MARCONI V.H.F. TEST SET

Power Meter: 20 watts full scale at 75 ohms. Test
Meter : Five ranges covering from 100pA d.c. to 200
volts a.c. full scale.

B

A1 AN
AANmMaa-.",

\

i’

AM & FM SIGNAL GENERATORS - AUDIO & VIDEQ OSCILLATORS

FREQUENCY METERS - VOLTMETERS - POWER METERS

DISTORTION METERS . FIELD STRENGTH METERS

TRANSMISSION MONITORS . DEVIATION METERS

OSCILLOSCOPES,  SPECTRUM &  RESPONSE  ANALYSERS
Q METERS & BRIDGES

MARCONI INSTRUMENTS LTD - ST.ALBANS * HERTFORDSHIRE - TELEPHONE: ST.ALBANS 56161
London and the South : Marconi House, St-and, London, W.C.2. Tel: COVent Garden (234
Midlands : Marconi House, 24 The Parade, Leamington Spa.  Tel: 1408 North : 30 Albion Street, Kingston-upon-Hull. Tél : Hull Central 16347
WORLD-WIDE ' REPRESENTATION

TC 105
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NOW ...

SPERRY
Synchro Resolver
In size I1I

A Synchro Resolver consists of a rotor carrying two
windings at right angles which rotates in a stator also
having two mutually perpendicular windings. If the
synchro is connected as shown below, the voltages
ARri-r3 and Ag,—gr3 vary sinusoidally as shown in
the accompanying graphs. How closely the voltages
of a Sperry size 11 Resolver follow this sine relation-
ship can be judged from these performance figures :
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(@) Angular separation of Nulls = @ = 90° £+ 4’
(b) Transformation Ratio A = KV
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; where K = l:};(l):;" from model! to model
(]
Variations in K = 4- 0.2% in any one model

-

(c) Voltage departure from true sine

Model A = 8V = £ 0.2%A
Model B = 8V = 4 0.3%A
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Precision resolvers offer the solution to a wide range
of computing problems, and may also be used for
position control.

7
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Advice on their application to your problem is available

SPERRY SYNCHROS

SPERRY GYROSCOPE COMPANY LIMITED, GREAT WEST ROAD, BRENTFORD, MIDDLESEX Telephone : EALing 6771
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FREQUENCY MEASURING
EQUIPMENT, TYPE TSA3

Transistorized throughout.

TIME measurement from 0:0001 of a second
to 11} days.

FREQUENCY measurement from 0:] of a
cycle to 50 kc/s.

PERIOD measurement from 0.0000f of a
cycle to 100 c/s.

5 digit disptlay.

Digital time base.

Accuracy better than t 0-0059,.

Seif checking on 5 frequencies.

Variablé display time from 0-5 seconds to
5 seconds or infinite.

Sine, square or pulse inputs.

Standard output frequencies at 0:] c¢/s, | c/s,
10 c/s, 100 c/s, | kefs, and 10 kc/s.

Portable - weighs only 27)41bs. and measures
4% x 7% x 114",

Low poweér consumption - only 2W at 12V.

Price: £275 0s. 0d.

WIRELESS WORLD

et e
requency & > Time Measurement.
. S S

MILLISECOND STOPCLOCK
TYPE TSA4

Transistorized throughout.

TIME measurement from 0.000! of a second
to 27-8 hours.

Digital counting.

Measures virtually any contact or pulse
interval time within the range stated from
common or independent sources.

Accuracy better than * 0-0059%,.

Indicated time read direct in seconds from
the cyclometer counter, four decimal places
from the meters.

Portable - weighs only 191bs. and mecasures
13" % 9" % 74%".

Low power consumption - only I1W at 12V.

Removable lid protects front panel and
meters when in transit.

Price: £155 0s. 0d.

Both types of equipment are constructed from Venner
plug-in stages and are therefore inherently reliable.

Write for descriptive literature

ELECTRONICS LTD.

TNNE

Kingston By-Pass,

Associated Companies : Ven

New Malden,

Surrey.

ner Limited

MALden 2442
Limited

Telephone :

Venner Accumulators

DECEMBER

1957
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Holding out for good
connections?

There are almost certainly enough high  SPECIFICATION

grade ones in this 62-way connector. It was Contact Resistance: less than 3 milli-ohms
designed to fulfil an Admiralty requirement  Insulation: 2kV. between contacts
that could not be met by any other con- Voltage rating: 750V. r.m.s. working
R . . Current rating: 10A. max. per single contact
nector, and you will find it suitable for many .
. . . Insertion pressure: 30 lbs.
rack-mounting applications where low con-  wimgrawal pressure: 13 Ibs.

tact resistance, high voltage and current ) o . »

o d lent i Tt . 31-way connector also available with identical specifi-
CAPECIiRaHC R C IIRINSIIAION Srg/inelor cation except insertion and withdrawal pressures are
factors. 20 Ibs. and 9 Ibs. respectively.

AN.D & AR.B — APPROWVED

POWER CONTROLS

M I TED

POWER CONTROLS LIMITED, EXNING ROAD, NEWMARKET, SUFFOLK
Telephone : Newmarket 3181/2/3 .Telegrams : Powerton Newmarket
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RADIO
EXPORT

ONLY

2000 types of both receiving and transmitting tubes in stock.

In addition, a comprehensive range of crystals and some types of

transistors and trustworthy tubes are available.

Our price list issued last July

contains many new types.

PRICE AND STOCK LISTS ON APPLICATION

Your specific enquiries for special types to CV. JAN and MIL

specifications are invited.

Our organisation is A.R.B. approved.

HALL ELECTRIC LTD

HALTRON HOUSE, 4955 LISSON GROVE, @}
LONDON N.W.1

Tel: Ambassador 1041 (5 lines) Cables: Hallectric. London
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EMITAPL

-/:/ W/VM/W /

HI-Fi
MAGNETIC

REGORDING
TAPE

i %""sf.ﬁ,?’f
nmcasn //

€l s |

GENERAL PURPOSE

vy
99, ygw

LONG PLAY
50% increased
playing time
TYPE LENGTH | PRICE IN
No. R SVZE|appROX.| *EMICASE”
88/6E *“Junior”’ 5” dia.| 600’ £1. 3.6
*99/9E © 5” dia. | 850’ £l . 10.6
88/9E “Continental*" | 53” dia.| 850’ £l . 10. 6
*99/12E " 53" dia.| 1200 | £1 . 17 . 6
88/12E “Standard ™ 7” dia.] 1200 | £) .17 . 6 EIMIL SALES & SERVIGE I-TDI
*99/18E 22 77dia.| 1800 | £2.12.6 (Recording Equipment Division)
% LONG PLAY—S50%, incredsed playing time. HAYES - MIDDLESEX - ENGLAND

ES150
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— another contribution lo electronics by Advance

3000McP
\

A completely co-axial attenuator unit specially designed

dc

RANGE : 0 to 50 db in 10 db steps.

for use in precision equipment where rapid selection
of close tolerance attenuation with absolute

reliability is essential.

Any combination of six pads is available

from 0 to 50 db. in 10 db. steps.

For use at all frequencies up to

3000 Mc/s.

ACCURACY: 4+ ] db up to 1000 Mc/s.

V.S.W.R.: Less than 12 d.c. to 3000 Mc/s {ar
20-50 db range.

Less than 1.2 d.c. to 1000 Mc/s for
0-20 db range.

At 3000 Mc/s increases below 20 db.
to not more than |-7 d.c. at zero
attenuation.

% CONTINUOUS ROTARY MOVEMENT

selects any pad simultaneously giving visual
indication of pad selected.

Export enquiries invited.

delvassnce TURRET ATTENUATOR

Full technical details available in Leaflet W49 TYPE AG3
&

ADVANCE COMPONENTS LTD. ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. : Telephone : HAInault 4444
GD24



DECEMBER, 19537 WIRELESS WORLD 19

The Elac
4 inch
- Tweeter

A further addition to the *“Elmag ™’
High Fidelity range, this 4in. cone
type Tweeter is the finest of its
class yet produced. Response to
transients is exceptionally good and
the absence of undesirable peaks

i results in clear and smooth

" reproduction.

For best results it should be used
with a suitable cross-over filter in
conjunction with | or 2 larger units.

Frequency response within 5 dB from
5,000-17,000 cps, only 74 dB down at
20,000 cps.

S " OVERALL SIZE : 4in. DIA. x 2d&in.
1] DEEP.

POWER HANDLING : 2 W. Peak
A.D. INPUT.

VOICE-COIL IMPEDANCE : 6 ohms
at 5,000 cps.

PRICE : 29/10 inc. P.T.
Trade Terms 333%.

ELECTRO ACOUSTIC INDUSTRIES LTD

STAMFORD WORKS BROAD LANE TOTTENHAM LONDON N.IS TEL.: OTtenham 0505-9 |
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Westminster Hospital, London
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another London
hospital calls staff
the new fast
‘Personal Call” way

More and more hospitals are following
St. Thomas's lead in changing over to the
Multitone Personal Call Staff Location
System. At Westminster Hospital doctors
and key personnel are called on their
pocket receivers by push-button trans-
mission: they—and only they—receive the
message and no one else is disturbed.

The Westminster uses | transmitter and
56 receivers, but in fact up to 336 calls can
be made from one transmitter. Multitone
Personal Call Systems can be installed on
easy rental terms, inclusive of maintenance,
orlow outright purchase price. Remember,
no loudspeakers, bells or flashing lights—
but an infallible way of getting the man you
want—whenever you want him. If you
want such a system, write to us for details.

multitﬂne EerSOﬂal ol Emreasran

Muttitone Electric Company Ltd., 12-20 Underwood Street, N.{. Tel; Clerkenwell 8022

CRCI6
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Valuable aids to the
RADIO SERVICE ENGINEER

96 PAGE
POCKET BOOKLET

A 96 page pocket-size booklet gives
summarised data i.e. characteristics,
operating conditions, base diagrams
relating to Ferranti valves and cathode
ray tubes. Included also is a comprehen-
sive valve equivalents list. Free copy
supplied on request.

TECHNICAL
HANDBOOK

This Handbook contains the fullest mﬂNICAL 'R‘HDBQM‘_

information about all types of Ferranti valves

and cathoderay tubes. Complete data such

as physical details, base connections, ratings,
operating conditions, etc. Price 7/6.

Send now for both publications to:—

FERRANT] 1o

| GEM MILL - CHADDERTON - OLDHAM - LANCASHIRE
London Office: KERN. HOUSE, 36 KINGSWAY, W.C.2.

B L

 FERRANTI

FE183
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Yes-but s 1t

Is it Hi-Fi indeed! Whoever heard of a loudspeaker that
wasn’t Hi-Fi? Must be as rare as a low-class butcher.
For twenty-five years and more we’ve been making loudspeakers as
good as we’ve known how and now you want us to label them Hi-Fi!
Anyhow our mother told us never to use words if we didn’t know what
they meant and we always do as mother said. If you want a loudspeaker
free of fol-de-rols and gimmicks which can
speak for itself, choose the Vitavox DU120
Duplex Goaxial, the loudspeaker without

N £19 - 10s.
a superlative to its name.

VI TA VO X DU120 DUPLEX COAXIAL

FULL RANGE
LOUDSPEARER

Vriravox LimiTep . Westmoreland Road, London, N.W.9, England . Telephone : coLindale 8671
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SKILL in assembling intricate components is an important
factor in the reputation gained by Garrard for the superb quality and reli-
ability of their gramophone equipment.

The operator shown above is assembling the componént parts of the
Garrard Crystal Pickup Cartridge, the accuracy of which is essential in main-
taining the required frequency response and quality of reproduction. One
more reason why Garrard units are the finest in the world.

AUDIO
QQ/:/‘J,GAA PERFECTION

THE GARRARD ENGINEERING AND MANUFACTURING CO. LTD SWINDON - WILTS
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prove to
yourgelf

IT DOES
THE JOB
EVEN

botter. .

Leading Radio and T.V. Manu-
facturers, Dealers and Engineers
—all use the

% MADE TO RECMF SPECIFICATION

+ ROBUST CONSTRUCTION
One-piece Polystyrene interior, no small parts to
dismantle, no soldering troubles.

v FULLY INSULATED
Neoprene insulating sleeve for safety

% EFFICIENT IN OPERATION
Pressure on copper braid over a large contact area
ensures positive and secure contact.

v SIMPLE TO FIT—FITTED IN SECONDS!

COAXIAL PLUG TVPAH
COAXIAL SOCKET TVSAH

COAXIAL PLUG FOR CAR AERIAL LEADS CRP[200 1/6d.
COAXIAL SOCKET FOR CAR AERIAL LEADS CRS/200 1/6d.

ANTIFERENCE

LIMITED

AYLESBURY, BUCKS.
Tel. Aylesbury 2511 (6 lines).

~ DHB/5752
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Which is the best seat in the house? Orchestral
tone in the concert hall is made up of a mixture of
direct and reflected sound which changes from
gseat to seat. From one, the trumpet may be too
dominant; from another, the double-bass may dis-
appear. From perhaps just one seat the sound
intensity and tonal relationship of the different
instruments will match your own hearing charac-
teristics. But how do you find it?—by prodding
with a pin in a seating plan? The answer is very
simple. The best seat in the house can be reserved
indefinitely for you . .. in the comfort of your own

\ home. With Pye High Fidelity Systems you can
create the music of your choice, free from distor-
tion or audience distraction, and exactly adjusted
to your own individual needs.

DECEMBER, 1957

THE FINEST SEAT IN THE HOUSE

Meet the Pye Mozart—one of the smallest and most
compact amplifiers ever devised for home use. In-
genious design and brilliantly simplified circuitry
have made possible no less than 10 watts undis-
torted output—sufficient for the largest home
system—yet the Mozart can be comfortably
contained on wall-shelf, bookcase or fireside
table. It will handle radio, record, tape or micro-
phone inputs. It has separate volume and on/
off switches, features new ‘dialamatic’ pickup
compensation. Installs in minutes. Printed
Circuit production gives outstanding reli-

5

ability.

For a thrilling new experience in good listen-
ing, good-living—see your Pye Hi-Fi Dealer.

HIGH FIDELITY SYSTEMS

THE PYE MOZART

The Mozart is available in chassis form (weight
8} 1bs.) or in metal open-work case (9 lbs.). Facia
panel in copper finish. Dimensions: 10} wide,3%” high,
5” deep.

Pye Limited,
Auckland, C.l.,
New Zealand.

Pye Pty. Ltd.,
Melbourne, Australia.

Pye Corporation of America,
1149 Raritan Avenue,
Highland Park,

New Jersey, U.S.A.

P Y E LI MITED

In conjunction with the Pye Bookcase Speaker
and HFT111 AM/FM Radio Tuner, it offers today’s
most outstanding value in top-quality, low price
high fidelity.

Pye Limited,

Pye Radio and Television
(Pty.) Ltd., Tucuman 829, B Aires,
Johannesburg, South Africa. Argentine.

Pye (Canada) Ltd.,

Pye (ireland) Ltd., Northline Road, Toronto

Dublin, Eire.

Deutsche Pye G.m.b.H.
Pye Limited, Berlin-Zehiendorf-West,
Mexico City. Roonstrasse 2, Germany.

CAMBRIDGE - ENGLAND
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Quality Approval

ONLY STEATITE & PORCELAIN i,
NICKEL METALLISING HAS THE ?

FULL JOINT SERVICE

QUALITY APPROVAL METALLISED

(Cert. No. 980. Issue 2)

2

BUSHES

Approved:
Humidity class H.I.
Temp. category 40/100

Samples sent
on request

Please write for Catalogue No. 47

STEATITE & PORCELAIN PRODUCTS LTD.

STOURPORT ON SEVERN, WORCS - Telephone: Stourport 2271 Telegrams: Steatain, Stourport.

s.P.508
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EHF

MICROWAVE

GENERATORS
AND SOURCES

18,000 to 50,000 mc/s

WITH

PLUG-IN

TUNING UNITS

Now, with the POLARAD plug-in inter-
changeable tuning unit feature you can
equip your laboratory with Extremely
High Frequency generators and sources
covering 18,000 to 50,000 mc permitting
wide flexibility of operation at minimum
cost. Each of the various tuning units
requires no further adjustment after

EHF
Signal

WIRELESS WORLD

POLARAD

EHF r

MICROWAVE |
SIGNAL

GENERATORS

27

(
3
4
i

bk

? EHF MICROWAVE

(¥ 'SIGNAL SOURCES

Our Products wili be on show gt the
4th International Instrument Show, Caxton Hali, London
March 24th — 30th

Microwave

GENERATORS

7 plug-in r-f tuning units cover the
frequency range from 18,000 to
39,700 mc/s.

EHF mierowave

Signal

SOURCES

9 plug-in r-f tuning units cover the
frequency range from 18,000 to

plug-in—all voltages and controls are g Direct reading calibrated attenu- 50,000 mc/s.

automatically set for proposed operation. ;“" output, aclgurac_y + 2db. @ Internal 1000 cps square-wave
These new Polarad self-contained instru- @ pﬁig::ngy A ‘;: I()b:.‘?/ﬂ?l?rec:f:eo:;- modulation.

ments operate simply with direct read- ing waverz:neter. e @ Capable of external modulation,
ing, wavemeter dials. They provide cw @ Internal 1000 cps square-wave both‘ (P a.nd .fm.

or modulated -signals of known fre- modulation. ® EqI:upped vatl:‘mtegral elect_roni-
quency for field, production line and l(’:a[;‘able of external modulation, =l o pov»fer supplies.

i o 2 & oth pulse and fm. @ Frequency calibration accom-
laboratory testing of microwave equip- o Equipped with integral electroni- plished by a -+ 0.1% direct-reading
ment, components and systems. cally-regulated power supplies. wavemeter.

SIGNAL GENERATORS | SIGNAL SOURCES
ic Unit Model HU-2 Basic Unit Model HU-I

Basic nit I FREQUENCY asic Unit Mode U S —

Plug-in Power RANGE Plug-In Power N
Tuning Unit Output Tuning Unit Output internal modulating:

Mode!l No. Calibrated Model No. Average 'Freqqency lbOO cps square wave,
G1822 18,000—22,000 mc/s S1822 10 mw Reg::‘r.emen:s for external pulse modula-
G225 22,000—325,000 mc/s $2225 10 mw Pulse repetition = "

G2427 —10 24,700—27,500 mc/s $2427 10 mw Puloe wideh rate 0.5 co 10 mierobbesnds.

T G2730 to 27,270—30,000 mc/s 82730 10 mw Pulse amplitude 10volts peak, minimum

e e — Pulse polarity ... Positive.

G3033 —90 dbm’ | 29,700—33,520 mc/s $3033 10 mw - ] O

G333 33,520—36,250 mcfs_ $3336 9 mw Cedutamers ol

TG0 | 35,100—39,700 mc/s | 53540 SMW 1 Frevcenty il 500 10,000 cpn

| 37,100—42,600 mc/s $3742 | Approx. 3 mw| Amplitude ... Al:vwxr-o Jocvogg rm/s,

| 4T,700—50,000 mc/s $4150 Approx. 3 mw Ketiasian,

Model SG-1218, Signal Generator and Model S5-1218 Signal Source
are available to cover the frequency range 12,400 to 17,500 mc.

For Complete Information :

Telephone : Hop 4567

B. & K. LABORATORIES LTD. 57 uniON ST, LONDON S.E1.

Cabies : Bank:abs * London

| e
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MAX. MIN. ORDER | UNIT STORAGE
| R J WATTS | vouTs ! OHMS | rop FheE UNIT{ CAPACITY
RESISTORS
T l 1 250 | 10to 10M 240 720
R 1 500 | 10to 10M 180 500
Tolerances available +20% 10% 5%
HIGH STABILITY RESISTORS
| Hs3 | 3 | 750 | ttos00M | 93 | 500
Tolerances available +5% 2% 1%
WIREWOUND RESISTORS
LM | 5&10 | — 5to 100K | 72 300
LP | 5&10 | — | 5t0100K l 72 300
CERAMICAPS
CER | Tubular | 500 3to 470pf 141 500
HK | Tubular | 500 |470 to 5000pf 141 500
HKD | Disc 500 | 470 to 5000pf 141 500

Tolerances available +2% 10%,

DECEMBER, 1957

LAB Continuous
Storage Units

Thousands of LAB Continuous Storage
Units are daily solving the problem of
control and storage of the great range of resistors.
Compact, and capable of storing up to 720 separate
resistors, LABpak make selection positive, simple
and speedy. Now that Ceramicaps, Histabs and
Wirewound resistors have been added to the
carded range the usefulness of LLABpak siorage
units is enhanced.

FREE with any purchase of the LABpak range,
these units are the complete answer to the
storage problems of small production units,
laboratories, etc.

MAKE UP YOUR ORDER TODAY — DELIVERY EX-STOCK

All LABpak resistors are carded in ohmic
value, rating and tolerance, colour indexed and
tabbed for easy selection.

The LAB Continuous Storaze Units are available from your normal source of supply, but more detailed information and literature can be obtained from

THE RADIQ RESISTOR GOMPANY LIMITED

50 ABBEY GARDENS,

LONDON,

N.w.8

° Telephone: Maida Vale 5522
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QUARTZ
CRYSTALS

SEC

[ 4 [ J (4

200 cycles/sec.
to

90 Mc/sec.

For long term stability and
unfailing activity, G.E.C.
Quartz Crystal Units provide
the basis for reliable

communications systems.

A complete range of units to
meet D.E.F. 5271 and
R.C.L. 271 Inter Services
styles can be supplied.

SALFORD ELECTRICAEINSTRUMENTS LFFHITED

(COMPOI\% GROUP) =
TIMES MILL - HEYWOODEZELANCASHIRE Tel: HS®80d 6868
London Sales Office==Ee!: Temple Bar 4669 —
A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND

29
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...a mnew battery-operated constant speed miniature motor

The

Concn-Hinatos

Manufacturers are -invited to write or tele-
phone for full information on this governor
controlled constant speed motor. Only
slightly larger than a match-box, the Staar-
Kinder Motor presents a noiseless power
unit of extremely low current consumption.

The standard unit is for 6v. operation,
but the motor can be supplied for
usage at other voltages up to 12v.

Th Staar-Kinder Motor available only to

manufacturers.

Staar Electromnies Ltd.,

e Ormond House. 26/27, Boswell Street. London. W.C.I

Telephone: CHAncery 8953-4-5-6 Telegrams: Asterisk, London

~*Little Staar™

. . . battery operated player
for single

Y Size of unit base-

board only 74" x 6". 43 r.p.m. records

Y Weight only 15}ozs.

YwPowered by Staor-Kinder
motor. Operating voltage
év., current consumption as
low as 21 mA while playing.

Yideal as the nucleus of a
midget player, and amplifier
_of extreme portability,

The pickup of the Little Staar
is fitted with a robust ceramic
element transducer with two
1 mm. radius sapphire styli
suitable for use in all climatic
conditions. The cartridge can
be withdrawn and replaced in a
matter of seconds. The Staar-
Kinder Motor incorporates a
centrifugal governor to ensure
constant turntable Speed within A dual purpose turntable centre is available which
2% whatever the apph'ed voltage aflows for playing small or large centre-hole records.
between 7.5v. and 4.5v. L T P '

+» Staar Electromnies Ltd.,
Available to Manuf ers only—write
for full details. / Ormond House, 26/27 Boswell Street, London, W.C.I
Telephones: CHAncery 8953-4-5-6. Telegrams: Asterisk, London.
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Communications
systems manufac-
tured by B.C.C.
y are precisely de-

signed for trouble-
free .operation and
ease of maintenance.

A range of fixed sta
tions and link equip

= i
Cal
Ll
r ment for use both a

L A1 |
2 1 ———— §, home and overseas
——— meeting British Pos

: : Office  specification

and |.C.A.O. require-

B coumuICATIONS
SYSTEMS

A range of high
powered and medium
powered mobile trans
mitter/receivers
as used by Police
Fire and Ambulanc

services.

iy

Mobile transmitter/

receiver, specially

designed for solo

motor-cycle mount-
ing.

BRITISH GOMMUNIGATIONS GRPOIM TIQVN !TMZ{Z:ED

Telegrams : Bee Cee Cee

Exhibition Grounds
Telenwone : Wembley 1212
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., . a new name in the electronics industry. Formed to manufacture,

in Great Britain, a range of high performance, high frequency transistors which
have already gained a reputation for outstanding reliability

throughout the world. Semiconductors Ltd. starts with the advantages

of many years’ transistor development and manufacturing

experience of Philco, backed by all the resources of the Plessey organisation.
All transistors will be produced by Philco electro-chemical

techniques, providing tight control of tolerances, and using automatic

control and transfer methods. Types to be manufactured include

High Frequency Surface Barrier and Micro-Alloy, followed by Silicon Alloy and

Germanium Micro-Alloy Diffused transistors.

r_ FULL
TECHNICAL
SAMPLES AVAILABLE NOW plrﬂ

Prior to full production, transistors identical with those

to be manufactured are being imported from the U.S.A.
Sample quantities are available’ now for Sterling.

Senior executives and engin-
eers are invited to write for
comprehensive Data Sheets
and Application Notes on all
types of Semiconductors
transistors,

ACTUAL SIZE
OF A TYPICAL
TRANSISTOR

Gemiconductors Limited

VICARAGE LANE - ILFORD - ESSEX
Telephone: ILFORD 3040 - Cahbles: SEMICON, ILFORD
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G, GAIN OF RHOMBIC AERIAL OVER DIPOLE AT SAME HEIGHT (da)
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Rhombic Aerials

DESIGN CHARTS FOR HIGH FREQUENCIES
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POST
THIS COUPON
TODAY

An article in the November issue of ELEcTRONIC
& Rapro EncINEER deals with the design of
rhombic aerials for both transmission and recep-
tion. The design procedure is carried out mainly
with the aid of charts, one of which is shown here.
This relates aerial gain to side length for a series
of values of the aerial apex angle and also for the
lobe angle in the vertical plane.

Original articles by leading authorities are a
prominent feature of ELEcTrRONIC & Rablo
ENGINEER. Regular readership will keep you in
constant touch with progress in the entire field of
electronics, radio and television.

ARTICLES IN THE DECEMBER ISSUE

e WILL INCLUDE...

Direct-Coupled Amplifiers

A discussion of the effects of heater voltage and
current variations upon the opcrating conditions of
direct-coupled amplifiers. A method of balancing
which gives an improvement factor of 100 times is
described.

Waveguide Design for Diecasting

Components which are manufactured by casting must
have a small taper to permit their ready separation
from the moulds. This taper affects the performance
of waveguide parts and necessitates compensating
changes in dimensions. The matter is discussed in this
article and design information is given.

ALSO

The unique monthly Abstracts & References feature
compiled by the Radio Research Organization of the
Department of Scientific and Industrial Research.

ELECTRONIC &

RADIO ENGINEER

TO: ILIFFE & SONS LTD., DORSET HOUSE, STAMFORD STREET, LONDON, S.E.i.

Please enter my name as a subscriber to :—

LI 7N 5 U D T R R LT ERTRPLRY S Oioo I
ELECTRONIC & RADIO ENGINEER ‘or 2 month
commencing with the January issue. ADDRESSIE: .. .. o o s e e e s SRR - SR
1 enclose remuttance £2. 9s.
ORDERS CAN ALSQ BE PLACED THROUGH ANY

DATE touiirririiirrasssserssssnsransaeastsssssesscaarsassrosnssstansressasastssansihossasarastsases eeood

NEWSAGENT.



This K-18 connector is
ACTUAL SIZE
—made under U.S. licence from
Winchester Electronics Inc.

. position (This applies to each series)

NOW AVAILABLE
FOR
PROMPT DELIVERY

SERIES X’

with 6,12.18 & 22 contacts
CONTACT CENTRES .158”
END FIXING

Solder-cups or rivet ends

o
SERIES 'KKM'’

with 6, 10,12, 15, 18 & 22
contacts
CONTACT CENTRES .156”

END FIXING
Solder-eyelets

*
SERIES ‘KM’
with 14, 21, 31 & 37
contacts

CONTACT CENTRES .078”
END FIXING
Solder-eyelets

o

Polarising-pins can be fitted in any

WIRELESS WORLD
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METHODS

J¢ \
000555\ LTD (555500

(OF STEVENAGE )

— the foremost manufacturers of

printed circuit

connecitors

GOLD-PLATED CONTACTS

made from spring-tempered phosphor-bronze
provide low contact-resistance,
prevent corrosion and
facilitate soldering.

MELAMINE MOULDINGS
conforming to B.S.S. 1322

provide high arc-resistance,
high dielectric
and mechanical strength.

Full technical data and illustrated g
leaflets forwarded on request:
ELECTRO METHODS LTD.

12-36 Caxton Way, Stevenage, Herts.
Telephone : Stevenage 780




DECEMBER, 1957 WIRELESS WORLD 35

Ediswan

30 E$-7-3-10
Series,

M.E.A. 8.T.29

20th Gentury

MEA

D6AB-240
M.E.A. 8.T.47
MAGNETIC SHIELDS watard
DG.16-22
20th  Century
86 Rect,
Series
M.E.A.8.T.34.
for all types
of cathode ray tubes Efectronic
5 6KP-1
M.E.A.
s.T.38A
A few examples from the
extensive range of standard Sylvania-
shields available in SESA-1
M.E.A.
8.1.388
(YY L RA) G.EC
PERMALLOY c GEP.Series,
M.E.A. 5.T.25
- Mull
The latest edition of the D12
M.E.A. catalogue illustrating s
our complete range of shields American
for Cathode Ray Tubes and American
Transformers is now available C L
on request.
S,
Engquiries for special shields are wel- M.EA. 8,731
comed and our Technical Sales Staff
is always at the service of Customers
to assist in the solution of specific
problems of magnetic shielding. GEC
4GP §eries,
M.E.A. 5.T.24

MAGNETIC & ELECTRICAL ALLOYS LTD

PHOTO
MULTIPLIER
Shields for
photo-
muttiplier
tubes to suit
ranges made
by E.M.I.
20th Century .
Mutlard,

Du Mont and
R.C.A.

BURNBANK, HAMILTON, LANARKSHIRE
Telephone: Hamilton 932. Grams: Magnetic, Hamilton.

3

Branches at:
LONDON, BIRMINGHAM, MANCHESTER.

H
!

3
o
]
& -
Wt

g

¥ 7vs 6 g0

A Member of thz Telcon Metals Group.
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SHE2.
PAINTON

2 R

TOGGLE SWITCHES

10 AMP. RANGE

TYPE
10 AMP

SINGLE POLE CHANGE OVER OPERATION. 501056

— SWITCH RATINGS:
DOUBLE POLE ON/OFF OPERATION. 500705 10 amps. at 250 volts AC/DC
As 500705, but fitted for two-hole mounting by AVERAGE INTERNAL RESISTANCE:
4 B.A. bushes on |%” fixing centres. .. 501089 Less than .002 ohm.
DOUBLE POLE ON/OFF. Dimensions and finish CONTACTS AND TERMINALS:
of bush -and lever to conform to current RCL 151, 501402 Silver clad phosphor bronze.

6 AMP

The Painton 6 Amp. Toggle
Switches are designed to conform
to the performance requirements of

appropriate R.C.S.C. 6 AMP. RANGE
Specification. .

SWITCH RATINGS:

6 amps. at 250 volts AC/DC
AVERAGE INTERNAL RESISTANCE :
Less than .002 ohm.

CONTACTS AND TERMINALS:
Silver clad phosphor bronze.

TYPE ' CAT. No.

DOUBLE POLE CHANGE OVER. Dimensions shown in
line drawing. Heavy duty chrome finish. 501085
DOUBLE POLE CHANGE OVER. Dimensions and finish
of Bush and Lever to conform to current RCL I5I. 501403

DOUBLE POLE CHANGE OVER. Bush and Lever
Dimensions to conform to current RCL 151 but with
chrome. finish. 501521

PAINTON

Mm/m @W

13220
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A NEW CATALOGUE OF
has just been published by~ HIGH  FIDELITY  EQUIPMENT

NORTHERN RADIO SERVICES

11 Kings College Road, London, N.W.3. Phone:-PRImrose 3314
Send two 3d. stamps for your copy now—it may well save you pounds.

@ Amplifiers, Tuners, Cabinets
etc.,, at Manufacturers’ prices.

@ Demonstrations:  Monday-Sat-
urday inclusive, 10 a.m.-6 b.m.
without appointment. Technical
Guidance Service by our Chief
Engineer personally or by return
post _free. let us have your
enquiry now.

Concert Grand Cabinet

Concert Grand Cabinet
showing layout of deck

Symphony 12

‘The N.R.S. CONCERT GRAND REPRODUCER KIT comprising -

No. 1. Symphony Amplifier with Remote Control
Studio Pre-stage

Lenco GLSO Transcription Unit with transcription quality pickup cartridge

Switched F.M. Tuner

Truvox Mark |V Tape Deck with revolution counter
Truvox Tape Amplifier

Concert Grand Cabinet, with pneumatic lid-stay
Lorenz Triple Cone Loudspeaker with condenser

EI9 19 ©
£3 3 0
€117 6
EI5 15 0t £29 8 0O
€30 9 ©
£1717 ©
£19 0 ¢
£I5 4 6
£11 10 0

Symphony [2in. Bass Reflex Cabinet in matching veneer and contemporary style

if preferred.

CHASSIS
SPEAKERS by ;

SYMPHONY DE LUXE TAPE>
RECORDER

Type A with built-in revolution councer 52 gns.

Type B as above but in Rexine covered
Portable case .............

Recommended Microphone—Ronette... £3
L r 1 F 2 F X7 3 3} L 2 L I _QR.Z2}

No.2SYMPHONY AM/FM TUNER 26 gns.
SYMPHONY AM/FM RADIOGRAM

Whorfedale, Goodmans, Whiteley (WB)
Lorent, Grampion, etc.

TAPE EQUIPMENT by :
Truvox, Coliaro, Grundig, Wearite, Ferrograph,
Brennel, TAPE—all makes stocked.

H.P. and CREDIT SALE TERMS AVAILABLE

All items available separately.
Combination can be varied to suit individual requirements.
Cabinet available in sapele mahogany, walnut or oak.

No. | Symphony Amplifier with Remote Control
Symphony F.M. Tuner and Power Pack

Lenco GL50 gramophone unit with transcription cartridge
Nordyk Tygram Cabinet with legs

Switched F.M. Tuner can be substituted

26 gns.

@ Single items or  complete
installations from stock, We
can supply any regular item
advertised in this journal.

@ Complete satisfaction or goods
exchanged. Deferred terms

available. Below we [ist just a
few of our 1,001 lines.

§ SYMPHONY ‘CONTEMPORARY' REPRODUCER KIT comprising -

£14 14
€18 15
£21 17
£ 9
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MINIATURE

CERAMIC CAPACITORN ¢ pinest ouALITY
e cec camerors avo s OBRAMIC  INSULATORS

for Radio, T.V., Electronic Appliances & Interference
Suppression. MICRODISC TRIMMERS for printed circuits. LOW LOSS, METALLIZED, GROUND, etc.

Vast range, new designs. Our
Capacitors and Trimmers are of
unsurpassed quality to build relia-
bility that sets standard of long life
and trouble free performance,
and are used throughout the
world by leading manufac-
turers.

T.C. range:— P100, NPO,
N100, N220, N500, N750,
and High-K materials with
permittivity of 2500 and 4000.
FIXED
CAPACITORS:—
Disc, Tubular and
Pearl.
TRIMMERS:—
Disc and Tubular.

Radio & T.V. Cera-
mics in Low Loss
High Frequency
material.

Valve Holder Bases, Switch
Stators, Coil Formers—rib-
bed and metallized, Stand-off
feed-through Bushes, Pil-
lars, hermetic seals, etc.
Many types of metallized
Bushes, seals, pillars, tubes,
etc., for all applications.

Please apply for
further details
and Prices.

If you want to improve the quality of your products, send us your enquiries for fixed
Capacitors, Trimmers and Ceramic Insulators. Catalogues of a very wide range
of standard types are available on request.

STEATITE INSULATIONS LTD.,
25 SOMERSET ROAD, EDGBASTON, BIRMINGHAM, 15.

Telephone: . . . . . EDGBASTON 5381/2.
Telegraphic Address: “STEATITE-BIRMINGHAM, 15~
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When you want

SPECIALISED
ELECTRONIC
EQUIPMENT

% Designed, Developed,
or made to specification.

Consult

WIRELESS WORLD

Model P.48 Ceil-
ing  Projection
Receiver. For
closed circuit
Television and
for Industrial use
giving a picture
up to 4ft. x 3ft.

TRANSISTOR TRANS-

FORMERS. These are

typical examples from our

range of miniature Trans-
istor Transformers suitable
for 180mW output. Both
driver and output types
are shown. Dimensions are
Ly xR xR

Enquiries are invited for
the manufacture of these
transformers to individual
requirements.

Transformers for the
“ Wireless World ” Port-
able Transistor Receiver

are available from stock.

y¢ Whichever type of service you
need, you can save time and trouble,
maybe money too, if you write or

’phone without delay.

Open and Shrouded
types of Transform-
ers for general use
in electronic equip-
ment. Designed
and manufactured
to individual re-
quirements.

R.F., E.H.T. Unit.
A safe D.C. high
voltage unit de-
signed to meet the
need for a reliable
source of supply for
Television C.R.
Tubes. Also satis-
factory for flash
testing where a D.C.
supply is necessary.

P.A.M. Electronics
Department combines the
technique and experience of
several companies long-
established in the field of
Electronics, with the ample
modern production
resources of P.A.M. Ltd.
Examples of recent work

are illustrated

P.A.M. Limited

Electronics Department
MERROW, GUILDFORD, SURREY
Tel: Guildford 2211

One of the group of companies associated with the
Southern Areas Blectric Corporation Ltd
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QUALITY lasked Gy exporionce

INSTRUMENT CASES

Attractively constructed of seam
welded steel, these strong instru-
ment cases are well ventilated and
stove enamel finished in various
colours. Available in four standard
sizes or to your own specification.

HANDLES

Made in standard range (4in,, 6in.,
8in. and 10in. centres). A wide
variety of other sizes can be made to
special order.

5

et

AMP-CHECKS

Invaluable device designed to facili-
tate current measurements. Installed
in series with an electrical (or
electronic) circuit to all points where
measurements or checks are required
without open circuiting.

i g o= Metal components available to
Other products include -4 customer’s specification and small or

PULSE GENERATORS £t batch quantities undertaken.
_ . i Experienced in research pro-
CAPACITY COMPARATORS Ny jects and prototype construction.
TAPE RECORDERS SUB-CONTRACTORS for sheet metal or
STABILISED POWER SUPPLIES sssembly and wiring. AT> and %3
; approved.

PHOTOCELL AMPLIFIERS

PHILLIPS & BONSON LTD

Reg. Offices: IMPERIAL HOUSE OOMINION ST. MOORGATE LONDON EC2 Telephone: MONARCH 54815
Works: POND WORKS 8 MILLFIELOS ROAD HACKNEY LONOON E5 Telephone: AMHERST 4331
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Voltage Stabilisers & Reference Tubes
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e
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This brochure, which will gladly be sent to you on request, contains much

useful information relating to voltage stabilisers and reference tubes,
together with data and characteristics of the wide range produced by

English Electric Valve Co. Ltd.

"ENGLISH ELECTRIC’

Chelmsford, England
Telephone: Chelmsford 3491

AP(80

020000030002 0000 0

ENGLISH ELECTRIC VALVE C0. LTD.
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Tigh-Fidelity4

Model 853
Power Amplifier

5
\

i

%
i
{
f

The complete power amplifier for use with
either of the 2 other models (853A or 854).
It is supplied in a beautifully fimshed
polished wood cabinet which can be placed
on a side table or bookshelf and will blend
harmoniously in any room.

TECHNICAL DETAILS

The amplifier 1s based on 2 circuit developed by
Mullards incorporating an ultra linear output-
stage and contains a Power Supply for a Pre-
amplifier and F.M. Tuner.
Maximum power output /I watts. Fre-
quency Response 1 wart within 1 db. 10 ¢fs
—20,000 cls—at 10 watts wirthin 1 db. 30 c/s
—15,000 ¢ls.
OQOutput impedance (Speech
Coil): 15 ohm o1 3.75 ohm.
Mains Supply: 200-250 volrs
50-60 c¢js A.C. or 100-130
volts  50-60 cis A.C.

. Model 875 “Golden Concerto™

High Fidelity Record repro-
ducer. Separately constructed
acoustical chamber using three
speakers-—one 12in. and two 5in.
P.M. speakers. 10-watt Hi-Fi
output.  Separate Bass and
Treble control. Latest 4-speed
mixer changer. Socket for VHE
Tuner, microphone or tape re-
corder. The record storage is
an additiona! advantage making
: the “ Golden Concerto” one
of the finest and most compact
Record reproducers on the
market.

e o o b o

. w

69gns, INC. TAX

London Office & Showrooms. 8§ Eccleston Street, S.W.1

unit equipment for the home

I Champion proudly introduce the latest

developments in HI-FI unit equipment

Model 853A
Pre-Amplifier
Control Unit

The Pre-Amplifier comprises a low noise,
low distortion amplifier with tone controls
and low pass filters. The first stage gives
balanced compensation for five recording
characteristics used by the leading record-
ing companies in England and the U.S.A.
This is effected by the use of frequency
selective negative feedback. The tone con-
trol circuits give continuously variable
control of both bass and treble frequencies.

TECHNICAL DETAILS

Input selector.
(1) Tape/Radio Replay.
(2) R1A.A.

3) A.E.S. and R.C.A. ORTHO.
4) Col. L.P. and F.F.R.R.
(5) NNART.B.and HM.V. L.P.
(6) British 78 R.P.M.

(7) Microphone.

Treble and Bass Control.
Volume Control.

Low Pass Filter. Switched
10Kc/s. 7Kc/s. 5 Kecels
level. Dimensions 15" x
43" x 4}

Works. Newhaven, Sussex.

The new Champion High-Fidelity
Equipment is designed to bring to every
home where music is enjoyed and
appreciated, a new conception of
listening. In ultimate form High-
Fidelity is reproduction exactly as the
artist recorded it.

Model 854
Pre-Amplifier and
F. M. Tuner

The Master Control comprises a low noise,
low distortion tone control pre-amplifier
and a sensitive VHF/FM tuner covering
the frequency range 88-95 Mc/s, housed in
a handsome polished wood cabinet match-
ing the Main Amplifier Model 853.

TECHNICAL DETAILS

Input Selector.

(1) Mains OFF Switches off mains to Power
Supplies in Model 853.

(2) FM Tuner.

(3; L.P. Records,

(4) 78 Records,

(5) Tape/Radio Replay,

(6) Microphone,

Volume Control.

Treble and Bass Controls.

Tuning Control.

Tuning Indicator,

Magic Eye. Mullard EM

&81. Dimensions 15" x 84"

x 9y

£25.04 + £9.12.8 P.T.

33 ¢ns

INCTAX

% With the Champion
High-Fidelity you will
become aware of a new
excitement in music;
suprised and delighted to
hear with extraordinary
realism your favourite
works, which before
lacked clarity.
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This technical reference book—

Ediswan Industrial valves
and cathode ray tubes

—1s yours for the asking

™

\_:_/
I@swﬁ
Dls

LS 19
el

If you design, build or service industrial electronic equipment, you need the
new edition of this important Ediswan publication. It is packed with
useful information including:

o Full technical specifications

o CV and Commercial Equivalent Tables

® Valve selection charts
The selection charts have been specially designed to help you to make a rapid
choice of the valve you want from the principal parameters involved.

Simply ask for Catalogue R. 1900 on your business notepaper

SIEMENS EDISON SWAN LIMITED -« Industrial Valve Division

An A.E.I. Company 155 Charing Cross Road, London, W.C.2

Telephone: GERrard 8660, Telegrams: Sieswan, Westcent, London.
CRC 16/
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MUREX manufacture

the ‘SINCOMAX' MAGNETS
used in DORAN GALVANOMETERS

In this new galvanometer Murex ‘Sincomax’ Magnets
are used to meet the need for low leakage, high-
flux density and magnetic stability.

e Write for Standard Magnets
t_ ] Booklet. Technical repre-
r .
sentatives always available
for consultation and advice.
bhotograph of Galvanometer 4
by courtesy of ‘ L
Doran Instrument Co, Ltd. } 4
e

MUREX LIMITED (Powder Metallurgy Division)
RAINHAM - ESSEX - ’'Phone: Rainham, Essex 3322
Telex 28632, Telegrams: Murex, Rainham-Dagenham Telex.

London Office : CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1. EUSton 8265

INTRODUCING THE COMBINED POWER PACK AND AMPLIFIER FOR
THE “MAXI-Q” PRE-SET OR VARIABLE F.M. TUNER WHICH NOW
OFFERS YOU A COMPLETE RECEIVER

Full constructional details, point-to ‘Eomt wiring diagrams
and alignment instructions for building the “MAXI-Q*
COMBINED POWER PACK AND AMPLIFIER,
PRE-SET F.M. TUNER and also thc VARIABLE
TUNED version are given in Technical Bulletin DTB.8,

1/6.

POWER PACK AND AMPLIFIER. This unit consists
of Mains Transformer, EZ80 and ECL82 valves, Volume
Control complete with mains on/off switch and is housed
in a gold-finished case. Power supplies available for any
tuner—Heater 1.5 amps at 6.3V. H.T. from 220V. at
| 50 mA to 265V. at 20 mA.

IFT "/ <I o op lP, The unit is available completely wired and ready for use
“b ‘||||| ﬂﬂﬂu' at £5/10/-, plus 2/6 carriage or available in kit form at
||U

N §Wéﬂ" IIIH""‘ PRE-SET F.M. TUNER. Completely punched chassis,

screens and bronze-finished cover, 19/-, Station Indicator

||‘|| 'I et el 1 Plate, 1/1. Three- posmon switch, 4/3 Station Condenser
1‘ ,/ i Trimmers, 3-9 pF_ 2/-.

RATIO DlSCRlMlNATOR TRANSFORMER. RDT

‘ ||‘,1 1l VHFIFM PRE SET TUNER

o |

cu.az I

N
POWER PACK & AMPLIFIER
CASE DIMENSIONS -~

65/8"x 4/8"X 514"

CASE' DIMENSTONS — 1/10. 7 Mcis. Secondary winding of bifilar construction,
VOLUME & 65/8 X Vg x sV4' iron dust core tuning, polystyrene tormer, silver mica
MAINS ON/OFF condensers. Can size 1§in. sq. X 24mn. high. 12/6.
LF. TRANSFORMER, IFT 11/107 Mc/s. Mimature
LF. of nomimnat irequency 10.7 Mc/s. The “ Q7 of
each winding is 90 and the coupling critical. Can size 13/16in. sq. X 1{in. high, 6/6,
COILS. TYPE L1, TI and T2. Specially designed for use in this unit, are wound on polystyrene formers complete with iron
dust core tuning 3/11 each.
THE “MAXI-Q ” PRE-SET F.M. TUNER is availabie completely wired, assembled, valved and housed in a sturdily made
gold-fimshed cover at £8/11/5, plus £3/8/7 P.T. = £12.
VARIABLE F.M. TUNER completely assembled at £7/17/2, plus £3/2/10 P.T. = £11 (carriage 3/, terms c.w.0.).
GENERAL CATALOGUE covering technical information on full range ot components, 1/-, post free.
TRADING TERMS for direct postal orders, c.w.o.. plus appropriate postai charge. Please send S.A.E.with all enquiries.

DENCO (CLACTON) LTD., (Dept. w.w.) 3579 OId Road, Clacton-on-Sea, Essex
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High Sensitivity
General Purpose
Instrument Tube

3AFPI

The 3AFP1 is an inexpensive 23-inch instrument tube
with an unusually high sensitivity. A drive of only
50 volts on the Y-plates will give full screen deflection
thus materially simplifying the design of deflection
amplifiers and making possible simple equipment
which will operate into the megacycle region.

The comparative simplicity of associated circuitry,
combined with the low cost of the tube itself, recom-
mend the 3AFP1 for a wide variety of applications.

Write for full data to the address below.

ABRIDGED DATA

The 3AFP1 is suitable for symmetrical or asym-
metrical operation.

Heater
Vh = 6.3V Th = 0.55A

Typical Operation
Val-+a3 1000V

Va2 210 to 320V
Vg -28 to —65V

Sx 20V/cm

Sy 11.5V/em

ETEL| cathode Ray

Tubes

ELECTRONIC TUBES LIMITED * Kingsmead Works - High Wycombe * Bucks * Phone High Wycombe 2020
ETL4a
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FLEXIBLE
REMOTE CONTROL
OUTFITS

offering facilities for making prototype flexible remote
controls as required, without flexible casing.

The Remote Control Flexible Shafts in these Outfits cover
the range of torque loadings required for volume controls,
wave change switches and condensers used in electronic,
radio and television equipment.

No. 130 (.130in. dia.) for controls up to 4 inches long

No. 150 (.150 in. dia.) for controls up to 6 inches long

Longer controls with flexible casing made to order.

Detailed Parts and Price List available upon
request to Dept. W.

BRITANNIA WORKS, 25-31 ST. PANCRAS WAY, N.W.1

Telephone: EUSton 5393
R.C.4

S \E“
UNBEATABLE &N att P “N,\p\_\\‘

. VALUE AT o W A_\_\NEP‘ FIER
FROM YOUR DEALER OR LIRS . AMP-
WRITE DIRECT FOR GNS nND PR

DETAILS ) A

COMPLETE

VERDIK SALES LTD., 8 RUPERT COURT
WARDOUR STREET, LONDON, W.1. (GtReara 8266
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“IThese are ‘315 REPRODUCER
. SPECIFICATION
KD@ mm@@ggg TYPE:MuItipIe unit wide range loud-

speaker system.

was the concluding comment by Mr. P. Wilson, The Technical Editor of UNITS :
““The Gramophone”, reporting on the performance of GOODMANS ‘315’ Bass : 12” Direct Radiator (Audiom
in the August 1957 issue of “THE GRAMOPHONE". 60 Bass).

Mid-Range : Horn Loaded Pressure
Driven (MIDAX).

“This ‘315* Reproducer is the integrated version of the GOODMANS E:iev':Le(%RFé%?X)L.oadgd Fressure
three-unit system which aroused my (and my wife’s) enthusiasm in the FREQUENCY RANGE :

report which was published last December. 30 ¢js. to 16,000 cfs. (—8 db. at
What I said then can’ be repeated on this renewed experience —and 20,000 ¢fs.)

during the past month or so I must have listened to the Reproducer for CROSSOVER FREQUENCIES :

some 250 hours, which is quite a long time when one comes to think of o /c7/§b/5ac;‘()do) 5,000 cfs. (Network
it. During the whole of that time it has never given us one moment’s )

uneasiness, whether at low volume or at very high. It is sweet and clean 2‘,{‘3‘,{5‘7’2‘ :POWER HEsOARe

and clear even on the slightest whisper; and it takes the crescendos 15 wates (British Rizing)

to climaxes of tremendous power without a falter and with equal clarity. 30 wates (American Rating)
There is one difference from the earlier combination that I tested; IMPEDANCE :

the provision of the attenuators for the middle’and treble units. I have IS ohms at 400 ¢/s.

no doubt whatever that these will enable a better balance to be obtained ANGULAR DISTRIBUTION :

with the bass output. For the conditions I am using at the moment, POTnImumizr'any {Requency).

I find the best setting of these controls to be about minus 6db., i.e., BASS LOADING :

three steps down from maximum. In some other room I might want Areoustical| REsistance I nid(ARUIZ2).
to modify these settings; there is plenty of range. One thing, however, I CONTROLS: .
should insist upon: once a suitable sctting has been decided, the controls :ﬁg’t'fe‘fl B “u‘;’:gﬂ'j tﬁzrfof‘;d;‘;“["v’j:
should be left at that. What more is there for me to say? ... I have never constant impedance 8-step attenu-
heard a better combination at any price and certainly this is the best grogsycalibnaced infidblsceps:
middle register response I have yet come across. The two things that in CABINET : - )
my view stand out (and my wife concurs) are first, that the low part of E'gg;’f;"[;fs'flﬁi‘gc:’;;g:}‘g'xg;‘:ﬁf
the scale never seems to be obtrusive, though special listening indicates finshed _in medium rosewood
that all parts from the lowest bass to the highest treble are there; colour. Continental styling.

and the second, that the Reproducer sounds good, whether at high or at DIMENSIONSEL, 5 .
low volume or in passage from one to the other. These are rare virtues.” fileighel Zwidchl2s s gd epchil) 2

EXTRACT from™*‘THE GRAMOPHONE", August 1957
issue, reprinted by kind permission of the Editor LIE anpy TIE 3 £ =

This same quality in :‘? e
performance and standard of :
workmanship is found in the

« * SHERWOOD ENCLOSURE”

which can be supplied fully
equipped and tested as a
single or twin unit system,
or, if preferred without
Loudspeakers.

The SHERWOOD is of
unique design artistically
and acoustically, and is in-
tended to house the AXIOM
150 MK. II (127, 15 watts) or
the AXIOM 22 Mk. H (12"
20 watts) with provision for
a TREBAX High Frequency
unit and variable attenuator.
It is finished in mahogany
or walnut:

Dimensions : Height: 274",
Width: 234", Depth: 20}".

GOODMANS ‘High Fidelity
Loudspeaker Manuol (1957)"
contains full details of the
entire range of their High
Fidelity products. A copy
will be sent free on request.

l AXIOM WORKS, WEMBLEY, MIDDX I
I Please send o copy of ‘“High Fidelity Loudspeaker l

Manual®’.
GOODMANS IND USTRIES, LIMITED, AXIOM "WORKS, WEMBLEY, MIDDX. I l
Telephone ; WEM 1200 Cables : Goodaxiom, Wembley, Middx. | Name ... |
Australian Agents: British Merchandising (Pty.) Ltd., I Address . = WWI|2/57 I

183 Pitt Street, Sydney, N.SW. .
Appiy tor P.O. Box 3456, -Sydney, for H.F; l‘oudspeaker ‘Manual, 1957, L_...h A WD GatS NS M WoMS'UEeA GMEES WA GEIN SMN WY HATER
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This is the “SUPER 90”
—MARK I

ENORMOUS DEMAND has maie it possible to introduce a new
SUPER 90—the MARK 11, adding to the present advanced design
these salient features at no extra cost .

TRANSIT a new effortless freedom of transit across
the record is added to TANGENTIAL TRACKING.

ACTION the MARK Il Swiss type bearings of high
prec:s:on are self-lubricating.
FORCE _even lower vertical force can now be

achleved
RIGIDITY this is implicit in the design of the new ‘T’
type pillar.
SIMPLICITY height adjustment ring makes mounting on @
BURNE - JONES & COMPANY LIMITED turntable” of any height simplicity itself.
SUNNINGDALE ROAD, CHEAM, SURREY SEE YOUR DEALER TODAY

2 _MMMMWMMMMMWMW“
doing sums? i

H IVAC wire - ended subminiature cold

cathode tubes (including these three triodes)
are ideal for calculating, switching and con-
trolling circuits where reliability, stability and
low cost are essential. These tubes will
provide the answer to your problems because

you can count on
Hivac cold cathode tubes

Our Technical Service Department will be OQutlines are
pleased to supply further information and actual size
assist in any problems arising from the

use of Hivac tubes.

RATINGS (nominal) XCI3 XCI8iXC22

A member of the A ri H 00
mo : @ &Y] E@] Automaric Telophone node s n‘ke Yolts (min) 2 20 210 B
I l\ﬂ KE l:‘ " " |i " l‘ h & Electric Group. Anode maintain volts 70 73 70 B
Trigger strike volts 75 68 69
STONEFIELD WAY - SOUTH RUISLIP - MIDDX. Trigger maintain volts 55 55 55
Telephone : Ruislip 3366 Cables : Hivac, Ruislip gocinupys cotiSdmA el i ah025 cia

L

- ————— e e e
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L ot meansyfactitots 7 He Rl ity e 1990,

REPRODUCERS AND AMPLIFIERS LTD.
WOLVERHAMPTON - ENGLAND

TELEPHONE : 22241/2[3]4 CABLES: AUDI!O
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LABORATORY TUBE
ANALYSER U-61B

TECHNICAL CHARACTERISTICS:
values from .1 to 117 v. Anode volts: variable from 0 to 300 v

Filament volts: 19

max, current 100 mA, Auxiliary Grid volts: Two identical
sources, VYariable from 0 to 300 v, max, current |5 mA. Control
Grid volts: Variable from 0 to 50 v. Power supply stabilisation:
less than - 19 variation of all sources for + 10% power supply
variation. Power supply: 110-130-220-250 v, 50-60 c¢/s. Tubes
used: 3 x 5Y3 GB, 2 x 6Vé, 2 x 6L6, 3 x 6AU6, 2 x OB2. Dimen-
sions: 24 x 133 x 15%in. (610 x 340 x 400 mm.). Weight: 66lb.
(30 kg.).

MULTIMETER 460

TECHNICAL CHARACTERISTICS:

Sensitivity: 10,000 ohms per voit A.C. and D.C,

A.C. and D.C. volts: 3 (666 Q/V)—7,5—-30—75—150-—300—750
A.C. and D.C. currents: 150 uA—I1.,5—I15-—75—150—1,500 mA.
Accuracy: 1.5% on D.C. ranges and 2.5% on A.C, ranges.
Resistances: 0—2 MQ,

Dimensions: 53 x 4 x l§in, (140 x 100 x 40mm.).

Weight: 1lb, 80z, (680 gr.).

MEIRI

Compagnie Générale de Métrologie

Chemin de la Croix-Rouge
Annecy, France
Manufacturers of: A.F.—H.F.—V.H.F, Signal Generators—Multi-
meters—Impedance Bridges—T.V,—Sweep Generators,
World-wide References.
U.K. Agent:

THE SOLARTRON ELECTRONIC GROUP Ltd,
Thames Ditton, Surrey

DECEMBER, 1957

recorders
use-...

S. G. BROWN Headphones

FOR MONITORING a tape recording, or listen-
ing to a recording without disturbing others
in the room, there is no better way than by
using headphones. For finest results, use
reliable BROwN Headphones, with their clear
and pure tone.

*Type K

Particulary suitable for moni-
toring and laboratory work,
these instruments are precision
built to fine limits.

They are very comfortable to
wear.

e
} ﬂ&ﬁ%ﬁﬁl(
Headphones & Handphones
¢ Automatic Helmsman*

Marine Compasses
Echo Sounders
Navigational Equipment

S. 6. BROWN LTD.

SHAKESPEARE STREET - WATFORD - HERTS
Telephone: Watford 7241

For full details of BROWN Head-
phones and other equipment write to
Telephone Dept.
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Designers of communications equip-
ment, will welcome the new mounting and terminating arrangements of
the Mullard 25mm and 36mm pot cores.

Unique design features that make installation easier than ever, iaclude
positions for tag boards on three sides and a new system of fixing, which
eliminates the need for additional mounting plates.

Combining constructional advantages with sound technical performance,
these 25mm and 36mm pot cores take full advantage of the low loss of
Ferroxcube to produce inductances of up to 30 henries, together with high
Q values over a wide frequency range. As an additional service these pot
cores can be supplied wound to individual specifications, if required.
Write now for full details of the comprehensive range of Mullard pot cores
currently available.

Outstanding features

*  Controllable air gap, facilitating inductance

adjustment
#*  Self screening
#*  Controllable temperature coefficient
%  Operation over a wide frequency range
*  Ease of winding, and assembly

mf—ﬂv ‘Ticonal’ permanent magnets
'u ar S Magnadur ceramic magnets

Ferroxcube magnetic cores

Muilard Ltd., Component Division, Mullard House, Torrington Place, W.C.|

MC 257
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THE
Qe1#¢5T20729 AF 105 CHASSIS

CUSTOM BUILT INTO A COMPLETE RADIOGRAM

For those who want high quality
reproduction without the ‘¢ do-it-
yourself ” work that is normally
involved, we offer the audio per-
fection of the AF 105 Amplifier
(with AM and FM radio) in an
acoustically designed non-resonant
cabinet with a choice of good quality
speaker and gramophone units as
shown below.

In each case the results represent a very close approach to genuine high
fideliry performance and of a much higher standard of listening than is
possible from ordinary commercial radiograms. Hear them for yourself
at our Holloway Demonstration Rooms (open Weekdays and Sarurdays
until 6 p.m.) or, if you are unable to visit us, take advantage of our 1
day free home trial arrangements.

THE STANDARD AF 105 RADIOGRAM PRICE SCHEDULE

The basic equipment compriies theﬂAF 105 in the STAN- 1 with RC 457 and T47 ........ £88 4 6
DARD cabinet, with adjustable reflex chamber. Alter- .

native gramopl,lone units (GOLDRING GL 56 Transcrip- 2 with RC 457 and GOLDEN .. £94 10 6
tion Unit, or COLLARO RC 457 Autochanger) and 10in. ‘ 3 with GL 56 and GOLDEN .. £104 0 6
speakers (WHARFEDALE Golden, or GOODMAN T47)

can be fitted to choice as follows: AF 105 £37 Cabinet available separately.
ARMSTRONG Wireless & Television Co. Ltd., Warlters Road, Holloway, N.7. Tel: NOR 3213

London’s Leading Tape Recorder Cenire
invile you to see the

3 speeds — 3 hours’ continuous playback with ntantaneous track

\ reversal. Complete automatic control by push-buttons. Complete
ﬁ @ \\ . with spool of LP tape and crystal desk microphone.. 4 WATTS
CUTPUT.
) TAPE RECORDER 55 ans
@ @ Yours for 55/~
o deposit
®
also available . . .

&N 777

3-SPEED TAPE RECORDER 40 GNs

and all famous makes including g o __._._._l

Grundig Truvox
Ferrograph Vortexion
Uher etc., etc.

We have a varied selection of Mi-Fi
quip always being demonstrated.

.«c. MAIL ORDER SUPPLY (0. 33 Tottenham Court Road, London, W.I.

Tel : MUSeum 6667 The Radio Centre
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You don’t often see
a relay like this'!

Series 285

® Fast operating
® Negligible bounce
® Exceptional life

® Exceptional insulation

Meagnetic Devices

MAGNETIC DEVICES LTD., EXNING ROAD, NEWMARKET, SUFFOLK

Telephone: Newmarket 3181/2/3 Telegrams : Magnetic Newmarket
MD 21A

ALD. AND ARB. APPROVED l. ™D,
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LIVE WIRES
AT WORK!

Found everywhere, performing essential tasks
efficiently, Mersey Wiring Cables are always at
home, whether in domestic or industrial service,
exposed to harsh conditions or deep-embedded
out of sight and sunlight.

A wide range of standard Wires, Cords and
Flexibles is readily available.

Insulating and sheathing materials are Vulcanised
Rubber, Polythene, and PVC. For really tough
assignments - Mervin (PVC) and ‘Merthene’
(Polythene and PVC) cables particularly resist
acids, oils, alkalis and solvents, oxidising agents
and direct sunlight.

Mersey practice is making first class cables. Try
them and specify them.

Enquiries to your local Mersey Cable Depot will
receive immediate attention. The address is in
your Telephone Directory.

MERSEY GABLE WORKS LTD.

A @ COMPANY LIVERPOOL 20
N NN s Sl o W+ |

@ Mcw. 4b
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REMOTE CON
We cannot do the Indian
Rope Trick but with

sLEXIBg1E
SHAFTING

We can operate any element J
requiring rotation or ‘
push-pull movement, or
both, no matter if the
controlled element is close
to or at a distance from the
control point.

We can operate from an
accessible point, switches,
valves and other electrical
and mechanical devices
located in inaccessible
places.

We can, in fact, solve your
problems.

Flexible Shaft
Handbook avail-
abletotechnicians
on request to

/

€0. OF CREIAY BRITAIN LTD.
INDUSTRIAL DIVISION

BRITANNIA WORKS,
ST. PANCRAS WAY. LONDON. N.W.I.

Telephone : EUSton 5393 RC3
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A 130-mile Westinghouse “prov-
ing ground” has been set up
between Hamilton and Kinmount,
Ontario. Here Westinghouse en-
gineers obtain actual operating
results to assist you in planning
your communication system.

0 00000000 00¢as000 00

ANOTHER WESTINGHOUSE FIRST!

WiIRELESS WORLD

Rochester

57-B-7A5R

SHF “Scatter’ Transmission

New Westinghouse 4400-5000 me.
Transmitting and Receiving Equipment
Is compactly and durably designed .for
truck mounting or fixed installation for
either commercial or mititary application.

® Now for the first time in the communications field,scatter

" equipment for super-high frequency transmission for fixed or

transportable operation has been introduced by Canadian
Westinghouse.

The new Westinghouse “‘Scatter” communications equipment
is designed for high quality, high reliability transmission of voice,
teletype, telemetering, facsimile, television and data signals over
hops of 100 to 200 miles. Voice capacity for multi-channel opera-
tion extends to 120-150 channels.

Contact your local Westinghouse Sales Office for Descriptive
Bulletin H83-100 or write Canadian Westinghouse Company
Limited, Electronics Division, Hamilton, Canada.

WATCH WESTINGHOUSE
| ELECTRONICS
.. WHERE BIG THINGS HAPPEN FIRST

55
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The High Fidelity
Specialists

BUY YOUR NEW HI/FIDELITY OUTFIT FROM THE CITY OF LONDON’S OLD ESTABLISHED
RADIO/GRAMOPHONE DEALERS. YOU WILL BE CERTAIN TO GET A FA!IR DEAL.

TAPE RECORDERS. WE STOCK AND SPECIALLY RECOMMEND THE FOLLOWING:

We particularly recommend
the MAGNAFON model for
use with a separate High
Fidelity outfit. ltisa'soavail-
able without audio amplfier,
speaker, mike and tape, but
with rear sockets for direct
connection to an external

amplifier.  Price with
power pack. £42

MAGNAFON f.r.s. high quality portable
with twin speakers and COLLARO deck

Try our post service for

VORTEXION with WEARITE _ A including microphone and

deck and revolution counter £93.13 your spools, splicers, tapes, tape b 55 gns.
etc. All leading makes in

FERROGRAPH 3AN. with stock, and sent to you by PART EXCHANGE WELCOMED

revolution counter 79 gns.  return post. AND EASY PAYMENTS ARRANGED

93-94 FLEET STREET, LONDGCN, EC4 Phone: FLEet St. 9391/2

THE BEST OF BOTH WORLDS

Whether you want a self-contained plug-in- WM@
and-play High Fidelity instrument or
. . . PLUG-IN-AND-PLAY
a complete range of matched High Fidelity
- . Record Reproducers
units—specify RCA. For over 25 years the Bees gl o
world’s recording studios have consistently DENT” Igigh Fidelity phono-
. . graph, ready-to-play, automatic
preferred RCA. Now let RCA bring this ghangiﬂg’f console record repro-
H 3 ucer of outstanding quality.
same studio quality to your home. Panoramic multiple speakar Syg’_

tem; new triple control with
balanced loudness feature; 20 watt

peak push-pull power from ex-

tendgd range amplifier; elegantly S
Wﬁuﬁﬁ styled in  superb cabinets in

walnut, light oak, or dark oak 63 GNS. g
Matched Units finishes. (tax pard) i

The RCA ““VICE PRESIDENT”
High Fidelity phonograph (illus-
trated right) is a beautifully
styled record reproducer with a
quality of reproduction never
Transcription Turntable Deck.  before associated with instru-

£22.6.0 plus £8.14.0 P.T. ments of its size. Panoramic
triple speaker system; 10 watts
peak power from push-pull am-
plifier with frequency range 40-
20,000 cycles; triple control sys-
Panoramic Multiple S%eaker tem; 4-speed changer.

System. £56.11. Versatile Pre-amplifier ] i
Control Unit.  £16.10.0 SN il uoniienzigices)

PR e ‘
Q@ o 0O=

Super-sensitive FM Tuner.
£24.3.0 plus £9.84 P.T.

RCA GREAT BRITAIN LIMITED, Lincoin Way, Sunbury-on-Thames, Middx,
{An Associate Company of Radio Corporationo America) Telephone: Sunbury-on-Thames 3101.
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THE WAYNE KERR
VIDEO OSCILLATOR
TYPE O.22B

OUTPUT LEVEL STABILI!SED TO £ iDB
Over full frequency range 10 kc/s—10 Mc/s

Specification

Frequency Range:
10 kc¢/s—10 Mc/s in 6 ranges

o\ RO An outstanding feature of the Wayne Kerr Video Oscillator

Frequency Stability: better Type 0.22B is a thermistor bridge circuit stabilising the
than 1 in 10® in 1 hour. - F .

Frequency Accuracy: 1%. a«I'npl'ltude. Onct? set the output level will remain 'constant
Output Range: + 10 db within 0.5db while the oscillator frequency is varied over its
Lo o0'dblondVar: full range of 10 kc/s to 10 Mc/s.

Output Level: Constant to

* °-5s‘i‘;tj;:ng‘f:§:emy Other advantages are the facility for indicating the modulus
Impedance'; 75 ohms. of the load impedance to which the instrument is connected

Total Harmonic Content: and a 50 ¢/s square wave output for examination of the low

less than 19%. e g
% frequency characteristics of video networks.

In transportable case, or for standard 19" Rack mounting £175

WAYNE KERR

Radio Frequency Bridge V.H.F. Bridge
Type B601 Type B.801
A wide range transformer ratio- An extremely stable
arm bridge for the measurement transformer ratio-arm
of resistance, capacitance, bridge designed for aerial,

inductance and complex imped- feeder, cable and component

ance between 15 kc/s and 5 Mc/s. measurements, balanced or
Impedances between any two unbalanced, at frequencies

terminals of & three terminal net- between 1 and 100 Mc/s.
work can be measured. Price £140 Price £165

DETAILS OF FULL RANGE FROM: THE WAYNE KERR LABORATORIES LTD., ROEBUCK RD., CHESSINGTON, SURREY. LOWER HOOK 1131



FORMERS
Give complete mechanical and
climatic protection for core and
windings. Good heat dissipation.
HERMETICALLY SEALED
‘““*C’ CORE UNITS
A complete range covering trans-
formers from | Va to 2 kVa and
the usual range of chokes.
transformers and chokes. Com-
exacting industrial and climatic
.%SFOR'MER Eantiv conditions.
SHROUDED AND OPEN-
TYPE TRANSFORMERS
Combines first-class engineering
with a popular highly competitive
product. Vacuum impregnated
and rigidly tested.
MICROPHONE TRANS-

58 WiIRELESS WORLD DECEMBER, 1957
POTTED COMPOUND
FILLED TRANSFORMERS
FORMER
for use with moving coil micro-

' CAST RESIN TRANS-
DEN 2 - A wide range of capacities for
plete reliability. Suitable for
phone, minimum hum, pick-up

and maximum efficiency.
In addition to the types shown,
we manufacture a great variety
of Transformers for all electronic

applications. Also Power Trans-
formers up to 750 kVA

WQDEN T“ANSF“BME“ Co- LTD. Catalogues available

BILSTON, STAFFS. Tel. BILSTON 41959 Qnyrequest
SM/W2683
N L THE

e, (63 [ AN PILARY
HGH-FIDELITY, %, 5-10 BU
rEPRODUCTION! % HIGH QUALITY

especially to suit your home! & AMPLIFIER

The separate control unit or the

The latest improve- combined pre-amplifier and control
ments are incorpo- unit can be fitted in the top or front
rated and these extra of the cabinet, and the main ampli-
features_, _that make fier, connected to the control unit by
for flexibility in use. the special leads supplied, may be

% Separate placed wherever it is convenient.
Control Panel There is no doubt whatever that
and/or music lovers will find this amplifier
% Combined pre- provides them with a means of
amplifier and obtaining the perfect quality re-

control unit production they so much desire.

% Extra Power for With separate control panel

F.M. Tuner £21 10 0
Units With combined control panel and
pre-amplifier .. K27 0 O

GRAMPIAN REPRODUCERS LTD

Makers of quality high-fidelity equipment

17 HANWORTH TRADING ESTATE, FELTHAM, Middx.

Telephone : Feltham 2657(8 Telegrams : Reamp, Feitham
ey
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NEW LOW-COST RADIO RELAY EQUIPMENT FOR DEPENDABLE,
ECONOMICAL MULTICHANNEL COMMUNICATIONS

RCA MM-2 provides

TYPICAL MM-2
TERMINAL rack shown here
with transmitter, receiver, and
power supply on upper half
with multiplex equipment
mounted below.

RCA MM-2 radio relay equipment is
ideally suited for private, commercial
or governmental application where
from 1 to 6 channels are needed for
opening new radio communications.
The modulation bandwidth, from 300
cps to 28 kes, can provide up to five 3
ke carrier derived telephone-channels
plus one voice frequency channel.
Each channel may be further multi-
plexed for high speed voice frequency
carrier telegraphed circuits, tele-
printer or manual telegraph, tele-
metering and control circuits.

Compact, Easy Access Deslign.
The entire MM-2 equipment, includ-
ing multiplex equipment such as the
RCA MV-124, can be mounted in one
standard 19” width rack. All tubes,
components and adjustment controls
are readily accessible for mainte-
nance and service purposes. The
simplicity and dependability of the
equipment reduce maintenance to a
minimum.

The Transmitter unit, with built-in
power supply, features crystal con-

RCA INTERNATIONAL DIVISION

Trademark ® Registered

multiplex telephone and
telegraph circuits in 152 to 174 mc band

trol and phase modulation, and pro-
vides a power output of 60 Watts.
When used in conjunction with a
directional type antenna, the effective
radiated power may be increased.

The Receiver makes use of two crys-
tal controlled local oscillators in a
double conversion superheterodyne
circuit. A Receiver Power Supply is
also furnished as part of the basic
equipment.

Low Cost MM-2 Packages are
available to meet the needs of every
user. RCA Communication specialists
will study the system requirements,
terrain, and other factors, to recom-
mend the correct equipment package.
Adaptions will be made to meet local
power supply, or a power supply will
be included in the equipment package.

For further information on this low-
cost radio communications equipment
see your local RCA Engineering Prod-
ucts Distributor or write to Dept.
RR49L, RCA International Division,
30 Rockefeller Plaza, N. Y. 20. N. Y

RADIO CORPORATION of AMERICA

RCA Building, 30 Rockefeller Plaza, New York. N.Y., U.S.A.
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The World’s Finest HI-FlI Products

~NEw]
SUPER 90
MARKII &

8) (12 HEAD combines high

sensitivity with low mass

8) PLUG-IN SHELL is the

cartridge carriar with
g abtractive lines and

finger-lift control

IR e

AN
|
\ ~—T
I
AT

——
=3,

BJ ADAPTOR
couples all ACOS
heads to the BJ ARM

8) REPRODUCE

the ultimate 2 or 3 speake
TEST YOUR TRACKING % R i o o 10 T
with the "= inch and tweeter unit =
BJALIGNMENT PROTRACTOR =
IN PLASTIC 1VORINE FOR MEASURING THE TRACKING ACCURACY "‘?f% "=
OF ALL PICK UP ASSEMBLIES. SEND P.O. FOR 7/- TODAY! W
See atso our advertisement or page 48.

ARMS OVERCOME TRACKING ERROR

For fuil detuils write to =~

SURREY ENGLAND

WEIGHT UNIT

accuracy in
weight 5
control &=

§u COUNTER
g
:
E
£
5

&) Arms and B Reproducers are avaitadle at vour Local Dealer

BURNE.JONES SUNNINGDALE ROAD CHEAM

"00" TWIN GONDENSER

Designed for use in miniature transistor receivers.
The front (aerial) section is 208pf. to provide
coverage for medium waves, and the rear section
is 176pf. which may be padded to match the

It’s reliable
oscillator, very robust yet light weight. Front if it’s made
by Jackson’s

13in. x 13}in. x 1gyin. deep, price 9/6d.

JACKSON BROS. (London) LTD.
KINGSWAY - WADDON - SURREY Telephone CROYDON 2754-5

area
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{ ELECTRO-METHODS LTD. 12-36 CAXTON WAY,
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LOW-INERTIA MOTORS

AND

TACHO GENERATORS

WV, N W, W N W T T S, W W U R W CWRCW W TN, W W W, W, e, T e -, - —

R N . | o N N

L 1 LOW-INERTIA MOTORS F —_———

| ® Linear voltage/speed characteristic
% @ Starting power: 6 microwatts

| @ Permanent magnet 2
i °* Nom voltages: 1.5, 6, 12 and 24 v. d.c. n‘
| D.C. TACHO GENERATOR | 3&
] - ® Linear voltage/speed characteristic &
s i @ Compact design for standard fixing ¢
1 @ Synchros size 11, grade 2 i ,
: d @ Output voltage: 5.75 per 1000 rpm.
=

STEVENAGE, HERTS. Phone

" FLECTRG METHODS LY.
STEVENAGE ENGLAND

L 3 y . e
e - g o T B TR O . - AT B R e e T Bk
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TUNERS o  °

The FMS8S5 is the answer to so many problems. Combining
as it does the highest quality Frequency Modulation recep-
tion, and excellent reception on Medium and Long Wave-
bands, on a small compact easily installed chassis, complete
with attractive escutcheon.

With completely stable drift free tuning, the FM band
covers 87.5 to 100 Mc/s and has a sensitivity of << 8V for
20 dB quieting. The circuit includes a tuned low radiation
R.F. stage, high level noise limiter, A.V.C. The Medium
and Long Wavebands cover from 195m. to 550m. and 800m.
to 2,000m., and using special delayed Amplified A.V.C.
circuits provide high-quality reception of good Continental
broadcasts. The FM85 is fitted with a Cathode Ray tuning

- indicator which operates on AM and FM, a Volume Control, .
and is supplied complete with an escutcheon finished in gold e
or bronze and costs 24 gns. including P.T. or 28 gns. self-powered 200-250 v.

Also available the De Luxe AM/FM series S5/FM and S5E/FM at 32} gns., including P.T., or 36} gns.,
self-powered 200-250 v.

And the FM81 Mk II long range Frequency Modulation only tuner at 21 gns. including P.T.

The 205 Power Amplifier and Control Unit is now being demonstrated with enthusiasm by most High
Fidelity specialists. Capable of giving the highest quality of reproduction at ““ any level ” up to 20 watts.
The Control Unit may be combined with and powered from some of our tuners and is suitable for feeding
any amplifier with an input sensitivity of up to 250 m/v or to special order up to 2 v.

C. T. CHAPMAN (Reproducers) LTD

WORKS. HIGH WYCOMBE SALES. RILEY STREET, CHELSEA
BUCKS. H. W. 2474 S.W.10. FLA. 4577

@ Protect valuable Tapes —this simple way
with. The. WEARITE

Here’s a simple way to protect your Tapes from
cumulative background noise and the gradual attenuation
of the higher frequencies.

All you need to do is occasionally to depolarise the Record/
Playback Head with a Wearite De-fluxer. No need even to remove
the head screening can. Occasional use of this De-fluxer will
ensure that you are obtaining the maximum signal to noise ratio
from any make of Tape Recorder. For better recordings—for PRICE
recordings with no loss of quality no matter how often they £2 . | 0 . 0
are played—invest in a Wearite De-fluxer—a ‘must’ for every
serious user of a Tape Recorder.

WRIGHT AND WEAIRE LTD

131 SLOANE STREET « LONDON - SW.l - Tel: SLO 2214/5 and 1510
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’
BRISTGL s o A low-power Precision Inverter for use over
MIN'ATURE ; : - the excitation frequency range of 0-1800 c.p.s.
Will withstand extremes of climate, shock and
{ SYNGROVERTER vibration. For missile, aircraft and industrial, (
Swrrc“ chopper and inverter requirements.
¥ |
Actual Size
~ ELLIOTT
MINI ATURE Highly sensitive. Independent of vibration
y and position changes. Will operate on
MGVlNG co"- inputs of less than 10 microwatts.
RELAY

; - ELLIOTT
HERMETICALLY
- SEALED
10VING COIL
~ RELAY

——— A high-gain relay which is not affected
2 by vibration or position changes.
Plugs into standard B9A valve holder.

T - T e R = : B

Actual Size

The full range of Electrical Measurement Division products includes
Switchboard Instruments of all types, Electrical Recorders,

Portable Instruments and Testing Sets, Relays and Tachometers.

EILIOTT

Write for full details to : Electrical Measurement Division,

Elliott Brothers (London) Ltd., Century Works, London, S.E.13. (TIDeway 1271)
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THE Gyy) JYTIDGE [P o

Revxew Extracts .

. the construction and workmanshlp of this Rogers FM
tuner is a delight to behold. The chassis is rigid and the wiring
neat.”

. the signal is held like a limpet over a few degrees of the
dial then disappears and the inter-station noise increases until
the next signal drops in and is held firmly, with no ¢ off-tune’
positions of distortion.”

¢ The discriminator is of the Foster-Seeley type and provides
first class audio quality.”
¢ ... on switching on cold no drift is apparent, as the AFC takes
over within plus or minus 500 kcfs of correct tuning point.’
(GRR Home Test No. 37 by Donald W, Aldous, M.Inst.E.,
M.B.K.S., G.R.R. March 1957.)

PART OF A | COMPLETE | HOME HIGH FIDELITY SYSTEM

v Automatic Frequency Control v Foster-Seeley Discriminator
<Y Variable Inductance Tuning Y Low Impedance Output

< Built-in Filament Supply v Grounded-grid RF Stage
PricE £24 .17 .0 NcLUSIVE

Available from leading High Fidelity dealers throughout the country. Immediare delivery

A new lllustrated Leaflet giving concise details of the complete range of matched
units forming the RD JUNIOR Home High Fidelity System may be had on request.

ROGERS DEVELOPMENTS (ELECTRONICS) LTD
“RODEVCO WORKS" 4-14, BARMESTON ROAD CATFORD LONDON, S.E.6
Telezrams: RODEVCO LONDON SE6 Telephone: HiTher Green 7424

A“TUMAT": cu:l_ w‘ND{NG MABHENE TYPE A1/1 (25-50 S.W.G.). TYPE A1/X (19-46 s.W.G.) ]

THE MOST OUTSTANDING MACHINE ON THE MARKET!

Dustproof construction—up to four coils can be wound simultaneously—micrometer
traverse setting—easily adjusted wire gauge setting—cadmium and chromium plated
steel parts—Wire Tensioning Stand of novel design holds two reels. Machines to
stop automatically at a required number of turns, can now be supplied to order.

We will be dleased to send you an illusirated leafle giving a full techmcal specification on request.

KOIECTR'C l"’D 73 UXBRIDGE ROAD, EALING, LONDON, W.5. EALing 8322
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/high sensitivity

/ binch cathode ray
tube with

SPIRAL P.D.A.

THE SBHP
SERIES BY

Electrostatically focused and deflected
cathode ray tubes, the 5SBHP series
has been produced for high performance
oscillographic applications. The
tubes have a high deflection sensitivity and a
helical post-deflection acceleration system
to permit the use of high p.d.a. ratios. The
screens are aluminised and the tube is
available with any of the standard screen
phosphors—the phosphor type being
denoted by the last number in the tube title.
Forexample, SBHPI has a P1phosphor screen.

PLATE SENSITIVITIES* Useful x scan...........ooc 10 €M

Sx...o.....30.5mean... Vjem | Useful y scan
Pattern distortion
Sy 6.5mean. . Vijem (at 100% of useful seam)
*With a helix potential Spot position..............within 0.5 cm
P pot p
of 10kV (undeflected) radius circle

Orthogonality of deflection axes £ 1° ; 3
A product of the M-O Valve Co. Ltd., Brook Green, Hammersmith, London, W.6., a subsidiary of
THE GENERAL ELECTRIC CO. LTD., MAGNET HdUSE, KINGSWAY, LONDON, W.C.2

C
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ARCOLECTRIC

SWITCHES & SIGNAL LAMPS

% S.L.8I T.622, Toggle Switch
T.600 Neon Signal Lamp D.P.C.O. 3-amp., 250v
3-amp., 250v 1” hole fixing

Write for Catalogue No. 131

S.L.90/SB
Low Voltage
Signal Lamp

K.75: Small Pointer Knob e for TS bt A R C O L E C T R lC

SWITCHES -LTD

CENTRAL AVENUE, WEST MOLESEY, SURREY. TELEPHONE: MOLESEY 4336 (3 LINES)

Our wide range of capacitors, incorporating all the latest
developments, are described fully in these new leaflets ...

SEND NOW for COPIES

DALY has succeeded in maintaining full capacity
values and working voltages in more compact
designs, specially suited to ultra modern
equipment :—

PHOTO-FLASH EQUIPMENT e DEAF AIDS
PRIVATE TELEPHONE INSTALLATIONS
AMPLIFIERS o D.C. FOWER UNITS
TRANSISTOR EQUIPMENT
MAGNETISATION
EQUIPMENT
TEST GEAR

ELECTROLYTIC
CAPACITORS

Condenser Specialists for over 20 years.

DALY (Condensers) LTD., WEST LODGE WORKS,
THE GREEN. EALING, LONDON, W.5. Phone: Ealing 3127-8-9. Cables: Dalcyon, London
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! Theserelays of simple and robust

. Also the case protects the relay
¢ from mechanical damage and
#%& operator interference.

WIRELESS WORLD

Thore

Vibration-proof relays

FOR AIRCRAFT AND
INDUSTRIAL USE

construction are designed to
work under adverse conditions.
The use of such features as high
contact pressures and generous
wiping action enable them to
comply with the Service
requirements of DES.1 and
DEF.5000.

Both sealed and open types are
available with up to 4 pole
changeover contacts. The stan-
dard relays operate on 28 volts
D.C. and enquiries for other
operating voltages are welcome.
Hermetic enclosure of the sealed
types ensures complete freedom
from the effects of humidity,
altitude and tropical exposure.

SWITCH 10 amps
A.C. (115 volts)
orD.C.(28volts)

THORN ELECTRICAL INDUSTRIES - AIRCRAFT COMPONENTS DIVISION
GREAT CAMBRIDGE ROAD - ENFIELD - MIDDLESEX - Tel: ENFIELD 5353

67




(1] WIRELESS WORLD

[irewell

—for the man who wants

most for his money

THE big feature that attracts everyone to Brenell
is its magnificent workmanship and the astonishing
simplicity of its mechanism. By clever engineering
methods, production costs have been cut and per-
formance standards raised to new levels. This is
why Brenell can offer you so much more for your
money—a Tape Recorder that will enable you to
make recordings from microphone, radio or disc, of
excellent quality in your own home. Send for the
literature and get the facts about the many Brenell
exclusive features without delay. Available from all
Hi-Fi and Tape Recording specialists.

BRENELL FEATURES

® Heavy Duralumin Baseplate @ Three independent motors
® Three speeds: 33, 74 and 15 i.p.s. @ Takes 8} inch Reels
@® Foolproof drop-in tape loading @ Instant stop without
tape spill @ 2-knob interlocked control @ Magic Eye
Recording Indicator @ Fast re-wind in 45 seconds ® Azimuth
sound-head adjustment @ Digital Rev. Counter (optional extra)

Brenell Mark IV Tape Recorder
(including 1,200 ft. of Tape)
complete in cabinet as shown

53 gns.

Brenell Tape Deck only 22 gns.
Brenell Pre-Amp Unit 164 gns.
Brenell Power Pack £4.18.0d.
Rev. Counter (if required) 30/-

In case of difficulty write to Sole Manufacturers :

Brenell Engineering Go. Ltd.

IA DOUGHTY ST.. LONDON, W.C.l. Phone : HOLborn 7358

DECEMBER, 1957

It pays to specify

POTENTIOMETERS

Egen potentiometers can be relied upon.
Every part, from the tag to the track, is the
very best of its kind. Add outstandingly
intelligent design and you see why

more and more engineers specify EGEN.

NEW 13" RANGE

Measuring 11" diameter,
Type 181 is without a
switch. Type 183 has a
double-pole
Q.M.B.
switch and
Type 243 a heavy-duty double-pole
O.M.B. switch specially designed for
Television. These controls are available with
tappings at 33%, 50% or 60% of slider rota-
tion, also with terminations suitable for
printed circuits.

NEW WIRE-WOUND PRE-SET
for group assembly

Among recent additions to the EGEN range
is Type 189. It has an easily replaceable wire-
wound track with good heat dissipation and
can be grouped with Type 166 carbon pre-
set controls on a common panel.

ELECTRIC LIMITED

CHARFLEET INDUSTRIAL ESTATE

CANVEY ISLAND *° ESSEX * ENGLAND
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THE QUAD it IN THE WORLD —No. 5

i y = .I

o o

THE FALL...

7 adds its own wealth

of colour and beauty
to the scene.
The Great St. Lawrence
begins to freeze
—and QUAD Amplifiers
begin the long overland haul’
from St. John, Newfoundland.
For here, as elsewhere
in the northern hemisphere,
people are turning to
thoughts of winter evenings

and gramophone records.

§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\§
\

IncipEnTaLLy, in Canada was staged the first of the large
scale demonstrations of live and recorded music using QUAD
II Amplifier and Wharfedale loudspeakers, and it was in
Montreal that Mr. J. B. Smyth, the Acoustical agent for
Canada, used QUAD II Amplifiers to provide musical
iltustrations for the now famous lecture “The Psychopathology
of the Hi-Fi Addict” by Dr. Angus Bowes—himself a Quad

v v

_

owner for many years.

N
OUAD LY |

is used wherever people are interested in &\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

______

_____

the closest approach to the original sound

Send for full details and Brochure to Dept. W. V.,
ACOUSTICAL MANUFACTURING COMPANY LTD.
HUNTINGDON, HUNTS. Telephone: HUNTINGDON 36I.
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Frequency 2 mc.-20 me.

5 years after purchase.

FAMOUS RCA TRANSMITTERS
TYPES ET 4336. K & L

Power output: 350 w. telegraph.
250 w. telephone.
Type of modulation—Class B high level.
Audio input im.pedance 500 ohms.
Power supply 190 to 250 v. single phase 50-60 c.
Tube complement: Crystal oscillators—807, Master oscillators—807,
Intermediate amplifier—807, Power amplifier—813(2), Modulator—
805(2), Rectifier—866A(4).
Complete with Master Oscillators, crystal multipliers, speech
amplifiers, microphones, keys, instruction manual, etc.
We guarantee full supply of all replacement parts for a minimum ot

P.C.A. RADIO

Offices and Works
BEAVOR LANE, HAMMERSMITH, LONDON, W.6

Telephone: RIV 8006]7

BRAND NEW ORIGINAL SPARE PARTS
FOR ARS8 RECEIVERS.

ILF TRANSFORMERS 1st, 2nd, 3rd, 4th (for
type D) 12/6 each or complete set of 6, 60/~
I.F. Transformers, Crystal Load. 12/6 each.
Plates escutcheons (for D and LF). 15/- each.
Dials (for type D), 10/~ each.
Filter Chokes (for D and LF), 22/6 each.
Output Transformers ffor LF), 30/- each.
Crystal phasing (D), 2/6 each.
Antenna trimmers (LF and D), 2/6 each.
Condensers 3x.25 uF (D and LF), 2/6 each.
8 X .01 uF (D and LF), 2/6 each.
RF Antemna inductors (D and LF), 7/6 each.
Mains transformers (LF), £3 each.
8mall knobs (for LF and D), 4/- each.

AMERICAN NAVY REGEIVERS. Type RAY4
crystal controlled superhet complete with
dynamotor P.S.U. for 28 v. in one cabinet with
the following valves 6AC7 (1), 12A8GT (1),
8AB7 (3), 12SN7GT (2), 12]5 (1), 12H6 (1),
1283J7 (1), 12SR7 (1). Crysta! operation fre-
quency 26,500 kc/s. £5.

MARCONI SIGNAL GENERATOR. T.F.144G.

Covering 86 kecfs. to 25 Mcfs. Postage and

packing 20f-. £70.

2 K.V.A. TRANSFORMERS. 230/50 v. output
adjustable by rotary switch. Can be easily
adapted as a welding transformer. £15.
Postage and packing 30/-.

R.109 RECEIVERS.
D.C. £4/8/-.
Carriage paid.

Covering 2-12 Mefs. 6 v.

HIGH RESISTANCE HEADPHONES 4,000
ohms. ‘Brand New, Ex W.D. boxed, Type
D.H.R,, 11/ per pair, postage 1/8.

LOW RESISTANCE HEADPHONES, Brand new,
Ex W.D. boxed, Type C.LR. and D.L.R.,
5/6 per pair, postage 1/6.

raocAsnono

P. C. RADIO

1706, GOLDHAWK RD.,
W.12 SHEpherds Bush 4946

1155L RECEIVERS COVERING TRAWLER
BAND Frequency range 200 kcfs.-500 kefs.
and 600 ke/fs.-18 5 Mcfs. Working and guaranteed
£12/19/6. Packing and carriage within U.K. £1.

MODULATION TRANSFORMERS (U.S.A. Col-
lins) primary imp. 8.000 ohms. C.T., Secondary
8,000 ohms., 20W. 9/6 cach.

SPARES for AR77E. Main Dial 8f-. Band-
spread Dial 8/-. Clean dial window sheet 3/-.
Terminal boards 3f- each. 10in. shaft tor switch,

1/-. Band indicator shutter plate, 3/6. Each
item 1/- postage.
AMERICAN VALVE TESTER Model 314.

Individual lever switches for each tube clement.
Roll Chart for American type valves. 220/30 V.
a.c. Brand new in nice wooden case with
Full instruction booklet. £10.

leather handles.
Carriage 10/-.

AMERICAN HANDY TALKIE. Type B.C.611
including two operating crystals (5-8 Mc. band),
£19/10/-. Postage and

Postage and Packing 10/-

PERSONAL

CALLERS

WELCOME

packing 10/-.
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B7G ~ B9A

% LOW LOSS—GRADE 1.
% FULLY TROPICALISED—CLASS H 1.
¥ SILVER PLATED PHOSPHOR-BRONZE CONTACTS.
P.T.F.C.E. MOULDINGS HAVE SIMILAR PROPERTIES
TO P.T.F.E. BUT THEY ARE LESS COSTLY TO PRODUCE.
FULL INTER-SERVICE TYPE APPROVAL TO Z.560092 - Z.560094 - Z.560095 - Z.560134
Send for full technical details to.—

McMURDO INSTRUMENT GO. LTD., VICTORIA WORKS, ASHTEAD, SURREY. Telephone: ASHTEAD 3401
MVH. 14.

3-4 WATT
AMPLIFIER

THE SUPEREX ““55" lf SUPERIOR BUREAU
e BATTERY
PORTABLE

BUILDING GOST

£7-15-0

Plus 5{-P.P.
Cabinet size An elega(\t cabinet in richly ﬁgqred walaut
10Zin. x 83in. x 43in. veneer, An;ernalf |:mneI|§cl in rmhshedI syca-
THREE VALVE TYPE (ECC83, EL84, more- rOpIRonE e coversia, s aping,
EZ80). A high quality amplifier designed *  4VALVE SUPERHET. hreh), stongssde which. is an_ ubcut 'bise
to satisfy the requirements of the more = b -
discrimirrating regord enthusiast. Three % LONG/MEDIUM L/AVES] board (153in. long x |3}in. back to front).
controls give a very wide variation of v 7in. x 4in. SPEAKER, The inside of the drop front lid is panelled
tone.  Output approx. 2 watts. Fully in beige leatherette. In the lower part
isolated chassis. Overall size approx Y B7G 1.4 v. VALVES. of the cabinet are two large storage cup-
6%in. x Sin. x 2}in. boards (134in. high, 74in. wide, 164in. deep).
%  SIMPLE CONSTRUCTION. The lid and cupboard handles are in chased
PRICE 79/6 Plus 2/6 P.P. Florentine bronze. Overall dimensions

SEND 1/6 FOR BOOKLET (33in. high, 34in. long, 164in. deep).

i GNS.
PRICE 165' Plus 25/ carriage.

CHASSIS ASSEMBLY |
CONTAINING SUPERIOR RADIO SUPPLIES

Punched chassis, Bgckplate, ete.

X Size: 12in. x 7in. x 8in. 37, HILLSIDE, STONEBRIDGE
Y  Multi-colour Glass Dial L.M.S.G. N.W,l0
Drive D d Spindle Phone : ELGar 3644
%  Drive Drum and Spindle. SHOP OPEN: 9 a.m. to 6 p.m. Monday
* Continental Control Knobs. to Saturday ; 1 p.m. Thursday.
TERMS : Cash with order or C.O.D.
PRICE 22/6 Plus 2/6 PP. (U.K. and N. lreland only)
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When we introduced the Goldring 500 Variable Reluctance Cartridge our claim for

it was a modest one—simply that it was a very good high fidelity cartridge at a very reasonable price. Amateurs
and experts throughout the world have described the ““500” in rather more glowing terms, and
we have been happy to accept their judgment. But we have not been content to leave matters there.
Development work has proceeded on a new cartridge—the first in Great Britain
to be designed specifically around a diamond stylus. Full advantage has been taken of the technical
superiority of the diamond and, in addition, its long playing life obviates

the need for compromise between optimum mounting arrangements

and extreme simplicity of stylus replacement. This new
W' cartridge—the “600”"—will delight both the musically meticulous
and the hi-fi ““fanatic””. Our claims for it are

not this time so modest. The reception of the

500" points clearly to the **600” being

destined for world fame,
The “600” is similar in shape s ) )

and size to the latest version
of the “'500”. Replaceable styli
—diamond for L.P. and
sapphire for 78 r.p.m.
Mu-metal shield.
Specifications for both
cartridges are broadly the
same but the ‘600" has a

% ® .
much-extended frequency W e
RTANAD,

response, the effective mass
at stylus tip is halved
and compliance is

substantially increased.

Improved transient response GOLDRING

9 '5 MANUFACTURING COMPANY
7% (GREAT BRITAIN) LIMITED
2 486-488 High Rd, Leytonstone, London El1

yreresrst 90 ]
. £3.5.6 e A R S AN IS AL ? Leytonstone 8343

Price 8 gns plus p.T. £3.5. N s

P ’, A AT -,
0gr s, :/f SO APEIAALS 2 %
e
0,607, LAY
0rt) 0732707700

RS, v e
(S AT A AT AR A N ‘. o AV IR A

SRANIANNS 0 RN
LR o, Tt

/e ","' O ,¢l,’,’l
5

and “‘presence” are not easily
defined mathematically but

are very evident aurally.

5
o 9 e
7055007 & 0 CAPLARIAN
5 7% %



74 WIRELESS WORLD DECEMBER, 1957

SETS THE HIGHEST STANDARD

COMPLETE RAD!OGRAMS

and RECORD PLAYERS

*

FREQUENCY MODULATED VHF
and STANDARD AM RADIO
RECEIVER and TUNER CHASSIS
*

CABINETS IN THE LATEST
CONTINENTAL and BUREAU
TYPE STYLING

*

HIGH FIDELITY and STANDARD
SPEAKER UNITS

. . for enthusiasts and those who
appreciate the finer qualities of perfect
sound reproduction, Perth Radios,
manufacturers of electronic

equipment, provide the complete
answer with their fully guaranteed
components at the keenest prices.

*
AUTOMATIC RECORD CHANGERS

*
SEND FOR DISC PLAYERS
ILLUSTRATED
CATALOGUE AMPLIFIERS
AND *
PRICE LIST LOUDSPEAKERS

RADIOS LTD
MARTEN HOUSE

COMPONENTS DIVISION
39-47 EAST ROAD, LONDON, N.I
Telephone : CLERKEN WELL 2413/4

DEPENDABLE
RELAY CO.

DEPENDABLE W
AUTOMATION Bl

_ RELAYS

N
o

NN

AW

AN

A

STANDARD SELF-CONTAINED ~ REL 2
% i % st::;;ztsure to your specification to A.l.D. and |.E.M.E. Z
2 i % i Z
= ¥, g oy CONTROL UN'TS 7% COILS up to 80,000Q2. CONTACTS up to 8 amp. Z
FOR % INSULATION up to 5kv  Prototypes 7-14 days. Z
Z PROMPT DELIYERY —  PROMPT QUOTATIONS /%
o PRODUCTION CONTROL Z SIEMENS high-speed types also supplied. %
o COUNTING % Specialists in tropicalisation. Transistorised relays. //
BATCH WORK Z Contractors to leading manufacturers, P.O. and Govt. Depts Z
° Z . Z
* PROGRESS e
®
DEPENDABLE ELECTRONIC RECORDER

e SWITCHING
o POWER HANDLING Continuous Strip Chart e 5in. graph e 3 speeds o
o LIQUID AND GRAIN Power driven pen e Immediate starting torque o
LEVEL CONTROL Full-scale drive 3 sec. e “Plug in’" oscillator
e TEMPERATURE AND chassis e Black ebpny finish Ipstrumeljt Ca.se °
FURNACE CONTROL Research e Industrial and medical applications e

12a, Tottenham Street,LONDON,W.1: "Phone:LANgham 7391/2

(NEAR 600DGE
ST.STATION /
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The effects of interference on radio and television is a much debated
topic among manufacturers, authorities and public alike.

The rapid increase in possible sources of interference, in the form of new
domestic and industrial appliances, serves only to intensify the problem.

For the effective control
of interference...

Commutator motors, discharge lighting, thermostat operation and
electro-medical equipment are the prime offenders. The best way to
tackle the job of suppression is to build-in the necessary components at
the equipment manufacturing stage. Wisely, most manufacturers rely
on Plessey Suppressors, of which there are four main types giving a
comprehensive coverage for the majority of requirements.
Manufacturers and Design Engineers are invited to write for Plessey
Publication No. 952 which contains full details.

4 Suppressor ranges by| Plessey |
\

Standard Gomposite Interference
Suppression Filters

o

Television Interference Suppression
Inductors

Radio Interference Suppression
Inductors

Capacitors for Radio and Television
interference Suppression

COMPONENTS GROUP * CHEMICAL AND METALLURGICAL DIVISION

THE PLESSEY COMPANY LIMITED « WOOD BURCOTE WAY - TOWCESTER ¢ NORTHANTS - TEL: TOWCESTER 312

Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED - ILFORD -+ ESSEX - ENGLAND -+ TELEPHONE: ILFORD 3040
@ T.C.3a
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/o MEASURING INSTRUMENTS

IMMEDIATE DELIVERY

Most Basic Ranges available ex-stock for
immediate despatch. Special ranges—
delivery 7/14 days.

E- Round, Square or Rectangular patterns
MOVING available, also full range of Industrial
o Switchboard Instruments. Portable and
i Laboratory Instruments.
[ ]

R We can supply Meters with Non-Standard
MOVING i Ranges in Current, Volts or Ohms. To B.S.
IRON E-. 89. Industrial or Precision Grade accuracy.

We are now able to accept customers’ own
1 B Meters for Scale Drawing and Lettering. Recm:gﬂ:: mﬂel 6f05x 5
THERMO -4 Clients are invited to inspect the ——
COUPLE ' display of instruments at our New Stockists of Meters by
. Offices and Showrooms. Turner, Weston, Baldwin,

E.A.C.,, Weir and other
Bt leading manufacturers.
ELECTROSTATIC T May we quote for your requirements? :

"'~'n=\»«.... e N T e
RN e e

Manufacturers of
Electronic Equipment
to A.L.D. Standards
Contractors to naoers ecC I‘ﬂl’llC’S
| G.P.O. and other Govt. Depts.

103, HAMPSTEAD RD., EUSTON,N.W.I. Tel. EUSton 1639 -TD-

THE WEYRAD AM/mM
RECEIVER

THIS RECEIVER WHICH HAS BEEN SPECIALLY DEVELOPED FOR THE AMATEUR CONSTRUCTOR PROVIDES
COMPLETE COVERAGE OF THE SOUND BROADCAST BANDS—LONG, MEDIUM AND SHORT WAVE AM.
WITH 87.5-100 Mc/s. V.H.F. FOR FM. WE HAVE PRODUCED A FULLY ILLUSTRATED BOOKLET WHICH GIVES
INFORMATION ON THE ASSEMBLY AND ALIGNMENT OF THE 4-BAND SEVEN-VALVE RECEIVER, INCLUDING
CHASSIS LAYOUT, CIRCUITS AND POINT-TO-POINT WIRING DIAGRAM.

% ‘“ WEYRAD ™ B.61 COIL PACK, P.23 I.F. TRANSFORMERS, T.5.61 TUNING SCALE, Q2 |.F.
FILTER, E.822 MAINS TRANSFORMER AND E.823 OUTPUT TRANSFORMER.

Yc ALUMINIUM CHASSIS WITH ALL PUNCHING AND BENDING COMPLETE.
v DESIGNED FOR LATEST TYPE MULLARD VALVES.

% RECEIVER OUTPUT CAN BE MODIFIED FOR USE AS A RADIO FEEDER FOR QUALITY
AMPLIFIERS.

THE BOOKLET & PRICELIST  .oiiieiiiiiiiiiieeciiin e, 2/6d.

WEYMOUTH RADIO MANUFACTURING CO., LTD.
CRESCENT STREET, WEYMOUTH, DORSET.
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The

Transatlantic

Telephone
Cable

“In every phase of this col
available for the job . .

*‘Construction of the Repeaters on both sides of the Atlantic, aimed at achieving as
near perfection as humanly possible: if one of them fails, communication will
stop ... "

mbined operation use has been made of the best that was
T

Sir Gordon Radley, K.C.B., C.B.E., Ph.D.(Eng.), M.LE.E.
Director General, United Kingdom Post Office.

Wiring a S.T.C. two-way Submerged Tele=

Photograph by courtesy of phone Repeater Amplifier using ADCOLA
Standard Telephones and Soldering Equipment.
Cables Ltd.

'HE 16 Submerged Repeaters in the Transatlantic Telephone sub-

marine cable section between Newfoundland and Nova Scotia had
to be built to withstand the rigours of laying and water pressure
at depths of up to 250 fathoms under the Atlantic, with components of
such fidelity as to last many years without attention.

Each Repeater contains 299 separate components and required
1,950 SOLDERED JOINTS to connect them together ‘and each joint
was inspected at some stage of production and marked to indicate that
it had been inspected and accepted.

The Repeaters for the Clarenville to Sydney Mines cable were
made in the Standard Telephones and Cables factory at Woolwich,
London.

High fidelity in components, skill and craftsmanship was well matched
with—

SOLDERING
EQUIPMENT

Write for Catalogues ADCOLA PRODUCT§ LTD.

iti i HEAD OFFICE .
iyl T D SALES Gauden Road, Clapham High Street, London, S.W.4
Complying with leading . §
coungrﬂs' electrical standards Telephone: MACaulay 310/—4272

ADCOLR

(Regd :'ruh:ofl)
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lonnoissenr’ s seeso moror

The turntable with a 49 variation on all

three speeds.

The Connoisseur motor is made for the per-
fectionist. It is one of the finest turntables in the
world.

The speed change is arranged mechanically and
gives a 4 per cent variation on all speeds. A
synchronous motor, which is virtually vibrationless
with low noise level and hum induction, maintains
a constant speed at all settings. There is no
braking action to obtain speedchange:

The I2in. turntable is lathe turned in non-ferrous metal.

A sound, precision engineering job, the Connoisseur motor

provides the foundation for perfect reproduction.

Price £20, plus P. Tax £8/11/-.

The
main spindle, which is precision ground and lapped to mirror
finish, runs in phosphor bronze bearings.

Matching Connoisseur Pick-up
Mark Il with a frequency range
from 20-20,000 cycles:

Pick-up complete with | head

fitted with Diamond armature
€8/19/- plus P. Tax £3/16/6.

A. R. SUGDEN & CO. (ENGINEERS) LTD.

WELL GREEN LANE, BRIGHOUSE, YORKSHIRE.

OVERSEAS AGENTS:

SOUTH AFRICA: W. L. Proctor (Pty.) Ltd., 63, Strand Street, Caps
Town. U.S.A.: Ercona Corporation, 551 Fifth Street, New York, 17,
N.)’. CANADA: The Astral Electric Co. Ltd., 44, Danforth Road,
Toronto 13, Ontario. NEW ZEALAND: Turnbull & Jones Ltid.,
Head Office, 12/14, Courtenay Place, Wellington. HONG KONG:
Th: Radio People Ltd., 31, Nathan Road, Hong Kong.

Phone: Brighouse 2397. Grams: Connoiseur, Brighouse.

MAIN DISTRIBUTORS:

AUSTRALIA: British Merchandising Pty. Ltd., 183, Pitt Street,
Sydney, and J. H. Magrath {(Pty.) Ltd., 208, Little Lonsdale Street
Melbourne, EAST AFRICA: International Aeradio (East Africa) Ltd..
P.O. Box 3133, Nairobi. MALAYA: Eastland Trading Co., 1, Prince
Street, Singapore.

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

Prompt delivery at com-
petitive prices,

! Mnﬂevs CERAMICS

FOR INDUSTRY

We specialise in the manufacture of = PORCELAIN
for general insulation

REFRACTORIES
for high-temperature insulation

FREQUELEX
for high-frequency insulation
PERMALEX & TEMPLEX
for capacitors

BULLERS LIMITED

MILTON « STOKE-ON-TRENT - STAFFS
Phone: Stoke-on-Trent 21381 (5 lines) = Telegrams & Cables: Bullers, Stoke-on-Trent
— fronworks : TIPTON, STAFFS London Office : 6 LAURENCE POUNTNEY HILL, E.C.4
Phaone : Tipton 169 Phone : MANsion House 9971

e —
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REGD. TRADE MARK

3 SERVISCOPE

A PORTABLE HIGH PERFORMANGE
MEASURING OSCILLOSCOPE

* INCORPORATES AN ENTIRELY NEW TYPE OF TIME BASE

formerly only available on the most expensive American oscilloscopes.

* 18 PRE-SET CALIBRATED SWEEP SPEEDS FROM

.5 sec/cm to 1 p sec/cm

* AUTOMATIC TRIGGERING OR TRIGGER LEVEL SELECGTION
* DG COUPLED UNBLANKING

* 9 CALIBRATED Y SENSITIVITIES
FROM 100 mV/cm to 50V/em ALL DC TO 6 Mc/s

* SWEEP EXPANSION TO OVER 10 SCREEN DIAMETERS
* BUILT-IN TV SYNC SEPARATOR

* ULTRA BRIGHT 3” FLAT FACE CRT

* GOMPLETELY PORTABLE 8" x 6" x 12”

THE FINEST, MOST VERSATILE

portable oscilloscope ever offered to the clectronics industry.

Write for. fully illustrated leaflet.

TELEQUIPMENT LTD

313 Chase Road, Southgate, London N.14. PALmers Green 7111
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A A

TELCON

L o w - L O s S

TRANSMISSIORN

150-ochms nominal impedance,
figure-8 section twin; capaci-
tance 9.5 ppF/ft; Attenuation
at 100 Mc/s, 2.5 db/100 ft; power
rating at 100 Mc/s, 300 watts.

K.25.B
300-ohms nominal impedance,
flat ribbon-type twin; capaci-
tance 4.0 LpF/ft; Attenuation
at 100 Mc/s, 1.4 db/100 ft; power
rating at 100 Mc/s, 500 watts.

K.35.8

300-ohms tubular twin feeder
with stable characteristics in
varying weather conditions.
Capacitance 4.0 puF/ft; Atten-
uation at 100 Mo/s, 1.4 db/100
ft; power rating at 100 Mc/s,
500 watts.

THE TELEGRAPH
CONSTRUCTION

& MAINTENANCE
CO. LTD.

Enquiries to: Mercury House, Theobald’s Road, London, W.C.1.
Telephone : HOLborn 8711.

Branches at: CARDIFF - DUDLEY - LONDON
MANCHESTER - NEWCASTLE - NOTTINGHAM

%Tl—I|IIlIIIIIIIIIIIHIIIIIIIIII|II|I||IIIIllIIIIlIIIIIIIIIIIIIIIIII|||||IIIIIIIIIIIIIHIIIIIIIIIIIIIIIEIT|=n
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sound

technigue

Come to SMITH’S for
all the books that you
need to increase your tech-
nical knowledge and keep
up with the latest radio
developments.

Volumes not in stock
can be obtained for you,
and we shall be pleased to
supply a list of standard
works on any subject.

Our local branch can also supply your
business and personal stationery.

W. H. SMITH & SON

HEAD OFFICE : STRAND HOUSE, LONDON, W.C.2

BRANCHES THROUGHOUT ENGLAND AND WALES

——M. R. SUPPLIES Ltd.—

(Established 1935)
U ppliers of UP-TO-DATE ELECTRICAL MATERIAL which
does the ]Ob properly. Instan'. deiivery. Careful packing. Satisfaction assured. Prices
nett. Brand new goods.
ONE-QUARTER H.P. MOTORS, 220/210v. 50c. 1 ph. Capacitor start induction, 1,380
r.p.m. These are brand new German motors by Vorwerk, without pormal fixed foot
mount—a swinging mount is supplied. We have 230 only to clear at £4/5/8 each,
despatch 4/6 U.K., complete with capaeitor.
SHADED POLE INDUCTION MOTORS, 200/250v. A.C. Very silen{ running and ideal for
many lab, and domestic applications, stirrers, cooling fans, extractors etc. No inter-
ference with radio/T.V. Delco super model, fan cooled, body 4} by 3} ins., shaft proj.
1} in. 1,425 r.p.m., torque 600 grm/cms., and the perfect unit for tape recorders in addi-
tion to above duties, 42/8 (des. 2/6). Also open type, smail model, body 3 by 2} in.
shaft proj. approx. gin. 2,700 r.p.m., torque 150 grm/ems. Also suitable for rim-drive
gramo-motor, 18/6 (dea. 2/-)
SYNCHRONOUS TIMER MOTORS, 200/250v. 50c. compact units 21 x1§ x 1} in. with
1 in. shait proj. Self-starting, high torque, 6 r.p.m. Suitable also for display turntables.
57/6 (des. 1/6.).
EXTRACTOR FANS. Very well-made units much below normal price, 200/250v. A.C.,
induction motor, silent running, no interference, With mounting frame and back
grille, ready for easy installation. With 8 in. impeller, 12,000 c.ft./hr. £5/5/-. With
10in. impeller, 15,000 c.ft./hr. £5/12/8 (des. either 3/6)
WIRE-WOUND POTENTIOMETERS (Colvern). Brand new dual, 5,000/5,000 ohms,
10-watts, 360 deg. rotation, ball-bearing, 3} in. dia. by 3 in. deep. Remarkable bargain,
776 (des! 2)-).
SERIES WOUND MOTORS (Parvalux). 1/30th h.p., 220/250 v. A.C./D.C. Double-
ended shaft, 4,000 r.p.m. Body approx. 4xX3x2in. Right for sewing machines,
small t;)ols, cine, etc., very limited supply (we wish we had more) at only 47/8 each
(des. 2/-).
OPERATION COUNTERS (mechanical—rotary motion) counting up to 999 forwards
and bzckwards with re-set and fiex. drive. One digit per rev. and can be used for testing
motor speeds, 15/8 (des. 1/-).
COMPLETE SEWING MACHINE MOTOR OUTFITS. Definitely no better job at any
price We have large sales from recommendations. 220/250 v. A.C./D.C., fitted with
latest radio/T V. suppressors, including motor with fixing bracket, foot control needie
light with switch, belt, etc., and instructions for fixing to ANY machine. And we stiil
offer the complete outfit for £6/15/- (des. 2/9).
SELENIUM RECTIFIERS. Largs range now available including a bank of four mits
tor D.C. delivery up to 30 volts 56 amps. The bank £7/17/8. Let us have your rectifier
enquiries.
CENTRIFUGAL AIR BLOWERS Exceptional offer of brand new £16 units by Leach
Electrical, p motor, 230/240 v. 50 c., 1 ph. Rated
output 35 c. ft/min. Over&ll length 8in. Max. dia. 4}in. Tntake 2Hn dia., outlet
1}in. dia Weight 8}lb. An excellent quiet running unit for extraction or blowing.
£4/17/6 (des. 2/6).
AIR THERMOSTATS (Kieft). Adjustable range 30/90 deg. F. Differential only 2 deg.
F. Capacity 15 amps. A.C. in amart ivorine housing 4} x2x 2in. Easily installed—
instructions with each. Ideal for greenhouse, rooms, labs., etc. 45/8 (dea. 2/-).
SYNCHRONOUS TIME SWITCHES (Sangamo). 200/250 v. 50 ¢. In compact black
plastic housing 4in. dia. by 3}in. deep. providing up to 3 on-off operations per 24 hours.
with day-omitting device (use optional). Capacity 20 amps. A.C. £5/8/8 (des. 2/-),

M. R. SUPPLIES, Ltd., 68, New Oxford Street, London, W.C.1

Ny tned

(Telephone MUSeum 2958)




@]
&
a
5
=
&
o]
=

, 1957 WIRELESS WORLD 81
1

|

|

'

i

i

|
|

fl!””” I [

!|| |

|

.1(|”

I
\”\H!

e

\

\

{l

|
\

/’/

: G.E.C
~ —=—1 |ow noise
— £ - grounded

. grid Triode /

"
—
. ~
) R m
=

Sy
“

\

ﬁ"jp.

!

|
I
|

WWWWM

I

Y4
4

~
~ ' 4
=’

An indirectly heated high slope low noise triode,
the A2521 is especially suitable for use as an RF
amplifier at frequencies of up to 1,000 Mc/s.

It is mounted on a B9A base.

FREQUENCY |  NOISE FACTOR
900 Mc/s | 12.0 dB
500 Mc/s | 9.0 dB
300 Mc/s | 6.0 dB
j:«:- -ZISI prtce£3 ‘I 0 0 \

A Product of the M-O Valve Co. Ltd., Brook Green, Hammersmith, London, W.6.

A subsidiary of:-
THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2
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”EBE s the precision Tape Unit

combining superb performance

and presentation. The brilliant new

—

High Fidelity Tape Unit

Here’s something that everyone interested in sound repro-
duction will want to see and hear . .. a completely nrew Tape
Unit all ready for addition to an existing Hi-Fi system. It’s
packed full of attractive features! Recording amplifier is
incorporated with erase and bias oscillator. Playback
equaliser and pre-amplifier is integrated with the deck.

The control panel is superbly styled in modern high impact
polystyrene to give a streamlined design. And note these
refinements! A . precision numerical position indicator,
electronic recording level band indicator, plus a bias control
and erase cut-out switch. This allows compensation for
characteristics of any tape, plus advantage of superimposition
without automatic erasure.

THE DULCI COMPANY LTD,

9799 VILLIERS ROAD, LONDON N.W.2.

DECEMBER, 1957

* 2 speeds — 737[sec. and 33"/sec.
* With calibrated compensating control,
for various tape characteristics.
* Control for superimposition of new
. recording over old — retaining both,
L"C'::d;:“g * For use in conjunction with existing
2. 5 h
S aralepoal audio equipment.
SUPERIOR

TAPE UNIT FOR THE
SERIOUS ENTHUSIAST

@

WILLESDEN 6678/9

Whether wire wound or composition,
whether Single, Ganged or Tandem,
if the need is Potentiometers then
‘RELIANCE’ have the answer -from a
comprehensive range of types that
include linear, log, semi-log and non-
inductive characteristics. Linearity or
tolerances *19, P.l. W. types up to
500 K. linear, 250 K. log. From stock
or *“to specification ', a * RELIANCE’
embodies the best in potentiometer
design and practice.

Full details
on request.

RELIANCE MANUFACTURING CO., (SOUTHWARK) LTD.
Sutherland Road, Higham Hill,

STEWART TRANSFORMERS Ltd.

TRANSFORMERS

for every requirement

Electronics
Transmitters
Radar

Test
equipment
M.V. discharge
tubes

R.F. heating
L.V. heating

Range I volt—346 K. V.
STANDARD OR TROPICAL FINISH

1 M/A—1,000 amps

We are on Admiralty and Ministry
of Supply lists and A.LD. approved

Enquiries to :

75 KILEURN LANE, LONDON, W.10 - LADbroke 22967

Telephone ; Larkswood 3245
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Cathode ray tubes

TYPE 30.C3

SIEMENS EDISON SWAN make a range of high
grade electrostatic cathode ray tubes for
use in instrumentation. Three sizes are
available, each with a choice of screen
phosphors to suit varying requirements.

30.BI 3}” diameter polished flat screen.

30.c2  §3” diameter polished flat screen.

30.c3 As 30.c2 but with all plates brought
out at the side.

30.E6 12" diameter curved screen.

Each of the tubes listed can be supplied
with the following screen phosphors.

T.I
T.2
T.3
T.4
T.§

Green. Medium persistence.
Blue-green. Medium-long persistence.
Blue actinic. Short persistence,

White ‘television” type.

Blue. Very short persistence.

EDISWAN also have available 9” and 12” dia.
Radar P.P.I. Tubes as well as a range of
calibrated Compass Tubes.

EDISWAN

SIEMENS EDISON SWAN LIMITED (An A.E.I. Company) Industrial Valve Division

Send for further details to:

155 CHARING CROSS ROAD, LONDON W.C.2 - TELEPHONE: GERRARD 8660 - TELEGRAMS: SIESWAN WESTCENT LONDON



Ultrasonic
Drilling
Dip Tinning
Soldering

With this one generator—the new Mullard E.7589
—power is made available for a variety of
ultrasonic applications. Further information is
readily available from the address below, and
demonstrations can be arranged on your own
premises.

one

generator
for
three

applications
Mullard

Specialised Electronic Equipment /

7~ MULLARD LIMITED, MULLARD HOUSE
<7 TORRINGTON PLACE, LONDON, W.C.1
@ ME 606
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REILAYS

TO SPECIFICATION
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POST OFFICE TYPE
3,000 and 600 RELAYS

_Specialists in tropical and Services jungle finish.
Guaranteed to full A.LD. and I.E.M.E. standatds.
Prompt Deliveries. Prototypes 7 to 10 days.

Post Office approved. All relays guaranteed made in our own works.

Manufacturers to H.M. Government Departments and leading Contractors
L. E- SIMMONDS LIMITED, § BYRON ROAD, HARROW, MIDDX.
TELEPHONE. HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW

-
o

(ystals

mean

DEPENDABLE

frequency

BROOKES

control

Itustrated left is a Type M
Crystal Unit from a’ range
covering 8 Mc/s to 17 Mc/s

®  Frequency 12,500 kefs.

® Hermetically sealed
metal can.

@ Frequency tolerance
04(21% of nominal 3:1
20°C., or better for
special applicarions.

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—Ilet us have your enquiry now.

Brookes Crystals Ltd.,

Suppliers to Ministry of Supply, Home Office, B.B.C., etc.
181/3, TRAFALGAR ROAD, LONDON, S.E.10
Telephone: GREenwich 1828
Grams: X:als, Green, London. Cables: Xtals London

BROOKES
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for recotd reproduction

YWA-AIH7 is 2 revolutionary  miniature | W] is so easy to handle and so quick to
ceramic record-player cartridge with two sapphire | replace—it solves your stylus replacement
tips. problem!

FWF-PIT  gives higher fidelity, longer life,

is a proved sales —
VL RISy les success—over | -H4" duces record wear to a minimum.

3,000,000 have already been sold abroad!
HHF-ARY] is backed by attractive display

PIHIR-AP] can be fitted to all popular pick-up material and a carefully planned advertising
arms. campaign.

You
can profit

from
POWER-POINT!

£1,000 IN PRIZES!
A EUROPEAN TOUR for

winning Wholesalers and Retailers
T.V. Sets, Radios and Record Players
for your customers!

For full details write to :—

E. V. LIMITED,
Camp Bird House,Dover Street,
London, W.I.

Telephone : Hyde Park 8292

OVER 3,000,000 POWER-POINTS ARE ALREADY IN USE ABROAD!



86

WIRELESS WORLD

DECEMBER, 1957

WHARFEDALE ACOUSTIC FILTER
in NEW AF10 REFLEX CABINET

P e e R R R R E LY

The AF10 Reflex Cabinet has been
specially designed for Wharfedale
10in. units with foam surround. It
incorporates the well-known Wharfe-
dale Acoustic Filter, which effective-
ly loads the cone at very low fre-
quencies so as to reduce the inci-
dence of distortion, and assists in
maintaining smooth mid-range re-
sponse. The reproduction from this
cabinet is remarkably clean and crisp
for such a small enclosure.

Where it is required to augment the
extreme high frequency response, a
Super 3 tweeter housed in the special
Super 3 Cabinet can be placed on top
of the main enclosure, no crossover
unit being necessary. For stereo-
phonic reproduction in the home,
loudspeaker systems must of neces-
sity be compact, attractive, and
reasonably priced. A combination
of the Super 3 and AF10 Reflex
Cabinets fitted with their respective
units fulfils these requirements.

Wharfedale

WIRELESS
IDLE, BRADFORD, YORKS.

WORKS
Tel: fdle 1235,6.

LTD.
Grams: Wharidel, Idle, Bradford.

urussge@ss

PRICE |

£15:15:

This elegant cabinet is lable in 3
oak or mahogany veneers with contrasting
front frame, black base runners and ano-
dised bronze grille. Size 30 X 17 X 10%in.
Weighs 351b. less umit.  Recomnended
units: 10in, RBronze/FSB. Golden!
FSB, W10/FSB.

A typical two-speaker system can be
made up as follows:—

AF10 Reflex Cabinet . €15 15 0
Super 3 Cabinet (10/15

ohms) ............ £410 0

10in. Bronze/FSB.... €511 3

Super3 .............. £6 19 11

£32 16 2

Prices include purchase tax. Patent ap-

plied for No. 4483/56,

WAFER SWITCHES TO SPECIFICATION

As we specialise onfy in the manufacture of small
quantities of wafer switches (to individual specification) y
we guarante€ competitive prices and fast delivery.

SWITCHES TO PUBLISHED DESIGNS (FROM STOCK)

G.E.C. 912-PLUS

Mullard Tape Amplifiers
Amplifier “A’’

S1 (14061/B1)

}I4;6 pair ' SS/567/A
S2 (14062/BI) $5/567/B 32/6 the set

‘ $§/567/C
S4 (SS/556/1 ... 1116
(SS/556/1) "% | Amplifier «B” BE
S5 (55/556/2) ... 10/6 | SS/567/A 16/6
G.E,C. 88-50 Pre-Amplifier

Input Selector (state number of positions) 12/-

Treble Selector ... 7/9

Write for Price List and Design Chart.

SPECIALIST SWITCHES

Sussex Place
AMBassador 2308

Suppliers to the leading electronics, aeronautical and
automobile companies and to research institutions, the

23 Radnor Mews -
London W2 -

G.P.O. and Universities.

MsEndaussssasmanEEmesan

IRERRYY]

FULLY ILLUSTRATED

CATALOGUE

WILL SHORTLY
AVAILABLE

RESERVE YOUR COPY NOW

Send coupon and two 3d. stamps

annmmameas AR EsRmNA NN EsEsEEEE AR SR EERpREERRER AR EESEEEr R Ry

ADDRESS ..............

fuemmnsmaasssanavass. CUt OUr and post to:

BERRY’S RADIO

25 HIGH HOLBORN,
LONDON, w.C.I
Telephone: HOLborn 6231/2
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% Perfect reproduction
% Ease and simplicity of operation

* “Know-how” in manufacture

buy TRUVOX—and you buy all three. The Truvox R2 Recorder, with its im-
proved circuitry and styling, embodies all the experience of 7 years specializing in the
design, development and manufacture of Tape Decks and Tape Recording Amplifiers.
There are no last minute * mods —every stage has been tested and tested again to
ensure that it lives up to the reputation enjoyed by the name it bears.

The result is a high fidelity instrament that will give you endless hours of enjoyment
producing and replaying your own recordings as well as providing perfect reproduction
of pre-recorded tapes with all those finer gradations of tone that are there for those
who can hear the difference.

Additional applications of this machine, with accessories, include dictation and
transcription, radio reception, telephone conversation recording, AM or FM Tuner
amplification, ete.

When you buy TRUVOX you buy a better recorder—produced for those who can hear
the difference.

00000

Models from 66Ggns

Fape

Recorders

0

Full details, including accessories, available on request from the manufacturers :

TRUVOX LIMITED, 15 LYON ROAD, HARROW, MIDDX. Telephone : Harrow 9282
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BASIC SPECIFICATION
127 and 15" models

Fregquency response
80—20,000 c.p. + 3dB.

Polar Distribution for
60° inc, angle—4dB a!
10,000 c.p.s.

Intermodulation Products
less than 2%.

WIRELESS WORLD

rigorous laboratory testing.

DECEMBER, 1957

Where naturalness not novelty is

the desired result there is no substitute for
careful design, craftsman manufacture and
It may well be that these

are among the reasons why the Dual Concentric

is. used by many of the leading Recording Companies as a

quality standard. It may also explain why

the basic design has remained unchanged for over ten

years, novelty can never be a substitute for quality.

DUAL CONCENTRIC
SPEAKERS

| TANNOYPRODUCTS LIMITED. WEST NORWOOD. LONDON. S.E.27. Te!.: GIPSY HILL 1131

WALMORE ELECTRONICS LIMITED

PHOENIX HOUSE, 19/23 OXFORD STREET,
LONDON, W.1.

Telephone : GERrard 0522 Cables: Valvexpor
For immediate response Telex London 8752

EXPORTERS OF RADIO, TELEVISION AND
INDUSTRIAL TUBES, HAVE PLEASURE IN
INTRODUCING THEIR BRAND

“"QADIoO ™
WALRAD
~ _TUBE

AND INVITE ENQUIRIES FROM BUYING
AND CONFIRMING HOUSES EXCLUSIVELY
FOR EXPORT

SUPPLIERS OF RADIO COMPONENTS
ELECTROLYTICS, AND CATHODE RAY
TUBES

EYELETTING
and light

PUNCHING
MACHINES

Autophoenix No. 6

A new and improved
treadle operated machine
for the automatic inser-
tion and closing of eyelets
in either flat or formed
work in metals, plastics,
fabrics, etc. The deep
throat, high vertical gap
and projecting base make
this machine adaptable for eyeletting radio chassis, cylindrical
shells, spinnings, mouldings, etc.

We manufacture a very full range of hand and automatic Eyeletting and Piercing
Machines. Write for illustrated brochure to Dept, W.W.

HUNTON LIMITED
PHOENIX WORKS, 114-116 EUSTON RD., LONDON, W.I
Tel,: EUSton 1477 (3 lines) Grams: Untonexh, London
=
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Max

75 mim-a o
,
7-5mm
4
O\
Smm

A germanium junction

P.N.P. transistor

DETACHABLE -CLIP ©

_

available in quantity

for industrial and d.c.
converter applications
in computing, switching

and instrumentation.

O0C76 industrial and switc

nine TRANSISTOR

The new Mullard transistor OC76 is related to the
well-known OC72 but is specially tested for non-
sinusoidal industrial and d.c. transformer applications.

The pentode type knee of the OC76 charac-
teristic is carefully controlled to give a low and
uniform ‘“‘bottoming” voltage. Its collector will
withstand 30 volts d.c. in grounded base. In grounded
emitter 30 volts d.c. may also be applied when the
total base-to-ground impedance is less than 1kQ or
the collector current is cut off by a reverse base bias.

Limiting values (absolute ratings)
Max. collector voltage
Max. collector current... =0

32V peak
250mA peak
Max. junction temp.

32Vd.c
125mA d.c.
75°C continuous opreation.

90°C intermittent operation

(total duration 200 hours max.)

Abridged Characteristics

Max. collector leakage current at Ve = —I0V ... -
Current amplification cut-off frequency ... vee s eus -~
Collector knee voltage at lc = 125mA ... oee won
Power dissipation (without heat sink) at 25°C ...
Power dissipation (bolted to heat sink) at 45°C

This transistor is particularly suited for d.c.
converters. For example, two OC76’s in push-pull
can be used to convert low input voltages to high
output voltages with a d.c. to d.c. efficiency greater
than 759, at power levels up to 700 milliwatts.

As a power oscillator, efficiencies of over 909 are
possible with the OC76, while the high peak current
of + amp can be used to close large relays and
operate small motors.

The OC76 is available in quantity. Full data is
available from the address below.

Mullard] m.ﬁiﬁtmf%azgﬁ% ¢
N < :

 Mullard
5

COMMUNICATIONS AND

10uA ,@ INDUSTRIAL VALVE DEPARTMENT
350ke/s P
—0.4V ; f:;s;x*%;%wg, R AT S g S e
125mW f};;%kwfg; Tf‘. 1&% aekizs do0 e
100mW

MULLARD LIMITED : MULLARD HOUSE

TORRINGTON PLACE - LONDON W.C.|
MVT328a
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MULTI-WAY MAINS VOLTAGE SELECTOR TYPE 279001

14 POSITIONS! 90, 100, 105, 110, 115, 120, 130, 200, 210, 215, 220, 225, 230, 240 VOLTS.

NYLON LOADED P.F. MOULDING.

Send for full details including circuit information to :—

| THE McMURDO INSTRUMENT CO. LTD - ASHTEAD - SURREY - Tel: ASHTEAD 340l

MVS9

NN | PRE-SET CONTROL LOCK

MANUFACTURED Designed to lock the spindles of pre-set

TO YOUR potentiometers or trimmers without

SPECIFICATION rotational or lateral

displacement of shaft.
PROMPT |
DELIVERY

Will accept wide range of
panel thicknesses.

TYPE P TYPE C

i Very attractive
' appearance for Send for
panel mounting leaflet A.1

‘““KNOBLOCK™

The ideal method of locking
panel mounted controls. Positive
guard against vibration, etc.

This development of our popular
B pre-set control lock is finished
in black plastic and embodies
control knob and instantaneous
finger-tip locking knob.

Send for List No. A6

3000 TYPES

COoILS  wup to 80,0000,
CONTACTS up to 8 cjo’s
Tropicalizing and impreg-
nating to order.

600 and HIGH-SPEED

TYPES also Supplied.

-STOCKS
OF
KEYSWITCHES

THE KEYSWITCH CO.
ALL POST OFFICE EQUIPMENT
Enquiries to Sales Manager

126 KENSAL ROAD, LONDON, W.10 k SUTTON COLDFIELD ELEGTRIGAL ENGINEERS

Telephone: LAD. 0666, 4640 Grams: “Fonequipt’’. London, W.10 1 ;
ContractorstoHomes& Overseas Governments& H.M.CrownAgents l Reddlcap Tradmg Estate, sutmn Buldneld‘ ‘phone SUT 3038 & 5666
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ABIX STEEL PARTITIONING
for

OFFICE or
FACTORY

ABIX Partitions are light, strong, fire-
resisting and easy to erect. Manu-
factured in standard units for quick
installation, easy removal or exten-
sion to existing screens. We will be
pleased to help and advise you on any
partitioning problem,

OTHER ABIX PRODUCTS: Steel Cycle Stands, Clothes Lockers, Material
Racks, Slotted Angles (Junior, Universal, Senior), Car and Cycle Shelters, Tool Lockers,
Adjustable Steel Shelving,

please write for fully illustrated Catalogues to:

(METAL INDUSTRIES) LIMITED

STEEL EQUIPMENT FOR OFFICE AND FACTORY
Phone: BATtersea 8666/7 TAYBRIDGE HOUSE, TAYBRIDGE ROAD, LONDON, 8.W.11 Grams: Abix, Batt. London

e T e s . sl Lt - ’P

From,
a Y% watt resistor... to a multi-band
VHF receiver

30 033

(nmmmn————gnmmn- » ’é;\ v I
A0
>\ WEBBS RADID =7
M N — / / “fak UNRIVALLED STOCKS @j @ S —
I—— / ‘L?‘; from brte and pieces to the finished. J'ob-" —I

COLLARO “STUDIO’ TRANSCRIPTION PICKUP

H as an established reputation and continues to offer real ¢ hi-fi’

WESTREX “ACOUSTILENS’ 20/80"° LOUDSPEAKER

Bears a luxury price and quite definitely gives luxury results,
Extraordinary realism and diffusion, in fact words fail us in
describing this speaker. We can only ask you to listen and
assess what other speakers lack.

The Acoustifens in cabinet costs £169

at a very reasonable price £5.0.5

GARRARD T.P.A. 10/G.M.C5 PICKUP

Hear this new pickup and you will agree it makes a worthy
companion to the renowned Garrard ‘“ 301" motor. Fitted

w.B. “HF816”

A gogd 8in. unit at a gerg zealsgmagle price. Properlysmourged i§
sounds very nice indeed. 000 gauss magnet. peech coi. 4 = -
matches 3, 7.5 and 15 ohms. Handles 6 watts, 50-14,000 c.p.s. with diamond for L.P. and sapphire for 78.

The HF816 unit costs £6.17.0 Price including T.P.I transformer £15.9.4

e e e e s s e e et S e e i i s s e e e e e e e o e e et e e s e e e et

ACOUSTICAL ELECTROSTATIC LOUDSPEAKER AGCOUSTIGAL QUAD Il AMPLIFIER
£52 The de luxe amplifier which has all the answers. £42

is on demonstration and in stock — combines
unobtrusive realism with convenient size.

ROGERS “MINOR Mk. III’’ AMPLIFIER

An excellent amplifier at a ““ down to earth > price. Integral
controls. This amplifier, built with all the Rogers know-how,
gives true hi-fi.

It costs a modest £14

ZN
&) "Theres always

something new at

Webts

Webbs cater for all purses — whether de
luxe, reasonable or rock bottom economic.

/\\_\

WEBB’S RADIO, 14 SOHO STREET, OXFORD STREET, LONDON, W.1. Tel.: GERrard 2089
Shop Hours : 9-5.30 ( Thursdays 7 p.m.) Saturdays 9-1 p.m.

N
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A new wide range DELAYED SQUARE PULSE GENERATOR

A

A Model 5001 with accurate Time

/ & Voltage Calibrations.

HEHH

Rise time 10 mgusec independent of

1 “"‘;g‘hun».
'S 4.
WLYIEY h'ndu}ttnbc =N

HHH

V-
i

Y OUTPUT VOLTAGE CALIBRATED
TO WITHIN 4 29,

Negligible overshoot on any range—no
sag on long pulses. Width continuously
variable from 02 usec to 2 secs. -- 5%,
The most accurate and versatile box of
pulses yet made available to electronic
engineers.

pulse width.

' Square Wave Ouiput 025 c/s to 25
Mc/s Waveforms show 0-2 usec. pulse on 25
cm/ usec. sweep; 10 million to 1 range of
pulse rate, width and delay calibrated by
direct reading dials within 5%.

Internal Multivibrator of new type
gives highly stable frequencies contin-

Py
i

uously variable from 0-1 c¢/s. to 1 Mc/s.
e '} External Trigger from signals of any
Hill | waveformm and polarity at amplitudes
o | down to 0:2 V and frequencies up to 25
- E Cs.
Q Q Single Pulses at any range setting by
; push button.

Delay of Pre-Pulse to main pulse—
jitter free and continuously variable from
02 usec to 2 secs; Pre-pulse output 20
volts positive or negative—0-2 usec wide.

Main Puls? amplitude—20 mV to
50 V positive or negative.

NALAR

EE—— T ]
OSCILLOSCOPES

NAGARD LIMITED
18 Avenue Road, Belmont, Surrey
Telephone ViGilant 9161/2

A Great

Every lover of music and perfect
record reproduction will want to
possess these informative and enter-
taining books by G. A. Briggs.

SOUND REPRODUCTION
Third edition, second impression, 368 pages,
315 illustrations. Chapters on Resonances,
Cabinets, Room acoustics, Response curves
with Oscillograms, Crossover networks,
Recording Systems, Records, Pick-ups, etc.
Total sales exceed 35,000. 17/6 (18/6 post
free).
LOUDSPEAKERS

4th  edition. 92 pages, 45 illustrations.
Standard reference work on Inudspeakers.
Detailed information, diagrams, description
of Electrostatic speaker and concert hall
demonstrations. Total sales 45,000. 7/6 (7/9
post free),

PIANOS, PIANISTS AND SONICS
A book for sound enthusiasts and music
lovers written in G. A. Briggs’ entertaining
style. Chapters on pianc history and con-
struction. Harmonic analysis. Touch, Tone
Tuning, etc, 192 pages, 102 illustrations.
10/6 (11/- post free).

It is regretted that the book “High
Fidelity” 1s now out of print and will
not be re-issued.

Sold by radio dealers and bookshops.
Published by Wharfedale Wireless Works, Ltd.

Wharfedale

WIRELESS WORKS LTD., IDLE, BRADFORD, YORKS.

Combined

Radio Neon-Tester and
Television Saw-tooth Generator
Amplifiers

Transmitters

Ideal for on-the-spot
Voltage measurements;
Signal tracing (A.F., LF.,
R.F.)}; Valve and component
checking; Polarity and mains
indications; Spark plug test-
ing.

An Invaluable Field-Service Aid

Electronic
Equipment

MERCIA ENTERPRISES LIMITED
Godiva House, Allesley Old Road, Goventry

Free leaflet on request.

Trade Enquiries invited.
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e YOU'LL
Buwild this NEW

TAPE RECORDER
KT o=

for only
£38.15.0

This Kit comprises
2-speed lane Mk. VIDeck ........ £18 10 ©

Premier Tape Amplifier complete
- with separate plug-in-type power
£

pack (1}
7%x4 Elliptical Speaker 6
De-Luxe Cabinet with gilt fittings

and detachable id ... ......... £419 6
Reel of Scotch Boy 1,200 ft. Tape

and empty Spool .............. £ 6
Latest Type ASCOS microphone .. £2 15 0
All the above sections can be purchased
separately.

POCKET VOLT TEST
METERS

Two ranges, D.C. 0-250 v., 0-25 v., complete
with leadsin canvas case. Inleather case 1/6 extra.

Plus 2/6 post and packing 1. 2/6

PREMIER RADIO CO., DEPT. W.W., 207 EDGWARE ROAD, LONdDON,S W.2)
ay Sats.

Telephone: AMBassador 4033.

monthly pay-
ments of
‘€1/0/11.  Packing

.WIRELESS WORLD

DO BETTER WITH

AM/FM RADIOGRAM CHASSIS

OF THE LATEST TYPE
Cash £22/10/-, or 7
credit terms £3/10/-
deposit and 8

monthly pay- i
ments of -‘%&3 .
£2/14/8. H.P. % '

Terms £11/5/-
deposit and 12

and Carr. 7/6. This 2

chassis has 8 valves and covers short, medium
and long FM and Gram. Printed circuit on F.M.
ensures a high degree of stability. Overall

size 14in. long, 6}in. high, 9in. deep. Dial size
12 % 5%in.

BUILD THE PREMIER

ONE VALVE

BATTERY REGEIVER
AS SHOWN ON

B.B.C. T.V.

This Receiver contains a DAF96 valve
and a pair of 4,000 ohm headphones
and is powered by a combined 67} and
14 volt battery.

Price complete with headphones and
including  battery .......... 45 /
Send for free diagram. -

PADdington 3271, (Open all

8 war | I8 war

12 way | 25way

Send for full details to :—

THE McMURDO
ASHTEAD, SURREY.

Sturdy, Reliable and Inexpensive

93

PREMIER R

COLLARO R.C.456

4-SPEED AUTOCHANGER

Designed to play 12in., 10in. and 7in. Records
intermixed in any order at 16, 33}, 45 or 78
r.p.m. Capacity 10 records. New reversible
Dual Stylus Crystal Pick-up for use on 100/250
v. 50 cycle A.C. mains, £9/15/- plus packing
and postage 5/-. Deposit 25/- and 8 monthly
payments of 25/9.

COLLARO A.C.4/564

4 speed single play-
er with Studio “0”
head. A.C. Main,
200/250 volts, 50
¢/s. Suitable for
cord speeds of 1§,
33%,45and 78 r.p.m

Special offer

£71.7.0

Carr. & Pkg. 5/-.

2-VOLT BAKELITE CASED
ACCUMULATOR

By Oldham, Dagenite, Exide. New and un-
used, unspillable. 7} x4Xx2.

Price 6/ 6 plus 1/6 post and packing.

IT WILL PAY YOU
TO VISIT OUR

PREMIER
RADIO CO.

NEW HI-FI
DENONSTRATION
RODH!

Nylon—PF mouldings. Silver plated contacts. Solid

Breakdown voltage 3.5kV.

INSTRUMENT

Telephone: Ashtead 3401

drawn aluminium cans. Positive locking mechanism.

CO. LTD.

JSP. MSC 6
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ewewek YOU'LL DO BETTER WITH PREMIER Beaweae

The NEW De-Luxe

TAPE REGORDER TR3

Case finished in Red and Cream with Or £6 o 5 o 0
gilt styling and fittings.

Size 1B84in. x [5in. x %in. for A.C.

Mains 200/250 v. 50 cycles. DEPOSIT & 8 MONTHLY
TRADE ENQ@UIRIES wEtcomMep PAYMENTS OF £5°17- 11
OR

CASH 45 gns.

plus 21]- post & packing.

ppEMlER

THE%”PORTABLE

* Woeight, mcludlng batterles, 54lb.

Y 4 valves of the economy type,

Y% Medium and longwave superhet circuit.
- - % High Q frame aerials.

% High sensitivity on both wayebands.

. Y Prealigned IF transformers.
plus 3/- post & packing. Sin. speaker of the latest type.

Y Automatic onfoff switch operated by lid.

Batteries extra. % Designed in our own laboratory. .

. (Type BI26) or % Backed by an up-to-date Technical Information Dept.
l::;iv:loelnt bl 4 * Components available separately if desired.
LT /6 (i’ype AD 35) or * Slmple to construct, using normal soldering methods

. ‘% instruction book /6.
equivalent. * I

Mains unit now available for only 37/6 plus 2/ pkg. &
carr. Send for leaflet.

which gives complete SAFETY
to the constructor!

These Televisors use a double wound mains
transformer which gives you complete safety
from contact with the mains supply when hand-
ling the chassis or controls.

% BB.C. & LTA. DESIGN

WITH NEW TURRET TUNER £33 7 ] PLUS COST
MAY BE BUILT FOR . OF CR.T.

Build in 5 Easy Stages. Full Construction details available.
Instruction Book 3/6 Post Free.

CONSOLE CABINETS with fult length doors for 14in., 16in. and
17in tubes. PRICE £14/14/.. H.P. Terms: Deposit £7/7/6 and 9
monthly payments of 18/6. CONSOLE CABINETS. Half door.
£12/12/-. H.P. Terms: Deposit £6/6/- and 8 monthly payments of
18/3. On above cabinets add 2I/- for pkg. and carr.

PREMIER RADIO COMPANY,
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The latest

COLLARO

4-speed single player
unit complete with pick-~
up and turnover car-
tridge 414 6
plu: 2/6 pke. & carr.

CABINETS — PORTABI.E

MODEL PC/2
Grey Lizard Rexine
covered .... 45/-
Overall dimensions
15in. X 13}in. x
6%in. Clearance un-
der lid when closed

MODEL PC/2 DE
LUXE

Two colours, wine
and grey, with cut-
out for speaker and
amplifier . ... 55/6
Dimensions 15in. X
14in. X 7%in.

MODEL PC/3
Grey Lizard Rexine covered .......... 69/6
Overall dimensions 16%in. x 14iin. x 1lin

Clearance under lid when closed 3}in.
MODEL PC/3 DE LUXE
As above but with cutouts for Speaker and
Amplifier 79/6
Dimensions as abov
THE ABOVE CABINETS ARE COM-
PLETE WITH CARRYING HANDLE,
FASTENERS AND PANEL.
Packing and Postage 3/- each.

Junction Transistors 10/- each
Equivalent of the OC70 Type

CONTINENTAL STYLE CABINET

Dark Piano fin-
ished with gold
and black styling,
overall size 39in.
long, 322in. high,
16in. deep. Two
sliding doors,

concealing on
the left a black
panel 18%in.

20%in, finished in

any, and on the
right a detachable board 124in. X 18%in. and a
shelf which may be used for record storage.
Cash Price 18 gns., plus 25/- pkg. and carr.
Credit Terms: Deposit £2/18/= and 8 monthly
payments £26/-.

The new Spencer West Band Three con-
verter is now available at £6/5/= plus pkg. and
post 3/-.

Spencer West Pattern Unit 25/-
pkg. and post. For elimination of
interference or 1.T.A.

FEsd

PREMIER
BUREAU
DE LUXE

A superb cabinet

in finely figured
i walnut veneer.In-
terior light syca-
more with rexine
matching lining.
Overall  dimen-
sions: 33in. high,
34in. long, 174in.
deep. Uncut control panel on right-hand side
approximately 16in. X lo‘m, uncut base-
board on left-hand side 15%in. long, 13}in.
deep. Two full size felt-lined storage cup-
boards in the lower part of the cabinet.
Cash price 16} gns.
Credit Terms: Deposit £2/6/6 and 8 monthly
payments of £2/3/2. Packing and Carriage
25/- extra.
We carry a comprehensive stock of com-
ponents by all leading manufacturers.

SEND 3d. STAMP FOR OUR
AUTUMN CATALOGUE

medium mahog- _

WIRELESS WORLD

Why
not
make
the
best !

'}-,  MULLARD
kS AMPLIFIER KIT

NOW SUPPLIED WITH ULTRALINEAR
OUTPUT TRANSFORMER

Aul the components for model 510, PLUS pre-
amplifier, on one chassis (total six valves),
chassis gold hammer finished. May be pur-
chased for £12/12/- plus pkg. and post 7/6.
This version complete and tested £15/15/-.
Or pre-amplifier and tone control in a separate
unit £14/14/- plus pkg. and post 7/6.

8 WATT AMPLIFIER

This design includes

L

A

A the latest types, an
(33 Ultralinear
Output Trans-
former suitable
for Speakers of
3 and 15 ohms,
and a very at-
tractive perspex
front panel with gold
lettering, complete set
of parts £8/8/-. Postage and packing 5/- extra.
Or £10/l9/6 bmlt and tested

4 WATT AMPLIFIER
£4.10.0

Instruction Book 1/- post free.
A steel case is now available, complete with

MAY BE
BUILT FOR

Plus 2/6
Pkg. & Postage

engraved panel, for 15/6 extra, The amplifier
may be supplied complete for £5/5/- plus pkg.
and post 3/6, or fitted in case at £6 plus pkg.
and post 3/6. Engraved panel 3/6 Post free.

COMPAGT GRAM
AMPLIFIER

Complete ready to connect
to any type of Pick-up and
Bpeaksr (3 ohms) A.C.
Mains  200/250 v.
Volume and fone
¥ control fitted with
knobs. Overall size
/¥ 7in. long x 3}in.
wide X 2Hn. high.

7 £2:19:6

Plus packing and postage
2/6.

Suitable speaker 7 x 4in. e

elliptical 21/10.
WH BUY SURPLUS OR RE-CON-
DITIONED TUBES WHEN
THESE FULLY GUARANTEED WIDE
ANGLE TUBES ARE AVAILABLE?
THE LATEST TYPE 17in. RECTANGU-

LAR TUBE AT £17 (INCL. TAX), POST
AND PACKING 21/- EXTRA. ALSO 14in.
RECTANGULAR TUBE TYPE 14LPA

£13/19/6 (INCL. TAX) PACKING AND
CARRIAGE 15/- EXTRA.

TERMS OF BUSINESS
Cash with order or C.0.D. over £1. Pieasz add 1/- for Pa
Orders under 10/-.  1/8 under 40/-.

Unless otheru ise stated.

|

207, EDGWARE RD., LONDON, W.2. ~~ Tel: Ambassador 4033 & Paddington 3271
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YOU'LL DO BETTER WITH PREMIER S€aR

Introducing—

LORENZ MODEL
PL 562

4-speed gram. motor.

erice £3.13.6
NEW FM TUNER
for the Home
Constructor
A new design
using the latest
circuit tech-
nigques. In-
cludes 4 valves
plus magic_eye
tuning _indica-~
tor, permeability tuning and an integral power
supply. Two controls only, a gear driven slow
motion tuning control and an output volume
control with on/off switch. Suitable for fringe
area reception.
All components may be purchased for £8/15/-
plus packing and postage 3/6. Send 1/6 for
booklet. OR less Mains Transformer and
Rectifier £7/12/6 plus packing and postage 3/-.
Power requirements HT 230 v. 50 mA,,
6.3 v. 1.5A. Dial size 3iin. X 11{in., overall
size 11§in. long, 5%in. deep, 4}in. high.

* IT WILL PAY YOU TO VISIT OUR
NEW HI-Fi DEMONSTRATION ROOM

D)

THE NEW TSL
FM TUNER HIGH
STABILITY MODEL

6 valves including Magic Eye and Power Supply
using the latest type Gorler permzability Unit
complete with first audio stage and preset output
volume control. Maximum radiatton less than
10 microvolts per metre. Sensitivity better than
.5 microvolts. Cash price £17/10/- (inclusive)
or Credit Terms: Deposit £2/10/- and 8 monthly
payments of £2/3/2. Postage and packing
5/- extra.

STIRLING VHF/FM TUNER UNIT

A cleverly designed Unit suitable for installation
either in existing equipment or as an external
Unit. Completely self contained with its
own power supply. The latest type permeability
tuned circuit is used, tuning drift being negli-
gible. Size 7% X 71 X 2}m Cash Price
£13/13/-. Postage and packing 2/6 extra.
Cr. Terms £1/15/- deposit ard 8 monthly
p?yr/nents of £1/13/6. Plus postage and packing
of 2/6.

2-BAND TRF RECEIVER MAY
BE BUILT FOR £5.15.0

plus pkg. & post 3/-

3 BAND SUPERHET
RECEIVER

£7.19.6

These two receivers use the latest type circuitry
and are fitted into attractive cadinets 12in. X

%in, X 5lin. in either walnut or ivory bakelite
or wood. Individual instruction books 1/-
each, post free.

THEJASON “ARGONAUT’’ MW/FM DESIGN
YAll Premier components are designer approved
ALL components to build the complete
Receiver, including output stage, may be
purchased for £15/5/-, or all components less
output stage but mcludmg Power Supply, for
£13/19/6, plus packing and postage 3/6 on each.

Plus 3/-
Pkg. & Postage

MAY BE
BUILT FOR
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world-wide proval

Pye Telecommunications Limited are now market-
ing the widest and most modern range of V.H.F. fixed and
mobile radio-telephone equipment available in the world.
This range of equipment has been designed to expand the
application of Pye Radio-Telephones already in constant
use all over the world.

Pye Ranger V.H.F. equipment has now received
approval from the British G.P.O. for Land, Marine and
International Marine applications employing A.M. or F.M.
systems, type approval from the Canadian 