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Fo specialised remote control—centimetre radio links—

ground radar—outside broadcast television

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

BICC Polypole Mark IIT Couplers are available
in two versions, designed for use with two standard
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Note these important features

The couplers are Screwed lock rings |
assembled with the provide forced en-

conductors in ten- gagement and
l > sion to ensure that>withdrawal. The
they each contri- overallmetal hous-

.. bute their sh f ing canalso beeasi-
types of BICC outdoor trailing cables. The Mark the dotal st,z,’fgtﬁ_ i;greg[aced Seniic
IITIA cable and coupler incorporates three coaxial itbecomedamaged.
circuits, and the Mark IIIB three screened twin cir- Polythene injectio The cable itself is

. o . . moulding permit: designed with a
cuits. In addition, both cables contain three triplets a watertight assem symmetrical cross
and 21 other conductors. bly. section to provide

the greatest relia-
bility under severe
handling.

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

If you are interested in the uses of BICC Polypole -
Cable Couplers, we will be pleased to send you W
& AR

5 . D
further information. BURY
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VALVES, TUBES £ CIRCUITS

PCF80: A FREQUENCY CHANGER FOR BAND I AND BAND III TELEVISION

At Band III frequencies (174 to 216 Mc/s) the efficiency of a mixer stage is governed not only by the valve characteristics and the
circuit components, but also by the ‘invisible’ components formed by VHF effects in the wiring and the chassis and by the deviations
of the components from their nominal low-frequency values. Thus the following considerations of optimum valve performance must
be supplemented by very careful circuit design.

The triode section of the PCF80 is designed for use primarily as an oscillator in a Colpitts circuit. The optimum drive voltage on the
grid is 5 or 6 volts at the higher frequency end of the band where the circuit impedance is very low. At lower frequencies the anode
impedance rises resulting in a higher oscillator voltage on the grid.

Design of the circuitry between the oscillator and the mixer must avoid the masking of poor oscillator performance by tight coupling.
Inductive coupling is recommended, especially in a turret tuner. It allows adjustment to the most favourable value of mixer drive
on each waveband, and it makes the whole of the oscillator coil available for the induction of an oscillator voltage into the grid circuit.
With capacitive coupling it is difficult to arrange for alternative capacitors for the different wavebands. A single value, chosen for
optimum drive on Band I, may give serious overdrive on Band III, thus necessitating an undesirably large compensating variation
in triode oscillator drive.

The optimum conditions for the pentode mixer are determined by the conversion conductance, the input damping, and the bias and
oscillator voltages on the signal grid. A cathode resistor of 820 Q maintains a value of conversion conductance around 2 mA/V over
the Vosc range from 2 volts to 5 volts, therefore a Vosc of approximately 3.5 volts is recommended. A slightly higher conversion con-
ductance is obtainable with a cathode resistor of 330 2, but it requires a. much more critical value of Vosc, and it is, therefore,
oversensitive to valve-to-valve variations and to changes during life.

At the higher frequencies the valve damping Jargely determines the impedance of the input circuits between the mixer and the RF
stage and, therefore, the gain and the bandwidth. Input resistance rises with rising drive, and input damping is improved with
increasing cathode bias. In a practical bandpass circuit a cathode resistor of 820 Q will give optimum performance at both high and
low frequencies.

DATA
HEATER LIMITING VALUES
Iy 03 A
Vi 9.0V TYPICAL Pentode Section
OPERATING V. max. 250 V
CHARACTERISTICS -
CONDITIONS P. max. .. 1.7 W
Pentode Secti -
a2 As a frequency changer Vaz max. (he=14mA) 175 vV
Va - .. 170V Vg2 max. (I,=10 mA) 200 V
Ve2 o RN 7O x’ oo :;8 :;8 z Pe2 Max. .. 05 W
L. 10 mA 2 I, max. .. 14 mA
o o 2.8 mA Rgt ... ... 100 100 kQ y ol
h-k Max. ...
Ve oo . 20V g = - B2 0 & (heater ncgative)
B a 6.2 mAJV s - 5.2 63 mA Vo max 9% Vv
|73 ... 400 kQ 2 . 1.5 25 mA (heater positive !
vosc (r.m.s)} 3.5 40 V
. —_— e 0 0 53 uA Triode Section.
s eceron e o o 2. 2,05 mAJV
Vv, 100V f, .. .. 870 720 kQ V., max. ... ... 250 V
l. 14 mA pa max. ... 1.5 W
Ve = e =20V he max. .. 14 mA
Em 5.0 mA/V Vi max. .. e 90V
¢ (approx.) ... 20 BASE B9A
el . ) : e )
m Reprinss of this advertisement, together with additional data may be obtained free of charge from the address below.

N MULLARD LTD., Technical Service Department, Century House, Shaftesbury Avenue, W.C.2
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Objectives in Sound Reproduction

COMPLAINTS are being voiced on both sides of
the Atlantic about abuse of the term “high fidelity,”
which is applied indiscriminately to all sorts and
conditions of sound reproducing equipment. There
is now a demand for definition and standardization
of “high fidelity,” in order that those who think
they have it may establish a clear advantage over the
“have nots.”

We have ourselves condemned the term for its
inherent (adjectival) redundancy, and would now go
further and question the value—even the cthics—of
any definition limited to the measurable charac-
teristics of an electro-acousic reproducing system.
So many other factors are involved in the establish-
ment of an acceptable standard of sound quality—the
mind of the listener, the fact that his binaural facul-
tics are being applied in a different environment to
that of the microphone(s), and that someone else has
alrcady modified the sound to a form which they
think will be acceptable by the time it reaches the
hearer.

The importance of modification of the sound at
its source was apparent from a lecture given recently
to the Acoustics Group of the Physical Society by
Dr. F. W. Alexander and T. Somerville on “ Acoustic
Technique in Broadcasting.” The sounds which
please listeners to broadcast “swing” music bear
little resemblance to what would be heard by an
audience in the studio. Muted brass, sub-tone
clarinets and other special effects which are prac-
tically inaudible in the original blend of sound are
brought into prominence by a multiple microphone
mixing technique. As many as ten microphones may
be used to produce the desired effect—that of
“sitting in” with the players. The concert-goer,
on the other hand, expects the atmosphere of the hall
as a background to the music and a single microphone
carefully placed gives the right blend of direct and
reverberant sound. But it is not a faithful reproduc-
tion of the impression which a listener would receive
if he took his own ears (and brain) to the same spot.

Binaural and stereophonic systems are capable of
producing new and often acceptable experiences for
the listener, but they are artificial and even the
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binaural system cannot hope to give faithful repro-
duction unless the shape and acoustic characteristics
of the artificial head containing the microphones are
a replica of those of the listener, who even then must
keep as still as a dummy.

A recent demonstration of stereophony by J. Moir
at a B.S.R.A. meeting gave support for the view that
under favourable conditions a two-channel system
with a bandwidth of 7.5kc/s is capable of giving
more acceptable results than a 15-kc/s single-chan-
nel system. But equally convincing recorded demon-
strations were given by Alexander and Somerville of
the realistic quality which can be simulated in a
single channel by attention to studio design and the
judicious admixture of reverberant sound, either by
choice of microphone characteristics and placing, or
by a magnetic recording technique using multiple
heads to synthesize an “ideal ” reverberation charac-
teristic.

We have wandered rather far from our opening
theme, far enough perhaps to see that too narrow a
preoccupation with the minutiz of equipment design
may prevent us from making bold strides in other
directions.

Since fidelity (of any degree) is impossible, let
us set about finding the factors which introduce any
incongruity into the sound—the factors which pro-
claim it as “canned.” It is not so necessary to be
able to hear that a violinist is playing on a Strad or
an Amati as that he should not seem to be bowing
a banjo; symphony orchestras should not sound as
if they were performing either in a seaside bandstand
or in Blackwall Tunnel; a lieder singer should not
scem to have the physique of the Statue of Liberty.

A prescription for a good sound reproducing
system should start with a specification of the listener
himself. In what respects is his hearing acute and
where is it open to aural illusion? What microphone
and transmission technique will most economically
preserve illusion, and what characteristics must be
excluded from the reproducing equipment as being
liable to introduce elements which, without refer-
ence to the original, will be sclf-evident incon-
gruities.
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RENE DBARTHELEMY
This appreciation is written by E. Aisberg,
Editor of Toute la Radio, Paris.

IN René Barthélémy, who dicd on February 16th,
France has lost a pioneer who made no small contri-
bution to the progress of television.

Born in 1889, he qualified as an clectrical engineer
at the Ecole Supéricure d’Electricité. His choice of
wircless as his field led to an association with General
Ferrié In 1925 he foresaw the coming of the first
mains-operated wircless receiver; but thenceforward
his interest was centred on television, at that time in
the carly stages of its development. His first 30-line,
scanning-disc system was completed in 1928. It was
at about that time that he forecast the coming of
synchronization by the application of pulses to a
tuned oscillator in the receiver.

Under Barthélémy’s direction, the Compagnic des
Compteurs formed its Television Research Centre on
the outskirts of Paris. Picture transmissions from
this Centre cnabled a highly successful public demon-
stration to be given in the theatre of the Ecole
Supérieure d’Electricité on April 14th, 1931,

The Ministére des P.T.T. (which corresponds to the
British G.P.0.) then began to take a real interest in
television. Regular transmissions were started with
equipment designed by Barthélémy, first with 30 lines,
then progressively with 60, 90 and (in 1935) 180
lines, leading up to the adoption of 445-line standard
in 1937.

In a remarkable demonstration at the Marigny
Theatre in Paris in 1939 Barthélémy showed televised
pictures on a screen with an area of 4 square metres.

‘The outbreak of the war put an end to the trans-
missions, but not to Barthé!émy’s activities. He went
to work on the development of a new type of camera,
using a slow-electron rube, and succeeded in pro-
ducing a system with 1,000-line scanning and big-
screen reproduction.

He was clected a Member of the Académic des
Sciences in 1947 and on the very day of his death
his promotion to the rank of Commander of the
Legion of Honour was announced. The painful
malady from which he suffered for more than 20
years never succceded in damping his creative spirit,
or in halting his persevering work.

TELEVISION

AN investigation into the amount of radiation from
the local oscillator of superheterodyne-type television
receivers has recently been made under the auspices
of BR.EM.A. As a result of this, the Exccutive
Council of the Association has approved recom-
mendations on limits for the radiation and on
standardized mcthods of measurement.

When the fundamental, or a harmonic, of the fre-
quency of the local oscillator falls in Band I the
limits are 20#V/m for direct radiation, 200 #V for
aerial-terminal voltage and 500 «V for mains-borne
interferecnce. The same limits are tentatively recom-
mended for Bands II and III. When the funda-
mental, or a harmonic, of the frequency of the local
oscillator falls outside Bands I, II and III. the limit
of 50#V/m is recommended for frequencies up to

OSCILLATOR

BADIATION

100 Mc/s and temporarily for higher frequencies also.

For the radiation test the receiver is connected to
10ft of aerial feceder terminated properly at its remote
end. The measurement of field strength is made at
a distance of 10 metres. The aerial-terminal voltage
is measured across the acrial terminals when termin-
ated by 75¢). Mains-borne interference is measured
across a standard isolating unit connected in the
supply leads.

A few only of existing receivers seem to give lower
interference figures than the proposed limits and some
give much higher figures. Radiation figures as low
as S#V/m and as high as 890#V/m were found in
the tests. The limit of 20 #V/m thus scems a reason-
able one which should result in a considerable reduc-
tion of interference.

TECHNICAL WRITERS who, at a recent luncheon, were awarded 25-guinea premiums by the Radio Industry Council for
arti-les published last year. 'Left to right, A. W. Keen (Coventry Technical College), Alan Brisbane (Enfield Technical College),
A. H. Beck (Standard Telecommunication Laboratories), Joyce E. Seaborn (Ministry of Supply), H. M. Davis (Ministry of Supply),
J. R. Pollard (Ericsson Telephones) and G. G. Gouriet (B.B.C. Research Deparment).
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P.0. Station Extensions ¢

ROVING EYE.—The
four - element  Yagi
array on this mobile
B.B.C. television unit
is controlled by a
gyro-compass ensur-
ing that the aerial is
directed towards the
receiving point while
the van is moving. It
operates in the
200-Mc s band and in
central London has a
range of about two
miles. The camera
can be rotated through
360 .

Rugby Fxtensions

THE POST OFFICE STATION at Rugby was
brought into service in 1925 with one long-wave tele-
graph transmitter, GBR, operating on 16 kc/s (18,750
metres). It now has threc long-wave and 20 short-
wave transmitters in addition to transmitters for the
Standard Frequency Transmission Service (MSF)
operated for the Department of Scientific and Indus-
trial Rescarch.

The neced for still further services is to be partly
met by a major expansion. An additional site of
700 acres (the original was 900 acres) has been
acquired and a new building to house a further 28
short-wave transmitters is approaching completion.
Twenty of them are expected to be in use by the
end of the year. The transmitters are designed for
multi-channel independent-sideband operation, which
is now generally accepted for international radio-
telephone services, and can alternatively be employed
as multi-purpose transmitters catering for several
types of telegraph service. The transmitters are rated
at a peak envelope power of 30kW and can be
remotely controlled from a central control position.

Some 50 rhombic aerials between 600 and 1,000ft
along the major diagonal are being erected at heights
between 70 and 150ft. To cater for the variations
in the optimum directions of transmission to New
Zealand, which is nearly antipodal to Rugby, three
steel masts 320ft high are being erected to support
the aerial arrays for this service.

Set Makers’ Report

IN ITS REVIEW of the past year the annual
report of the British Radio Equipment Manufacturers’
Association, which is of course concerned with the
broadcast receiver side of the industry, covers
exhaustively both the technical and organizational
aspects of the year’s work.

Many of the industry’s problems have in the past
been resolved as a result of the close liaison which
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V.LEF. Stations ¢

Set Makers’ Problems

International Conferences

has existed with the B.B.C. The proposed setting
up of the Independent Television Authority to pro-
vide an alternative television programme introduces
new problems. Many of the technical problems will
be common to both organizations and B.R.EM.A.
has, therefore, submitted to the Government a recom-
mendation that a central body with which the industry
can deal be appointed. The Association has set up
a Colour Television Sub-Committee to make a broad
survey of possible systems, for “better and more
practicable colour systems [than N.T.S.C.] are not
impossible.”

F.\M. Transmitters

FIFTY frequency-modulated transmitters (26 Mar-
coni and 24 S.T.C.) have been ordered by the B.B.C.
in readiness for the Government’s “go ahead” on
setting up a v.h.f. chain. No details are officially
available regarding the location of the transmitters
but the P.M.G. has stated that the first station will
be erected at Pontop Pike, Newcastle.

The transmitters, which will operate in parallel
pairs, each pair handling one programme, vary in
power from 1 to 10 kW. It is understood delivery will
begin in about 12 months’ time.

Aeronautical Communications

TECHNICAL REPRESENTATIVES of 25
countries are meeting in Montreal for the fifth session
of the Communications Division of the International
Civil Aviation Organization. Among the various
items on the agenda are long-range navigational aids,
secondary radar, methods of improving air-to-ground
communications and the testing of navigational aids.
There will also be a review of frequency and fixed
telecommunications problems.

The United Kingdom delegation includes repre-
sentatives of the Post Office, the Ministry of Trans-
port and Civil Aviation and the radio communication
industry. Among the industry’s representatives, some
of whom are attending as observers and not as official
delegates, are K. E. Harris (Cossor), E. R. Bonner
(Decca), W. H. Thompson (Ferranti), L. M. Layzell
(International Aeradio), Dr. B. J. O’Kane (Marconi’s),
G. L. Warner (§.T.C.) and H. G. Sturgeon (Ultra).
The delegation is led by J. C. Farmer, deputy director
of telecommunications in the M. T.C.A.

International Television

DELEGATES from Belgium, Denmark, West
Germany, Italy, Netherlands, Switzerland, United
Kingdom and Yugoslavia recently met in Cologne
as a working party of the Europecan Broadcasting
Union to discuss the technical problems relating to
international television relays. They were particu-
larly concerned with the series of relays planned for
June and July. Decisions were arrived at regarding
tolerances, shape of the sync signals and methods of
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testing. An ad-hoc group of engineers under M. J. L.
Pulling (B.B.C.) is mecting programme representa-
tives of the various participating countries at Cannes
at the end of March to make final arrangements.

The working party concerned with v.h.f. and u.h.f.
sound and television broadcasting also met in Cologne
with delegates from seven of the countries (the UK.
was not represented).

During the meeting the German authorities demon-
strated the prototype of a simple frequency changing
television transmitter for use at satellite stations to
provide a strong signal in Bands 4 or 5 in towns
where reception of Band 3 transmissions is imprac-
ticable without a complicated acrial. By utilizing the
double superheterodyne principle the received signal
is converted into the desired band without demodula-
tion and without separating the sound and vision
components. An adaptor for use with standard
television receivers was also demonstrated.

R.E.C.MLE. Report

TWO annual radio shows—onec public and one
industrial—are suggested by the Radio and Electronic
Component Manufacturers’ Federation in its 2lst
annual report. The National Radio Show would cater
for all domestic equipment, and a “ National Elec-
tronic Show” would serve the heavy equipment and
professional ficld. The two shows might cven be
housed under one¢ roof or at least run concurrently.

In its review of the export market the report records
that India was again the principal customer for British
radio components, followed by Australia and the
U.S.A. A feature of the 1953 exports was the volume
of sound recording and reproducing equipment sold.

In the section dealing with the technical activities
of the Federation it is recorded that the British Stan-
dard defining conditions for the climatic and durability
testing of components is in the hands of the printers.

Industrial Electronies

SOME 30 PAPERS will be presented at the Indus-
trial Electronics Convention becing organized by the
British Institution of Radio Engincers from July 8th
to 12th in Christ Church, Oxford University. The
programme is divided into six sessions:—(1) Indus-
trial Applications of Electronic Computors (chairman
L. H. Bedford); (2) Industrial Applications of X-rays
and Ultrasonics; (3) Nucleonic Instrumentation and
Application (chairman N. C. Robertson); (4) Elec-
tronic Sensing Devices—Transducers (Professor E. E.
Zepler); (5) Actuators (J. L. Thompson) and (6)
discussion on How Electronics Can Increase Pro-
duction.

Particulars of the programme and registration
forms are obtainable from 9, Bedford Square, Lon-
don, W.C.1. The fee for the convention, exclusive
of accommodation, is 9 guincas.

P.A. Show

SOUND REPRODUCING and recording gear will
be shown by twenty manufacturers at the two-day
cxhibition sponsored by the Association of Public
Address Engincers which opens at the Horseshoe
Hotel, Tottenham Court Road, London, W.1, at 10.0
on April 28th. Admission to the show, which closes
at 8.0 on the first day and at 6.0 on the sccond day,
is by ticket, obtainable from the Association, or on
the production of this issuc of Wireless World.
The exhibitors include: —Film Industries, G.E.C.,
Goodmans, Grampian, Leak, L.owther, Lustraphone,

i
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M.S.S., Mullard, N.S.R. Manufacturing, Pamphonic,
Reosound, Reslosound, Rola Celestion, Trix, Truvox,
Vitavox and Whiteley.

Physical Society Show

THE 38TH annual exhibition of scientific instru-
ments and apparatus organized by the Physical
Society opens at the Imperial College, Imperial Insti-
tute Road, London, S.W.7, on April 8th for five days.
It opens daily at 10.0 and will closec at 8.0 on the
8th, 9th and 12th, and at 5.0 on the 10th and 13th.
Admission is by ticket, valid for a specific session
or day, obtainable free from the Society, 1, Lowther
Gardens, Prince Consort Road, London, S.W.7. We
hope to survey in a forthcoming issue of Wireless
World the clectronic techniques in research and
measurement portrayed at the exhibition.

During the show a scries of lectures will be given.
The Acoustics Group of the Socicty has arranged a
symposium on * Analysis, Synthesis and Recognition
of Speech.” This will be held in the Imperial College
on April 12th under the chairmanship of Dr. Colin
Cherry. Copies of the six papers to be delivered
during the two scssions (2.0-5.45 and 6.45-8.15) arc
obtainable beforehand by those applying to the
Socicty for tickets.

PERSONALITIES

J. A. Saxton, D.Sc, Ph.D.;, M.LE.E., author of the
article in this issue on the propagation of television,
graduated in physics in 1935 at the Imperial College of
Science and Technology, and in 1938, after serving on the
staff of the Physics Department of the College, joined
the Department of Scientific and Industrial Research. For
the past 16 years he has been mainly concerned with
research on various aspects of radio wave propagation,
particularly at very high frequencics. Dr. Saxton is now
a principal scientific officer in the Radio Research Organi-
zation of D.S.I.LR. He has twice been seconded to the
United Kingdom Scientific Mission, Washington, in 1945
and 1950, to act as radio-physics liaison officer for the
Mission.

P. E. Pollard, O.B.E., B.Sc, has been appointed
Director (Guided Weapons and Electronics) Technical
Services of the British Joint Services Mission in Washing-
ton. Trained as a physicist under Professor (now Sir
Edward) Appleton at King’s College, London, he has
been in the Scientific Civil Service throughout his working
career and was for six years, from 1947, chief super-
intendent of the Radar Research and Development Estab-
lishment, Malvern. Mr. Pollard was among the 21
successful claimants for awards to radar pioncers made
by the Royal Commission on Awards to Inventors two
years ago. His claim was in respect of radar ranging
systems and radar beacons.

As announced last month, the Royal Commission on
Awards to Inventors recommended awards totalling
£15,000 o0 seven claimants in respect of their work on
the devclopment of the proximity fuze. H. Cobden
Turner, M.1LE.E., managing director of Salford Electrical
Instruments and its subsidiary, British Ferrocart, Lid.,
who shares £11,500 with threc other claimants, joined
the G.E.C. as an apprentice after gaining a diploma in
engineering at the Manchester College of Technology. He
subsequently went to Ferranti and later became chief
designer with the Electrical Apparatus Company before
joining Salford Electrical Instruments.

W. B. H. Lord, M.A., M.Sc., onc of the four who share
the £11,500 award, was a radio cngineer with Salford’s,
but is now a principal scientific officer at the Atomic
Weapons Research Establishment, Aldermaston. During
part of the war he was with the Inter-Services Research
Bureau. Mr. Lord has held an amateur transmitting
licence (GSNU) since 1935,

WIRELESS WORLD, APRIL 1954

www americanradiohistorv. com


www.americanradiohistory.com

G. M. Tomlin, M.B.E., and L. Rellin, who also share
the above award, both received their technical education
at the Manchester College of Technology. Mr. Tomlin
was employed on radio and television research and
development with Ferranti at Moston, from 1932 until
1938, when he joined Salford Electrical Instruments. Mr.,
Rollin joined the staff of Salford's in 1939 on leaving
Philco’s. He has recently been in charge of research and
development of quartz crystal and magnetic material.

Andrew Stratton, M.Sc., A M.L.E.E.| F.Inst.P., recipient
of a £2,000 award from the Royal Commission on Awards
to Inventors, graduated from University College, Exeter,
in 1939, and has been head of the proximity fuze section
of the Armament Department of the Royal Aircraft Estab-
lishment, Farnborough, since 1945. He joined the R.AF.
Air Defence Department in 1939 and worked on proximity
fuzes under N. Coles and G. A. Whitfield, who cach
received an award of £750. Mr. Stratton’s work on the
fuze resulted in the invention of a new form of oscillator
detector system for radio fuzes and in 1942-43 he spent
six months at the National Bureau of Standards, Washing-
ton, introducing this system into American fuzes.

M. M. Macqueen, manager of the Radio and Television
Department of the General Electric Company, is on a
month’s visit to the U.S.A. to examine American electronic
developments, including colour television. He has becn
elected chairman of the Council of the British Radio
Equipment Manufacturers’ Association for 1954.

J. de Gruchy, contributor of the article on the protec-
tion of meters in our September, 1953, issue, has left the
Electrical Apparatus Company, of St. Albans, Herts, where
he was head of the Instrument Department, and has started
his own company. Among the equipment being produced
by the new company—the Clare Instrument Company,
Rickmansworth, Herts—is the protected moving-coil
microammeter described in the September issue.

S. J. Preston, M.A.(Cantab.), A M.L.LE.E,, representative
of E.M.I. on the Council of the Radio Communication and
Electronic Engineering Association, has been clected vice-
chairman of the Council for 1954. Mr. Preston is one of
the chief exccutives of the E.M.I. Patent Department.

K. G. Thorne, AM.LLEE.,, AMBritl.R.E, chief
engineer of S. Smith and Sons (Radiomobile), Ltd., since
the company commenced marketing operations in 1946,
has resigned to take up an clectronics appointment with
the Canadian Government. He is succeeded by W. A.
Crossland, AM.ILEE., A M.Brit.LR.E,, service manager
for the past three and a half years. H. M. Mellor has
been appointed service manager with the company, which
is owned jointly by the Gramophone Company and
Smiths Motor Accessorics.

D. C. Espley, O.B.E., D.Eng., M.1.LE.E,, chief engincer
(telecommunications), G.E.C. Research Laboratories,
Wembley, was recently elected a Fellow of the American
Institute of Radio Engineers “for his creative contribu-
tions 1o microwave and television techniques in England.”

IN BRIEF

The Three-million Mark in television licences in the
United Kingdom was passed in January; the total at the
end of the month being 3,105,644. There was a record
increasc of 148,798 during the month. The total number
of broadcast receiving licences (both for sound and tele-
vision) at the end of January was 13,315,969, including
221,458 for car radio sets.

Royal Signals Institution.—Recaders who have held
commissions in the Royal Signals may be interested to
know that a Royal Signals Institution has been formed
to further the professional and technical interests of the
Corps, and maintain contact with thosc no longer serving.
Mcembership is oper to all serving and ex-officers of Royal
Signals in the Britsh and Commonwecalth forces. The
subscription is 15s a year. Full particulars, and appli-
cation forms for membership, can be obtained from the
honorary secretary, Lt.-Col. N. G. Newell, Ministry of
Supply, Room 419, Castlewood House, 77/91, New
Oxford Street, London, W.C.1.
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Colour Television.—Applications for attendance at
G. G. Gouricet’s Fleming Memorial Lecture on ** Colour
Television” in February were such that the Television
Society has arranged for it to be repeated on April 13th
and 15th at the Institute of Educauon, Senate House,
Malet Street, London, W.C.1. Admission to the two
meetings, which are complementary, is by ticket costing
Ss, obtainable from the Society, 164, Shaftesbury Avenue,
London, W.C.2. The lectures will begin at 7.0.

B.R.E.M.A, Council.—The following member firms of
the British Radio Equipment Manufacturers’ Association
have been elected to the executive council for the ensuing
year. The names of the companies’ representatives are
in parentheses : —Balcombe (E. K. Balcombe); Bush (G.
Darnley Smith); Cole (G. W. Godfrey); Cossor (J. S.
Clark); English Electric (D. C. Spink); Ferguson (L.
Bentley-Jones); G.E.C. (M. M. Macqueen, chairman);
Gramophone Co. (I'. W'. Perks); Kolster-Brandes (P. H.
Spagnoletti); Philips (A. L. Sutherland); Pilot (. L.
I.evy) and Ulira (L. E. Rosen).

R.E.C.M.F. Council.—Th¢ member firms and their
representatives constituting the Council of the Radio and
Electronic Component Manufacturers’ Federation for
1954 arc: Automatic Coil Winder (R. E. Hill); British
Moulded DPlastics (J. H. Bridge); Garrard (Hector V.
Slade); Hunt (S. H. Brewell); Multicore (R. Arbib);
N.S.F. (K. Graham Smith): Painton (C. M. Benham, vice
chairman): Reliance Electrical Wire (C. H. Davis); Tele-
graph Construction & Maintenance (W. I, Randall,
chairman).

Semiconductors.—An international confercnce on semi-
conductors is to be held in Amsterdam from June 29th
to July 3rd by the Netherlands Physical Society. Admit-
tance to the conference, which is being supported by
U.N.E.S.C.O. and the International Union of Pure and
Applied Physics, is free and applications for participation
should be made to Dr. H. ]J. Vink, Floralaan 142, Eind-
hoven, Holland. The subjects to be considered include
bulk and surface properties, intermetallic compounds,
photoconductivity and the application of general physical
and chemical laws for the preparation of semiconductors
with specific propertices.

Radio Heating and industrial clectronic measuring
instruments arc featured in a new film on the application
of clectrical and electronic aids to industry. Entitled
“ A New Approach to Production Improvement,” it runs
for 50 minutes and can be borrowed free of charge by
engineering societies, technical colleges, etc., from Philips
IndLyxstrial Application Centre, 122, Brixton Hill, London,
S.w.2.

Radio-Controlled Models.—The annual international
contests for radio-controlled models, organized by the
International Radio Conirolled Models Society, will be
held in Birmingham on July 10th and 11th. The first
day will be devoted to contests for model boats and the
second for model aircraft. Entrance forms and further
particulars arc obtainable from H. Croucher, 27, St. John's
Road, Sparkhill, Birmingham, 11.

Abstracts and References.—Each month some¢ 300
abstracts from and references to articles appearing in the
world’s technical press are published in our sister journal
Wireless Engineer. ‘The index to those published in 1953
was included as a supplement to the March issue, which
is obtainable from our Publisher price 6s 6d.

“ Trader Year Book."-—The 1954 edition of this mine
of information on radio trade and servicing matters has
just been issued by the Trader Publishing Company. In
addition to directories of manufacturcrs, wholesalers and
proprictary names, it includes tables of if. values of sound
receivers marketed since 1947, condensed specifications
of some 550 current sound and vision receivers and valve
and c.r.t. data. It costs 1ls by post.

INDUSTRIAL NEWS
Baird Television, Ltd., has amalgamated with the
Hartley group of companies and will now be known as

Hartley Baird, Lid. It will continue to producc Baird
television receivers. The Hartley group includes Hartley
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Electromotives, Litd., designers and manufacturers of
electronic equipment and instruments, with a factory at
Shrewsbury, Shropshire, and Duratube & Wire, Lid.
A. W. M. Hartley, managing director of the Hartley group,
will be managing director of Baird’s and Sir Charles
King will continue as chairman.

Hunt Capacitors (Canada), Ltd., has been formed, with
K. A. Jackson, formerly of the Canadian Marconi Com-
pany, as general manager and R. A. Grouse, of A, H.
Hunt, Lid., as technical director, to manufacture capaci-
tors for the Canadian market. The products of the new
company, which has its works at Ajax, Ontario, will be
marketed by the Electronic Tube and Components Divi-
sion of the Canadian Marconi Company, Toronto.

Transradio, Ltd., claims to be the first British com-
ponent manufacturer to exhibit at the Radio Engineering
Show in New York, which was held this year from March
22nd to 25th. The managing director, B. Zucker, and
the sales manager, N. Stephenson, attended the show,
where their sub-miniature connectors and high-impedance
precision connectors were featured.

Marconi Instruments, Ltd., have added a new wing to
their factory at Longacres, St. Albans, Herts. It has
more than trebled its size since the company’s works
were centralized therc some seven years ago.

Dollar Order.—B.T-H., Ferranti and G.E.C. share an
order for $6.5M worth of clectronic equipment and asso-
ciated test gear from the U.S. Navy Department. The
equipment will be installed in ships and ground stations
as part of the defence programme of the North Atlantic
Treaty Organization.

Trinity House Pilotage Service is being equipped with
Pye v.h.f. radio-telephone gear by Rees Mace Marine 1o
facilitate boarding and pilotage information being passed
to pilot vessels in the Dungeness, Dover and Harwich
arcas. Shore stations are being installed at Harwich and
Dover and six vessels are being equipped.

J. & S. King, of 210, Lillie Road, Fulham, London,
S.W.6, point out that they wecre operating a compre-
hensive television maintenance scheme in 1948, which
was two years carlier than implied in our note on
“C.R.T. Insurance” in the December issuc.

The Sales Department of Invicta Radio, Ltd., has

moved from the head office to 100, Great Portland Street,
London, W.1. (Tel.: Langham 5742.)

1
E MEETINGS.—Details of the April meetings will
i be found on page 201.

BAND 111 TEST

THE B.B.C.’s plans for an alternative television service
in the v.h.f.-u.h.f. region have recently taken a more prac-
tical turn. The Corporation has ordered from Mullard
six low-power transmitters for experimental work (notably
field-strength measurements) in Bands III, IV and V, and
the first of these, for Band III, has now been completed.

This transmitter, like all the others, is designed to be
continuously tunable over the whole of its band—in this
case from 174 Mc/s to 216 Mc/s Coaxial resonant lines
are used in the last two stages, with the valves inside
them, and the tuning is done by winding plungers up and
down to vary their effective lengths.

Provision is made for two types of modulation.

The

TRANSMITTER

first is a square wave of 1,000-c/s repetition frequency,
and this gives 100 per cent modulation with a peak power
output of 600 watts. (On plain c.w. the r.m.s. power out-
put is 150 watts.) The second type of modulation is a
0.5-psec pulse, also of 1,000-c/s repetition frequency,
which gives a peak power output of 15-18 kW. With these
very short pulses it will be possible to investigate the
effects of echoes and multi-path transmission. Both
sources of modulation are crystal controlled and a quick
change-over can bz made from one to the other.

On narrow-pulse modulation the output stage (which
uses an carthed-grid triode) is operated in a self-
oscillating condition. This is obtained by inserting a
feedback connection between anode
and cathode in the form of a short
cylinder round the valve.

The cquipment is constructed on
the unit principle and is intended to
be carried about in a van. It will cope
with large variations in mains supply
voltage and is designed so that routine
measurements at different frequencies
can be made by non-technical
operators.

The transmitters for Bands IV and
V will be similar, but will include
additional drive units and the output
powers will be lower. On c.w. the
outputs will be 100 W and 50 W re-
spectively and when modulated will be
proportionately lower than n the
Band II1 model.

Complete v.h.f. transmitter with front
cover of the right-hand unit removed.
The coaxial lines for the r.f. drive and
the amplifier can be seen on the left and
right of the panels. The upper parts of
the lines can be raised by a hydraulic
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The Transistor in Hearing Aids

2.—Design for Use with RC Couplings Throughout

By 8. KELLY®

lN a previous article' the writer described experi-
ments with junction transistors. At that time the
only transistors available in this country were
imported from the United States of America. It was
therefore principally a matter of economics to design
an amplifier with a maximum possible overall gain
using the minimum number of transistors. Recently,
British-produced junction transistors have been made
available in experimental quantities, and the present
dissertation gives the results of some experiments
with the Mullard tramsistors Type OC10, OCI1 and
OC12. The OCI10 transistor is a
low-noise p-n-p type unit for use

obtained. This may be defined as (1) under normal
working conditions the current of the n-p-n transistor
will be negative of the corresponding electrode cur-
rent of the p-n-p, and (2) the polarity of an input
signal will be opposite in each transistor with the
same increase of output current. Under small signal
conditions the equivalent circuits of the two types
of transistors are identical; the major advantages to
be gained by using thesec symmetrical circuits is in
the biasing arrangements, in that if the first transistor
(say n-p-n) is stabilized the succeeding stage (p-n-p),

which is d.c. coupled to it, is also
- stabilized. This results in a con-

in the initial stage, the OCl1 is an
intermediate amplifying unit, and
the OC12 is for use in the output
stage. In common with other
types of germanium transistors
they are temperature sensitive and
the parameters are subject to the
normal amount of spread. The
temperature limitation is 45 deg C
and in the writer’s experience no

siderable economy of components
and at the same time makes for
very stable operation.

Circuit Requirements., — The
amplifier previously described
suffered from two disadvantages :

(1) The miniature transformers
used had, of necessity, a poor low-
frequency response due to the
small amounts of iron and copper.

germanium  transistors,  either
American or British, currently
available for civilian use will with-
stand temperatures much in excess
of 45 deg C at 95-97 per cent
humidity for any period of time.
The fact that home-produced transistors were avail-
able at something less than a king’s ransom encouraged
the writer to construct a second amplifier which would,
as far as possible, eliminate the defects of the original
unit.

Cascading Transistors.—Transistors can be used
in either earthed base, earthed emitter or earthed
collector configurations, and when scveral stages are
connected together the overall power gain will be a
function of the individual circuit arrangements. There
are nine combinations for two transistors. In practice
the most cfficient arrangement is earthed-emitter to
carthed-emitter, which results in high voltage, cur-
rent, and power gains. The carthed-base to earthed-
emitter is a second best for power gain, but the input
impedance is usually fairly low. The third best
arrangement is earthed-collector to earthed-emitter;
it has good voltage and power gain, and the very high
input impedance is advantageous for use with crystal
microphones, pickups or other high-impedance
devices. The other combinations are seldom used
in practice, but when both n-p-n and p-n-p junction
transistors are available, unique circuit arrangements
will be possible; by cascading n-p-n and p-n-p
units together complementary symmetry can be

* Cosmocord, Ltd.
Wireless World, Feb., 1954, p. 56.

Fig. 1.
circuit.

Basic
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This in itself is not a disadvantage
+ for hearing-aid amplifiers in
which bass cut is deliberately
introduced, but for other applica-
tions it could prove a serious
obstacle. The solution is to use
(a) larger transformers with their attendant disadvan-
tages of increased weight, volume and cost, or (b)
RC coupling which requires more transistors. The
final solution will be determined by the ratio of tran-
sistor to transformer cost, availability and space con-
siderations, and strictly comes under the heading of
Production Engineering.

(2) Variation of individual transistor parameters.
This is a scrious problem, especially in the output
stage. If the base resistor (we are now assuming
earthed-emitter circuits) is adjusted to give a collector
current of, say, 2mA with a particular transistor,
it will be found that the collector current will vary
from about 1.4 to 4mA with different transistors,
due principally to the variation in base current of
individual transistors. If steps are not taken to
reduce this variation, provision must be made for
varying the base resistor for each individual transistor,
with all its complications of maintenance and ser-
vicing. The same is truc of the early stages, although
to a lesser extent.

In order to usc transistors successfully the maxi-
mum effective variation of gain and collector current
at a given supply voltage should not exceed 10 per
cent for a change of any individual transistor. In
other words, taking the top and bottom limits for a
particular type of transistor, they should be success-

earthed-emitter
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fully interchanged with a variation of collector
current and gain not exceeding +10 per cent.
Earthed Emitter.—The collector current 1s almost
independent of collector voltage and is determined
by the emitter current; the emitter current in turn
is determined by the bias applied to the base. The
problem then resolves itself in rendering the circuit
constants independent of transistor variations, and the
simplest way of doing this is the application of
ncgative feedback. This is most easily obtained by
fitting a resistance between the emitter and earth®.
The basc voltage in the circuit of Fig. 1 is con-
trolled by the potential divider R, and R., the emitter
current by R,, output being taken across R,. The
collector current and load impedance will be specified
on the transistor data sheet, and the value of R, will
be determined by the ratio of stabilization required.
This has been provisionally set at +10 per cent.
To meet the above stability specification in the
output stage, R, should be of such a value that
approximately 30 per cent of the available supply
voltage is dropped across it, and the value of 680 !
is about right. R, is the d.c. resistance of the load
impedance and it is usual for insert telephone
receivers to be fed directly from the output transistor
rather than from a transformer. These telephone
receivers have a polarized connecting plug in order
that the magnetizing current will always be in the
correct direction, a d.c. resistance of about 300 Q and
a nominal impedance at 1,000 c/s of between 1,000
and 1,250 0.
The type OC12 transistor requires a collector
current of 2 mA for a collector to emitter voltage

? See ‘ Transistors,” Part 6, by Th.omas Roddam, Wireless World,
July, 1953,

Fig. 2. (Left) Earthed-
collector circuit with
output taken from
emitter, used as an
impedance transform-
ing device.

Fig.3. (Below) Varia-

tion of input
Rz impedance with out-
but load in the circuit
O - of Fig. 2.
400k}
300k 02 g
Liy P —
200k0) /
100k} /
0 2xf) 4kf) [ 8kl l0kN
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of 2.4. Under these circumstances the power output
will be 2 mW. It will be seen that the total battery
voltage to provide this will be 4.5, of which 1.5 will
be dissipated across R,. The base potential is
obtained by R, and R, (33 k2 and 47 k{!) and they
should be so proportioned that the base potential is
substantially the same as the emitter potential (this
being obtained from R, and the emitter current).
Ideally, changing current should not affect the base
potential, but this would require impossibly low
values of resistance, and the increasc in current drain
is not justified by the slight increase in stability
against the values quoted. Additionally, R, and R,
(in parallel) are also in parallel with the a.c. input
impedance of the stage and in the interest of maxi-
mum gain should be made as high as possible.
Because the voltage across R, is in phase with the
input voltage, severe degeneration will take place and
the gain of the stage will be reduced from approxi-
mately 26 db to 10 db. R, is therefore bypassed to
a.c. by means of a condenser C, its value being made
so large that the total impedance is negligible over
the operating range of frequencies.

In a practical case six OCI2 transistors had a
nominal collector variation of 1.4 to 4 mA at 3 V
emitter-to-collector potential when the base was fed
through a 0.5 m{! resistance; with stabilization the
variation in base current was 36-42 A, and the
variation in collector current 1.85 to 2.1 mA. The
1,000 c¢/s gain was within the limits of 23-26 db with
C equal to 6 1F. The input impedance of the stage
was 12,000 2 without the bypass condenser and
4,000 @ with it.

The treatment for the preceding stages is the same,
except that the emitter load resistance is adjusted to
a value equal to that of the collector load resistance.
If more gain is required for a given battery potential
the emitter load resistance can be reduced (this will
of course require an alteration in the value of the
potential divider R, and R.) but the increased gain
will be obtained at the expense of stability. OCI1
transistors were used in these stages and their opti-
mum load impedance is 20,000 ). Tt will be seen
that the transistors T2 and T3 of Fig. 4 will not be
working into their optimum load. Thus the power
gain will be reduced below optimum by about 7 db,
but, as stated before, this reduction in gain must be
balanced against the increased cost of coupling
transformers.

Earthed Collector.—The input impedance of a
transistor in the earthed-emitter configuration is quite
low, usually between 800 and 4,000 €. If the
amplifier is to be used with a high-impedance input
a matching nctwork must be used. A transformer
will give optimum power transfer, but a resistance
network is more simple and less costly, and also very
wasteful in gain. Crystal microphones specifically
designed for use with transistor hearing aids have a
source capacity of approximately 2,000 pF, and if the
af. cut-off —3 db point at 750 c/s is accepted the
input impedance of the amplifier should be of the
order of 100,000 2. This value can easily be obtained
by feeding the earthed-collector transistor into an
carthed-emitter stage. The earthed-collector tran-
sistor behaves in a manner somewhat analogous to
a cathode follower valve and can be used successfully
as an impedance transforming device. Fig. 2 shows
the basic circuit, in which degeneration is obtained
by means of R,. R, and R. are in parallel with the
input impedance. Fig. 3 shows the variation of input
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Fig. 4.
d.c. working capacitors.

impedance against load impedance of this network,
the effects of R, and R, being neglected.

In the practical circuit (T1 of Fig. 4) direct-current
stabilization is employed as in earthed-emitter cir-
cuits. The voltage gain is very near unity, particu-
larly when the supply voltage is made fairly high
(8-10 V). Feedback is applied from the emitter to
the base voltage divider to decrease the shunting effect
of the divider. With selected transistors, an input
impedance of 0.75 mQ has been obtained in the
audio range, although this input impedance is a
function of frequency, decreasing with increasing
frequency. Decreasing the load resistance will
decrease the voltage gain, the internal transistor feed-
back, and also the external feedback of the voltage
divider via C. of Fig. 4, and with the output short-
circuited the input resistance is of the order of 200 ¢2.

Practical Considerations.—Fig. 4 shows an experi-
mental amplifier made in accordance with the above
philosophy. It consists of one earthed-collector and
three earthed-emitter stages. D.C. stabilization is
obtained by means of resistances in the emitter cir-
cuits R,, R;, R,, and R,,. The overall gain was
measured on the set-up shown in Fig. 5. With a
supply of 4.5 V, the gain figures obtained are plotted
in Fig. 6, curve A being the power gain when the
amplifier was fed from a source resistance of 100,000 2
(R of Fig. 5) and fed into a 1,000-() insert telephone
receivet. Curve C used the same input conditions as
A, but with a 10-henry choke (d.c.R=300 ) shunted
with a 1,000 Q resistance. Curve B was with the
amplifier fed from a condenser of 2,000 pF (C of
Fig. 5). When used as a hearing aid with a crystal
microphone the overall air-to-air gain of D, Fig. 6,
was obtained. This compares quite favourably with
equivalent valve units.

If further treble cut is required it is best to apply
it by means of a condenser across VR, and extra bass
cut can be obtained by reducing the values of C;, C;
and C,. The overall noise of the amplifier was not
measured, but when listened to against a standard
valve hearing-aid unit of comparable gain, the noise
was of the order of 8-10 db worse, and was equivalent
to an ambient noise at the microphone face of about
40 phons.

WIRELESS WORLD, ArriL 1954

Experimental four-stage transistor hearing aid with RC coupling throughout.

C,-Cj inclusive are miniature 8 uf, 6-V

Desirable additions to the amplifier for hearing-aid
use would be automatic gain control. The overall
gain is a function of the supply voltage and reducing
this to 3 V reduces the gain by approximately 8 db,
and increasing it to 8 V increases the gain by approxi-
mately 12 db.

The circuit is completely stable and no undue pre-
cautions were necessary in the layout, the system
being laid on a small tag board almost identical in
form to the circuit shown in Fig. 4. The transistors
are provided with long leads to enable them to be

r o 0 -
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Fig. 5. Schematic diagram of apparatus for measuring
circuit gain.
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Fig. 6. Results of gain measurements made under conditions
described in the text.
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soldered directly into the circuit and manufacturers
state that a thermal shunt must be used if this is
done.

After the writer had wrecked two transistors, due
presumably to an imperfect shunt, it was decided
to use miniature valve sockets instead, the length of
the transistor leads being cut to approximately 4in.
This is a much more satisfactory proposition, because
the transistors can be quickly plugged in and out
for test purposes, and there is no danger of the tran-
sistor being damaged when circuit modifications are
made. Occasionally a transistor was plugged in the
wrong way round. This was immediately apparent
by loss of gain, but no irreparable damage seems
to have been done to them, both noise figures and

External view of
the [2-channel
television

tuner

overall gain being normal when the transistor was
reconnected correctly.

Since these experiments were completed we have
been informed that the transistors OC10, OCI11 and
OC12 will be superseded in the near future by glass-
encased, hermetically sealed transistors, types OC70
and OC71. These are germanium-type p-n-p tran-
sistors, and whilst the temperature limitation of 45
deg C will still apply, they should be proof against
humidity, and give satisfactory service under tropical
conditions. Additionally, the signal-to-noise factor
has been considerably improved. The design para-
meters are somewhat different from those of the
previous types and may call for modifications in the
values of components shown in Fig. 4.

12-Channel

Television Tuner

Covering Bands | and 111

THIS tuner, which is being fitted to the current pro-
duction Pye sets, gives 12 channels with switch selec-
tion. It comprises a signal-frequency amplifier and a
frequency changer and provides an output at inter-
mediate frequency. Five of the 12 switch positions
are for Band I and seven for Band III. There is
actually room in Band III for eight channels and pro-
vision is made for the missing channel to be at either
end; that is, by an adjustment, the tuner can be made
to cover channels 1-12 inclusive or 1-5 and 7-13. A
trimmer, with its control knob mounted concentrically

T

ut
AERIAL &
'“W‘E.'

Fig. 1.
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TEST POINT

Simplified circuit diagram of the Pye two-band television tuner.
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with the switch knob, is provided in the oscillator
circuit.

A simplified circuit diagram of the tuner is shown
in Fig. 1. A double-triode cascode r.f. stage is used
with a PCC84 valve. This is well known to be advan-
tageous from the point of view of signal/noise ratio,
because valve noise is inherently less with a triode
than with a pentode, other things being equal.

The first section V, is used as a neutralized earthed-
cathode stage. The valve capacitances ¢y and
cox (supplemented by the adjustable C;) form two
bridge arms and C, and C. form the other two. The
switched coil L, is across one diagonal of the bridge,
and the anode-cathode path of the valve is across the
other, so that the two are quite effectively isolated.

The input signal from the aerial is brought in by a
coaxial feeder to the transformer T, which functions on
all bands. Its secondary is connected across the tun-
ing coil which is switched for channel selection.
Actually, all coils are connected in series and the
selector-switch arm short-circuits the unwanted coils.
The arrangement for the input tuned circuit is shown
in detail in Fig. 2; the numbers against the switch
contacts are the channel numbers.

On channel 12, the coil L is the only one in circuit.
It actually is a coil, for it has some five turns of wire
and is nearly three-quarters of an inch long and a bit
over one-eighth of an inch diameter. It tunes to
around 200 Mc/s with the circuit stray capacitance.

For channel 11, 5Mc/s lower in frequency, the
switch is in position 11 and the inductance L” is added.
This is only an incremental inductance to shift the
frequency a matter of 5 parts in 200; the required
change of inductance is of the order of 1 part in 80
and is exceedingly small. The inductance of a piece of
wire joining adjacent switch contacts is too great!
L" is provided by such a short-circuit between contacts
with an additional parallel loop of wire, movement of
which acts as a pre-set inductance control. The other
incremental “coils” for channels 6-10 are similar,
since each has to shift the resonance frequency by
5 Mc/s.

Loading coils are used for the lower frequencies of
Band I and are relatively very large, especially the one
between contacts 5 and 6 which has to lower the fre-
quency from some 180 Mc/s to 66 Mc/s. The re-
maining Band I coils are smaller than this for, again,
they must shift frequency in 5-Mc/s steps, but they
are a good deal bigger than on Band III and increase
as the frequency gets lower. They are, in fact, actu-
ally coils. The resistor R, is the d.c. grid-return path
of the valve and R. provides damping for channel 1
only.

Returning to Fig. 1, the anode of V, is connected to
the cathode of V, which functions as a triode earthed
grid stage. This is the valve which provides the
r.f. gain. It has a very low input impedance, being
fed at the cathode, and so the first valve gives about
unity gain only. The first valve is more an impedance
converter for feeding the second valve than an ampli-
fier. V, and V. must be considered together as form-
ing a single amplifier stage.

The coupling to the frequency changer comprises a
top-end capacitance-coupled pair of tuned circuits L.
and L,. The physical arrangement of this circuit is
basically the same as in the case of L,. There are
basic inductances for channel 12 and the switches add
incremental inductance for the lower-frequency
channels. There are differences of detail, however;
the damping resistors are not the same, additional
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Fig. 2. Coil switching details of the aerial coil Ly of Fig. I.

coupling capacitance is brought in for Band I and
certain individual sections of inductance are short-
circuited to prevent unwanted absorption.

The mixer V, is the pentode section of a triode-
pentode PCF80, the oscillator voltage being fed to the
grid through C,. Its anode coil is tuned to the inter-
mediate frequency; it acts as step-down auto-trans-
former to match a coaxial cable which carries the if.
signal to the if. amplifier on another chassis.

The oscillator is a triode V, operating above the
signal frequency. The same basic switching arrange-
ment is used for L., but the basic inductance L, for
channel 12 is slightly different. It is tapped for the
connection of a trimmer, which is a user control,
and it has an adjustable slug by which the inductance
can be readily adjusted by a screwdriver from outside
the tuner.

This is done in order to permit a change to be made
in the precise channels selected on Band III. By the
adjustment of L., the oscillator "can be shifted in fre-
quency by 5Mc/s—one channel—so that the top
channel can be made 12 or 13 as required. On Band
111 all channels are similarly affected and so, accord-
ing to how L, is set, the Band III channels are 6-12
or 7-13. The change is not enough to affect Band I
appreciably. No change is made to the signal-fre-
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quency circuits, for they are flat ¢nough to cover rwo
channels.

The signal circuits are heavily damped by the valves
and must, in any case, be wideband. The attainment
of low losses is not a matter of great importance, there-
fore, and ordinary switch wafers are used. In the
oscillator, however, losses are much more important
and here a ceramic switch wafer is employed, and the
coils are of a more robust design.

The unit is extraordinarily compact and the basic
box measures only 4.5 in. deep x 3in. high x 2i¢in.
wide. Overall, the behind panel space need not
exceed Sin. deep x 6in. high x 28 in. wide.

It is being fitted to the current Pye sets, as a unit
separate from the main chassis. It is fixed to the side
of the cabinet with the concentric controls coming out
through the side. The rest of the receiver is conven-
tional save that it starts with the r.f. amplifier and in-
cludes no r.f. or oscillator circuits.

The tuner can be fitted to certain existing Pye re-
ceivers—in the main, models for some two years back.
This entails certain alterations, because the r.f. and
frequency-changer circuits must be rendered inopera-
tive.

The form of aerial necessary for two-band operation
cannot, of course, be settled until a good deal more
information is available about the siting of the stations.
their power, and whether their radiation will be polar-
ized vertically or horizontally. Probably several
different forms will be needed to suit different receiv-
ing conditions. In the design of this tuner, it has been
envisaged that whatever the form of the aerials and
their feeder systems, they will be junctioned to a
common feeder before the input so that the input will
come in on a single cable. In some cases, quite
separate acrials may be used for the two bands with
separate feeders joining in a junction box near the set.
In others, a combined aerial with a single feeder may
be enough. This lies in the future and the most suit-
able form of aerial can hardly be settled until con-
siderable experience has been gained under operating
conditions. It is not, however, a matter which affects
the tuner. The design which has been adopted enables
any form of aerial system to be employed.

British Valve Bases

ON looking through the latest edition of the British
Standard on valve bases (B.S. 448:1953) it comes as
something of a shock to discover that there are at least
25 different types of bases in existence in this country,
all with standard B.V.A. numbers like BSA and B7G.

From a purely superficial point of view, the Standard
is worth studying, if only to discover what exactly are the
rare birds that go under such unfamiliar names as B4F,
B5D and B11A. It has a more serious purpose, however,
which is given by the B.S.I. as “to schedule the agreed
physical requirements for valve bases, caps and holders
necessary to ensure both a good mechanical fit and a
satisfactory electrical contact between mating parts.”
Drawings and tables of dimensions are given for cach
basc type.

B.S. 448:1953 (“ Electronic-Valve Bases, Caps and
Holders ™) brings up to date the 1947 version of the Stan-
dard. Tt is issued in loose-leaf form in a binder so that
new additions and amendments can be put in as they are
published. It can be obtained from the British Standards
Institution, British Standards House, 2, Park Street.
London, W 1, price £1 2s 6d.
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ALL-TRANSISTOR  HEARING  AIDS

FOUR stages with resistance coupling are used in the
transistor version of the Multitone “* Selector ” hearing
aid. The transistors are of the glass-sealed junction type,
and a sensitivity comparable with a valve hearing aid is
provided with a crystal microphone and a magnetic car-
picce wound to match the output impedance.

The total current consumption is 2.5mA from a single
1.5-V dry cell. Maximum power output is ample for the
majority of cases, though less than with some valve hear-
ing aids. Consequently, overload distortion must be
guarded against, and to this end automatic volume con-
trol is incorporated, with three degrees of control and an
“off " position. This arrangement  gives complete
frcedom from irritating percussive effects, together with
quality of reproduction which is better than that which
one cxpects from a valve hearing aid.

Deliveries in the home market will increase as more of
the glass-scaled junction transistors become available.

In the * Transitron ” hearing aid, made by Bonochord,
48, Welbeck Strect, London, W.1, there are three trans-
former-coupled transistor stages. The power output is
variable, according to the number of battery cells used.
Total current consumption is 2mA for 1.5V and 7.6mA
for 4.5V, and according to the maker’s figures the
maximum air-to-air gain is 70db. Scparate on-off and
volume controls are provided and the polished stainless
steel case measures 3}inX2iinxgzin. The weight
ineluding battery is 43o0z.

Multitone ** trans-
istorized '+ Sel-
ector'’ hearing aid.

}

Bonochord ** Trans-
itron "' all-transistor
hearing aid.
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Midget Sensitive T.R.L.

Receiver

By J. L. OSBOURNE

Three-1"alve Circuit with Amplified 4.G.C.

THIS article describes a small t.r.f. receiver with a
number of unusual features. It has high sensitivity,
giving the standard output of 50 mW for an input of
70 V modulated at 400 ¢'s to a depth of 30 per cent.
This and the selectivity are adequate for the inter-
ference-free reception of a number of Continental
stations in the London area in daylight. The set has
an effective amplified a.g.c. circuit, and for a given
gain-control setting the output volume from Hilversum
on 402 metres is almost equal to that from the London
Home Service transmitter. The volume control
adjusts the input to the audio amplifier stages in the
conventional manner, but in addition controls the
degree of negative fecdback, removing it entirely at
the maximum setting.

Three B7G-based valves are used, a 6F33 as
r.f. amplifier, a 6F12 as audio voltage amplifier and
a second 6F12 as output valve. The detector is a
crystal diode, the d.c. output of which is amplified
by the first audio amplifier, and is then applied to
the suppressor-grid of the r.f. amplifier to give a.g.c.
The circuit was described by S. W. Amos and G. G.
Johnstone on p. 417 of Wireless World for October,
1951.

One disadvantage of conventional r.f. amplifiers
with grid and anode circuits resonating at approxi-
mately the same frequency is that the maximum gain
available without instability is limited by the anode-
grid capacitance of the valve and, in fact, it is often
impossible to take full advantage of the high mutual
conductances of valves and high dynamic impedances
of tuned circuits for this reason. A numerical calcula-
tion will make this clear. The 6F33 has a mutual
conductance of 4-3 mA/V and the dynamic impedance

of the tuned circuits used in this receiver is approxi-
mately 300 kQ at | M¢;s. The gain of a 6F33 with
such a value of anode load is given approximately by
A=g,R, = 43 x 10-* .. 300 x 10* = 1300ap-
proximately. The maximum gain available from the
valve without instability is given by

-
thI'IRtI

in which C,, is the anode-grid capacitance of the
valve. This expression applies when the valve has
identical tuned circuits in anode and grid circuits.
For the 6F33 the anode-grid capacitance is 0-01 pF.
Substituting for C,, and R,, the maximum gain
available without instability at 1 Mc s is given by

2
6284 x 10° x 0-01 X 10~ '% > 300 % 10°
= 100 times approximately.

Thus the valve is capable of more than 10 times the
maximum gain which the anode-grid capacitance will
allow. The full gain cannot be realized in practice,
and since C,, may possibly exceed 001 pF in a
practical layout, it may be impossible even to achieve
the calculated gain of 100 times without encountering
sideband cutting due to regeneration if not actual
oscillation.

This difficulty can be avoided and the maximum
gain of 1,000 times realized with complete stability
by the use of an aperiodic input circuit such as that
shown in Fig. 1. The omission of the tuned circuit
normally used in the grid circuit does not, in this
instance, result in loss of selectivity because it was
intended to use only two tuned circuits (a 3-gang

20V

Fig. I. Complete circuit diagram of t.r.f. receiver with bandpass r.f. coupling and amplified a.g.c. Unless otherwise stated.
resistors are rated at $ W.  Alternative valves to the 6F12 are 6AM6, Z77, EF91 and 8D3.
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tuning capacitor being considered too large for a
midget receiver) and they are employed as a bandpass
filter coupling the r.f. stage to the detector. The
voltage gain normally obtained between aerial and
r.f. grid is, of course, lost, but this is made good by
the high gain now available from the r.f. stage. The
only disadvantage of the untuned input circuit is the
possibility of cross-modulation at the grid of the r.f.
stage. Because of the absence of any voltage step up
between aecrial and r.f. grid this danger is not so
serious as might be imagined. Most r.f. pentodes will
accept inputs of an appreciable fraction of a volt
without serious non-linearity, and it is unlikely that
inputs larger than this will be obtained unless the
recciver is situated very near a high-power trans-
mitter. In such localities it is advisable to include a
resistor (of say 470 ohms) between the cathode of V1
and the junction of C; and R, to improve linearity
by current feedback. Normally, however, this
resistor is unnecessary and it is omitted from Fig. 1.

A 6F33 was chosen as r.f. amplifier because it has
a very short suppressor-grid base (approximately
7 volts for a screen-cathode potential of 150 volts)
and a reasonably high mutual conductance (4:35 mA/V)
permitting high stage gain. The operating conditions
for the valve must be chosen with care to avoid
cxceeding the maximum safe screen dissipation
(0-8 watt) when the receiver is tuned to a strong signal
and the cathode current goes wholly to the screen grid.
It was decided to operate the valve with 150 volts
between screen and cathode and at 5mA cathode
current. These conditions are obtained by choosing
the values of R, and R, to give 100 volts positive on
V1 grid. The cathode potential automatically takes
up a potential slightly in excess of this value and, since
the total external cathode resistance is 20 k¢, the
cathode current is approximately 5 mA. The cathode
potential of approximately 100 volts is a suitable
maximum value for application to V2 screen. The r.f.
input is applied to V1 grid via C,, the value of which
is chosen to give good r.f. transfer but to give great
attenuation to 50 c¢’s signals from the aerial ; such
signals would be transferred to V2 screen by cathode
follower action to give hum in the receiver output.

L, and L, are the two tuning inductors ; to obtain
high gain these must have a high dynamic resistance.
Dust-iron cores of the fully-shrouded type (Fig. 2) are
used (Neosid Type 10D) and are wound with 57 turns
of 9/45 Litz wire to give an inductance of 160 pH.
This gives a dynamic resistance of nearly 300 kQ at
1 Mc s, corresponding to a Q value of approximately
300. There is, of course, no reason why commercial
coils of suitable inductance and Q value should not
be used instead.

Bandpass Coupling

A number of experiments were carried out to
determinc a suitable method of coupling the two
tuning inductors. ‘‘ Top-end ”’ and *‘ bottom-end ”’
capacitance coupling were both tried and rejected
because of considerable variation in gain over the
waveband. Mutual-inductance coupling was found to
give substantially constant gain and was adopted in
spite of some variation in passband over the wave-
band. Attempts were made to obtain the necessary
coupling by placing the coils in close proximity, and
although it was found possible to obtain greater than
optimum coupling in this way, the method had to be
abandoned because the coupling was found to be
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Fig. 2. Winding details of tuning inductors (L,, L.).
largely capacitive (the dust-iron shrouds, being non-
conductive, do not screen the coils against this form
of coupling). Thus it was necessary to usc additional
inductors connected in series with each tuned winding
to provide the required inductive coupling. It is
necessary to place the tuning inductors some distance
apart or to employ some form of electrostatic screening
between them to minimize capacitive coupling.

The coupling transformer consists of two windings
each of 11 turns of 26 s.w.g. cnamelled copper wire,
one wound on top of the other and separated from
it by two thicknesses of paper. The former is an
Aladdin Type 5892 with a dust-iron slug suitable for
medium-wave working. The slug is not intended for
adjusting the degree of coupling in the bandpass
filter but is left in the centre of the two windings
L, and L, to give maximum coupling between them,
as shown in Fig. 3.

The detector is a crystal diode and to keep the
damping of the second tuned circuit at a minimum
it is scries connected to the load circuit. Even so it
was found necessary to tap the crystal at the mid-
point of inductor L, to maintain adequate selectivity.
At first a 1-MQ load resistance was used in parallel
with C,, but this was later omitted because it was
found that the reverse resistance of the crystal pro-
vides an adequate discharge path for C, during
negative half-cvcles of the r.f. input. Needless to
say the type of crystal should be chosen with care
and preference should be given to those with a back
resistance greater than 100 kQ. The author used a
B.T.H. Type CGIC. The output of the detector
is applied to the grid of V2 via the coupling capacitor
C,, and the gain control R, but C,, is connected
in the low-potential end of R,. This arrangement
does not affect control of gain and is adopted to ensure
that the d.c. output of the detector is always applied
in full to V2 grid, irrespective of the gain control
setting.

The crystal must be connected in circuit in the
correct sense, i.e., so that the d.c. output biases V2
positively.  Unfortunately, there does not appear
to be any agreement amongst the manufacturers
about coding the connections of crystals ; it is usual
practice to mark one end or to colour it red, but
for some crystals this indicates the end which goes
positive when the crystal conducts and for others
it indicates the polarity of the e.m.f. which must be
applied to the crystal to make it conduct. It is
best to determine the correct connections by experi-
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ment ; the crystal should be so connected that the
anode potential of V2 falls when a carrier is tuned in.

V2 functions as first a.f. and a.g.c. amplifier; to
obtain high d.c. gain it is essential to keep the d.c.
resistances in the cathode and screen-grid circuit
low. The cathode resistor Ry has a value of only
220 ohms, which causes very little degeneration, burt
a suitable value of cathode bias is obtained, as in the
sensitive t.r.f. receiver described by S. W. Amos
and G. G. Johnstone in the November 1951 issue of
Wireless World, by passing the cathode current of
V1 through R,. The screen circuit resistance is
low because it is fed from the cathode circuit of V1,
the grid of which is connected to a resistive potential
divider R;, R, across the h.. supply. Thus V1
behaves as a d.c. cathode follower in addition to an
r.f. amplifier. The cathode of V1 behaves as a d.c.
source with an internal resistance of 1/g,, (approxi-
mately 250 ohms), but V2 screen is fed from a 10-k
potentiometer R,, connected in the cathode circuit
and thus the screen resistance for V2 screen varies
somewhat with the setting of R,, rising to a maximum
of approximately 2.5 kQ when R, is at its mid-point.
This value of resistance is unlikely to reduce the d.c.
gain of V2 to any marked extent. The potentiometer
R; is included to provide a means of adjusting the
anode potential of V2 to the value giving correct
a.g.c. performance. The adjustment should be such
that the anode potential of V2 equals the cathode
potential of V1 when there is no signal input to the
receiver. The range of screen potential provided
(approximately 50 volts) should be sufficient to enable
the correct performance to be obtained in spite of the
differences in valve parameters likely to be encountered
when V2 is replaced by another valve of a similar
type.

It is common practice to have a small fixed degree
of voltage feedback in the a.f. section of small receivers
of this type. This improves frequency response
and decreases harmonic distortion at the cost of
decreased gain, but to avoid a serious loss in sensitivity
the feedback has usually to be limited to perhaps
6 db. This limitation is unfortunate, because there
is a considerable margin of gain in hand
during local-station reception when feedback is
most required. The ideal solution to this problem is,
of course, to have a variable degree of feedback which

DUST-IR0N SLUG (CENTRED)

\ ALADDIN TYPL
|-4._ "—ﬁ.a
[ \ H
TO BOTTOM
aF Ly

Fig 3. Winding details of coupling transformers (L, Ly).
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can be set to maximum on strong signals and a mini-
mum (or zero if desired) on weak ones. A separate
control for this is undesirable, however, and in this
receiver feedback and a.f. gain are simultaneously
adjusted by the gain control. As shown in the circuit
diagram the gain control Rg is returned via C,,
not to earth but to a fixed potential divider R,
R,; across the secondary winding of the output
transformer. When the gain setting is low, the
slider of R, is near the junction with C,, and nearly
the whole of the voltage developed across R,; is
applied to V2 grid to give feedback. On the other
hand, when the slider of R, is near the junction with
the crystal, a.f. gain is high and very little of the voltage
across R,, reaches V2 grid, implying very little
feedback.

Feedback Adjustment

The degree of feedback which remains when Rg
is set to maximum gain depends on the effective resis-
tance of the crystal at audio frequencies. As the
crystal is switched between conduction and non-
conduction at radio frequency this resistance is
somewhat difficult to assess but it is certainly small
compared with Ry (1 M), and very little feedback
remains when the gain control is at maximum. This
can casily be demonstrated by short-circuiting R,
(to remove feedback entirely) when a weak signal is
tuned in and R, is at maximum ; there is practically
no change in audible output. The values of R,
and R,; must be found by experiment; they are
chosen to give the largest degree of feedback compatible
with stability at low settings of the gain control.
The values used by the author were 470 ohms (R,,)
and 37 ohms (R,), but these depend on the constants
of the output transformer.

The transformer used by the author was a Goodmans
Type 74 243. The values of R,, and R,; can easily
be determined by replacing these resistors by a poten-
tiometer and adjusting this, with the gain control
at minimum, until instability occurs.  Although
instability usually takes the form of a supersonic
oscillation, the onset is generally indicated by an
audible “ plonk.” The potentiometer should be left
a few degrees below the setting giving instability
and the two ‘‘ halves’ measured. From the ratio
of these two readings the values of R,, and R,; can
be calculated ; their sum should be at least 10 times
the loudspeaker resistance.

R.f. decoupling is carried out in the a.f. amplifier
by capacitors C,; and C;;. C,, presents V2 with a
very small load at r.f. frequencies (only 160§ at
1 Mc/s) and C,, is connected between V3 anode
and V2 cathode to give negative feedback which is
negligible at audio frequencies but considerable at
radio frequencies. The values of the two capacitors
are so chosen that there is no obvious change in the
high audio-frequency response of the receiver when
the feedback is removed by operating the gain control
to maximum.

The output stage and mains unit are quite conven-
tional. The ratio of the output transformer should
be chosen to present V3 with an anode load of approxi-
mately 20k({. The mains transformer is a small
type measuring 3 inches by 2} inches by 24 inches
and having a single 6.3-volt winding. For rectifica-
tion an EZ41 was chosen because of its small size and
because it can withstand a high heater-cathode voltage.
Thus all valves are operated from a common Lt.
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supply, The value of the smoothing resistor is chosen
to give a smoothed h.t. supply of approximately 250
volts. For compactness, the two 32-xF smoothing
capacitors are in a single can.

Alignment of the receiver is extremely simple.
It is necessary only to adjust C; and C, for maximum
output with the tuning capacitor at minimum and an
input at 1.7 Mc/s. The inductance of 1., and L,
should be adjusted for maximum output when the
tuning capacitor is at maximum and the imput at
550 kc/s, after which the high-frequency adjustment
should be repeated.

The potentiometer R, should be adjusted in the
following way. Set R, to that end of its travel which
gives minimum V2 screen potential and, with gain
control at a maximum, tunc the receiver to a very
weak signal or to a *“ quiet ”’ spot on the band where
only receiver hiss can be heard. Now advance
R, slowly until the signal or hiss disappears. Leave

AMATEUR COLOUR
TELEVISION

IN our February issue we reported that C. Grant
Dixon, using home-constructed equipment, had suc-
ceeded in transmitting colour television pictures over
a closed circuit. We have now received more informa-
tion on the technical details of the apparatus. As
already stated, it works on the frame-sequential sys-
tem, with rotating colour discs in front of the camera
and receiving screen, and the scanning rate is 100
colour frames per second or 33} complete pictures
per second. The standard adopted is 150 lines, sequen-
tially scanned.

As the frame frequency is locked to the mains the
two rotating colour discs are kept in synchronism
with it by being driven by synchronous motors. The
one at the transmitting end, which has 12 colour sec-
tors, is run at 500 r.p.m. while the one at the receiving
end, with six sectors, is run at 1,000 r.p.m. The trans-
mitting motor can be made to slip out of synchronism
temporarily for the purpose of phasing the colours
correctly. There is also an arrangement for altering
the phase of the frame synchronization with respect
to the mains and hence to the transmitting colour disc.
This enables the camera to be adjusted correctly so
that each division between colour sectors on the disc
always follows the scanning spot of the pick-up tube;
the mosaic is then exposed to the next colour for the
whole of the time between successive dischargings of
the screen elements.

Apart from the camera and monitor shown in the
photographs, the apparatus includes a control rack
which carries a timing unit, sync and blanking pulse
generators, a unit for mixing these pulses with the
video signal, a c.r.t. waveform monitor and a power
supply unit.  The timing unit produces pulses at
15kc/s and 100c/s which trigger the line and frame
sync and blanking pulse generators respectively. As
already mentioned, it is locked to the mains in fre-
quency, but can be varied with respect to the mains
in phase.

Mr. Grant Dixon is the Chairman of the British
Amateur Television Club,
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R; at a setting just below that which causes the signal
to vanish.

The receiver is intended for use in the London
area, where the Light programme is available on
medium waves, and has no long-wave band. The
use of a single waveband leads to a simple circuit
with no complications due to waveband switching
and duplication of trimmers. It is hoped, however,
in a note to be published later to indicate how a long
waveband could be added to the receiver. This
addition is by no means a simple matter. If the
long-wave coils are coupled by the method employed
between the medium-wave coils, the primary and
secondary windings of the long-wave coupling trans-
former require inductances of the order of 70 uH.
It is difficult to wind two coils of this inductance
value by hand on a small former of the type used for
medium waves, and an alternative method of coupling
is preferable.

In addition to a pick-up tube and rotating colour disc, the
colour camera houses a time-base chassis, a video amplifier
and a c.r.t. view-finder. An anastigmatic camera lens
(f.4.5) is mounted in the camera casing and optical focus-
ing is controlled by moving the pick-up tube backwards and
forwards on a pair of rails by a rack and pinion arrange-
ment. Power supplies are in a separate unit. The receiving
monitor unit (below) has a S-inch electrostatic tube working
at 3.3kV. The six-sector colour disc is driven at 1,000 r.p.m.
by a Magslip running as a syn-
chronous motor. Miller-transitron
time bases are used.
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MOST amplifier designers will have encountered
the unfortunate man who has applied, say 20db
of feedback to an amplifier which was producing
5 per cent distortion and finds the distortion is still
2 per cent. It is tempting, when asked what we
can do about it, to reply in the words of Michael
Finsbury ‘‘nothing but sympathize.”” A rather
more constructive attitude was adopted by R. O.
Rowlands, in Wireless Engineer of June, 1953, who
analysed the reduction of distortion by negative
feedback in a moderately rigorous way. This analysis,
however, still omits some significant factors and does
not, in my view, lend itself to extension. In this
article I propose to examine what the elementary theory
of distortion reduction is; why it goes wrong, if it
does go wrong, and how we can predict what will
happen to the distortion in a particular amplifier
when feedback is applied. I do not propose that
you should sit down and calculate for days instead
of carrying out a few measurements: on the other
hand it is always useful to have calculated something
similar in the past when you come to assessing the
results of a particular experiment. We might follow
Mahan and introduce the concept of a ‘‘ calculation
in being.”

Before we go any further we must see just what
the elementary theory of negative feedback predicts
about the distortion. The amplifier, with a gain of
A, has its gain reduced to A/(1 - AB) by feeding back
a fraction 1/8 of the output to the input. At any point
inside the amplifier the signal level is the same, for a
given output, whether feedback is connected or not,
so that the distortion signal generated inside the
amplifier is unaltered by feedback. Without feed-
back we find this signal, which we can call d, in the
output. With feedback connected we shall find a
new value of distortion, say d’,, in the output. We
feed back gd’, to the amplifier input, where it is then
amplified, and appears as a term Agd’,. Then d’,
(the actual distortion) = d, (the intrinsic distortion) +
ABd’, (the distortion returned round the loop) and so
d’y = d,/(1 + AB).

The factor (1 - AB) is the gain reduction factor,
and so we should expect to get an improvement of
10 times for every 20db of gain that we sacrifice. Now
we know that this does not happen in practice.

Let us divide up the distortion we obtain in an
amplifier into gross distortion and petty distortion.
Gross distortion is the distortion produced by some
discontinuity in a characteristic, a sharp change of
some sort which we usually, though not necessarily,
associate with overloading. Driving to cut-off,
driving a pentode into the * bottoming” region,
driving into grid current without special circuit
arrangements, at the peaks of the signal something
different happens and the low level conditions no
longer apply. Grid current or cut-off need not
produce a discontinuity, as we know from experience
with push-pull Class B circuits, but the system
must be designed to work into these special regions
if no ill effects are to be obtained. Gross distortion
is not necessarily associated with overloading, because
a failure to fit the characteristics of a push-pull Class B
pair will result in °‘ cross-over ” distortion, where
there is a momentary ‘‘ flat>” on the characteristic
as we swing through the centre. This particular
form of distortion is much more disturbing than
overload limiting.
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Distortion in
Negative Feedback
Amplifiers

Points at Which Simple Theory

Breaks Down

By THOMAS RODDAM

Gross distortion obeys the elementary theory for
feedback amplifiers quite well, provided that you
apply the theory correctly. The distortion is produced
during short intervals of time when, shall we say,
the grid of the output valve is positive with respect
to cathode, grid current is flowing and the input
impedance of the valve is, perhaps, 1,000 ohms.
The preceding stage gives only a very small gain
into such a load, so that the value of A which we
must put into our equation is not the 1,000 (60db)
we so blithely assume, but shall we say, about 10.
For these quite arbitrary figures, and an assumed f
of 1/100, the quantity (1 + AB) is not 11, but 1.1.
While the distortion is being produced there is
virtually no feedback effect, bccause the amplifier is
blocked off and the distortion sent back through the
feedback network cannot get round to produce the
expected cancellation.

If we examine an amplifier working under these
conditions by using an oscilloscope we can see fairly
easily just what is happening. I have sketched it out
in Fig. 1, which shows the simple sine wave limited

() (2)

The sine wave (a) 15 distorted

Gross distortion.
by the amplifier into the form (c) if there is no feedback,
and into the form (b), which has a sharply defined flat top,
if feedback is used.

Fig. 1.
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equally at both peaks by an overloaded amplifier.
When feedback is applied, the effect is to produce
the rather clean flat-topped characteristic shown in
Fig. 1, curve (b). It is not very difficult to calculate
the way in which the total distortion increases with
amplitude : all you need to do is to work out the area
under the cap of the sine wave, because that is the
actual *‘ distortion signal ** generated in the amplifier.
If the amplifier clips one side only you can use the
expression given on p. 303 of Reference Data for
Radio Engineers (3rd edition) to calculate the individual
harmonics. The diagram in Fig. 1 does illustrate,
I hope, the way in which so long as the signal 1s
below the knee of the characteristic the feedback
keeps it sinusoidal, and then, well it just can’t go
any further.

Those readers who have some experience of speech
clipping circuits may wonder why we should concern
ourselves overmuch about this effect, because on
speech a characteristic of this kind has little influence,
at any rate if we think mainly of intelligibility. I
have discussed this in these columns previously, but
I must just remind you that if a second much higher
frequency is present at a lower level it will be sup-
pressed during the “‘flat.”” The double bass will
modulate the ocarina, and instead of the pure, and
very dull, tone of the latter we shall have a muddy
product tone.

The effect of feedback on gross distortion is seen
to be small, and if distortion is plotted as a function
of output level, which it always should be, the dis-
tortion rises so quickly, because the output can
hardly rise at all, that measurement errors play a very
great part in fixing the shape of the curve. More-
over, the distortion should be divided by the predicted
sine wave output, which you cannot measure any-
way.

Calculating Distortion

The reader is no doubt exclaiming, to himself I
hope, that he never overloads amplifiers, but that
even in his safely underloaded amplifier the theory
is not exact. We must, therefore, turn our attention
to the petty distortion. I shall assume first of all
that all the distortion originates in the last valve of the
amplifier and that this valve is a 6AG7. The choice
of this valve is dictated by the fact that it is the only
large valve for which I can find curves of mutual
conductance as a function of bias. From the curve
shown in Fig. 2 we can estimate that gross distortion
is likely to occur beyond about — 7.5 volts, so that
we might choose — 3.75 volts, the point marked on
the curve, as our working point. We can calculate
the distortion which this valve will produce, by a
method which has already been described in Wireless
World (June 1951). The second harmonic distortion
depends on the average slope of the g,, e, characteris-
tic, and for the curve shown the level of second har-
monic below the fundamental will be

20 log 192 + 18 = 15.5 db.

The third harmonic depends on the amount of
‘“sag > at the working point, and is

9
20 log G + 22 = 26.4db.

It may seem that the distortion, which is well over
10 per cent, hardly merits the name of petty distor-
tion, but this distortion is due solely to the smooth
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curvature of the valve characteristic, and I have taken
the extreme values just in order to make the errors
in reading the curve less.

Let us now apply some feedback to the amplifier
containing this valve. Since the rest of the amplifier
was assumed to be linear, the grid voltage axis, with a
suitable change of scale, could be the signal axis at
any point in the amplifier. So we need not worry too
much about scales. The easiest way in which the
feedback can be applied, for calculation purposes
anyway, is as current feedback. This will reduce the
effective mutual conductance by an amount depending
on the feedback applied. If the feedback is simulated
by, or even produced by, a resistance in the cathode,
the effective mutual conductance g’,, is

l/(Rk + l/gm)

At the selected working point we have g,, — 9 mA/V:
let us assume that g’ is to be (0.9 mA, giving us
20 db gain reduction. Then R, must be 1,000 ohms.
In Fig. 3 I have constructed a curve of g’,, - ¢,, using
the equation above. From this curve we can calculate
the distortion, with feedback applied. The result is
that we have

second harmonic

0.9
1
20 log 0.27 + 18

third harmonic
20 log (())? + 22 = 41 db down.

From these results we see that the gain reduction
of 20db is accompanied by only 13db of second
harmonic reduction and 14.6db of third harmonic
reduction. Also, though I don’t intend to calculate
this, the characteristic shown in Fig. 3 indicates quite
clearly that higher-order harmonic terms will be fairly
pronounced.

We have thus proved triumphantly exactly what
you have always said : negative feedback is a bit of a
swindle. Well, if you look at Fig. 3 you can see
where we have gone astray. The valve maker tells us
to work the valve at 3 volts bias, and most of the
distortion is contributed by the droo in ¢’,, which

28.4 db down,
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Fig. 2. Mutual canductance of 6AG7 vaive as a function
of grid bias. E, = 330v. E = I50V.

Fig. 3. Effective mutual canductance g’,, with 20 db gain
reduction due to feedback.
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6 volts. Let us say that it is
the behaviour around 6.75 volts which settles the
distortion. Here the mutual conductance was
4.5mA/volt, and feedback has reduced it to 0.8mA/volt.
We have, indeed, only 15db of feedback in this region,
and the distortion has gone down 13-15db. Con-
sidering that I chose 6.75 volts because it was a
thick line on the graph paper, with no faking, no trial
calculations to find a ** good *’ example, this agreement
is remarkably close.

We see from this example that the reduction of petty
distortion is indeed equal to the gain reduction,
provided that we consider the gain reduction in the
distortion region. We have, perhaps, trespassed
slightly into the region of gross distortion in our
example, but the limits of this are much more clearly
defined in Fig. 3 than they are in Fig. 2.

This example was worked out for a single distorting
valve, preceded by an unspecified number of absolutely
linear stages. It is perfectly practicable to build up a
composite g,,—e, curve for a number of stages by
multiplying the appropriate values of g,, derived from
a set of valve characteristics for the various types used.
This would be especially useful in the particular case
of a small triode driving something like a 50L6 and
operating on 110 volts. The driving down of the
triode grid, which lowers the mutual conductance,
drives up the 50L6 grid and raises the mutual con-
ductance here. With care, and luck, the two slopes
can be balanced to give a reduction of the second
harmonic. The effect of feedback on such a composite
characteristic can be worked out by the use of a
fictional cathode resistor.

occurs beyond about

Screen Distortion

Having now particularly described and ascertained
the effcct of feedback on distortion, I must add that
this is not nearly the whole story. We have shown that
the theory, if correctly applied, gives the right answer,
but are we sure the circuit is designed to enable the
theory to be applied? One difficulty which often
arises is the result of a weakness in the cathode feed-
back circuit. It is very attractive to take feedback
from the cathode of an output tetrode back to the
cathode of the first valve of a three-stage amplifier.
It is very tempting to return the screen directly to
the positive supply, so that we can get the most output
for the least supply voltage. When we do this,
however, the screen current flows through the cathode
resistance, so that what we feed back is not a voltage
proportional to the current in the load, but a voltage
proportional to the sum of the load current and the
screen current. The screen current may be extremely
distorted if the *valve is being driven hard, and
normally we shouldn’t mind, because the screen
current does not flow through the load in most normal
amplifiers. In the circuit of Fig. 4 we feed back this
distortion current and thus introduce the screen
distortion into the control grid circuit. Then we
complain that feedback is not helping all it should.
The remedy is, if we want this kind of feedback, to
decouple the screen back to cathode as shown in Fig. 5.
Then the signal current in the screen circuit is excluded
from the cathode resistance.

This decoupling is often inconvenient, so we decide
to take our feedback from the valve anode, back to the
preceding cathode perhaps. A new difficulty is
sometimes encountered here, though it is apparent
only in amplifiers of the highest quality. The swing at
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Fig. 4. With this sort of circuit the voltage fed into the
cathode of VI depends on (i, -I- i,). not upon i, alone.
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Fig. 5. By decoupling screen to cathode, i, does not flow
through the feedback resistor. The voltage fed back
depends only on i.

the output anode is usually of the order of 100-
200 volts, and almost the whole of this appears across
the feedback resistor. For cheapness and convenience
a carbon resistor is used here : all heedless of their
fate the little victims play. Carbon resistors are not
absolutely constant in value, but depend slightly on the
applied voltage. This voltage effect is sufficient to
produce some distortion in some particularly high-
grade circuits. Obviously, in an ideal feedback
amplifier, with the gain equal to 1/8, any distortion in
the feedback path becomes the limiting factor, and
although I have never encountered this trouble myself,
some American papers have recorded it.

Are there any more gaps ? One, usually trivial, is
the additional feedback path through the power supply
impedance. Another, the only one which comes to
mind at the moment, is particularly important at the
edges of the working band. We write down, very
happily, the equation m = A/(1 4 AB), the equation
d’, = d,j(1 + AB). But what do we mean by A?
Pretty obviously we must mean the gain at the
harmonic frequency, which will certainly not be the
same as the gain at the fundamental when we are
dealing, in an audio-frequency amplifier, with fre-
quencies above a few thousand cycles per second.
Furthermore, there will be a phase angle associated
with A, and the value of |1 -+ AB| may be quite small.
The harmonics will then actually be amplified by the
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feedback and not reduced as we expected. The
simplest way of looking at this effect is a *“ swings and
roundabouts >’ way : if you use feedback up in flatten-
ing a poor frequency response, it is not available for
reducing the distortion. Here it is not really the
harmonic distortion which causes the trouble, but the
intermodulation of high frequencies and general
mud-production.

At low frequencies a somewhat similar effect is
observed in some closely designed amplifiers. If the
signal fed back is not in the opposing sense to the
input signal, it may be enough to overload one of the
carly valves in the amplifier. As a result, this valve
is driven into the gross distortion region and although
the feedback would be available at the harmonic
frequencies if the fundamental were not present, the
fundamental itself prevents the amplifier having its
proper amplification for harmonic reduction. Here,
then, is another detail which must be watched if you
want to be able to predict the performance of an
amplifier with negative feedback.

This survey of the problem of distortion in feedback
amplifiers is not rigorous, not exact and probably not
complete. It does, however, give some explanation
of why the simplest calculation of distortion reduction
breaks down, and the method suggested for calculating
the distortion appears to provide reasonably good
quantitative results without an excess of labour. The
construction of an effective mutual conductance
characteristic is seen to give a rather simple way of
determining a good working point and predicting the
resulting distortion. Band edge effects require much
more calculation and are outside the scope of this article.
In this field, at any rate, if your measurements don’t
agree with the theory, check them and be sure you
have used the right theory.

CLUB NEWS

Brighton.—A series of talks on radio mathematics is
being given to members of the Brighton and District
Radio Club by E. Bannister. The club meets each Tues-
day at 7.30 at the Eagle Inn, Gloucester Road, Brighton, 1.
Scc.: T. J. Huggett, 15, Waverley Crescent, Brighton.

Cleckheaton.—Both mcetings of the Spen Valley and
District Radio and Television Society in April will be
devoted to transmitting topics. On the 7th I. Clegg
(G3FX) will spcak on the use of valves in transmitters
and on the 21st A, Smith, B.Sc. (G2BOO), will deal with
transmitter design. Meetings are held at 7.30 on alternate
Wednesdays at the Temperance Hall, Cleckheaton. Sec.:
N. Pride, 100, Raikes Lane, Birstall, Nr. Leeds.

QRP.—The council of the QRP Society (the word
“Research ” has been dropped from the title) has, in view
of its growing overseas membership and the increasing
use of v.h.f, amended its rules regarding power limita-
tions. For v.hf. work the maximum power has been
doubled—10 watts to the final stage of transmitters and a
total h.t. consumption of 3 watts in receivers. Overseas
transmitters will be permitted to use a maximum of
20.watts. Sec.: J. Whitehead, 92, Ryden’s Avenue, Walton-
on-Thames, Surrey.

Wellingborough.—The Wellingborough and District
Radio and Television Society is providing and manning a
stand at the Hobbies and Careers Exhibition which is
being held at the Drill Hall, Wellingborough from April
20th to 23rd. Secc.: R. J. Henty, 6B, Silver Strect,
Wellingborough.

Wolverhampton Amateur Radio Society has moved to
new headquarters at Stockwell End, Tettenhall, where the
club transmitter (G87A) is installed. The club meets on
alternate Mondays. Sec.: H. Porter (G2YM), 221, Park
Lane, Wolverhampton.
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BOOKS RECEIVED

Art and Science in Sound Reproduction, by F. H.
Brittain, D.F.H. Acoustic and psychological principles
involved in sound reproduction, leading to a series of
designs for high-quality amplifiers pre-amplifiers and
radio feeder units. Pp. 55; Figs. 35. Price 2s 6d.
General Electric Company, Magnet House, Kingsway,
L.ondon, W.C.2.

Magnitude of the Radio Interference in the Television
Band from Ignition Systems of Motor Vehicles, by A. H.
Ball and W. Nethercot. Results of field strength
mcasurements on a wide range of vehicles to determine
the cffect of suppressors in meeting the B.S.833 level
of tolerable interference. Pp. 7; Figs. 4. Price 6s. The

Electrical Rescarch Association, Thorncroft Manor,
Dorking Road, Lcatherhead, Surrey.
Information Theory, by Stanford Goldman. Survey

of current knowledge written at a mathematical level
suitable for first-year university students in electrical
engincering.  Pp. 385+xiii; Figs. 68. Price 50s.
g‘;)ncstzablc and Company, 10, Orange Strect, London,

The Electronic Musical Instrument Manual, by Alan
Douglas. Revised and enlarged edition giving up-to-date
information on principles, with descriptions of repre-
sentative commercially produced instruments. Pp. 221:
Figs. 187. Price 30s. Sir Isaac Pitman and Sons, Parker
Street, London, W.C.2.

Commercial Literature

Nickel Alloy Spring Materials with resistance to corrosion
and non-magnetic properties. Descriptions of various alloys
and tables of characteristics in a booklet from Henry Wiggin
& Company, Wiggin Street, Birmingham, 16.

Heavy-duty Relay, type C.03, for operating from a.c. or
d.c. up to 500V, and fitted with two 15-A and two S-A
changeover contacts. Leaflet from Besson & Robinson, 6.
Government Buildings, Kidbrooke Park Road, London, S.E.3.

Complete Transmitters (and associated equipment) of
various powers for broadcasting and communications, mobile
and beacon use and unattended operation. A handsome,
well bound and illustrated catalogue of 240 pages giving
descriptions and specifications of the major products of The
Gates Radio Company, 123, Hampshire Street, Quincy,
Illinois, U.S.A.

Sequence Timer for controlling a sequence of switching
operations on mains circuits. It consists of a series of switches
operated by cams (up to 120) geared to a synchronous motor.
Leaflet from the Electrical Remote Control Company,
Elremco Works, East Industrial Estate, Harlow New Town,

ssex.

Solenoids for industrial use with maximum strokes from
sin to 1lin and pulls from 1 oz to 26 Ib. Performance data
and dimensions in a brochure from Oliver Pell Control,
Cambridge Row, Burrage Road, Woolwich, S.E.I8.

Tape Recorder in suitcase form with slide-out chassis on
steel frame. Leaflet from Tape Recorders (Electronic), 3
Fitzroy Street, London. W.l.

Oscilloscopes, designed to accommodate modifications to
customers’ special requirements. Basic equipments described
in a brochure from A. E. Cawkell, 6-7, Victory Arcade, The
Broadway, Southall, Middlesex. Also a leaflet on a Wide-
Band Amplifier for pulse amplification with a frequency
rcfsponse of 15¢/s to 10 Mc/s (to the —3db points) and a gain
of 40.

Variable Tuning Capacitors, air dielectric; an illustrated
catalogue giving specifications, law curves and mechanical
drawings from The Plessey Company, Ilford, Essex.

Scintillation Phosphors for use in scintillation counters.
Various materials in different forms for detecting alpha, beta
and gamma rays, neutrons, protons and x-rays. Characteris-
tics on a leaflet from Isotope Developments, Finsbury Pave-
ment House, 120, Moorgate, London, E.C.2.

Retractable Instrument Cord in coiled spring form for use

in telephones, test gear, etc. Leaflet from Aerialite, Castle
Works, Stalybridge, Cheshire.
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Television Coverage

Assessing  the Service Areas of Transmitters at

By J. Al

FREQUENCY bands at present allocated for tele-
vision are 41-68 Mc/s (Band 1), 174-216 Mc's (Band
111, though all the channels are in fact, as things stand
not available), 470-585 Mc;s (Band IV) and 610-
960 Mc/s (Band V). Band II (87.5-100 Mc/s) is to be
used for v.h.f. sound broadcasting only. Of the four
television bands it is only the first which is generally
in use in the United King-
dom at this time. Band III
is widely usedinthe U.S.A.,
as well as Band I, and there
are also some Band III sta-
tions in Western Europe :
so far the only exploitation
of the u.h.f. bands for tele-
vision has been in America.
As the plans for more sta-
tions in this country de-
velop, it is certain that use
will have to be made of
Bands III, IV and V
(Band III stations are already projected) since, for
reasons outlined below, there is a limit to the number
of stations which can be operated on any one fre-
quency in a given area without serious mutual inter-
ference—and this limit has already been reached for
Band I in the United Kingdom with the stations, high
and low power, now existing, and the further low
power stations shortly to be put into commission.

The successful allocation of frequencies for, and the
siting of, transmitters in the v.h.f. and u.h.f. bands
depend upon an accurate knowledge of radio wave
propagation characteristics at these frequencies. A
considerable amount of information concerning v.h.f.
propagation has existed for some time, but, although
experimental u.h.f. field strength surveys have been
made over the past few years in the U.S.A,, it is only
recently that any comprehensive investigations in the
uw.h.f. band have been carried out in this countryt.
This work has borne out the conclusions drawn
from the American experiments for propagation over
similar kinds of terrain.

At frequencies less than about 30 Mc/s radio wave
propagation is influenced mainly by the electrical
properties of the ground and by the ionosphere, the
relative importance of these factors depending upon
the frequency and upon the distance of transmission ;
but refraction in the troposphere and the ground
profile over the transmission path are of little signifi-
cance, particularly as the frequency becomes progres-
sively lower. On the other hand, as the frequency
increases above 30 Mc's the situation is reversed ;
“*D.S.LR. Radio Research Station, Slough. o

t*“Ground-Wave Field Strength Surveys at 100 and 600 Mc/s” by
J. A. Saxton and B. N, Harden ; and *Basic Ground-Wave Propagation

Characteristics in the Frequency Band 50-800 Mcis " by ]. A. Saxton.
These papers are to be published in Proc. I.E E. 1954, Vol. 101, Part 111 .

Variations of field
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SAXTON.

strength caused by
rough terrain at v.h.f. and u.h.f. are dis-
cussed in this article ; and an estimate
is made of the part played by these vari-
ations in determining the coverage of
broadcasting transmitters operating at
such frequencies, with particular refer-
ence to television transmission in Bands
L 1L, IV, and V.

I'"'H.F. and U.H.F.

D.se. P MLEEX

the electrical properties of the ground are no longer
of any great importance, ionospheric influences dis-
appear, and the dominant factors are refraction in the
troposphere and surface irregularities of the ground,
both on a small and on a large scale.

For distances up to, say, 50 or 60 miles variations in
signal strength at v.h.f. and u.h.f. arising from changes
in atmospheric refraction
(brought about by changes
inthe weather) are normally
not of great significance,
though they undoubtedly
occur at times; and thus
the variation of field
strength with the nature of
the terrain is the most im-
portant propagation prob-
lem to be considered within
what may be regarded as
the normal service area of a
television or other broad-
casting station operating on these frequencies.

In certain kinds of weather—under settled anti-
cyclonic conditions, for example—it js possible, as
is now well known, for relatively strong signals to be
received with Band I transmissions at distances well
beyond the horizon, up to several times the normally
expected service range in fact. Similar behaviour is
found with Band III transmissions : thus on occasions
signals on a frequency near to 200 Mc/s from France
have been received quite strongly in the south of
England at a distance of about 170 miles. There is
no doubt that abnormal ranges will also occur at
times with transmissions in Bands IV and V. It must
be stressed that these increased field strengths at
long range, arising from super-refraction and reflection
processes in the troposphere, cannot be relied upon
to provide any worthwhile extension of the service
area of a v.h.f. or u.h.f. station beyond that obtaining
under what are known as standard conditions of
refraction—such as exist in the well-mixed atmosphere
associated with unsettled weather. Long-range
tropospheric transmissions are troublesome, however,
since they accentuate the problem of interference
between common-frequency stations; and as a con-
sequence it is necessary to put such stations at much
greater distances apart than would otherwise have
been necessary. It is for this reason that the limit of
common frequency working for each of the five
channels of Band I has now been reached for the
area of Great Britain with the existing and projected
stations. It might be added that the problem is
obviously aggravated by the close proximity of
Western Europe. With these few comments on the
influence of atmospheric refraction on frequency
allocation and the siting of transmitters we may now
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return to the main theme of this article, namely the
propagation problems encountered within the normal
service areas of v.h.f. and u.h.f. stations.

Ground-Wave Propagation at V.H.F. and
U.H.F. :—When the transmitting and receiving aerials
are at heights h,, h,, cach at least a few wavelengths
above the ground, and spaced a distance d apart over a
smooth carth such that d » (h;. + hy), the field strength
at the receiving point is given by the expression :

90\ W hy hy
E N F volts/metre .. oM
where all lengths are in metres, A is the wavelength,
and W is the effective radiated power (e.r.p.), i.c. the
actual power multiplicd by the gain of the transmitting
aerial relative to a half-wave length dipole. The factor
F, which is less than unity, takes account of the curva-
ture of the earth : it is independent of the frequency
but decreases as the distance increases. (For a flat
earth F — 1). The expression (1) applies for both
horizontally and vertically polarized waves at the
frequencies with which we are concerned ; and it
results from the vector addition of the fields due to
the direct wave TR and ground-reflected wave TOR

as illustrated in Fig. 1.

Thus, when comparing field strengths at different
frequencies at a given distance, and for the same
e.r.p., h; and h,, we should expect on this simple
model based on a smooth spherical earth to find that
Eal/A or Ex« frequency (f). Experimental observa-
tions have shown, however, that this conclusion is
far from borne out in practice when transmission
occurs over rough terrain, as is nearly always the case
for overland propagation. Consider, for example,

an experiment in which the field strength is measured
at various distances along a path such as that shown in
Fig. 2, (The height scale is here very much exagger-
ated in comparison with the distance.) It is assumed
for simplicity that for each of the receiving positions
The actual

R;, R, only one reflected ray is possible.

height of the receiving aerial above ground level is
the same at R, and R,, but for transmission between
T and R, the effective transmitting and recciving
aerial heights are %,, and h,—very different from
hy, and hg,, the corresponding values for transmission
between T and R,. It is clear, therefore, that in
general field strength measurements at all points along
an irregular path cannot be described in terms of
equation (1) with unique values of 4, and A, The
situation becomes more complicated when it is realized
that there are ground configurations which can give
risc to more than one reflected ray between T and R
—aquite apart from the fact that some receiving points
will be in shadow regions. Furthermore, such multi-
path transmission is increasingly likely as the frequency
is raised since relatively smaller areas of ground (or of
any reflecting object) are required to give effective
reflection.

Experimental Field Strength Surveys :—In
view of the difficulties of interpretation outlined above
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LOCAL VARIATIONS ON A RECEIVING SITE

Minimum Range of Field Strength i

Frequency Variation (db)
(Mc's)
109, 500 9209, |
of sites of sites of sites
100 8 5 2
600 17 7 3 i

it has been found essential to analyse the results of
experimental field strength surveys on a statistical
basis. It is then found that the measurements of field
strength made over the whole of the service area of a
v.h.f. or u.h.f. station conform statistically with a
law of the form given by equation (1). A word of
caution is needed here, for the surveys amenable to
this kind of analysis, both in this country and in the
U.S.A., refer mainly to terrain which is not mountain-
ous in character, for example such as is found in the
regions around London and Sutton Coldfield. It
should also be added that, particularly at u.h.f.,
greater attenuation is observed in densely built-up
areas (like London and Birmingham) than in more
open country.

Experimental obsecrvations of field strength are
conveniently analysed in the following manner. First,
in the immediate neighbourhood of a receiving site
there is nearly always some variation of field strength
as the receiving aerial is displaced a few yards; the
range of this variation is found to increase with the
frequency, and its order of magnitude is indicated in
the table for frequencies of 100 and 600 Mc/s.

Thesc figures refer to a typical receiving aerial height
of 30 feet, and as far as can be ascertained they are not
very dependent upon (i) transmitting aerial height
over a wide range, or (ii) distance from the trans-
mitter.

Fig. I. Transmission over smooth earth.
One reflected ray only is shown and
agerial heights are exaggerated.

Secondly it is found that the gencral level of the
signal at sites at the same distance from the trans-
mitter, but on a representative selection of azimuths all
round the transmitter, varies very considerably. The
interesting fact emerges, however, that the median
field strength varies with distance according to a law
of the form derived for a smooth spherical earth
[equation (1)}, though the degree of absolute agreement
with equation (1) depends upon the frequency. (The
median field strength at any given distance is the value
exceeded at 509, of the receiving sites at that distance.)
In Band I the median field strength agrees very closely
with the value 90/ Wk, F/Ad® (i.e. within 1 or 2 db),
with h, and h, the actual values of the respective
acrials above ground level at the terminal points;
but as the frequency increases the measured median
field strength falls progressively below the theoretical
value, though the departure seems, to a first approxi-
mation, to he the same at all distances, at least up to
40 or 50 miles. Thus in Band III the discrepancy is
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Fig. 2. Transmission over rough terrain,
showing relationship between true and
effective heights of aerials.

about 10 db, and it ranges from about 15 db at the
bottom of Band IV to over 20 db at the top of Band V.
The somewhat surprising final result is that, within
close limits, the same median field strength is obtained
throughout Bands I to V for a given e.r.p., and the
same transmitting and receiving aerial heights; at
least up to the probable limiting extent of the service
area of a u.hf. station, say out to 30 miles, or so,
depending of course on the e.r.p. and the transmitting
aerial height.

Before going on to examine further the significance
of the constancy of field strength as a function of
frequency, we may note the range of variation of the
general signal level found on various azimuths around
the transmitter at a given distance. In Band I 10%
of the receiving locations will have a level some
7 or 8db greater than the median value, whilst a
further 109, of sites will have a level some 7 or 8 db
less. In Band III the variation from the median
value will be of the order of 12 db for the most favoured
and least favoured 109 of receiving locations, whilst
at 600 Mc/s (at the cross-over from Band IV to Band V)
the corresponding variation will be 15 db. It would
perhaps be as well to emphasize that the measurements
from which these characteristics have been deduced
were taken under a wide variety of conditions—on
level ground, in front of, on top of and behind hills,
amongst houses and other buildings and in open or
wooded country. Further, the receiving aerial height
was 30 feet, and the conditions were thus typical of
what would be expected with practical television
receiving installations for domestic use.

Reception at Various Frequencies :—Consider
first reception by a half-wavelength dipole at various
frequencies within the Bands I to V. The effective
length of such an aerial is A/=, and the input voltage
to a receiver correctly matched to the aerial, neglecting
any feeder loss, is V = EA/2» when the field strength
at the aerial is E volts/metre. For constant E, there-
fore, Vx1/f. Thus, by way of example, in going
from 50 to 500 Mc/s (Band I to Band IV) the input
voltage decreases 10 times (20 db). At present noise
figures of receivers at u.h.f. are of the order of 6 db,
or more, worse than those obtainable at v.h.f., so that
for the same signal to noise ratio at the two frequencies
(with a given e.r.p.) a total discrepancy of about 26 db
has to be made up.

The e.r.p. of the existing high-power Band I
stations in the United Kingdom is about 100 kW.
Within the next few years it is unlikely that actual
powers exceeding some 10 kW will become available
in Bands IV and V; indeed at the present time a
figure of 1 kW might be nearer the mark. For the
purpose of this argument, however, we shall assume
the availability of 10 kW transmitters in Bands IV
and V. It would be relatively easy to provide a
suitable transmitting aerial with a gain of 10 db, thus
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achieving the same e.r.p. as obtains in Band I; in
fact it would not be unreasonable to envisage trans-
mitting aerials with gains approaching 20 db, or
e.r.ps of 1,000 kW, even after allowing for the some-
what greater feeder losses which may exist in the
u.h.f. bands. Taking this optimistic view we should
be left with a factor of only 16 db to recover at the
receiving end to give the same performance at 500 Mc/s
as at 50 Mc/s—when using a simple half-wavelength
aerial at the Band I frequency. In practice, beyond
the immediate vicinity of the transmitter it is common
in Band I to use receciving arrays of one form or
another having gains of perhaps 2 to 3 db. It may
well be, however, that progress in the design of u.h.f.
receivers in the near future will lead to a betterment
of noise figures by 3 or 4 db, leaving finally a factor
of 15db to be found from receiving aerial gain at
500 Mc/s, though this ignores the fact that cable
losses will almost certainly be significantly greater in
the u.h.f. than in the v.h.f. bands.

A simple 10-element Yagi array of overall length
about 4 feet (and therefore not inconveniently large)
can be made to give a gain of 12 db relative to a half-
wavelength dipole at 500 Mc/s, so that it might appear
not to be impracticable to achieve the 15 db gain
required to give comparable performance at 500 and
50 Mc's.

There are, however, still several important points
to be considered. In the first place an aerial of the
Yagi type having a gain as much as 15 db will be a
relatively narrow band device, and this degree of gain
is likely only to be realized in the one u.h.f. channel
for which it has been designed. To obtain an aerial
of broader band characteristics it would be necessary
to go to a type involving a reflector of the parabolic
type; and for a gain of 15db a reflector 8ft in
diameter would be required (at 500 Mc/s), which
would hardly be practicable. Thus, if it is essential
that a high receiving-aerial gain should be achieved,
the problem of designing a practical aerial to cover
more than one u.h.f. channel would seem difficult to
solve, to say the least. A further hindrance to
obtaining high gain with a receiving aerial is brought
out by the figures in the table. If there are large
fluctuations of field strength over a small area, then
it is obvious that the field structure is very compli-
cated, and under such circumstances a highly directive
acrial may well have an effective gain appreciably less
than it would have in a uniform field, for which it will
normally have been designed. This may be a serious
problem in towns, for not only is the field strength
in the u.h.f. bands some 15db below the median
value obtained in more open country for any given
distance from the transmitter (i.e. with A = 30 ft),
but large fluctuations gencrally occur in the vicinity
of the receiving site. Some improvement in perform-
ance may be obtained by putting the receiving aerial
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really high—well above nearby surrounding objects—
but this might often be neither practicable nor
desirable, quite apart from the additional losses intro-
duced by the necessarily longer cable.

The comparison of efficiency of reception at 50
and 500 Mc/s has so far been in terms of median
field strengths ; i.e., those exceeded for only 507,
of the receiving locations at a given distance. If
for example it were desired to ensure that 90°,
of the receiving locations should have a similar service
at 500 Mc/s to that at 50 Mc/s an additional discrep-
ancy of 7 or 8 db would have to be made up either
at the transmitter or at the receiver. It seems unlikely
that the e.r.p. could be increased to approach 10,000 kW
at 500 Mc s : an aerial of 30 db gain with a uniform
horizontal radiation pattern is hardly feasible, and
100 kW of radio-frequency power seems out of the
question for a considerable time. Also, in view of
the arguments advanced above, it would be extremely
difficult to find an extra 7 or 8 db at the receiving end.

We have considered in some detail the relative
broadcast coverage to be obtained at 50 and 500 Mc s.
It will be clear that most of the difficulties encoun-
tered at 500 Mc s will be accentuated at, say, 900 Mc s
towards the top end of Band V. Smaller transmitter
powers will be available, there will be greater feeder
losses (both at the transmitter and the receiver),
it will not be advisable to use much greater acrial
gains (transmitting or receiving) than those already
envisaged above for 500 Mc/s, and the disadvantageous
effects of rough terrain are greater at 900 Mc s than
at 500 Mc/s. On the other hand, in Band 11I, at
frequencies near to 200 Mc/s, the situation is consid-
erably casier than in Band IV ; and it should be possible
to provide a coverage more nearly comparable with
that of Band I without undue difficulty. Here (in
Band III), for the same e.r.p. as in Band I, it would
be necessary to make up no more than about 12 db
at the receiving end, assuming receivers of similar
noise figure. It should in fact be possible to obtain
greater e.t.ps (by several db) in Band IIT than in
Band I without the use of unneccessarily complicated
transmitting aerials, thus leaving a degree of gain to
be achieved by the receiving acrial which is within
the bounds of a reasonable design. It might be added
that the spread of field strengths occurring at a given
distance from the transmitter in Band II1 will be
jntermediate between that for Bands I and IV.

Conclusions :(—Even taking the most optimistic
view of the ec.r.ps likely to be available in the tcle-
vision Bands IV and V, and of the noise figures likely
to be achieved for receivers in these bands, it is clearly
going to be difficult to provide an efficiency of recep-
tion at any given distance similar to that obtainable
in Bands I and III over terrain of the kind found in
the midlands and south-east of England ; the problem
will be even greater in very hilly country where more
intense shadows are cast.

It may be, of course, that the policy to be adopted
envisages the use of a large number of u.h.f. stations
—since more channels will be available in Bands IV
and V than in Bands I and III—each serving a rela-
tively restricted area. (It is beyond the scope of this
article to discuss the economics of such a scheme, but
it would obviously be a very important matter.)
With this in mind it is instructive to compare the
v.h.f. and u.h.f. bands taking a rather less optimistic,
and perhaps more realistic, view of what may be
possible in the near future. If in the ecarly stages of
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development it is found that the overall signal to
noise ratio achievable in Band IV, say, is 15 db worse
at a given distance than is at present obtained in
Band I—which is not unlikely—the kind of service
provided, for example, at 30 miles in Band I could
only be provided at about 15 miles in Band IV.
No account has been taken of the effects of man-made
or extra-terrestrial noise in these arguments. Evi-
dence is to some extent conflicting, but the amount by
which it seems possible that these effects will decrease
in the u.h.f. as compared with the v.h.f. bands will
not seriously change the arguments advanced in this
article.

It is in the nature of things that rough terrain
should produce wider variations of field strength
at w.h.f. than at v.h.f., and whilst some of the effects
of variations occurring locally at a receiving site may
be eliminated by the use of a suitable directive aerial,
little can be done in this way to change significantly
the median field strengths. This statistical aspect
of broadcast coverage cannot be avoided, and must
form the basis upon which plans are made for serving
any given area.

Short-wave Conditions

Predictions  for April

THE full-line curves given here indicate the highest
frequencies likely to be usable at any time of the day or
night for reliable communications over four long-distance
paths from this country during April.

Broken-line curves give the highest frequencies that will
sustain a partial service throughout the same period.
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LETTERS TO

THE EDITOR

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

dircraft Flutter

THERE was an unfortunate error in the report of the
Television Society’s Exhibition (February issue) in con-
nection with my method of simulating aeroplane flutter.
I agree that a flutter produced by “an input attenuator ”
would be ‘““ somewhat artificial,” and it was for this reason
that I did not use it. The simulator in fact operated by
preparing a delayed signal of controllable amplitude, pass-
ing it through a continuously variable 360 deg phasc
shifter (at 45 Mc/s) and adding it back on to the main
signal. One revolution of the phase shifter therefore pro-
duced one cycle of flutter.

The time delay was obtained by about 100 yards of
coaxial cable. The phase shifter consisted of four stator
sets of quadrantal condenser plates with a quadrantal rotor
set revolving inside; and was constructed from two stan-
dard 50-pF air dielectric trimmers. The four stators were
fed with voltages having successive 90 deg phase shifts
(obtained by three lengths of cable cut to one-quarter-
wavelength each at 45 Mc/s), and the output was taken
from the rotor with a capacitive load adjusted to minimize
the incidental small-amplitude fluctuations of the phase-
shifted signal. The rotor was driven at a controllable speed
via a 30:1 reduction gear box, a small shunt motor, and a
Variac transformer from the mains.

In the interests of accuracy, it would perhaps be better
to say that frequencies up to some 10c/s are passed,
rather than “in the region of 10c¢/s,” as the frequency
of minimum voltage loss through the coupling circuit is
about 0.5 ¢/s.

A further small point is that in your diagram (page 73
of W.W., Feb., 1954) the third valve shown, the video out-
put valve, should of course be labelled “V.F.” and not
“AF.” H. B. S. BRABHAM.

G.E.C. Rescarch Laboratories,

Wembley, Middlesex.

Technical Qualifications

IF your correspondent “ Engincer Abroad” (January
issue) would enter upon the British scene he would find a
revelation awaiting him.  There he would find technolo-
gists, technicians, boffins, applied scientists, etc., all work-
ing together as a team to form a radio industry second to
none in the world.

Your correspondent pours scorn on radio engincering
education in Britain and predicts its effect upon the
efficiency of the radio industry. By what yardstick does he
measure efficiency ? Quality, output or the * professional
status ” of the members of the industry ? If it is quality
and output, the present radio engineering education
system is certainly justified. The men who enjoy the titles
of technicians, boffins, technocrats, designers, research
workers and others so revolting to  Engincer Abroad ” are
radio engineers in their own right; men who have learned
theory and practice and how to combine the two to pro-
duce results of a high order.

“ Engineer Abroad ” would climinate all those titles
and would like to do away with all or most of the ¢ngin-
cering qualifications and associations as well. This is a
strange contradiction in his plea for increasing “ profes-
sional status.” It is all the more so since there is no sug-
gestion as to what the qualifications would be for his
“radio engineer.” He is indulging in over-simplication if
he considers that an academic training such as bestows
professional status for example, in the older branches of
engineering would be adequate in the vast and increasingly
complicated field of electronics. It might satisfy the
student and the public but hardly the industry which
depends on output for its existence, As the field of
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electronics widens more associations and qualifications will
be required to keep members in touch with the intricate
details of their particular branch and as a proof of status
m a particular branch,

In conclusion, one wonders what qualifications your
correspondent would demand for a *“radio engineer.”
Would the boffins and applied scientists who conceived
and developed radar be cligible, or would a university
degree in any engineering subject be the hall-mark ?

RADIO ENGINEER.

Legal Posers

HERE is a thought, prompted by a letter from one ot
vour correspondents on the subject of television set oscil-
lator radiation. My neighbour’s television set (within
100ft) re-radiates the TV programmes at excellent strength
from its intermediate frequency amplifier (16 and 19.5
Mc/s for vision and sound respectively). If, by broad-
banding my short-wave receiver, I now use these spurious
radiations to operate my own television set, do I require
a vision licence? And does a “ sound ™ licence cover the
“sound " half of the television signal also?

Liverpool, 20. W. BLANCHARD, G3JKV.

Williamson Tone Compensating Unit

IN the switched low-pass filter shown in Fig. 19 of the
article High Quality Amplifier (W.W., Vol. LV, No. 11, pp.
426-7, Nov., 1949), it would appear at first sight that by
moving R53 to the output end of the parallel-T network,
and by using a 1 M:! potentiometer mstead of the fixed
resistor specified, control of the loop gain would
be possible, thus providing a variable slope feature.

|

—{}

b A A ———

T
[ [

Having no equipment to check results, I would welcome
any commernts that readers who may have tried this
arrangement have to make. JOHN ]J. CLARK.

Chippenham. .

= Plug and Socketry ™

C. LISTER’S excellent article (February issue) throws
welcome light on this vexed problem of * when is a plug
not a plug.” But, in my opinion, his suggested table of
definitions does not quite meet our requirements as it
shows a device having *“holes™ to be at one instant a
socket and, later in the table, a plug.

I suggest that a plug or socket should be defined by
function. As everyone knows, the function of a plug and

177

www americanradiohistorv com


www.americanradiohistory.com

LETTERS TO THE EDITOR .

socket is to convey electric current from one point to
another. The contacts perform this function regardless
of the type of moulding in which they are mounted, there-
fore I submit that the type of contact should be the
identifying factor. Furthermore, much confusion can be
avoided by using the word * pole™ instead of “pin” as
in the following table: —

N pole plug.—One portion of a plug and socket having
N male merallic contacts. Intended for use as a
cable attachment or as a rigidly mounted unit.

N pole socket.—One portion of a plug and sockcet
having N female metallic contacts. Intended for
use as a cable attachment or as a rigidly mounted
unit.

The use of the word “free” for a cable-attached device
and “fixed” for a rigidly mounted unit is also to be
recommended.

Therefore, my description of the plugs and sockets in
IFig. 1 (Mr. Lister’s article) would be: —

A: 3-pole plug. 5 amp. Free.

B: 3-pole socket. 5 amp. Fixed.

C: 3-pole socket. ? amp. Free. (Male moulding.)

D: 3-pole plug. ? amp. Fixed (Female moulding.)

London, N.4. P. BROWN.

Transistor Symbols

I DIFFER from F. Qakes (p. 127 March issue) in think-
ing that the original transistor symbol. introduced at the
time of the point transistor, is no longer adequate. By all
means retain it in its original context, but let us have a
new symbol for junction transistors, and one which will
give the maximum information with the least work for the
printer and drawing office. Here is my suggestion: —

(n-p-n) (p-h-p)
(EMITTER) (COLLECTOR) (EMITTER) (COLLECTOR)
(BASE) (BASE)

The lettering would appear only in a glossary of symbols.
Useful mnemonics might be “black—dense with
electrons—negative—n-type ” and * white—full of holes—
positive — p-type ’;  “collector —more  power — larger
clectrode.” HENRY MORGAN.
Hindhead.

Ignition Interference

RECENTLY, in your excellent publication, you pub-
lished letters (M. S. Morse in October, R. Oster in
February) that would lead your readers to believe that
television viewing in the U.S.A. is completely free from
automobile ignition interference. This is definitely not
true. Messrs. Morse and Oster are very fortunate if they
have never experienced it. We not only enjoy this distrac-
tion at times in some fairly high-signal-level areas, but we
can be and are occasionally bothered by interference from
houschold appliances. Contrary to Mr. Oster’s statement,
all appliances are not filtered by the manufacturer. A
partial list of interference sources would include electric
shavers, oil-burner ignition systems, defective neon signs,
thermostatic devices and fluorescent-light starters.

Although older cars seem to be the major source of
interference, brand-new cars have no ignition-noise sup-
pression built in unless they arc sold with radio. A few
non-radio cars may have suppressor-type spark plugs,
however. Motor trucks seem to be a greater source of
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continued

interference than passenger cars, possibly because the
spark is “hotter” and the leads are longer.

The American Radio Relay League, the national
organization of radio amateurs, has organmized a demon-
stration of most TV reception complaints (which includes
the sources mentioned above plus others like FM and
TV receiver oscillator radiation, diathermy, and short-wave
transmitters associated with other services, etc.) and has
presented it to TV servicemen in most of the leading cities
throughout the country. (An article describing the demon-
stration can be found on page 16 of the October, 1953,
issue of QST.) The demonstration is conducted by Lewis
G. McCoy, who has also appeared on a number of TV
programmes to tell local audiences the *“whvs™ and
“ wherefores” of some of their troubles.

I do not wish to leave you with the impression that we
do not enjov good TV viewing in this country—we do—
but I would like to correct any notions that we have no
intereference problems (including automobile ignition).
Some of our interference can be traced to poor receiver
design—we have some excellent receivers and some poor
ones, but we trust that, in time, the poor ones will disap-
pear from the market. But even the best designs do not
have a built-in brain that will respond to radio energy that
is part of a TV signal and vet not respond to r.f. energy
of the same frequency and comparable magnitude that
comes from a source other than a TV transmitter.

West Hartford, BYRON GOODMAN, W1DX.

Conn.. U.S.A. Assistant Technical Editor, OST.

Tribute

IN view of the number of times that the opposite side
of the picture has been presented, I think that your
readers would appreciate the fcllowing tribute which
appears in the March, 1954, issuc of the U.S. publication
Radio Electronics.

“ Recently Britain, which has sent us so many
excellent high-fidelity products and circuits, has pro-
duced a tone-compensating circuit  (introduced by
Baxendall*) which for a combination of virtue and
simplicity is little short of fabulous.”

Incidentally the writer of this article. Mr. Joseph
Marshall, has some very excellent ideas himself on high-
fidelity amplificrs which I hope you will acknowledge as
graciously should you decide to pass them on to your
readers.

Montreal, Canada. C. M. WELLS.

* Wireless World. October. 1952,

World Television

TELEVISION development and/or future plans in
some 50 countries are reviewed in “ Television: A World
Survey,” one of a series of reports on the facilities of
mass communication issued by U.N.E.S.C.O. Although
based on information available a year ago 1t will be found
of inestimable value to manufacturers interested in the
export of television gear.

While it reviews closely the financial and administrative
organization of television in each country and gives a
brief history of its development, there is a considerable
amount of information of interest to the radio engineer.
Details are given of the standards adopted, frequencies
employed, transmitter power, type of aerial and approxi-
mate service area, and on the method of linking stations.

The book surveys the plans made by 52 countries to
provide or extend their television networks. Brazil, for
instance, which at present operates three stations on the
525-line standard, plans to establish 290 transmitters.

“Television: A World Survey” is obtainable from
H.M.S.0O. price 9s 6d.
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Transistors for High

Frequencies

A NOTE on p. 119 of the previous issue described
the new Philco junction transistor, which has
an alpha cut-off in the region of 40 Mc/s and
which depends for its success upon the production
hy electrolytic etching of a working region only
0.0002in thick. A new junction transistor has also
been announced by the Radio Corporation of America
(RCA Review, Vol. XIV, No. 4, p.586, Dec. 1953),
with an alpha cut-off frequency of about 10 Mc,s.
The RCA transistor appears to have been designed
with the broadcast receiver in mind, so that gain at
455 ke/s is of paramount importance, and no advantage
is to be gained by spending money on extending the
response above about 2 Mcs. In their approach to
the problem, Mueller and Pankove have considered
two effects. The first of these is associated with the
fact thar in the base region the minority carriers
diffuse through from the ecmitter to the collector
without very much encourag:ment from any electric
field. As the input to the emitter is varied the number
of carriers must vary too, and so the actual number
in transit will vary. There is a sort of space charge
in the base, and the need to drive this space charge
provides a rather large emitter-base capacitance term
In the equivalent nerwork. For the RCA TA-153
p-n-p audio transistor the capacitance is about 0.01 xF.

Diffusion Technique

Since the number of carriers in transit increases
as the base is made thicker, this capacitance increases
with base thickness, and in fact is proportional to
the square of basc thickness. It does not depend on
the junction area, but it is proportional to the direct
current. RCA have aimed at a spacing between the
collector and emitter junctions of 0.0005in, which is
21 times the Philco spacing. They stress the advantage
of having the eclectrodes as nearly flat as possible,
but they make their junctions by the indium alloying
process. Each junction is internal, and is produced
by diffusing indium into a germanium wafer. Small
discs of a germanijum-indium alloy are applied to the
wafer and the assembly is heated : the indium soaks
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Fig. I. Base-input single-generator n-equivalent circuit of
transistor.
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Importance of Redueing Base

Laver Thickness

in until the two doped regions are separated by the
required distance.

Having decided to use a thin wafer so that the
junctions will be flat rather than hemispherical, a
new difficulty arises. The emitter diameter will be
about 0.0l in, and even if a base contact could be
arranged round the emitter with a radius of 0.010 in,
the series base resistance would be 70 ohms. Moving
out to 0.040 in would increase this to 200 ohms.
In the equivalent circuit shown in Fig. 1, this resis-
tance is r,, and in combination with Cy’, is obviously
of vital importance in determining high frequency
response. To make C,, small, the wafer thickness
must be small: to make the wafer thickness small is
to increase ry,.

Surface Recombination

There is yet another difficulty. It is not possible
to apply the base conncction t0o near to the emitter
junction, as such an ohmic connection to the ger-
manium surface provides a region in which the surface
recombination of holes and electrons can take place
very easily. The solution adopted by RCA is to drill
a small pit in a thick germanium wafer, to give a
structure of the form shown in Fig. 2. Round the
junctions there is only germanium, so that no re-
combination troubles are encountered : away from the
actual junction region the germanium is thick, and
the value of r,, is kept down to about 50-100 ohms.
The actual junctions are 0.015 in and 0.010 in diameter,
compared with the 0.004 in and 0.002 in of the Philco
transistor.

The larger size of the junctions in the RCA transis-
tor is reflected in the choice of working point. Where
Philco operate at I, = —0.06mA, V, = —0.5V, the
figures for the RCA transistor are quoted at 1, =
—ImA, V., = —6V, so that we should expect to see a
factor of 16 to the advantage of Philco so far as Cy.
is concerned. On the other hand, the RCA unit will
have a lower value of r,,, which will offset this to
some extent.

BASE TAB

COLLECTOR
JUNCTION

EMITTER _ o~
JUNCTION

Fig. 2. Cross-section of junction m the RCA high-frequency
transistors.
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The performance obtained with the well-type
p-n-p junction transistor is not casily compared with
the performance of the surface barrier transistor.
At 455 kc's, however, matching both input and output,
and necutralizing the feedback due to the base re-
sistance, a gain of about 35 db is obtained. Using
rather simpler circuits, without feedback neutraliza-
tion, gains of 22.25 db at 1 Mc/s, and of 8-13 db at
10Mc/s have been obtained. At 1 Mc/'s the noise
factor is only about 4-8 db, which is not likely to cause
any embarrassment in the design of a broadcast
receiver.

No details are given of the method adopted for
producing the pit. It is therefore impossible to form
any estimate of the relative ease of manufacture of

Calculation of Coupling

these two new ways of manufacturing high frequency
transistors.

Just after this note was written further information
about the Philco system became available. In a letter
in the February 1954 issue of Proc. I.R.E. the pro-
duction by the electrolytic jet etching process of a
surface-barrier transistor using silicon instead of
germanium is announced. Silicon presents the ad-
vantage that it is not so temperature dependent, and
the appearance of a junction transistor with a.> 0.95
and f, > 10 Mc s opens up new possibilities.
Acknowledgments. Fig. 1 is based on Fig. 4, and
Fig. 2 on Fig. 3 of ““ A p-n-p Triode Alloy Junction
Transistor for R.F. Amplification ” by C. W. Mueller
and J. I. Pankove, RCA Review, Dec. 1953, p.586.

By FRANCIS OAKES™ Mna.k,

Mutual Inductance and Coupling Coefficient on the Slide Rule

EVALUATION of the well-known formula M

ky'L,L, which applies to the primary and second-
ary inductances, the mutual inductance, and the
cocfficient of coupling of a transformer, is frequently
required for circuit design and in everyday laboratory
practice. A rapid numerical solution can be found on
the slide rule, provided that in addition to the ordinary
and square scales the slide carries also a reciprocal
scale.

As shown in the accompanying diagram, the induc-
tances L, and L, are set on the square scales, the
mutual inductance M on the normal scale, and the
coefficient of coupling % on the reciprocal scale. For
example, the self and mutual inductances of a short-
wave acrial coil were measured, and found to be
0.62, 3.7 and 0.41 .H respectively. As shown in the
illustration, the coefficient of coupling & is 0.27.

It is important that the inductances L, and L,
should be set in the left section of the square scale if
the position of the decimal point involves an even
power of ten, in the right if an odd power. Thus,
3.7 is set in the left section, because 3 corresponds to
10° (in this context O is regarded as an even number) ;
0.62 is set in the right section, because the position

of 6 corresponds to 10 ‘', an odd power of ten.

It can be seen from the diagram that not only can &
be evaluated from M, L, and L,, but that any one of
the four parameters can be found by this method when
the other three are given. Thus, for instance, the
primary inductance L, can be found for given values
of L,, k, M, by bringing k on the reciprocal scale to
coincide with L, on the square scale of the stock, and
finding the required value L, on the square scale of
the slide, without further movement of the slide, by
setting the cursor to M on the normal scale of the stock,
as shown in the illustration.

Proof : The linear distance between L, and L, is
equal to the linear distance between k and M, but
since L, and L, are set on logarithmic scales of half
the length unit and & of the same unit but opposite
direction than the normal scale on which the setting
of M is effected, the following equation holds good :

s log L, loglle log M -

The left side of this equation relates to the slide, and
the right to the stock.

tlog L,

tlogL, + }logL, log M

Llog L\L, + logk =log M

1
1
ogk

LEFT SECTION RIGHT SECTION log lefz 4 log k log M
r— YA
log kv L,L, = log M
g 2 g
SQUARE .
SCALES SkyvLil, = M
. 2 3 ¥4 56 810 20 30 40 5060 80 100
: — =t ,'..j. e o e i
S6 8 10 | 20 30 40 5064 80 100 )
L . e Inductances are registered on
= i 3 : 1 the fixed and sliding square
| scales, mutual inductance on
) s the fixed normal scale, and co-
— e P et efficient of coupling on the
4 3 % 5 ¢ reciprocal scale.
RECIPROCAL
SeALE NORMAL
SCALE * Ferguson Radio Corporation.
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Band I Television Aerials

Evaluation of Requirements from

Available Data

THE Postmaster-General has already announced
the frequencies for the alternative transmissions in
Band III. Provisionally two channels will be available
within the Band III spectrum of 174-216 Mc/s.
These will be designated as follows: channel 8
186-191 Mc’s. (Midlands), channel 9, 191-196 Mc/s.
(London and South Lancs).

There is no information as yet regarding the siting,
power, or mode of polarization for the transmitters,
and without this fundamental data it is impossible to
relate Band 111 aerial requirements to Band I unless
certain assumptions can be made.

A realistic approach may be based on the assump-
tion that both transmitters are radiating the same
amount of power from the same site. It is then a
reasonably simple matter to decide how much more
efficient a Band III aerial must be relative to a Band I
aerial in order that the develped e.m.fs be equal.

The theory of propagation of u.h.f. waves over a
smooth but curved earth is very complicated.t
The field intensity at a receiving site is related to the
respective heights of the transmitting and receiving
aerials, their distance apart, and the dielectric constant
and conductivity of the earth. No matter how these
paramecters are disposed the field intensity is always
proportional to the square root of the power, W,
radiated from the transmitting aerial.

If one considers a separation between transmitting
and receiving sites which is considerably greater than
the respective heights of their aerials (Fig. 1), so that
the grazing angle, 6, of the refiected wave is a few
degrees only, a useful approximate expression for the
field intensity, up to, but not beyond, the horizon is :—

E— 0.01 \/W_hdk_[

d?

where h, and h, are the respective height of the
transmitting and receiving aerials in feet, d is distance
in miles, and W is watts in a half-wave transmitting
dipole. fis in Mc/s. One often sees the expression
e.r.p. (effective radiated power) for a transmitting
aerial which takes into account the increased radiated
power, in useful directions, obtained by stacking a
number of radiators into an array.

For a given output power from the final stage of the
transmitter, and a given volume into which an array
can be packed, it is clear that more half-wave dipoles
can be ‘‘ phased up” on Band III than on Band I
because individual dipoles are only one quarter the
size (the frequencies are approximately in the ratio
4/1). Thus, a greater e.r.p. is possible from Band III
from the acrial viewpoint, but it must be remembered
that serious limitations may restrict the amount of
power available for feeding the aerial since a consider-
able increase in frequency is involved and all sorts of

microvolts/metre (1)

* Belling and Lee Ltd.
+ Propagation over radio line-of-sight paths is discussed elsewhere in
this issue.—Ep.
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By F. R. W. STRAFFORD,* M.LEE.

limitations in transmitter output valve performance
will creep in.

Equation (1) is useful for computing average field
strengths up to the horizon but is quite useless beyond
it. Itis here that one encounters diffraction phenomena
which have the net effect of reducing, very rapidly,
the field intensity, and of having a far greater adverse
effect on Band 111 than on Band I. Useful empirical
formulz' for field intensity beyond the horizon for
Bands I and III respectively are :—

0.014/W hy hyp fi D2

E, (Band 1) = py wV/m .. (2)
and

; ' 72 ’ 1.
E, (Band 11T) = YOLVW hrie /s Dy 22 o (3)

de.s

A new term D, appears in these two equations and
is the distance from the elevated transmitting aerial
to the horizon, and is equal to 1.25 /A at the latitude
of London (not critical for U.K.).

It is important to recognize that these equations are
largely empirical and cannot take into account the
normal departure from a smooth curved earth.
Buildings, trees, and the general undulation of the
countryside must produce irregularities so that at a
given distance the field strength may be considerably
above or below the calculated values. Nevertheless
the smooth curves of field intensity, as a function of
distance, are likely to represent average values.

The field strengths calculated for Band I and
Band III from these formulaz are not very helpful
unless they can be related to the amount of signal they
will induce in a receiving aerial. Now, the e.m.f.
generated across the centre connections of a half-wave
dipole whose radiation resistance is matched to the
receiver input impedance is well known to be? :(—

Ex
e 2 .. .. .. .. D
where E is the incident field strength and A is the
desired wavelength.

Let A, = Band 1 wavelength (metres)
fi = Band I frequency (M/cs)
A; = Band III wavelength
/s = Band III frequency.

DIRECT WAVE
REFLECTED WAVE

RECEIVING

TRANSMITTING AERIAL
AERIAL

Fig. I. known as

Propagation conditions
incidence,’’ where 0 is a very small angle.

‘ grazing
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By substituting equation 4 into equations 1, 2 and 3
we obtain the following for the signal e.m.f. developed
in a simple half-wave dipole, which is an excellent
standard of reference.

Up to the horizon :—
0.0016 /W hy hy, fi A
4z
0.0016\ W h, h, f, A,
- g
Beyond the horizon :(—
0.0016 \'W h, hy f, A, D,?

Band 1 uV ....(5)

€,

Band III uV. .. .(6)

e, 4 Band 1 «V (7)
0.0016y W hy hpfy A1,
¢ EA 1’“ #fa DI g nd T RV (8)
45

Now the product fA is a constant since one is
inversely proportional to the other, so that up to the
horizon the signil e.m.f. induced in a half-wave
receiving dipole is identical for Bands I and I1lI,
providing all the other paramecters arec unvaried.
Beyond the horizon the diffraction effects take control
and attenuate the Band III signal very much more
rapidly than Band I.

Curves are plotted in Fig. 2 on the following basis :

Height (h;) of transmitting aerial 625 ft.
Height (h,) of receiving aerial 30 ft.
Band I frequency (f;) .. 55 Mc/s.
Band III frequency (f;) .. 190 Mc/s.

As expected, the Band 1 and 1II curves are coincident
up to the horizon but split thereafter with rapid
falling off on Band 1II. From this one immediately
realizes why increasingly high frequencies seriously
restrict the useful range. The curve for Band IV
propagation, although not under general discussion,
shows why transmissions at these frequencies are
almost confined to line-of-sight conditions. Field
reports from the United States of America are already
confirming this.

According to a report by R.C.A.* their Band IV

&\

INDUCED e.m.f IN HALF-WAVE DIPOLE

.
—

10uV

0 20 40 60 80 100 20 *
DISTANCE FROM TRANSMITTER(MILES)

Fig. 2. Induced voltage in a simple half-wave dipole.
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REFLECTOR  DIPOLE OIRECTORS
-

& » * N

-

A, —— 4 ‘NS—ULA:TOR: = = — -
/Z F :1 DIRECTION

| OF MAXIMUM
| RECEPTION

Fig. 3. Details of the Yagi aerial.

station KPTV at Portland, Oregon, with an aerial
located at about 1,000 ft above average terrain and
operating on channel 27 (548-554 Mc’s), strongly
suggests that first-class reception is confined to those
receiving installations where the aerial is in optical
view of the transmitting aerial! This naturally
excludes sites which are close but obscured from view
by neighbouring buildings because *‘swamp > field
intensitics obviously exist. Another interesting point
to be gleaned from Fig. 2 and equation 8 is that, since
the horizon distance is proportional to the square-root
of the height of the transmitting aerial, doubling the
latter will dowble the normal service area within the
horizon.

On the other hand, doubling the transmitter power
will only extend the service area by a few per cent
because of the rapid attenuation beyond the radio
horizon.

The recipe for good transmitter coverage on Band
III is ““ large helpings of mast height with power added
to taste.”

Aerial Requirements

Returning to the essential problem of Band I and
III transmissions, it would appear that a simple half-
wave dipole at a range of 30 miles from the trans-
mitter would provide excellent reception if the
conditions specified for W, h, and h; were met.
Bearing in mind the increased attenuation, with
frequency, of obstacles such as buildings, it might be
fair to estimate that, within 20 miles of a station as
described, a well exposed Band III dipole would be
as effective as a similarly erected Band 1 dipole at
about 30 miles. Indeed, U.S.A. surveys seem to
suggest this.

Making allowance for this probable 309, reduction
in distance due to practical recciving conditions it
would appear that recovery of the lost signal at a given
range within the horizon will require a receiving aerial
gain of 7 db, and this can only be achieved by an
economical combination of increased height and multi-
element aerials.

Thus, at limit distance for Band I (B.B.C. high
power) with simple outdoor dipoles a multi-element array
may be essential for equally satisfactory reception on
Band 111.

Since this condition exists at about horizon distance
it is very obvious from the curves of Fig. 2 that,
beyond the horizon, at distances where muiti-clement
aerials are required for Band I, little or nothing will
be received on Band III unless very elaborate aerials
are used and are erected at abnormal heights.

WIRELESS WORLD, Arrn 1954
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Fig. 4. Stacked Yagis have a gain of 3db over a single unit.

The simplest multi-element arrays for TV reception
are based upon the Yagi system named after its
discoverer! in 1928 (note the very early date).
Essentially it is a simple half-wave dipole backed by
a reflector element placed at from 0.15-0.25 wave-
length behind it, and with one or more director
elements placed in front at spacings of about 0.1 wave-
length (Fig. 3).

This arrangement provides the basis for at least
90% of the multi-element TV aerials used throughout
the world to-day. Notice that the reflector is slightly
longer than the dipole, whereas the directors become
progressively shorter. It is essential to follow this
technique if a good directional characteristic with
optimum gain is to be achieved along the direction of
the arrow.

It is erroneously thought that the number of
elements determine, uniquely, the gain of such a
system. The total length is a major contributory
factor, and it can be shown that, for a given length, /,
of the array there is an optimum number of directors
beyond which no improvement will result. Thus a
Band III array with an overall length of, say, five feet
comprising a reflector, dipole, and twelve directors,
may be inefficient compared with an array having a
length of ten feet with a reduced number of directors.
Additional reflectors, incidentally, contribute in-
appreciably to the performance.

According to R. A. Smith?® it is suggested that the
forward gain of a Yagi aerial of total length / is approxi-
mately 3//A greater than a half-wave dipole. This only
holds for arrays longer than one wavelength which,
at 190 Mc/s, is approximately five feet and an array
of four feet in length comprising one reflector, a
dipole, and three directors should provide a matched
gain of about 7 db over a dipole, which brings the
reader back to the earlier suggestion that if a dipole
gives good reception at the horizon on Band 1 a five-
element Yagi should provide the same result on
Band III, assuming the transmission and reception
conditions are as originally outlined.

Band III Aerials

This may be a slight exaggeration of what will
happen in practice because the sharp directivity of
the Band-IIT Yagi compared with the omnidirectional
Band I dipole will improve the signal-to-noise ratio of
the former in the presence of ambient man-made and
terrestrial interference fields such that a more efficient
performance will result. 1t is more likely that a
Band III Yagi array about three feet in length and
with one director will be a satisfactory substitute

WiIRELESS WORLD, APRIL 1954

BAND I H BAND T YAG!

MAIN FEEDER

TO RECEIVER

BOTH AERIALS ON CHIMNEY

MAIN
FEEDER / / / /
MATCHING
FILTER | WA (b)
= FEEDER
TO RECE(VER
YAGI ON CHIMNEY
DIPOLE IN LOFT //// ///
MATCHING -
FILTER (¢)
[ ;’ T0 RECEIVER
MAIN FEEDER

Fig. 5. (a) Two dissimilar aerials connected to common
feeder via matching section x, (b) by means of a matching
filter located near receiver, (¢) by a filter adjacent to one of
the aerials.

for the Band-I dipole under these receiving conditions.

It has been stated that a gain of 7 db is possiblc
with a four-foot Yagi. If higher gains are required it
may not be wise to increase the length (/) of the array
and add additional elements, because the bandwidth
decreases and may impair picture definition. Experi-
ence is needed under field conditions to determine
how far one may extend the Yagi array without
impairing picture quality.

By stacking two identical arrays (Fig. 4) at a spacing
of not less than half a wavelength (2 ft 6in) and
connecting their outputs in phase, an improvement of
3db in gain may be effected. This 3 db does not
seem to be a very useful increase—it if only X 4/2—
but it must be clearly remembered that when receiver
threshold noise is present 3 db represents the difference
between an acceptable and useless picture.) This has
been proved because long experience on Band I has
taught the installer that the advantage to be gained
by using an ‘“ H ” aerial over a dipole is definite and
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economically worth while when signal strength is low,
and our better knowledge of acrial measurement
techniques, coupled with more accurate apparatus,
indicates that the optimized ¢ H* averages about
3 to 4 db better than a dipole.

A problem which faces the designer is that of
accommodating these additional aerials, or stacks of
aerials, on the typical dwellings of this country,
bearing in mind particularly the semi-detached
suburban dwellings with one small chimney stack per
two or more families. It may be necessary to erect
masts on a ridge-tile fitting and support them by sets
of guy wires.

The sitirg of Band III aerials will call also for
closer attention than hitherto. U.S.A. installers have
found it necessary to ‘ probe” the space above a
building for a position of maximum field strength.
The greater reflectivity of surrounding buildings gives
rise to stronger standing-wave patterns than on
Band I so that the accidental location of the aerial in
a deep minima may have a serious effect.

The possibility of increased  ghosting * may exist,
but greater use of multi-element arrays, with their
sharper directivity, may oftset this.

Combined Aerials

The author may be getting into deep water by
descending from the technical to the psychological,
but when an alternative TV service is established, it
seems obvious that if it is properly planned it will be

— o
T0 BAND I
AERIAL '[ A
e . g 2o}
70 RECEIVER
Fig. 6. Generic circuit for a matching filter.
BAND I H BAND T YAGI
MAIN MAIN
FEEDER FEEDER
RECEIVER INPUT
(BAND )
RECEIVER INPUT
Fig. 7. Band !l and Nl aerials (BAND 1)

with entirely separate feeders.

184

as necessary to the viewer as the Light and Home
programme is to the listener. This seems to be
reasonable because no one would think of purchasing
a broadcast receiver capable of receiving the Home
programme but not the Light, or vice versa.

If this reasoning is sound the potential viewers for
alternative TV must be about equal to the number of
existing viewers with only the £ s d problem to solve.

Based on Band I experience there will always be a
large number of fringe viewers, and because of range
limitations on Band III they will now be located on
the outskirts of the densely populated areas, thereby
increasing the fringe viewer density. The problem
of connecting Band IIl aerials to existing Band I
installations calls for considerable thought on technical
and economic grounds. Aerials connected to trans-
mission lines cannot be paralleled in the manner of
extension loudspeak~rs or doorbells, and the average
installer would not poss:ss the skill nor the apparatus
for determining the correct points of attachment.

If the aerials are in close proximity the Band III
feeder may be cut to a length x (Fig. 5a) such that its
impedance-transforming properties will provide sub-
stantially independent matching of cither aerial on its
particular frequency. This length x can only be
deduced from a knowledge of the impedance at the
dipole terminals of the Band III aerial, and is best
determined experimentally.

But the main fecder to the receiver may be unduly
lossy for efficient Band III signal transfer because it
will be doubled in any event due to the 4'1 increase
in frequency. In this case a separate feeder of low
inherent loss must be run to the receiver, and if the
latter is equipped with but a single input socket some
form of matching filter (Fig. 5b) must be used to
maintain mutually exclusive performance of the two
aerials. The two receiving aerials may be widely
separated ; for example Band I in the loft and Band III
on the chimney—again the matching filter (Fig. 5¢)
is needed. A generic circuit for such a filter is shown
in Fig. 6 and is clearly a combined high-pass and low-
pass network.

The more flexible arrangement, whereby complete
independence of operation on either band is assured,
makes use of separate feeders for the aerials (Fig. 7)
but requires separate input sockets on the receiver.
While it is technically sound there is the difficulty of
adding extension aerial sockets in other rooms and
the cost of installing the extra feeder, where, in many
cases, a matching filter might be branched-in much
closer to the aerial.

The technical and economic problems involved
cannot be solved without statistical assistance based
on an established service, but they will assuredly be
tackled and solved with minimum delay when the
time arrives, and because this is the age of miracles
some of them may be solved earlier.

The author wishes to acknowledge with thanks the
assistance of a colleague, I. A. Davidson, in carrying
out the computational work involved in preparing the
graph of Fig. 2.
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“A U T O M AT I O N ” By LEON 6. DAVIS

Mass Production of FElectronic Sub-assemblies by Automatic Plant

lT is perhaps logical that the development of a new
system of electronic construction should find its
first important application in an automatic produc-
tion line for the manufacture of electronic equipment.
The system that makes this possible is described by
its developers at the U.S. National Bureau of
Standards as “modular design of electronics for
mechanized production of electronics.” It utilizes
mechanically standardized sub-assemblies or
“ modules > (see Fig. 1), which can be produced with a
wide range of different circuit configurations.

Starting from raw or semi-processed materials,
machines automatically manufacture ceramic compo-
nents and adhesive carbon resistors, print circuits and
mount resistors, capacitors, and other miniaturized
components on standard ceramic wafers ;in squarc by
1sin thick. Special components not suitable for print-
ting techniques can also be incorporated. The wafers
are then stacked up to form the “modules.” Auto-
matic inspection machines, controlled by information
on punched cards, check the physical and electrical
characteristics of the wafer circuits at numerous points
along the production line.

The completed “ module ” combines all the require-
ments of an electronic circuit with ruggedness, reli-
ability and extreme compactness. In general, it com-
prises about four to six wafers. A number of indi-
vidual “modules” can be combined to form a major
sub-assembly, and this operation can also be done by
machines. The pilot plant, now being operated under
contract by the Kaiser Electronics Division of Willys
Motor Company, is designed for a production goal of
1,000 “ modules ” per hour.

Left: Fig. I. Two complete sub-
assemblies or ** modules '’ with one
of the notched ceramic wcfers.

Right :  Fig. 2.  Machine for
printing circuits on up to six wafers
simultaneously. The wafers are fed
in from the right.

\WintLeESS WORLD, ArRriL 1954

The system dispenses with the conventional circuit
diagram of the tested electronic prototype and places
all necessary production programming information on
a work sheet. Each work sheet contains the front
and back outlines of six wafers with appropriate num-
bering to identify each notch in the wafer, each vertical
connecting wire, and the component that is to be
placed on the wafer. The engineer translates his con-
ventional wiring diagram to this type of diagram. He
indicates the position of the component and its proper
value and tolerances, and lines are drawn to indicate
how the circuits between wafers are to be connected.

In addition, the work shect is used to establish the
inspection procedure. The current paths on each
wafer are recorded on punched cards and these ac-
company the wafers through all the manufacturing
processes. The work sheet is also used in the con-
struction of standard “modules” or counterparts
which are employed in the final testing and inspection.

Producing the Ceramic Parts

The wafers and valve sockets are produced from
raw materials and are stamped out at a rate of about
2,800 pieces per hour. They are then cured at 2,300°F
in a tunnel kiln. The wafers are mechanically gauged,
and all pieces which do not fit within close tolerances
are rejected. They are pressed with twelve peripheral
notches (three on a side) and a keying notch on one
side. In the final assembly, wires are mechanically
soldered into these notches to serve as physical sup-
ports and electrical connectors.

Capacitor dielectrics are manufactured in very much
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Flow diagram showing the main processes in the automatic production line.

the same manner as the ceramic wafers. The dielectric
is non-porous ceramic composed usually of mag-
nesium, barium, calcium and strontium titanates of
high purity, organic binders and water. After firing
it is about }in square and 1/50in thick. Capacitances
may be varied from 7 pF to 0.01#F by changing the
relative proportions of the constituent minerals.

The materials required for the manufacture of the
tape resistors are a heat-resistant asbestos paper in
tape form, polyethylene tape, carbon black or graphite,
resin, and a solvent. The resistor material, a mixture
of the carbon, resin and solvent, is ground to a fine
adhesive powdzer. The compound is then sprayed on a
loop of the asbestos paper tape and a protective coating
of polyethylene tape is applied. A 75ft roll of tape will
produce over 10,000 resistors. The tape resistors pro-
duced range from 10 ohms to 10 megohms. They will
hold their rated resistance within + 10 per cent up to
temperatures of about 200°F, and are capable of dissi-
pating | watt.

In another series of operations, appropriate sections
of the wafers or capacitor dielectrics are silvered. Cir-
cuits are printed on the wafers (Fig. 2), notches are
coated, plates and leads are applied to capacitors,
furnace-curing takes place and the circuits are in-
spected. Finally, all silvered surfaces receive a thin
coating of solder.

Automatic Orientation

During these metallizing operations the keying notch
pressed into each wafer first comes into use. The
wafers are loaded into vibratory bowl feedsrs provided
with spiral escape channels, which have a series of
four exit ports followed by steps set into them. A
small screw is inserted into each exit port, and this
permits only those wafers to pass which have their
keying notch aligned with it. If a wafer is incorrectly
oriented it is turned through 90 degrees as it falls down
the channel step following the exit port. A grooved
channel inverts it if it has failed to pass through the
other four ports and the keving procadure is repeated.
As a consequence, all wafers passing from the feeders
are oriented in the same direction and have the same
surface turned upwards.

Tape resistors, titanate capacitors, valve sockets, and
other components are mounted on the wafers between
the appropriate silvered conducting patterns. Rolls of
rasistor tape are placed on a machine that automati-
cally cuts the tape into half-inch lengths, presses the
resistors between the printed contacts on the wafer.
applics pressure, and cjects the completed resistor-
mounted wafer. A single machine is used to mount
up to two capacitors on cach surface of a wafer. Each
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capacitor is automatically oriented and the silvered
circuit on both surfaces is electrically tested before
mounting. In the valve-socket assembler, silvered
valve pins are mechanically placed into their proper
holes in the socket, a wafer is placed on top, and a
rivet binds the two pieces together.

Assembling Operation

After the various parts have been mounted on the
wafers the notches in the ceramic are tinned with
solder.  The machine t'at performs this operation
automatically grips each wafer and dips one side after
another into flux and solder.

The wafers with their components mounted on them
are now ready for assembly and this operation is
accomplished by a single machine.  Six vibratcry
feeders issue the wafers to a loading device that holds
the wafers in an upright position between jaws. A
chain drive carries this jig to a soldering position,
where six more wires are bonded to it. Sections of
wire between the wafers are cut out as required by the
circuit connections.

During each stage in the production, provision is
made for complete automatic inspection. ‘This com-

fig. 3. Completed ** modules '’ are
inspected in this machine, which
compares them with a standard and
is controlled by information on -

punched cards. w
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prises both physical gauging and electrical comparison.
Printed circuits, resistors, and capacitors are com-
pared with their ordinary prototype equivalents both
before and after assembly. This is accomplished by
the use of clectronic computers, bridge circuits, and
other comparison devices. The inspection “ code” is
carried on the punched cards which were prepared by
the design engineer and have accompanied the wafers
all through the production process.  After the final
assembly of each “module” its whole circuit is again
tested to see that it meets specifications within set
tolerances (Fig. 3).

The new automatic production system should prove

of great strategic importance in the event of a national
emergency, since the costs for conventional production
and maintenance would be formidable in view of the
quantities and varieties of equipment needed. The
development of the system makes possible a rapid
change over from civilian to military products (and
back again) at short notice and at the same time allows
a greatly expanded production capacity. Most of the
operating “ know-how ” is stored in mechanical fingers
and electro-mechanical control mechanisms, and even
electronic equipment designs may be stored, ready for
production, in the form of punched cards and circuit
stencil screens.

COMPONENTS SIHOW

WITHIN a few days of the publication of this issue
the eleventh Components Show opens at Grosvenor
House, Park Lanc, London, W.1. This annual private
exhibition organized by the Radio and Electronic
Component Manufacturers’ Federation opens at 10.0
on April 6th for three days. Admission is by invitation
ticket obtainable from the R.E.C.M.F., 22, Surrey

Street, Strand, London, W.C.2, by bona-fide users of
components in design, manufacture or research. A
list of the 130 exhibitors, including a number who
have not previously participated in the show, is given
below. It is hoped to include in our next issue a
review of the trends in component design and manu-
facture as portrayed at the show.

Stand Stand Stand
No. No. No.
A.B. Metal Products .......... 33 Garrard Engineering Co. ...... 37 Ross Courtney & Co. .......... 102
Advance Components .......... 11 General Electric Co. .......... 129 R
Aerialite ....... ........... 118 Goldring Manufacturing Co. .... 74 Salford Electrical Instruments .. 36
Allan Radio .................. 114 Goodmans Industries .......... 12 Scott, Geo. L, & Co. .......... 89
Antiference ... ... 52 Gresham Transformers ........ 30 Simmonds Aerocessories ........ 116
Associated Electronic  Engineers 1 Guest, Keen & Nettlefold ...... 107 Simon Equipment .. ......... 83
Associated Technical Mftrs. .. .. 29 Spear Engingcring ............ 127
Automatic Coil Winder Co. .... 111 Hailam, Sleigh & Cheston .. ... 90 Slablhty Radio Components . ... 72
e o 68 Hassett & Harper ............ lz‘z? 2landaréio 'I(;Clephonc.tzs & Cables 32, ;3
B.1. Callender’s Cables ........ Hellermann ... ... o Static ndenser L
Bakelite .... ... . ... ... ... 122 Henley's Telegraph Works Co. .. 2 Steatite & Porcelain Products .. .. 54
Belling & Lee Tk Sems gg Hunt, A. H. ... ..o iienieanen. 44 gtocko (I\get(a;, Works) .......... ?3
Bird, Sydney S.. ons ...... tratton b sabanabacaaaoann
Bray, Geo., & Co. ............ 93 Igranic Electric Co. ............ 7 Suflex ... 77
British Electric Resistance Co. .. 28 Imhof ..o e 57 Supply, Ministry of ............ 112
British Mechanical Productions .. 62 Swift, Levick & Sons .......... 125
ll;ril(i_sh Ig}n)\égcd Plastics ... ... . l;; Jackson Bros. ................ 51 Symons, H. D,, & Co. ........ 97
ulgin & Co. ... ... ... ... R
Bullers ... .......cooieieeen 4 Langley London .. ....... 126 ¥ztlylo;-gectr:g?‘! Ié‘;r“;‘s‘mems 20 ;2
c 21 London Electric Wire Co. .. ... 14 'I‘Llco hagc d Co 17
Carr Fastener Co. ............ London Electrical Manufacturing 42 Telegrap ondenser Co. ......
Clarke, H., & Co. ... . .. . u I & Hambly 31 Telegraph Construction & Main-
Collaro ... ... i 82 -ong Yoo e B tenance Co. .......... 9aa00a 38
%glr;':;ﬁ s 2(8) Magnetic & Electrical Alloys .... 39 'F}ellecrpr:‘lg{llslatziacr;ufaclurmg e g
(fo y G e Marconi Instruments .......... 103 L e .
Pt joo  Marrison & Catherall .......... 110 ppansradio - eeee seeeee s 3
) - T McMurdo&Il’I)Strulmen! go. ...... g; 'ru‘:kcr Eyclet Co .............. 6
Micanite nsulators Co. ...... o1 Con e
g:ze Instrumcnts e 1(7)2 Morganite Resistors ... ...... ... 23 Tufnol ........... . ... . 87
D e blastics) | go  Mullard o 65108109 (e Insulator Co. oo :
gfgﬁ?;d(h:zicnszr l(("‘i)heS o 63 Murex ..ol 5 Vactite Wire Co. .............. 13
Duratube and Wire .. ......... 24 Mycalex Co. ...oovvnnnnenn s 86 VIAVOX « oo oo eiiemaieenans 41
Edison Swan Electric Co. ...... 63 Neill, James, & Co. ............ 123 Walter Instruments ............ 85
Egen Electric ....... ........ 20 N.SFo o 61 Wego Condenser Co. ..... [ 25
Electro Acoustic Industries .... 40 . Welwyn Electrical Laboratories .. 58
Electronic Components ........ 98 Painton & Co. ................ 27 Westinghouse Brake & Signal Co. 34
Electronic Enginecring . ... .. .. 128 Parmcko ... 48 Weymouth Radio Manufacturing 115
Electrothermal Engineering ...  8R Partridge Transformers ........ 22 Whiteley Electrical Radio Co. .. 19
English Electric Co. .......... 101 ‘Izlcssey -------------------- 49-12(7) &V_imblcdox& %nsmcenng Co. .... gg
Enthoven Solders L . 43 Pye oo E ingrove ogers ....... L
Erg Industrial Corporation 119 Wireless Telephone Co. ... .... 70
Erigc Resistor ... p 15 Radio Instruments .... ....... 106 Wircless World and  Wireless
Ever Ready Co. 124 Reliance Electrical Wire Co. .... 47 Engineer .......... ....... 104
. Reproducers & Amplifiers . ... .. 75 Woden Transformer Co. ...... 50
Ferranti  ............o e, 16 Reslosound .................. 45 Wolsey Televisien ............ 96
Fine Wires .................. 91 Rola Celestion ................ 35 Wright & Weaire .............. 121
187
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Radio Receiver
Characteristics

Attempt to Standardize Measurement

and Description of Performance

AS its title indicates, the new British Standard
Glossary* is confined to electrical characteristics, and
even some clectrical characteristics (such as those con-
cerned with hum, and stability with respeci to
temperature and supply voltages) are excluded. But
within these limits the description “ glossary ” hardly
does justice to it. Not only are more than onc hundred
terms defined, but there are copious cxplanatory
notes, especially on the theory of noise. The scope
of the work, its general terminology, and the con-
ditions assumed, arc explained at some length in an
introduction. There, with the help of a diagram
representing a whole receiver or any section thercof
as a four-terminal network connected to a source and
load, definitc mearings are given to such terms as
“output circuit” and * response.”

It is much to be hoped that universal adoption,
wherever practicable, of standard terms and character-
istics will enable results obtained in different labora-
tories to be fairly compared, and will lead to more
definite assessment of receiver performance. l.ooking
at the long lists of receiver properties with such names
as “modulation-frequency intermodulation distortion
characteristic,” however, onc cannct but feel the need
for a “preferred list.” Admittedly receivers of all
kinds do between them have a great manv character-
istics in which somebody, sometime, might be inter-
ested, and this Standard trics not to leave any out;
but the first impact is rather overwhelming.

New Definitions

A number of the new definitions anticipate the
revision of BS.204:1943 (Glossary of Terms used
in Telecommunications), which did not everywhere
provide a satisfactory basis for the quantitative
definitions of the newer work. It is good to sec that
the misguided effort in BS.204 to displace the
commonly-used “frequency distortion ” by “ attenua-
tion distortion” has now been reversed. “Non-
linearity distortion ” is now admitted as an alternative
to “non-lincar distortion”; perhaps in time the latter
will be put where it belongs, in the “deprecated”
class.

Some inconsistency and uncertainty in the usc of
terms is noticeable. There is nothing to show that
“modulation factor” and “degrce of modulation”
are not the same thing; but if they are, why not stick

*British Standard Glossary of Terms for the Electrical Character-
istics of Radio Rcceivers (B§2065:1954). British Standards Institu-
tion, 2, Park Street, London, W.1. Price 6s.
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to one or other? The same might be said of “ change
of frequency,” “frequency change” and “frequency
conversion.” In the notes on distortion it is not clear
whether a “linear system > does or does not include
an idecal detector. In one sense such a detector can
be described as linear and in another it cannot. In
the definitions of various distortion characteristics it
would have been helpful if the measure of the *“com-
ponent magnitudes ” had been standardized as either
voltage or power and not left ambiguous.

Confusion has for some time existed in the use of
the symbol «; officially it denotes the * amplification
factor ” of a valve, but some authorities very regrettably
use it to mean “voltage amplification” of an ampli-
fier. What could be more calculated to make confu-
ston worse confounded, then, than the introduction, in
this new Standard, of “voltage amplification factor ”!

In four definitions, harmonic distortion is reckoned
in terms of the ratio of the harmonic content to the
“response ” (i.e., total output) instead of to the funda-
mental component of the response. As a gencral
principle it is desirable that the unwanted quantity
should be compared with the wanted, not with the
sum of the wanted and unwanted. On this point
BS.2065 is not only in disagreement with the corres-
ponding American standard, but is inconsistent with
itself, for in its definition of amplitude distortion the
measure of the response is its fundamental component.

Intermodulation Distortion

Although the declared aim of this Standard is
generality, it defines intermodulation distortion factor
in such a way as to take account only of the second-
order (i.c., simple sum and difference) products,
thereby encouraging design for small second-order
products, regardless of the more objectionable higher-
order products. (Incidentally, it would have been
helpful if a standard method of numbering all inter-
modulation products had been given.) Harmonic dis-
tortion factor on the other hand, although harmonic
distortion can be regarded as a particular case of
intermodulation, is defined on a basis of total har-
monic content.  On the question of distortion, this
Standard seems to fall between two stools, neither
boldly tackling the problem of differing objectionable-
ness of distortion products nor leaving the matter
quite general and open.

The intermodulation definitions, by making the
basis of comparison the geometric mean of the input
compenent magnitudes, imply that for a given geo-
metric mean the distortion is independent of the
individual component amplitudes. This is dangerously
far from the truth. It is quite possible for the dis-
tortion to be slight with equal components, and
intolerable with widely unequal components having
the same geometric mean, owing in the latter case
to the larger amplitude running into grid current or
“bottom bend.” These factors so defined are therefore
valucless unless the conditions are more closely
specified, and the need for this is not mentioned.

In spite of the many years this Standard has been
germinating, therefore, it does not reveal itself as a
completely mature growth. Many of its definitions
are so gencral as to be of little value, for thev still
leave it to individual workers to specify important
conditions in their own separate ways. And where
a lead is given, as in distortion measurement, it is not
always in directions that provide a sound measure of
clectrical performance.

M. G. S.
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Two-Band Television Receivers

Choice of Intermediate Irequency

By G. Il

IT has been made clear by the First Report of the
Television Advisory Committee' and subsequent dis-
cussion that the adoption of Band III for television
broadcasting is about to take place. Although only
channels 8 and 9 will be available for some time,
nevertheless we must look forward to the time when
the whole band will be available for television. This
will necessitate the construction of receivers to cover
both Bands I and III. Some thought must therefore
be given to the choice of a suitable intermediate
frequency, and the consequences arising out of its
adoption. The choice of an intermediate frequency
which would be supported by the manufacturers’
organizations, the B.B.C., the Post Office and other
interested parties, could be a matter of some urgency
if we do not wish to find ourselves in the same state
with television as we are with radio at the present
time.

Possibly one of the greatest single nuisances that
can cause interference with a receiver is that of a
transmitter operating on or near the intermediate
frequency of the receiver. With a view to minimizing
this trouble, the Radio Manufacturers’ Association of
America has recently decided on a standard vision i.f.
of 45.75 Mc/s.* The Americans have been able to do
this because their lowest transmitting channel (2), is
54-60 Mc/s. The European frequency allocations
prevent us from adopting the same frequency. Never-
theless, it would be advantageous for us to secure an
agreement on a European basis if only to avoid trouble
occurring under unusual propagating conditions—a
situation with which we are already familiar.

European Conditions

Unfortunately, the position is already somewhat
bedevilled by the fact that countries are already
making unilateral decisions on this matter. In Italy,
for example, an if. band of 40-47 Mc/s has been
declared protected by government decree.® This
decision is based on their choice of 61-68 Mc/s as
their lowest transmitting channel. Although a pro-
tected i.f. band is a step in the right direction, its being
a purely national decision makes one wonder whether
the decree will offer any protection against sporadic-E
activity, and whether, under conditions of such activity,
their viewers may not find themselves the recipients of
alternative programmes from Alexandra Palace or the
Eiffel Tower! We in this country could not adopt
channel 1 as an i.f. band as it would put about 50 per
cent of our receivers out of action. The foregoing only
serves to illustrate how complicated the situation can

t First Report of the ‘I'clevision Advisory Committee, 1952, HM
Stationery Office, 1953.

1 Electronics, Nov. 1950, Vol. 23, No. 11, p. 99.

3 Gazzetta Ufficiale della Republica Italiana, (Part 1), 3rd April, 1952.
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RUSSELL

become when events are allowed to take their natural
course. There is only one certain way of dealing with
this form of interference, and that is the suppression
of all transmitting within a protected band over a wide
geographical area, and this can only be made effective
by international agreement. But first the band which
requires protection must be decided upon.

Before proceeding further, an examination of the
frequency allocations in the v.h.f. and u.h.f. bands, and
in the bands which might possibly be selected for
intermediate frequency, will be necessary. The present
allocations for the frequencies from 29.7 Mc/s to
585 Mc/s are shown in Table 1.

I.LF. Harmonics

The next most important source of interference is
that of i.f. harmonics. These are much more serious
in television receivers than in ordinary radio receivers
because of the large bandwidth and the high level at
which the detector operates. With the high inter-
mediate frequencies involved, sufficient attenuation of
the radiation of these harmonics from the detector is
a difficult and costly process, if indeed any measure
of success can be attained at all. It is generally agreed
that it is necessary to take into consideration har-
monics up to and including the fourth. This means
that the i.f. cannot fall between:

20.5 and 34 Mc/s (41/2 10 68/2)

13.7 and 22.7 Mc/s (41/3 1o 68/3)

10.25 and 17 Mc/s (41/4 to 68/4)
A relatively wide frequency clearance must be main-
tained between the lowest signal frequency and the
high-frequency edge of the if. pass-band, if
instability is to be avoided. Our choice, then,
bears a close resemblance to that of Hobson’s.
Assuming that we are concerned only with the British
standard of vestigial-sideband transmission, the i.f.

TABLE 1
( 151'}(:) Allocation |
29.7-41  Public Services.
41-68 Television Broadcasting (Band 1).
67-87.5  Public Services.
87.5-100 Sound Broadcasting (Band 2).
100-108  Public Services.
108-144  Aeronautical Services.
144-146  Amateur Transmitting.
146-174  Public Services.
174-216  Television Broadcasting (Band 3).
216-235  Aeronautical and Navigational.
235-420  Public Services.
420-470  Aeronautical, Navigational and Amateur.
470-585  Broadcasting.
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vision carrier would fall at 35.25 Mc/s, the pass-band
would be 34-38.5 Mc/s, allowing 2.5 Mc/s clearance
between it and the lowest signal frequency. Some
authorities believe that the fifth i.f. harmonic can be
troublesome,* and it is interesting to note that the
fifth harmonic of the band given above falls in Band

¢ K. R. Sturley, ** Radlo Receiver Design,” Part 2, Chapman and Hall,

1947, pp. 391/2
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I1I, and the situation becomes impossible. Adequate
precautions will have to be taken in the recciver de-
sign to reduce fifth-harmonic radiation to negligible
proportions.

Although the intermediate frequency has already
been determined, the matter, clearly, cannot be
allowed to rest there. It is necessary to investigate
other forms of interference which may be expected to
arise out of the use of this particular frequency,
although it can only be a matter of academic interest
to the receiver designer, in so far as it involves factors
over which he has little or no control. The remain-
ing important forms of interference are due to, (a)
second channel, (b) oscillator second harmonic, (c¢)
the local oscillator of a neighbouring receiver. The
last of these can be dealt with first. On Band I, the
oscillator covers from 80.25 to 102 Mc/s, and on
Band III, from 215.5 to 250 Mc/s. As can be seen, the
oscillator of a recciver tuned to the lowest channel of
Band III could cause interference to a neighbouring
receiver tuned to the highest-frequency channel in that
band. This can only be avoided with certainty by
ensuring that these two channels do not serve the
same area. Similarly, only by careful adjustment
between the television channels on Band I, and the
sound-broadcasting channels on Band II, will a lot
of heart burning be avoided in the future.

Interference Charts

Graphs are used to illustrate the second-channel
and oscillator-second-harmonic interference position,
and these are shown in Figs. 1, 2, 3 and 4. For the pur-
poses of this analysis, it is assumed that severe
interference could be caused by broadcast, amateur
and public-service transmitters. Fig. 1 shows that no
interference may be expected on Band I from these
sources due to the second channel. In Figs. 2 and 3
two sets of possibilities occur because there are two
responses to the oscillator-second-harmonic. If the
oscillator frequency is f,, then interference can occur

(b) Band 1 (2f, + if)
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Fig. 3. Oscillator-second-
harmonic interference, (a)
Band il (2 f, + if) . (b)
Band Ill (2 f, — if.)

from 2f,+if., the more
important of these being
2fo—if., as this is nearer
the signal frequency where
the selectivity of the signal
circuits may be expected to
be poorer. On Band III,
however, the position is
less satisfactory, as, owing
to the severe damping of
the signal-frequency cir-
cuits caused by valve in-
put impedance, the selec-
tivity may prove to be
inadequate for dealing with
interference from strong
signals on 2f,+if. The
graphs are constructed on
the basis of vestigial-side-
band working, and assume
that, for interference pur-
poses, the bandwidth is
4 Mc/s wide; ie., from
3425 to 3825Mc/s. A
rule placed vertically
against any carrier fre-
quency on the signal-
frequency scale, will give
the interference band on
the interference frequency
scale, where the signal fre-
quency cuts the two
“curves” for the particu-
lar value of intermediate
frequency. Conversely, a
ruler placed horizontally
against any interference
frequency, will show the
position and extent of that
interference on the signal-
frequency scale.

A summary of the results
obtained from the graphs,
is given in Table 2 on the
following page. From this
it can be seen that the
prospect of interference-
free television is none too
bright. However, in prac-
tice, the position may not
be as bad as it might be.
Some of the interference
possibilities listed, such as
those arising from 2f,+1i.f.
on Band I, should produce
little trouble in any self-
respecting receiver. As to
the other forms of inter-
ference, the designer can
do little to alleviate the
position, and the matter
becomes the responsibility

Fig. 4. Second-channel in-
terference, Band lli
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of the authority who allocates frequencies to stations.

For the purpose of comparison, curves have been
drawn for an if. of 40.25 Mc/s, in order to ascertain
whether relief could be obtained by using a higher
intermediate frequency at the expense of losing

with 35.25 Mc/s. If it is agreed that this is, in fact,
the most favourable if. to select, then it is suggested
that the first step that should be taken is to standard-
ize on this frequency, and then to suppress all broad-
casting in the band 34.25 to 38.25 Mc/s. The next

TABLE 2
Table of Interference Possibilities

i.f. 35.25 Mc/s

|
| i.f. 40.25 Mc/s

Frequencies Interference Cause Frequencies Interference
affected source affected source
(Mc's) (Mc s) (Mc's) (Mc/s)
41—55.6 ‘ 186.5—216 2f, +if. |
54—56.9 144—146 2f, — if. 51.4—54.5 144—146
55—068 146—172 2f, — if. 52.3—68 146—174
o — 2nd Ch. 60.5—66.5 144—146
— o 2nd Ch. 62.5—68 146—151.5
63—68 235—245 2f, + if. 56—68 235—259
— — 2f, — if. 66.5—68 174—177
174—182.8 452.5—470 2f, <4 if. 174—175.2 467.5—470
174—193.7 381—420 2f, —if. 174—191.4 386—420
174216 243.5—289.5 2nd Ch. ! 174—216 253.5—299.5
180.8—216 470—540.5 2f, ! if. 174—216 470—555.5
191.9—216 420—468 2f, — if. 189.5—216 420—170
— — 2f, — if. l 214.7—216 470—472.5

Channel 1. The results are quoted beside those for
35.25 Mc/s, and they show that nothing worthwhile
would be gained by such a change. It would appear
therefore, that we shall have to do the best we can

step should be to cvolve a sensible frequency plan,
if such a thing is possible. Viewing the past history
of frequency planning, one cannot help entertaining
serious doubts about such a possibility.

SIMPLIFIED WIRING

THE illustration shows the original wiring of a push-
button switch used on a tape deck and the same unit
now fitted with a printed circuit strip. The change to
this more up-to-date system was adopted after an
examination of the wiring had shown that three-quarters
of the connections to the switch were made between
points located on the actual switch unit. The strip is
merely wrapped round the switch with the tags pro-
jecting where required and soldered to the adjacent
metallizing.

The printed circuit is of the etched variety in which
the connections required arc
printed on a metal-foil-
covered plastic insulating
base and the unwanted metal
etched away in an acid bath.

Apart from other advan-
tages, wiring mistakes are
avoided, inspection time Is
reduced and rejects mini-
mized. The assembly shown
is embodied in the latest tape
deck produced by Truvox,
who say that though printed
circuitry is at present a little
more costly than older
methods, savings in other
directions about balances
the increase.
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The old (top) and the new
(left) method of assembling
the control switch in the Truvox
Mark 3 tape deck.
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Relaxation ©Oscillators

“CATHODE RAY " Explains
How They Differ from Ordinarv Oscillators

N O American film is really typical unless every now
and then somebody says “Take it easy!” or
“Relax!” Whether this is because life in the
U.S.A. tends to make everyone naturally tense, or
whether it is because the script writer wants to make
the audience believe the situation is tense, I am not
quite sure. But I am told that the connection between
what is commonly understood by relaxing and the
sort of relaxing that presumably goes on in what are
called relaxation oscillators is not obvious to all. What
are relaxation oscillators, and how does one distinguish
them from any other kind?

Most people who have heard of them at all, I believe,
have an impression that they are quite recent—pos-
sibly a development of the second world war. It is
true that they were greatly developed during the war,
but the name actually appears at least as early as 1926.*
And the things themselves appeared earlier still; per-
haps the most celebrated date is April, 1918, when
Abraham and Bloch described their famous multivi-
brator. I am confining the discussion to valve oscil-
lators, of course; if one were to include mechanical
relaxation oscillators there would hardly be any limit
to their antiquity.

Electrical Transients

Not to beat about the bush any longer, relaxation
oscillators are those that do not rely on inductance-
capacitance tuning circuits. But it is hardly_satis-
factory to define something by what it is not. In any
case, dictionary definitions, even when perfectly
correct, often fail to make matters clear to the un-
initiated; and in this case unfortunately Roget’s Dic-
tionary of Electrical Terms confuses relaxation oscil-
lators with intermittent oscillators (better known as
squeggers). To understand exactly what relaxation
oscillators are, one should go right to the beginning
and consider electrical transients. That may sound
rather formidable, because the orthodox way is by
differential equations; but fortunately a very good pic-
ture can be built up by considering some familiar
mechanical analogies.

If we puncture a tyre there is a mechanical transient.
The air, which up till then had besn resting quietly
inside the tyre, hisses out. Its speed of exit is greatest
at the start, and gradually eases off as the pressure
relaxes. This fact can be shown as in Fig. 1. The
electrical analogy, of courss, is connecting a resistance
across the terminals of a charged capaciter.  The elec-
trical pressure or veltage of the charge drives current
through the resistance, and as this loss of charge causes
the voltage to decline the current gets less and less, as

* * Relaxation Oscillators.” B. van der Pol. Philesophical

Alagazine, Nov, 1926, p. 978.
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shown in Fig. 2. The curves in both of these diagrams
can be called relaxation curves, because they show the
way in which tension (mechanical or electrical) is
relaxing. Their shapes are similar because the mass
of air coming cut of the tyre is smail compared with
the resistance cffered by the small hole it has to come
out through, and the inductance of the circuit (which
corresponds to mass or inertia in a mechanical analogy)
is small compared with its resistance.

Another mechanical analogy is a released spring, but
here the situation is complicated by the mass of the
spring generally being far from negligible in compari-
son with the friction or mechanical damping or resis-
tance. The result is that the spring oscillates to and
fro several times before coming to rest. The outline
or “envelope,” shown dotted in Fig. 3(c) is similar to
the curves in Figs. 1 and 2. The same kind of damped

Fig. |. Graph of what happens
when a tyre is punctured.
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Fig. 2. Electrical analogy of the punctured tyre.
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. Fig. 3. (a) and (b) are two
J examples of mass-loaded
i springs which discharge in
the oscillatory menner (c).
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oscillation is obtained when the inductance of a dis-
charge circuit (Fig. 4) is sufficiently large compared
with the resistance. The amount of inductance
needed to make a discharging circuit oscillatory (that
is to say, overshoot the final level at least once) must
be greater than R°C/4. (If R and C are in ohms and
microfarads, L. will be in microhenries.) Even if
the discharge circuit of a capacitor is highly induc-
tive, the current can be prevented from oscillating
by arranging that there is enough resistance to
make R?C/4 at least as great as L. A very
familiar practical analogy is the springing of cars. It
nothing were done to increase the mechanical resis-
tance, cvery time a car went over a bump or pot-hole
it would bob up and down like Fig. 3, which might
almost be worse than having no springing at all, for
if the bumps happened to occur about once per cycle
of oscillation the bouncing would soon become violent.
That is why dampers or so-called shock-absorbers are
fitted.

In radio, on the other hand, oscillations are the stuff
of life, and one of the main objects of the game is to
prevent them from dying out at all but to keep them

going at constant amplitude just as long as one wants.
Thzoretically it can be accomplishad by reducing the
resistance to zero.  This can’t be done literally, in the
circuit itself, and even if it could it would be of no
practical use, for there would be no spare power to do
a job of work. That is where the valve comes in, for
it can be arranged to neutralize resistance by feeding
in power from the h.t. supply at the right moments
to keep the current in a tuned circuit oscillating, even
when oscillatory power is drawn off. The best
mechanical analogy, I think, is the balance-wheel of a
watch. If you have let the mainspring run down, or
it is broken, a push on the balance wheel will only
make it oscillate to and fro several times, in the Fig. 3
manner. But when the force of the mainspring is
brought to bear on it twice per cycle by means of the
cscapement mechanism, the wheel keeps going
continuously.

Negative Resistance

The sort of oscillator in which the resistance of a
tuned or naturally oscillatory circuit is neutralized by
a valve is sometimes (if it has to be distinguished)
called a harmonic oscillator. That is not because it
is notable for generating harmonics—quite the
reverse—but because it performs “simple harmonic
motion.” In practice it does also generate some
harmonics, but that is usually an undesired incidental
consequence of the fact that it is impossible to bring
the net resistance of the system exactly to zero and
keep it there. To make quite sure that the net resis-
tance is not positive (which would make oscillation die
away) onc has to make it at least slightly negative.
When that happens, oscillation builds up, as in Fig. 5,
theoretically without limit. In practice, of course, the
valve that provides the negative resistance very soon
reaches its own limits; owing to grid current, cut-off,
and one thing or another, its characteristics change,
and in the end such changes alwavs reduce the
negative-resistance contribution of the valve. So
when the amplitude of oscillation reaches the point at
which the net resistance of the whole outfit is zero it
stops growing. It is this limiting action that causes
harmonic distortion.

Most often a stable balance is achieved quite auto-
matically, so that when the balance point has been
reached the oscillator carries on indefinitely at a more
or less stcady amplitude. But many experimenters
will have found for themselves that some valve oscil-
lators fail to do this; the growth of amplitude causes
a change in circuit conditions that makes the net

s
’

. Fig. 6. Voltage current
L’ graph of a linear resistor,
Fig. 4. Inductance-loaded e in which its resistance
discharge circu't analo- .2 is indicated by the slope,
gous to Fig. 3. c constant and positive in
- .7 this case.
g L--—
g e VOLTAGE
E \/
L &
3
T° CURRENT
R
Fig. 5. If the total resistance in Fig. 4 is made
J negative, its oscillations grow like this.
194 WIRELESS WORLD, ArRIL 1954

www americanradiohistorv com


www.americanradiohistory.com

resistance positive, causing the oscillations to die
away, and it is only when they have ccased that the
net resistance again becomes negative and oscillations
start building up again. The result is that oscillation
keeps on stopping and starting. A common example
is a tightly coupled r.f. oscillator, having in series with
its grid a capacitor shunted by a very high resistance.
This arrangement—the well-known squegger—usually
stops and starts at somc audible frequency, as can be
discovered by putting a pair of phones in the anode
circuit.

The thing to concentrate on just now, however, is
not the squegger but more precisely how it is that
valves can reverse the natural tendency depicted in
Fig. 3, converting it into Fig. 5. In other words, how
comes this “ negative resistance ”?

But first, what is the nature of positive resistance?
So far as the kind of resistance that was studied by
Ohm is concerned, one of its basic fcatures is that
the current flowing through it is dircctly proportional
to the voltage applied to it, as shown in a graph such
as Fig. 6. When the voliage is reckoned upwards, as
here, the resistance (being V/I) is represented by the
slope of the graph. Since Ohm’s day we have extended
the idca of resistance to include circuit elements such
as valves, which have voltage/current graphs that are
not simple straight lines passing through the origin.
Fig. 7(a) is an cxample in which the resistance starts
off quite small, as shown by the gentleness of the
slope, and then rapidly becomes very large as the
voltage increases. Drawn this way, the curve may not
be casy to recognize, but when plotted the other way
round, Fig. 7 (b), there is no difficulty in identifying it
as the anode characteristic of a pentode or tetrodec.
Either way, in spite of having a large range of valucs,
the resistance is always positive. An increase of
voltage never makes the current less, or vice versa.
An exception is the old-fashioned tetrode with its
kink, shown in Fig. 8. Between A and B an increase
in voltage does reduce the current, so the slope resist-
ance is negative. And if one connects a tuned circuit
in parallel between anode and cathodc, as in Fig. 9, it
oscillates without more ado, provided that the dynamic
resistance of the tuned circuit is greater than the
negative resistance of the valve, so that the parallel
combination is negative.}

Elusive Working Point

This type of oscillator, by the way, is called the
dynatron, and has the quite cxceptional feature of
providing negative rcsistance to d.c. Most valve
oscillator circuits depend on inductive or capacitive
couplings so can only function with a.c. But, you
may say, oscillations are a.c., so what possible sig-
nificance can “d.c. negative resistance ” have? Well,
as it happens, this brings us to a crucial stage in the
approach to relaxation oscillators. Suppose we replace
the tuned circuit in Fig. 9 by a plain resistance, equal
perhaps to the dynamic resistance of the tuned circuit.
Obviously it cannot oscillate; yet the resistance of the
system as a whole is negative, so what does it do?
Suppose the anode voltage V., (Fig. 10) is applied
through the resistance represented by the slope of the
load line SPQ, with the intention of working at the
point P. On paper this scems quite sound, because

1 If you are sceptical about the sign of a parallel combination of
positive and negative resistances being  the san}\{Ras that of the
two, tey using the tormula é to find the
ISk and R, is +20kD. (The

smallcr ot the

resistance when R, is, say.
answer should be - 60 k0D
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Fig. 7. Anode voltage current graph of a pentode, (a) plotted
in same way as Fig. 6 and (b) as
more usually done.

GE

ANODE VOLTA

ANODE CURRENT

AWODE CURRENT ANDDE VOLTAGE

() (b)

ANODE CURRENT

ANODE VOLTAGE
Fig. 8. (Above) Anode
characteristic of early
type of tetrode, showing
negative-resistance  por-
tion AB.

Fig. 9. (Rizht) Cynatron
oscillator circuit.

ANODE CURRENT

ANODE VOLTAGE

Fig. 10. QPS is the load-line of a resistor substituted for L
and C in Fig. 9, and V,, is the anode supply voltage applied
to it and the valve in series. (The load resistance is positive
because voltage across it is reckoned to the left from V..)
All three working points, Q, P and S look possible, but P is
unstable.

the current flowing through both resistance and valve
is I,, and the voltage Vi\—V, is dropped in the resist-
ance, leaving V, between anode and cathode of the
valve; and the current through the valve when voltage
V, is applied to it certainly is I,. Yet if you were tc

195

www americanradiohistorv com


www.americanradiohistory.com

try it you would find point I’ strangely elusive. Why?

Suppose the anode current and voltage did manage
to be I, and V,. Then the slightest fall in current
would cause the voltage across the resistor to fall more
than it rose across the valve, so there would be some
spare voltage across the valve which would reduce the
current more, causing the voltage across the resistor
to fall still more, and so on. The current would keep
on falling until a fundamental change in the situation
occurred, and this would not occur until the net
resistance of the system ceased to be negative. What
happens is that the working point shifts as quick as a
flash to S, where the current is less than at P but the
total voltage, Vy, is again correct. But so it is at point
Q, where the current is more than at P, and like S
this is a point where the resistance of the valve is
positive. Since Q and S are both possible positions,
which one would be the actual working point? Would
the current be I, or 1,7 Well, it all depends on what
was done at the start. If the voltage V., were switched
on after the cathode had warmed up, the anode
current would probably be found to correspond to
point Q. But if now the resistance were reduced
(indicated on the diagram by raising the slope of the
load line attached to V, sufficiently to make Q
and P coincide, the working point would slide
instantancously down the negative slope until it got
to S. Increasing the resistance until S and P
coincided would reverse the process. We have prob-
ably experienced mechanical analogies of this; such as
the tin lid that caves in with a bang when we press it
on top, and then springs back with another bang when
we push it from underneath.

Slowing Down the Transitions

These changes from one stable shape of the tin lid
to the other, quick though they may be, are not in the
same specd class as the slide down the slippery slope
of the negative resistance of a dynatron. But we can
slow down the process by connecting a large capaci-
tance across the valve from anode to cathode. If it is,
say, 201F, with a resistance of 0.3M{), the charging
is slow enough to follow on a milliammeter. Instead of
gradually tailing off like Fig. 2 it tends to accelerate,
until stopped suddenly by the bend in the character-
istic curve. If one starts off with infinite resistance,
the capacitor being uncharged, the slide is started by
gradually reducing the resistance until point Q is
passed; once started, it carries on automatically until
a point somewhere near S is reached. There it stops,
and to get a repeat performance one has to push it back
to the top of the hill, say by short-circuiting the
capacitor.

Obviously this is nothing like continuous oscillation,
the reason being the absence of anything automatic to
give the push back to the starting point. In the LC
oscillator it is the energy stored in the tuned circuit
that gives the reverse push, just as the energy stored in
a child on a swing by a push brings it back again to
the pusher. It would be possible to modify the dyna-
tron circuit by providing a relay to short-circuit the
capacitor momentarily every time the anode current
fell below a certain level, such as I, in Fig. 10. Then
the thing would generate a continuous succession of
saw-tooth waves, sliding steadily down the negative-
resistor slope, back to the start instantaneously, sliding
down again, and so on. It would be a relaxation
oscillator—but a very clumsy one. There are much
better ways of keeping the oscillation going. The
simplest is the ordinary neon-tube oscillator, Fig. 11.
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Fig. 11. Simple capacitive relaxation oscillator.
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Fig. 12. Voltage waveform obtained with Fig. 11.

The peculiarity of neon tubes, such as the small
lamps used to remind housewives that their electric
ovens are still on, is that practically no current at all
passes until the voltage reaches something like 180;
then it goes up with a bump, and unless there is some
resistance in series to limit the current to a reasonable
amount the life of the device is likely to be only a
fraction of a second. Reasonable current once having
been started, however, it continues to flow until the
voltage across the tube is reduced well below the
“ striking ” voltage; probably about 20 volts lower. So
what happens when the voltage is switched on in
Fig. 11 is that C charges through R, the voltage across
C rises, and N does nothing until its striking voltage
is reached; when it strikes it is equivalent to a resist-
ance of only a few hundred ohms, which compared
with R is almost a dead short, so C very rapidly begins
to discharge. It gets only as far as the extinguishing
voltage of N, however, for then N cuts out, and C starts
charging again, slowly compared with the discharge
because it takes place through the comparatively high
resistance R. At the higher voltage N strikes, and so
on continually, as in Fig. 12, where V, is the striking
voltage and V. the extinguishing voltage. The dura-
tion of each cycle, and hence the frequency, depends
on CR (the time-constant of the circuit) and on V,,
V. and the applied voltage.

From a practical point of view this type of relaxa-
tion oscillator has little in its favour except its extreme
simplicity and cheapness. But it is a very good illus-
tration of the British Standard definition of a relaxa-
tion oscillatort, which I think this is the right moment
1o quote:

A generator of oscillations characterized by
cycles, each consisting of a period during which
energy is stored in a reactive element followed
by a period of transition, or relaxation, during
which the reactance discharges. These pro-
cesses usually occur at very different rates.

Note “reactive element”; not “capacitor.” The
reason is that the definition is intended to include
oscillators in which the energy is stored magnetically
in an inductor. We shall take a look at an example of
this in a moment, but just now you may be able to see

$ B.S. 204: 1943, Glossary of Terms Used in Telecommunication,
Definition No. 1924,
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why I have gone rather fully into the principles before
giving the definition. Except for the comment at the
end, which, as Americans say, is not mandatory, there
is nothing very obvious to exclude ordinary tuned
oscillators from this definition. Their cycles of oscil-
lation certainly each consist of two periods during
which a reactive element alternately charges and dis-
charges. The essential thing about this definition is
what it doesn’t say. It doesn’t say anything about the
second reactive element that is necessary to a tuned
or LC oscillator, in which the energy discharged from
the first reactive element is stored, and from which the
first is then recharged. Since things that are not
mentioned in a definition are not necessarily absent
from everything covered by it, this definition fails to
distinguish clearly berween relaxation oscillators and
others. It is only the added comment that gives one a
hint that LC oscillators are not meant to be included.
Personally I would alter the words “reactance dis-
charges to “encrgy is dissipated,” because the essen-
tial distinction is that in an LC oscillator energy is
tossed to and fro berween two reactors, whereas in a
relaxation oscillator a new lot is used up every cycle.

Mechanical Analogies

We seem to have been getting rather behind with
our mechanical analogies, but it is not difficult to think
of plenty of mechanical relaxation oscillators; some of
them, operating from the galleries of the cheaper
variety theatres to denote contempt or disapproval,
being less polite than others. Of the others, a good
example is the creaking of a rusty hinge. What
happens when the door suspended on it is slowly
pushed is that the tension builds up against the stiff
friction, until suddenly it gives way and one surface
slips over the other, relieving the tension and causing
the friction to take charge once more. If “Pressure
on the hinge™ were substituted for “Voltage across
neon tube,” Fig. 12 would apply fairly well. To some
extent a violin is a relaxation oscillator working on the
same principle. Rosin is used to increase the friction
between bow and strings, causing the string alter-
nately to be pushed forward and to slip back; but
since the string itself has both mechanical inductance
and capacitance, and is attached to a wooden reson-
ator, the tone is modified in such a respect as to be
more generally acceptable than that of a creaking hinge.

At one time the most important kind of relaxation
oscillator was the multivibrator, which generates
waves with such steep rise and fall that hundreds of
harmonics are strong enough to be detected, and this
is very useful in frequency measurement. But with
the popularization of oscilloscopes, and still more of

Fig. 13. Simple inductive relax-
ation oscillator.

Fig. 4.
tained with Fig. 13.
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Voltage waveform ob-

television reccivers, the multivibrator class has becn
vastly outnumbered by saw-tooth generators of many
kinds. There are whole books devoted mainly to these
things, so I don’t propose to embark on descriptions of
them all, but will finish with the promised example of
an inductive relaxation oscillator.

As it turned out, it was rather a rash promise, and
if I’d known the bother it was going to give me,
well . . . ! The trouble was that all the inductive
relaxation oscillators circuits I could find included
capacitors, which would inevitably have confused the
issue. So I hooked up the simple—deceptively simple
—circuit shown (appropriately enough) as Fig. 13,
consisting of an ordinary medium triode and a 1:1
output transformer. Connected in this way, it has a
negative-resistance characteristic, for when voltage
across the anode winding of the transformer makes the
anode more positive its tendency to increase the anode
current is more than neutralized by the grid being
made negative.

It certainly worked. With as little as 20V “h.t.” it
produced peaks of over 1,000V across each of the
transformer coils. Fig. 14 shows two cycles of this
output as seen on the oscilloscope. This waveform was
not unexpected, but to think up a convincing
explanation of the cycle of operation that could be
reconciled both with it and with the current waveform
in the anode circuit was a different matter. Oscillo-
grams of this class of circuit, using iron-cored coils in
unconventional ways, always look very different from
the tidied-up versions one sees in books. Fig. 15
shows, at the top, the anode current and transformer
voltage waveforms after the period of the voltage
pulse has been very much broadened out to show the
details. To make sense of them, even in this modified
form, it is necessary to add the grid current waveform
and to fill in the zero-current levels (shown dotted)
and to realize that the parts shown shaded are currents
forced through stray capacitance by the fierce voltage
peak. The effective lux-producing current in the trans-
former is I, — I, shown at the foot of Fig. 15; and the
voltage V. across either transformer coil does now
clearly look as if it were proportional to the rate of
decrease of net current, which according to theory is
what it ought to look like. It would have been so em-
barrassing if it hadn’t! If one considered the anode
current alone it certainly couldn’t; the important thing
is that the close-coupled transformer forces the flow

Fig. 15. (Right). Current
and voltage waveforms
of Fig. 14, with voltage-
peak period greatly
broadened out.
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of grid current that makes the resultant current wave-
form a saw-tooth. During about 99 per cent of cach
cycle, magnetic energy is being slowly and steadily
built up by the growth of net current; during the
remaining 1 per cent it is *“ discharged ” by the sudden
convulsive cut-off of current when grid current ceases
to load the secondary, and this sudden relaxation is
the cause of the relatively enormous voltage peak.

Summing Up

To describe the operation of this “simple” circuit
in full detail would take an awful lot of time, and
would spoil your enjoyment of working it out for your-
selves, so I finish with a quick summary of the whole
subject. Single reactive elements—capacitors or in-
ductors—discharge their voltage or current in the
manner shown in Fig. 2. Combinations of both capaci-
tor and inductor discharge in the manner in Fig. 3,
provided there is not much resistance. When the
resistance is reduced below zero these oscillations,

CRYSTAL
Avoiding a

l T is often the simple things that cause most trouble;
a case in point is the connection of the crystal set
described some two years ago in Wireless World* to
a valve amplifier.

The simplest way perhaps is to use an intervalve
transformer as one can then hardly go wrong; a 3 or
5 to 1 step-up will suffice. Two changes in the original
circuit are, however, advised; one is to drop the
0.002 «F ’phone bypass capacitor to from 100 to 500 pF,
the other is to connect a 47-kQ resistor across the
primary winding. The latter addition will damp out
any transformer resonances.

Resistance-capacitance coupling can, of course, be
used in place of a transformer, but there is at least
one pitfall which may or may not affect the perform-
ance of the valve amplifier; it depends on the actual

* A Modern Crystal Set,” Wireless World, Septembes, 1951.
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Circuit arrangement for connecting crystal set to amplifier
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SET

Possible

instead of dying away, build up as in Fig. S, but this
growth comes to a “ ceiling” when the valve providing
the negative resistance becomes overloaded. If nega-
tive resistance is applied to a single reactor it charges
up, usually like the reverse of Fig. 2, and here too the
process is halted by the valve characteristics. What
happens next is either that the system sticks in a stable
position, from which it has to be “triggered” to
repeat the operation, or the valve causes a discharge
that automatically obtains continuous repetition, as in
a machine-gun. It is arrangements of this last type
that are called relaxation oscillators. Squeggers are
combinations of harmonic and relaxation oscillators.

Although the tendency is for relaxation oscillators
to produce very angular waveforms, this is not an
essential feature; in the familiar RC audio oscillator
the resistances and capacitances are so arranged that
negative resistance sufficient to maintain continuous
oscillation is confined to a band of frequency that
includes the fundamental but excludes the harmonics,
so a very pure waveform is obtainable from a relaxa-
tion oscillator.

AMPLIFIER
Pitfall

working conditions. If the amplifier has a grid input
capacitor and grid leak (the latter often being a
volume control) then it only remains to connect a
resistor of about 47k{) across the ’phone terminals
of the crystal set. However, it would be advisable
in this case also to drop the original ’phonc bypass
capacitor (0.002 «F) to about 100 pF.

If, however, the amplifier is not fitted with a grid
coupling capacitor and leak; or perhaps a single-stage
amplifier is being added to boost the output, not
necessarily for loudspeaker reproduction, but to give
more comfortable volume in two or more ’phones;
then in addition to a diode load resistor of 47 k¢!, as
already mentioned, a grid coupling capacitor and leak
must be included, as shown in the accompanying
circuit.

The reason for the blocking capacitor C,, diode
load R, and grid leak R, is, of course, to keep the d.c.
voltage developed across R, by the rectifying action
of the crystal diode from reaching the grid of the
following valve. This voltage may have either a posi-
tive or a negative sign at the grid end of R,—it
depends on the way round the crystal diode, D, is
connected—and were C, not there this voltage would
either add to or subtract from the grid bias on the
valve.

With weak signals this d.c. component might not
matter, but with strong input signals—the condition
when a crystal set works best—several volts could
be developed across R,. Under such conditions the
grid bias on the following valve could be anything
from zero to several times the optimum. The resistor
R, and capacitor C, give additional r.f. filtering, should
it be required. i1. B. D.
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Manufacturers Produects

NEW

Transmitter Drive Oscillator

A HIGH-STABILITY variable
frequency drive oscillator has been
developed by Mullard for use in
commercial radio transmitters re-
required to operate on any frequency
in the band 4 to 30 Mc/s. By inter-

national agreement transmitters using
these frequencies must keep within

High-stability variable frequency trans-
mitter drive unit made by Mullard.

+0.003 °, of the nominal frequency
over periods of ar least 24 hours,

The very high stability 1s achieved
by the employment of the Mullard
precision variable capacitor, by the
choice of inductors and temperature
compensating capacitors and by en-
closing the frequency determining
clements in a temperature-controlled
oven.

The oscillator output 1s variable
over the limited range of 1.0 10 1.7
Mc/s and is passed through a tuned
buffer stage te a frequency multi-
plier giving an r.f. output on cither
the second (2 to 3.4 Mc/s) or the
third (3 to 5.1 Mc/s) harmonic as
required. A final wide-band ampli-
fier delivers 0.5W of r.f. at 704
output impedance. Further stages
of frequency multiplication are, of
course, needed to provide the actual
working frequency, but these will
be cither in the drive unit or in the
main transmitter.

The oscillator is made by Mullard,
Lid, Century House, Shaftesbury
Avenue, London, W.C.2.

Television Aerials

AN unusual method of securing
the sections of a television acrial is
used in the “Lightweight Two™
model made by J-Beam Aeriais, Lid.,
Cleveland Works, Weecdon Road

WIRELESS WORLD, APRIL 1954

FEQUIPMENT AND ACCESSORIES FOR RADIO AND ELECTRONICS

Industrial Estate, Northampton. The
system takes advantage of the fact
that two aluminium surfaces forced
into close contact tend to adhere.

By providing wedge-shaped con-
tact surfaces in the die-cast fittings
a solid joint of good mechanical and
electrical qualitie. is obtained merely
by giving the parts concerned a few
sharp taps with a hammer.

Another feature of J-Beam aerials
is that the lower half of the aerial
dipole is integral with the
supporting mast and forms the

i/ outer section of a coaxial
matching section for the
feeder.

The price of the “Light-
weight Two” is dependent

on the channel required, but
complete with mast and lashings
is under £5.

Radio-Recorder

THE “Impressario” instrument
recently developed by Lee Products,
63, Great Eastern Street, London,
E.C.2., is a magnetic tape recorder
with normal inputs for microphone,
gramophone, etc, and in addition,
space for a built-in high-quality
radio receciver unit. Power supplies
for the feeder unit are taken from the
main amplifier, which can be used
separately as a straight amplifier
(output 4%,

Internal switching is arranged to
change over to radio recording, but
this is overridden by muting con-
tacts on the microphone and gramo-
phone input jacks. The tuner unit,
which is purchased as a separate
item, fits into a special compartment
at the side. It is a modified version

Lee Products * Impressario
recorder and radio feeder unit.

tape

www americanradiohistorv com

of the RF/716 three-waveband
superhet, with low - distortion
detector.

The tape mechanism is by Truvox
and gives speeds of 3] and 7}in/sec
with interlocking push-button con-
controls.

The price of the recorder is
£51 19s 6d and of the radio unit,
£14 14s.

Push-button Track
Changing

TWIN track recording without the
necessity for changing spools is a
notable feature of the new TK9 tape
recorder by Grundig (Great Britain),
Kidbrooke Park Road, London,
S.E.3. The recording is made in
either direction, and the change from
one track to the other is made auto-
matically by pressing a bution.

Using 850-ft tape reels, a playing
time of 2 x 45 minutes is provided at
the tape speed of 321 in/sec. An auto-
matic stop functions at the end of a
reel, and a geared indicator marks
the progress of the recording or play-
back, enabling any item to be located
quickly.

Frequency response is stated to be
50-9,000 ¢/s + 3 db and a tone control
is provided for playback. A “magic

Grundig Type TK9 tape recorder.

eye” level indicator functions on
both recording and playbact:.

The overall dimensions are 132 x
124 in x8in and the weight is ap-
proximately 281b. The price is
£68 5s excluding microphone; alter-
native moving-coil or crystal micro-
phones are available at £6 6s and
£4 14s 6d respectively.

Compact Facsimile Receiver

ALTHOUGH poriable picture
transmitters have been available for
some time, the receiving equipment
installed at newspaper offices has
usually been of the rack-mounted
type and has occupied considerable
floor space.

A compact bench-mounting photo-
graphic receiver (D-700) has now
been developed by Muirhead and
Company, Beckenham, Kent, which
measures only 2linx19inx11in,
and weighs, together with its power
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Muirhead  Type
facsimile receiver.

supply unit of comparable size, only
about 100 lb.

Positive or negative prints on paper
or film up to 10! in x 10 in can be re-
corded. Drum speeds of either 1 or
2 r.p.m. are provided and the scan-
ning pitch is 100 lines/inch. The
bandwidth required is 2 ke/s centred
on a carrier of 1.3k¢/s. For line
operation the signal is amplitude
modulated, but for radio transmis-
sion f.m. can be used with a conver-
sion unit. There is provision for a
speech channel and for the use of a
synchronized “Mufax”  monitor
which enables the picture to be seen
on electrosensitive paper as it is
received.

The price of the D-700 photo-
graphic receiver is £950.

Ten-icatt Amplifier

FIRST introduced for export, the
L.ecak TL/10 ampiifier and “ Point
One” pre-amplifier are now avail-
able for the home market.

Like the TL/12, the new ampli-
fier uses a triple loop feedback cir-

D-700  photographic

cuit with 26db
in the main
loop. Harmonic
distortiop is
claimed 10 be
0.1 per cent at
7.5W and 1.000
c/s, and fre-
quency re-
sponse  +* 1db
between 20c/s
and 20 ke/s.
Damping factor
is 25 and hum
-~ 80db rec-
ferred to 10W,

The pre-
amplifier, in
addition 1o four
fixed compen-
sating channels
providing basic correction for most
British and foreign record character-
istics, is fitted with continuously
variable bass and treble tone con-
trols. ‘The main volume control is
supplemented by an attenuator at
the back of the sct, for accommoda-
ting the variations in sensitivity of
crystal, moving coil and other types
of pickup.

An up-to-date feature is the pro-

b
Leak TL 10 amplifier and ** Point One "'
pre-amplifier.

for Die

“Hall Mark™

DIE castings, particularly in zinc
alloy, are finding many applications
in the radio and electronic industries
and it is, therefore, of interest that
the British Standards Institution and
the Zinc Alloy Dic Casters Associa-
tion have together drawn up a certi-
fication mark scheme for this type of
casting. It means thar users of zinc
alloy castings carrying the B.S.L
“ Kite ” mark can be assured that the
quality of the material complies with
the very exacting requirements of
BS1,004:42.

Zinc alloy die casting probably pro-
vides the quickest transition from raw
material to the finished product; the
castings are strong and durable pro-
vided the alloy 1is free of certain
impurities. The presence of lead,
tin and cadmium, even in such
minute quantities as a few parts in
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Casting Alloy

100,000, can result in a casting that
would otherwise be aimost as strong
as cast iron becoming as brittle as a
biscuit. BS1,004 specifies that the
content of these and other * poison-
ous” elements shall not exceed
0.012°,. A little aluminium, copper
and a trace of magnesium and iron
arc beneficial.

AIRLRR.L.. Hlandbook
1951

COMPILED by the technical staff
of the American Radio Relay League,
the Radio Amateur’s Handbook has
come to be regarded as a texthook
of amatcur radio. It provides the
novice with much of the theoretical
and practical knowledge he needs for

www americanradiohistorv com

vision of iacks enabling the ampli-
fier to be used in comjunction with
tape recorders for both recording
and reproduction.

The pricc of the twe units is
£28 7s and the makers are H. J.
Leak and Company. Brunel Road,
Westway Factory Estate. London,
X.3.

Cold Cathode Tubes

TWO cold-cathode trigger tubes,
the Z806U and 7801U. have becen
introduced by AMullard fo. usc as

cathode trigger tubes.

low-current stabilizers and counters
with  Gueiger-Muller tubes.  Parti-
cular features of the Z800U is said
to be its very stable trigger break-
down voltage and freedom from
photo-clectric effects, while one of
the main characterisics  of the
7801U is us verv high charge sen-
sitivity; an encrg: inpui of only
45 gucoulombs iu required to initiate
the main discharge. Triggering is
effected by applying a negauve pulse
to the auxiliary cathed: via a small
capacitor of abou: 10 pF.

“The makers’ address is Century
House. Shaftesbury Avenue, Lon-
don, W.C.2.

the design. construction and efficient
operation of an amateur radio station.

The “old hand” is equally well
served, and the current issue has been
carefully revised to include the latest
developments of the past year.
V.H.F. and uh.f. chapters have
accordingly been considerably ex-
panded and there arc many useful
designs of equipment for mobile
operation. These should be of great
interest to members of the newly
formed U.K. Radio Amateur Emer-
gency Network, since amateur radio
communications of this kind are well
established in the U.S.A.

Copies of the Handbook are obtain-
able in this country from The
Modern Book  Co., 19-23, Praed
Street, London, W.2, or they can be
ordered for direct delivery from the
U.S.A. through the Radio Society of
Great Britain, New Ruskin House,
Little Russell Street, London, W.C.1;
the price is 30s (31s by post).
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APRIL

Institution of Electrical Engineers

Kelvin Lecture: * The Physics of the
Ionosphere ” by J. A. Rartcliffe, O.B.E..
M.A., F.R.S., on April 29th.

Informal discussion on  * Safety
Measures for Radio and Television
Equipment,” opener E. P. Wethey, on
April 12th.

Radio Section.—Discussion on ** Tech-
nical Problems involved in Receiving
Alternative Television Programmes” on
April 5th,

* A Versatile Transistor Circuit” by
E. H. Cooke-Yarborough, M.A., * The
Measurement  of the  Small-Signal
Characteristics of Transistors” by E. H.
Cooke-Yarborough, M.A., C. D. Florida
and J. H. Stephen, Ph.D., “ A Bridge
for Measuring the A.C. Parameters of
‘Tvpe * A’ Transistors >’ by A. R. Booth-
royd, Ph.D., and L. K. Daua. M.Sc,
and ‘““ The Transistor as a Regencrative
Amplifier with some Application to
Computing Circuits ” by G. B. B, Chap-
lin, M.Sc., on April 7th.

‘““The Experimental Synthesis  of
Speech ” by W. Lawrence on April 26th.

All the above mectings will be held
at 5.30 at Savoy Place, London, W.C.2.

Mersey and North Wales Centre.—
*“ Technical Arrangements for the Sound
and Television Broadcasts of the Coro-
nation Ceremonies” by W. S. Proctor,
M. J. L. Pulling, M.A_, and F. Williams.
B.Sc., at 6.30 on April 5th at the Liver-
pool Royal Institution, Colquitt Street,
Liverpool.

North Midland Centre.—Faraday Lec-
wre *“ Electro-Heat and Prosperity ™ by
O. W. Humphreys, B.Sc.. at 7.0 on
April 12th at the Town Hall, Leeds.

Shefficld Sub-Centre—Faradav Lec-
ture ** Electro-Heat and Prosperity ” by
O. W, Humphreys, B.Sc., at 7.30 on
April 14th at the City Hall, Sheflicld.

Northern Ireland Centre.—"* Special
Effects for Television Studio Produc-
tions ” by A. M. Spooner, B.Sc.(Eng.).
and T. Worswick, M.Sc, at 6.15 on
April 13th at the Presbyterian Hostel,
Howard Street, Belfast.

South Midland Radio Group.—* The
Theory and Application of I'ransistors ™
by . F. Roberts, B.Sc., and H. G. Bas-
sett, B.Sc., at 6.0 on April 26th at the
James Watt Memorial Institute, Great
Charles Street, Birmingham.

North  Staffordshire  Sub-Centre.—
* Technical Colleges and Education for
the Elcctrical Industry ” by H, L. Hasle-
grave, M.A., Ph.D,, M.Sc. (Eng.), at 7.0
on April 5th at the Technical College,
Stafford.

London Students’ Section.—Address
by the president, H. Bishop, C.B.E..
B.Sc.(Eng.), at 6.30 on april 13th at

Savoy Place, London, W.C.2
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MEETINGS

British Institution of Radio Engineers

London Section.—* Crystal Valves in
Radio and Electronics” by B. R. Bett-
ridge (G.E.C.) at 6.30 on April 21Ist at
the london School of Hygicne and
Tropical  Medicine, Keppel Street,
Gower Street, London, W.C.I.

Scottish  Section—Members’ papers
at 7.0 on April 1st at the Institution of
Engincers and Shipbuilders, 39, Elmbank
Crescent, Glasgow, C.2.

North-Western  Section—Programme
of technical films at 7.0 on April Ist at
the College of ‘Technology, Sackville
Street, Manchester.

North-Eastern  Section. — ** Electro-
encephalography ” by  Prof. Alexander
Kennedy, F.R.C.P., and J. W. Osselton,
B.Sc,, at 6.0 on April 14th at the Neville
Hall, Westgate Road, Newcastle-upon-
‘T'vne.

Merseyside Section.—** Logic, Algebra
and Relavs ” by Prof. E. Williams, B.A.,
B.Eng., at 7.0 on April 1st at the Elec-

tricity Service Centre. Whitechapel,
Liverpool, 1.
West  Midlands  Section.—* Radio

Telephone Equipment ” by T, C. Howell
at 7.15 on April 27th at the Technical
College, Wultruna Street, Wolverhamp-
ton.

South Wales Section.—* The Manu-
facture of Radio Receiving Valves” by
G. P. Thwaites, B.Sc. (Brimar), at 6.30
on April 7th at Glamorgan Technical
College. Treforest.

British Sound Recording Association
London.—* The Design of Tone Cor-
rection Circuits ” by E. W. Berth-)ones,
B.Sc., and H. ]. Houlgate at 7.0 on
April 9th at the Roval Societv of Arts,
John Adam Street, London, W.C.2.

Television Saciety

London.—Fleming Memorial Lecture
“ Colour Television” by G. G. Gouriet,
B.Sc., at 7.0 on April 13th and 15th at
the Institute of Education, Senate House,
Malet Street, London, W.C.1.

“Valves for U.H.F. and V.H.F.
Television” by D. N. Corfield (§.T.C)
at 7.0 on April 22nd at the Cinemato-
graph  Exhibitors’  Association, 164,
Shaftesbury Avenue, London, W.C.2.

Radar Association

“ Radar and the Weather” by P. A. L.
Harris (Mullard) at 7.30 on April 7th
in the Anatomy Theatre, University
College, Gower Street, London, W.C.1.

Institution of Production Engincers

Nottingham Section.—** The Electron
Microscope” by W. J. Lloyd at 7.0 on
April 7th at the Victoria Station Hotel,
Milton Street, Nottingham.
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No problem of sound repro-
duction is too large or too
small for the TRIX organisa-
tion to solve. Whether for
Indoors or QOutdoors, Mains
or Batteries, Portable or
Permanent installations,
TRIX equipment will give
lasting, efficient service.

Consult the TRIX Catalogue, there-
fore, or ask for our expert advice.

Model RE48. A

# heavy duty reflex

type weatherproof

% 2 horn speaker with

] = exceptional  range
and performance.

Very suitable for all

publicaddress work.

Enclosed rack type equipment
| RGA4/633. Combines 30 watt

| amplifier with pre-set radio,
priori microphone control
and 3-speed changer.

. SERVICE IN SOUND BY

 TheTRIX ELECTRICALCO.LTD.
1-5 MAPLE PLACE, TOTTENHAM CT. ROAD,
LONDON, wW.| Phone: MUSeum 5217
l Telegrams and Cables: TRIXADIO, WESDO, LONDON
T T S—

201


www.americanradiohistory.com

RANDOM RADIATIONSY

By “DIALLIST”

Any Suggestions?

THERE'S ONE fault that shows
up with quite remarkable frequency
in television receivers, though it is
not unknown in sound-only sets.
Here is a typical example: the tele-
vision receiver has been working as
it should for maybe an hour or more.
Then the picture shrinks, or fades,
or does both together and in a few
moments the screen is blank. None
of the outside-the-cabinet controls
has the slightest effect. Then some-
body happens to turn a lighting
switch and, hey presto! all is well
with the picture. There must, I
imagine, be a hidden fault in the set,
due to a dry joint, or to a break in a
lead or something of that kind. When
the receiver is cold a connection,
though a pretty chancy one, exists.
But when it is thoroughly warmed up
expansion of the metal causes a
movement to take place which results
in a “dis.” The little “kick ” in the
mains voltage due to the use of the
lighting switch may cause an arc to
occur at the *dis ” and result in some
kind of a weld between the very
slightly separated members of the
joint. Any such weld would consist
of very thin filaments of metal be-
tween the two parts. It would be
likely to break down rather soon—
and that is just what does happen.
Can any readers offer other explana-
tions?

EVAW

LIFE IS FULL of little problems.
1 was confronted by one of them
when I found that some rather highly
technical stuff that I’d been asked to
put into French contained the term
“ backward-wave oscillators.” The
French seem so to dislike inventing
technical terms of their own that
they’re usually content to borrow
them from us. “Un wobbulateur”
and “ un oscillateur grid-dip ” are, for
instance, perfectly good French. By
all the rules, then, it seemed that I
wouldn’t be taking much of a chance
if in this case I simply wrote “un
oscillateur backward-wave.” Luckily
I didn’t. Except that it was probably
a micro-wave device concerned with
travelling waves, I had, frankly, no
idea of what the thing was. Nor had
the first four radio addicts whom I
consulted on the telephone. The
fifth, however, had a hazy recollection
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that a paper had been read on some-
thing of the sort at an L.LE.E. meet-
ing. A search in my files of the
Proceedings of the I1.E.E. showed
that such a paper had indeed been
read; and what’s more, read by the
French inventors of the oscillator,
Warnecke and Guenard! Not only
that: they’d given it the name by
which it is known in France, the
carcinotron. 1 can’t help thinking
that EDNO (onde backwards) would
have been neater and less of a
mouthful. And why not an English
name EVAW on the same lines?

The Ilydraulic Light Bulb

AN EDGWARE READER records
one of those electrical adventures
which all too seldom brighten our
humdrum lives. On his return home
one evening he found the kitchen floor
awash and soon traced the cause to
a running tap and a stopped waste
pipe in the bathroom above. The
water had made its way down by
way of the ceiling rose and the flex
of the pendant lamp below. When
he switched on, the lamp gave full
brilliance, accompanied by “a nasty
vibrational burning noise.” Subse-
quent investigation, he tells me, dis-
closed a pinhole in one of the lamp’s
contacts, through which water had
made its way into the hollow glass

“foot” inside the bulb, When the
bulb was connected up again the
water quickly boiled away and all
was (and is still reported to be) well.
Actually I described some years ago
my own efforts* to use this effect for
the cheap production of constantly
changing coloured lights to delight
the little ones at Christmas. The
basic idea was to introduce a suc-
cession of aniline dyes into the water
fed to deliberately pinholed bulbs via
their flex leads. I had reluctantly to
abandon my experiments owing to
the difficulty of obtaining sufficient
supplics of the dehydrated water
necessary if “shorts” werc to be
avoided.

Not So Funny

IT'S ALL VERY WELL to talk
about our having a television service
that covers eighty-something per cent
of the homes in this country; but that
takes no account of the homes in
alleged service areas in which any-
thing approaching even tolerable
reception is impossible at most times.
I'm not thinking now of houses
standing on roads which carry an
endless stream of (mostly unsup-
pressed) motor traffic. Some of those
that I have in mind are near one or
other of the pylons of our grid
system; and their occupants learn the
hard way something about brush dis-
charges. People who live near busy
aerodromes have as bad a time as any.

* * Autochromatomorphic _Illumination,”
D. I. List, F.R.G.S.; Tiny Tos, Nov. 31,
1938.
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Well-designed a.g.c. may take charge
to some extent of aircraft flutter;
but nothing much can be done about
interference at short range from radar
and other such things. Perhaps most
of all to be pitied are those living
close to radio-equipped police- and
fire-stations; or those who have
certain kinds of ray-treatment clinics
almost next door to them.

Let’s Know the Price!

A LETTER in a rccent issue of
Wireless World asked why those who
advertisc wircless gear, laboratory
equipment and so on so often say
nothing about prices. That is some-
thing which has long puzzled me. If
other people’s reactions to such ad-
vertisements are like mine, I don’t
think that they can be a very paying
form of publicity. Consciously or
unconsciously, I argue that as the
price isn't mentioned it must be
pretty stiff. Not much use, then,
writing for the full particulars as sug-
gested in the advertisement, and so 1
just don't do anything more about it.
When, on the other hand, I see an
attractive something-or-other adver-
tised with its price I’m at once attrac-
ted. It may be rather a lot of moncy
for me, but I do send for the further
particulars. I’m, in fact, already what
I believe salesmen call “a prospect ”’;
and, if the state of my overdraft per-
mits, it doesn’t take much high-
pressure work to make me a buyer.

“Bib

AS YOU KNOW, I'm always on
the lookout for tools which make
things easier and save time and bad
language in the wireless workshop,
amateur or professional. One that is
definitely good enough to mention in
these notes is “Bib,” the wire-
stripper recently brought out by the
Multicore people. It’s the simplest
thing, as ingenious tools often are:
just two flat blades of very hard steel,
pinned together to form what looks
like a thin pair of pliers. At the busi-
ness end there is a sharp-edged V-
shaped notch in each blade. Close
the handles and the Vs come together
to form a diamond-shaped cutter.
Just put the flex, V.I.R. or what-not
into the cutter, squeeze the handles
and pull. Off comes the insulation as
clean as a whistle and not a strand
is so much as nicked. The stripper
is easily adjusted to deal with wires
of various diameters. The tool also
contains cutters which snip wire
cleanly and a simple device for
separating the leads of twin, plastic-
covered flex without damaging the
insulation.
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MULTIPLE ROTARY MAINS SWITCH

ENGINEERS should investigate the present muitiple switching
arrangements on their apparatus, and see if ‘* PolyMicrO **

cannot do the job better.

Small and compact, with a high

current carrying capacity, this revolutionary new design in
Micro-Switches incorporates the Bulgin Miniature * M ' type
Micro-Sensitive switches, ganged together in a highly-plated
metal frame in any number, up to 12 units.
Operated by Polished Bakelite Cams threaded on to a hexagon
shaft in any number of different positions up to six, and actuated
either manually or automatically.

Each individual switch

is basically s.r.c.o.

for s.p.M.B. or

s.P.B.M., and can be stacked to give many different switching
arrangements.

OPERATING CAMS
Higbly polished Bakelite
Cams mounted in np to six

500,000 OPERATIONS GUARANTEED

NEAT GROUPING OF UNIT ONE DEPRESSED
sQLDER-TAGs Clearly shown is the Six-
To facilitate soldering con- goitch aysembly with unit 1

on 8
shaft. These ecan give
switching singly, or pairs,
or in sets of 3, 4, or §
Variations to suit cus-
tomers’ own requirements.

the silver-plated

sl el mcan il ons In' on (or ¢.0.) position
end of assembly. The With usit £ next to make
illustration aleo shows the ocontact, and 30 on. This
operating leaves that are is only one of the dosens of
actuated by the cams. Permutations.

Send for complete details (Ref. PM/WW)

BALL-BEARING INDEX
LOCATOR
Illustration (above) shows
the end view of the
“*PolyMiorO * switch, Cam
location is by 6 holes
arranged throngh 360° and
ball engaged. This ensures
sccurate and

positioning.

Ppositive

o (BULGIN ) ==

A. F. BULGIN & CO. LTD.
BYE-PASS ROAD - BARKING - ESSEX

Telephone: RIPpleway 3474
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UNBIANED

Silent Sound

MODERN  MOTHERS are  well
acquainted with the baby alarm con-
sisting of a microphone over the
child’s cot feeding into the domestic
wireless receiver so that the petulant
pulings of the child are super-
imposed on the radio programmes.
Wireless World gave this idea to the
world nearly 30 years ago in rcply
to an anxious parent in the then
popular Readers’ Problems, or Ques-
tions and Answers, section of the
journal.

No doubt many of you with sensi-
tive musical natures have often had
your nerves stretched to breaking
point by the mewling and puling of
the animated piece of protoplasm
upstairs marring a pianissimo pas-
sage from a Chopin nocturne. All
this can be a thing of the past if
modern mothers will be really
modern and insist on a television set
being adapted for fitting a baby
alarm so that the child’s cries appear
not as an irritating over-riding sound
from the loudspeaker but as an inter-
ference pattern on the screen. The
programme would not be unduly
marred by this visual baby bawling
as it is by the present sonic system.

There is another very great advan-
tage of this idea. Experienced
mothers are supposed to be able to
apply the principle of differential
diagnosis to a child's cries and tell
instantly whether the baby’s bellow-
ings indicate a crying need for
nourishment or nappies. In practice,
however, it is not at all casy to do
this when there is a background of
Sousa in full blast. But if the child's
caterwaulings were made to appear
as a visual interference pattern I feel
sure this difficulty would not arise.
It is, therefore, up to the manufac-
turers of television sets to let us have
the necessary P.U. terminals and
circuitry.

Great Minds Think Alike

IT IS EXTRAORDINARY how fre-
quently I find myself in tune with
the minds of the mighty or, at any
rate, only a semitone or so out of
resonance. Two years ago I sug-
gested in these columns that wireless
ought to have a patron saint and put
forward the claims of St. Michael
for that office. On the very same
morning that the editor read my sug-
gestion the Pope put forward the
same idea; we differed only on the
question of personnel and Gabriel
was, as you know, appointed.

Now 1 find that once again a
somewhat similar thing has hap-
pened. This time it is the Oldham
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By FREE GRID

Borough Council with whom I am in
accord. I see that it has decided to
use plastic plumbing in its houses, a
thing which I decided on and told
you about in the February issue.

This time the semitone difference
between my thought and that of my
fellow magna meus is not a matter of
personnel but of the reason for the
use of plastic pipes. In my case I
suggested it as a means of curing
the cross-modulation chatter caused
by corroded and, therefore, high-
resistance joints in pipes and gutter-
ing in an area close to two powerful
B.B.C. transmitters, whercas Old-
ham’s reason for adopting the idea
was to stop burst pipes as it has
been found that plastic plumbing
stretches.

Carping Criticisms

THERE ARE MANY THINGS which
I have vainly pleaded with wire-
less manufacturers to give us. One
of them is a remote-control unit
whereby we could not only switch
the set off from our armchairs but
could tune it and adjust the volume
control also. Such a unit should
preferably be a radio-controlled
one and not have a trailing cable
over which everybody would be
bound to trip up. One manufac-
turer did make such a device once
—in fact I believe there was more
than one—but, like the pale hands
beside the Shalimar where are they
now? Another thing for which I
have asked in the past is a valve
which heats up quickly and makes it
snappy like an electric light bulb.

It is interesting to note that both
these requests have now been
granted simultaneously, but not quite
in the form which I had in mind.
The common answer to my two
requests is the mains/battery port-
able. Obviously, as you can have
this by your armchair and can adjust
it in comfort, it does after a fashion
answer my request for a remote-
control unit. My request for snappy
cathode heating has been answered
also by this type of set, for obviously
it must use battery-type valves.

Now although my double request
has thus been answered I am not at
all happy about it. These littde sets
are getting more and more popular
and threaten to become ubiquitous.
1 have no complaint against them if
used within reason and in situations
where a more ambitious set cannot
be put into action. But nobody can
deny that these receivers have a less
satisfactory output than those using
pukka mains valves and it is clear
that the manufacturer of at least one
of them realizes it as, apart from his

www americanradiohistorv com

mains/battery portable, he markets a
“mains only” one using indirectly-
heated valves. When I wrote to him
about it he quite frankly admitted
that the reason was that the * mains
only ” portable gave a more satisfac-
tory output.

The other reason why I prefer not
to use one of these small portables if
a more ambitious set is available is
that, because of their use of a small
built-in aerial, they are more sus-
ceptible to interference from such
things as unsilenced electric sewing
macgines and other disturbers of the
ctheric peace. A good outdoor aerial
will always win the day unless some-
body comes along with a drastic new
invention.

1914 Amateurs and
Colerers

I SHOULD LIKE to convey my
very sincere and hearty thanks to all
those kindly readers who wrote to
me about coherers as a result of the
photograph I published in the
January issue. I should have liked to
have replied to them all individually
but for various reasons this was quite
impossible.

I was quite wrong in supposing

Reprisals

that coherers had disappeared by
1908. Whatever may have been the
case in professional circles they were
still in use in non-professional circles
right up to the outbreak of the 1914-
18 war. I have used the expression
“ non-professional circles” deliber-
ately rather than “amateur circles”
for I have no mind to have my
bowler bashed in by any of those
serious amateurs of 1914 vintage who
swore by (and also at) the crystal.
It is quite evident from information
which has been so kindly sent to
me that these coherer outfits were
offered for sale merely as scientific
toys.

WIRELESS WORLD, APRIL 1954
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11 Overload
TOM" Protectio

Produced in response to a demand for a
high sensitivity version of the world-
famous Universal AvoMeter, this model
incorporates the traditional design features
of its predecessors, so highly valued for
simplicity of operation and compact port-
ability.

It has a sensitivity of 20,000 ohms per volt
on all D.C. voliage ranges and 1,000 ohms
per volt on A.C. ranges from 100V.
upwards. A decibel scale is provided for
audio frequency tests. In addition, a press
button has been incorporated which reverses
the direction of current through the moving
coil, and thus obviates the inconvenience
of changing over test leads when the current
direction reverses. It also simplifies the
testing of potentials, both positive and
negative, about a common reference point.
A wide range of resistance measurements
can be made using internal batteries, separate
zero adjustment being provided for each
range.

It is of importance to note that this mode]
incorpgrates the “AVO > automatic cut-out for
protection against inadvertent overloads.

D.C. VOLTAGE D.C. CURRENT A.C. VOLTAGE
2.5V. 2.5V,

.5 50,1A.
10V. 250u:A. 10V,
25V. ImA. 25V,
100V, tOmA. 100V,
250V. 100mA, 250V.
1,000V, 1A, 1,00CV.
2,500V 10A. 2,500V,

WIRELESS WORLD

A.C. CURRENT

£23 : 10s.

mA.
1A,
2.5A.
10A.

1

Size 84" x 74" %
Weight 61lbs. (including leads)

For your Valve Characteristic
Meter or Valve Tester

Owing to the very large number of
valves which have been issued within
the last two years, no further amend-
ments will be issued for the original
‘ Avo ” Valve Testing Manual. A
new, completely revised and fully up-
to-date Valve Data Manual is now
available from the Company at 15/-
post free.

RESISTANCE

First indication 0.5Q.

Maximum indication 20MQ.,

0—-2,000Q using
0—200,000Q2 internal
0—20MQ batteries
using
0--200MQ external
batteries

THE AUTOMATIC COIL WINDER & ELECTRICA

WINDER HOUSE « DOUGLAS STREET

LONDON

S.W.I

QUIPMENT CO. LTD.
Clephone Victoria 3404=9

Avocet

A 8/1
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“csses possesses

How tie szééw%ﬂw

NOT such’ a silly sentence as it seems—those sibilant ““S”’s produce a
hissing sound that form an important part of normal speech. Spoken
into a microphone that has any ‘‘ peaks ™ in its response, or has upper
register emphasis, those sibilants become distorted, and unnatural
reproduction results. Apply this “ S-test "’ to the Z33! Because of its
flat response and its freedom from ** peaking *’ those ‘S”s will be fed to the
equipment just as spoken—no  coloration, no emphasis—just natural

reproduction.
Full details in Folder WM gladly sent on request. SPECIFICATION
QUTPUT IMPEDANCE
Standard o el . . e e PR UUNNUSEIBRIN g ST 20 ohms
See it on SZEONEITIVITY P
ohms imp.) — 87 db with | icrobar : (Hi-Z) —55 db ditto.
STAND NO. l2 ( simp.) with respect to | v/microbar : (Hi-Z) b ditto.
R.E.C.M.F. EXHIBITION—April 6th.-8th. FREQUENCY RESPONSE ..........ocooovvniiirinininnens 50-10,000 ¢/s, 45 db.
DIMENSIONS .............................. Overall length 3}in., Max. dia. 3in.
WEIGHT ......... (incl. 10ft, screened cable) 14 ozs., with transformer 16 ozs,

FINISH ... Polychromatic Old Gold, Front cover and base anodised, dyed
gold, Or grey crackle and chromium,
Incorporating recessed ‘' ON/OFF ** switch.

GOODMANS

With buift-in matching transformer providing 200
ohms, 600 ohms or Hi-Z impedances 30/- extra

GOODMANS INDUSTRIES LTD,

masters 0]( qult_y rePrOduCtion Axiom Works, Wembley, Middx. Telephone : Wembley 1200 (8 lines)
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SHOCK TEST,

Exhaustive tests on samples selected at random from every production batch of
Mullard Special Quality Valves ensure that the exceptional care and skill exercised
throughout manufacture have achieved their object.

Shocks of 500 g are given to the selected samples, which are afterwards retested
electrically to ensure that their characteristics have remained within the normal
limits. The valves are embedded in wax in a steel box which is clamped to the
testing table, and a predetermined shock is transmitted to the valves by the
hammer head of the pendulum striking the table. By changing the mounting of
the box, shocks may be given in both directions along different axes.

The first five of a comprehensive range of Special Quality Valves are now avail-
able from Mullard. Your enquiries on their employment and the availability of
types at present under advanced development are invited at the address below.

Mullard }

SPECIAL
/ VALVES
(iiard) TESTED TO SPECIFIED EXTREMES

NA

MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT.,, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
MVT 154
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Portable %

Frequency Meter

TF 1026 (Series) S

| Direct-reading from 250 Mc/s to 4,000 Mc/s

The Marconi Instruments TF 1026 (Series) directly-calibrated absorption wave-

meters provide an easy means of checking the frequency of sources of power and

together cover the range 250-4,000 Mc/s. Features include : excellent screening due

to the type of fully enclosed construction employed ; effective scale length of g inches;
(| light weight (g lbs. approx. each instrument) ; no power supply required.

| The degree of coupling between input and resonant circuits is such that the
accuracy of the calibration is substantially independent of changes in the type of
input circuit, whether by stub aerial or direct by feeder.

Tuning is accomplished by means of a variable lumped capacitance across the
line input. The effective Q is extremely high, due
'[ to the very low series resistance.

The meter covering the highest range,
2,000-4,000 Mc/s (instrument illustrated), has
I an additional wavelength calibration
indicating in red each half-centimetre.

The meters are supplied, complete with
| appropriate feeder cables, etc., in polished
hardwood carrying cases measuring
l} 7 in. X 7% ins. X 8% ins.

Temp. Coeff. | Discrimination

Type Range Mc/s per deg. C. | and Accuracy

' TF 1026/1 | 250/500 | —1/30,000 | +0.5 Mc/s
TF 10262 | 500/1,000 | —1/25,000 | 4 1.0 Mcfs
l "TF 1026/3 | 1,000/2,000 | 1/50,000 | 42.0 Mc/s
TF 1026/4 | 2,000/4,000 | _1;50,000 | 4-4.0 Mc/s

— .

MARCONI iNsTRUMENTS

SIGNAL GENERATORS - BRIDGES « VALVE VOLTMETERS - FREQUENCY STANDARDS
WAVEMETERS - WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS . Q METERS

MARCONI INSTRUMENTS LTD -« ST. ALBANS - HERTS : TELEPHONE : ST. ALBANS 61617

Midland Office : 19 The Parade, Leamington Spa. Northern Office : 30 Albion Street, Kingston-upon-Huli,
Export Office : Marconi House, Strand, London, W.C.2,

TC 41
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VIBRATORS
&

UNITS

for Low voltage
D.C. operated
Electronic
Equipment

THE range of Wearite/OAK vibrators
for car radios and mobile telecommunications
equipment has been especially designed for long
and dependable service, whatever the extremes of
climate.

The main structure is of steel and mica, so that
expansion at varying temperatures is uniform, the
base being sealed by the special Wearite process.
The main contacts are ground to extreme limits of
flatness and certain starting at the lightest of
pressures and voltages is obtained by the use of
non-tarnishable precious metal driving contacts.
The vibrator is acoustically and electrically shielded
by its sponge-rubber lined metal can.

A complete range—synchronous, non-synchro-
nous and split-reed synchronous types—is available
for all makes of car radio and other mobile equipment.

Vibrapower Units are completely self-contained

VIBRAPOWER

o) assemblies for providing H.T. power

) from a 6 or 12 volt D.C. source. They
mclude a tapped transformer for the selection of
output voltage, buffer capacitors and basic R.F.
filtering, and a Wearite/OAK vibrator .of a type
depending on input voltage. Provision is made for
the earthed input pole to be connected to positive
or negative as requlred

H.T. smoothing is not included and must be
externally connected, the value depending on the
efficiency desired.  An input filter must also be used.

The units are completely screened and are
mounted on four rubber buffers to prevent possible
transmission of vibration to other equipment.
Full details of Wearite/OAK Vibrators and Vibra-
power Units are available on request.

* Wearite vibrators are manufactured under license of the Oak Manu-
Jacturing Co. of Chicago and are covered by various patents.

WRIGHT & WEAIRE LTD

131 SLOANE STREET -

LONDON

SW1 Telephone: SLOANE 2214/5
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715 Q) MARKS THE SPOI..

FOR AERIAL NEWS AND VIEWS

9% «'5 STAR
AERIAL’
The entirely new and patented

“ SNAPACITOR ” principle, exclusive to
Antiference, provides an aerial that is :—

CORROSION PROOF

There are no metal-to-metal connections
prone to corrosion. The capacitor couplings
guarantee long life, 100 per cent electrical
efficiency.

PRE-ASSEMBLED AND ALIGNED
Rods and insulator are factory-assembled and
aligned as a complete aerial tuned for peak
performance.

QUICKER TO INSTALL
Factory-built as a unit, packed complete in
one carton, is instantly ready for mounting
—no loose parts to go astray, streamlines
installation time and cost.

LIGHTER IN WEIGHT
Construction is of highest-grade aluminium
\tubing of aircraft specification which provides
maximum strength with minimum weight
and widest safety margin to withstand the
severest of weather conditions.

TRULY COMPETITIVE IN PRICE

+ + 44+ 4+

MODEL X4L ‘ANTEX’ with
6ft. mast and chimney lashing | ;o7 i 5 / -

equipment. PRICE
MODEL X4W ‘ANTEX’ as above LIST 66 /6
but with wall mounting bracket. PRICE

Other models for Vertical Mounting: X4M with 1oft. x 1} in.
dia. mast: X4P with mast cap for mast top mounting:
Horizontal mounting models include XH4W with swan neck
arm for wall mounting and XH4L for chimney lashing, also
XHE4W and XHE4L with 6ft. angled mast.

NTIFERENC
R tizty E

ANTIFERENCE LIMITED, BICESTER ROAD. AYLESBURY, BUCKS.

Full details of the complete * Antex’ range available on
request.

GD2
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Desz'gned for Continuous Service

ATE/TMC: transmission equipment is designed to offer an operating adminis-
tration the maximum facility in installation and in subsequent maintenance
routines. A bayside can be unpacked, carried, erected and equipped by oune
man if necessary. Panel frames, fitted with quickly detachable functional units,
are of the “jack-in” type, an arrangement which ensures the most rapid form
of servicing yet devised. Further information is contained in the brochure
«“Unit Construction Practice’’ a copy of which will be forwarded on request.

AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.

Radio and Transmission Division, Strowger House, Arundel Street, London, W.C.2. Telephone:
TEMple Bar 9262. Cables: Strowgerex London. Manufacturers: AUTOMATIC TELEPHONE & ELECTRIC
Co. L1D., Liverpool and London. TELEPHONE MANUFACTURING Co. LD, St. Mary Cray, Kent.

AT 8531-BX 105
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Within the smalj Compasg of 143" x
123" x 8", this 8enerator Provides
facilities 54

are hormally, availahle t
only i ; 4

Square waye o4 1,000 c/s.
* Negligipe stray field ,
Weight 34 Ib.

Fulles detarls Ontained 1y
leafle 1 6 s

7 o1 requess

- V.HE SIGNAL GENERATOR '@

. ED
AVANCE COMPONENTS LIMIT
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Sealed
with Araldite’

Outstanding adhesion to metals and excellent elec-
trical and mechanical properties combine to make
‘Araldite’ “the resin of choice” for sealing elec-
trical components. Exceptionally low shrinkage

on setting plus resistance to high temperatures,

TR .‘:':‘

humidity and corrosive agents contribute further
to the success of this new epoxy resin for potting
or casting applications. ‘Araldite’ complies with
the requirements stipulated for the sealing of
Service equipment. Our illustration of a trans-
former potted in ‘Araldite’ is published by
courtesy of the makers, Messrs. Evershed &
Vignoles Ltd., who also use the same resin for
sealing resistances and valve assemblies.
‘Araldite’ epoxies are simplifying production in
many industries. Nowhere, however, is their con-
tribution more important than in the potting and
sealing of components for radio, electronics and

electrical engineering generally.

THESE ARE THE NEW EPOXIES'!
‘Araldite’ (regd.) epoxy resins are obtainable in
the following forms:—

Hot and Cold setting adhesives for metals, and
most other materials in common use.

Casting Resins for the electrical, mechanical and
chemical engineering industries.

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

Full detasls will be sent gladly on request

Araldite’

casting resins

Aero Research Limited
A Ciba Company
DUXFORD, CAMBRIDGE. Telephone: Sawston 187

® 264-644
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VALVE
VOLTMETERS

= Millivoltmeter Type 784

(Wide-band Amplifier and
Oscilloscope Pre-Amplifier)

@ Frequency range from 30 c/s to 10 Mc/s.

@ Voltage ranges 0-10, 0-100, 0-1,000 millivolts.
@ Excellent Stability.

@ Can be used as an amplifier up to 15 Mc/s.

@ Immediate delivery.

@ Frequency range from 30 c/s to 200 Mc/s.
@ Balanced, unbalanced and differential inputs.

@ Measures both positive and negative D.C.
voltages.

@ Six resistance ranges reading up to 100
megohms.

@ Balanced circuitry ensures exceptionai stability.

@ Very low probe input capacity.

@ Immediate delivery.

Full details of these or any other Airmec instruments will be forwarded gladly upon request.

A l B M E C HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND

Tel: High Wycombe 2060 Cables: Airmec, High Wycombe
L I M I T E D
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V.H.F. and TUNERS demand

.« . exacting quality in capacitors and resistors

TYPE 100

'
TYPE CD11 TYPE CD7  TYPE 410 TYPE 400 TYPE CDO8
ERIE Righ Voltage Capacitors
There is a wide selection of disc and moulded Ceramicons® for

various applications, covering voltages up to a maximum of

30 kV.

TYPE 109
RIE High Stability Resistors

The only resistor of this class in which the supersensitive car
bon film is ceramic encased. Available in ratings of }{ watt, 4
watt and 1 watt, in values ranging from 10 obms to 3 megohms,
and in tolerances down to +1%.

ERIE Solid Moulded Carbon Resistors
Available in ratings of % watt, % watt and 1 watt, either phenolic
or ceramic insulated, in values rangiog from 10 ohms to 10 meg-
obms, and in tolerances down fo +5%.

H TYPE N750/AD
W -
¥ L4
TYPE CDDg TYPE CD12 TYPE CDD6 TYPE CD9 TYPE 811 TYPE 831 TYPE Hi-K/BD STYLE K
ERIE Disc Ceramicons* ERIE By-pass and Compensating Ceramiconsx
Available in values ranging from 2.5 PF to 30,000 PF in working] {For by-pass requirements, there are three types available in val-
voltages from 500 to 8 kV, and in tolerances down to :10%. ues ranging from 220 w 18,500 PF. For compensating, there are
Capacity variations with temperature, age, and voltage are excep- nine types in temperature coefficients ranging from P100 to N750,
tionally small. A truly outstanding ge. available in values up to 1480 P
- ! 1
; ».
(L]

? SYYLE 3812 STYLE 2405 |

= m L
STYLE 325 STYLE 323 STYLE 2404 STYLE 2433
ERIE Stand-off and Feed-thru Ceramicons® -

Specially designed to overcome radiation and critical by-passing
problems. Available in values up to 1500 PF.

STYLE $%7 STYLE 3139-01 SYYLE $31-532 STYLE 535
ERIE Trimmer Capacitors
The largest and most versatile range of plastic and ceramic
temperature compensating trimmer capacitors. Available in®val-
ues ranging from 0.5 PF minimum to 30 PF maximum.

{ .
*Registered Trade Morks

ERIE RESISTOR LIMITED, Carlisle Rood, The Hyde ’J.ondon, N.¥. 9., Englond. Factories: London and
Great Yarmouth, Englond; Tor]nlo Conads; Erie, Po., U.S.A.

11




12 WIRELESS WORLD APRIL, 1954

%}% ]
G ,
b/ lqug" ) % m .

Frequency Response
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The frequency response of

any item in a high fidelity

system indicates that range

of frequencies or musical pitch
which is within certain clearly
defined limits. These limits, in

the case of high grade equipment,
are usually +- 2dB for Amplifiers,
=+ 2dB for gramophone pick-ups,
but + 4dB for Loudspeakers.

The balance of frequency response
is most important. If only a limited
bass response is available it is often
desirable to impose similar limits
upon the extreme treble response.
When examining specifications

of loudspeakers indication of the
variation of response on and off axis is
essential while with amplifiers it is
important to know the amount of power |
which can be delivered at the upper and Y i b
lower extremities of the range. |
It is interesting to note that a number of
high-quality commercial reproducers have a
frequency range of up to six or seven octaves,
and many so called high fidelity systems do not
exceed this. A complete Tannoy home music system,
however, has a range in excess of ten OctfiVCS.

| PRODUCTS
LIMITED

SOUND PRACTITIONERS

WEST NORWOOD - LONDON - S.E.27 - TEL: GIPSY HILL 1311
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2 DESIGNERS & USERS

SPECIFY,

R.E.C.M.F.
EXHIBITION

April 6—8
See us on Stand No.

53 %MM
et J apau1tqrs

and
INDUCTANCE
ﬁ@ TUNERS

PRECISION, STAB/ITY, (oNG (/FE

r
1
(!
'
1
{
!
l

O |

o “Cyldon” Capacitors have
a world-wide reputation for
efficiency and dependability.
We welcome enquiries for
types not covered by our
standard range. Our re-
sources and experience are
at your service.

Equipment Manufacturers and Wholesalers are
invited to write for literature covering Cyldon
“ Teletuners*’ (Ref. T.V. 1953) and Cyldon
Trimmers (Ref. T. 1951), together with details
of our complete range of Variable Capacitors
and list of Agents for Home and Overseas.

VRO Contractors to Ministry of Supply, Post
SY[?;.NSEO N s,s LTBD Office, and other HM Government De;ts

CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX.  Joeohone: Enfeld 20702
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To start you talking

—and listening

Those who have followed the growth of high
quality reproduction in recent years may wonder how it is
possible to improve still further the amplifier part of the
system. Yet, like its predecessor, the QUAD II introduces
entirely new features of importance to the final objective—
features anticipating trends in design of both amplifier and
associated equipment.

Engineers will readily appreciate among the many salient
points of design of this amplifier, the complete stability
under all load conditions. They will delight too in the
unique low noise pickup matching system and in the new
wide range filter developments.

The gramophone enthusiast will be pleased to find that
his moving coil pickup no longer requires a transformer;
that each of the seven playback characteristics is accurately
provided at the touch of a button ; that the logical system
of filter control gives him low distortion without the
sacrifice of correct musical balance.

Above all, the musician will find that the QUAD II gives
the closest approach to the original sound. . .. The
QUAD II booklet will tell you why.

A booklet

describing the

QUAD 1I

is available

on request from

PRICE £42.0.0 RETAIL
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For

—  IVALVES Bldi9r\t
PURPOSES

Complete details and
prices of Ediswan Mazda
photo-multipliers will be
supplied on request.

& These valves are plug-in replacements
Jor the American type 9314.

EDISWAN

VALVES AND CATHODE RAY TUBES
THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2

Member of the A.E.I. Group of Companies. Telephone : Gerrard 8660

RV133
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MAGNETIC MATERIALS Extensive research and
manufacturing facilities have established Mullard as the leading
producers of magnetic materials. They were the first, for example, to
introduce Ferroxcube, the world’s most efficient magnetic ferrite;
¢ Ticonal * anisotropic permanent magnets, renowned for their high
stability and high energy output; and Magnadur, an entirely new
type of permanent magnet with the insulating properties of a ceramic.

The wealth of experience gained from these developments is
available to all users of magnetic materials through the Mullard
advisory service. An enquiry to the address below will put a team
of specialised engineers at your disposal.

Mullard

¢TICONAL’® PERMANENT MAGNETS . MAGNADUR (Formerly Ferroxdure)
PERMANENT MAGNETS . FERROXCUBE MAGNETIC CORE MATERIAL

MULLARD LTD.,, COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. adur Permanent

magnets #eady for firing.
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The Pye company is known throughout the world for its
research and development work on television. Notable advances have
been the introduction of the first transformerless receiver, Pye Black
Screen, Pye Automatic Picture Control, and the Pye Sequential Colour
System. The demand from the great broadcasting networks of America
for television cameras and transmission equipment produced by Pye
continues to increase week by week.

Intensive research into every aspect of television has enabled
Pye to lead in all these fields and similar foresight has now
resulted in the introduction of a special camera for industrial
tse. The new camera is small and will transmit an extremely
bright picture without special lighting. Large numbers of
trainees can thus study the detail of a demonstration from
screens in an adjacent lecture room, and harmful or potentially
dangerous processes may be viewed by research scientists
without risk.

. I - ae e e e em s e e e s = = ==
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The Pye Company has always been in the forefront of the search
for ever greater realism in the reproduction of sound. The recent
sensational improvements in recording technique, in particular the
introduction and development of the Long Playing microgroove
record, have not hitherto been matched by improvements in the
quality of reproduction from the ordinary domestic radiogram or
record player, which are incapable of delivering the full sound
frequency spectrum and give a muffled and distorted rendering.
The Pye Black Box, the first High Fidelity equipment of its kind,
gives a performance of concert hall reality and allows the superb
quality of the new records to be enjoyed for the first time.

N
Q)

SN \\'c:\:‘
-\

,-h\

CAMBRIDGE



APRIL, 1954 WIRELESS WORLD 1

9

THE § ) L e S ERE R | | NP |y {58 -

1
1
®
o
-
o
3

Precision engineering makes a major contribution to the success of finished
products in all factories of the Pye Group. From time to time particular processes
call for further mechanical aids and if these are not readily available they are
designed and produced by the Group for its own use. A case in point is the new
Pye micro switch which gives precise and positive switching between temperature
extremes of 100°C. and —20°C. and has proved so successful that it is now
marketed for the use of Electrical and Electronic Engineers in many industries.
The Pye micro switch has been approved by R.A.E. Farnborough.

MICRO SWITCH

Comet undercarriage, where
micro-switches convey informa-
tion to pilot’s cabin that wheels
are safe in position for take-off
or landing.

CAMBRIDGE - CENTRE OF SCIENTIFIC RESEARCH
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The use of mobile V.H.F. radio-telephone equipment in this country was
pioneered by Pye. Over two-thirds of the equipment now operating in
the United Kingdom has been supplied by this company and exports for
government and commercial applications overseas are made to more than
fifty countries. With staunch faith in the value of its own products the
Pye Group employs V.H.F. to maintain contact with all its delivery and
service vehicles.

L

Telecommunications

CAMBRIDGE @ ENGLAND

A police patrolman singled
out by Selective Calling
stops to receive instructions
from H.Q. over the V.H.F.
radio-telephone.

OF SCIENTIFIC RESEARCH
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Since 1896, when the company was founded, Pye Ltd. has
exploited to the full its close association with Cambridge as the
centre of scientific research and has recruited many scientists
from this great University.

Among other things this has led to spectacular advances in the
development of television camera tubes and, in particular, the
“‘Staticon” tube used in the Industrial TV camera.

The Pye ““Staticon” is small, simple in design, and can be pro-
duced relatively cheaply; it is sufficiently inexpensive, in fact, to
be considered expendable when observing a highly dangerous
experiment. This low cost also contributes to the fact that the
Industrial TV camera costs only a third of the price of normal
TV cameras.
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From its earliest days the Pye company has
produced Scientific Instruments for the laboratories
and schools of the world. Many subsidiary companies
are now engaged in manufacturing measuring instruments
for industrial research and process control and these range from
the Pye Electrostatic Voltmeter to equipment for X-ray diffraction
photography of crystal structure behaviour during high temperature changes.
Conscious of its high position in the development of these instruments the
Pye Group is always anxious to apply them to its own processes in the quest
for finished products of the highest quality,

* CENTRE OF SCIENTIFIC RESEARCH
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ENTIRELY NEW

Inter-Service

RCS 134

Electrolytics approved to

standards

Issue 3 and

!
I
i
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Inter-Service
.\ Standards

RCL 134 Addendum Issue 2.
Temperature range:

| |
|
|
i
]
1
[}
Y 4 —30°C to +70°C max.

l' Please write for leaflet giving

P 4 details of complete range.
v’
-
"
TYPE L3i/l. PATTERN CE4. CLASS HI
. Max. RM.S, . : ineRes List ¥, 5

Cap uF U0l 7000 Gurene st Birgasors (REED ™ ker Gt Romber
50 25 70 7 g B 53AKZ Z145512
100 25 100 13 g B 54KZ Z145514
1000 25 600 3 [ B 57KZ Z145520
25 50 60 I : BI02BKZ Z145508
50 50 100 12 3 BI03KZ Z145513
500 50 450 3 | BI06AKZ Z145519
8 150 60 1 : BI53BKZ Z145502
16 150 90 12 g BI54KZ Z145505
» 150 160 13 3 BIBIKZ Z145509
8 350 75 H i B403KZ Z145503
16 350 120 13 3 B405KZ Z145506
2 350 225 2 [ B407AKZ Z145510
4 450 50 13 3 B552KZ Z14550
8 450 100 13 3 B553BKZ Z145504
16 450 175 2 ! B554AKZ Z145507
32 450 275 3 [ BS55AKZ Z145511

TYPE L32/I. PATTERN CES CLASS HI
3000 %5 7100 7 T KB 6KZ Z145557
1500 50 1000 4 I3 KBIIIKZ Z 145555
60 350 350 2 I3 KB430KZ Z145552
100 350 450 3 I3 KB4IIKZ Z145554
32 450 275 3 [ KB555BKZ Z145551
60 450 450 3 I3 KBSSIKZ Z145553

TYPE L32/3. PATTERN CE6. CLASS Hli
32+32 350 200 2 F KB417KZ Z 145601
60100 350 400 43 13 KB420KZ Z 145603
60250 350 400 44 13 KB422KZ Z145605
100200 350 550 4t 13 KB42KZ Z 145606
32432 450 300 3 I KB564AKZ Z145602
60+ 100 450 550 44 I3 KBS65KZ Z 145604

THE TRADE MARK OF RELIABILITY

All units are insulated by a Suflex sleeve and dimensions must be increased by 4" on
the length and {* on the diameter to allow for this sleeve.

A. H. HUNT (Capacitors) LIMITED
WANDSWORTH +« LONDON . S.W.I8
Tel: BATtersea 1083-7 Est. 1901
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from every
point of view

“Frequentite” is the most suitable insulating material for all high frequency
applications. Seventeen years ago we introduced the first British-made
low-loss ceramic, and consultation with us before finalising the design of
new components is a wise precaution.

STEATITE & PORCELAIN PRODUCTS LTD.

Head Office: Stourport-on-Severn, Worcestershire, Telephone: Stourport |11, Telegrams: Steatain, Stourport
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Loud-speakcr Manufacturers to the radio industry since 1930

We dont claim

... that we make the best loudspeakers in the world!
No-one would believe us if we said we did—
anyway, “best” in this context can mean different
things to different people.

We do, however, know that we can offer
recetver manufacturers in this country and overseas
a combination of performance, reliability, price and

delivery 10 schedule which 1s second to none,

REPRODUCERS AND AMPLIFIERS LIMITED
WOLVERHAMPTON ENGLAND

Telephone: Wolverhamptron 22241 (5 lines)
Telegrams: Audio, Wolverhampton
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See the latest equipment for

speeding production at Britain’s fourth

MECHANICAL HANDLING
EXHIBITION & CONVENTION

OLYMPIA - LONDON - 9-19 JUNE 1954

MECHANICAL HANDLING is so important that no industry can
function properly without it; unnecessary work is eliminated,
bottlenecks are overcome, and production is increased many-fold.
Britain’s Mechanical Handling Exhibition and Convention—held
every second year—is the biggest of its kind in the world: No-
where else can you see such a comprehensive range of equipment,
or hear experts in so many industries discuss the latest machines
and methods.

This year’s Exhibition will demonstrate the enormous
strides made in handling techniques during the last two years,
and bring to the Convention platform Britain’s leading mechani-
cal handling engineers who will point the way to higher output
atlower cost. Plan your visit today! Post the coupon for details.

The world’s largest display of
Conveyors, elevators, hoists, stackers,
cranes, mechanical loaders and shovels,
fork lift trucks, industrial trucks, coal
handling plants, overhead runways, aerial
ropeways, grain handling plant, wagon
tipplers, pneumatic installations and an-
cillary equipment.

Many working exhibits

So vast is this exhibition that ample floor
space is provided for much of the equip-
ment to be demonstrated under working
conditions.

Special Facilities:

Full information service ; free consulting
bureau ; overseas visitors’ reception and
lounge; industrial cinema; post office, etc.

Organized by ‘ MECHANICAL HANDLING '—the journal of industrial mechanization

To: “Mechanical Handling,” Dorset House, Stamford Street, London, S.E.I.

Please send me the 1954 Exhibition Brochure with details of Convention, free season ticket, etc.
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The value "of navigational aids—dependent on accurate and ‘e N
continuous operation—can only be assured by constant checking. . o
IAL Beacon Monitor Receivers (which fully conform to ICAO * Ap 4

standards) provide automatic monitoring of high and low power
MF beacons. The constant watch they keep is a vital link
in the navigational chain.

INTERNATIONAL AERADIO LIMITED

40, Park Street, London, W.I
Tel.: HYDe Park 5024 Cables: INTAERIO, London
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Line and frame scanning An information required by the home-
constructor has been put together in this leaflet. If you are building a new set or
converting with an ¢ ENGLISH ELECTRIC’ metal C.R. tube, please let us know and we

will gladly send you a copy.

For the televisioy

home construcros
with his eye on
Professjonal
Standards

ENGLISH ELECTRIC 5014

BRITISH MADE LONG LIFE 16-INCH METAL C.R. TUBE

The tube around which the ¢Tele-King,’ * The T901A is a suitable replacement for
¢ Magnaview’ and ¢ Super-Visor’ circuits and 16in. wide angle metal C.R. tubes used in
‘View Master’ conversion circuits were designed. A:C. and D.C. sets, without modification.

The ENGLISH ELECTRIC Company Ltd., Television Deparémcnt, Queens House, Kingsway, London, W.C.2,
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r Sea Rescue?

i a p

The loss of one ship just over a year ago also cost more
than 100 lives. The disaster occurred only 20 miles from
land but search aircraft found the location too late because
there was no ship-to-air communication. Further tragedies
may well be avoided by ships being able to talk direct to
each other and to aircraft. The RM.200 V.H.F. transmitter
and receiver has been developed to meet this need.

TYPE RM 200 Multi-spot channel marine
V.H.F. radio-telephone operating from A.C.
Mains and/or Batteries. Amplitude Modulation.

Range: Ship-to-ship 25 miles; Ship-to-air over
100 miles.

Provides communication on the following
INTERNATIONAL channels and 8 other
channels.

121.5 Mc/s Aircraft Distress & Safety

156.3 Mc/s Marine Intership

156.6 Mc/s Marine Port Control

156.8 Mc/s Marine Safety & Calling

Price £210 Delivery, 4 months

e—"=,1"3X
UL 2 D

REES MACE MARINE LTD.

NS
s o« o o o » ONE OF THE Q@' GROUP OF COMPANIES
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Why-'.-

is this Radiogram Chassis . . .

such a popular, such a fine all round performer?
It is a success not only because it is priced within
the enthusiast’s means, but because it 1is
designed to obtain the best results from modern
gramophone techniques. We offer this de luxe
radiogram chassis made by Tape Recorders (Elec-
tronics) Ltd., confident that you will gain the
greatest satisfaction from the superior quality of
both radio and record reproduction. So sure are
we of the R.G.1’s reliability that we give a two-
year guarantee with every chassis. (Valves subject
to usual makers’ guarantee.)

THE B“BGOYNE CUSTOM BUILT
8 VALVE Superhet

Radiogram Chassis
De Luxe

The R.G.I.

costs only 2 GNS

200-250v. A.C. 50 ¢/s ONLY

HIRE PURCHASE
Deposit 154/~ with 12 monthly payments of 29/-.
CREDIT SALE TERMS
No Deposit, 9 monthly payments of 59/-, the first payment
being sent with your order.” Carr. and Packing 7/6 extra,
EXPORT )
We specialise in speedy shipment to any overseas destination.
Our price (exclusive of P.T.) for export buyers is £17/10/-
sterling ex works.
WE RECOMMEND
1 oh quality 10in. or 12in. Goodmans, Wharfedale, and W.B.
speakers for use with this chassls (3 or 15 ohms).

SPECIFICATION

% Extra large fully illuminated coloured tuning scale 11}in.
x 6}in. J Wavebands 16-50; 190-550; 1,000-2,000 metres.
% Bass and treble controls for cut and lift. Magic eye tgning
indicator. J Precision flywheel tuning. ¥ Chassis size 12in. x
73in. % Overall height 93in. Chassis height 2}in. % 8
Mazda valves 6C9, 6F15,61.1, 6L.D20, UU7, 6MI and 2 x 6P25.
¥ Speech coil impedance 3 or 15 ohms. Extension speaker
sockets. Y Smoothed power supply 200-250 v. A.C. incor-
porated on chassis. % Specially designed for perfect reproduc-
tion of the LONG PLAYING as well as the standard record.
% Brilliant reproduction on radio. Long distance reception

as clear as local stations. TWO.
YEARS' GUARANTEE. + See
our Loudspeaker list for suit-

able types of units.

E. & G.

Telephone: MUSeum 6667.
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Because .. !

. . . its unique

lightweight custom built
chassis embraces the
latest techniques of

recorder construction.

. . . its compact

lightweight design fea-
tures a detachable
lid giving complete _

access to the controls.
THE

SUITCASE

‘- de bys
TAPE RECORDER .

Tape Recorders (Electronics)

. . 15 the smallest

lightweight portable
fully automatic
tape recorder,

it weighs only 33Ib.,
it costs

~
only 45 GNS

COMPLETE WITH MICROPHONE & TAPE .

HIRE PURCHASE
£15/15(« Deposit, 12 monthly instalments of 60/-.
monthly instalments of 42/-.

CREDIT TERMS
Send only £6 to secure with 8 further monthly payments of £6.

ACCESSORIES
The ““ Editor» is supplied ready for use with a crystal desk
microphone made specially for this equipment by RONETTE.
A 1,200ft. reel of high coercivity BURGOYNE tape is supplied
with every recorder. This especially recommended tape is
available at 35/~ per 1,200ft. reel or 21/= per 600ft. reel.

SPECIFICATION
% Tape speed 7}in. per second. ¥ Miniature Mullard valves.

Twin track heads. % Three specially designed recording

motors provide fast forward run and 50 sec. rewind without
unlacing tape. v Independent Bass and Treble Controls for
recording and playback. "y Negligible wow and flutter.
Overall negative feedback. + 1,200ft. tape will provide ONE
hour playing time. % Amplifier may be used independently
for high quality record reproduction. + High fidelity Re-
cording head. ¥ Special high flux speaker. % Provision for
external speaker. % Speaker muting switch. ¥ 4 watts output.
% Positive servo brakinf on all functions. % Compact size
for ease of handling, only 16}in. x 12in. x 5in. (7in. with lid).
% Magic eye recording indicator, % Weight only approx,
331b. % 200-250 v. A.C. Mains. % Radio/Gram and Micro-
phone Inputs,

Or 18

e . e S E— . S e e G— v — — — ——— — — — —— —

MAIL ORDER

THE RADIO CENTRE.
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The M.O.S. PERSONAL CREDIT PLAN

Any equipment in our vast range of merchandise
may be purchased under this plan.

* Three methods of purchase are available : CASH, CREDIT * Again, we show payments spread over 12 months, but this
SALE OR HIRE PURCHASE. The second allows you may be varied. Your enquiries and order will be dealt with
to own your equipment on payment of a first instalment of i 1 il 1
nine which are spread over 9 months. We show the first confidentially whether by mail or personal shopping. We
instalment as one-ninth of the total purchase price, but if have years of experience behind us to advise and help you
you so desire the first instalment can be any sum you please on your choice of goods.
(within reasonable limits).

We detail below a further selection of recommended items.

* The third method secures delivery on payment of one- If you do not see your need here, you may rest assured we
third of the cash price and the balance plus charges spread can get it for you if it is available. Comprehensive lists are
over any period up to 18 months. available upon request if you cannot call.

CREDIT SALE OR H.P. TERMS
ITEM 9 Mthly. 12 Mthly.
CASH PRICE  Inst. DEPOSIT  Inst.

CREDIT SALE OR H.P. TERMS
ITEM 8 Mthly. 12 Mthly.
CASH PRICE  Inst. DEPOSIT  Inst.

Music Maker Non-Auto .... £19 15 0 49/3 £6 11 8 25/4 A
M\‘::}c Maker Auto .. ...... £2417 6 62/- £8 510 31/6 fluctuation.

AMPLIFIERS AND ACCESSORIES PICK-UPS

Leak Point One TL/12 ...... £28 7 0 72/~ £9 9 0 36/2 | Acos GP20...............c... £3 6 0 11/- £1 2 0 6/~

Leak Varislope ............ £1212 0 32/4 £4 4 0 17/4 Connoisseur Super Lightweight

Rogers Bahy de Luxe ........ £14 0 0 356 £413 4 19 | (2heads)  ...... ........ £9 5 6 25- £3 110 13/6

Burgoyne A7 Pre-Amplifier .. £310 0 11/~ £1 3 4 7/~ Decca XMS (2 heads) ........ £6 9 3 19/~ £2 3 1 10/-

CABINETS T e B 5 ¢ gEREE o

TALLON VIEWMASTER iniwelcht (14,000 ¢ @
12in. Table 0 21/~ £214 0 11/8 I WD | (@t o) (@ 3 3 12/10 £1 5 5 4
iz e S OBE BN R eeoopp pravens !
in. Table 10/-
9in. Console 0 35- £315 0 20/-

Burgoyne Non-Auto Record | Xﬁo“‘f_ﬁ,ﬁ?f .............. £16 10 0 42/~ £510 0 218
Player (to it GU4) ...... £310 0 11/~ £1 3 4 - Non-Auto 3-speed .«....... £9 5 0 25- £3 1 8 13/3

e e o0 - £13 4 7- | RADIO RECEWERS AND cHAsSIS
ayer (to fit Monarc] £3 1 11/- £ 7/~ 1 ECEIVE N

CATHODE RAY TUBES, ETC. | BURGOYNE

TR . BT R | oS 1Y o o I
12in. (or Mazda) L = s SN 2 | T:l::( IT;:;:)RDERS o Tl UER T oy Bl

0. e - and Accessories
17N, ... £23 12 8 59/10 £7 17 6 30/3 Baird ¢ Sound Master ” Re-

BRIMAR | e I £68 5 0 171/- £22 15 0 86/6
12in. Aluminised (or Mazda) £l7 14 6 44/- £518 2 23/2 Editor Recorder ........ .. £47 5 0 120/- £15 15 0 60/~
14m ------------------ 224 1(3) g 292 ég lg 2 ;Eg | Ferrograph Recorder ........ £73 1% (()) gggl/s gg 1(2) 8{82;;

------------------ 5 Grundig Recorder . £8 =
Englxsh Electric 16in. ........ £22 410 57/- £7 8 3 28/6 Conso]egRecorder £99 15 0 254/- £33 5 0126/3
EMI 10in. ... ... . ..., £14 18 11 38/~ £419 8 20/- | Emicorda  ......... £94 }o g ggi;_ gg; 12 ggof
MSS PMR/3 Recorder £99 15 - 6/3

gRSI:!MOPHONE UNITS I Sou.nd.Masier lz‘i:tor ........ .. £60 0 0 152/- £20 0 0 75/-
Monarch ... ........... E16MOBORES g NLORROR 21 /5 I Ve [Recorder (Wearlte g4 o 0 213~ £28 0 01069
B BUA IO s £9 411 24/9 £3 1 4 13/3 | yqnc Tape Table ............ £17 10 0 42/10 £5 16 8 22/-
SLE DLWt B cech XMS Truvox Tape Table ........ £23 2 0 59~ £714 O 29/-

Heads .......... 33/- £4 6 0 17/8 I Wearite Tape Deck 2A° ...... £35 0 0 89/~ £11 13 4 46/6

Connofsseur 3-speed 59/11 £7 16 3 299 Burgoyne Oscillator Unit .... £117 6 - 12 6 4/

LOUDSPEAKERS | vest equipmenT

WR0Cs B €2 6 6 m0es 2 6 16u | {YO e . £15 0 0 38- £5 0 0 20-
Golden 10 .. . £713 3 21/8 £211 0 11/10 g T £1910 0 49— £610 0 26/~

Model 7 or 40 Meter . /
R S L e Head A | pmendeet oo Rl S He BB S
Super 8CS £6 7 18/9 £2 2 2 10/1 1 cnerator, Mains O £30 0 0 74/6 £10 0 0 39/-
Bronze 8 £ 3 1ys &1 13 es | Unioored Bridge ... ...... £34 0 0 86/~ £12 0 0 42;—
Super5 ... £613 3 195 £2 4 5 10/9 Electronic Test Meter .. ...... £40 0 0 102/- £13 6 8 5

wvgs .................... £2 0 0 8/6 16 8 5/- l Valve Characteristic Meter .. £6(5) g g 1;25_ giz:(l) 12 g 73;;
.B. D.C.Minor ........ooooov.- £ -
12in, Concentric Duplex (less | Misies Meter L £3310 0 60~ £716 8 30/4
transformer) .............. 2211 0 57/11 £7 10 4 29/6 Leather cases for 7, 8, 40 and
R.i’t;o ((:wit.h uapsfi%rmler) i £2316 0 60/~ £719 0 30/ | o duw e e £3 0 0 96 £1 0 0 5/

in. Concentric Duplex (less ADVANC]

transformer) ............ £9 7 6 2411 £3 2 6 13/9 Al G tor H.L. ...... £25 0 0 63/- £8 6 8 35/-
Ditto (with transformer) . £1015 6 28/~ £312 0 15/4 I s:‘gﬁ 02232:3: E2  ...... £28 0 0 70/- £9 6 8 36/6
TR0 Hieh Fidelity 11 S0 B TEaeat | Signal Generator J.L. ... £3512 0 90 £11 17 4 456
HF610 Hi idelity ...... = - P u al, Test

HE810 High Fidelity .. ... £3 0 6 10- £1 0 2 65 | BN oniversal.  Test £1111 0 30- £2 0 0 20/-
HE912 High Fidelity ...... £ 7 0 11/~ £1 2 4 ¢l11 RC Bridge/Valve Voltmeter.. £40 0 0 102/- £10 0 0 57/6
HF1012 High Fidelity .... £313 6 12/- £1 4 6 17/3 I AMPLION D.C. Test melle;;] £5 0 0 15- £1 0. 0 10/-

GOODMANS B.P.L. Foundation Meter a

Axiom 22 ... 0 376 £5 4 0 192 | E.S.D. 3in £310 0 11/9 £1 3 4 7/-
1 192 £2 4 0 10/7 ¥ i 3 .

rerag 3R B30 M | °?°F?u’;?,‘“,f4"$3"i* £310 0 i19 £1 3 4 7-

Axiom 150 6 27/~ £3 8 6 149 Radar Kilovolter £317 6 12/9 £1 6 0 76

Audiom 60 @ 25 ER 6 I ; ki t All above prices are ex warehouse

RECORD PLAYERS (with Amplifiers) ' Carriage and packing extra. 3

E.A.R. Prices subject to market

SUPPLY COMPANY

33 Tottenham Court Rd., London, W.l  Telephone: MUSeum 6667
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AGENTS FOR THE

Astronic

RANGE OF AMPLIFIERS

| SOUTHERN ENGLAND AGENTS

for

Birmingham Sound
Reproducers Ltd.

S
>3

A 1254 12 Watts High Fidelity AC Mains.

{As illustrated.)

A 1258 Tone Corrector unit for A 1254.

(As illustrated.)

A 1261 30 Watts Portable AC Mains.

A 1262 12 Volt Power unit for A 1261. The Monarch and Regent Gramophone
A 1263 40 Watts Portable AC Mains or Units, Styli, Matching Transformers and

Battery. Spares.

Special Amplifiers, Transformers, Chokes and Laboratory Apparatus. A full range of Micro-
phones and Loudspeakers available. For superb reproduction of gramophone records use
the Monarch or Regent and A 1254. Obtain details from your local retaller or wholesaler.
In case of difficulty and all oyerseas enquiries, write to ¢ Dept. AB” at the address below.

N. MIERS & CO. LTD., 115 Gower Street, London, W.C.1

Telephone : EUSton 7515. Cables: MIERSCO.

—
T.A.8267

The McMurdo X3/UA crystal holder is a dual purpose
/\ quartz crystal socket designed to take either 10X or 10XJ
A service type crystals. It is made of nylon loaded bakelite
and fitted with the well known McMurdo Valveholder

contacts ensuring a remarkably

[ 4 ® o

low and stable contact

resistance.

Wholesale Enquiries -

CYRIL FRENCH HOLDINGS LTD., Hampton Wick, Middlesex. KiN. 2240

Manufacturers’ Enquiries: THE McMURDO INSTRUMENT CO. LTD., VICTORIA WORKS, ASHTEAD, SURREY, ASHTEAD 340s
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EXPERIMENTAL OUTHITS

33

LEARN THE

PRACTICAL

WAY

Specially prepared sets of radio parts with
which we teach you, in your own home,
the working of fundamental electronic
circuits and bring you easily to the point
when you can construct and service radio
sets. Whether you are a student for an
examination; starting a new hobby; intent
upon a career in industry; or running your
own business—these Practical Courses are
intended for YOU —and may be yours at
very moderate cost.

EASY TERMS FROM £1 A MONTH

With these outfits, which you receive upon
enrolment, you are instructed how to build
basic Electronic Circujts (Amplifiers,
Osclllators, Power Units, etc.) leading to
complete Radio and Television Receiver
Testing and Servicing.

RA DI O outfitNo. i —For carry-

ing out basic practical work in Radio and
Electronics, from first principles and
leading to the design and building of
simple Receivers.

TELEVISI O N outfit No. 3.
—With this equipment you are instructed
in the:design, construction, servicing and
testing of a modern high-quality Television
Receiver.

RADI O outfit No. 2.—With this equip-
ment, you are instructed in the design con-
struction, testing and servicing of a complete
modern Superhet Radio Receiver.

GHEMISTRY

i Please send me your FREE book on Practical Courses :
| am interested in Radio | (] , Radio 2 [J, Television [J.
Other subjects................

To: E.M.l. INSTITUTES, Dept. 127x, 43, Grove Park Road,
Chiswick, London, W.4.

]
|
]
|
]
1
]
|
]
|
|
|
]
!

POST THIS COUPON TODAY

OTHER COURSES WITH EQUIPMENT INCLUDE: ¥

MECHANIGS - ELEGTRICITY
- PHOTOGRAPHY

CARPENTRY

ALSO DRAUGHTSMANSHIP - COMMERCIAL ART
| AMATEUR S.W. BADIO - LANGUAGES - ETC.

E . M 2 ". I N STITUT ES The only Postal College which is part of a world-wide Industrial Organisation

IC23
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AIR-SPAGED ARTIGULATED

CO-AX casLes

offer a unique combination of

v FRACTIONAL CAPACITANCE
v/ HIGH IMPEDANCE

v MINIMUM ATTENUATION
ALONG WITH

v EXCEPTIONAL FLEXIBILITY
v’ LIGHT WEIGHT

38 STOCK TYPES

FOR ANY OF YOUR STANDARD
OR SPECIAL APPLICATIONS

A few of the very low capacitance types are: ‘

Type No. Capacit. uu Flft.| Impedance ohms 0.D.
C.44 4.1 252 1.03”
C.4 4.6 229 1.03”
c.33 4.8 220 0.64° |
c.3 5.4 197 0.64" l
c.22 5.5 184 0.44"
c.2 6.3 171 0.44°
C.11 6.3 173 0.36"
C.1 7.3 150 0.36”

/77NN
TRANSRADIO

CONTRACTORS TO W// LT

H.M. GOVERNMENT
138 CROMWELL ROAD, LONDON, S.W.7 |

APRIL, 1954

S YOUR PROBLEM IN
ICRO VOLTS pows 1o no%
~ |CROMICRO-HICRO WATTS /
- EGACYCLES uvp 10 25.
_ICRO SECONDS 100012

> \\

There is an Instrument in the

NAGARD RANGE OF
OSCILLOSCOPES & AMPLIFIERS

which will faithfully display it.

Improved single and double beam ’scopes with
D.C. amplifiers—Now available in twelve standard
models with most useful aids for the unusual
problem plus versatility in daily laboratory use.

SOME MODELS AND
USES :—

Transients and Pulses
M[05—0.02uSec rise
R103—0.04 ,, "

Wide band sensitivity
P103—2 Mc/s 1.4 mV/cm
FIC3—I Mcfs 700uV/cm
H103—100 Kefs 140uV/em

Double Beam
DA103—For puises
DHI103—Physiological
DS103—250 Kc/s
General Purpose

High Discrimination
2701 —Pre-Amplifier.

Micro Micro Micro watts
2502—Electrometer

High Sensitivity
Double Beam

THE NAGARD-UNITEL SYSTEM OF

building up various combinations of instruments
provides the ideal equipment of exceptional per-

| formance yet easily adapted to the next problem—

using as the indicator—CRT Units—100! single
or 1002 double beam. There are time bases and
amplifiers in many useful ranges for use with
these CRT Units.

NAGARID)

A (. T D
18, AVENUE ROAD, BELMONT, SURREY. VIQilant 0345.

Specialists in Oscilloscopes and D.C. Amplifiers.

Your problems are our interest—Write for details.
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First TV in Asia!

3 Tokyo stations, all RCA equipped

The ancient symbolism of Japan’s art forms is now
projected into the homes and schools of her people
through a modern medium. Japan is the first nation
in Asia to adopt the tremendous teaching capacity of
television as a means of public enlightenment.

Three leading Tokyo broadcasting organizations
are sponsoring the new stations which will reach a
potential audience of some 12 million people. All
three stations are RCA equipped. Microwave relay
networks are being planned with auxiliary transmit-
ters to cover the entire nation.

The list of countries installing RCA TV transmitters
is growing steadily: Brazil, Canada, Cuba, Dominican
Republic, Hawaii, Italy, Japan, Mexico, the Philip-
pines, Thailand, Venezuela . . . with still others now
planning video for their people.

World Leader in Radio
First-in Recorded Music

Abroad, as in the U.S.A., where it is the preferred
system, RCA has everything for television . . . from
camera to antenna, from studio to transmitter to re-
ceiver. To date there are 170 RCA-equipped TV
stations in the U.S.A. . . . and 22 in other countries.
RCA also provides the service of distributors and
companies long versed in the electronic needs of their
countries.

Only RCA provides this complete, co-ordinated
service . . . manufacturing, installation facilities, in-
struction, servicing . . . everything that goes to make
RCA TV such a dependable instrument of education
and enjoyment throughout the world.

Your RCA distributor or company will be glad to
tell you about RCA Television; or write to RCA
International Division, New York, N. Y.-marca Registrada®

RCA INTERNATIONAL DIVISION

RADIO CORPORATION of AMERICA

RCA BUILDING

First in Television

30 ROCKEFELLER PLAZA, NEW YORK, N.Y., U.5.A.
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High Fidelity Microcell pick-up heads. Used by leading record makers. High standard of tonal balance. Optimum tracking. Negligible
record wear. Freedom from surface noise. Cantilever suspension of stylus. Standard 3-pin fitting. Interchangeable. Stylus replacable by
user. No transformers or pre-amplifiers. Correction required only with high-gain amplification. Bass-boost. High Fidelity Microcell

pick-up he: edom from
surface noi = uers or pre-
amplifiers. : | by leading
i, New Chancery Pick-up Heads 350
suspension . .. Correction
required only w TYPE GAR. FOR EQUIPMENT BY GARRARD, BS.R., DECCA ETC ord makers. High
standard of tonal ba. suspension of stylus.
Standard 3-pin fitting. In. PRICE 25 SHILLINGS PLUS 8 SHILLINGS TAX on required only with high-
gain amplification. Bass-boost. .1igh standard of tonal balance.

Optimum tracking. Negligible record wear. Freedom from surface noise. Cantilever.suspension of stylus. Standard 3-pin fitting. Inter-
changeable. Stylus replacable by user. No transformers or pre-amplifiers. Correction required only with high-gain amplification.
Bass-boost. High Fidelity Microcell pick-up heads. Used by leading record makers. High standard of tonal balance. Optimum tracking.
Negligible record wear. Freedr Gtting. Interchangeable. Stylus
replacable by user. No transf on. Bass-boost. High Fidelity
Microcell pick-up heads. U- 1g. Negligible record wear.
Freedom from surface no’ 1s replacable by user. No
transformers or pre-ampli’ * Microcell pick-up heads.
Used by leading record n edom from surface noise.
Cantilever suspension of «rmers or pre-amplifiers.
Correction required onl w leading record makers.
High standard of tonal b: ever suspension of stylus.
Standard 3-pin fitting. 1 ction required only with
high-gain amplification. 1 standard of tonal balance.
Optimum tracking. Negli, andard 3-pin fitting. Inter-
changeable. Stylus replacab. ain amplification. Bass-boost.
High Fidelity Microcell pics Jptimum tracking. Negligible
record wear. Freedom from changeable. Stylus replacable by
user. No transformers or pre-amplifiers. Correction required only with high-gain amplification. Bass-boost. High Fidelity Microcell
pick-up heads. Used by leading record makers. High standard of tonal balance. Optimum tracking. Negligible record wear. Freedom from
surface noise. Cantilever suspension of stylus. Standard 3-pin fitting. Interchangeable. Stylus replacable by user No transformers or pre-

amplifiers. by leading
record mal CHANCERY PRECISION INSTRUMENTS LTD. 64 GEORGE ST. LONDON W.1 Cantilever
suspension Correction

required only with high-gain amplification. Bass-boost. High Fidelity Microcell pick-up heads. Used by leading record makers. High
standard of tonal balance. Optimum tracking. Negligible record wear. Freedom from surface noise. Cantilever suspension of stylus.
Standard 3-pin fitting. Interchangeable. Stylus replacable by user. No transformers or pre-amplifiers. Correction required only with high-
gain amplification. Bass-boos. High Fidelity Microcell pick-up heads. Used by leading record makers. High standard of tonal balance.

HUDSON

RADIO-TELEPHONES

MODELS

AM/250/M 5 watt Mobile 60 to 100 Mc/s

AM/250/M MK2 as above but with P.A.

AM/I50/M 5 watt Mobile 100 to 185 Mc/s

AM/250/F 6 watt Fixed Station 60 to 100 Mc/s
AM/I50/F 5 watt Fixed Station 100 to 185 Mc/s
HED 102 Walkie-Talkie 60 to 132 Mc/s

FM 101 10 watt FM Fixed Station 60 to 185 Mc¢/s
FM 102 10 watt FM Mobile Station 60 to 185 Mc/s

Supplied to the G.P.O. and the Home Office

HUDSON ELECTRONIC DEVICES LTD.

APPACH ROAD; LONDON, S.w.2

Tel.: TULSE HILL 4841
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FERRANTT

|

-

2

CATHODE RAY TUBES

A wide range of Valves and Cathode Ray
Tubes for industrial and domestic use is
manufactured by the Electronics Dept.
14” and 17 Rectangular Tetrode Cathode
Ray Tubes with Aluminized screens and
63 volt, 0'3 amp. heaters are available.

Enquiries to Electronics Dept. Moston,
Manchester, 1o

FERRANTI LTD * MOSTON * MANCHESTER 10

Head Office and Works: HOLLINWOOD - LANCS
London Office: KERN HOUSE, 36, KINGSWAY, W.C2

o, e SR s Bl sl S

SMALL HERMETICALLY
SEALED INSTRUMENTS

Ferranti 27, 24" and 34 Hermetically
Sealed Instruments for Service
requirements are available in both
moving coil and moving iron types
for current and voltage measurement.

Enquiries to Instrument Sales
Dept., Moston, Manchester, 10

i
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This is what an

M.R.S.T., Assoc. LLE.E., M Brit. LR.E.
F.T.S., AMus.T.CL, MIMILT. %

says about the

TRUVOX

TAPE DECK MARK III

¢ The Truvox Tape Deck is a winner . . . the
best I have heard, disregarding the price.
. . . a fine piece of precision engineering.”

Y Mr. 7. G. C. Gilbert pictured here
with his complere ““ lash up” recorder, is
Head of Northern Polytechnic Dept. of
Teleconnunications Engineering. He 1s
better known to the public as John Gilbert

of the B.B.C. Inventors® Club.

The Deck is supplied with complete
details of an amplifier specially designed
to achieve maximum efficiency.

TRUVOX LIMITED, Sales Office,
15 Lyon Road, Harrow, Middx.

Please send me full details of the TRUVOX
Tape Deck Mark III.

Narme ...
Address

PRODUC!
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new

pre-set potentiometers

M wire-wound linear, type 126
M carbon linear, type 127

actual size

@® Completely enclosed in high-grade phenolic
mouldings, keeping resistance elements
dust-free.

@ Solder tags are heavily silver-plated and
designed to withstand soldering heat and
bending without loss of rigidity.

® Spindles are fully insulated and provided
with integral control knobs for finger or
screwdriver adjustment.

@ Tappedfor 2-hole 6 BA fixing on 1" centres.

These Egen potentiometers are based on long
experience of the needs of television and electronic
equipment manufacturers.

EGEN ELECTRIC LTD

CHARFLEET INDUSTRIAL ESTATE - CANVEY ISLAND - ESSEX
'Phone: GANVEY 691 and 692

R.E.C.M.F. STAND 20 APRIL 6th—8th
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Photogradk by courtesy of Handley Page Ltd

]

GOODMANS

The flight characteristics of a newly designed aeroplane are the subject
of lengthy calculations before the first prototype is built. Whilst

the mathematical calculations are themselves accurate, they are based,
as in all design work, on several assumptions which have to be verified
by a series of pre-flight tests.

One of these essential investigations is the Ground Resonance test,

the purpose of which is to determine the various complex modes of
vibration of the airframe structure. The frequency of the mode and the
dynamic response at remote parts of the aircraft must be accurately
determined. The information obtained together with the aerodynamic
derivatives is used in predicting the critical ‘ flutter ’ speed of the
aircraft. The illustration shows one of the two Goodmans
Model 8/60c Vibration Generators which were used to
excite the Handley Page ** Victor ” for this very important
test. ]

For wide frequency range vibration testing and dynamic
response investigations, Goodmans Vibration Generators
are an obvious choice. These units require no field
excitation and provide a faithful reproduction of the
input wave form. Industrial applications of controlled
vibration are continually increasing ; maybe it can
serve you—in which case our unique experience is at
your service. ’ h

W
The range includes models from the 8,600 shown, developing
a force of 4 300!b., fo the midget model, with a force of
+ 21b., for optical- cell yesearch and hairspring torgue
testing, elc.

AN

GOODMANS INDUSTRIES LIMITED, Axiom Works «+ Wembley - Middx -
GD

‘

\Y/
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.I
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IBRATORS

Just another of the wide
applications of Good-
mans Vibration Gen-
evators. Full technical
data  available from
Vibration Division*"W"

/

(¢

Wembley 1200 (8 lines)

39
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‘ MODEL
£ 950

FREQUENCY

ORAIATC

\ wWAVE ANALY SER

FOR VISUAL INTERPRETATION OF THE FREQUENCY COMPONENTS PRESENT IN NOISE.
VIBRATION AND WAVEFORMS

INDUSTRIAL ELECTRONICS”
o

DERBY ROAD EAST SHEEN * LONDON -+ S.W.I4 PHONE: PRO 8214/2

TELGCON MULTIGORE

ATRCRAFT

for electronic and radio engineering

Whiist Telcon Multicore Cables are designed primarily for
aircraft wiring, they are also eminently suitable for the
varying needs of the electronic and radio engineer.

Available in a range of from 2 to 25 cores, with alternative
finishes, Telcon Multicore Cables are colour-coded for
easy reference. Fully illustrated and detailed publication,
ref MC/1, is available free on request. 7z

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD
Works: Telcon Works, Greenwich, S.E.10. Tel: GREenwich 3291

Branch Office: 43 Fountain St., Manchester, 2. Tel: Central 0758
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Three types of junction transistor, the Mullard OC10, OCI1 and OC12 are
now available for circuit experiments.

In the past, the lack of supplies has prevented circuit designers in this country
from gaining direct experience of junction transistors in their own laboratories.
Now, however, the availability of the first junction types invites practical investi-
gation into their many possible applications.

As junction transistors provide no current gain when connected with grounded
base, they are more usually employed in grounded emitter circuits, where they
function well as A.F. amplifiers. In both amplifier and oscillator circuits these
transistors will operate with supply voltages as low as 1.5V and with current
consumptions of the same remarkably low order.

The OCI11 is a general - purpose amplifier, while the OCI12 is intended for
operation in an output stage, although it can, of course, be used otherwise. A
low - noise version of the OCI11 is provided by the OCI10, a special transistor
for early stages in high-gain amplifiers.

Junetion transistor type | oclo | ocll ocl2
£ L = _ - B Lmw LLL
Max. D.C. negative collector-to-emitter voltage ) 4 4 4
Typical D.C. collector voltage ) 2 | 2 2
Typical collector current (mA) -0.5 -0.5 -2
Current amplification factor (/) with grounded emitter 17 17 30
Output resistance with infinite A.C. source
impedance (grounded base) (KQ) 700 700 500
Special low-noise characteristics * - | e

% Superior type for these characteristics.

Information on these junction transistors and the point-contact types in the
Mullard range of semi-conducting devices will be gladly supplied by the Industrial
Technical Service Department at the address below.

@ The OC10, OCI11 and OCI2 are readily available for experimental purposes at
a price comparable with that of mains subminiature valves.

Mullard

MULLARD LIMITED, COMMUNICATIONS & INDUSTRIAL YALYE DEPT., CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2

MVTI152
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ADCOLR

{Ragd. Trode Mork)

SOLDERING INSTRUMENTS
& ALLIED EQUIPMENT FOR
THE PRODUCTION LINE
& HOME CONSTRUCTOR

AERFRINGE _for lons- ™ acqcie3a
distance reception this range has ¥
the high electrical performance | Forward Gain
which is essential. The robust 8 dB
construction ensures long service

Y even in the most exposed [Front/back Ratio

| 17 conditions, The range is available 21.6 dB
with |0Oft. or 14ft. alloy mast and

l double chimney lashings or arrays Acceptance
only. Prices from £12/15/- Angle 55°

complete (Model 63).

DUB‘-EX—SpeciaI folded Model 77
dipole construction plus driven 3 G
array connections make the orward Galn
Dublex the highest gain aeriat in 6 dB

this price bracket, The Dublex (as 1 )
suppliedtothe B.B.C.) s available Max/min  Ratio

with 7ft., 10ft. or I4{t. mast 25 dB
versions or as an array only., The

Dublex 77S (7fc. mast single Acceptance
lashing bracket) is £4/8/6 Angle 96°
complete. (Mast and array is only

3.2 Ibs.)

UNEX _Light in weight, high Model 83
in performance, the Unex Forward Gain
combines excellent forward gain 3 dB
-with robust construction at a low

price. The cross-connected [Front/back Ratio
elements give a driven array 25 dB
which is extremely easy to erect.

The Unex 83S (with 6ft. alloy Acceptance

mast, single lashing chimney 3
bracket) is only £3/19/6 complete Angle 176

AERFOLD _where conditions Riod =il
do not allow an outdoor aerial to Forward Gain
be fitted, the Aerfold provides a 375 dB
high gain aerial which has excel- . .
lent directivity. It is easy to fit |Max/min Ratio

and by rotation will eliminate or 40 dB 3
substantially reduce interference. -é—” Bit Instrument Model

Price £1/5/-. At:t:epv:am:eD
a Ul SUPPLIED IN ALL VOLT RANGES
STANDARD VOLTAGES STOCKED
Sec the 6/7, 12/13, 22/24, 50/55, 100/110, 200,20,

AERIALITE Stand No. 118 230/50

at the
“ADCOLA” PVC & POLYTHENE
R.ECM.F. EXHIBITION ELECTRICAL CABLE
Grosvenor House, Park Lane, W.I. April 6—8. STRIPPERS ALSO AVAILABLE

THE AERIAL’S RIGHT IN ALL VOLT RANGES.
IF IT’S AN AERIALITE WRITE FOR CATALOGUES

AERIALITE Aerinls o R

AERIALITE LTD - STALYBRIDGE - CHESHIRE HIGH ST., LONDON, S.w.4. MACaulay 4272
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ANNOUNCING

THREE NEW ‘CINTEL’ INSTRUMENTS

SIGNAL LEVEL METER

A dual purpose instrument for use as a general
laboratory amplifier or sensitive valve voltmeter.
Frequency range 20 c¢/s to 100 Kc/s. Gain 85 db.

INCREMENTAL INDUCTANCE BRIDGE

Designed to measure the inductance of iron cored
chokes with d.c. flowing. Inductance range 0 to
1000H. Superimposed d.c. continuously variable
from O to 1 amp.

AUTOMATIC FREOQUENCY MONITOR (20 Mc/s.)

An extension of the well known range of ‘Cintel’
monitors, this new instrument will measure any
frequency in the range 10 ¢/s to 20 Mc/s and present the
answer in decimal notation on 8 panel mounted meters.

These new instruments together with the redesigned Flying-
Spot Microscope MK II will be on view for the first time on
STAND 38 at the PHYSICAL SOCIETY EXHIBITION.
8th-13th April Inc.

OO0 oo000000000000000000000

CINEMA-TELEVISION LEIMITED

WORSLEY BRIDGE ROAD - LONDON - SE26

Telephone HITher Green 4600

SALES AND F. C. Robinson & Partners Ltd,, Hawnt & Co. Ltd., Atkins, Robertson & Whiteford Ltd.,
SERVICING AGENTS 287 Deansgate, Manchester, 3 59 Moor St. Birmingham, 4 100 Torrisdale Street, Glasgow, S.2
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| have a little brother-

they call him *“*BEE."®
‘He's a fine little fellow, just like me!
We are both nice to look at—

The complete range of control knobs you’ve been waiting
for ! 16 special GOLD FILLED inscriptions that will
meet the demand of every radio, T/V, tape recorder or
amplifier enthusiast—beautifully made and designed
to enhance the appearance of every commercial or
amateur constructed set.

Sizes : Type ‘' A ' 13” dia. Type ‘‘ B " |§” dia. Both types
‘are 3” deep.

If in difficulty please write to :

APRIL, 1954

befitting any set
enhancing those, we have

lready met!
,//// 4
// YOU CAN OBTAIN

A\, UsS_ NOw FROM
= (e YOUR LOCAL
= Sz COMPONENT
~ 4/"‘\/
o] STOCKIST

AN ENGRAVING FOR EVERY PURPOSE—

RADIO : * Volume,” ' Tuning,’" ‘' Wavechange,” ** On-Off."”
‘“S.M.L.-Gram,,”” * Radio-Gram.,”” "** Tone,”" ** Vol.JOn-Off.”
TELEVISION : ‘Focus,'' * Contrast,” * Briliance,” ‘‘Bright-

ness,’* ** Brilliance/On-Of.""

AMPLIFIER : ** Bass,’” *' Treble '* (plus any of above).

TAPE RECORDER : ‘* Record-Play ** (plus any of above).
AVAILABLE IN WALNUT OR IVORY, ALSO BLACK TO SPECIAL ORDER.
PRICES : Type *‘ A,”” 1/6 each ; Type " B," 1j2 each.

Plain knobs can also be supplied at 1/~ and 10d., respectively.

Keen quotations to manufacturers.

UNCLES, BLISS & CO., LTD., 139 * CHERRY ORCHARD ROAD ¢EAST CROYDON SURREY crovdoR 3559, 3%,

ﬁmm

present
the World’s Finest

GRAMOPHONE EQUIPMENT

Stand 37

at the R.E.C.M.F. EXHIBITION
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FIRST WITH THE

NEW

Maximum power output : |0 watts.

output.
Feedback magnitude :
Damping factor : 25,
Hum : —80 db referred to 10 watts.

o
o
@ Harmonic distortion 0,19, 1,000 ¢fs.
o

generally available In the world.

“LEAK "

TL10 Amplifier
& “Point-One”’
Pre-Amplifier

COMPLETE

A triple loop feedback circuit based on the famous
TL/I12.

Frequency response : + | db 20 ¢/s to 20,000 cfs.
75 watt
26 db. main loop.

@ Variable Treble and Bass Tone controls.
The pre-amplifier will operate from any pick-up

ot
ot
LY

8-VALVE ARMSTRONG SUPERHET

8 watts push-pull
output, Negative
feedback, Bass and
Treble controls,
Short, medium and
fong wavebands.

W.B. STENTORIAN
HIGH FIDELITY
UNITS
Developed to provide re-

production of high fidelity
recordings—speech coil

SPEAKERS

£12/6/6 ; WI2CS, £9/15/- ;

Complete range, including Goodmans Axiom

WISCS, £17/10/-.

4 £23/13/-. impedance 3 or |5 ohms.
Also 10 valve Superhet Chassis H.F.1012—[0in. die cast
(Model RF41) .. eeeereengenenn 3119 8 unit; 12,000 gauss magnet;

EXP. 119 10 v. 6 bandspread, plus 10 watts; 30-14,000 cps.
Rand 28 ... oot £55 19 4 '73/6
H.F.810—8in. steel unit;

10,000 gauss; 5 watts; 50-

101, £6/12/1 ; Axiom 102, £9/18/2; Axiom 12,000 cps.  ......... 60/6
150 Mk. W, £10/5/6 ; Wharfedale Super 5. H.F.610—6in. steel unit;
£6/13/3 ; Super 8 CS/AL, £6/13/3 ; WIOCSB,

10,000 gauss; 3 watts; 60-
12,000 cpsa il .85 .5 50/6

BUILD YOUR OWN TAPE RECORDER
ALL PARTS PRECISION ENGINEERED

‘“ Q-MAX ** CHASSIS CUTTERS

STILL the easiest and quickest way of cutting
holes in SHEET METAL.

eac.h! i

.12
I' I"orl" I4l9|

lg or 147, I6/61
13" 3 8(6}
.30/
35/-
17 square ... 23/-
Keys, small 1 o}
lod. ; medium, -
1/3 ; large, 1/9. —

Patent No. 619178
SPECIAL PRICE FOR COMPLETE SET, £10,

is an ideal instrument

e for the determina-
E ] .

- tion of tuned circuit

o resonant frequgncy.

ol tuning transmitters

- without application

of power, for the

~ § determination of coil,
mutual and stray

1 inductances and both
fixed and stray
capacitances. Covers

7 LS to 300 Mc/s in
PRICE : 12 Gns. Complete.

L--%

eight ranges.

Main plate (Drilled—I16%in. x 14}in.)... 52/6
Capstan assembly 33/sec. ............... 65/-
Switch unit ... 37/6
Tape Holder assembly 22/6
Pinch Roller assembly 15/—
Brake assembly ...l 16/6
Capstans—7in., 7/- ; |5in. 7/6
Motors each .......cooeiiiiiiiiiins 38/6
(Send S.A.E. for detailed list)
Decks : Wearite .............cocoieeninns £35
Truvox 22 gns., ©
Lane £17/10 Motek ................... e 1717
Completely bullt General Purpose amplifier suitable for most desks...... 16 gns.
R/P or Erase Heads............ 37/6 each.  Also Complete ** SOUNDMASTER " Kit.
e = 4 Q-MAX " .
! - ‘mopeLc.n.o.la [ The latest ACOS Hi-G
- GRID DIP
|  OSCILLATOR

Pick-up with interchangeable clip-on
heads for either standard or long play-
ing records.

Tracking weight—8 grammes.
Response flat from 40 to 13,000 cps.
GP.20 Hi-G— Arm only ...... 26/5
HGP.39/1—Std. or LP head ... 42/3
HGP.35/I—3 pin plug-in head 42/11
(as above but weight |0 grammes.)

| transformers and

% Thrust ball for spindle bearing.
Y 100% dynamically balanced rotor assembly.

GRAMOPHONE UNITS
THE " COLLARO " 3-speed Studio TRANSCRIPTION desk is now available.
+ Heavy duty non-ferrous balanced turntable.

Y% Off position between each speed change,
mechanical and electrical,

+* Specially lengthened pick-up arm l6in. long,
on banjo unit.

+ Rumble, wow and flutter free.

THE ** WILLIAMSON "' AMPLIFIER

This is a world-wide known HIGH QUALITY
AMPLIFIER, BUT high quality can ONLY be
obtained if precision quality products as speci-
fied by the designer, are used.

WE can supply ALL COMPONENTS, mcludmg
precision condensers and resistors, potted
chokes, EXACTLY AS
SPECIFIED, not substitutes.

“‘POLYMAX'" UNBREAKABLE INSULATORS

Stand offs : 37, 6d. ; 1, 9d. ; 14", V-,
Beehives, 2/s
Feed-throughs, 1/3.

OSCILLATOR COIL

Completely enclosed in

“ LINCOLN "'

THE

+ Honed stator tunnel giving true efectrical Less Pick-up and arm ............... £13 9 6 ‘“ Neosid '’ former en-
balance. With Studio pick-up ........o.oinn £18 4 9 suring minimum  ex-
GARRARD COLLARO ternal field. Unusua:llz
TA/AC or TB. 3-sp. (less heads)...... £7 11 1 3/544, 3-sp with Studio P.U. ......... £10 6 | good waveform wit
Turnover Crystal head (for TAJAC) £1 19 9  3RC/541, 3.sp. with Studio Auto ... £15 3 10 maximum amplitude at
Turnover Magnetic head (for TAJAC) £2 2 § 3RC/542 3-sp. with Studio Auto 45 Kcfs, Let:gred tag
HGP 35“—5td or LP. {for TA/AC MIXEE .o eeiieis e ieeienes £17 10 © panel connections and
....................................... £2 211 CONNOISSEUR one-hole fixing.
DECCA XMS——Std or “H” LP Transcription Desk 3-speed ......... £23 811 b q . .
(for TB), each ................ £214 8 Pick-up with | head (25 or 400 chms) £5 19 3 | Overall size, Hin. x l4in. x lin. P"('&Est‘géf)-
G?{E??S? e::lrr: ty, se or L. P I 4 7 $:;rr‘:{:::‘desr - |g a Complete Oscillator unit with valve, 50/-.
Hlustrated
Catalogue 6d. post
WE CARRY FULL RANGES OF MOST free.
COMPONENT MANUFACTURERS, IN-
CLUDING H.P. TERMS
BULGIN AVAILABLE ON
T.C.C PURCHASES
WELWYN, ETC. 25 HIGH HOLBORN LONDON W C 1 OVER £10.
TEL: HOLBORN 6231
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An Announcement

by the
H.A.HARTLEY Co.Lno.

152, HAMMERSMITH RD., LONDON, W.6

Telephone : RlVerside 7387

It is with very great pleasure that the H. A.
Hartley Co. Ltd. once again addresses itself
to readers of this journal.

For some time past, we have had to forgo the
benefits of advertisement in Wireless World,
very largely due to the fact that the whole of
our production has been sold in the Dollar
Market.

HARTLEY SPEAKERS AND AMPLIFIERS
ARE EARNING DOLLARS

Even with a deliberate policy of restricting home sales
we have found it well-nigh impossible to keep pace
with the demand for the Hartley-Turner 215 Speaker,
and the new Super Tone Control Pre-Amplifiers.
Because of ever-increasing demands on our production,
we have completed arrangements which place the
resources of one of the largest manufacturing concerns
in the country at our disposal. As a result, we are
confident that we can now not only meet our export
commitments in full, but that we can supply an
increasing quota to the home market.

To those readers to whom Hartley-Turner is a house-
hold word, we need no introduction. For those who
are newly converted to the enjoyment of High-
Fidelity Gramophone Reproduction we summarise
very briefly our range of Products. We are one of
the very few United Kingdom manufacturers who
design and manufacture all the following :—

HIGH-FIDELITY LOUDSPEAKERS
SUPER TONE CONTROL PREAMPLIFIERS
20-WATT AUDIO AMPLIFIERS

and we are the designers and sole manufacturers of the
world-famous Non-Resonant Box Baffle (THE
‘“ BOFFLE "), only 18in. cube but equal in per-
formance to a 4ft. diameter baffle.

Why not send for our illustrated descriptive literature
and price list, sent free and post free on request?
We shall include full details of our Long Playing
Record Supply Service.

—_—

+
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utmost

dependability

under
all conditions

DKERIN WAXES

AND
DI-JELLS
for the
ELECTRICAL
INDUSTRY

! ASTOR BOISSELIER,,

., & LAWRENCE LTD #

ol

9 SAVOY STREET, STRAND, LONDON, W.C.2

Telephone Temple Bar 5927
Works——West Drayton
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NEGLIGIBLE BACKGROUND NOISE
M.S.S. disks permit of a dynamic range greater than 6o db. at
48 r.p.m. (max. stylus vel. 8 ecmfsec., r.m.s.) and greater than
54 db. at 33 r.p.m.

I N

WIDE FREQUENCY RESPONSE
The quality of the equipment used is the only likely limitation
of the recording range of M.S.S. disks.

i //%M B A,

CLEAN SWARF THROW
The anti-static properties of M.S.S. disks ensure that with a
correctly designed cutter the swarf is thrown towards the centre
of the disk in a manner allowing of easy removal.

N I O,

HIGH RESISTANCE TO WEAR

The groove walls of all M.S.S. disks will stand up to con-
stant playback without diminishing the level of the higher
Jfrequencies.

]

SUITABILITY FOR PROCESSING
M.S.S. disks fulfil all processing needs; a special feature is the
absence of the “horn’ or ‘ hangnail’ at'the groove edges even at
high stylus velocities — a valuable advantage in microgroove
recording.

I I

RESISTANCE TO AGEING AND CLIMATE
M.S.S disks can be stored, blank or recorded, for indefinite
periods under extremes of climate without loss of quality or
performance.

T

I Y B I I i i

Disks

///////////////////////////’/// Wi

Contractors to

The Admiralty

General Post O ffice

Ministry of Supply

British Broadcasting Corporation

M.S.S.

POYLE CLOSE, COLNBROOK, BUCKS, ENGLAND.
Manufacturers of Sound Recording Equipment

FOUR GRADES SAVE YOU COST

A grading system based on selection enables you to choose the
right priced disk for the job. For example, top grade disks must
be beyond reproach in appearance as well as performance, and
are, therefore, selected to conform to extra stringent standards

of quality.

Ty

You can be certain of a perfect recording with M.S.S.
disks. That is why so many leading recording and broadcasting
companies throughout the world always use them. Let us send
you further information on_the four grades of M.S.S. disks
avatilable.

RECORDING COMPANY LIMITED

Phone: COLNBROOK 284
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: IM DRESARIO 7 COMPLETE ENTERTAINER

TAPE RECORDER

The *“Impresario’’ Is a combination instrument tha: will make high
quality tape recordings of live speech or music, gramophone or
radio and telephone conversations, etc.

@ DUAL SPEED: 33in/74in. @ SEPARATE BASS AND

per sec. TREBLE CONTROLS.
@® TWIN TRACK: Up to ® 4 WATTS OUTPUT:
2 hrs. recording. Neg. F/B.

@ INTERNAL MIKE RECORDING SYSTEM.

The “Impresario’’ can also be used as a high quality radio, gram-
ophone or microphone amplifier. '

PRICE 4935 GNS.

(EXCLUDING TAPE,

RADIO RECEIVER

The “Impresario’ is the first transportable tape recorder in Great
Britain to provide power supply and internal space for a radio
tuner unit with optional listening and/or recording.

DISTORTIONLESS SUPERHET 3-WAVE RADIO TUNER UNIT
May be fitted in a few minutes.

PRICE D14 GNS.

(TAX PAID)
PIEZO-ELECTRIC MICROPHONES

Patent Hand unitinrubbergrip...3gns. StudioFloor-stand Pattern...6 gns.
applied for. Telephone Pick-up Stand...3 gns.

Guaranteed
for 12 Months.

Send for ‘‘Impresario’’ Mlustrated Brochure which also contains details of Radio Tuner Unit, Telephone Pick-up, Suitable
Microphones and Recording Tape.
LEE PRODUCTS (GREAT BRITAIN), LTD., ELPICO HOUSE, GT. EASTERN ST., LONDON, E.C.2.
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R P e =

- Introduc ing

THE FIRST OF

THE "ELAC" RANGE
OF ELLIPTICAL
LOUDSPEAKERS

This new addition to the wide range of
ELAC loudspeakers is particularly recom-
mended for use with Television Receivers.

The speaker gives a fuller bass response and a

considerably clearer top response. The Magnet

. ’
@ . /

e, | |

! e 1

E_z‘k = =/ System is completely shrouded, which reduces

stray magnetic field to the absolute minimum.

Available in Flux Densitles 6,500, 8,000 and 9,500

gauss.

PRICES: 4x7G, 19/10inc. P.T. 4x7D 25/l inc. P.T.

ELECTRO ACOUSTIC INDUSTRIES LTD.

STAMFORD WORKS, BROAD LANE, TOTTENHAM, N.IS
E 1 E
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MAINS

THE NEW |

EvERREADY

REGD. TR, DE MARK

TRANSFORMERS

FULLY INTERLEAVED
SCREENED AND IMPREGNATED. ALL GUARANTEED.
ALL PRIMARIES ARE 200/250 v. Half Shrouded.
t HSMé63 (Midget) Qutput 250-0-250 v, 60 m/a., 6.3 v. at 3 amps.,

S Ve AL 2 AMPS ceeiivverseeraruarerensosonnnnessiosssnasasssnssanssonsteannes 16/3
HS63. Output 250—0—250 v. 60 mfa., 6.3 v. at 3 amps., 5 v. at

2L EOIEE: | oot s e o0 o s . 16/6
HS40. Wmdmgs as above. 4 v. at 4 amps., 4 v. at 2 amps 16/6

Qutp
HS2. 250 0-250 v, 80 m/a. 19/~
HS3. 350-0-350 v. 80 m/a., 19/, HS30. 300-0-300 v. 80 m/a. 19/~
1 HSZX 250-0-250 v. 100 m/a., 21f-. HST5. 275-0-275 v. 100 o
I G s S = S o) =
b HS3X. 350-0-350 v.
..................................................................... 21/~

Fully Shrouded
FSM63 (Midget). Output 250-0-250 v. 60 m/a., 6.3 v. at 3 amps.,
]

A2 RAIVIDSEY S e O i iioiin e sl e TSR 16/9
| Qutput
FS2. 250 0-250 v. 80 M/A,  weouiiieiiiiian et e ana e 20/~
FS30. 300-0-300 v. 80 m/a., 21/-. FS3. 350-0-350 v. 80 m/a....... 20/~
FS2X. 250-0-250 v. 100 m/a 23/-. FS75. 275-0-275 v. 100 y
Yo B0 SR RO oo BB coooocoqno RO, R TYRTT . el RS 23/~
FS}OX 300-0-300 v. 100 m/a., 23/-. FS3X. 350-0-350 v. 00 3
........................................................................... 23/~
AII the above have 6.3 4-O v, at 4 amps., 5-4-0 v, at 2 amps.
FS43. Output 425-0-425 v, 200 m/a., 6.3 v. 4 amps., C.T. 6.3 v.
4 amps., C.T. 5 v. 3 amps. Fully SArouded .......oeumsivrisoeis 47/6
FS50. Output 450-0-450 v. 250 m/a., 6.3 v, 2 amps., C.T. 6.3 v.
I 4 amps., C.T. 5 v. 3 amps. Fully shrouded ........................ 67/6
F35X. Output 350-0-350 v. 250 m/a., .3 v. 6 amps., 4 v. 8 amps.,
{ 4 v.3 amps., 0-2-6.3 v, 2 amps. Fully shrouded .................. 65/-
FS160X, Output 350-0-350 v. 160 m/a.. 6.3 v. 6 amps., 6.3 v.
3 amps., 5 v. 3 amps. Fully shrouded ........c.ccevvivninnininnen 44/~

FS43X. Output 425-0-425 v, 250 mfa., 6.3 v. 6 amps., 6.3 v.

1 6 amps., 5 v. 3 amps. Fully shrouded ...
| HS6. Output 250-0-250 v. 100 m/a., 6.3 v.

3 amps. For receiver R1355. Half shroudeda

6.3

] HSI150. Output 350-0-350 v. 150 m/a.

63/6
26/6

] ] - 3 amps. Half shrouded 27/9
F36. Oucput 250-0-250 v.
3 amps. Fully shrouded 29/6
FS120. Output 350-0-350 v, 120 m/a., 6.3 v. 2 amps., C.T. 6.3 v.
‘ 2 amps., C.T. 5 v. 3 amps. Fully shrouded ..........eo.vvvvven..ns 29/9
ThlS new Ever Ready Ba}ttery,.com- FS}:fnpsOu;mal; g?o?,}:g v. 80 m/a., 6.3 v. at 6 amps., 5 v, at 20/6
bining a 90 volt high tension unit and | BRI/ ?s%tzusts)éso va 30/ m/Z of T Iz wz
: : v mfa v. 4 amps., 5 v. 3 amps.. oo
a I:SV low tensmn_sectlon, has been FSI50X. Output 350-0-350 v. at 150 m/a, 6.3 v. at 2 a am 5.
designed for use with the latest Ever (A (5 £ 55 Pt (O T Go £ 5 B (Il o 31/6
Ready low consumption valves, type The above have inputs of 200/250 v,
DK96, DF96, DAF96 and DL96, OUTPUT TRANSFORMERS
which use only half the filament | Mg%golgtg’;) 5,000Q to 3Q ... g;;
current (25mA) Of the OIder S€ries MOPI. Ratios, 26, 46, 56, 66, 90, 120-150 m/a. max. current:
valves (50mA). CI 10r Q: .P. Class B, etc. Secondary 2/4 ohms. Top panel, oiF
. . . and clamped, €ach .....covieiiiiiiiiiiiii e e
A ba_lanced SETvICE llfe of 300 hOUTS 18 OPIl0. /pS watts output. 20 ratios on Full and Half Primary |1;9
obtained when the high tension cur- \?VPIJIQ 30 wattsoo#t%yt rl250f°rat|os otg FAu":ha"d Half l;nmiary “2/37
: inhiamson's ra rmer uthor's specification il
{ent t‘S 105 mA at 9(1)2\;01ts:nd tlhz Chokes forsgVﬂ/hamson s Amplifier, 30 H, at 20 m/a. 16/6
Ow tension current m at 1. 10 H, at 150 m/a. ...... SGABA00000505 - 56 CEEEBACECEAN9 0AAESS 32/~
volts; the respective cut-off voltages FILAMENT TRANSFORMERS
%::ng 40v and l.O\é on loacé._ ) All 200/250 v. Input.

e maximum attery mensions F3 6.3 v. @ 3aMPs.  coeuiiiiinniioniieiiiiiisiieaerannaa e erenssnanne 9/6
are 713" x33”x4” and the weight is 'y 3@"2(5"3"; -a:‘/:s B T ;;‘
51bs. 10 0z. Price 16/-. FUG. 02.45:6.3 v. @ 2 amps., 10/ FI2. 126 v. capped 6.3 v.

@ 3amPps. .ooiieeeiiiiiireenreaee 16/6
F24. 24 v. tapped 12 v. @ 3 amps, . 23/6
F29. 0-2-4-5-6.3 v. @ 4 amps., 18/9. FUI 17/6
FU24. 0-12-24 v. @ | amp 17/6
BA]TERY PLUG FS. 6[30 v. % ISO amps. or 5 34
or V. amps. ... -
Fé6/4. Four windlngs at 6. ps. each, giving
The new Ever Ready plastic by suitable series and parallel connections up to 63v. @
20:amMps, ... oo o seno eSSt R O . oo e S1/6

4 pin battery plug has been
specially designed to ensure
correct and easy battery con-
nections. Plugs are fitted with
four staggered metal pmx,
also four coloured wires 18” i

length. List Price 2/- com-
plete. Suitable for use with

BSS. 1766-1951. M H. ASHWORTH (Dept. W.W),
EVER READY DRY BATTERIES FOR RADIOS | ARt LR AL
TORCHES - HEARING AIDS - CYCLE LAMPS

Quotations, etc.—stamped addressed envelope, please
C.W.O. (add /6 in £ for carriage).

Export enquiries invited.
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Output Level Stabilised to +2db

OVER THE FULL FREQUENCY RANGE OF 10Kc/s — 10 Mc/s

An outstanding feature of the Wayne Kerr Video
Oscillator Type 0.222A is a thermistor bridge
circuit stabilising the amplitude. Once set
the output level will remain constant with-
in 0.5db while the oscillator frequency is
varied over its full range of 10 Kc¢/s to 10 Mc/s.
Another advantage is its special facility for
indicating the modulus of the load impedance
to which the instrument is connected.

soner
of

MEANE O o
SRALS | {

In transportable case £155, or for standard 19°

SPECIFICATION Rack mounting £148.
Frequency Range: 10 Ke/s — 10 Mc/s in 6 ranges

Frequency Stability : better than 1l in 10° in 1 hour

Frequency Accuracy : 1%

Output Range: +10db to -50db on 1V p-p.

Output Level: Constant to £0.5db at any frequency
Output Impedance : 75 ohms [setting

Total Harmonic Content : less than 1%

THE WAYNE KERR LABORATORIES LTD * NEW MALDEN * SURREY
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WILLIAMSON AMPLIFIER KITS

With PARTRIDGE output transformer, mains transformer
and chokes. Fully drilled and enamelled chassis, T.C.C.
ctondensers, Marconi-Osram-Cossor valves, sundries by
Belling & Lee, Erie, Bulgin, Welwyn, etc., complete to the
last nut and bolt, with wiring instructions and layout drawings,

21 GNs.

READY BUILT AND TESTED 25! Gns.
Packing and postage 10/- extra, C.W.O. or C.0.D.

P.A.1. PRE-AMPLIFIER

A simple inexpensive pre-amplifier for use with Tele-Radio Williamson
kits. Specification includes full control of bass and treble, radio input and
switched compensation for 78 r.p.m. and L.P. records. Recommended for
use with Acos GP20 and HGP39, Decca *“ C” and ““ D ” and Connoisseur
heads. With wiring instructions and layout drawings.

KIT OF PARTS 64 GNS. "READY BUILT 8} GNS.

Postage and Packing 2/- extra C.W.O. or C.0.D.

TELE-RADIO (1943) LTD.

189 EDGWARE ROAD, LONDON, W.2. Phone : PAD 4455/6
SHOP HOURS : MON.-SAT. 9 a.m. to 6 p.m. THURSDAY 9 a.m. to 1 p.m.

i Py BT T T T ———

i < (2
W Wgzzz”‘tgm %Mﬂgﬂié‘ MUREX LTD (Powder Metallurgy Division)
Sintere?

RAINHAM, ESSEX. Telephone: Rainham Essex 3322

London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.l. Telephone: EUSton 8265
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Wien J;Je/;zy m///u, M ottens

then the MIUSICMASTER
TAPE RECORDERS

will be yout ooz

These ©quality -first’ tape recorders have been ex-
ported to over forty countries throughout the world
and are in regular use by Industrial Organisations and
Government Services. Price for price they offer
unequalled performance. Unsolicited testimonies on
file prove conclusively that the Musicmaster Tape
Recorders are among the finest tape recorders available.

MODEL 2250B £52

y

" MODEL 12008 £45

H.P. TERMS AVAILABLE

CONCERT-MASTER AMPLIFIERS

MODEL 2 DE-LUXE
A 3 watt high fidclity amplifier for outstanding reproduction of A 15 watt high fidelity amplifier giving superlative reproduction
all types of gramophone records. from records or radio. Less than 0.19 distortion at 10 wartts.
£12-12-0 £30-0-0

Further details on request.
SPECIAL NOTE. Our Showroom is open 9a.m.— 6 p.m. daily including Saturday for demonstrations. WE STOCK
A WIDE RANGE OF COMPONENTS FOR THE HOME CONSTRUCTOR AND QUALITY
ENTHUSIAST. WHY NOT VISIT US FOR YOUR REQUIREMENTS? Regret no Mail
Order for components at the moment. ’

e FOR ¢
‘)is\ON Ir/C
8y S

-
CRiTyicay pesioM®

Showroom open daily for demonstrations

OFFICES & SHOWROOM : 196 KINGSLEY ROAD, HOUNSLOW, MIDDX. (HOUnslow 7947) WORKS : TWICKENHAM, MIDDX,
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**\\?\\ ”

You can count on these . . .
- . - for a reliable performance

STAND-OFF INSULA- SLs8
TORS. Working voltage DRIVE. A precision slide

. rule drive complete with
1,500/5,000.  Very high 3 pand glass scale. The
insulating resistance. spin wheel drive gives

SPIN WHEEL M.G. GANG CON-
DENSER. Available as
1, 2 or 3 gang, 490 p.F.
nominal capacity, matched
and standardised to close
limits. Cadmium plated

Ceramic non-tracking. Sili- perfec; g cionuoll= lgrou%g steel frame. Aluminium
. ratio itted wil

cone treated to repel mois- Vanes.  Low loss non-

P constant velocnty coupling, hygroscopic insulation.

ture (ideal for tropics).  eliminating strain on con-
Tag or spill end. We have densher lmd 5 prxowdmg]

mechanical and electrica —3§in.
a full range to cover most isolation from vibration and Price 1 gang, 9/3,
needs, noise. 2 gang, 14/-, 3 gang, 18/3.

Length excluding spindle :
1 gang—lf(m to 3 gang

See our complete range of precision-built components
at the R.E.C.M.F. Exhibition, Stand No. 51.

JACKSON BROS. (London) LTD., KINGSWAY . WADDON - SURREY

Telephone : CROydon 2754-5. Telegrams : WALFILCO, SOUPHONE, LONDON.

—CITY SALE & EXCHANGE—

THE HIGH FIDELITY SPECIALISTS LIMITED

90-94 Fleet Street, London, EC4

MESSRS. H. 1.

Phone: Central 9391/2
LEAK & CO. proudly announce this month,

their

NEW TL/10 AMPLIFIER AND POINT ONE PREAMP.

CITY SALE
have it in stock!

Qur large number of satis-
fied customers to date is
the finest possible testi-
monial to the efficiency of
Leak models—and that is
why we confidently recom-
mend the new TL/10 as
one of the best ¢ value for
money *’ amplifiers avail-
able. We look forward to
your early post enquiries
or a personal visit at our
showrooms.

to sell

at 27 GUINEAS COMPLETE

Demonstrations Daily
at 90/94, Fleet Street.
Our stock of Leak models,
loudspeakers, record play-
ers, Tuners, Gram Units,
etc. is there for your
inspection.

Easy Payment Terms
on the mew Leak TL/10
are £10/7/- deposit, and
the balance 12 monthly
payments of 33/4 or 18
of 23/4.

Why not
PART EXCHANGE
your present equip-
ment for the latest
type ?

Write with details.
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That
Elusive Quality . . .

Discoursing light-heartedly yet intelligently on ‘“ HI-FI,” a contributor to ‘“The
Observer  recently commented on the ability of the modern loudspeaker (aided
by amplifiers, pre-amplifiers and other aids) to detect and faithfully reproduce
such sounds as the closing of studio doors and the pages of a score being turned.
He made reference to the achievement at the loudspeaker end of ¢‘ perfect concert-
hall balance.”

Now what is, in fact, the secret of so-called *‘ high fidelity > reproduction ? It is
something that is not only or merely the expression of what can be graphically
illustrated with a good frequency response curve. It is not only the faithful repro-
duction of all sounds within the range of the aural spectrum. It is not alone the
perfect ‘‘ balance > of high, middle and low frequencies. It is all these things
conjoined to produce an elusive quality of realism that gives to the listener the
illusion of being present at the actual original rendering.

This elusive quality cannot be measured with instruments or recorded in a response
curve. The simplest way of expressing it in words is to say that when you are
listening to a truly good loudspeaker, you feel that you are in the recording studio.

When a recent consignment of Goodmans *‘ AXIOM ” Loudspeakers arrived in
New York, a leading expert there said, ‘¢ This is the most revolutionary develop-
ment in the reproduttion of sound since the invention of the loudspeaker . . . it is
superior in every way . . . the reason is that the engineers who designed the
¢ Axioms ’ were aiming for PRESENCE.”

If you want to know what this elusive quality ** Presence ” really is, take or make
an opportunity to hear a Goodmans AXIOM Loudspeaker. You will then under-
stand the enthusiasm of the American expert.

We will be pleased to supply free dimension drawings of specially
designed standard or corner reflex cabinets. Numbers of cabinets
have been sold reputedly to our design but which do not conform
to our specification. Before burchase, itis therefore advisable to check
carefully that the specificatlon has in fact been carried out.

AXIOM 22 MK. 11 £14 14,0 (Tox free) AXIOM 102 £9.18.2 (Inc. Tax)
AXIOM 150 MK. V1 £10 . 5.6 (Tax free) AXIOM 101 £6 .12.1 (Inc. Tax)

GOODMANS [INDUSTRIES LTD.

AXIOM WORKS, WEMBLEY, MIDDX. ‘Phone: WEM [200. Cables: "“Goodaxiom'’ Wembley, England.

55
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f-ﬁas Radio Mechanies

AND

oL
%a SIGNALS  pRRATORS
YYRE‘;léRGENCY REQUIRED TO SPEND

15 DAYS

A YEAR WITH ROYAL SIGNALS
IN THEIR

“ARMY EMERGENCY RESERVE"

if you served during World War i or have civilian experience in RADIO OR
ALLIED TRADES you can apply to join. Your special knowledge and experi-
ence will be of great value to Royal Signals and you will ensure that in the
event of an Emergency you will be doing the job you know.

Excellent PROMOTION prospects :— Vacancies exlst for Officers, Warrant
Officers and Non-Commissioned officers.

FULL ARMY PAY AND ALLOWANCES DURING THE 15 DAYS TRAINING
PLUS TAX FREE BOUNTY FOR EACH PERIOD OF TRAINING.

Whys not stake YOUR <claim in the
RESERVE ARMY

WRITE NOW for Particulars (Without Obligation)
To: H.Q. A.E.R. R. SIGNALS,
BLACON CAMP, CHESTER.

>\'

DESPATCH RIDERS _TELEGRAPH MECHANICS SWITCHBOARD OPERATORS

VACANCIES DRAUGHTSMEN LINE MECHANICS TELEPRINTER OPERATORS
STOREMEN nderground RIVERS

also exist in the LINE TEST, CLERKS LINEMEN (Permanent Line) DRIVERJELECTRICIANS

following trades LINEMEN (Field)

ONLY‘MB LAB unit has all these fea‘l’?es. 1),

* Continuous storage * 700 resistors in a space 12" x 4" x 4"

% Ohmic values separately carded % Finger-tip selection

Designed to provide a complete range of resistors for
research and experimental laboratories and small production
units. As easy to use as a card index. Rapid selection from
700 sorted and carded resistors. Continuous storage—empty
cards merely replaced with full ones available from stock.
The Storage Unit is supplied FREE with a small initial
purchase of :—  Type “R” (order L.S.U.C.})

Type “T” (order L.S.U.C.})
Type H:S.3 (order S.U.A.7)
or you may specify the ohmic values.
Full details and illustrated list will be
sent on application.

BRITISH
PATENT
No. 680632
CONTINUOUS
RESISTOR SPECIFICATION
STORAGE UNIT
Ref.| Type | Rating |Volts| Range |Dimensions
T | }-watt| l.watt | 250 [10ohmsto| 2° X $”
R | d-watt| I-watt | 500 |10mjohms| §” x }* The Lab Continuous Storage Units are available from your normal source of supply,
Tolerance available :hZO%, +10%, +5% but more detailed information can be obtained from
| ohms to |
53| jowate | jwase | 750 [oommdii” x 0| THE RADIO RESISTOR COMPANY LTD.
Tolerance available +20%, 10%, 5%, 2%, 1%, :

50 ABBEY GARDENS, LONDON, N.W.8 - Telephone: Maida Vale 5522
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REAL HIGH FIDELITY at modest cost . . .

® Manufacturer-to-Consumer policy saves you one-third cost ! !

We are now specialising in the supply of units
for making up high-fidelity Radio and Record-
reproducing E%_ulpments for use in the Home,
small Halls, S Is and Gr phone Societies
and single items for replacing in existing equip-
ments and radiograms.

Our Chief Engineer, who Is operating a Technical

Guidance Service, is available daily including
Saturdays from 10 a.m. to 6 p.m., or will deal
with enquiries by return of post. Our new illus-
trated Catalogue and Supplement will be a great
boon to those desiring high quality equipment for
modest expenditure. Send two 2}d. stamps for
your copy now. It may well save you pounds.

No. | “SYMPHONY ** AMPLIFIER is a 3-channel
S-watt Gram/{Radio Amplifier with astonishingly flexible
tone-control, You can lift the treble, the bass, or—and
here is the unique feature—the middle frequencies to
suit your own ear characteristics and the record or radio
programme belng heard. It is thus possible to arrange
the flequency-response of the amplifier to a curve equal
and opposite to the resultant curve of the other items in
the chain so that what finally registers in the brain is as
per original. This flexibility of control is far more impor-
tant than mere nominal linear response of the amplifier,
as the pick-up, speaker, etc., are not linear. independent
Scratch-Cut is also fitted and special negative-feedback
circult employed. The amplifier can accommodate a wide
variety of records from old 78's to.new L.P.’s. Input is
for all types of pick-up of 0.2v.-output or more and there
is full provision (and power) for Radio Tuner, ltisavailable
to match 2/3 or |15 ohms speakers, Price: 10 gns. (carrfage
5/-). Fitted in Portable Steel Cabinet, 35/- extra,

No.2+% SYMPHONY ** AMPLIFIER as No. | but with
10-watt Push-Pull triode output and triodes throughout.
Woden mains and output transformers and choke, Full
provision and power for Tuner, Output tapped 3, 7.}
and 1S ohms. Competes with the most expensive ampli-
fiers on the market yet costs only 15 gns. (carriage 5/-).
Fitted in portable Steel Cabinet 2 gns. extra.

«SYMPHONY " AMPLIFIERS with REMOTE
CONTROL. Both the above model Amplifiers are avail«
able with all controfs on a separate Contral panel with
up to 4 feet flexible cable which simply plugs into the ampli-
fier. Enables the Amplifier proper to be sat in the bottom
of a cablnet whilst the controls are mounted conveniently
higher up. Extra cost 2 gns.

« STUDIO SYMPHONY ** AMPLIFIERS, Models |
and 2, new models specially designed to get the maximum
out of the revolutionary new Collaro Studio pick-ups and
heads type ’*P."” Specification as per our Standard
Symphony models but with high-gain, lcw-noise, built-in
Pre-amplifier stage with separate switched correctors for
Std. and L.P. Third position on switch provides input
matching for Acos and similar output pick-ups. These
remarkable new models thus provide all the facilities and
matching of our Standard Symphony Amplifiers PLUS
the specialised Collaro matchings, See March issue of
* The Gramophone '’ for review on these instrumencs,
price : No, I, 12 gns. ; No. 2, I7 gns. Carriage 5/-.

GARRARD 3-SPEED GRAM UNIT MODEL « T.”
With_ turnover Magnetic Pick-up Head or Turnover
Astatic Crystal Head, £10, post and pack. 2/6.

MODEL * TA,” as above, but fitted with the latest
High-Fidellty Acos HGP35 Pick-up Heads (one for Std-
and one for L.P.)., Price £12/3/9, post and pack. 2/6-
Heads only, 43/- each, post /-,

MODEL *TB,"” as above, but with two separate Decca
XMS Heads, £13/7/6, post and pack, 2/6. Or with two
separate Acos HGP39 Heads, £12/16/-. Or with Garrard
Head for fibres (78) and Acos HGP39 for L.P., £12/5/-.

GARRARD 3-SPEED AUTO-CHANGERS, Model
RC80, plays up to ten records 7in., 0in. or 12in. at 78,
45 and 331 r.p.m. Stylus pressure on L.P, 10 grammes
(adjustable). New ultra-sensitive auto-trip mechanism
and heavy loaded turntable to eliminate *’ wow.” Price
£€15/1/6 or with Garrard Magnetic or Astatic Crystal
Turnover Pick-up Head, £17/3/6. With two separate
Acos HGP39 Heads, £19/12/6. With two separate Decca
XMS Heads, £20/18/.. Carriage 5/-. Optional Extras :
A.C./D.C. Operation £7/14/-. Fitting in de Luxe rexine-
covered Portable Cabinet, £5. Pick-up Head to take Fibre
Needles, 25/-.

COLLARO latest model A.C.3/544 i—SPEED GRAM
UNIT with new ‘“STUDIO " Pick-up type O’ or
““P,"” £10/6/1, post 2/6.

COLLARO latest model 3RC531 AUTOCHANGER
with * STUDIO ** Pick-up type “ O "’ or ‘“P," £I5/3/10,
carr, 5/-. DITTO but Mixer (3RC532), £17/9/6.

COLLARO ¢ STUDIO " PICK-UP (Arm and Head)
type O " or "'P," 74/8, post 2/-,

NEW TYPE ACOS PICK-UPS. Arm with one HGP39
head (Standard or L.P.), £3/8/9, or with bcth heads, £5/11/-,
Post /6.
delivery.

Heads separately, 42/3d. each. Immediate

TAPE RECORDING EQUIP-
MENT. We recommend and have
in stock for immediate delivery the
latese TRUVOX TAPE DECK at
22 gns., a suitable high-fidelity Tape/
Gramophone [ Microphone / Radio
Amplifier to match at 16 gns., and a
Portable Cabinet to house these and
speaker at 95/-. Also a new Complete
Recorder incorporating above Deck
and Amplifier with actual space for
fitting Radio Tuner. Price 494 gns.
Leaflets 73d

GOODMANS CORNER
CABINETS (left) for the AXIOM
150 Mark 2 manufactured by us to
Messrs, Goodmans measurements,
height, 46in. Price : complete kit in
plain board with feit, 8 gns. Price
ready buile, 10 gns. Finshed in fig-
ured wainut, 16 gns. Other veneers
to order. Carriage extra according
to area.

“SYMPHONY " BASS REFLEX CABINET KITS.
30in. high, consist of fully-cut #in. thick, heavy, inert, non-
resonant patent acoustic board, deflector plate, felt, all
screws, etc.,, and full instructions. 8in, speaker model,
85/- ; 10in. speaker model, 97/6 ; 12in. speaker model,
£5/7/6. The design is the final result of extensive research
in our own laboratory and is your safeguard of optimum
acoustic results. Carriage 7/6. Ready built, 10/6 extra,

HIRE PURCHASE FaciLITIES
NOW AVAILABLE on orders of £I5 or over,

Send one-third deposit with order, balance over 6 or
12 monthly instalments, State which required.

NORTHERN RADIO SERVICES

It & 16 KINGS COLLEGE RD., ADELAIDE

RD., LONDON, N.W.3, Phone: PRimrose 8314

Tubes : Swiss Cottage and Chalk Farm.
Buses : 2, 13, 31, 113, 187.

REGD. DESIGN

«SYMPHONY BASS
REFLEX CABINETS, fully
finished in figured walnut, oak
or mahogany to above Regis-
tered Design and to match our
Console Amplifier Cabinet,
enabling the housing of a whole
equipment in a two-plece suite,

cost : 12in, speaker model,
£11/10/- 5 1Qin,, £11; 8in,,
£10/10/-. Carriage according
to area. The |QGin. model is

ideal for the WB HF [012 (see
‘“The Gramophone " review
March).

CONSOLE AMPLIFIER
CABINETS (above), 33in.
high, lift-up lid with piano
hinge, take Gram Unit or Auto-
changer, Amplifier, Pre-ampli-
fier, and Radio Feeder Unic,
finished medium walnut veneer.
De Luxe version, 10 gns,,
carriage according to area.
Bass Reflex Cabinets to match
available, as above.
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FOR BRILLIANT SOUND RECORDING —mrrom

A masterpiece of compactness and engineering. Push- TAPE RECOR DER
button control and magic eye tuning give instant mastery
of both recording and reproduction. Sound frequency
range : 50-9,000 c/s. Tape Speed 3in. per second. Recording Time 1} hours.
NEW FEATURES INCLUDE:

PRECISION PLACE INDICATOR. A UNIVERSAL MAGIC EYE. For recording
unique clock device for instanr selection of any and playback. Also serves as continuous pilot
particular recording. light.

AUTOMATIC TRACK AUTOMATIC STOP. At end.of spool. Also prevents tape
SWITCH. Enables operator to ‘“ running off ” at end of spool.

switch from one Sound-Track .
e o ho o Ve eondd) SAFETY BUTTON. To prevent accidental erasure,

.
-,

GRUNDIG “Reporter ” TK9 Price 65 Gns. Less microphone.
GRUNDIG ““Golden Voice ” moving coil microphone (GDM.5).

6 Gns,
GRUNDIG “ Silver Voice” crystal microphone (GXM.1). 4} Gns.
e T - R — - =

THE FAMOUS 700L

Two speeds, giving TWO HOURS perfect speech magic eye tuning give instant mastery of both
recording, or ONE HOUR high-fidelity music recording and reproduction. Sound Frequency
recording. Unique Grundig microphpne, as Range : 50-10,000 c¢/s at 7iin. per second. 50-
sensitive as the human ear, faithfully reproduces 6,000 c/s at 33in. per second.

all tone characteristics. Push-buttgn control and

m 7 - Price 80 Gns. including Condenser Microphone.
{ 27° 100L  Hire Purchase Terms Available.

Most Radio and Photographic Dealers stock Grundig. Ask for a demonstration today, or write for illustrated Folder to :
Grundig (Great Britain) Ltd. Dept., WW,, Kidbrooke Park Road, London, S.E.3.

G116

['// break . . -

¥ Told in the 1ed- -
Said the «Cactus’ to the <Porcupine’:
a

<A last we get to 8PS

with all these bends and lo

. ?
. less Strips.
«United” in Solder

ose Wire ends

* Cactus ’ and ° Porcupine ' Terminal Strips are
revolutionary designs for securing and connecting

i wire ends in radio and electronic assembly
% £ Constructed entirely of high-grade ceramic and
: silver-plated brass these tag strips are preferred
because - they are TOUGH! FIREPROOF! SPACE SAVING!
FREE FROM ANY SOLDERING!!

& ?
Let us tell you more about the © Cactus’ and the ¢ Porcupine ’— CACTUS &
send for Catalogue Section 3 (pages 2028-2029A) & PORCU PI N E’

UNITED INSULATOR CO. LTD. Oakcroit Rd., Tolworth, Surbiton, Surrey
Telephone: Elmbridge 5241-2-3-4 TERMINAL STRIPS

SPECIALISTS IN ELECTRO TECHNICAL CERAMICS & COMPONENTS - SPECIALISTS IN:ELECTRO TECHNICAL CERAMICS & COMPONENTS

ol e e
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Srondord

magnetic alloys

$0 600

10 000

| 000

100

FLUX DENSITY-GAUSS (B)

|
0.001

Please ask for
further particulars.

: 7ot component designs
: of maximum efficiency
O PERMEABILITY (B]H)

.S ¢

Relationship between flux density, permeability
and magnetizing force for the various grades
of PERMALLOY and V-PERMENDUR.

0.1 1o 10 s0

MAGNETIZING FORCE—OERSTEDS (H)
.

HIGH quality and consistency, backed by first-class service,
are important features in this range of Standard magnetic alloys.
As large-scale users of Permalloys in communication, electronics
and other fields, Standard enjoy the unique advantage of
observing these alloys under normal working conditions, a factor
which has played an important part in their development.

s o o

Srandard Telephornes and Cables Limired

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

TELEPHONE LINE DIVISION : North Woolwich, London, E.l6
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MAINTAINING A REPUTATION......

Deflector Coils type DC300/C. As
specified for the ‘‘Teleking,” "‘Super-
visor ** and ** Magnaview,"’

Conversion circuits for 14in. and
17Zin. C.R. Tubes available. Send
9d. and S.A.E.

Every day we read the words: ¢l am order-
ing Allen Components because they are so
highly recommended by my friends”’.

We are proud of our reputation. Since we
pioneered Wide Angle scanning some years ago we
naturally carried on our policy of producing com-
ponents designed to the highest specification and
engineered to the closest tolerance. In these days of
shortages and lowered standards such a policy is not
easy to carry out and it has necessitated unrelaxed
attention to detail in all our departments. The result
of this care is apparent in all our products, in which
good workmanship is combined with high reliability.

May we suggest you ask your friends’

From all Leading Stockists.

ALLE

Crown Works, Lower Richmond Rd., Richmond, Surrey

COMPONENTS
LIMITED

Telephone: Prospect 9013
Send 9d. and S.A.E, for Circuit Diagram

LOUDSPEAKER
CABINETS

" JUNIOR CORNER HORN Now available to house
10-in. as well as 8-in. loudspeakers, this popular cabinet
also has the addition of louvred panels as an optlonal
feature, which greatly enhance its appearance. We
particularly recommend the use of the Wharfedale
W.10/B with this cabinet.

Price, less loudspeaker

Louvred panels, per pair ....
Wharfedale W I0/B incl. tax £11 13 3

UNIFLEX A new bass reflex cabinet suitable for
housing practically any 10-in. or 12-in. loudspeaker.
Similar in external appearance to our previous range
of bass reflex cabinets, which it replaces, the port size
is internally adjustable for optimum results.
Overall dimensions : H—32} in., W—22} in., D—15% in,
Constructed of §-in. timber throughout.

Price, less loudspeaker .
Fitted Tannoy Dual Concentr

£18 17 6
£46 1 6
,, »  Direct Radiator ..... £28 15 0
,» Goodmans Axiom IS0 Mk. 0 ......... £29 5 0
MINOR BAFFLE A simple design, of pleasing
appearance, housing 8-in. or |0-in. units.
Price, less loudspeaker ... .........ccoevioninen £8 15 0
RD 8-in. High Flux loudspeaker ............ £3 0 0
Standard finish of all cabinets: Australian Walnut,
other finishes available to order it 5 per cent. extra.

" Al prices ex works.

Trade enquiries invited.

ROGERS DEVELOPMENTS Co.

‘*Rodevco House,”
116 Blackheath Road, Greenwich, S.E.10.
Telephone : TIDeway 1723

COIL WINDING MACHINERY

o sy PE—

We invite your enquiries for the Type Al/1 auto-
matic machine, as illustrated. Also for the
Type H/1 hand coil winder and Type AW/l
Armature Winding Head.

Kolecric [0

73 UXBRIDGE ROAD, EALING, LONDON, W.5

Ealing 8322
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T-R CELLS

For incorporation in military and marine radar equipment,.a com-
prehensive range of 3 cm. and 10 cm. T-R. Cells are available.

TTR. 3} A tunable high Q/T.R. Cell for use with %in. diameter
circular waveguide.

Frequency Range : 9,100-9,900 Mc/s.
Band Width : 5 Mc/s.
Handling Power : 50 kW. peak.

TTR. 31 MR Tunable medium Q T-R. Cells for use with standard
and American waveguide (TTR.31MR) or jin. diameter
TTR. 31 MC circular waveguide (TTR.31MC).

Frequency Range : 9,100-9,900 Mc/s.
Band Width : 25 Mc/s.
Handling Power: 50 kW. peak.

Full details of these and other T.R. Cells from our range will be
supplied on request.

VISIT STAND No. 16
AT THE R.E.C.M.F. EXHIBITION
APRIL 6th TO 8th, 1954

‘PENTLAND" SERIES RESIN CAST COMPONENTS

The Ferranti ““Pentland”’ series of components includes
Power Transformers and Chokes, Signal and Pulse Transformers
and Delay Networks.

These units are cast in a solid block of synthetic resin which
replaces the oil filled container previously considered essential
for high quality components and below are listed some of the
notable advantages conferred by this technique :

Extreme robustness combined with minimum weight and
volume.

Complete hermetic sealing.
Fire risk greatly reduced.

Reliable operation through a wide range of ambient tem-
peratures and climatic conditions.

“ Pentland *’ series components are designed to customer’s
specification and full details will be supplied on request.

FERRANT! |

FERRANTI LTD FERRY ‘ROAD EDINBURGH

A

.‘____'i
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There is always
something new at

WEBB'S Radio

The NEW
ACOUSTICAL “ QUAD. II'" Amplifier

The amplifier which already is causing great interest.
Uses quite unique systems to match any type or make
of pick-up, and any type of recording. Make a point
of hearing this quite remarkable amplifer at Webb’s.
The ¢ QUAD II ” with the new *“ QC II» control unit
costs £42/0/0. (Incidentally the ¢ QC II"” costs £19/10/0,
separately, and is applicable for use with the original
€< QUAD ))‘)

The NEW
LEAK AMPLIFIER “TL/10"
Here is something else to cause a stir . . . a Leak amplifier

at a really competitive price, 27 Guineas, complete with
pre-amplifier. This is NOT just a cheap and inferior
alternative to the famous ‘“ TL/12.” In fact for domestic
purposes the performance is equal. Please see the re-
markable performance figures given in the ¢ Leak”
announcement elsewhere in this issue, and you will agree
this is good value—Leak ‘“TL/10” and its attendant
‘“ Point One » pre-amplifier, price 27 Guineas.

The NEW
“REFLECTOGRAPH" Tape Recorder

Before buying a tape recorder we earnestly advise you
to hear the *“ REFLECTOGRAPH.” The ‘“ HOME”
model costs £87/0/0 and gives outstandingly good repro-
duction. Other models are available for industrial, scientific
and educational use.

YOU CANNOT ASSESS “ TAPE »” UNTIL YOU
HAVE HEARD THE “REFLECTOGRAPH” AT WEBB’S

i 1
| THENEW EDDYSTONE COMPONENT
| CATALOGUE IS NOW AVAILABLE |

Price l,- Post Free |

A COMPLETE RANGE OF

Eddystone Receivers and Components
ALWAYS IN STOCK AT

A 1 Jr S -

i D L ¢
14 SOHO STREET, OXFORD STREET, LONDOWN, W.1
Tel.: GERrard 2089. Shop Hours : 9 a.m.—5.30 p.m: Sats. 9 a.m.—I p.m.

NEW!

The Manning-Carr

Miniature
Polarised Relay

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

POST OFFICE TYPES 3,000 AND
600 RELAYS

to specification. Tropicalising, impregnating and
Services jungle finish if required. Delivery 3-4 weeks.

Manufacturers to H.M. Gouvt. Depts. and leading contractors.

- L. E. SIMMONDS LTD.

5, BYRON ROAD, HARROW, MIDDX.

Telenhone : Harrow 2524—0315.
e e e Le———

SCALAMP
ELECTROSTATIC
VOLTMETER

= This instrument intro-
.| duces a completely new
, conception of electrostatic
Yy | voltmeter. It is compact,
\ Cat. No. A>¥""portable and robust, and does not
require critical levelling or special
mounting. The movement has
a taut suspension, is critically
damped, and readings can be
taken with rapidity and ease.
Three models are available:
Cat. No. W.W. 11308
1 -5 kV A.C. D.C..
Cat. No. W.W. 11309
3-10 kV A.C. D.C.
Cat. No. W.W. 11310
5 =18 kV D.C. and
§=12 kV A.C. R.M.S.

DIRECT READING.
ZERO CURRENT
DRAIN,

THREE SECONDS
PERIOD.

LAMP OPERATES
FROM MAINS OR
4 VOLT BATTERY.

[ BRIGHT SPOT-
AND-HAIRLINE
‘ INDICATOR,

Please write for illustrated leaflet,

N

| SCIENTIFiC Q 9 INSTRUMENTS

W. G. PYE & CO. LTD. GRANTA WORKS, CAMBRIDGE
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Range Coilpacks.

Built-in trimmers,

SEPARATE COILS: A ‘ull
wavebands and purposes.
tion data available,

range

Just note these

connection.

Witch

A Spotlight on another of the
Colis In the Osmor ““ Q*’ Range.

M.W. TRF REACTION COIL
TYPEQR11 4/9

A 3-windlng coil for EACH
use in an aerfal or HF

stage with variable

core. (Matchas with

coils QAIl and QHFII

at 4/- each.)

For L.W. similar coils

QRI2 (4/9) QAI2 and

QHF12 (4f« each) are

available.

e o o o o o o ot "

*)

TWO for the Price of ONE

The NEW QSMOR
CHASSIS CUTTER

An inexpensive but invaluable tool of entirely
new design. Cuts two hole sizes with any
one reversible punch and die ; and can be
operated with a spanner or tommy-bar.
Blanks easily removed. For use on steel
up to 18 s.w.g. Brass and Dural up to
16 s.w.g. Aluminium and Copper up to
14 s.w.g.

P, Pat.
11325/53.
Type Hole Sizes
: \
P s pric
3 3in. x HE"' reli:ueosnt.
4 (#in. x 2in.

Tommy-bars available,

The OSMOR “ JIFFY PUNCH ”

Fer cutting smaller holes neatly and quickly
with one blow of a light hammer.

i P.Pat,
g —————
Type Hole Size
A Zin. llust. price
B iin list on
C fin, request.

For use on Steel up to 20 s.w.g. .Brass
and Dural up to 18 s.w.g. Aluminium
and Copper up to 16 s.w.g.

You get far more out than you put in when you fit OSMOR “ Q"'
These really powerful units in compact form
provide quality and performance right out of proportion to their
midget size and modest cost. They have everything that only the
highest degree of long practised technical skill can ensure—
extra selectivity, super sensitivity, adaptability. Size only
13 x 34 x 2§, with variable iron-dust cores and Polystyrene formers.
Tropicalised.
and guaranteed. Only S connections to make. All types for Mains
and Battery superhets, and T.R.F. receivers. ldeal for the reliable
construction of new sets, also for conversion of the 21 Receiver, TR.1196, Type 18, War-
time Utility and others. Send today for particulars !

is available for all
Fully descriptive leaflet and connec-
S Star Features.
% Only lin. high. ¥ Packed in damp-proof containers.
% Variable iron-dust cores. ¥ Fitted tags for easy

% Low loss Polystyrene formers.

WIRELESS WORLD

Prealigned, receiver-tested

popular

DIALS
Type A. Glass DIAL
ASSEMBLY (as illus.)
measuring 7in. x 7in.
(94in. x_ 93in. overall)
mounts in any position
or on above the chassis
and works with any type %=

of drive. Choice of two 3-colour scales—
Gl {L.M.S.) or G2 (M.S.S.). Price complete
24/6. P. & P. /6. Pulley assembly for right
angle drive if required .1/9. Escutcheon 4/-.

s - METAL DIALS
s |

Overall size 53in. sq.
Printed area 4in. sq.,
as illustrated. Cream
background, 3-colour.
Type MI, L.M.S. waves,
, M2, L. & M. waves.
. M3, M. & 2/S. waves.
' Price 3/6 each.
w Pointer, 1/6,
° Drum Drive, Spring
and Cord for: use with both types of dial,

3/2 extra.
R[[/vulve Buperhet Circuit and
4 practical Drawings,’’ @-valve
ditto, 3-valve (plus rectitier) T.R.F. circuit, Battery
portable superhet circuit, Coil and Collpuck leafleta,
Chasgis Cutterleaflet, and full radio and component
Usts,etc.,ete.,

Bend 5d. (stamps) for fully
descriptive literature includ-
ing " The really efficlient 5

We keep stocks of many radio components for use in
published circuits, including *—

‘«« WIRELESS WORLD "
“No Compromise ' TRF Tuner. ** Midget
Mains Receiver.”” Sensitive 2-Valve Receiver,
Television Converter (special coils in cans avail-
able), etc., etc.

« PRACTICAL WIRELESS "
Coronet Four ; Beginners’ Superhet ; Modern
High Power Amplifier 2 ; Attache Case Portable ;
RI155 Converter ; A.C. Band-Pass 3 ; Modern
|-Valver ; 3-speed Autogram.

Dear Reader,

We can’t mention all our products here but shall |

be glad to receive your enguir_ie: for Chassis,
Tuning Condensers, witches, Volume
Controls and all other Radio Components.
If it’s top-quality components and a speedy,
courteous service you are looking for — try Osmor.
We really shall do our best for you.

Keep those small components—resistors,
condensers, etc.,, neatly stored yet visible
by using an

OSMOR ‘JAR-RACK”

(If you're a generous husband you'll buy

| one or two for your wife’s larder toc—
she will appreciate the extra space they make).

Holds any 1 {b. jam jars, with or without lids.

Easily removed, cannot fall out. Just the

thing for the tidy ** HAM '' or Radio Dealer.

Type | for wall fixing, 6/9 each, holds 8 ars

(lars are not supplied but are easily ob-

tained).

Length 24in. enamelled olive green.

Type 2 (as illustrated) for screwing under a

shelf, 5/9 each, holds 6 jars,

‘ Length |8in., enamelled green,

Post and packing /- (elther type).

OSMOR STATION SEPARATOR

TYPE METRES
| — 141-250
2 — 218-283
3 — 267-341
4 — 319-405
5 — 395-492
into 6 — 455-567

N e Receiver 7 — [450-1550
| 8 — 410-550 kfc
This is a device on the well-known * wave-
| trap * principle, which will reject an undesired
signal when inserted in the aerial lead.
The Separator may easily be tuned to
eliminate any one Staticn within the ranges
stated and fitting takes only a few seconds,
Sharp tuning is effected by adjusting the
brass screw provided. |
Complete with plug, socket and full instruc-
tions—nsthing to add.

7/6 poST FREE

Aerial
plugs
in here |

Satisfaction guarantee-.
*1.F.s. 465 kjc. Permeability-tuned with;
sflying leads. Standard size |gin. x l}in. x2
23jin. For use with OSMOR coilpacks and:

thers, 14/6 pair. MIDGET L.F.s. 465 K/c.:
t3in. x Zin, x 2%in. 21/- pair. PREALIGNED
2 1/6 extra. Both types.

O5MOR

(Dept. W.52) di8, BRIGHTON ROAD, SOUTH CROYDON, SURREY.
(Trade, Enquiries 10vited iAW P N N

radio products ltd.

Telephone : Croydon 5148/9

63
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1. THE LOWTHER CORNER REPRODUCER

ENTIRELY NEW DESIGN THROUGHOUT
incorporating THE LOWTHER P.M.3 pressure
Drive unit.

MAIN FEATURES :- The design sets a new standard
of reproduction of speech and music, transient frequen-
cies, air column loaded; mid frequencies, wide angle
directional baffle (skort horn); low frequencies, pressur-
ised exponential folded horn; high flux; high acoustical
damping and high efficiency throughout.

2. LOWTHER A.M.—F.M. TUNER

Tunable 85-100 m.c.s. on both A.M. and F. M. for experi-
mental transmitter from Wrotham and other sites as
erected.

Quality reception guarantee on live broadcasts. Free
from whistles and general background noises.
£22 complete

3. LOWTHER MASTER CONTROL UNIT

is completely indispensable to arrive at a satisfying
characteristic for reproduction. £20 complete

4, THORENS GEAR DRIVE VARIABLE SPEED
S GRAMOPHONE MOTOR UNIT E53PA

(as illustrated Ex-works) —the last word in precision. £32 complete

THE LOWTHER MANUFACTURING COMPANY, ST. MARKS ROAD, BROMLEY, KENT
Telephone : RAVensbourne 5225

| M@%
Mj High Sensitivity

TRANSFORMERS DOUBLE PURPOSE

for POWER SUPPLIES L METER
and AUDIO FREQUENCY e
Chokes for A.C. and D.C.

Suitable for use in
all electrical and
electronic equip-
ment, to Ministry,
B.S.S. or commer-
cial standards.
Tropical or stan-

dard finish.

Enquiries from manufacturers and the trade only,

R x
PANEL
| MOUNTING

Moving Coil Ranges
from '15uA

Moving Iron Ranges
from 5 Milliamps

Movements are independent of each other and any two

ranges may be incorporated. Panel space is saved and

it enables more convenient observation of inter-
| dependent electrical quantities. Send for prices and
full specification. S

Quotations s2nt upon receipt of specifications or drawings.

BRITISH PHYSIC@?&EE}I ORATORIES.

STEWART T RANS FORM ERS Ltd. | RADLETT, HERTS. Tel.: Radlett 5674/5/6
3 | London Stockist :
75 KILBURN LANE, LONDON, W.10 M. R. Supplies Ltd.,, 68 New Oxford Street, W.C.1

Tel.: LADbroke 2296[7

dm BP.20
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1 kW

L Channelised
v Transmitter

THE GFT.560 is a 1kW channelised transmitter with

1

i

1

|

i

|

|

|‘ a frequency range of 1.5—30 Mc/s. It consists of three basic cabinets—r.f.
unit, modulator unit, and power supply unit—combinations of which can be
‘ used to provide multi-frequency working as well as a number of different
l types of emission. The wave change facilities of the transmitter are both
I rapid and reliable—a valuable asset when the operating frequency is
changed many times each day.

l The GFT.560 is fully tropicalised, and its unit construction facilitates
‘ future expansion of the initial installation, should the need arise.

l For use in conjunction with the GFT.560 there are ancillary units that
|

1

|

|

|

|

1

|

|

1

enable the transmitter to be remotely controlled over a two wire telephone
circuit : operational adjustments are dialled to the transmitter.

The versatility and reliability of this new Mullard transmitter make it
particularly suitable for h.f. en-route, ground-to-air services and point-
to-point communication networks. A team of Mullard communication
engineers is available to advise on the use of the’ GFT.560 in such
applications. They will also assist in planning complete communication
systems, if required.

ABRIDGED
DATA

Frequency Range [.5-—
30 Mc/s

Frequency Stability To At-
lantic City, 1947, standards
Power Output | kW
Types of Emission c.w.,

m.c.w., telephony, fre-
quency shift, single and
independent sideband. (Al,
A2, A3, Fi, A3a and A3b)

Output Impedance 600

ohms balanced twin feeder
Power Supply 400V, 50-
60 cfs, 3-phase

T Mullard &=

MULLARD LTD

¢« EQUIPMENT DIVISION -

CENTURY HOUSE ¢

SHAFTESBURY AVENUE

SPECIALISED ELECTRONIC EQUIPMENT

e WC2
(M1434)
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NEW ARCOLECTRIC SIGNAL LAMPS

For Low Voltage or Mains

Iustrated -are a few signal lamps taken
from our wide range. The insulation of
every Arcolectric signal lamp will resist
a flash test of 1,500 volts A.C.

The S.L.90 illustrated here is a typical
Arcolectric low voltage signal
lampholder. It is designed to accept
popular M.ES. bulbs. The bulb is
accessible from front or' rear of panel.
The domed plastic lens surrounded by a
polished chrome bezel gives a most
attractive panel appearance. This holder
can be fixed in a single 3" hole.

The mains voltage signal lamp S.L.88/N
is supplied complete with an M.E.S. neon
tube and a suitable series resistance.

Write for Catalogue No. 128

[ARCOLECTRI-C

SL1.86

SWITCHES - LTD

S.L.82 SL92
CENTRAL AVENUE, WEST MOLESEY, SURREY * TELEPHONE: MOLESEY 4336 (3 LINES)

THE

AL L LR AR  REDUCE YOUR PRESS TOOL COSTS

RADIO SCHOOL
\ESTD. 1940

| THE HUNTON UNIVERSAL BOLSTER OUTFIT
NOWITNTQIERE RS R CESMTH| " YEAR FOR SHEET METAL PIERCING AND

AND STILL | BLANKING ON FLY PRESSES
NO B.N.R.S. STUDENT ' —_—
HAS EVER FAILED | e 8§

‘Holders for Dies
to pass his examinatlon(s) after completing diameter.

.
%% T, P ol
positive - action

% Strippers take the

complete range of
Punches fin. to 33in.

our appropriate study course. diameter.

RADIO — TELEVISION
TELECOMMUNICATIONS | |
RADAR i pHYSICS Equip your Press with
MATHEMATICS Pt ST

Dies jin. to 3iin. diameter, obtainable from stock-—in Jin. sizes
. g —when required,
A.M.Brit.l.R.E. and CITY and GUILDS Radio and Standardised Tools also available at short notice for Square, Oblong and

B other shapes, Louvre Forming (up to 8in. long), Corner Notching, Corner
Telecommunications Exams" etc., etc. Radiusing, Angle lron Notching and Piercing, etc.

PLEASE NOTE NEW ADDRESS: Get the Qutfit now—Buy Punches, Dies and Tools as you need them.

Descriptive brochure and prices on request.

PRINCIPAL, M.LE.E.;, M:Brit.l.R.E. HUNTON LIMITED

BRITISH NATIONAL RADIO SCHOOL

2, CANYNGE ROAD, -CLIFTON, BRISTOL, 8 Phoenix Works, 114-116, Euston Road, London, N.W.1
Tel. BRISTOL 34755 Telephone : EUSton 1477-8-9 Telegrams : Untonexh, London,
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WORLD-WIDE DEMAND

FOR STENTORIAN

HIGH FIDELITY
UNITS

Phenomenal success
of new line

EVER before, in all our 28 years’ experience of
speaker production, have we created a world-wide
demand in a matter of months. It sounds incredible, but
that is just what has happened with our High Fidelity
range. Since they were first introduced at the Radio
Show, we have received orders for these units from

U.S.A. - CANADA
AUSTRALIA - SOUTH AFRICA
PORTUGAL - BELGIUM - SWEDEN

MEXICO * VENEZUELA
COLOMBIA

and even from behind the Iron Curtain!

In this country, their success has been phenomenal :
more than 1,400 users have taken the trouble to write
us — a most impressive tribute. The amazing quality
of reproduction at remarkably low cost is made possible
only by the Whiteley patented Cambric Cone, and by
our specialisation and complete control of manufacture
from raw material to finished product.

Write for dimensional drawings of suitable cabinets
and leaflet giving full technical details, or ask your
dealer to demonstrate. Alternatively, these speakers
may be heard at our London Office, 109 Kingsway,
W.C.2, any Saturday between 9 and 12 noon.

WHITELEY ELECTRICAL RADIO CO. LTD
MANSFIELD NOTTS

<
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HIGH
FIDELITY
UNITS

WITH THE PATENTED

CAMBRIC CONE
MODEL H.F.610. 6" Steel unit, incorporating

10,000 gauss magnet. Handling capacity,
3 watts. Frequency response, 60 ¢.p.s.-12,000

¢.p.s. Bass resonance, 70 c.p.s. Price £2.10.6
(Tax Paid)
MODEL H.F.810. 8" Steel unit, incorporating
10,000 gauss magnet. Handling capacity,
5 watts. Frequency response, 50 c.p.s.-12,000
c.p.s. Bass resonance, 65 c.p.s.  Price £3.0.6
{Tax Paid)

MODEL H.F.912. 9" Die-cast unit, incorporating
12,000 gauss magnet. Handling capacity,
7 watts. Frequency response, 40 c.p.s.-13,000
c.p.s. Bass resonance, 45 c.p.s.  Price £3.7.0
- (Tax Paid)
MODEL H.F.1012. 10" Die-cast unit, incor-
porating 12,000 gauss magnet. Handling capa-
city, 10 watts. Frequency response, 30 c.p.s.-
14,000 c.p.s. Bass resonance, 35 c.p.s.
Price £3.13.6
(Tax Paid)
Transformer available if required
All models avoiloble either 3 or 15 ohms.
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Introducing the If, X, Tape-Recorder

LIGHT IN WEIGHT -
IT CAN BE

In spite of its exceptionally
light weight and convenient
shape which makes it truly
portable, this recorder is
of robust construction and
it is fully guaranteed for
12 months. Single switch
operates both the mechan-
ism and the amplifier. This
feature  combined with
automatic ‘‘ Servo '’ type
brakes makes its operation
foolproof, and accidental
Tape-spilling or tearing a
virtual impossibility.

SMALL IN SIZE - A
USED BOTH VERTICALLY AND HORIZONTALLY

Immediate Delivery

LONG RECORDING TIME

Size: 153 x 12 x 7in. with
lid. Weight: 25lb. Two
speeds by simple switching
(I+ and 3 hrs. Recording
Time). Fast Rewind and
Forward Speeds. 4.5 Watts
output of exceHent quality.
Provision for monitoring
and extension Speaker.
Negligible hum, wow and
flutter. Exceptionally sen-
sitive, high-class Micro-
phone. Beautifully finished
cabinet covered with wash-
able Rexine.

PRICE IN KIT FORM
39 GNS. We welcome callers at our showroom 33 GNS.
e | FISHER ELECTRONICS CO. [ G
iiagegs T 70 BREWER STREET, LONDON, W.1. o ;79’“"
envelope. Tel. : GER 3376. . -

GIVE YOUR WINDINGS
A GOOD LIFE

IMPREGNATE WITH A BLICKYAC
HIGH YVACUUM IMPREGNATOR

Full range of models available to meet the
needs of

Y% The large-scale Producer.
% The Research Laboratory.
Y The small Rewind Shop.

BLICKVAC UNITS MEET THE
MOST STRINGENT SPECIFI-
CATIONS.

Qutstanding features:

% Ease in Control.
autoclaves. v Best quality fittings. Y& Fully demountable
to facilitate cleaning.

UNEQUALLED FLEXIBILITY AND PERFORMANCE:

Units available for :

VARNISH BITUMEN

WAX POTTING RESINS
if your problem is Coil Impregnation

CONSULT BLICKVAC

Write today to

HAMILTON ROAD WORKS, HAMILTON ROAD, $.E.27

Associated with Blick Time Recorders Ltd., Blick Engineering Ltd.

Y Simple attachment of auxiliary .

METERS

LARGE AND VARIED
STOCKS AVAILABLE
FOR IMMEDIATE
DELIVERY

EXAMPLES FROM OUR RANGE OF 2} inch
FLUSH PATTERN (as illustrated)

50-0- 50 Microamps Moving Coil
100-0-100 | . -
250-0-250 " o "
500-0-500 5 - -
1-0- | Milliamps v O
0100 Microamps - '
0-200 ™ n ®
0-300 " o
0-400 " ” ”
0-500 ™ " "
[ | Milliamps [ | »
0- 10 Millivolts - @
0-15 o o o
0- 25 " » "

We can supply meters with NON-STANDARD,
CURRENT and VOLTAGE RANGES to any specifica-
tion. DELIVERY 7-14 days.

;lI\NDERS ELECTRONICS LTD.

» HAMPSTEAD ROAD, LONDON, N.W.I.
Telephone : EUSton 1639

Suppilers to Government Departments, B.B.C.,
Leading Manufacturers & Research Laboratorles
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CUSTOM-BUILT REPRODUCTION
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Everyone has his idea as to what constitutes the right equipment to give the
ultimate in sound reproduction. Here at Classic we have evolved a plan to
suit your personal preferences in this highly personal field. The starting point
is the handsome Classic cabinet, to which can be added the necessary amplifier,
gramophone motor or tape deck, pick-up or what you will to give you just the
sort of reproduction you want. No dearer than commercial radiograms, these
“ custom-built ” specifications stand comparison with anything available.
Recently, a customer of considerable discernment told us “ I have waited twenty
years to buy a gramophone—I have never heard such superb reproduction.”
The Classic cabinet will house Connoisseur or Garrard motors, or a Tape Deck
in place of a motor ; Quad Mark II, Leak Point-One, Rogers, Goodsell, Lowther,
Pye or Pamphonic amplifiers ; Quad, Lowther, Leak, Goodsell or Rogers Radio
Feeder Units ; Radio Feeder Units for Wrotham A.M. and F.M. Transmissions.
Below are given a few typical combinations made up under this scheme. If
there are any other combinations you prefer, why not come along and see us
—we have these various equipments available for demonstration at Croydon,
and, after all, there’s nothing like hearing them for yourself.

CLASSIC CABINET
LEAK RADIO UNIT

HIGH-FIDELITY
EQUIPMENT

and COMPONENTS

LEAK POINT-ONE AMPLIFIER...............

CONNOISSEUR MOTOR. WITH TWO
PICK-UPS .. ..oiiiiiiirrrirnriennnniicgiennnnns £27 10 0

Or deposit £40/6/8, balance £7/|4/6

by 12 monthly payments of
SPEAKER TO CHOICE—EXTRA,

3

CLASSIC CABINET....covvvvernrnnnrriineeannen £27 10
GOODSELL " WILLIAMSON' AMPLIFIER £33 0

GOODSELL PRE-AMPLIFIER......c.c0veennnn £ig I8
LOWTHER AM/FM UNIT...... .

CONNOISSEUR MOTOR...
2 LOWTHER PICK-UPS............

CASH PRICE

Or deposit £48(15(3, balance £9/2/9

by 12 monthly payments of
SPEAKER TO CHOI!CE—EXTRA,

wlowoooo

The Classic ' HI-Fi ** cabinet
is a handsome cabinet in a
rich straight-grained or figured
walnut. It has a slightly sloped
front, lined lid, fully venti-
lated back, and heavy motor
board, size 30in. x 20in. x 20in.
Price from £22/10/-.

{With Vari-slope pre-amp.)
GARRARD RC90 A.C. AUTO-CHANGER £19 15 3

CASH PRICE ............... £122 13 3

Or deposit £41/13/3, balance £7/ I 5/0

by 12 monthly payments of
SPEAKER TO CHOICE—EXTRA.

CLASSIC CABINET.......oovveeeirninereinienene
ROGERS BABY-DE-LUXE AMPLIFIER,
ROGERS JUNIOR PRE-AMP...........
ROGERS FEEDER UNIT................

GARRARD T.A. 3-SPEED MOTORS WITH
2DECCA HEADS............cco0eeternnennreen £

CASH PRICE £81 16 8

Or deposlt C27)16/8, balance £ /3 [

by 12 monthly fiayments of
SPEAKER TO CHOICE—EXTRA.

The prices quoted are for individual units only, not assembled in cabinets. We despatch
equipment to all parts of the world—your orders for * custom-built* specifications can
safely be left to us. No purchase tax on overseas orders—exact transport rates only are
charged. Wherever you are, you can rely on The Classic Service.

CRLASSIC ELEGTRIGAL €GO LTD

352-364 LOWER ADDISCOMBE ROAD - CROYDON - SURREY TEL - ADDISCOMBE 6061-2
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POST THE GOUPON TODAY FOR OUR

BROCHURE ON THE LATEST METHODS

OF HOME TRAINING FOR OVER
150 GAREERS & HOBBIES

PRIVATE AND INDIVIDUAL TUITION IN YOUR OWN HOME
Building Electronics Police Shorthand & Typing
Business Management Fashion Drawing Production Engineerlng  Short Story
Carpentry Heating & Ventllating Eng.  Public Speaking Writing
Chemistry Industrlal Administration  Radar Sound Recording
Clvil Service Journalism Radio & Televislon Structural Eng,

IN*" Accountancy Civil Engineering Languages Servicing Telecommunications

Advertising Gommerclal Subjects Marine Engineering Radio Engineering Television
Aeronautical Commercial Art & Mathematics Refrigeration Time & Motlon Study
Engineering Drawing M.C.A. Licences Retail Shop Management Tracing
=== B T=="] Automobile Customs & Excise Officer  Mechanical Englneerfng  Salesmanship Welding
| N E w ' LEARN THE Englneering  Draughtsmanship Motor Engineerlng Sanitation Works Management
PRACTICAL WAY Banking Economics Photography Secretaryship Workshop Practice

Book-keeping
With many courses we supply actual

equipment thus combining theory and
practice in the correct educational
sequence. This equipment, specially
prepared and designed remains your
property. Courses include: Radio,
Television, Mechanics, Electricity,
Draughtsmanship, Carpentry, Photo-
graphy, Commercial Art, etc.

e—————————

P |

[ COURSES FROM £1 PER MONTH

Electrical Engineering
Also courses for University Degrees, General Certificate of Educatlon, B.Sc.Eng., A.M.LMechE, LI10.B., AC.C.A, ACIS,
A.M.Brit.l.R.E., A.M.LLA,, City & Guilds Examinations, R.S.A. Certificates, etc.

The Advantages of E.M.I. Training
planned to meet modern industrial requirements. % We offer training in all subjects which
provide lucrative jobs or interesting hobbies.
ensure private and individual tuition,
% Free advice covering all aspects of
training is given to students before
and after enrolment with us.

INSTITUTES

The only Postai College which is part
of a world-wide Industrial Organisation

P.M.G. Licences Sheet Metal Work and many others.

% The teaching methods are

% A tutor is personally allotted by name to

POST THIS COUPON TODAY

Please send without obligation your FREE book.

E-M.I. INSTITUTES (Depe. 1270

43 Grove Park Road,London, W.4Phone: Chiswick 4417 /8

NAME
ADDRESS

SUB}ECT(S) OF INTEREST

Accepted as
the Standard..

.. . by leading manufacturers, the trade @
and the aircraft industry. ®

o DCAC
®  CONVERTERS

Units Complete and ready
for use

Specialists in Converters
since 1937

Please ask for our L
descriptive folder
W.W.

@ for Electric Gramophones
from £8 16s. 0d.

@® for Radios, Radiograms, and Autochange Radio- x
grams (inc. 3-speed motors) from £11 16s. 6d.

@ for Television, Tape Recorders, and for operation
of TV from Country House lighting plants, price
@ according to instrument.

Inputs, 6, 12, 24, 32, 50, 110 or 200/250V. D.C.
@ Outputs, 110V. or 230V. 50 or 60 ¢/s.

VAI.RADlO LTD. iR e ox - Reis e s o

FELTHAM, MIDDX. TeI : FELtham 4242
Service Dept. : 57 Fortess Road, London N.W.S. GULIlver 5164and 7202
Scottish Dcpot 257 Gorbals Street, Glasgow C.5. Tel. : South 1326
Overseas enquiries to nearest E.M.i. Organisation Depol

“Balf the Wotli autay”

Only the very finest recording equipment can
be expected to give consistently good results
under the exacting conditions of the Royal
Australasian Tour.

Leevers-Rich Magnetic Recorders were
selected for the B.B.C. Mobile Units, and
exclusively for the Movietonews Cinema-
Scope Film Units covering this important
assignment.

LEEVERS-RICH EQUIPMENT Ltd.
37, Wardour Street, London, W.I, Gerrard 4502
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= The New Pack Set type 46

B.C.C. YHF Communications Equipment stands
alone in its class. Unequalled performance and
reliability is combined with ease of maintenance
and simplicity of operation.

B.C.C. sets the standard for reliability and efficiency.

BRITISH COMMUNICATIONS
CORPORATION LIMITED

P:ibitisn Grounds, Wembley, Middlesex.  Telephone : Wembley 1212
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SPECIALISED TYPES OF
BOBBINS AND COIL FORMERS

REGD.

We design and make the tools in our
own works, for the manufacture of
precision-formed bobbins of high
strength and low wall thickness.

?'
“.

¢

g S These bobbins have a laminated structure

~ " . . .

= 03715 with extremely high mechanical strength
in relation to weight.

The specimen illustrated, has a wall thickness of 0.014" and weighs one-
sixteenth of an ounce. Such bobbins are suitable for continuous service
at 150°C.

ANGLO-AMERICAN VULCANISED FIBRE CO. LTD.

CAYTON WORKS, BATH STREET, LONDON, EC.1
Phone : CLErkenwell 3271

VARIACS for S-M-O-O-T-H

Voltage Control | " BROOKES Ktqf%

The “VARIAC®”?t is the original, continuously
adjustable auto-transformer...the ideal control
for varying the a-c voltage applied to any electrical,
electronic, radar or communications equipment.

Voltages from Zero to 179, above line are obtained m e a n D E PE N D A B L E
by a 320-degree rotation of the shaft, which is equip-

ped with adirect-reading d:al, callibrated accurately. f : I
“VARIAC” offers many real advantages over any r e q u e n c y c o n t r o
other type of a-c control: compared with the losses
of resistive controls they save their initial cost
within about one year. They are available in various

@ Iilustrated above are

Left: .
Type G2 Crystai Unit

ALL Brookes Crystals are made to
exacting standards and close tolerances.

i il ts. 3- - . X
e T it or ophase wations prees [ R L PRl Rl
vary from £7.10.0. upwards Right: and in a wide range of frequencies. There
Y i 5 Type Gl Crystal Unit is a Brookes Crystal to suit your purpose—
Write for our Catalogue—Technical Manual V-549, Frequency 100 kcls. let us have your enquiry now.

which gives all possible information, to:

CLAUDE LYONS LTD.

180 182 TOTTENHAM COURT ROAD, LONDON, W.I.
OR: 76 OLDOMALL STREET, LIVERPOOL, 3, LANCASHIRE.
Registered Trade Mark

== Brookes Crystals Ltd.
Supphiers to Ministry of Supply, Home Office, B.B.C., etc.
EARLSWOOD STREET, LONDON, S.E.|0

BROOKES Telephone: GREenwich 1828
] Grams: Xtals, Green, Londqn. -Cables: Xtals, London
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TRANSISTORS

Application Report

Circuit aspects of
point-contact transistors

A series of Application Reports under the general title
given above is in course of preparation by The General
Electric Co. Ltd. The first report of the series,
entitled ¢ Principles and Design of Small Signal
Amplifiers”’, will be distributed to subscribers to our
Technical Data Service. Additional copies may be
obtained, without charge, on application to the address
below. These Application Reports are the first fruits
of an intensive transistor application
programme initiated by the G.E.C.
Research Laboratories prior to the
release of the GET1 point-contact
transistor a year ago. It is believed
that they will prove a notable addi-
tion to the rather sparse literature on
the subject at present available in this
country. Some thousands of GETI
transistors have -already been supplied to many
manufacturers’ Research Depts., and much valuable
information has been gained on the application and
circuitry of this new and revolutionary device.

The release of junction type transistors is anticipated
shortly. Manufacturers and others interested are invited
to write to:

The Osram Valve and Electronics Department

73
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FIRST CHOICE IN ELECTRIC SOLDERGUNS

ECONOMIC AND
RATE smm\\m

H\R

Wibe pancE

Obtainable from all leading
tool merchants.

WOLF ELECTRIC TOOLS LTD : PIONEER WORKS ° HANGER LANE .- LONDON - W.5

Tel.PERIVALE 56)1.4 Branches: BIRMINGHAM, MANCHESTER, LEEDS, BRISTOL, NEWCASTLE, GLASGOW

industrial work.

gulT EVERY Neg,

Fully descriptive
brochure free on request.

MAGNETIC RELAYS

Built to
Specification
TYPES 3000 and 600

HIGH SPEED and A.C. to 400 VOLTS
TROPICALISING —IMPREGNATING

ke,

From 3 to 8 Bank—All Resistances

KEY SWITCHES

Several types
in stock

GOVERNMENT CONTRACTORS

SPEEDY
DELIVERIES

[Jn e AN G PN O NN N

JACK DAVIS (reLays) LTD.

36 PERCY STREET - LONDON - w.i
g MUSEUM 7960 LANGHAM 4821
Oeoooocoo O~ <[]

Designed for faster, cheaper and easier soldering. Wolf Solderguns and
Soldering Irons meet all requirements from fine instrument to heavy
In addition to the Type 5l trigger feed soldergun,
which is superb for rapid repair or assembly jobs, there are eight other

models to choose from, including three
with straight handles. Rapid constant
localised heat, low current consumption,
perfect balance and utmost dependa-
bility are some of the reasons
why Industry insists on Wollf.

ALTERNATIVE TYPES
AVAILABLE

SOLDERGUNS
e —— =
TYPE 3I TYPE 71
TYPE 4i TYPE 8l
SOLDERING IRONS

== ==

TYPE 32 TYPE 42

— M. R. SUPPLIES Ltd.—

for high-quality material at the most attractive prices. The diligent and enthusiastic
service. Established 1935. Prices nett.

ELECTRICITY CHECK METERS (Kilowatt hour). 220/240 v. 50 c. Indicating uP
to 99,999 kw. hours. Capacity 10 amps. in fine perfect
electrically. Exceptional offer. 16/8 (des. 1/6).

MAINS VOLTMETERS. First-grade m/iron by reputable makers. 0/300 volts
50 c. 5in. proj. type. Brand new, 47/8 (des, 2/-). AMMETERS, 0/5 amps. D.C.
2{in. square, ideal for chargers, modelrailways, etc., 9/8 (des. 9d.).

DECADE RESISTANCE BOXES, total resi tance 110 ohms in 1-ohm steps on two
radial arms and additional 100 ohma (which can be made Into multiplier). Fitted
mfcoil galvo. In first-class condlitlon in tcak case 18in.x 7}in. x 6}in., 85/- (des.
2{-).

THERMOSTATS (Air). Exceptiona! offer of a very neat and accurate new madels
range 40/80 deg.F. closedifferentlalof 2 deg.,capacity 15 amps A.C.{250 v.). B8ize.
4} x 2in.inneativory and chromium Housing. Brand new,39/6. Also33/75deg.F.,
brown, same price (des. 89d.). Also IMMERSION THERMOSTATS for hot-water
supplles (8atchwell) range 70/190 deg. F., capacity 15 amps A.C., complete with
12in.immersjon sleeve, new, 25/~ (des. 1/6).
VARIABLE TRANSFORMERS (Phillps). Fullrange {n stock at competitive prices.
Input (nominal) 220 volts, outputinfinitely variable 0/260 volts. All models now
insteelhousing. Examples: 520 va.({panelor bench—pleasestate which), £8/15/~
{des. 2/6), 1040 va. (bench), £14/15/- (panel) £12/17/6 (des, elther §/6). Other
ratings in stock. Detailson request,
SEWING MACHINE MOTORS Really high quallty job at about half usual price.
200/230 v, A.C./D.C., te and new including motor, foot control,
needle-light, belt, c'.c re.uiy for easylnstallatlon(instructions included), £6/15/0Q
(des.2/-), Cx ionls teed
G.E.0. /3rd H.P. MOTORS. Very fincat spec. Capacitor/Induction (with correct
condenser). Ball-bearing, 1,440 r.p.m. cont. rated. For vertical or horizontal
use. Bilentrunning. Luttew, brand new,in maker’swood packing cases, £5/17/6.
{des. 6/:). Also very large selection of F.H.P. GEARED MOTORS from stock.
Universat A.C./D.C. reversible, 220/250 v. Average overalliength 8in. Finalspeed,
100 0r 50t.p.m. either £5/17/6(des.2/6). Final speed, 10orlr.p.m.either £8/18/6
(des.2/6). Also Cap./Ind. type, 230/250 v. 50 ¢.reversible. Chojce of finalspeeds:
17. 33, 46 or 92r.p.m.. any one, £8/17/6 (des. 2/6). All brand new.
SHADED POLE INDUCTION MOTORS, 200/250 v. A.C., torque 400 grams/cms.
Bize 3in.dia.,3in.dong, shaft proj.lin. 8ilentrunning and idealfor recorders, gram
motors, fans,stirrerz, etc., 27/6 (des. 1/-).
SELF-PRIMING IMMERSION ELECTRIC PUMPS, New—ex-A.M. Fitted 24 v.
D.C. Motor (operating wellon 12 v. D.C. or 24/30 v. A.C.), Handy short model,
lf'}ln overall length—immersion 9/11{n. Delivery 200/300 g,p.h. Ideal for use in
laboratories, caravans, boats, etc., 25/8 (des. 2/8).
G.E.C. MINIATURE CRYSTAL CALIBRATORS Operation 200/250 v. A.C. For
frequency calibration in 100 Kc.steps from 100 Ke. to 40 Me/s. Modulation at
400 cfs switched in if desired. With vacuum mounted crystal, basic 100 Ko/s, in
cabinet 8}in. x 63in. x 2]in. Last few at £5/5/- (des.2/-).
LONDEX MINIATURE MAINS RELAYS. 230 v. A.C.coll,2 pole * make,” 5 amps.
Size: 23in.x1}in.x1in. Sllent in operation, 12:@ (des.9d.),
We are stockists ot STUART TURNER PUMPS, B.P.L. MEASURING INSTRUMENTS,
PHILIPS VARIABLE TRANSFORMERS, TEDD.NGTON THERMOSTATS, lists on
request.

M. R. SUPPLIES, Ltd., 68 New Oxford St., London, W.C.1
Telephone : MUSeum 2958
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(Dept. W.W.) 207 EDGWARE RD., LONDON, W.2.

The NEW PREMIER T.R.F. RECEIVER design
You can buitd the Receivers illvstrated for - CR 15 (0

The circuit is the latest type TRF using 3 Valves and Metal Rectifiers for operation on
200/250 volt A.C. mains. Waveband coverage is 180/550 metres on medium wave and
800/2,000 metres on long wave. The Dial is illuminated and the Valve line up is:
6K7—H.F. Pentode, 6J7-—Detector and 6V6—Output. The attractive Cabinets to
house the Receiver,size 12in. long 64in. high, 5}in. deep, can be supplied in either
WALNET or IVORY BAKELITE or WOOD.

SECTION 2

Below are examples of the | 14 Cotl (Green Spon with

pxing|Bar . ¢ oo rr R . 2 9
1 Anode Coil (Red Spot) with Fixin
excellent values we offer B 4 1o LY SR P2
, 1 Wavechange Switch .. .......... 2 6
. SECTION 1 . 1 2-gang Variable Condenser with
1 C,ab}net and Back (choice of Bakelite TEMMES oo o eeenne e annenn 8 6
in either Ivory or Walnut, or Wood) 17 6 TOTAL COST ............ 16 6
1 Chass!s ARES L T 39 SPECIAL PRICE FOR COMPLETE SEC-
2 Chassis Brackets ................ ) TION 12/6 plus packing & postage 1/6.
1 Drive Spindle (Rear Drive) ,..... 1 6 E N 3
IDrive Drum ...t 1 6 — SECTIO .
rive I v e e e e IORE . .. i i
1 Drive Pointer 3 | 1 Heater Transformer T/LT5 PRY.
1 2-band Dial 1 6 200j250 Volts SECY. 6.3 Volit
1 F",;{“ Plate .... 2 6 . (2)‘l !t\m;:s Tr::’r;ggg) gtn grvoll{;iib- Cak Z 2 Send 1/- for Instruction Booklet
i i H. pu > i L
22’ gial 8:3: k}—{{ iy 2 1 Volume Control 10 K ohm with ;v'luch includes layf)ut, CIrC‘llt
1 Length Drive Cord 15in. 3 Switch: ... 0. i 4 ¢ diagram and point-to-point
TOTAL COST ....... ... £1 10 10 TOTAL COST ............ £1 3 ¢ wlring instructions, also in-

cluded is a complete stock list of

SPECIAL PRICE FOR COMPLETE SEC-
individually priced components.

SPECIAL PRICE FOR COMPLETE | TION 17/9 plus packing & postage 1/6.

SECTION £1/5/6 plus packing and postage 2/6.

The PREMIER De Luxe L2 OLRR L2\ B30 &3 WAGNETIC TAPE RECORDING KIT

Including ALL parts, Valves, Portable Cabinet, 8in. Loudspeaker, Tape- £37 4 ﬂ 10y
Table, Reel of “ Scotch Boy’ Tape and Rewind Spool, and Microphone. PRICE TV 0T

THE 7-VALVE AMPLIFIER IS SPECIALLY DESIGRED
FOR HIGH QUALITY REPRODUCTION

Brief Specification : VALVE LINE.UP : EF37A First Stage, 68L7 Second Stag®
and Tone Control; 6V6 Output 6X5 Rectifier; VT30l Biasand Erase Oscillator:
7193 Record Level Amplifier ; 6U5 Magic Eye Record Level Indicator. OI?TPUT g
4 Watts. FREQUENCY RANGE : 50c.p.s.t0o%,000¢c.p.s. CONTROLS : Volume;
Record/Playback 8witch; Treble Boost; Bass Boost—on/off,

A VISUAL MAGIC EYE Record Level Indicator Is incorporated. The unit is
housed in a superbly finished rexine covered portable cabinet which incorporates
a compartment for the Microphone when not in use. Welght complete 331b.
Dimensions: 2ft.long, I2}in. deep, 9}in. high.

The RECORDER fncorporates an entire NEW VERSION of the famous LANE

TAPE TABLE. ]
Brief Specification: Made to high standards and incorpyrating features ensuring
lowlevel of ** Wow ** and ** Flutter *’ throughout the full iength of tape.

FAST REWIND, Proviaslon for iast rewind and forward run is less than 1 min
in either direction. WIND AND REWIND WITHOUT UNLACING OF TAPE
INSTANTANEOUS BRAKING. THREE MOTORS obviating friction drive.
HIGH FIDELITY RECORD PLAYBACK (1 HOUR APPROX. PLAYING).
The Tablels fitted with high fidellty record playback head of ne w design wound to
high impedance and a separate A.C. Erase Head. The Heads are half-track slze
allowing approx. 1 hr. playing from standard 1,200¢}. Reel of Tape.

TAPE SPEED : 7)in.sec. For use on A.C. 203/250, 50 cycles mains only.
MICROPHONE : Crystal—specially designed for Premier by famous manufacturer
SEPARATE UNITS CAN BE SUPPLIED AS LICTED BELOW
AMPLIFIER KIT (ineluding 8in. Speaker) ...... £11 O O plus 5/- pkg./carr

AMPLIFIER (already built, wired and tested) £14 15 O plus 7/8 pkg./carr”
LANE TAPE TABLE & REWIND SPOOL £17 10 O plus 7/6 pkg./carr This Recording Outfit has been designed for  Ag és wsyal in all PREMIER KITS every
PORTABLE OABINET (rexine covered) ... £4 19 6 plus 5/- pkg.fcary, Ut with M.C.NII +BCOTCH-BOY ™ single item down to the last nut and bolt is
MICROPHONE oed £2 19 6 plus 1/~ pks./carr. MagneticTape. Withthisnew andimproved supplied. The Chassis {s punched and layous
REEL OF NEW M.C,-2-111 * SCOTCH BOY * TAPE high-quality tape a trequency of 50 c.p.s. (577 m":_';b‘m o PRE.T){I’.IE";: PORT.
(1,2008t.) . 15 O plus 1/- pkg./carr. to 9,000 c.p.s. at tape apeed of T} in.fsec. 4 pjg  7APE RECORDER compares
can be readlly achieved. Additional reels 3QRE than favourably with any other

INSTRUGTIONAL BOOKLET 2/6 of 1,200it. can be supplied at 35/-, make al double the price.

This is credited if a complete kit of the Tape Recorder is ordered. Supplied completely assembled 39 GNS. Plus 1 gn. Pkg. & Carr,

TERMS OF BUSINESS : Cash with order or C.O.D. over £1. Please
add 1/- for, Post Orders under10/-, 1/6 under 40{-, unless otherwise stated.
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The NEW
PREMIER TELEVISOR

Three years ago we gave you the 6in., 9in. and 12in. Televisors which

MAY BE BUILT FOR

£31-19-7
including all valves.
(plus cost of CRT)

achieved tremendous popularity. Now after a considerable period of
research our Technical Staff have designed a very worthy successor to
these original Models.

Brief Technical Details are as follows:
20 valves (plus tube) Superhet Receiver, tunable from 40-68 Mc/s
without coil or core changing. Wide Angle scanning Flyback EHT
giving 14 kV, Duomag Focaliser permanent magnet focussing with
simple picture centring adjustments, suitable for ‘any 17in. or l4in.
wide angle Tube, may also be used with 2 12in. Tube with very minor
modifications.

VISION CIRCUIT. Common RF Amplifier, single valve frequency
changer, two IF stages, Video Detector and Noise Limiter followed by
special type of Video Output Valve, ALL COWS PRE-TUNED ]
ASSURING ACCURATE ALIGNMENT AND EXCELLENT BAND-
s WIDTH.

SOUND CIRCUIT. Coupling from anode of frequency changer,
two IF stages, Double Diode Triode detector and first LF Amplifier,
Diode Noise Limiter and Beam type Output Vaive, feeding a 10in.
Speaker. ALL COILS PRE-TUNED.

TIME BASES. 2 valve sync. Separator, giving very firm lock and
excelientinterlace,

LINE TIME BASE. Blocking Oscillator using a pentode driving a
high efficiency output stage comprising Ferroxcube Cored Output
THE COMPLETE TELEVISOR IS SAFE TO HANDLE, BEING Transformer with Booster Diode.

COMPLETELY ISOLATED FROM THE MAINS BY A FRAME TIME BASE. Blocking Oscillator driving a Beam Output
DOUBLE WOUND MAINS TRANSFORMER. ALL PRESET Valve coupled through a Transformer to the high efficiency FERROX-

CONTROLS CAN BE ADJUSTED FROM THE FRONT.  CoBE Cored Sanning Coils.

POWER PACK. Double wound Mains Transformer supplying all
MAKING SETTING UP VERY SIMPLE. L.T. and H.T. using two full-wave Rectifiers.

The Televisor may be constructed in § easy stages: (I) Vision, (2) Time Base, (3) Sound, (4) Power Pack, (5) Final
As_sembly. Each stage is fully covered in the Instruction Book, which includes layout, circuit diagrams and point-to-
point wiring instructions,

The Instruction Book also includes full details for converting
existing Premier Magnetic Televisors for use with modern
wide angle tubes. All components are individually priced.

Instruction book 3/6, Post Free.

PREMIER TELEVISOR

CONSOLE CABINETS
For 14" and 17" Televisors

A handsome Walnut Cabinet that will be a fitting housing for a first-class
Televisor.

Primarily designed for our own Televisor, they are quite suitable for most
designs published in the various Radio Periodicals. Folding doors are
fitted to cover the Cathode Ray Tube when not in use. A flap is provided
which gives access to any preset controls on the front edge of the Chassis.
A baffle board suitable for a 10in. Loudspeaker and ail the necessary Tube
and Chassis bearers are included. The overall dimensions of both
Cabinets are the same : Height 384in. Width 19in. Depth Top 9in.
Depth Bottom 2lin.

TUBE ESCUTCHEONS

17in. White Moulded ............ 2lj-  (packing and postage 1/6)
17in. Bronze Moulded, Complete
- - with Protective Glass.......... 48/- (packing and postage 2/6)
pR|CE . 14in. Black Moulded . . %6 (packing and postage I/-)

Dark Screen Filter suitable for I4in. or 17in. Tubes...... 19/6
plus 21/- packing & carriage. {plus 1/6 packing and postage).
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ONLY A FEW LEFT!

THE 4-VALVE SUPERHET
ramous *SOBELL’ "TasLE receivER

M., & L. WAYEBANDS

Valve llpe-up: 12J7, 35L6,
1487, 3KZ4.
Entlrely t,ransporu;ble and
unusually sensitive owing to
specia) feed-back clreuit em-
ployed. Housed in attractive
plasticcabinet.
Choice of 2 colours—Brown
and Cream.
Carrying handle incorporated in design.
200/250 A.C./D.C. mains.

Plus 5/- Pkg./darr./Ing. . .
Fully covered by Manufacturer’s Guarantee

For use on

1124 RECEIVER UNITS

Range 30 to 40 Mc/=.
Contains slx new Valves
3-9D2, 1-8D2, 1-15D2
(frequency changer),
1-4D1, 24 ceramic trim-
mers, 6 ceramic valve-
holders, 8 valve screen-
ing cans, 30 resistors,
1-W/W Pot. Meter Mica
Tubular and Block Con-
densers, Ceramic coll former, 2 Westector WX8 and
1 Westector WX 4. 5-way 4-bank switch withlongspindie,
1.F. transformers, ete. Blightly soiled.

Brand new in transit case 24/- plus 3/6

postage and packing.

1155 RECEIVER UNIT

In original cases
complete with 10
valves, Frequency
range 18.5 Mcfs.-
75 Kefs.in 5 wave-
bands. £11/19/6,
Plus 10/6 packing
and carriage.

for above, incorporating out-
put stage. Supplies an out-
put of 250 volts at 80 mA.
Jones plugs for connecting the Power Pack to the
Receiver are included, The 6V6 output stage com-
plete with Output Transformer and 6}in. speaker is

POWER SUPPLY
Y

which [s ample for the "':bf’}

R11585 with the output stage.

builtinto the unit. Price £5/5/+, plus 5/« packing and

carriage.

As a special offer, power supply unit including
speaker together with RI155 receiver.
PRICE £16.19.6.  Plus I5/- pkg. & carr.

RI355 RECEIVER AMPLIFIER
with 5 I.F, Stages for T.V. conversion. Contalns 7
VR65's, 1—5U4, 1—VU120, 1—EA50, 39/@6- Brand
new §5B/-. Plus pkg. and carriage 5f=.

RF 24 UNITS

Frequenc(u covered 30-20 Mc/s (10-15 metres). 8witched
tuning, 5 pre-tuned spot freq. 3/ VR63 (8P61). 12/6.

RF 25 UNITS
I"Nquencies covered 40-50 Mo/s (6-7.5 metres), switched
tuning. 5 Pre-set positions complete with 3 VR63's,
17/8.

RF 26 UNITS

The ideal short-wave converter for T.V., variable tuning,
contains 2—EF54, 1—VR137, 37/6.

RF 27 UNITS
Frequencies covered 85-65 Mc/s (3.5-5 metres).
wise az RF 26, 37/8.

Other-

We have a limited supply of RF26 and 27 Units
with damaged dials at 27/6.

CORRECT ASPECT WHITE
Rubber Mask—Round or Flat

9in . .
15in.

T.V. PRE-AMPLIFIER
Amplifier Unit Type 208A using 2-VRI91 valves suitable
for operation on London frequency. Brand J9/G
new. Plus1/6 pkg.and carr.

ACCUMULATORS
2 volt 10 amp. (by famous nmker) oy
2 volt 16 amp.

WIRELESS: WORLD

: PREMIER RADIO COMPANY

TERS

M
Large t cks avallable, a few of which are enumerated

u
Defl Length Di ..!
in. in.
25 A .. 14 2iround R.F.Thermo.. 7/68
35A.... 1} 23x2...... R.F.Thermo .. 7/8
4A.... 13 a2ixed...ll R.F.Thermo.. 7/6
0 A .. M/C ...

aast !
A 4-watt AMPLIFIER KIT

with every-
thing for

 £4-10-0
plus 2/6
Postage & Pack,

6SL7, 6V6 and 6X5. FOR
200/250 VOLTS. The twin

Valve line-u
A.C. MAIN
triode 6SL7 is used for pre-amplification
and also for a comprehensive tone control

circuit, which includes two very wide
range and continuously variable tone con-
trols for bass and treble. The output Valve
is of the beam type and feeds 4 watts into a
specially designed cutput Transformer which
is suitable for either 3 chm or 15 ohm Speakers.
Negative feed-back is applied from the second-
ary of the output Transformer over the whole
Amplifier to the input stage giving an excelfent
frequency response. Due to the high gain and
wide range tone controls any type of pick-up
may be used. Suitable Speakers are fisted
below. Overall size 9 x 7 x 5in. Instruction
Book with Wiring Diagrams and Priced
Stock List I/- post paid. Price of Amplifier
complete, tested and ready for use £5.5.0,
postage and packing 3f6 extra.

Limited supplies of C.R. TUBES

VCR5I7C
6¢in. picture. This tube is a
replacement for the VCR97 and

VCR517, Guaranteed full size
plcture,

Price 35/-. Plus2/6 pkg. carr. ins,
VCRS16

BRAN
9in. blue plicture, Heater volts 4 ALLNERW ©
Anode 4 Kv. In manufacturer’s
original carton, £3/19/6. Plus5/- pkg., carr., ins

LOUDSPEAKERS
ELAC—2}in.dia.,Moving Coil, 16 ohmsimp. 15/
PLESSEY—3in.dla.,Moving Coll, 3 ohms dmp. 9/11
ELAC—3{in. dia., Moving Coil, 3 ohms imp. 15/~
G?ODMANS——MB dia. Moving Coll 3 ohms

05 04 00 010 680 o RIIOOONERTERTE -0 o
ELAC—S8in. dia., ovlng Con 3 ohms imp.
PLESSEY—Sin.dla Mains Energiced, 3 ohms

imp. (600 obm eld), with Pentode

Transformer ..
PLESSEY-—8in.dia. Mains Energued 3 obms

imp. (600 ohmsfield). ,.......
PliESSEY—IOIn. dia, Moving Coil, 3 ohms
mp.......
GOODMANS—)2in.dia, , Moving Coil, 15 ohms
Plus 5/- packing and carriage.
VITAVOX—K12/20 12in, dia., Moving Coll,

15 ohms imp. . . £11/11

Plus .')/ packlng and u.rrl

SPECIAL OFFER
A 12in. TRUVOX P.M. SPEAKER

15/6
18/6

22/8
19/6

23/6
£8/8

(2-3 ohm Voice Coil) For only
These are brand new in Maker’s Cartons 47/6
Plua 2/6 Pkg.and Carr.

“MASTERADIO”
VIBRATOR PACK
6 v. input 180 v, 35 mA. output com-
plete with valve rectifier and leads,
39/8. Plus /- pkg., carr.
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WHY PAY MORE?

WILLIAMSON AMPLIFIER KIT
plus7/6 post,pkg.&ins.

This kit is absolutel lete and all ts are
guaranteed exactly to author’sspecification.

WILLIAMSON OUTPUT TRANSFORMER
(author’sspec.), 3.6 ohms.sec. £4.4.0

MAINS TRANSFORMER SP425A (vith
additional 6.3 v. 3 a. and capable of supply-
By i A Fromp.or el 3,78

_MANUFAGTURER'S SURPLUS STOCK —

5-VALVE SUPERHET

RADIO RECEIVER

CHASSIS, built to

high standards ensur-

ing quality reception.

SPECIFICATION:—

VALVE LINE-UP:

787, 7B7, 7C6, 7C5,

7Y4 3WAVEBANDS

medium and
short . CONTROLS Tuning,
wave change, volume tone control
on/off Gram Position on 8witch. Pick-up and Exten-

slon Bpeaker Bockets incorporated. For use on 200/

250 v. A.C. mains. DIMENSIONS: Length 14}in.,

height 113in,width 6}in. Distance between controls,

left to right from edge of chassis: lln.£7 19 6

3in., 8}in,, 3in. Plus 5/- pkg./carr.{ins.!

The above Receiver less 8peaker and Qutput Trans-

former. A suitable 10in. Moving Coll Bpcaker and

Output Transformer can be supplied at 2§/- extra.

15gns.

AUTO TRANSFORMERS 50 WATTS

Input/Output 0-110-210-220-230-240-250 1/6
volts. Plusl/-P. & P, /

PREMIER VARIABLE IMPEDANCE
“*“MATCHMAKER " M.O.I5S OUTPUT
TRANSFORMER
Designed to meet the demand for an efficient variable
ratio Qutput Transformer. 11 ratiosfrom 13:1t080:1
all centre tapped and can be used to match any output

\n]ves en.her single- or push-puil Class ““ A" " AB1 "

*“ AB2’ or “ B’ to any low impedance speech coll or
combination thereof. Primary Inductance 60 henries
15 watts audio 100 mA, Price 45/=

WEYMOUTH MINIATURE LF.
TRANSFORMERS

465 Kc/s., iron cored, permeability tuned, 10/8 pair,

WEYMOUTH MINIATURE COIL PACK

Covering Med./Long/S8hort wavebands. Iron cored coils,

gram positionon awitch. Dimens.: Height, 1§in. Length,

3fin. Width 2jin. Spindle length 2n, Price 19/6.

MINIATURE TUNING CONDENSERS
2 gang .0005 mfd. with trimmers 8/9

FILAMENT TRANSFORMERS
Input 230 v. A.C. Output 12 v. at 1 amp. Compietely
shrouded. Price 8/11.

BATTERY CHARGERS
200-250 v. A.C. Willcharge 2v.,6 v.and 12 v. Car
Battery at 1 amp. Housed in strong metal casing,
Finished in Green hammered enamel, 8ize: 6in.
long, 3}in. wide, 3jin. high.
Guaranteed 12 mths. The
above unit is manufactured
by PREMIER and does not

contain  ex-Govt. com-
ponents. Plus
2/6 postand pkg. 39/6

BATTERY CHARGER KITS

All incorporate metal rectifiers. Transformers are
suitable for 200/250 v. A.C.cycle mains,
Cat.No.
2002 Charges 6 volt accumulator at 1 amp.

Resistance, supplied to charge 2 v,

accumulator

2004 Charges 2,6 and 12 v. accumulators at 1 amp. 24/3

MICROPHONES

LUSTRAPHONE : Moving Coll; High Impedance.
sumd Type: £5/15/6—Hand Mike £6/6/-.

rystal Mike : Incorp the Filter Oelllnsen,
ngh Imped. Ball Type: £3/19/8.
CRYSTAL MICROPHONE—Rothermel 2AD56. Especl-
ally recommended. £2/19/@. Table stands for all the
ahove 10/6 and 17/6.

CRYSTAL HAND MICROPHONE
High impedance, Excellent frequemcy response, light
welght. Gives very high quality results when used with
tape recorder, amplified for any type of P.A. equipment.
Complete with screenlead and plug plus 1/8 Pkg. & Carr.
Price 29/8.

CRYSTAL MICROPHONE
An entirely insulated crystal microphone which can be
nafely used on A.C./[D.C. amplifiers. High impedance.
No background noise, really natural tone. The ideal
Mike for tape, wire and sound projectors. Price 22/8.
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SPECIAL OFFER RECTIIFIERSST(:
THE FAMOUS *“ CHANCERY” HIGH L B Rencililane
FIDELITY ~ MICROCELL  PICK-UP— & TreX¥s 05 = 1mi R /A
TYPE GPX for Standard and Long Playing | .» K3/45 8.8 kz. 1mA. g‘//[g
i .. E3/50 4kV. 1mA. . 1

a?;;",;;‘“g;g et  N3/160 12kV. dmA, ..... L e1/8

up which has a H.T. Type 8.T.C.
3_ aapphire stylus | Type RM1 125 v, 60mA. ... 4/-
. which Is precision ,» RM2 125 v. 100mA. . 4/6
ground and remi-permanent. With two cartridges1 L.P. | RM3 125 v. lga VAV . . 5/6
and 1 Standard Price 2/6. Additional L.P. or Standard | RM4  250v.  250mA. .......... 18/~
Cariridges can be supplied from stock at 19/@ each. o L.T. Type Full Wave o
- o oo | 12v.1amp. ... 8/«
QUALITY CRYSTAL PICK-UP | 137 2:mp. 16/
.ROTHERMEL TYPE U48 26/- | 12v.4amp. 15/~

Plus 1/6 Pkg. and Carr. |

A.C.R.I. C.R. TUBES
81in. screen.” 4 volt Heater. This Electrostatic Tube
GRAMOPHONE ls‘ recommended as eminently suitable for Televison.
CABINETS—Portable 15/- plus 2/6 Pkg., carr. and ins. Data sheets supplied.

By fumous manufacturers
St tanti IERYEDTEpINCase, SUPER QUALITY TELEVISION

Rexine covered, including
wooden motor board. Qutside E lmmA(G :‘h: FYING LENS
dimen.: Hgt. (when closed) | Oin-lemssultableforfin. .................. 18/6
5iin., length 15in., depth | Sin-lens. .. . -
131in., Clearance space, 1 ehis. .
@l under motor board when 12in.lens
closed 2}in.

ALUMINIUM CHASSIS 18 s.w.g.
Price 292/8, plus 2/6 pkg. carr. Substantiaily made from Bright Aluminium, with tonr sides
7x%5}x2in 4/-  10x9x8in. .... -

g = s _ | 3/9  12x10x%3in. .. 79
SPECIAL ‘OFFER—at Almost Half Price | 94xiix2in © 3 lxloxam. o711
PLESSEY GRAMOPHONE UNITS Toxoxabm 7 FE aexloxam. . g
14 x 9 %X 2}in. .. 78 16 x 8 x 2}in. 8/~

ALUMINIUM PANELS 18 swg

1 7 4in.
9} x 4in.
10x 7in.
12x 7in
14x7ln
16 x 7in.
20X 7in.
22X 7in.

- ' H.T. ELIMINATOR AND

The Motor, Tone armn. and Magnetle Pick-up is In one TRICKLE CHARGER KIT

Unit, with Aatomatic stop and start. All parts to construct an eliminator to give an output

For use on 200/250 v. A.C. mains 50 cyecles. Limited of 120 voltsat 20 mA..and 2 volts to charge an accumu-
|ﬂunntitv only. £3/18/8, plus 2/6 packing and carriage, l lator. Uses metal rectifier, 37

PREMIER RADIO COMPANY
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Temcus N enufccturer’s Surplusof

ANTI - INTERFERENCE AERIALS

offered at a fraction of original cost

& ?@)

The aerial s designed for i of long, di
and ghort waves, with any ordinary or communications
receiver, having an Input impedance greater than 1.000
ohms long/medium waves and 150 ohms short waves.
The installation discriminates against locaily generated
electrical interference, especlaliy on the short wave
bands. The equipment enables the instailation of an
8.3 Mc/s flatly-tuned dipole which operates as a " T "
aerial on medium and long waves . The aerial and re-
ceiver ded to be i

with a 70 ohms co- axw,l cable

COMPONENT PARTS

Alumiftium Aerial Transformer Assembly Compnslng

one each: A D,

Rubber sucker, }in. x jin. brass screw, 4AB x {in. bmss

bolt, 4BA nut

Recelver Transt C lete with Insul . clips,
Insul 2 each, 601t. I lated Aerial

ere 60“. Screened Co-Axial Down Lead.

Installation instruction leafletincluded.

LESS CO-AXIAL CABLE & AERIAL WIRE, 15/-, plus

1/6 pkg. and carr.

COMPLETE 35/-, plus 1/6 pkg. and carr.

GARRARD Rim Drive 78 r.p.m., complete £5 19 6
with magnetic pick-up and turnmble
Packing and carriage on the above uml 2/8

MAINS NOISE ELIMINATOR KIT
Two specially designed chokes with three smoothmg
condensers with circuit dlagrams. Cuts out all mains
noise. Can be assembled inside exlsting receiver, 5/
complete.

Germanjum Crystas Diodes. G.E.C. wire ended, 2/6
24!- doz.

TY-RE
HEADPHONES

The first choice of ° @

throughout the world | L A

These headphones feature s High Per-
meability Reed tuned to 1,000 c¢js. and
coupled to a conical alumlnlum dlaphragm.
Earpieces Indlvidually adjustable while in
use for sensitlvity and power-bandling

ADUUSTABLE STEEL REED

G

Tetephone: Watford7241.

RADIO OPERATORS S P

than cither triode or tetrodc

%6 IBrown {[tb | .connected output stages.

have pleasure in
introducing in this country
s NEW

CR.500/UL

AMPLIFIER
with

ULTRA - LINEAR

OUTPUT STAGE

With numerous ad-
vantages over either
triode or tetrode
connected  output

i e & 6 6 o 0 o ¢ o

PRICE

* Feat""es together with 4-stage £36.1o
% 25 watts output.
% Extremelylowinter.modula- % H.p. TERMS AVAILABLE

tion distortion at all volume

pre-amplifier,

Ergltglswc characteristle, levilss, e.g., only .3 per cent.
N D.C. Reslstance : 4,000 chms. ot 1) GEUSNy =
N ‘ Impedance: 16,000 ohms at 1,000 cfs. % Partridge ulira-linear “C " This and other high
The 8. G. Brown range of headphonea covers °i’l" "“‘i“;“t transformer on fidelity  equipment  is
q /N types for many specific requlrements. all models. demonstrated at our show-
RADIO UN | SR8 Details of the full range are avallable in the % Magnificent square wave and rooms Daily 10.30 a.m.
MEY:L AR | maGETS tllustrated Brochure “W.""—Sent on request, transient performance. —5.30 p.m. Sarurda
N s
PECES, \§ % Lower harmonic distortion
\

10.30 a.m.—1 p.m.

&s&juwuuvwmwnw ‘SHAKESPEARE ST. WATFORD. HERTS. Ji B. K. PARTNERS LTD.

229 Regent St., London, W.1. (Entrance Hanover St.) "Phone REG 105! & 7363
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NEW TRANSRADIO Publication

The most comprehensive range of
US. CONNECTORS outside the U.S.A.
69 standard fypes SSime - Toamm
*MX+3M Subminiatures

*BNG_Miniatures
*N Microwaves

*83 UHF
TRANSRADIO LTD.
Tel. FRE 4421 (PBX)

for unfalllng

£6.C o

SUB-MINIATURE

QUART1Z §

activily

CRYSTAL
UNITS

Type BA, frequency change not exceeding 0.01% from 0°C to +70°C
Type DA, frequency change not exceeding 0.01% from- —30°C to + 45°C
Type EA, frequency change not exceeding 0.002% from + 65°C to +80°C
For further details please apply ta:-

SALFORD ELECTRICAL INSTRUMENTS LTD
PEEL WORKS « SILK STREET -- SALFORD 3 « LANCS

K Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND L

3 10,000 Ke/s to 16,000 Kcfs.

Q.C. 500 j

frequency range
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VALVES, TUBES £ CIRCUITS

PCF80: A FREQUENCY CHANGER FOR BAND I AND BAND III TELEVISION

At Band III frequencies (174 to 216 Mc/s) the efficiency of a mixer stage is governed not only by the valve characteristics and the
circuit components, but also by the ‘invisible’ components formed by VHF effects in the wiring and the chassis and by the deviations
of the components from their nominal low-frequency values. Thus the following considerations of optimum valve performance must
be supplemented by very careful circuit design.

The triode section of the PCF80 is designed for use primarily as an oscillator in a Colpitts circuit. The optimum drive voltage on the
grid is 5 or 6 volts at the higher frequency end of the band where the circuit impedance is very low. At lower frequencies the anode
impedance rises resulting in a higher oscillator voltage on the grid.

Design of the circuitry between the oscillator and the mixer must avoid the masking of poor oscillator performance by tight coupling.
Inductive coupling is recommended, especially in a turret tuner. It allows adjustment to the most favourable value of mixer drive
on each waveband, and it makes the whole of the oscillator coil available for the induction of an oscillator voltage into the grid circ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>