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a TOUGH self-fluxing winding wire

Developed in BICC’s own laboratories, Bicelflux is an
enamel covering for winding wires with toughness
approaching that of vinyl acetal or epoxy resin coverings
but—much easier to solder.

For continuous
operation at ¢ hottest-spot
temperatures of up to 120°C.

Bicelflux is self-fluxing, with an action comparable to

Adherent and resistant that of organic activated rosin fluxes.

to solvents. ) ) )
As a result, Bicelflux windings are ideal for applications

where large numbers of soldered joints are required,

Can generally be used without for example in radio and telecommunication equipment.

changes in coil design,
winding or impregnation.

Further details are given in BICC Publication No. 376
—ryours for the asking.
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A service

for all who
need complete
data on Mullard
valves, tubes

May, 1957

and semiconductor devices

The Mullard Technical Handbook is a loose-leaf publica-
tion, issued on a subscription basis and containing data
sheets on all Mullard valves, tubes and semiconductor
devices in current production.

From one to twenty pages are devoted to each type, data
including : standard ratings, recommended operating con-
ditions and performance figures for various applications,
limiting values, characteristic and performance curves.
Subscribers receive supplementary or revised sheets
automatically as they are issued and thereby have early
intimation of new introductions.

At present the Handbook comprises four volumes with
the following contents:—

Mullaxd

Mullard Limited, T.S.D., Data and Publications Section,
Mullard House, Torrington Place, London, W.C.1.

VOLUMES | and IA

Data on current Receiving and Amplifying
Valves. Cathode Ray Tubes. Crystal
Diodes and Transistors. Photocells.

Cold Cathode Tubes. Smal! Thyratrons.
Miscellaneous and Special Tubes.

VOLUME 2

Data on earlier type Receiving and
Amplifying Valves and Cathode Ray Tubes
still in limited production for the
maintenance of existing equipment.

VOLUME 3

Data on Power Valves for Transmitting
and Industrial Equipment.

Power Rectifiers. Large Thyratrons.
Microwave Devices.

For full details of this service, including subscription
zaltes and application form, write to the address
elow.
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Wireless World

Colour Fiasco

TWO months ago Wireless World expressed fears
that the B.B.C. demonstrations of colour tele-
vision which had recently been given might well
have proved too successful. There was a risk that
the high quality of the pictures transmitted and
received under strictly experimental conditions
might have inculcated a widespread idea that
the N.T.S.C. system used for the tests was good
enough for a regular service for reception in the
home. It would now seem we were not emphatic
enough in urging that a decision to adopt the
system for this country would be disastrous.

During the last few weeks many reports have
come in from British observers of the highest
competence on the failure of colour television in
America. With singular unanimity, all the reports
coming to our notice tell the same doleful story;
technically, economlcally and industrially, the
N.T.S.C. system is failing to live up to the high
expectations expressed when it was first introduced.
Indeed, there now seems to be a widespread lack
of enthusiasm for colour in the U.S.A., and the
reported change in attitude of R.C.A. appears to
be particularly significant. Some views of British
observers are summarized on p. 205 of this issue.

In spite of the growing tale of woe from
America there is still a school of thought in this
country which says, in effect, * Admittedly the
N.T.S.C. system may have its weaknesses, but
perhaps they can be overcome. In any case,
nothing better offers itself at present; unless we
adopt it there is no possibility of starting a British
colour service in the foreseeable future.” That
attitude seems to represent an attitude of despair:
Wireless World, resisting the temptation to make
the vulgar retort “ So what?”’ will merely offer the
quotation: “ The iesson of history is that mankind
learns nothing from history.”

That is not to say the B.B.C. experimental
colour transmissions should cease; still less that
research on the general problems of colour
television should not be pressed forward as
actively as national resources will allow.

We must go on trying to find basically new
methods. But, to start even a restricted and
experimental public service of regular N.T.S.C.

transmissions at the present state of development
would surely be a deplorable error.

The Television Advisory Committee is expected
to issue a report before very long; it will be
surprising—and disappointing—if the Committee
does not reach the conclusion that further basic
development is needed ‘before any specific recom-
mendation can be made on the colour system to be
adopted for Great Britain.

Editorship of
“Wireless World”

THIS intrusion on a page usually reserved for the
Editor’s comment is explained by saying that it is
now the Editor himself who is to be the subject
of comment.

The present Editor, H. F. Smith, is vacating the
editorial chair in May after 46 years in radio and
32 years on Wireless World. For over half that
period he has been Editor and it may be said that
since 1940 the journal has revolved around him as
its axis.

This is a long span of service on a technical
journal of any kind, and it is noteworthy that in
our particular sphere the period covered has seen
greater scientific progress and technological
development than has ever been wnnessed before
in any branch of science.

To have conducted Wireless World dunng such
a time with so much distinction is in itself a
sufficient tribute to the retiring Editor, but we
know that in addition his personality and his
readiness to share his experience and knowledge
with others has gained him a multitude of friends
all over the world.

It is at his own wish that he is relinquishing the
editorship on attaining the normal retiring age,
but happily his connection with Wireless World
is not to be abruptly severed, and he has been
persuaded to continue for a time in a consulting
capacity. He is to be succeeded as Editor by
F. L. Devereux, who has a long and distinguished
record of 33 years with Wireless World.  H.S.P.
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WORLD OF WIRELESS

International Acoustics Meetings

TWO recent Paris meetings of international com-
mittees dealt with acoustics. Among the subjects
discussed at the meeting of the electro-acoustics
committee of the International Electrotechnical
Commission were lateral-cut commercial and tran-
scription- disc recording, methods of measurement
of the electro-acoustical characteristics of hearing
aids, sound systems, loudspeakers, ultrasonic thera-
peutic equipment, and sound level meters. The
eleven-man. British delegation was led by R. S.
Dadson (N.P.L.), and consisted of J. P.” Ashton
(Amplivox), R. A. Bull (Westrex), H. Davies (B.B.C.),
Dr. G. F. Dutton (E.M.I), N. Fleming (N.P.L.),
S. Hill (S§.T.C.), Dr. A. J. King (Metrovick), Dr.
W. Summer (Barber Electrical Services), F. E. Wil-
liams (Post Office), and A. D. Falk (B.S.L.).

The second meeting, attended by delegates from
14 countries, including seven from Britain, was con-
cerned with physical acoustics. A definition of the
phon was agreed upon and will be circulated as a
draft I.S.0. (International Organization for Stan-
dardization) recommendation. It is similar to that
proposed some 20 years ago but never ratified.

Phenomenal Television Reception

NORMAN BURTON reports from Revesby,
N.S.W., Australia, that since October last he has
heard the B.B.C. television sound on 41.5 Mc/s
some twenty times and the vision signal three times.
On one occasion in November the vision signals
were on peaks as strong as the local television station.
Reception was confined to the 11 am. to 1 p.m.
morning session of the London station and the
B.B.C. has verified one transmission from a tape
recording. Unfortunately the recorder was not
always available and generally missing when signals
were at their best.

The receiver was a Hallicrafter SX28 and the
aerial, a 2-element one, constructed from details pub-
lished in the August 1947 Wireless World.

Marine Radar Training

COMMENTING in our December 1956 issue on
what have been somewhat ironically called “radar
assisted ” marine collisions, we stated “as far as we
know there has never been a case of collision which
could be contributed to failure or lack of accuracy
in the equipment itself. . . . By far the most preva-
lent cause of error is faulty appreciation of the dis-
played information.” A step toward ending this
unfortunate position has been taken by the Ministry
of Transport and Civil Aviation by the introduction
of a new regulation. It makes it compulsory for
a deck officer in the British marine service to take
an officially approved radar observer course before
being issued with a certificate of competency as
second mate (foreign-going) or mate (home trade).

The new regulation comes into operation on
June 1st.

206

Scottish Exhibition

THE biggest United Kingdom domestic sound and
television exhibition yet held outside London opens
at Kelvin Hall, Glasgow, on May 22nd for ten
days. There will be nearly 60 exhibitors, including
all the leading domestic receiver manufacturers., It
may well provide a preview of the National Radio
Show to be held at Earls Court in the autumn,

Although there will be considerable emphasis on
television—about 100 receivers will be operating on
the stands—the B.B.C. technical piéce de résistance
will be a demonstration showing the benefits of v.hf,
sound broadcasting.

1958 Exhibitions.—Soon after the list of exhibitors
for the 1957 I.E.A. Exhibition had closed the date of
the 1958 Show was announced—April 16th to 25th at
Olympia. An Electronic Computer Exhibition, to
include data- handling equipment of all kinds, is being
organized jointly by the Radio Communication and
Electronic Engineering Association and the Office
Appliance and Business Equipment Trades Association
for November 28th to December 4th next year at
Olympia.

Television Duty.—The additional £1 to be charged
for television licences in August will not bring extra
money to the B.B.C.; it is an excise duty added to the
licence fee. Incidentally, under a new agreement which
came into operation on April 1st, the B.B.C. will in
future receive 871% of the licence revenue after the
Post Office has deducted “a sum equal to the expenses
incurred by the P.M.G.” in collecting the licence fees
and investigating interference complaints.

B.B.C. Television Service—When by the end of the
year the B.B.C. has achieved its objective of providing a
television service to 98% of the population, it will then
set- about building “fill-up ” stations for places within
the general coverage area where reception is inadequate
—such as Peterborough and Berwick. The Corporation
will then extend the service to the highlands and islands
outside the main service areas.

Hearing Aid Production.—As “ purchasing agent” for
the Ministry of Health, the Post Office has bought
800,000 “Medresco” hearing aids and 27M batteries
for them since 1948, when the Dollis Hill Research
Station produced the prototype. The Contracts Depart-
ment of the Post Office also arranges for the repair of
some 120,000 hearing aids a year.

Broadcast receiving licences in force in the United
Kingdom at the end of February totalled 14,480,562.
Of this number, 6,863,234 were for television and
304,307 for car radio sets. During February television
licences increased by 106,049,

Heaviside Lived Here.—Among a number of plaques
to be erected by the London County Council to mark
the former homes of famous people is one recording
that Oliver Heaviside lived at 55, Plender Street, St.
Pancras, London, N.W.1.

Purchase Tax on domestic sound and television
receivers contributed over £40M to the national income
in 1956,

Webbs Radio ask us to correct the price of the Eddy-
stone 820 f.m./a.m. unit quoted in their advertisement
on page 126. It should be £31 18s.

WIRELESS WORLD, May 1957
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West Wales will have a television service and a
three-programme v.h.f. sound service from April 29th
when the B.B.C’s station at Blaen Plwy, near Aberyst-
wyth, is introduced. The television station, operating
in Channel 3 (vision 56.75 Mc/s, sound 53.25 Mc/s),
started test transmissions on April 15th. It has an e.r.p.
of 1 kW and will serve the coastal belt around Cardigan
Bay. The v.hf. sound transmitters will radiate on
88.7, 90.9 and 93.1 Mc/s, each with an e.r.p. of 60 kW.
Aerials for both services are mounted on a 500-ft mast,
and the transmissions are horizontally polarized.

Welsh L.T.A. Station.—The site at St. Hilary Down,
near Cardiff, Glamorgan, chosen by the L.T.A. for its
South Wales and West of England station, has now been
approved by the Government. Objectioris had been
raised by air services as it was considered the 750-ft
mast would constitute a danger to users of the nearby
Cardiff airport.

Plastics Convention.—Seventeen papers covering the
latest extrusion and injection moulding techniques and
recent developments in plastics materials will be
delivered during the international convention being held
in conjunction with this year’s British Plastics Exhibition
(Olympia, London, July 10th-20th). Although none of
the lectures deals directly with plastics for electronics
purposes, many of the techniques and developments
covered are of general interest to the industry. Admis-
sion to the exhibition costs 2s 6d, but tickets for the
coavention are obtainable free from British Plastics,
Dorset House, Stamford Street, London, S.E.1.

Automatic Measuring Equipment.—A conference is
being organized by the Society of Instrument Tech-
nology to provide an opportunity for the users and
makers of automatic measuring equipment, and those
concerned with research and development in this field,
to meet and discuss their work. This conference on
automatic measurement of quality in process plants

will be held at University College, Swansea, from Sep- -

tember 23rd to 26th. Further information is available
from the Society at 20, Queen Anne Street, London,
W.1. ‘

The Institution of Electronics has transferred its
general headquarters from London to 78, Shaw
Road, Rochdale, Lancs., the address of W. Birtwistle,
who is now honorary general secretary. He will con-
tinue as honorary secretary of the northern division of
the Institution and as organizer of the annual electronics
exhibition held in Manchester.

1,700 miles on 2 Mc/s.—The radio officer of S.S.
Spalake reports that on a voyage from Tobruk to Malta
on March 10th he maintained direct radio-telephone
contact on 2.182 Mc/s with Niton Radio (GNI); a
distance of approximately 1,700 miles.

Courses for overseas specialists, being organized this
year by the British Council in conjunction with univer-
sities, government departments and learned societies,
include one on point-to-point radio services (April 28th
to May 14th) and another on digital computers (October).

Electronics Centre.—Many of the Mullard exhibits
mentioned in our review of the Physical Society’s
Exhibition are displayed at the technical information
centre recently opened at Mullard House, Torrington
Place, London, W.C.1. The floor space of the show-
rooms and demonstration room is 5,000 square feet,
and there is also a cinema seating over 70.

Careers.—A well-illustrated informative brochure
“Careers in the Telecommunication Industry,” has been
prepared by the Telecommunication Engineering and
Manufacturing Association. It has been circulated to
university appointments boards, technical colleges,
public and grammar schools and youth employment
offices, and is also available from the office of T.E.M.A.,
40-53, Norfolk Street, London, W.C.2.

A summer school on instrumentation and automatic
control is being organized by the Gloucester Technical

WIRELESS WORLD, MaY 1957

College for July 1st to 5th. A draft syllabus includes
sections dealing with the basic theory of closed loop
systems, servomechanisms and process contiol systems.
Lecturers include Associate Professor E. B. Pearson
(Royal . Military College of Science) and Dr. G. L.
d’Ombrain (Battersea Polytechnic).

“Marconi Instrumentation,” the quarterly journal

issued by Marconi Instruments, Ltd., which started ten

years ago with an initial print order of 1,000 copies,
now has a circulation of 16,000. Approximately 60%
go abroad, including 3,500 to the U.S.A. -

Plastics Year Book.—One of the most important
features of the British Plastics Year Book, 1957, is the
142-page review of plastics patents. It contains all
relevant patents issued last year, and as they are
collected in subject groups, each with a potted specifica-
tion, it provides a useful record of technical develop-
ment in the industry. The 716-page Year Book also
includes classified directories of manufacturers and
proprietary names, a glossary of technical terms and a
Who’s Who. It is issued by our publishers and costs
2 guineas (postage 1s 9d).

FROM ABROAD

The net loss on all colour television activities of the
Radio Corporation of America last year (including
development, manufacture, training of technicians and
provision of colour programmes) was nearly $7M. Since
the introduction in 1955 of the 21-in compatible colour
receiver, only 102,000 have been sold.

Canadian TV.—The 518-page report of the Royal
Commission on Canadian broadcasting records that 80%
of the 16M population live within the service area of
one or more of the country’s 38 television stations.
During the past four years the number of television
receivers in use has increased tenfold and now totals
2,300,000. Of the 189 sound broadcasting stations in
the Dominion, 167 are privately- owned.

Marine Radar Conference.—An international meeting,
to be held in Genoa from May 16th to 19th in prepara-
tion for the next International Meeting on Radio Aids
to Marine Navigation, will consider problems relating
to the design and construction of marine radar, and the
use of radar at sea. Among those contributing to the
conference are Colonel J. D. Parker (secretary general,
International Maritime Radio Committee) and Captain
F. J. Wylie (director, Radio Advisory Service).

Television in India.—The Indian Minister for Infor-
mation and Broadcasting recently announced that pre-
liminary arrangements have been made for the country’s
first television station to be built at Bombay. It will
probably be ready for service next year.

Novel Aerial!—A crane near the Hamburg transmiit-
ting station was found to be acting as a tuned medium-
wave aerial, so that the field of the high-power
transmitter was causing dangerous r.f. voltages on the
grab. Using a model of the crane it was possible to
evolve an inexpensive means of reducing the r.f. volt-
age to a safe value. This consisted in joining two points
on the crane by a free hanging wire through an adjust-
able capacitor (about 900 pF). The main body of the
crane then completed a tuned rejector circuit. .

Long-Distance TV Reception.—Membership of the

American “ Over 50TV DX Club,” as its name indicates,
is limited to those who have received 50 or more
television stations. The top scorer in the club, which
is sponsored by our New York contemporary Radio-
Electronics, has logged 290 stations. This total has
been reached in three years and includes stations in
eight countries and 45 states.
. Instrumentation.—An International Congress and
Exhibition of Measuring Instruments and Automation
is to be held in Diisseldorf, Germany, from November
2nd to 10th.
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Inexpensive Pre-Amplifier

Simple Design for Use with Simple Pickups

and Radio Tuners

s‘ HILST it is generaily believed that present-
day crystal pickups are somewhat inferior to the
best moving-coil pickups from the point of view of
quality of reproduction, the best of them, when
properly equalized, are actually capable of giving
results which, judged aurally, do not fall far short
of the best obtainable,

Crystal pickups, moreover, have the undoubted
advantages of low cost and large output, and this
makes them very attractive when economy must
be carefully considered.

With the above thoughts in mind, it was felt that
a simple pre-amplifier for use with pickups such
as the Cosmocord GP20 Hi-g, or Collaro Studio
Transcription, and suitable for feeding the Inex-
pensive High-Quality Amplifier described in the
preceding two issues, might appeal to some readers.
The pre-amplifier is also suitable for use with radio
tuners, and its distortion is low enough to enable full
justice to be done to the best f.m. transmissions.

The circuit is shown in Fig. 1, from which it
will be seen that the author’s negative-feedback tone
control is employed', the first hal! of the double
triode operating as a straightforward amplifying
stage. The tone-control circuit has been slightly
modified, however, compared with the version

* “ Negative-Feedback Tone Control,” by P. J. Baxandall,
Wireless World, Oct. 1952,

By P. |]. BAXANDALL, B.Sc.(Eng.)

originally published, to enable a gain of approxi-
mately 3 to be obtained from this stage with the
controls set for level response, instead of unity
as in the original version. The price paid for the
advantage of increased gain is a reduction in the
available amount of treble lift, and to a lesser
degree, of bass lift.

The performance of the tone control may be
judged from Fig. 2, which shows the frequency
response for various settings, measured between the
grid of Vla in Fig. 1 and 15-ohm output terminals
of the Inexpensive High-Quality Amplifier. An

- advantage resulting from the increased gain of the

modified tone-control circuft is that the previous
stage is now required to supply so small an output
voltage that its distortion, even with no feedback,
is only a small fraction of 1%. The tone-control
stage, having negative feedback, can supply the
required output of 4V r.m.s. on sine waves with a
similarly low level of distortion, so that very low
total distortion is obtained in a very economical
manner. To achieve this low distortion in practical
use, it is, of course, imperative for'the volume
control to be placed before the first stage, as in
Fig. 1.

The total gain, with the tone controls set for
level response, is such that a sine-wave input to
Vla grid of approximately 45 mV r.m.s. is required
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Fig. 1. Complete circuit of pre-amplifier. All resistors % watt 4+ 209, and capacitors (other than electrolytic) 4 209,

except where otherwise specified. Mullard ECC8] may be rep!aced by 12AT7, Osram B309 or Services Type CV455. The
numbers on the connections at the right-hand side of the circuit correspond with the numbers on the socket of the Inexpensive

High-Quality Amplifier, described in previous issues,

The equalizer circuit, to the left of the volume control, has been designed

to suit the Cosmocord GP20 Hi-g pickup. Component values should preferably be within 4 109,
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to give an output of 5 watts from the main amplifier in shunt with the pickup, variations in internal
into a 15-ohm resistive load, i.e., an output from capacitance from one pickup sample to another, and
the pre-amplifier of 4V r.m.s. with temperature, are prevented from having 3

Due to Miller effect, the input capacitance of significant effect on the equalization characteristic

Vla is such that appreciable top loss will occur if obtained.*

the source has an effective internal resistance (b) Due to the presence of the capacitor across
greater than 100 k(2; this value gives a loss of about e pickup, all impedances in the equalizer may be
1dB at 15kc/s. kept reasonably low, thus reducing the effect on

The rest of the circuit'cons.ists of a passive net-  the response caused by stray capacitances and so
work whose main function is to provide pickup making the result almost independent of variations

equalization to suit standard recording character- in layout.
istics, but it also allows additional top cut to be
introduced when necessary, to improve results on
worn or otherwise poor recordings. With further
top cut from the tone-control, an asymptotic rate
of cut of 12dB/octave may thus be added to the
equalizer characteristic if required; whilst this is
less steep and the roll-off is more gradual than is
obtained with filters of a more ambitious variety?,
nevertheless it will be found that poor recordings
can be dealt with in quite a satisfactory manner.

The pickup equalization circuit differs from those
previously published®, and has. been adopted for
the following reasons:—

(c) The output impedance of the equalizer circuit
is low enough to make it practicable, if desired, to
place the equalizer and volume control in the play-
ing desk and to connect it to the pre-amplifier via
a low-capacitance screened cable up to 10 feet or
so in length. By arranging matters in this way, the
playing desk becomes a self-contained and fully
equalized gramophone source, suitable for connec-
tion to any available amplifier capable of giving full
output for a sine-wave input of 100mV r.m.s. or
less, provided the input resistance of the amplifier
is not less than about 0.5/M{). To what extent
this facility is regarded as advantageous depends,

(a) By placing a relatively large capacitor directly ¢ course, on individual circumstances.

* “ Gramophone and Microphone Pré-am%ﬁﬁu," by P. I

(d) The values have been so chosen that approxi-

Baxandall, Wireless World, Jan. and Feb. 1955, mately the same voltage is produced across the
irelon o ey ogers” by R. L. West sad 8. Kell,  yolime control on loud 78 r.p.m. records as on

Wireless World, Nov. 1950.
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Quality Amplifier, at various settings of the tone -
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Right: Fig. 3. Modified arrangement in which the
gramophone equalizer and volume control are in the
playing desk. The radio volume control may be fitted 27ODFT
in the tuner unit and should have a value not greater

TI,ZOOpF

loud LP records. This is not a vital
point, but it is easiest for the user if
about the same volume control settings
are required with both types of record.

In the “Good LP” position of the
equalizer switch, the equalization pro-
vided is intended to be correct for
records made in accordance with the
revised British Standard 1928:1955 LP
recording characteristic?, which is now
widely adopted by recording com-
panies. Using the author’s Cosmocord
HGP 39-1 LP pickup head, which is
not a specially selected one, the
measured response, from pickup
stylus to loudspeaker terminals, with
the equalizer set to the “ Good LP”
position and the tone-controls set

* The advantage of placing a large capacitor in
shunt with a crystal pickup was first pointed out
to the author by G. B. Wellgate.

¢ “Disc Recording Characteristics,” by J. D.
Smith, Wireless World, Nov. 1956.

Via

- 10
RADIO
TUNER

COAXIAL
CABLE

than 100kQ.

IN PLAYING DECK
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be left to the reader. The most economical arrange-
ment would be to build the pre-amplifier, with or
without equalizer, on the same chassis, suitably en-
larged, as the main amplifier. Whatever is done,
the following points should be watched:—

(a) The components associated with Vla grid cir-
cuit should be well separated from signal-carrying
wiring in later parts of the circuit, otherwise the top
response may be modified due to unintentional feed-
back via stray capacitances. Similarly the anode
circuit wiring of V1b, i.e; that associated with R,
C,, R, and C,, including the output lead and the
lead to P,, should be kept well separated from the
grid circuit components (R;, C; and R,,) and their
wiring:

(b) An ordinary black Bakelite valveholder should
not be used if the lowest hum level is desired, but
rather one of the light brown (nylon loaded plastic)
variety; this will give less leakage current between
heater and grid pins. A p.tf.e. valveholder is an
unnecesary extravagance at the signal level involved
in this pre-amplifier. A further point is that the
heater wiring should be twisted and kept as clear
of the signal wiring as practicable.

(c) In the prototype unit, the valve and the 16+
16uF capacitor have been mounted on a small sub-
assembly resiliently attached to the main chassis
using screws passing through soft rubber grommets.
This reduces the risk that microphony in the valve
may cause a howl to build up when the pre-ampli-
fier is used close to a loudspeaker. Whilst it is pro-
bable that this precaution would normally be found
quite unnecessary, it is nevertheless easy to take
and at least can do no harm. Do not forget, how-
ever, to make an earth connection between the
sub-assembly and the main chassis, otherwise, as
the author discovered to his cost, there will be no
h.t. decoupling and “motor-boating ™ will ensue!

(d) If the equalizer and volume control are in-
corporated in the playing desk, it is essential for
them to be completely screened electrostatically. An
ordinary tin box is perfectly satisfactory.
Testing.—After completion, it is desirable at least
to check that the d.c. operating conditions in the
two stages are reasonable. The cathodes should
nominally (with 300—V h.t.) be at +1.6V and the
anodes at +115V. Provided the measured values
are within the limits 1.3 to 1.9V and 80 to 150V,
and provided none of the readings is affected by
operating the tone-control knobs, all may be
assumed to be well in this respect.

The hum level, at the output of the Inexpensive
High-Quality Amplifier, should be hardly any
greater with the pre-amplifier connected than it is
with the input to the main amplifier short-circuited;
it should be only just audible with one’s ear close
to the loudspeaker in a very quiet room.

In the absence of facilities for frequency-response
measurements, listening tests should be used to find
out whether the controls are producing their in-
tended effects. Turning the potentiometer knobs
should not itself produce any noises from the loud-
speaker, when no signal is applied.
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Quantum Amplifiers

THESE amplifiers, with their attractive possibility of
very low noise, are arousing increasing interest. They
depend on the creation of a non-equilibrium distribution
of energy between quantum states in atoms or mole-
cules, Energy at the frequency of transition to the
equilibrium state can be extracted by stimulation with
an applied signal at the same frequency in the form of
coherent radiation or of noise. According to the avail-
able energy, amplification or oscillation is possible.

What was apparently the first such amplifier was dis-
cussed by J. P. Gordon et al. in the Physical Review of
August 15th, 1955. This uses an ammonia beam with
electrostatically separated molecular energy states. The
beam density must be small to prevent rapid spontaneous
transition back to the equilibrium state. This severely
limits the available energy to only about 5X107'° watts.
The authors coined the name “maser” (standing for
“microwave amplification by stimulated emission of
radiation ) for such quantum amplifiers.

More attractive possibilities (discussed in a letter
from M. W. P. Strandberg in the ProcI.R.E. for
January, 1957 and Prof. N. Bloembergen in the
Physical Review of Oct. 15th, 1956) are offered by
proton or electron spin states in solids. The spin may
be thought of as producing a magnetic moment that can
align itself with or against an applied magnetic field,
thus producing two possible states. Non-equilibrium
spin states can be prepared in several ways, the simplest
being the application of a pulse of coherent radiation
of the correct frequency cut off at a suitable phase.
Spin densities much higher than those in ammonia
beams are obtainable, and can be effectively increased
still further by rapid cycling from the equilibrium to
non-equilibrium states (e.g., at a typical radar pr.f. of
10° c/s per sec.). Much slower spontaneous transition
back to the equilibrium state (longer relaxation time)
than in the ammonia beam can also be realized both for
certain nuclear proton spin states and certain para-
magnetic electron spin states. This gives a longer time
for experiments on the non-equilibrium state, and
moreover, the power requirements to produce saturation
of this state are reduced. The transition frequency is
proportional to the magnetic field, so that variation of
this field offers wide-range tuning possibilities. By
contrast the ammonia transition frequency that is used
is fixed within a few Mc/s of its centre value (about
24 kMc/s).

A solid state “maser” using electron spins has re-
centls been produced at the American Bell Laboratories
by Dr. D. Scovil et al. It oscillates at X-band
(9000 Mc/s) with a power of about 2x107° watts.
Another experiment carried out in France (described
by Combrisson et al. in Compt.Rend.Acad.Sct. of May
14, 1956) also used electron spins and a similar opera-
ting frequency. Insufficient power was available to
produce oscillations, but some amplification was
observed.

These quantum states are largely independent of ther-
mal motion so that their noise can be equivalent to
that at a very low effective temperature, only a few
degrees above absolute zero. Noise is thus 20 to 30dB
down on that in normal receivers; and theoretical cal-
culations indicate that sufficient gain can be realized to
take advantage of this low noise figure. The consequent
possibility that transmitter power could be reduced
in this proportion (20 to 30 dB) without any decrease
in effectiveness would revolutionize microwave tech-
nology. The equal possible increase in receiver sensi-
tivity would be of tremendous value in the field of radio
astronomy. '

This low noise is also equivalent to operation with
a very high Q-factor. For example, two of the original
“ masers” have been used to produce beats at 30c/s
with no apparent random phase variations. This indi-
cates a stability to within a tenth of a cycle in 24 kMc/s!
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lenses was shown by the Admiralty
Signal and Radar Establishment.
This lens is made up from layers of
a “mosaic” of small copper discs

on polystyrene film separated
by honey-comb grids of poly-
styrene.  Transmission losses are

given at 0.5dB per 100 layers at
X-Band frequencies and the band-
width is extremely wide. The density
of the composite material is only
one-fifth that of the natural dielec-
tric.

According to Mullard, a reason-
ably cheap way of constructing in-
tricate sections of waveguide is to
use a plastic form, give it a 40-thou.
coating of silver, dissolve out the
plastic and, after adding flanges and
other items, fix it to a steel support-
ing yoke. Other examples of wave-
guide components were shown by
Hilger and Watts and by Sanders
Electronics; the latter firm had some
improved versions of their “inex-
pensive” X- and J-Band (8 to 12
and 12 to 18kMc/s repectively)
waveguide test benches.

Materials with a high absorption
characteristic over the range 2.5
kMc/s to 50 kMc/s are being pro-
duced by Plessey mainly for micro-
wave  “darkroom”  applications.
Grade AF10 and Grade AF11 are a
kind of foam rubber made in 1-ft
squares with one surface of cellular
formation. The cells provide a
graded transition from the imped-
ance of free space to that of the
highly attenuating material, and over

the 10- to 50-kMc/s band absorption
is of the order of 99.7%. A loaded
rubber material, Grade M, is also
available for shielding radomes when
bench-testing radar scanners.

Transistor Components.—Further
miniaturization of transistor com-
ponents was the key-note of Forti-
phone’s exhibit this year. Encapsu-
lation in epoxy resin is used exten-
sively and, as an example of what can
be achieved in this way, there was
an encapsulated three-stage transis-
tor a.f. amplifier which would lie on

.a penny without overhanging the

rim of the coin. A new “Z” series
of transformers measures only
0.575 x 0.25 x 0.25in overall and
production has been made possible
by a new technique in winding fine
wires, such as No. 52s.w.g.

Extension of the Plessey series of
tantalum electrolytic capacitors now
brings six different sizes into the
transistor category. These range in
size from a button type, no larger
than a sixpence, to a tubular style of
0.08in diameter and 0.1in long.
Capacitance range is from 0.25 to
750 uF and from 3V working to
70V with numerous intermediate
values and working voltages.

Miscellaneous Equipment.—Two
items of equipment not fitting into
any particular category in this ex-
hibition was a Radyne 1-kW induc-
tion heater, for “firing” the getter
in thermionic valves and heating the
electrodes’ during the “pumping”

Sub-miniature three-stage transistor
a.f. amplifier (Fortiphone),

Plessey microwave absorbing
material, Grade AFl 1.

process. A u.h.f. mobile radio-tele-
phone for use in the 450- to 480-
Mc/s band, made by Elliott, oper-
ates on a single crystal-controlled
frequency. The transmitter output is
between 10 and 20 watts, according
to the radiated frequency, and the
receiver is a double super-hetrodyne.

COMMERCIAL LITERATURE

Electronically Changed Transformer
Taps to reduce the effect of mains
voltage variations are discussed in a
leaflet from Claude Lyons, Ware Road,
Hoddesdon. Input changes of up to
—20% or +10% from the nominal
value are reduced to within +59% of
this value. The waveform is not dis-
torted, and control is unaffected by
frequency variations from 45 to 65c/s.
Alternative ratings of 2% and 5 amps
are available, and the power consump-
tion is only 15 watts.

Quartz Crystals and Temperature
Controlled Ovens in many different
ranges are the subject of a leaflet from
Bulova Watch Co., 62-10, Woodside
Avenue, New York. Individual frequen-
cies range from 16kc/s to 100 Mc/s
and include standard crystals from
140kc/s to 250kc/s. Two of the six
ovens permit control to within $°C.
.Two Transistorized p.a. Amplifiers
giving 10 or 15 watts output at 15 ohms
impedance for 5mV low' impedance
mnput are described in a leaflet from
Lustraphone, St. Georges Works, Re-
gents Park Road, London, N.W.1.
Power consumption for either amplifier
ranges from about 24 watts (quiescent)
t0 20 watts (peak). The size is 5%inx
3%inx 3Zin and the weight 3ilb. New
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microphones are described in another
leaflet from the same company. These
include a tubular hand microphone for
close-talking in high ambient noise.

Kit-Model Oscilloscope and Valve
Voltmeter are described, with very full
constructional details, in two brochures
from Cossor Instruments, Highbury
Grove, London, N.5. The oscilloscope
T -amplifier sensitivity is variable up to
50 mV/cm with a frequency response
3dB down at 5c¢/s and 3Mc/s. A
calibrating voltage at 50c¢/s is avail-
able. The valve voltmeter has full-
scale ranges from 1.5 to 1,500 volts d.c.
or ac. As an electronic ohmmeter it
measures 0.1Q to 1,000 MQ with in-
ternal battery. On ranges up to
150 volts -the frequency response is
from 40c/s to 1 Mc/s within 4 109%.

Plugs and Sockets of the miniature
“Jones” type. A new range under
the name “ Multicon” incorporating
many improved features is described in
a comprehensive illustrated catalogue
from Painton and Co., Kingsthorpe,
Northampton.

Nickel Plating for engineers. A use-
ful illustrated booklet of 72 pages, in-
cluding surface preparation, commonly
used solutions, plating procedures, plant
required and mechanical properties of

www americanradiohistorv com

deposits and methods of testing them.
From The Mond Nickel Company,
'SI'}\l’;nlles House, Millbank, London,

Marine Radiotelephones, suitable for
small craft, incorporating direction
finders and Consol meters. Transmit-
ter: 17 watts output, crystal controlled
on any eight channels between 1.6 and
6Mc/s. Receiver: sensitivity 8#V for
20dB signal/noise; d.f. facilities on all
wavebands  150kc/s-3.8Mc/s. Equip-
ment operates from 12V or 24V bat-
teries. Details on leaflets from Wood-
son’s Marine Radio Manufacturers,
Greenbank Road, Aberdeen.

Rectiilinear Galvanometer Recorder,
with two independent galvanometers
and inking systems for side-by-side re-
cording of two variables on a common
time base. Sensitivity: 0.45in/100pA.
Pen speed: 0.25sec/f.s.d.  Ten chart
speeds are available. Folder from
Texas Instruments, 3609 Buffalo
Speedway, Houston, Texas, U.S.A.

Potting Service, for development and
production of resin-encapsulated elec-
tronic circuits and components, is out-
lined in an illustrated brochure from
Lion Electronic Developments, Lion
Works, Hanworth Trading ~Estate,
Feltham, Middlesex.
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Time Constanis

ESPECIALLY OF

TO tell the truth, this was to have been * Blocking
Oscillators.”” The general idea was that a blocking
oscillator circuit, which looks one of the simplest
oscillator circuits known, is made up of still simpler
combinations of resistance and capacitance or re-
sistance and inductance, whose principles are very
familiar. By first quickly reviewing these principles,
the explanation of the complete blocking oscillator
circuit was to have been rendered foolproof (if
you will pardon the implied insult).

In spite of the fact that the more knowledgeable
the authority the worse the reputation he gives the
blocking oscillator for obscurity, this is still roughly
my plan. Where it came unstuck in detail was that
some of the principles of simple combinations of
resistance and inductance turned out to be con-
siderably less familiar—to me, anyway—than I
had supposed. So much so that I have had to abandon
the quick preliminary review idea and expand it
into a full topic, postponing the blocking oscillator
until next time.

You will have noticed that I still reckon the be-
haviour of combinations of resistance with capacitance
as familiar. But in case I am wrong about this—
and for the sake of comparison with the inductive
counterparts—I am going to review it all the same.
There are various ways of doing it, but for the
purpose in mind I think it will be best to look at the
arrangement shown in Fig. 1.

Here C is supposed to start uncharged, at v, = 0.
Unlike resistance, across which a voltage can jump
instantly from one value to another, the voltage
across a capacitance.can only change gradually, as a
result of a transfer of energy to its electric field,
caused by the flow of current into it for a period of
time. So immediately the circuit has been closed by
moving the switch to A, vg is still nil. The whole of
V is therefore free to drive current through R,
and the amount of this current can be calculated
by what is commonly though not very correctly
referred to as Ohm’s law—i = V/R,. This current
starts to charge C, so v, begins to build up.

Capacitance has its own ‘ Ohm’s law,” namely,
that the voltage across it due to Q amp-seconds that
have flowed into it is Q/C. If our charging current

PR

“AAMA——0
Rz

| R|

il
|

Fig. I. The first experiment: C is charged by switching to
A and then discharged by switching to B.

—} -~ —a}—
<<
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By <« CATHODE RAY”

INDUCTIVE CIRCUITS

Fig. 2, Time curves of
(a} current into and (b)
voltage across C in Fig. |
from the moment of
switching to A. After a T0 A
period equal to R,C (the
‘“time constant ’’) the

TIME

charging process would ~ Vp=——g-y—q-—=—cs=—aae-
have been completed if /R
the starting rate had /i T
/
been kept up. % 1/ o3y (b)
/ : Ve
i
|
0
R,C TIME
SWITCH
TO A

V/R,, continued steadily for z seconds, C would

- thus be charged to

V/R; Xt
C

So we can calculate the particular time T which
would have to elapse for C to be charged up to the
full applied voltage V:

volts

VT
RC~Y
-'.T = R1C

This time T, sufficient for a capacitance to charge
fully to any voltage applied through a resistance,
if the starting current were maintained, is what is
called the time constant; as we see, it is equal to the
capacitance multiplied by the resistance, in ohm-
farads or megohm-microfarads to give seconds.

Obviously the starting current is not maintained,
for directly v, begins to grow there is that much less
of V to drive current through R;,. When C is half
charged, only half V is available, so the current and
hence the rate at which v; grows is half what it was
at the start. The graph of the current ¢ thus has the
peculiarity that the steepness of its slope at any
point is proportional to its height at that point, as in
Fig. 2(a). The name for this peculiarity is exponential.
Its mathematical equation (but don’t bother about
it if you don’t want to, for we shall not be using it)
in this case is

[ =—e tB0
-
where e is the base of natural logarithms (2.718...etc.).

According to the late Dr. Ohm, the voltage across
a constant resistance is directly proportional to the
current through it. Consequently the i curve, Fig.
2(a), will do also (to an appropriate scale) as a curve
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of g, the voltage across R,.
effort.

The advantage of having a curve of vy, is that
because vy; and v, everywhere add up to thé con-
stant voltage V, which is equal to the starting value
of vg,, a curve of v, (Fig. 2(b)) can be obtained by the
simple operation of turning the vy, curve upside-down.
This is another economy of effort. The v, curve
helps one to visualize the charging process, for it
shows how V is shared from moment to moment
between C and R;: at first, entirely across R;; then
increasingly—but at a reducing rate—across C.

In both parts of Fig. 2 the starting slope of the
curve is shown continued as a dotted line, to indicate
the time constant, R;C seconds. It turns out that in
that time the curve has always gone just over 63%,
of the way towards its destination, leaving nearly
37% to go. In twice the time (2 R,C) the 7, curve
has 0.372V = 0.135V left to go; in 3R,C, 0.37%V =
0.05V; and so on.

The gap never completely closes, but when it has
become negligible we flip the switch over to B. The
voltage applied through R, is zero, so v, (starting
practically equal to V) changes via another exponen-
tial curve towards that value, as we see in Fig. 3(b).
For the fun of it I have made R, greater than R,
so the time constant is greater, and more time is
taken to go the statutory 639% of the way from
starting to finishing voltage. Nevertheless, this die-
away or discharge has the same shape as the build-up,
differing only in horizontal scale and in being upside-
down.

The discharge current, too, has the same shape as
the charge, but because the current is in the opposite
direction it must be reckaned negative (Fig. 3(a)).
And besides the change of horizontal scale there is a
change of vertical scale, for the higher resistance
means less current.

So much for capacitance and the building up and
releasing of its electric field. When we considered
‘duality* I mentioned that the great advantage of the
.idea was that it gave two sets of information for the
price of one. (More economy ot effort.) Having
taken the trouble to work out what happens in circuits
'combining resistance and capacitance, say, one
‘doesn’t have to think it all out again for resistance
and inductance. 'Inductance being the “ dual ”’ of
capacitance, one can use the same formuiz, curves,
etc., after having made the necessary exchanges with
the other duals involved; e.g., current for voltage,
and series for parallel.

This being so, there might seem to be little excuse
for the principles of RL circuits being less familiar
than the RC principles just reviewed. Actually,
however, there are several excuses, not counting the
one that lots of people still don’t know about this

This is economy of

new-fangled duality (actually, like most things, quite.

old). For instance, a strict dual of the circuit in Fig. 1
is not really practicable. In Fig. 1 there is no great
difficulty in switching the charged C from A to B
‘without anything much happening to it en route.
But to transfer its dual—an inductor magnetized by
current—intact from one circuit to another it is
necessary to short-circuit it in such a way that the
total resistance is zero. But whereas it is possible in
Practice to have a good approximation to a capacitance
with no shunt conductance, one can only get a
good approximation to an inductance with no series

*April 1952 issue, or Chap. 35 in “ Second Thoughrs.”
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resistance by reducing its temperature to nearly
273°C below zero, which is inconvenient.

Yet another complication is mutual inductance,
which has no counterpart on the capacitive side.

Still, we shall be able to trace an analogy with
at least the first part of the Fig. 1 experiment if
we adopt the arrangement shown in Fig. 4.
With C we started from the fact that the voltage
across it cannot be changed instantaneously; it is a
measure of its electric field and has to be built up
by current flowing in for a period of time. With
L, the current through it cannot be changed in-
stantaneously; it is a measure of its magnetic field,
and has to be built up by applying an e.m.f. for a
period of time. So immediately the switch in Fig. 4
has been closed there is no current through L.
Consequently there is no current through R,
so no voltage drop across it, so the whole of V
appears across L. That makes current begin to
flow, and the current creates a magnetic field.
The growth of this field induces a back voltage,
which is the only thing the voltage applied to L
has to face. So the current automatically grows
at the rate which induces a voltage equal and oppo-
site to the applied voltage. The inductance L in
henries means the number of volts it induces when
the current is changing at the rate of 1 amp. per
second, or ]

V = L X amps per sec

So the current starts growing at V/L amps/sec.

Obviously it can’t grow beyond V/R; amps,
because the whole of V would then be occupied in
driving it through R, and there would be nothing
to spare for L. Let T be the time required for the

+ Fig. 3. The Fig. 2 curves are

v here continued to show the

L] discharging process. The slower

(a) rate is because R, is greater
than R,.

oL RqC

- TIME

l “",” i
- R ==
v -
Ve
0 TIME
SWITCH SWITCH
TO A To B
VRI
™~
‘/vvvw
R, 1
Fig. 4. Inductive counter- <= l :
part of the first phase of 1
the Fig. | experiment. Vv 7
+ Vi L
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Fig. 5. These current
and voltage curves for
Fig. 4 are the same as S
the voltage and current / v
curves for Fig. | (shown 1 / 63
as Fig. 2). 4

<
-
I
1
I

|

i
. |
currentto grow from 0 i
nothlng to this full SWIT CH #‘ TIME
amount V/R,, if it
were to keep up its
starting rate, V/L.
Then the rate of
growth is equal to v
V/R, divided by T: t

(b)

\'% v \)
— = —/T \v T
L R, 0 x
L TIME
_L SWITcH R,
R, CLOSED

This, then, is the time constant for the growth of
current in a circuit consisting of I, and R,. Note
that the greater the resistance the shorter the time
for the current to reach its full amount at the starting
rate,

Just as the voltage across C could not keep up
its starting rate of growth, but eased off into an
exponential curve, so with the growth of current
in L. Fig 2(b), in fact, would do equally well as
a graph of current growth in an inductive circuit,
And correspondingly Fig. 2(a) could just as well
be a graph of voltage across the inductance during
the same period. Clearly T is now the time for
the current to reach 639, of its full value, or the
transient inductive voltage to decline to 37% of
its peak. For comparison with Fig. 2, the LR,
circuit curves are shown in Fig. 5.

If we try to duplicate the second part of the Fig. 1
experiment with inductance we get into difficulties.
Opening the switch in Fig. 4 would (theoretically)
make the current change abruptly from its full
V/R, amps to zero, which is what I said was im-
possible. It is impossible because an infinite rate
of change of current would induce an infinite vol-
tage. What happens in practice is that the voltage
rises enough to produce a spark or arc at the switch
points, which prolongs the decay of current for a
short time after they have separated. If the induc-
tance and the current are large, so that a lot of
energy is stored, the result will be spectacular.
I remember once in student days pulling out a
plug connecting d.c. to the field windings of a
large dynamo. If I had happened to be holding
the metal parts with bare hands it would probably
have been fatal, Nowadays the effect is employed
to advantage in generating the thousands of volts
needed for the cathode-ray tube in the domestic
television set.

As already mentioned, the strict dual of the
Fig. 1 circuit is impracticable, because it is not
possible to have inductance even approximately
devoid of resistance. Short-circuiting a real in-
ductor doesn’t keep the current flowing through it
indefinitely, as it would if there were no resistance,
So the usual Part 2 of the story is to suppose that
V suddenly ceases to function, allowing L to * dis-
charge > through R,. - The result, of course, is an
exponential decline in current, this current being
driven through R, by the inductive * kick >’ caused
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by that decline of current making the magnetic
field linking L collapse. Having already extended
Fig. 2 into Fig. 3, you should have no difficulty
in extending Fig. 5 to cover this phase of opera-
tions, even if you didn’t already know it. The time
constant, of course, is uncharged, so except for
being inverted the curves for this second phase
are exactly the same as for the first.

Seeing that all real inductors have some resis-
tance, it will be worth a few moments to consider
what effect this resistance has on the voltage wave-
form one would actually observe in practice, In
Fig. 6 the theoretical Fig. 4 is brought nearer reality
by inserting r to represent the resistance of the
coil. If could of course represent any added resis-
tance as well. Clearly the current curve has the
same shape as before, since r might be part of R,
for all the current knows about it. But to 2y, shown
in Fig. 5(b) there must be added a component
proportional to the current 7, as in Fig. 7(a).

If there were some inductance mixed up with
R,, its voltage waveform would cease to be an exact
copy of the current, Fig. 5(a), and would be mixed
with some of Fig, 5(b), as in Fig. 7(b). In fact, if
the time constant of R, and its inductance were
made the same as that of  and L, the voltage wave-
forms of both would be flattened out, free of any
transients, just as if there were no inductance any-
where, notwithstanding that the current waveform
would still grow exponentially from zero.

And now we come to the bits that may not all
be quite so familiar. For dealing with the blocking
oscillator we shall have to take account of what
happens when there is another circuit inductively
coupled. To simplify matters let us suppose that
the second coil in Fig. 8 has the same number of
turns as the first, and that the coupling is 1009%,
which means that all the magnetic flux due to

Va
S
!

Fig. 6. A real inductor
includes some resistance,
shown here as r, as well
as inductance L,

(—---ll-—---l[—-—-———

VOLTAGE

TIME

Fig. 7.
inductance (Fig. 5(b)) is modified by the resistance r in
Fig. 6. (b) If some inductance were to be added to Ry in
Fig. 4, the curve of voltage across it (ve1) would be
modified to such as v'g,.

(a) Showing how the curve of voltage across
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Fig. 8. Addition of a resistance-loaded secondary coil to
the Fig. 4 experiment.

current in one coil links both equally. In practice
this condition can be nearly attained by using a
high-permeability closed iron core. (The amount
of magnetic flux is then not strictly proportional
to the current, but for our simple study we shall
assume that the current is not large enough for this
effect to be important.)

Suppose we now set up a voltage across L,
say by closing the switch and starting a flow of cur-
rent, The voltage thereby induced in L, causes
current to flow through R,. This current also flows
through L,, and affects the flux and therefore the
voltages induced. It looks as if we are faced with
a vicious circle which will make calculating the
upshot of the whole thing very complicated.

Thanks to our forethought in choosing equal turns
and 1009% coupling, however, it is actually quite
easy. The result of these conditions is that whenever
the amount of flux in the core changes, the change
affects both coils equally, inducing equal voltages
in them. And the flux that does this is not due to
current in either coil separately, but the resultant
of both currents. So it makes no difference to the
behaviour of the system shown in Fig. 8 if the two
coils are merged into one, as in Fig, 9. True, we
can no longer distinguish between the two currents
actually flowing in L, and L,; we now know only
the resultant of both, but since that is what creates
the magnetic flux it is all we need. For example, if
the current through L, at any given moment is 3A
and the current through L, is —2A (i.e., 2A in the
direction opposing the flux due to the 3A), the
equivalent is 1A through L. Note that the —2A
in L, goes through R, in the same direction as if
+2A came direct from the source of the 3A, as
shown in Fig. 10.

This amalgamation dodge is a great help. Instead
of having to embark on a tricky lot of calculations,
with secondary current affecting the flux due to the
primary and hence the induced voltage, etc., we
can see at once that when the switch in Fig. 9 is
closed (and before current has had any time to build
up through L) the current i = 73, = V/(R, 4+ Ry),
and the voltage vy, is VR,/(R, + R,). R, and R,
act simply as a potential divider. After a long time,
when the current through L is fully grown, so
that the voltage across it—and of course across R,—
has died down to zero, V is occupied solely against
the resistance, R, so = i, = V/R,, and 75, = 0.
So the finishing line for current is the same as in
Fig. 5(a), but the starting line for voltage is lower
than in Fig. 5(b).

The only other thing we need know in order to
complete the curves as modified by R, is the time
constant. Before going any farther, try guessing how
R, will affect it. My first line of argument was that
loading a transformer secondary with resistance
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Fig. 9. On the assumption that L, and L, have equal
numbers of turns, coupled 100%,, Fig. 8 can be simplified
by merging the two coils into one, as here.

' 3A 2A
EE) L, Li:EE>§Rz : nAl L R,
ﬁ -

(2) (b)

Fig. 10. This comparison shows how opposing currents
through L; and L, are equivalent to their difference flowing
through L.

VA
R, R, RS

calculating the time
constant, Fig. 9 can be
further simplified by
Thévenin’s theorem to R +R
the same circuit as
Fig. 4 but with different
values,

Fig. 1. For purpose of ’
VR

i

makes the whole thing less inductive from the view-
point of the supply; time constant is proportional
to inductance, so connecting R, shortens it. Well,
let’s see.

But how? Even the simplified equivalent circuit,
Fig. 9, doesn’t give a very obvious lead towards
how to set about it. Fortunately the problem is an
easy one—if we remember Thévenin’s theorem*.
According to this, the system to which L in Fig. 9
is connected can be replaced (so far as L is con-
cerned) by a simple source and series resistance—
exactly as in our original inductive circuit, Fig. 4,
in fact—in which the voltage of the source is what
appears across the gap when L is removed, and the
series resistance is the resistance that would be
measured across that gap if any e.m.fs. ceased to act.
We have already calculated the equivalent source
voltage; it is of course the proportion of V that
appears across the R, part of the potential divider
R, + Ry VRy/(R, + R,). And the measured
resistance is R; and R, in parallel: R; R,/(R; + R,).
So the circuit which is equivalent to Fig. 8 for the
purpose of calculating the time constant is Fig. 11.
Instead of L being divided by R, as in Fig. 4 it is
divided by R, and R, in parallel—a lower resistance
—s0 is greater as a result of connecting R,, I still
find this rather surprising.

Although Fig. 11 is equivalent to Fig. 9 or 8
when the switch is closed, it obviously isn’t when the
switch is opened; for further consideration of our

*March 1949 issue, or Chap. 32 of “ Second Thoughts”.
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loaded transformer we revert to Fig. 9. You will
remember that we couldn’t draw curves or do
any thing definite like that about the consequences
of open-circuiting the simple inductor in Fig. 4,
because theoretically it is impossible, The current
through an inductive circuit cannot be changed
instantaneously from one value to another. The
same applies when L, is added. But when R, is
connected, Fig. 9 makes clear that the current
through the inductor doesn’t have to change suddenly
even when the switch is flicked open; it can continue
flowing—through R,. In fact, adding L, and R,
to Fig. 4 provides a close analogy with the two-way
switching in Fig. 1; the effective *“ charging >’ resist-
ance in the ‘“ make * position is R, and R, in parallel,
and the ‘‘ discharging ’ resistance in the *‘break »
position is R,. The only thing is that the time
constant in the second position is bound to be shorter,
whereas with Fig. 1 we could do as we pleased.

If we look again at Fig. 8 instead of Fig. 9 we
realize now that the current through L, can cease
instantly, without any nonsense about an infinitely
high induced voltage. This is the second possibly
surprising thing, because at first glance it seems to
contradict a basic principle. It probably has a bearing
on perplexities experienced in the study of blocking
oscillators and pulse circuits generally. The explana-
tion of the paradox, of course, is that the cutting
off of current through L, is exactly neutralized by an
equal and opposite current change in L,. In terms
of Fig. 9, it means that there is no sudden change of
current through L. Another way of putting it is
that the magnetic energy built up by current in
one winding of an inductor, and which would
manifest itself as a flash or shock or the like if

Fig. 12.  Current and voltage curves for the Fig. 9 circuit.

l} ______________
Ry
-
£ pam [
e M 2 i
3 1
11 l 1
ot !i
SWITCH e inz
WiT! SWITCH
CL05ED OPENED
(a)
%
VR, | Vi
Ri+R;
o] Vi
= okt Vg,
-
4 \SWITCH IHE SWITCH }
CLOSED OPENED |V,
(b)
LT
R, ~TTTTTTTTTTTTTTTTTS
222

dispersed abruptly, can be safely and silently
““ discharged > by a pulse of current entirely in 3
separate winding.

Although so far everything has been going very
smoothly, it is quite easy to trip up over the details;
and as this is going to be the crux of the matter
next month it will be worth recording graphically
what we have found about the whole Fig. 8
experiment.

First of all we shall do it on the basis of the
simplified circuit, Fig. 9, and then analyse the
combined current through L into its separate L,
and L, components.

Let us deal first with the  switch closed * phase.
We know (from Fig. 11) that the current 7, through
L begins from zero and rises exponentially towards
V/R, with a time constant L(R, + R,)/R; R,,
so that can be plotted (Fig. 12(a)). The corres-
ponding voltage v;, can then be plotted, for the
time constant is of course the same, and the starting
point is VR,/(R, + R,). Having settled L we
must shift our attention back to Fig. 9 for R, and
R,. Voltage V is easy, because it is constant. And
the difference between V and v, gives us vy,
That completes the first half of the voltage diagram,
Fig. 12(b). The current 7 follows from vy,, being
directly proportional to it (= wvg/R,), s0 we can
plot that. And since i, = ¢ — 17y, 13, appears in
Fig. 12(a) as the difference in level between the
already plotted ¢ and #;, curves. ,

Before opening the switch let us analyse 7; into
iy, and ip,. This is easy if we remember that
i is ¢ (see” Fig. 8) so can be plotted in Fig. 13
direct from Fig. 12(a). And iy, is minus iy,, so can
also be derived from Fig. 12(a), or alternatively from
the definition of ¢, as 4,44, (Fig. 10), curves of
i, and 4;, being already available. The interesting
thing to note is that current springs instantaneously
to the value V/(R,+R;) in both coils L, and L,
directly the switch is closed; this is possible because
the magnetizing effects of these currents exactly
cancel out. Magnetic flux then grows gradually
owing to 7y, increasing and 7, dying away.

When the switch is opened, i promptly ceases
and remains ceased. So that current is easily
shown in Fig. 12(a). And so is vgin Fig. 12(b).
The current flowing through L must at first be
the same as it was just before the switch was opened
—practically=V/R,. It declines exponentially to
zero, with a time constant that is clearly L/R,.
That is less than with the switch closed, so we must
show it dying away quicker than it grew. And
because #g,= —7;, we plot it as a perfect reflection
of 7.

Right at the end there is a possible catch—or

CURRENT

I TIME

Fig. 13. Here the current iy
through L in Fig. 9 is analysed
into the separate currents

T RHR
e through Ly and Ly,
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even two catches—if we are over-confident. Our
vy, is clearly the same thing as the voltage across
R,, and that (as every student of Ohm knows) is
exactly proportional to 7p,, which we have plotted.
So we must give v, the same shape. But sceing
#, positive in Fig. 12(a), and perhaps with ig,=
—1iy, still (though irrelevantly) in mind, there is just
a chance that one might hastily show v, positive
in the second half, as in the first. If studying the
directions of the arrows in Fig. 9 doesn’t keep us
correct in this matter, the fact that the voltage across
L must clearly change sign when increase of flux
char:ges to decrease will surely do so.

Even now one might be tempted to copy the first
part of the v, curve in amplitude, though reversing
it in sign. If so, we ought to be warned by seeing
the negative ‘“ half-cycle > smaller than the positive,
owing to its shorter time constant. The truth is,
of course, that this shorter time constant means that

the flux is collapsing quicker than it grew, so the
induced voltage is greater at ‘“break” than at
““ make *’; and if you work it out you will find that
the negative peak of o, is equal to VR,/R,. So
what the negative half-cycle lacks in duration it
exactly makes up in amplitude. That ‘this is so
can be seen even more directly by comparing the
amplitude of 7y, at *‘ break >’ and ‘‘ make.”

The second part of Fig. 13 has no catches, for
we have a curve of 7;, in Fig. 12(a), and 7y, is zero all
the time, $0 i, must be the same as 7,

If you are just beginning to get interested, you
could do a little homework for next time by thinking
out how these waveforms are modified if the ideal
transformer we have been assuming is brought
one step nearer reality by making its coupling a
little less than 1009%,. This can be represented by
a small amount of uncoupled inductance (*‘ leakage
inductance *’) in series with each winding,

Third International Instrument Show

Exhibits by 54 Firms from Nine Countries

THIS exhibition of mainly electronic instruments,
organized by B. & K. Laboratories, Ltd., differs
from the too-many others in the field by its inter-
national character. It, therefore, provides an oppor-
tunity for inspecting apparatus much of ‘which is
unfamiliar, and for making comparisons with home
products. The setting this year (March 25-29) at
- the Caxton Hall, London, enabled the exhibits to be
examined in comfort.

The following report is confined to apparatus not
seen at last year’s Show. The nationality of the
firms mentioned, where not stated, is American.

The Ampex Corporation specializes in tape recor-
ders, but in contrast to last year’s exhibits of sound
recorders mainly for entertainment they demon-
strated highly developed machines for data storage.
One shown uses half-inch tape, with a choice of six
speeds from 1% to 60 in/sec, and up to 14 tracks.
At the highest speed the frequency response is 100
to 100,000 c/s. By the use of multiplex, over 1,000
channels of simultaneous data can be recorded. In
one of several available recording techniques, the
small residue of variation inevitable with such a
medium as plastic tape is excluded by recording a
sinusoidal reference signal, the frequency of which
can be stabilized to within almost any desired limits;
the recorded data, in the form of frequency ratios
relative to this standard, are immune from varia-
tions in tape speed. Such recording machines are
now being widely used, especially in armament re-
search and in conjunction with computers.

The same firm has produced, but was unable to
Spare a sample to show, a “ Videotape” recorder
for television, with a frequency response from 0 to
4 Mc/s. This machine uses 2-in tape at the remark-
ably low speed of 15-in/sec. Instead of a fixed
recording head, producing a longitudinal track, four
heads are mounted in a rotating drum and scan the
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tape, which is brought into contact with the drum
throughout its width. Sound is recorded conven-
tionally along one edge of the tape, and there are
two tracks along the other edge for cues and editing
markers. The usefulness of such machines in tele-
vision broadcasting is obvious, and it is understood
that six are already on order for Britain.

A large proportion of the Bruel & Kjaer (Den-
mark) instruments on show were concerned with
audio testing. As reported briefly last year, they are
especially suitable for performing such tests rapidly
and automatically, and this year the range has been
extended. One key unit is a continuously motor-
driven beat-frequency oscillator, 20 to 20,000 ¢/s, the
output of which, through the equipment under test,
may be observed on a valve voltmeter scale, a long-
persistence c.r. screen, a cartesian or polar recorded
diagram, or any combination of these. Other instru-
ments enable an output or response to be selectively
analysed. By means of a mechanical coupling be-
tween the oscillator-recorder and a slowly rotating
turntable, the automatic plotting of a microphone
polar diagram was demonstrated, Reverberation
diagrams of an auditorium over the whole af. range
can be taken completely automatically. Hearing aids
can be checked visually and/or on paper for ampli-
tude/frequency characteristics in a few seconds;
and, by successively coupling a selective detector
to multiples of the source frequency, the various
harmonic distortions can also be automatically
plotted. One of the completely new instruments
was for measuring the acoustic absorption coeffi-
cients and complex impedances of materials by
standing waves in an acoustical transmission line.

Signal analysis by frequency scanning was shown
by Panoramic Radio Products and by Kay Electric
Co. The former have three models of scanning
superhet receiver, with band frequencies of 200 kc/s,
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1 Mc/s and 10 Mc/s; and the latter a sweeping oscil-
lator within the band 10 to 350kc/s, the repetition
frequency being adjustable from 0.5 to 2c¢/s.

Testing of the ability of electronic equipment to
stand up to vibration is now of great importance, and
perhaps the most massive exhibit in the Show was
a “vibration exciter” by M. B. Manufacturing Co.,
capable of imposing a test force of up to 3,500lb
over the range 2 to 2,000c/s. This is not the largest
by this firm, however; one model is rated at 12,5001b
over the same frequency—nearly six tons!

Humidity is another factor in equipment testing,
and hygrometers for measuring it are not on the
whole very satisfactory. The introduction by El-
Tronics of a plastic whose electrical resistance is
proportional to relative humidity, the temperature
coeflicient being quite small, is, therefore, most inter-
esting. Hygrometers embodying it were shown.

Work on colour television necessitates accurate
measurements of phase angle. This is one impor-
tant use of the Type 205A phase detector by Ad-
vance Electronics. A variable delay line is used to
delay the unknown for a sufficient time to obtain
a reading on an output indicator. The unknown
phase angle or time delay is read off the dials of
the delay line.

For providing action delay of the order of seconds,
the relays by Electronic Speciality Co. are useful.
They are available in three classes: less than 0.5 sec,
0.5 to 5secs, and over 5 secs.

A number of new voltage stabilizers were to be
seen, one by H. Struers (Denmark) being unusual
in providing an electronically stabilized source of
a.c. for heaters, etc., up to 4-5 amps in the range
5.8 to 8.2 volts, to limits of 3-4mV. An h.t. stabil-
izer was convincingly demonstrated by rapidly
varying the input voltage over 20 volts or more and
showing that the variation in output voltage was
1mV or less; this is achieved by a combination of
saturated-iron and electronic techniques.

The well-known “ Unipivot > range of instruments
by the Cambridge Instrument Co. (U.K.) has been
extended by a rf. milliammeter for use up to
10 Mc/s, having five vacuo-junctions selected by a
range switch without breaking the circuit.

Valve voltmeters shown last year were notable for
low ranges—in one case reading down to fractions
of a microvolt. This time attention was attracted
by a model with five ranges, the lowest f.s.d. being
5kV and the highest 100kV. The most impressive
parts, not surprisingly, are the terminals; they are
both of e.h.t. type, for the instrument is arranged
to measure the vector sum of two phases.

It was unfortunate that customs difficulties held
up the appearance of a decade resistance box by
Electro-Measurements, for they have brought a new
look to this usually stereotyped piece of equipment
by arranging as many as six decades concentrically.
The dials can thus be easily handled and read off,
and much panel space is saved.

Progress in design and applications of transistors
was noticeable; for instance, germanium tetrodes
by Texas Instruments with a cut-off frequency as
high as 200 Mc/s, and silicon transistors by this
firm and also by Raytheon.

In the valve department, the most interesting
examples were some of the types for microwaves.
Several travelling-wave tubes for S-band and X-
band were shown by Huggins Laboratories with ‘a
small-signal gain of 30-35dB over a 2:1 frequency
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band. The Sperry t.w. tube for the L-band (around
1,300 Mc/s) has a peak output of 7kW, at which
the gain is 34dB. Sperry also showed a klystron
power amplifier with a peak output of 15kW at
2,700-2,900 Mc/s and examples of the new uses
of ferrites in microwave circuits.

Other interesting microwave equipment included
the standing-wave detector, by the P.R.D. Co., for
100 to 1,000 Mc/s. Instead of the lengthy slotted
line usually needed for these frequencies, it is a
compact unit weighing only 4ilb, consisting of a
coaxial tee junction, a manually driven pick-up
probe assembly and a normalizing standard reac-
tance. The angle of reflection coefficient is directly
read off a dial after it has been set to minimum
indication on the associated meter. The De-Mornay
Bonardi range of microwave equipment was notable
for the very high frequencies provided for—from
5,800 to 90,000 Mc/s.

A noise-factor meter for both low and high radar
frequencies was shown by Magnetic AB (Sweden).
The source of noise is, for 5 to 300 Mc/s, a noise
diode, and for 1,200 to 12,400 Mc/s a gas discharge
tube. The source is electronically switched on and
off, and the noise fed into the amplifier under test.
A train of pulses of two different amplitudes, cor-
responding to noise-on and noise-off, is obtained,
and the amplitude ratio is measured by.an indicator
directly calibrated in noise-factor dB. In this way
it is possible to adjust equipment to minimum noise
factor.

CLUB NEWS

Birmingham.—J]. Walker (G5JU) will demonstrate the
Eddystone 888 receiver to members of the Midland Amateur
Radio Society on May 21st. Meetings are held on the third
Tuesday of each month at 7.30 at the Midland Institute,
Paradise Street. Sec.: C. J. Haycock (G3]D]), 360, Portland
Road, Birmingham, 17.

Bury.—At the May 14th meeting of the Bury Radio
Society M. Barnsley (G3HZM) will give a talk on direction
finding. The club meets on the second Tuesday of each .
month at 8.0 at the George Hotel, Kay Gardens. Sec.:
L. Robinson, 56, Avondale Avenue, Bury, Lancs.

Derby.—The Derby and District Amateur Radio Society’s
programme for May includes an open evening, sale of
surplus gear, a visit to a place of interest, and the showing
of the Mullard film strip “ Indicating Instruments.” Meet-

ings are held each Wednesday at 7.30 at 119, Green Lane.
Sec.: F. C. Ward (G2CVV), 5, Uplands Avenue, Littleover,
Derby.

ARMORIAL BEAR-
INGS have been
granted to the
British Institution
of Radio Engin-
eers. The shield,
which is sur-
mounted by the
head of Mercury,
alludes to Clerk
Maxwell and
Hertz and the sup-
porters to the 7th
Duke of Devon-
shire (who
endowed the Cav-
endish Laboratory,
Cambridge) and
Earl Mountbatten,
vice-president of
the Institution
since 1950.
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Rirhorne Doppler Navigation

Radio Application of Well-known Sound Effect

By G. E. BECK*, B.Sc.(Hons.), A.M.LE.E.

THE classical method of navigation is by steering
a compass course, and using the ship’s measured
rate of progress along that course to fix its position.
Allowance for the effects of sea currents and wind is
based on their estimated values, and is corrected by
occasional observations of the sun or stars. This is
the ¢ dead reckoning ” which is always adequate for
long voyages by sea.

When navigating in aircraft there is little time, and
often no opportunity, to make the astronomical
checks. But the wind velocity is so large a factor that
dead-reckoning methods must take it into account.
The compass heading differs from the track actually

followed by the aircraft, and the speed over the’

ground is not equal to the speed through the air.
Fig. 1 shows the triangle of velocities concerned.

The drift angle may amount to 30° for a moderately
slow aircraft flying in a high wind, and so it is
necessary to solve the triangle if navigation is to be
accurate, The compass heading and the speed
through the air are not enough by themselves:

This has led to navigation systems being devised
which are based on radio transmissions from the
ground, enabling the aircraft to fix its position at
frequent intervals. For example; the radio compass
giving bearings from m.f. transmitters, or by the
hyperbolic systems such as Gee which lay down a
signal pattern, and reference to appropriate charts
gives the geographical position. ‘
Self-contained Aids.—Difficulties of securing in-
ternational agreement on the use of any one system,
and the large capital cost of ground installations,
make the idea of a self-contained navigational system
on the classical model very attractive.. For military
use a ground-based system which would be prone
to jamming, or unavailable over hostile territory,
is not in any case a satisfactory solution.

One way out of this difficulty is to make use of
the principle known as the Doppler effect. This is
familiar, as stated by the Austrian physicist whose

* Marconi’s Wireless Telegraph Company, Ltd.
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Fig. I. Triangle of velocities for determining true course
of aircraft.
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name it bears, as the apparent change in pitch of a
vibration, when its source is moving towards or
away from the observer. The railway engine’s
whistle drops its note as the train passes the station
and its advancing velocity is changed to a receding
one,

In Doppler navigation a radio transmission re-
places the sound. It is directed downwards from a
radar set on the aircraft and the returned echo has its
frequency measured. This frequency will be changed

E@ —,
9 (]
v'ces

Fig. 2. The ground reflected signal has frequency differ-
ence proportional to the component of the aircraft speed
in the direction of the radar beam.

from that of the outgoing signal by the Doppler
effect, the difference being proportional to the com-
ponent of the aircraft speed, in the direction of the
radar beam!. (Fig. 2.) )

The speed is that over the ground, which is one
missing factor in the solution of the dead-reckoning
calculation. The other factor, the drift angle, can be
measured by a second beam directed Ilaterally.
This will give the sideways component of the air-
craft’s ground speed. Alternatively, the beam can be
rotated until it lies in a direction for which the
Doppler effect is a maximum. - It must then lie along
the track being followed by the aircraft, and the drift
angle is directly measured by the azimuth angle
between the beam and the aircraft fore-and-aft line.
Compass heading, drift angle and ground speed are
together sufficient for the navigation problem to be
solved. It is in fact not necessary to determine the
air speed or wind velocity,

The Doppler Equation®.—A picture of the mechan-
ism by which the Doppler effect is produced can be
made by referring to Fig. 3, where c is the velocity
of propagation. The radar set moving with velocity
v towards a target will transmit, in a time ¢, a wave
which occupies a radial distance c.z.

This portion of the wave, which is approaching
the target with velocity ¢ + v, will be reflected in a
time:—

c.t

¢+

1 British Patent No. 638167.
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ANNNNANNNN Fig. 3. Mechanism by
® which Doppler effect is
v produced.

TARGET
TRANSMITTER

During this time the radar set will have moved a
distance:—
v, C. 1
c+wv
and so the last part of the echo will have this distance
less to travel, and will take a time:—

v.ct 1 1
cTo o ess,
that is, the echo will be received in a time:—
c.t v.t c—v

c+v c+9v cH+o
In this time the number of cycles received will
be the same as that transmitted in time z. There-
fore the frequency observed will be (c+v)/(c—v)
times the transmitted frequency.
For a transmitted frequency f, the frequency
change isi— 20f
c+v 2v /)
c—'u'f_f— c—v S ¢
since v<e. - )
As shown in Fig. 2, the aircraft ground speed is
o, where v’ cos =9 and so the measured Doppler
frequency is:i—

fD=2J£~fu’ cos 8

This is the basic Doppler equation, from which
the ground speed is derived by measurement of

De
Practical Figures.—Some elementary calculations
can be made to show the technical problems involved.
For shallow angles of incidence (8) only a small
part of the incident energy will be scattered back
in the direction required for reception, while with
a steep angle cos 8 will be small, and the value of
fo will be too small for precise measurement.

If cos §=1% is a suitable compromise, we have,
for an aircraft speed of 600 m.p.h. or } miles per
second:—

f

= g% 186,000
or about 1 part in 10¢ of the transmitted frequency.

As a direct frequency measurement this would
be difficult but by heterodyning the returned echo
with the transmitter frequency, f; can be extracted
as a beat note. Taking f=5.2 x 10? ¢/s (5.7 cm wave-
length) fpas5kc/s, which is an audio frequency
capable of precise measurement.

This waveband is a very suitable one in view of
its propagation characteristics, the established air-
borne radars working in it, and the possibility of
a narrow beam without excessive aerial size3,

A narrow beam is clearly necessary to give a finite
value to ¢ in the Doppler equation. Even with
microwaves the width is not likely to be reduced

? See “Radio and Radar Technique,” A. T. Starr, p. 51 (Pitman).
~ % Hlectronics, September 1955, p. 178.
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below 3° or 4°, so that the Doppler frequency wil]
not be a single tone, but a spectrum having a width,
for a 4° beam centred on §=60°, of:—

cos 58°—cos 62 —129,

cos 60°

The Doppler frequency corresponding to the
ground speed will be the centre of this spectrum,
and one major technical problem is the measurement
of this centre with sufficient accuracy.

Power Requirements.—Assuming a flat earth
illuminated at vertical incidence by a transmitter-
receiver at height s:—

Py G2a2
Pr 16 X = %(2h)?
where
Pr = power received.
Py = power transmitted.
G = aerial gain.
A = wavelength.
Withan aerial gain of 120, A=5.7 cm, A=50,000 ft;—
Py 120%2x5.7%

Py 16 X 7% 1010 X 30-42
=3.2x10"1= —95 dB,

Due to scattering and oblique incidence on the
ground, the received signal will be less than this,
and experimental results show? that the additional
loss is of the order of 50 dB.

The total system attenuation is therefore 145 dB

at this altitude, and the transmitter power must
be sufficient to give a detectable signal in these
conditions,
Receiver Sensitivity.—The receiver noise power
is 0.4x10-1% watts per Mc/s bandwidth. This
power is produced in the receiver input circuits
at room temperature. This must be increased
by the noise figure to find the signal required for
unity signal/noise ratio at the second detector,
Although the post detection signal/noise ratio can
be greatly increased in view of the narrow band
of audio frequencies which carries the Doppler
information, intermodulation noise products prevent
a much smaller signal being used.

For a 5.7-cm superhet receiver we assume a noise

figure of 13 dB, a bandwidth of 1 Mc/s and the
resulting signal power (Pgz) required is 8x 1014
watts. The transmitter power is therefore 145 dB
above 8 x 1014 watts, or 25 watts.
Pulse Transmission.—The power suggested is
not outside the range of modern microwave c.w.
valves, but pulse methods are worth examining,
in view of the established techniques using magnetrons
for airborne use.

We must have a pulse repetition frequency high
enough to avoid false Doppler signals from the
p.r.f. or its harmonics. Also the time taken by the
pulse to reach the ground and return prevents the
echo, and the transmission, from being available
simultaneously for the necessary heterodyning to
extract the Doppler beat note. This last point is
covered if we transmit pulses simultaneously in
both forward and backward directions, and obtain
the Doppler beat by mixing the two echoes!.

In the forward direction the frequency will be
increased, and in the backward it will be decreased,
by the amount given in the Doppler equation.

¢ “Radar Echoes at Centimetie Wavelengths,” Davies and Mac-
Farlane, Proc. Phys. Soc., 1946, Vol. 58, p. 717.
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Limiting Factors in Gramophone

|.—PLASTIC DEFORMATION AND WEAR OF GROOVE WALLS

THE stylus tip in a gramophone pickup is usually
spherical and much more rigid than the record, so
that the problems of determining the deformation
of the record groove wall have much in common
with those associated with hardness tests such as
the Brinell, in which a ball is pressed into the sur-
face to be tested. Under light loads any material
will -deform elastically, giving a small area of con-
tact. On releasing the load the material springs
back to its original position undamaged. With
increasing load, the yield stress of the material
will be reached and permanent plastic deformation
will begin; on releasmg the load the material will
not return exactly to its orlgmal position, i.e. the
record is damaged.

The equations for the elastic range are well
known and were deduced by Hertz; they have been
expressed in convenient form by Hunt®.

0.45 B,3 Wt
b= "R
11 p,,,°R?
or W = —E’:Lz—

Where p,, is mean bearing pressure between con-
tacting surfaces in kgm/mm?

E, = B/(I-0?)
E = Young’s modulus of record material
(kgm/mm®)

o = Poisson’s ratio of record material
W = Load on stylus in grams
R = Stylus radius in mils (0.001in).

Because of the complex stress system, yielding
occurs at a value of p,, = 1.1 times the simple
tensile or compressive yield stress of the material.
Hunt! quotes 11 milligrams as the limiting load
for no plastic deformation for a stylus of 1-mil
radius on vinyl. Although the stylus is supported
by both groove walls at low signal levels, at extreme
amplitude or acceleration one wall will be taking
most of the load. As this is applied at about 45°
to the surface, the playing weight must be increased
by 4/2 before yielding can commence, i.e. to about
16 milligrams. In a modulated groove the stylus
is in contact not with a flat surface but with con-
cave and convex groove walls. This would reduce
the load required for yielding by a factor of 0.77
if the driving wall were convex and the trace radius
approached the stylus radius. However, at high
frequencies where the trace radius may be small
the inertia of the pickup will be a controlling factor
rather than the stiffness, so that the load will be
taken entirely by the concave outer wall (Fig. 1).

As the load on the indenter (stylus) is increased
beyond the elastic range, yielding occurs not at
the surface but below, at a distance of about half
the radius of the circle of coutact. With further
incréase in load, deformation will gradually spread
throughout the area under the indenter. Eventually,

Hunt, F. V. #. Audio Eng. Soc., Vol. 3, No. 1, Jan. 195
®Davies, R. M. Proc. Roy. Soc., Vol. 197, A1050. 22 June 1949
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plastic deformation of the surface will commence
at the surface. With further increase in load, plastic
deformation occurs over the whole of the area of
contact (the condition has been termed * full
plasticity >>) when the contact pressure is about
three times the yield stress of the material. Further
increase in load does not appreciably affect the
contact pressure. This is the condition in normal
identation hardness testing, where the load must
exceed the minimum value for full plasticity for
reliable hardness readings to be obtained.

From Hunt’s results, the minimum load for full
plasticity is 6-10 grams with a 1-mil stylus on a
vinyl surface (Hunt’s Fig. 2). Many commercial
pickups therefore operate in the fully plastic range,
and must cause considerable damage to the groove
(Fig. 2). If each groove wall were deformed equally
at all parts of the waveform, this' would give no
distortion and would not be serious. However,
as the load is not taken equally by each wall, the
deformation will be unequal, giving distortion of
the waveform, with a decrease of low-frequency
signals (where stiffness is operative) and an in-
crease of high frequencies (where inertia is operative).
Similar effects occur due to the elastic deformation
of the groove walls, but in most if not all commer-
cial pickups the elastic effects will be small com-
pared with the plastic. A possible method of obtaining
equal deformation of both groove walls would be to
play the virgin record first at twice the normal
tracking weight at a very low speed, so that the
pickup arm could follow the whole of the wave
form with negligible lateral loads, but this would
hardly be practicable.

The ideal pickup would work entirely within
the elastic range (16 mgm). Although it may not
be possible to construct such a pickup it might still
be possible to limit plastic deformation to the in-
terior of the material, so that the surface of the
grooves is undamaged®. The limiting tracking
weight would be that at which plastic deformation
just commenced at the surface. Unfortunately, this
point cannot as yet be calculated. Under any stress

*Barlow, D. A. . Audio Eng. Soc., Vol. 4, No. 3. July 1956.

Fig. 1.

Stylus supported by convex and concave groove
walls. :
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Reproduction

system, all materials yield according to some func-
tion of the shear stress. The shear stress contours
in 2 material under an indenter at the moment of
sub-surface yielding are shown in Fig. 3; they
will vary somewhat with the Young’s modulus and
Poisson’s ratio of the material. The shear stress
at the surface is 0.33 of the shear yield stress, and
is proportional to the cube of the load while the
whole of the material is elasticc To obtain sur-
face vielding therefore, the load will have to be
raised by some unknown factor, probably greater
than (1/0.33)%, giving 0.3 gram for a flat surface,
or 0.43 gram for a record groove.

As the record moves under the stylus, the system
is not the same as the static indentation case so
far considered. Poritsky* has shown, for cylinders
in contact, that the effect of an additional tangential
force, as represented by friction, is to shift the point
of onset of yielding nearer to the surface. The in-
fluence of stylus-groove friction would doubtless
be similar and would affect yield loads, but if friction
is low, as is probably the case, the effect will be
small.

Scratch Tests.—Hunt’s scratch tests were con-
ducted by dragging 1-mil and 3-mil radius styli over
flat vinyl surfaces. No trace was detected below
about 6.7 grams for the 3-mil stylus; the corres-
ponding load for the 1-mil stylus should be 0.75
gram, but no tracks were detected below 1.5 grams,
probably because of the difficulty of detecting such
very fine traces. The limiting loads for plastic
deformation just to appear at the surface with a
1-mil stylus will thus be between 0.3 and 0.75 gm
for a flat- surface, or 0.4 and 1 gm for a pickup, say,
half a gram.

Shellac Records.—From hardness tests, the yield
strength of shellac is about twice that of vinyl.
From cantilever loading tests, the modulus of
elasticity of shellac is about three times that of
vinyl. The increased yield stress is therefore more
than offset by the increased modulus, giving a smaller
area of contact (and hence higher stresses) for a
given load. The limiting load for no plastic deforma-
tion of shellac will thus be slightly less than for
vinyl (for the same size stylus). For a 2.5-mil
stylus the load will be about 90 milligrams, and the
corresponding load for plastic deformation to just

*Poritsky, H. §. Appl. Mech., Vol. 17, No. 2. June 1950

- PILING up

OF MATERIAL

\

PLASTIC DEFORMATION =~

Fig. 2. Stylus-groove contact in the fully plastic range.
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By D. A. BARLOW, Msc.

| «—————— D14, 0F CIRCLE OF CONTACT ———»|
: s

Fig. 3. Shear stress distribution in material under
spherical indenter (after Davies?).

appear at the surface will be 1.75 grams. Loading
tests on shellac with a 2.5-mil sapphire stylus showed
tracks at less than 3 grams, corresponding to a
pickup weight of about 4 grams. We may thus
take the limiting load as about 2} grams.

It will be noted that at low loads, for a given stylus,

shellac will actually be damaged more than the
vinyl, but around 15 grams for a 2}-mil stylus the
track width or damage will be similar for each
material, and above this load the damage to shellac
will be less—the track width will be about 0.7 of
that on vinyl in the fully plastic range. Shellac is
therefore the better material for the old type of
heavy pickup, but vinyl will be superior for light-
weight pickups.  This would explain conflicting
reports on the relative damage of vinyl and shellac
discs. There is no technical reason why, in these days
of lightweight pickups, 78 r.p.m. records should
not be made in vinyl.
Deterioration on Repeated Playback.—When any
material is deformed the area of contact increases,
and, beyond the elastic limit, the material work
hardens until it is able to support the load, unless
the load is so high as to cause fracture. Once a
record has been played at a given weight, provided
that this is not too great, there will be no further
plastic deformation on continued playback (at the
same weight); the record will sound the same as
at the first playing, although it may be heavily
deformed, and there is no knowing what the virgin
record would sound like. The claim that a certain
record sounds the same after 1,000 playings as it
did with the first playback does not mean that it is
undamaged.

It used to be the practice of record companies to
monitor the original wax or lacquer disc before
plating to make the master. If the original has been
damaged in this way, the final record will not sound
any different for being played with a very light-
weight pickup. It would be interesting to know if
the record companies still monitor the original
disc before plating now that the original recording
is usually Jdone on tape. If we are to take advantage
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LETTERS T0 THE EDITOR

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

Colour Television Pitfalls

WHILST agreeing with the spirit of your editorial in
the March issue, there are two comments with which
I find myself in disagreement: (1) I do not believe it
is true to say that the N.T.S.C. system was planned
basically for use with the three-gun shadow mask tube,
nor is tied to that tube. The system only assumes simil-
taneous presentation of the red, blue and green com-
ponents of coloured picture elements and, of course, can
be used with several forms of display device (the right
one not yet apparently thought of!). (2) The argument
for compatibility that “a colour service would be
economically impossible . . . unless it were receivable
on existing black and white receivers,” is, I think, mis-
leading. If the public wished to see the transmissions
in colour they would have to buy new colour television
receivers. The cost of these receivers would be
negligibly affected, whether or not they were designed to
work on a compatible transmission system; i.e., com-
patibility does not materially affect economy from purely
the receiver point of view.

As I see it, economies of compatibility relate almost
entirely to the transmission side (for which, admittedly,
we, as receiver owners, would have to pay indirectly).
Apart from the fact that economy of “channel space”
is an important consideration (i.e., a compatible system
uses existing channels), there is also the fact that existing
r.f. outlets—transmitters and aerials—can be used with
very little modification. So also can long-distance cable
and radio links.

Studio equipment, colour cameras and the like would
mean fresh capital expenditure whether the system was
compatible or not and would not influence the argument
greatly one way or the other.

Having had a good deal of practical field experience
of the difficulties with multipath distortion, fading, long-
distance interference and other effects on present tele-

vision and V.H.F. sound reception, I have lately been .

given to speculating whether it would not be a good
idea to confine colour transmission to an almost com-
pletely “wired ” system (i.e., co-ax run by the G.P.O.!).
This would avoid the “ether-space” and many other
problems and leave us free to optimize the system, at
the same time giving reception free from defects of
radiated transmission. Thinly populated areas could
be catered for by radiation from Band IV low power
relay stations.

Concerning “Cathode Ray’s” and “ Diallist’s con-
flicting opinions on the use of “monochrome,” I agree
with “Cathode Ray?” that this is not the best word
to use, but I can see nothing wrong with the word
achromatic which—in the dictionary—is defined as
“without colour.” (By the way, grey is generally looked
upon as achromatic as it is low intensity *white.”)

Clacton-on-Sea, D. W. HEIGHTMAN.

Etymological Inexactitude?

IT seems to me that, in their counter-attacks, « Free
Grid® and “ Diallist” have condemned themselves out
of their own pens.

“Diallist ” agrees that white is a combination of all
aha colours of the spectrum, but argues that television
. White ” is a very pale grey, which he appears to suppose
is fundamentally different. If so, I can only refer him
10 a reliable work on colour. He would have had a better
case if he had made use of the fact that many sets’

whites ” have a pronounced bluish tinge, but even so
the spectral spread is pretty wide.

WIRELESS WoRLD, MAY 1957

Both he and “Free Grid,” whom I had long rezarded
as sound on etymology, take my breath away with their
comments on “ panchrome.” Did the “fellow with little
Latin and less Greek” also compile every reputable
English dictionary, from the O.E.D. downwards?

“Free Grid ” says he has “by far the stronger case”
in asserting that the word “data ” is singular. I should
advise him to get measured for a larger size in hats, since
he appears to know better than such authorities as the
“ Shorter Oxford English Dictionary,” Eric Partridge,
Sir Ernest Gowers, and H. W. Fowler.

It should take more than the misguided practice of
some of the people in one small branch of knowledge
expressed in English to enthrone an upstart solecism as
a new accepted usage. “CATHODE RAY.”

Transistor Symbols

IN your March issue,
James Franklin con-
fessed to an unconscious
plagiarism of a tran-
sistor symbol that we
have used. This we —
take as flattery. We
have recently adopted
the “open” type of
symbol from the book
by Lo, Endres, et al. which was mentioned by “ Cathode
Ray” in your April issue as his personal preference (see
accompanying sketch).

National Physical Laboratory, D. L. A. BARBER.

Teddington, Middx. W. T. BANE.

P-n-p n-p-n

Beat Interference

IT is well known that since Winter Hill opened for
service on Channel 9, Band III, reception of the Croydon
I.T.A., station is often marred by co-channel interference
in certain areas. My own observations show that when
this interference is visible there is sometimes a pulsating
variation of mean brightness level. This may or may
not be accompanied by the more usual brightening of
groups of lines, giving an impression of line pairing.

When the two stations radiate similar programme
material a ghost or ghosts may also appear, depending
on the intensity of the Winter Hill signal at this extreme
range. When programme material is dissimilar—the
“ commercials,” for example—the ghost(s) give place to
two entirely different pictures, one usually weaker than
the other.

The pulsating lightening and darkening of the picture
experienced here at times is not unlike the conditions
related by your contributor in the March issue, James
P. Grant. I am therefore led to believe that his trouble
could be a form of this co-channel interference. In
support of this view, I notice that a line connecting this
town with Winter Hill passes through Croydon; simi-
larly, a line from Cawsand and Kingsand to Holme
Moss would pass through Hessary Tor.

These two latter stations share Channel 2, Band I,
and, I believe, always radiate the same programme
material. The trouble, says Mr. Grant, is always present
when Hessary Tor is transmitting, but then so is Holme
Moss transmitting at those times. He also says there
is no recorded signal in the band when Hessary Tor is
silent, but again, Holme Moss would also be off the
air at those times.

As Mr. Grant seems to have secured the active co-
operation of the B.B.C. in investigating his problem,
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could he not prevail upon them to cut the Holme Moss
carrier for a while during a morning or afternoon test
transmission period, so that the effect on his reception
could be observed. On the assumption that this has not
been tried, it might give a lead, if not an answer,

W. E. THOMPSON.

St. Leonards-on-Sea.

Peak or R.M.S.?

IN your March issue Thomas G. Ward wanders whether
recording equipment makers use peak reading meters for

their quoted data.

_ Partly as the result of pioneer work by Stuart Ballan-
tine, for over twenty years virtually all audio measure-

tube meter.

ments in the U.S.A. have been made by average-reading
meters, sine-wave-calibrated in equivalent r.m.s. voltage.
This revolution was born of the discovery that amplifier-
type average-reading vacuum-tube voltmeters had better
linearity and much more sensitivity than the peak—reading
type, and infinitely more stability than the r.m.s. vacuum-
“R.M.S.” has become an obsolete cliché,

Today, such average-reading meters are universally
used for recording tape and recorder measurement, as
well as for virtually all other audio measurements. Since

most models are good to several hundred kc/s, and
some are accurate up to 4 or 5 Mc/s, they have also seen

much r.f. use as well.

Audio Instrument Company, Inc.,
New York, U.S.A.

EXHIBITORS AT THE LE.A. SHOW

AS its title implies, the Instruments, Electronics and Automation Exhibi-
tion (Olympia, May 7th to 17th) will include a considerable amount of

equipment of interest to Wireless World readers.

The show is promoted

by five associations, among them the Scientific Instrument Manufacturers’

Association and the

British  Electrical

and Allied Manufacturers’

Association. Although officially the radio and electronics industry is not
represented, there are among the 200 exhibitors a considerable number
(see below) of manufacturers in the industry, or whose products are used
extensively in the manufacture of radio and electronic equipment.

A conference will be run in conjunction with the exhibition, for which
tickets will be obtainable at the show. Each day will be devoted to a
specific aspect of the industries covered by the exhibition—automation
(8th), nuclear (9th), education (10th), medical (13th), industrial (14th),

computer (15th), communications and navigation (16th).

The morning

session (from 11.0) will be devoted to a general review of the day’s subject,
whilst more specific techniques and applications will be covered in the
afternoon session (from 3.0) Some of the papers are listed below.

The exhibition opens daily (except Sunday) at 10.0, and closes at 6.0
except on the 10th and 15th, when it is open until 9.0. Admission, 2s 6d.

Name Stand No.
Advance Components .......... 934
Aircraft-Marine Products ...... 936
AIfMEC ..ot iiiiiinenns 408
Associated Automation ........ 510

Automatic Coil Winder (AVO) .. 942A

BTH. .. ... 309
Baird & Tatlock .............. 515
Baldwin Instrument Co. ........ 933
Belling & Lee ................ 938
Bonochord .................. 711
British Physical Laboratories .... 205
Brown, S. G. .......... ... 704
Cambridge Instrument Co. ...... 601
Casella (Electronics) .......... 412
Cass & Phillip .............. 945
Cathodeon  .............c.o.vn. 501
Cawkell, A. E. .... 716
Cinema-Television ............ 913
Cooke, Troughton & Simms .... 806
COBSOT oo veseenvnnnaaneenens 407
Crompton Parkinson .......... 408
Croydon Precision Inst. Co....... 947
DSIR. ... 502
Dawe Instruments ............ 939
De La Rue .................. 209
Donvin Instruments .......... 925
Dubilier .......coiiiiiiin, 908
Ekco Electronics .............. 505
Elcontrol .......... .. ... 918
Electro Methods .............. 904
Electroflo Meters Co. .......... 510
Electronic Engineering ........ 206
Electronic Instruments ........ 930
Electrothermal Engineering 300
Elliott Brothers .............. 411
E.M.I. Electronics ............ 404
English Electric Valve Co. ...... 107
Ericsson Telephones ... 613
Evans Electroselenium 200
Evershed & Vignoles .......... 405
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Name Stand No.
Fleming Radio ................ 103A
Foxboro-Yoxall .............. 409
EC 406
General Radiological 703
Hilger & Watts 402
Honeywell-Brown 410
Hunt (Capacitors) 922
Kelvin & Hughes .............. 310
Labgear ..............0..... 501
Lancashire Dynamo Electronic
Products .................. 303
Langley ........... ... 914
Livingston Laboratories ........ 600
Magnetic Devices ............ 706
Mallory Batteries ............ 944
Marconi Instruments .......... 504
Measuring Instruments (Pullin).. 925
Metropolitan-Vickers .......... 401
Mierocell ......... ... (... 707
Millett Levens ................ 921
Minerva Detector Co. ...... 930
Ministry of Supply ............ 209
Morganite Resistors .......... 927
Muirhead .................... 901
Mullard ................ 305 & 801
Murphy Radio .............. 703
NSF. i 919
Nagard ............... ... ... 216
Nalder Bros. & Thompson ...... 603
Nash & Thompson ............ 105
National Cash Register Co. .... 311

Nicholson, W. B. (Scientific Inst.) 515

Painton & Co. .........cvvn.n. 211
Philips Electrical .............. 910
Plannair ............. ... ... 604
Power Controls .............. 706
Pullin, R, B. & Co. ............ 925
Pye, W. G. & Co. ............ 501
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C. J. LeBEL.
Name Stand No.
Racal Engineering ............ 932
Radiovisor Parent ............ 923

Robinson, F. C. & Partners .. 212
STC i i, . 307
Servomex Controls ............ 900
Short Brothers & Harland ...... 106
Siemens-Bdiswan ............ 507
Sifam Electrical Instrument Co... 808
Simmonds Aerocessories  ...... 903
Smiths Industrial Instruments .. 929
Society of Instrument Technology 101
Solartron  .......... ..., 503
Southern Instruments ........ 100
Sperry Gyroscope Co. . ......... 203
Sunvic Controls .............. 506
T.C.Co it 602
Telephone Manufacturing Co. 201
Turner Electrical Instruments 937
20th Century Electronics ...... 946
Unicam Instruments .......... 501
Victoria Instruments .......... 925
Wayne Kerr Laboratories ...... 304
Wireless World and Electronic &
Radio Engineer ............ 941
Some Conference Papers
8th. “ Computer controlled  machine

togls ”” by J. N. Toothill (Ferrant).
‘ Electronically controlled machine
tools” by C. A. Sparkes (H. W.
Kearns & Co.).

9th. *“The place of analogue computers
in reactor control” by J. Walker
(Atomic Energy Authority).

“The technologist—his training and
reward > by Dr. G, L. D’Ombrain
(Battersea Polytechnic).

“ Training for research” by Dr. J.
Thompson (Scientific  Instrument
Research Association).

 Electronic instruments for clinical
tests with radioactive isotopes ™ by
N. Veall (Guy’s Hospital) and E. W.
Pulsford (Atomic Energy Authority).
“ Instrumentation in the textile in-
dustries > by J. E. Fielden (Fielden
Research).

“The electronic
Walter Puckey.
“ Production o 1. B Grant
using a computer ” by J. W. Gran!
(British Tabulating Machine Co.).
“flectronics in banking” by L.
Temple (Lloyds Bank).

“ Communications and the future”
by Sir Gordon Radley. .
““Recent developments in marine
radar ” by A, L. P. Milwright (Royal
Naval Scientific Service).

 Air navigation * by T. G. Thorne
(Radar Research Establishment).

10th.

13th.

14th.

15th. office ” by Sir

control _ procedures

16th,
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Limiters and Discriminators for

F.M. Receivers

By G. G. JOHNSTONE, B.Sc.*

TO extend the treatment to a practical ratio
detector we shall next consider the case when the
parallel resistance of the tuned secondary circuit R,
is not infinite.

As before, the fundamental-frequency currents
(1,,) flowing through the diodes are equal in magni-
tude, and the current in each diode is in phase with
its applied voltage. Additionally, the current flowing
through the resistive components R,/2 are also in
phase with the applied voltage. These currents are
given by 2E;/R; and 2E,/R, respectively. The
equations relating the magnitude of the currents
flowing must thus be modified as follows:

(172)% = Esz12 + (Iac + 2E1/Rs)2

(I1/2)* = EfY,* + (I, + 2E/Ry)?
where Y, and Y, have the same meaning as formerly,
i.e. they are the admittances of the reactive elements
of the tuned circuits. * Inserting the values for Y,
and Y, and writing g, = 1/R,

B UCdo — 4O — EfiC(do + 0 +

ac gs(El - EZ) + 4g§2(E :—E)) = 0
As the dlode rectification efficiency is assumed 100
per cent, E; = E, + E and E, = E,—E, where E
is the a.f. output voltage.

Combining the expressions above gives

E . —dw
E, 40
1 + (E/Ep)?

1+(g,2/4C24 Q%) +1,,8,/(8C24 Q°Ey) + (4 w/ Q4)°

In this expression, we can replace I,, by 2I,,, and
we can simplify the expression appreciably for
initial examination by restricting consideration to the
region where dw/4Q is appreciably less than unity,
i.e., to the working region
near the centre frequency.
The expression for E then becomes

+H.T.

dw
E = -Eb E X
1
14+g2/(4C240%)+g,1 ;,/(4C24Q%E,)

To a first degiee of approxima-
tion therefore, the output is linearly
proportional to the frequency of
the input signal. However, it can

(cont’d)—Practicalr

Ratioc Detector Circuits :

Comparison of Foster-Seeley and Ratio Detectors

creases, and conversely. Tn this form the circuit
is over-compensated. An examination of the ex-
pression above suggests a way out of this difficulty.
If only part of the load voltage is ‘‘ stabilized,” i.e.
shunted by a large capacitor, E, will be no longer
constant, and variations of numerator and de-
nominator may be made to cancel. If a resistor R,,
is inserted in series with each ‘¢ battery > as shown
in Fig. 10, R, becomes R,, + R, where Ry’
is the resistance shunted by the large-value capacitor.
E, in the foregoing expressions must then be re-
placed by Ey” + Ryl 4, where E,’ is the new battery
voltage, i.e, that developed across R;’, no longer
equal to the total load voltage., Inserting this value
for E,’ in the expression above gives

4
E=—E/ /= x
1 + Ry, Ii/Ey
(A + g#4C240% 1 + glg/(8" + 4C24Q%E,]
The factor 1/E, is the denominator can also be re-
placed by 1/E,;’(1--R,1;/E’,), and provided the
voltage R, I,, is small compared with E,’, this can

then be replaced by the first two terms of the series
expansion, viz.

1 1
— —(1 = R,I,/Ey’
B/ T Rl /By By ¢ ReladEe)

Then

—E;/(1 + R,I;/Ey) (dw/4Q)

- gsldc(l - ledc/Eb/)}
2 2402
1+ graceany [ 1+ S —waln)

E =

be shown analytically that if the
input current (I) i increases, then so
does the direct current in the load,
L. This is apparent also from an
inspection of the circuit. Thus we
can draw the important conclusion
that the audio output voltage de-
Creases, as the input current in-

* B.B.C. Engineering Training Department.
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Fig. 10. Ratio detector with resistors R,, to improve a.m. suppression.
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The output E is independent of I, to a good degree
of approximation if
Rm = gs(l - R'mIdc/Eb,) / (g32 + 4C32AQZ)

_ 8 1

gsz +4C32A Q2 ' 1 _f"gs:[dc/{Eb/(gs2 +4Cs2d Qz)}
_ g

g 1+ 4C240% + g1, /E,
This expression can be simplified by introducing
the undamped Q value of the secondary circuit
Q; = Ryw,Cy = w,Cy/g,. Then

Ry = Ry/{1 + (2Q, 4F/f,)? + R,14,/E;’}
This expression shows that complete a.m. rejection
cannot be achieved, since the optimum value of
R,, depends on I;,, which varies during the a.m.
cycle. We can make the output due to a.m. zero over a
limited range about a selected vslue ot I, It is
usual to do this about the working point, when
E, /14, is equal to Ry, the resistance in parallel with
the stabilizing capacitor. Then

R,y = Ry 055 = Ry/{1 + (2Q,4F[f,)* 4+ R/Ry’}

The effect of varying R,, whilst the total diode load
remains constant is shown in Fig. 11, which shows
how the output varies with an a.m. input when the
signal frequency is constant at a value near the centre
frequency. The value of R, is expressed in terms of
U = R,,/Ry, where R, = R;’ + R,,. The factor U
is equal to the fraction of the output voltage which is
not stabilized. The optimum value of U correspond-
ing to Ry, 5,4 calculated above is designated U,,,.

At this point it is convenient to introduce the
““ 2.m. suppression ratio.” This is a measure of the
effectiveness of a f.m. detector in rejecting a.m.
of the input signal. It is the ratio of the a.t. output
due to f.m. to that due to a.m. when the input signal
is modulated equally in depth by a.m. and fm.
The value of modulation depth employed is usually

ie. R,

u=|
/ _ Fig. 11, Showing vari-
- YUS=Ueer ation of a.f. output
- ! with input signal am-
| plitude for a fixed
I _MEAN u=0 frequency input signal
‘;‘/VALUE (4f small).
)
SIGNAL AMPLITUDE

A.F. OUTPUT

30 or 40 per cent. Different frequencies are usually
employed for the a.m. and f.m. components to
facilitate measurement, Typical values for these
frequencies are 100 c/s for the f.m. component, and
2 ke/s for the a.m. component. In a practical ratio
detector the a.m. suppression ratio is between 20 and
30 db.

If now we return to the full expression derived
earlier for E the a.f. output voltage, we can evaluate
the distortion terms in the output. Substituting
for the value of E, leads to the following expression
for the a.f, output voltage E expressed as a fraction
of E,’

_ _a, LBy
Y T T ABS
where y = E/E,’

x = dw/4Q = Af/AF

A = QQAF/f,)¥/1 + (2Q, 4F/f,)

B = R, /Ry + R,,). This is the fraction of the
direct voltage at the diode output “* stabilized by
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the electrolytic capacitor, and is equal to E,/E

If the graph of y against x is plotted, it has the fong
shown in Fig. 12 for the portion of the curve in
which we are interested.

The expression for y can be expanded as a power
series, giving

v = E/By’ = d\(4f/4F) + dy(4f/4F). ...,
where d;, = —
and d; = A?B (1 — AB)

In order to use this expression to determine dis-
tortion terms, the value of AF must be known,
Except for the special case of R, infinite, this is not
equal to the half-bandwidth (4F,) measured to
the turn-over point of the practical characteristic,
However, in the process of deriving the expansion
above, it emerges that the turn-over points of the
characteristics occur at the values given by X2 =
1/AB. As A and B are both less than unity, the
measured half-bandwidth 4F, is greater than 4F,
In a practical circuit, if the measured half-bandwidth
is found, 4F can be found from

AF = 4F, \/AB

The value of B can be calculated from the circuit
constants. ‘The value of A depends up 4F, and
hence requires a knowledge of the answer. However,
4F can be found by successive approximations if the
value of 4F, is used instead of 4F to calculate A,
This gives an approximate value of 4F, which can
be used to determine A more accurately, and so on,
In fact, the error introduced by using the first
approximation only is generally small.

Alternatively, the value of 4F can be calculated
from a knowledge of circuit values. Thus the
resonance frequencies of the two tuned circuits

are given by 1/217\/ (1 + M/2L)L,C, and

127 4/ (1 —M/2L)L.C, respectively. From these
expressions 4F/f, = M/4L,, whence
AF = Mf,/AL,

If a tertiary winding or tapped primary circuit is
employed, then L, must be replaced by a’L,, and
M by aM, giving

4F = Mf,/4dL,

The expression for the output voltage is given in
terms of E,” and 4F. If it is required to determine
the sensitivity of the circuit, we require an expres-
sion relating E,’ to I;,. With a tertiary winding or
tapped primary circuit, the equivalent circuit must be
drawn with L, replaced by a *L,, C, by C,/a%
R, by a’R,, and I,, by I,,/a. We shall consider the
signal frequency to be near the centre frequency.
We can then ignore the effect of the reactive com-
ponents of the tuned circuit connected between
terminals 1 and 2 of the equivalent circuit. The
dynamic resistance of this tuned circuit (R’).is
that which in parallel with R/4 is equal to a*R,, (see
Part 1), i.e.

1 4 1
R TR T R,

The impedance presented at the centre tap of the
transformer T by the two tuned circuits and diode
loads can be shown by an extension of the argument
employed earlier to be

R
R — (22) i + Gy 4w
where Ry,/2 is equal to Ry/2 in parallel with R,/2, i.e.
the total damping applied to each of the two tuned
circuits considered previously. The current flowing
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Fig. 12. Showing variations of output (y = E/Eyp’) against
input signal frequency (x = Af/4F).

to the centre tap of the transformer T is then given
by
I— L, R’ 7
a R1 + R’ ’
The power delivered to the centre tap of the trans-

former is thus
Py, = 3I'R,

L, R’ 2
: ( a R,+ R‘) Ry

This power appears in the diode load circuit and in
the dynamic resistances (R,/2) of the two tuned
circuits. Near the centre frequency, the voltage
across each dynamic resistance is approximately E,,
and hence the power dissipated in each resistance is
1E,%/(R,/2). The power in each diode load is E,%/R,,
and hence
2E,2 = 2E? R”

2
Iin

R, ' R, b R TRy
But R_2L + 1% = -é—n
Ejf=1 I‘%z (T%z RiRy
= %f: R, + R, + R VRR,

This expression has its maximum value when a =
a,p 4 this value of a is given by ‘

1/a?y,; = R{1/R, — 4/R}
Using this value for a, and E,’ = E,R.//Ry, gives
the maximum value for B, = E;/ .0

R,
Bi'mar = + g Lin VRl — GR/R)
If as is usual, Rs/4 appreCIably greater than R, then
Eymas =~ i Izn\/R R,
and Aoy ™ Rl/R

Near the centre frequency, the a.f. output voltage is
given approximately by
E = —AE, 4f/4F

For maximum sensitivity, E;’ should be large and
4F small. For E,’ to be large R, and Ry, should be
large. However, as we shall show next, the condition
for good ¢ downward” am. handling capacity
requires Ry, small. Thus a practical design represents
@ compromise between these requirements.

To complete the investigation of the circuit, we
shall evaluate the maximum ‘‘ downward” a.m.
handling capacity. With no a.m. present, the rela-
tionship between the peak value of the r.f. input

WIRELESS WoRLD, May 1957

current to each of the tuned circuits (I/2), when the

signal frequency is near the centre frequency, is
given by
(1/2)? = E2(16C2402 + 4/Rp%)
= E,216C2402{1 -+ 1/(2Q,4F/f,)%
When the diode current falls to zero, the value of the
r.f, input current (1'/2) is given by
(I'/2)2 = E,2 16C, 401 + 1/(2Q,4F/f,)%
whence ’
E,’ A/1 +1/2Q, 4F/f,)?
E, 14+1/(2Q,, 4F/f,)?

1+ 1/(2Q;, 4 Fifo)?
1 + 1/(2Q,4F/f,)?

If 2Q, 4F/f, is large, the expression simplifies to one
similar to that given earlier for the case of R, infinite.

The value of my,, calculated above ignores the
effect of the primary circuit, and in general this is not
negligible. To evaluate this, consider the input
impedance presented at the centre tap of the trans-
former T of the equivalent circuit. With no a.m.
present, this is

R, = Rp/D/{1 + 2Qy 4F/f,)?
Similarly, the impedance when the diode current
falls to zero is

R, = RyDAL + (2Q,4 Fif,)%}

If the values of R, and R, differ, then m,,,, is
modified. This happens because the proportion of
the input current (I,,/a) fed to the centre tap of the
transformer T differs in the two cases. The effective
impedance R’ of the current source was shown earlier

to be

1R = 1/a’R, — 4/R;
Thus the proportion of the input current flowing to
the centre tap when no a.m. is present is given by

Mg = 1 — I/T =1 —

1____

=l R
a R, +R’
and when the diode current falls to zero by
I’ Iiﬂ, R”
T a R, + R’

Thus m,,,, is changed from the value calculated
above to

ooy tw _TRHR,

Mmas= ST, T TIRFR,
_ | _RHRRY A/1+1/<2QSA F/f,)?
R"+ R, Ry A 11/(2Q,4F/f,

Ratio Detector with Practical Diodes.—The
analysis of the circuit operation with practical diodes,
i.e. those with a rectification efficiency of less
than 100 per cent is very complex, because the
direct current component in the diode Iz is no
longer equal to half the peak value of the
fundamental frequency a.c. component I, If the
diode efficiency is high, however, the assumption
that 1, = % I, may still be made with fair accuracy.
The diode itself must then be regarded as a perfect
diode in series with a resistor R;;. This resistance
then forms part of the resistance R, calculated earlier,
and represents a minimum value below which R,
cannot fall. To calculate its value, we may note that
given an input peak voltage E the ¢ perfect > diode
delivers an output voltage E. A fraction of this
voltage, 7E, appears across the true load resistance
R;, where n is the diode rectification efficiency.
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The remainder of the voltage (1—4) E, appears
across the fictitious resistor R;;. Hence

E 1 —1
= = . E
"R, Ry
1—q
Riyi=—Rg
‘II

It is the fact that 5 varies with the input signal level
which limits the useful range of input signal levels
which the detector can handle satisfactorily.
Normally, 7 tends to a constant value as the input
signal increases, and the circuit constants are adjusted
for this value of 5. At low input signal levels, how-
ever, n decreases appreciably, and the a.m. suppres-
sion ratio is seriously impaired. Thus there is a lower
limit of input signal which the detector can handle
satisfactorily. Itisapparent that, for best performance
high-efficiency diodes should be employed.

Unbalanced Effects.—In the presence of ampli-
tude modulation, a ratio detector exhibits an
‘“unbalance effect.”” This is an output due to the a.m.
which is constant at all frequencies in the working
range. This effect has a number of causes, which
are not indicated by the preceding anaysis because
of the simplifying assumptions made. The causes
include variations of diode input capacitance with
signal amplitude, the finite impedance of the tuned
circuits to harmonics of the current flowing in the
diodes, and inadequate decoupling of the diode
loads at r.f. The last cause produces an effect which
opposes that due to the first, and hence some reduc-
tion of the a.m. output may be obtained by using
relatively small decoupling capacitors. The second
cause can be minimized by using a large value of
secondary circuit tuning capacitance. This tends to

x
F3
e
=
= C\Q?‘
= B\ N
@ o >
a <\0 A%
%V‘ ’
e
<0
FREQUENCY SWING

FULL DEVIATION
Fig. 13. Showing how distortion varies for ratio detector

and Foster-Seeley circuits having equal distortion at full
deviation.

produce low values of R,, the dynamic resistance,
and hence tends to lead to low sensitivity. A com-
promise is thus necessary, and a value of 50pF is
usually employed. The a.m. output can, however,
most easily be reduced by unbalancing the two
diode-load circuit resistors, R,,. Theforegoinganalysis
suggests that these should be equal; if, however, their
sum is kept constant, while they are altered in-
dividually, substantial reduction of the a.m. output
is then obtained,

Time Constant of Load Circuit.—The fore-
going ahalysis was based upon the assump-
tion that the time constant of the load circuit was very
large, so that the load circuit could be replaced by a
battery for the purposes of analysis. Unfortunately,
if the time constant of the circuit is made very large,
the tuning characteristics of the receiver are affected.
The receiver then behaves like a conventional a.m.
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receiver in which the a.g.c. time constant is too long;
there is an appreciable lag between adiustmen{
of the tuning control and the return to stable operat.
ing condirions. The tuning has then to be adjusteq
very slowly. To avoid this effect, the load time-
constant has to be shorter than is desirable. In
practice a compromise value of time constant of the
order of 0.1 to 0.2 seconds is usually employed,
Such a circuit ceases to behave like a constant.
voltage battery when the input is varying at a slow
rate, ‘and there is a slow variation of the output
signal in accordance with the signal variation. This
is especially noticeable if ‘‘ flutter ” due to signa]
reflections from an aircraft occurs. This futter
generally begins to be noticeable when the flutter
rate is about 0.5 c/s; the flutter rate increases, as
does also the amplitude of the * flutter,” until the
flutter rate rises to value when the load time-constant
is sufficient to suppress the variations. To counter
this effect, an effective fast-acting a.g.c. system is
required. A suitable control voltage is available from
the load circuit itself, and this is usually employed,
The a.g.c. system also has the desirable effect of
equalizing the audio output from input signals of
unequal amplitude,

Variants of the Ratio Detector Circuit.—A
number of variants of the ratio detector circuit have
been described from time to time. The most common
of these employ two tuned circuits instead of the
phase-difference transformer. Two such circuits,
shown in Figs. 14 and 15, are described by Paananen,
In the circuit of Fig. 14, two tuned circuits are driven
from two valves with the input grids connected in
parallel, to supply equal currents to the tuned
circuits. A battery is employed instead of the self-
biasing circuit. In the circuit of Fig. 15, a low
impedance source (a cathode follower) is used to
drive two series-tuned circuits; the * battery”
voltage is provided by the cathode bias of the cathode
follower. This circuit may be described as the dual
of that of Fig. 14, in that a constant voltage is fed to
two series-tuned circuits instead of a constant current
to two parallel-tuned circuits.

Comparison of the Foster-Seecley and Ratio
Detector Circuits

A comparison of these two circuits depends
critically upon the requirements of the detector in a
receiver. These may be stated as (a) low distortion
(b) good ‘ downward ” a.m. handling capacity (c)
good a.m. suppression ratio (d) driving voltage
required and (e) wide-band characteristics. © On the
score of low distortion, the Foster-Seeley circuit is
better than a ratio detector of comparable bandwidth,
although not necessarily better than a wide-band
ratio detector. .
The two circuits differ appreciably in the way in
which the distortion varies with the signal frequency
swing. In the Foster-Seeley circuit, the distortion at
optimum adjustment increases with the fourth power
of the swing; in the ratio detector it increases with
the square of the swing. Thus if both circuits are
adjusted to give equal amounts of third-harmonic
distortion at full deviation, their characteristics at
smasller frequency swings will be different. This 18
shown in Fig. 13. .
In respect of * downward >’ a.m. handling capacity,
the two are not strictly comparable, since in ths
Foster-Seeley circuit this maximum ¢ downward
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Fig. 14. Ratio detector using two
parallel-tuned circuits and battery
bias.

CHOKE

+HT

a.m. handling capacity is proportional to the amount
by which the input signal exceeds the “‘ threshold *
input required by the limiter. In the ratio detector,
the maximum °‘ downward > a.m. handling capacity
is a fixed quantity. In general a detector should be
capable of handling ¢ downward *> modulation of the
order of 50 per cent, and both circuits can normally
achieve this.

The a.m. suppression ratio required in a receiver
depends upon the type of interference encountered.
To deal satisfactorily with all types of interference a
ratio of 35—40 dB would appear to be necessary. The
Foster-Seeley circuit preceded by a limiter has a
ratio of the order of 40 dB. The ratio detector, in
practice, appears to have a ratio of the order of
2030 dB. This is not sufficient for all types of
interference, and is perhaps the most serious limita-
tion of the circuit. The ratio can be increased by
employing a limiter preceding the detector, but if
this is done a relatively large input signal to the stage
is required. This offsets one of the major attractions
of the ratio detector, the smaller number of valves
required in a receiver. A hybrid arrangement, in
which the precedirg valve functions as a high-level
limiter, may go some way to improving performance,
but there may be difficulties in areas of low field
strength. Alternatively, a diode dynamic limiter may
be added to increase the a.m. suppression ratio, but
this generally leads to some loss of overall gain.

The driving voltage quoted differs for the two
cases. With a Foster-Seeley circuit, there is a
‘“threshold >> at which the limiter commences to
function satisfactorily. Beélow this threshold the
a.m. suppression ratio is poor, the ‘ downward >’ a.m.

dling capacity zero, and the a.f. output varies
approximately linearly with the input signal ampli-
tude, Above the threshold, the a.m. suppression
ratio rises rapidly to an approximately constant value,
and the a.f. output tends to a constant value. The
downward ” a.m. handling capacity rises linearly

WRELESS WORLD, May 1957

with the ratio of input signal amplitude to threshold
amplitude. In a ratio detector there is a ““threshold”
of a different type. This occurs when the input
signal falls to the point where the diode efficiency
begins to fall off. Below this threshold the a.m.
suppression ratio and ¢ downward » a.m. handling
capacity decrease steadily. Above this threshold the
a.m. suppression ratio and the ‘‘ downward > a.m.
handling capacity tend to constant values. The a.f.
output, however, is proportional to input signal mean
amplitude at all amplitudes except below the
 threshold > where it falls somewhat more rapidly
than the input signal mean amplitude.

The minimum input signal for satisfactory
operation with a Foster-Seeley circuit is thus fairly
well defined. If the circuit is to handle *‘ downward *
a.m. to a modulation depth of 50 per cent, this
requires the input signal to the limiter to be approxi-
mately twice the threshold input. In a practical
circuit, this corresponds to an input signal of some
two volts at the limiter grid. The ¢ threshold ”’ input
signal with a ratio detector is usually stated as the
input voltage required at the grid of the i.f. stage
feeding the detector, and this may be of the order of
20 mV. At this figure, however, the a.f. output may
be appreciably below that of the Foster-Seeley
circuit, and as a basis of comparison the ratio detector
driver input, for an output comparable to that of a
Foster-Seeley circuit, is perhaps better. A typical
practical figure for the ratio detector on this basis of
comparison is some 100 mV, the a.f. output being
then approximately 1 volt peak. The overall gain
from the aerial input to the driver/limiter grid is thus
less by a factor of approximately 20 in a receiver
employing a ratio detector than that in a receiver
employing a Foster-Seeley circuit, and may enable
an i.f. stage to be omitted. However, this saving may
not be possible if the a.m. suppression ratio of the
ratio detector has to be supplemented.

If a wide-band detector is required, the ratio
detector would appear to be most satisfactory. - It
was stated in Part 2 that the Foster-Seeley circuit may
suffer from ¢ diagoral clipping,” which occurs if the
time-constants of the diode loads are so great that
the envelopes of the signals applied o the diodes can
fall faster than the rectified output falls, With
increasing bandwidth the input signal envelope can
fall progressively more rapidly and hence with a
Foster-Seeley circuit, the diode loads must be
reduced progressively with increased bandwidth.
This leads to appreciable design difficulties. The
ratio detector, however, can be made free from
““ diagonal clipping > as in the circuits of Figs. 14

+HT.

Fig. 15. Ratio detector using two
series-tuned circuits.
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equal to E,. Assuming
the 6BA6 to have a mutual
conductance of 4.3 mA/V,
the calculated value of
|l E,/ is 2.3 volts. The
measured value of the
maximum ¢ downward
a.m. capacity is 70 per
= cent; the calculated value
is 70 per cent also.

To evaluate sensitivity
and distortion, the values of

A.G.C.—

A and B are required.
From circuit values B
0.68. The value of A is

6802

5,000 pFT

330 pFT z,ooopFT

[T

calculated to be 0.83, given
the measured half-
bandwidth (4F,) of 175

o

Fig. 16.
Review, June [947).

and 15. With increased bandwidth, the ¢ downward”
a.m. handling capacity decreases, and hence a wide-
band ratio detector must be preceded by an efficient
limiter. '

Theoretical and Practical Results

To illustrate the order of accuracy of the preceding
analysis, the practical results can be compared with
those given for a published design. The design
chosen is that due to Seeley and Avins, described in
the RCA Review, June 1947, The circuit diagram
is shown in Fig. 16.

The rectification efficiency of the diodes was
estimated from published data to be 0.8 approxi-
mately. The value of Ry, the equivalent inherent
resistance of each diode, is thus found to be 2 kQ.
This gives the meanvalue of R,, of the practical circuit
as 3.25 kQ. The calculated value is 3.2 kQ.

The measured a.g.c. voltage is 2.5 volts for an r.f.
input of 100 mV to the grid of the 6BA6. This is

Circuit values used in ratio detector described by Seeley and Avins (RCA

ke/s. The value of 4F is
then 135 kc/s  approxi-
mately.

Taking E;’ as 2.5 volts, the
a.f. output voltage is given

by E = 0.0154(4f) + 2.7 x 107%(4f)® . . .

where 4f is measured in kc/s.
With an input signal of 75kc/s deviation, i.e,
Af = 75 coswt

E = 1.06 cos wt + 0.03cos 3 wt . ..

The calculated r.m.s. fundamental frequency a.f.
output is 0.75 volt; the measured value is 0.7 volt.
The calculated third harmonic distortion is 2.0 per
cent (r.m.s.); the measured total harmonic distortion
is 2.5 per cent (r.m.s.).

REFERENCES

H. Marko. “ Theorie und Praxis des Verhiltnis-
detektors.” Frequenz. Jan. 1952,

B. D. Loughlin, “ The theory of Amplitude-modulation
Rejection in the Ratio Detector.” Proc. I.R.E., March 1952,

R. Paananen. “ IF and Detector Design for FM.”
Part 3. TV and Radio Engineering, August-Sept. 1953,

S. M. Seeley and J. Avins. “ The Ratio Detector.”
RCA Review, June 1947.

SHORT-WAVE CONDITIONS

Prediction for May

Mefs MONTREAL BUENOS AIRES JOHANNESBURG HONGKONG Mc!;
SOT T T T 11 T—TT T T T o o | T P Yo7 "
WP B e fes o
30 z = 1T = 30
20 = = 20
15 S z 5
10 {0
8 8

6
g 5
4 4
3L - 3
0 4 8 12 16 20 00 4 8 12 16 20 00 4 8 2 te 20 00 4 8 12 l6 20 0

GMT. G.M.T. G.MT. G.MT.

THE full curves given here indicate the highest fre-
quencies likely to be usable at any time of the day or
night for reliable communications over four long-
distance paths from this country during May.
Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same petiod.
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essceesess FREQUENCY BELOW WHICH COMMUNICATION SHOULD
BE POSSIBLE FOR 25°% OF THE TOTAL TIME

— — — PREDICTED AVERAGE MAXIMUM USABLE FREQUENCY

FREQUENCY BELOW WHICH COMMUNICATION SHOULD
BE POSSIBLE ON ALL UNDISTURBED DAYS
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Portable Trunsistor

By S. W. AMOS?*, B.Sc. (Hons.), A.M.IE.E.

THE junction transistors which have been avail-
able in this country for a few years have been mainly
af. types with alpha cut-off frequencies not exceeding
0.5 Mc/s. Though perfectly suitable for use in audio
amplifiers, these are far from ideal for use in r.f. or
i.t. amplifiers or as frequency changers and it has not
therefore been possible to construct satisfactory super-
heterodyne receivers using such transistors in all
stages. A number of circuits for transistor superhets
have been published but these have relied on the use
of low intermediate trequencies such as 315 kc/s,
and/or oscillators which operate below the signal
frequency. Low intermediate frequencies increase
the danger of image interference and low oscillator
frequencies make ganging of oscillator with signal-
frequency circuits difficult.

The alpha cut-off frequency quoted by transistor
manutacturers is the frequency at which the current
gain of the transistor, when used as a common-
base amplifier, is 3 dB down compared with the
low-frequency gain. However, for a satisfactory
performance from a common-base amplifier the
alpha cut-off frequency must be at least twice the
operating frequency: thus if the intermediate fre-
quency is 465 kc/s an alpha cut-off frequency of at
least 1 Mc/s is required. For reasons given later
common-emitter operation is generally preferred,
and for satisfactory performance in this mode the
alpha cut-off frequency must be higher still. Thus
transistors intended for use in i.f. stages usually have
alpha cut-off frequencies in the range 1 Mc/s to
5 Mc/s. The requirements of the trequency changer
are even more stringent because the transistor used
in this position must be capable of oscillating at
2 Mc/s when the receiver is tuned to the high-fre-
quency end of the medium waveband: transistors
intended for such applications may have alpha cut-off
frequencies as high as 8 Mc/s. Recently transistors
of this type—known as r.f. transistors—have been
introduced. With them it is now possible, for the
first time, to construct a superheterodyne receiver
with transistors in all stages which will operate over
the full medium waveband (550 kc/s to 1.6 Mc/s)
using the conventional intermediate frequency
of 465 kc/s.

Low Running Costs

This article describes the design of a portable
battery-operated receiver of this type using a total
of seven junction transistors (four a.f. types and
three r.f. types) and one point-contact diode. The
power output is more than 300 mW and the sensitivity
is such that, even with a ferrite-rod aerial, the output
stage can be overloaded on Brussels and Hilversum

*B.B.C. Engineering Training Department.
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Receiver

SENSITIVE SUPERHETERODYNE/
CIRCUIT  INCORPORATING  R.F.
TRANSISTORS

I. GENERAL PRINCIPLES OF DESIGN

when the receiver is used in the London area. The
receiver operates from a 4.5- or 6-volt battery. Such a
receiver offers a number of advantages over the con-
ventional portable 4-valve battery-operated superhet
and it is interesting to compare the two receivers.
Perhaps the most outstanding difference between them
is in efficiency, i.e., the ratio of the power delivered
to the loudspeaker to the power taken from the
batteries. For the transistor set this approaches 60
per cent at maximum volume, nearly six times the
maximum likely to be obtained from the most
economical valve receiver. As a result the transistor
set is more economical to operate. For example,
the receiver to be described takes an average current
of 25 mA and 6 volts and a type PP1 battery costing
three shillings has a life of 150 hours when dis-
charged for four hours per day. The running cost is
thus less than one farthing per hour and if larger
batteries are used it is even less. For a valve set a
typical running cost for both Lt. and h.t. is one penny
per hour although for the most economical re-
ceivers using valves with 25-mA filaments, a value as
low as 0.6 pence per hour is claimed. Thus the
transistor set is cheaper to run by a factor of at least
3 and probably nearer 4 or 5 even though it gives
two or three times the power output of a valve re-
ceiver and has better sensitivity. In addition the
transistors are, of course, much smaller than valves,
making possible very compact receivers; they are
non-microphonic and kave a longer life than valves.
Their life is not unlimited (as has sometimes been
suggested) but decreases as the operating temperature
rises. Used in a receiver of the type to be described
they should have a life many times that of valves.
To offset these advantages the transistors are slightly
more noisy than valves and at present they are more
expensive,

Most battery-driven portable receivers have 4-
valve superhet ciruits basically similar to those
employed in mains-driven receivers but their per-
formance is, in general, inferior because of the lower
gain of battery valves and because the frame or
ferrite-rod aerials of portable receivers do not give
so good a pick-up as an outdoor aerial. This limita-
tion in performance is usually accepted because,
in spite of it, the sensitivity is usually adequate
for the reception of the local stations even when
the receiver is used in an untavourable situation.
Moreover, an improvement in performance would
require additional stages of amplification and, in a
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battery superheterodyne receiver the frequency
changer and i.f. stages account for a large fraction
(between one-quarter and one-half) of the total power
consumption, Thus extra stages must inevitably
cause a significant increase in h.t. and lt. drain.
There is no need to accept such a limitation in the
performance of a transistor receiver because the
current taken by the early stages is a much smaller
fraction of the total current drain and the increased
consumption due to any added transistors is negligible.
Thus there is no need to limit the number of stages
on the grounds of running costs and the receiver can
be given the maximum sensitivity likely to be re-
quired.

The required sensitivity was estimated by com-
parison with a mains-driven superhet recently
described by the author!. This receiver needs a signal
of approximately 20 pV (modulated to a depth of
30 per cent) at the output of the medium-wave
ferrite-rod winding to give 300 mW output and it
was decided thet the transistor set should give its
maximum output for a smaller voltage at the output
medium-wave winding. High sensitivity is of little
use, however, unless 1t is accompanied by high
select1v1ty

Class A or Class B?

We shall now consider the broad principles of
design of a superheterodyne transistor receiver,
beginning with the output stage. Here a choice has to
be made between class-A and class-B operation.
The quality of reproduction obtainable with a class-
B stage is probably inferior to that from a class-A
stage but it can be improved by negative feedback.
However, too much importance should not be attached
to this point; the small loudspeaker and limited
baffle area of a portable receiver inevitably impose
limitations of the quality realizable. A class-A
stage could be only a single transistor and this can
be RC-coupled to the previous stage; a class-B
stage needs two transistors operating in push-pull
and requires some form of phase-splitting device,
such as a transformer with a centre-tapped secondary
winding, between it and the previous stage, More-
over a class-B stage necessitates thorough decoupling
of the supply to the frequency-changer and i.f.
stages to prevent feedback of harmonics of the a.f.
output and consequent distortion—we shall return
to this point in Part 2. Thus the first cost of a re-
ceiver with a class-B stage is higher than that of a
receiver with a class-A stage. However, the collector
dissipation in a class-A stage is a maximum in the
absence of a signal. Such a stage is more likely to
suffer from thermal runaway with possible damage
to the transistor than a class-B stage, and circuit
precautions will be necessary to prevent this. This
subject and that of protective circuits will also be
discussed more fully in Part 2.

Efficiency

The running cost of a battery-operated receiver is
probably more important than the first cost and
depends on the efficiency of the output stage which
in turn depends on the shape of the characteristics of
junction transistors, The characteristics of an output
transistor are illustrated in Fig. 1. They are practically

1 Amos, S. W.,
Aug., 1956.

“ Economy in Receiver Design,” Wireless World,
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straight, parallel and equidistant: moreover, the knee
of the characteristics occurs at a very low collector
voltage which means that the signal-frequency voltage
generated across the transistor during amplification
can nearly equal the battery voltage. As a result the
efficiency of a transistor, i.e., the ratio of output
power to the power taken from the battery, is near
the theoretical maximum which, for class-A operation,
is 50 per cent. This applies only on peak audio
signals for which the transistor delivers its maximum
output. If the output is not at maximum (and for
music and speech signals the average level is below
the maximum level for a considerable fraction of the
total time) the average efficiency is much less than
50 per cent. For a class-B stage the efficiency does
not vary greatly with the amplitude of the input signal
and in practice can exceed 70 per cent. Moreover a
class-B stage is a quiescent system; that is to say the
collector current is very small in the absence of an
input signal but rises with increase in input signal
level. Thus the relative economy of the class-B
output stage is greater than the ratio of the two
efficiency figures suggests and the running cost of a
receiver with a class-B stage is much less than that
of a receiver with a class-A stage delivering com-
parable output power.

Thus the choice between class-A and class-B
output is influenced by the relative importance of
first cost and running cost. If running costs must
be low a class-B stage is preferable. If running costs
are not so important a class-A stage is preferable.
It does not follow, of course, that a transistor set with
a class-A stage will be expensive to run. Because of
the superior characteristics of transistors it must
be more economical than a valve set. As an illus-
tration a transistor operating with, say, 22.5 volts
supply can give an output of 100 mW for a collector
current of 10 mA; this is approximately the power
output of many valve receivers operating with
67.5-volt batteries. The transistor set requires no
elaborate filtering of the supply to the early stages
and the total battery drain is unlikely to exceed
12 mA at which even small cells should give a
reasonable life. This could form the basis of a
simple and compact superhet receiver.

Choice of Circuit

However, most of the transistors at present
available in this country are intended for operation
at lower collector voltages such as 6 or 9 volts.
At 6 volts a class-A output stage must consume
33 mA to give an output of 100 mW. For such a
stage the collector dissipation is 200 mW in the
absence of an input signal. With little choice of out-
put transistors at the moment, no type could be
found which is suitable for such an application.
Most of the available transistors are rated for dis-
sipations of 100 mW or less and it was decided to
use two of these in class-B push-pull for the output
stage. From these it is possible to obtain more than
300 mW output without exceeding the maximum
collector dissipation, The collector current rises to
over 100 mA on programme peaks but the average
is 25 mA, less than that required by a class-A stage
to give 100 mW.,

The output transistors can be operated in common-
base, common-emitter or common-collector circuits.
In a common-base amplifier the current gain of the
transistors is less than unity and high gain is possible

WIRELESS WORLD, May 1957
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only by using high load impedances and these are
inconvenient in an audio output stage. The choice
is thus between common-emitter and common-
collector and in this receiver, as in most transistor-
operated equipment, common-emitter working is
preferred because of its higher gain. There is some
distortion and a minimum of about 6 dB of feedback
is advisable to improve linearity.

The meaximum power output obtainable from a
class-B push-pull pair is approximately four times
the maximum permissible collector dissipation for
each transistor, and if this is taken as 85 mW—a
typical value—the power output is 4 X 85 =
340 mW. This peak power is equal to VI/2 where

V is the peak collector voltage and I is the cor-

responding peak collector current. If P is the power
we have

2P
=%
For 340-mW output and a 6-volt supply
I - 2 ><6340 A
= 110 mA.
The optimum load for each transistor is given by
-Y = 6 ohm
I~ 110 x 10—
= 55 ohms

giving a collector-to-collector load of 220 ohms.
From this the turns ratio for the output transformer
can be calculated. If the loudspeaker is of 3 ohms
impedance the ratio is given by 4/(220/3) : 1 which
equals 8.5: 1.

Driver Stage

If we take the current gain of the common-emitter
output transistors as 50, the input current required
for maximum output is approximately 2 mA. This
is supplied by a driver stage, also common-emitter,
coupled to the output stage by a transformer with
a ratio of 1: 1, the secondary winding being centre-
tapped. Thus a 1-mA peak swing is required from
the driver stage: the collector current for this stage
must hence be at least 1 mA and is adjusted to at
least 2 mA to allow a safety margin. If the current
gain of the driver stage is also 50, an input current
of 20 pA is needed for maximum output. The
input resistance ot common-emitter stages is usually
or the order of 1kQ and the peak input signal
required at the base of the driver stage is hence
20 X 10—¢ x 10® = 20 mV. This could be supplied
directly from the diode detectors but to obtain the
gain from the pre-detector stages necessary to give
the desired sensitivity at least three i.f. stages would
be necessary. Some difficulty is likely to be experi-
enced in stabilizing such an i.f. amplifier. Moreover,
the gain of one a.f. stage is higher than that of one
i.f. stage. It is therefore preferable to use three a.f.
stages rather than three i.f. stages. The a.f. amplifier
so obtained is very sensitive, requiring less than
1 mV input for maximum output, but the sensitivity
is reduced by negative feedback applied from the
secondary of the output transformer to the emitter
of the first a.f. stage. This improves the linearity
of the af. amplifier and also increases the input
resistance of the first a.f. stage; a useful feature
because, for a given degree of peak clipping in the
detector stage, it permits the use of larger diode
loads than would otherwise be possible.

WIiIRELESS WORLD, MAy 1957

The first a.f. stage is direct-coupled to the detector
to give amplified a.g.c. Such amplification is neces-
sary because it is impossible to obtain a large enough
control voltage directly from the diode detector.
There is a step-down ratio in the i.f. transformer
coupling the final i.f. amplifier to the detector and
the peak voltage swing at the collector must neces-
sarily be less than the battery voltage: thus the signal
delivered to the diode must be small and in fact is
inadequate for giving effective a.g.c.

By using a three-stage audio amplifier the re-
quired sensitivity can be achieved with two if.
stages and we will now consider the problems which
arise in the i.f. section of the receiver. These differ
markedly from those encountered in the i.f. section
ot a valve receiver. For example, the i.f. transformers
in a valve receiver can be designed without regard
to the input and output impedances of the valves
with which they operate because the impedances
are too high to have significant effect on the trans-
former performance. In a transistor receiver the
damping due to the transistors has a very great
bearing on transformer design: in fact, the input and
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Fig. I. Collector-current/cbllector-voltage characteristics
- for an open transistor.

output resistances largely determine the design and
performance of the transformers, )

These resistances depend, of course, on the type of
amplifier used and here there is the usual choice
between common-emitter and common-~base circuits.
In i.f. amplifiers general opinion is not so unanimously
in favour of common-emitter working as in a.f.
amplifiers. For a given alpha cut-off frequency a
common-base amplifier will operate up to higher
frequencies than a common-emitter amplifier and,
where cut-off frequencies are low, the use of this
type of amplifier is justified. However, the applica-
tion of standing bias and a.g.c. bias to such an
amplifier is difficult: if the base is connected to the
positive terminal of the battery supply a yet more
positive voltage is needed for the emitter bias. A
common-emitter amplifier is more convenient to
bias, and, as manufacturers steadily raise the cut-off
frequencies of transistors, this type of amplifier is
likely to become standard in time. If the emitter
is connected to the positive terminal of the battery
supply, the negative terminal can be used as a
source of negative bias for the base. This mode of
operation is used in the if. amplifier and in fact
in all the stages of the receiver to be described.
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FEEDBACK RESISTOR

INPUT
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OUTPUT
VOLTAGE

R.F.
AMPLIFIER

Fig. 2. Block schematic diagram for method of obtaining
bandpass charccieristics by means of negative feedback.

The if. amplifer provides most of the selectivity
of the receiver and it was decided that four tuned
circuits with an effective Q value ot at least 100
were necessary to provide the desired selectivity,
This is better than in many valve receivers where
working Q values are commonly of the order of 70.

These four circuits can be arranged as a succes-
sion of single-tuned circuits or can be grouped to
form two double-tuned circuits. Both arrangements
give the same skirt selectivity; i.e., the same slope
of responise curve outside the pass band. However,
a cascade of single-tuned circuits inevitably gives
some side-band cutting, the extent of which can
easily be calculated as follows. A single-tuned
circuit resonant at 465 kc/s and with a Q of 100
has an effective bandwidth of 465/100 =_4.65 kc/s:
that is to say the response is 3 dB down at 2.3 kc/s
from the centre frequency. Four such circuits
woul therefore give a loss of 12 dB at this fre-

RESONANCE FREQUENCY OF
s INPUT TUNED CIRCUIT -

1
P S | S
FREQUENCY

OUTPUT VOLTAGE

[

Fig. 3. Response of circuit of Fig. 2 when output load is a
pure resistance

quency, making reproduction very low-pitched.
It is better to group the tuned circuits into pairs,
coupling the members of each pair to give a band-
pass response. Such an i.f. amplifier can be designed
to give a substantially level response over the
required pass band thus making possible better
reproduction than is obtainable with single-tuned
circuits. This is, of course, the basis of design of
valve superheterodyne receivers where one double-
tuned circuit is used to couple the frequency changer
to the i.f. amplifier and a second is used to couple
the i.f. amplifier to the detector.

In the transistor receiver the design is not so
straightforward. Two if. amplifiers require three
inter-stage couplings, and introduce the problem
of including two bandpass filters without using a
further tuned circuit or an aperiodic network for
one of the couplings.
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One possibility is to use only one bandpass filter
and two single-tuned circuits. The two single-
tuned circuits will each give a loss of 3 dB at 2.3 ke/s
mistuning giving a total of 6 dB, This can be off-
set by over-coupling the two tuned circuits forming
the bandpass filter so that they give a response’
with “rabbit’s ears’ which neutralize the loss
of the single-tuned circuits to give an overall re~
sponse flat up to, say, 3 kc/s off tune, This is, how-
ever, an impractical solution. The peaks are usually
of differing heights. Moreover, if the damping im-
posed by a transistor on one of the tuned circuits
in the bandpass filter should change for any reason—
say due to an alteration in a.g.c. bias applied to it—
the Q of the circuir will alter and so will the height
of the peaks. There will thus be significant changes
in the shape of the pass band with changes in signal
strength.

The solution adopted in this receiver is based
on an idea described by Jewitt? which enables a
bandpass response to be obtained from two single-
tuned circuits which are separated by an amplifier.
The explanation of the circuit can be followed from
Fig. 2 which illustrates such an amplifier in block
schematic form. The input tuned circuit forms the
lower arm of a negative feedback potentiometer
and therefore frequency-discriminating feedback is
applied to the amplifier. Feedback is at maximum
at the resonance frequency, less at frequencies
slightly displaced from resonance and is practically
nil at frequencies remote from resonance. If the
amplifier has a load independent of frequency,
such as a pure resistance, its frequency response
will show a dip at the resonant frequency of the
input tuned circuit as shown in Fig. 3. When the
load resistor is replaced by a parallel tuned circuit
the overall frequency response becomes a com-
bination of the dip due to the input tuned circuit
and a hump due to the frequency-selective load
circuit. Depending on the degree of feedback this
response can be flat-topped (corresponding to
critical coupling in a conventional bandpass
filter) or can have two peaks corresponding to greater-
than-critical coupling. It is useful to remember
that critical coupling is obtained when the feedback
is adjusted to give 6 dB loss at the mid-band fre-
quency. The effect of adjusting the feedback frac-

* Jewitt, H. S., “ Wide-band L.F. Amplifiers,” Wireless World,
Feb., 1954,
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Fig. 4. Response curves of circuit of Fig. 2 for three
degrees of feedback.
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Fig. 5. Skeleton diagram of transistor receiver.

tion on the overall frequency response is illustrated
in Fig. 4.

The third and fourth tuned circuits in the re-
ceiver i.f, amplifier are arranged to form a feedback
amplifier of this type. The first and second tuned
circuits are arranged as a conventional bandpass
filter with top-end capacitance coupling. This is
illustrated in the block schematic diagram of the
receiver in Fig. 5. The ccefficient of coupling used
in the first bandpass filter must be chosen with care
because the first i.f. amplifier is controlled from
the a.g.c. line and the damping it imposes on the
second tuned circuit can vary. If the coupling is
made critical when damping is at maximum,  rab-
bit’s ears ”” will develop when damping is reduced.
It is better therefore to arrange to have critical
coupling when damping is a minimum. When
damping increases the coupling then becomes less
than critical but the response is still single-peaked
though the bandwidth is less than it was. This
means that the receiver pass band varies with the
received signal strength. This could be presented
as a design feature—an automatic bandwidth con-
trol—but the truth is that the variations in band-
width are difficult to avoid. Ideally the band-
width should be independent of signal strength
but if some variation is inevitable then it is better
that the bandwidth should increase rather than
decrease with increase of signal strength and it is
fortunate that this is, in fact, what happens. = The
bandwidth is a maximum on local stations where
best quality is required and a minimum on weak
signals from which quality is often marred by
noise and sideband splash.

LF. Circuits

We now come to the design of the i.f. circuits
themselves. In addition to providing the required
selectivity these must also match the cutput resis~
tance of one transistor (approximately 30kQ) to
the input resistance of the followirg one (approxi-
mately 1kQ) in order to provide maximum gain.
They must in fact behave as matching transformers
and have a turns ratio given by /(30 kQ/1kQ):1;
i.e., approximately 5.5: 1. The connections of col-
lector and base to the tuned circuit must hence be
chosen to give this turns ratio and to give the desired
working Q value of 100. One possibility is to connect
the transistors to tapping points on a parallel-tuned
circuit as suggested in Fig. 6. The steady voltages
on collector and base differ and blocking capacitors
must be used to traasfer signals from the tuned
Circuit to the transistors.
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Fig. 6. Use of tappings on parallel-tuned circuit to match
the output resistance of one transistor to the input resist-
ance of the next.

/
5:5:1 STEP-DOWN RATIO =

Fig. 7. Use of primary and tertiary windings to match the
output resistance of one transistor to the input resistance of
the next.

A better method is to employ separate windings
for collector and base as in Fig, 7. the tuned circuit
thus has three windings; a primary connected to the
collector, a secondary which is tuned to 465 kc/s
by a parallel capacitor and a tertiary which is con-
nected to the base. The turns ratio of primary to
tertiary must be 5.5:1; we now have to determine
the turns ratio of primary to secondary. This is
determined by the permissible damping of the tuned
circuit. If the secondary circuit has a high Q—
say 30C-—the ratio of primary to secondary turns can
be so chosen that the damping due to collector and
base together brings the Q down to one-third of its
original value; i.e., to 100. On the other hand if the
undamped Q is only 150 the damping must be much
lighter to give a working Q of 100. Both arrange-
ments give the same selectivity but the gain is higer
with the higher initial Q. Webster® has shown that
if the Q is reduced to half there is a 6 dB loss relative
to the maximum gain theoretically possible. If the
Q is reduced to one-third the loss is 4 dB and if it is
reduced to one-quarter the loss isonly 2.5 dB.

For maximum gain therefore it is best to design
for the highest undamped Q but there are then large:
changes in damped Q and therefore in the i.f. response
curve when the damping due to the transistors alters

s Webster, R. R., * Designing LF. Transistor Transformers,”
EBlecwrontcs, Auvg. 1955, :
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RANDOM RADIATIONS

By “DIALLIST ™"

The Kingsand Effect

SEVERAL interesting letters have
recached me on the subject of the
Kingsand Effect, which was described
on p. 102 of the March issue. One
of my correspondents, M. E. Northey,
lives at Belstone, near Okehampton,
close to the 1,000ft above m.s.l. con-
tour. He is only 12 miles from North
Hessary Tor, but obtains very poor
reception from that station. His
home is three miles from Steeperton
Tor (1,739ft) and one mile from Bel-
stone Tor (1,568ft). The direct line
from his aerial passes between the
two over an intervening ridge. He
obtains a. venetian blind type of
patterning which travels. upwards
. over the picture, one line taking about
three seconds to move from bottom
to top. Then after a period varying
from 2% to 3} minutes on different
days the pattern changes its d.rection
and travels downwards. There is
some variation in the brightness,
though this is not as a rule very
prenounced. Mr. Northey mentions
that Dartmoor is very rich in metallic
deposits (it was for centuries an
important  tin-mining area) and
wonders whether this might be the
reason for the reflections that. give
rise to the interference. I suppose
that's a possibility; but I’'m more
inclined to think that the French
TV transmitter at Caen may be
responsible. Its 819-line transmis-
sions cover the whole of our Channel
1 and a good deal of Channel 2, the
latter being the one used by North
Hessary Tor. My correspondent
mentions that he has occasionally
heard French speech.

Suaspots to Blame

Mr. Northey wonders whether
Holme Moss, also on Channel 2,
could not be the culprit. There
have, if I remember aright, been
complaints of interference due to this
station at surprisingly great distances.
If it is the offender in the present
case, the effect would undoubtedly
be due to the freak long-distance
reception so frequently reported
during the present sunspotty period.
This doesn’t seem unlikely since very
good reception is sometimes obtained
at Belstone from Sutton Coldfield,
which is 145 miles away. I suppose
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that when we have passed the sun-
spot maximum and begin to get
nearer and nearer to the minimum,
interference at great distances will
become steadily less and less. Let’s
hope so anyhow.

Poor Fish!

WHEN you think of the relentless
way in which they’re harried day in,
day out, night in, night out all
through the year, you might be
tempted to wonder that there are any
fish left, particularly in such hard-
fished waters as those that surround
these islands of ours. The modern
trawler (which costs almost as much
as a destroyer of yesteryear) carries a
remarkable amount of electronic
equipment. One gadget in particu-
lar, the fish-finding echo-sounder, is
a very deadly weapon. It can be set
to give distant “ views ” of quite large
areas of water as the ship steams
along in search of her quarry. Then
when the right indications are seen it
can be switched so as to show a
close-up of a limited area. From the
size of individual members of the
shoal, their formation and their move-
ments the fish can be identified with
something like certainty by a
practised eye. If they’re of the kind
wanted, down goes the trawl and a
good catch is a certainty.

For It Again

- And now one reads of still another
anti-fish device, which has given very
promising results in experimental
trials by Pye. It consists of a
torpedo-shaped case, containing a
device working on echo-sounding
principles by transmitting a.f. pulses
down towards the sea bed. It is
towed by a helicopter, flying low over
the surface, and signals from it travel
up leads incorporated in the towing
cable to a display unit in the aircraft,
The big advantage is this. To
make use of her fish-finding gear a
trawler has to steam at no very great
speed and it may be hours, or even
days, before a shoal of worth-while
size is found. The helicopter travels
much faster and in a given time can
cover a far greater expanse of water
with her towed locator. As soon as
she has a find, she transmits the posi-
tion to the fleet which she serves and
the hunt is on without a moment’s
waste of time. This is but one of a
number of applications of echo-
sounding from the air, which include
salvage work and mine detecting.
Electronic gadgets aren’t always used
to catch fish. Much use is made by
marine biological establishments of
the underwater television camera for
the study of the breeding places and
breeding habits of fish, so as to en-
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Edited by T. E. ivall .., 25/-  25/9
TELEVISION EXPLAINED. W. E Mlller, MA (Cantab ),

M.Brit.I.R.E, Revisedby E. A, W. Spreadbury, M.Brit.I.R E.

Sixth Editlon ... 12/6 13/3
ABACS OR NOMOGRAMS A Giet 35/- 35/10
A complete list of books is available on appllcatlon
Obtainable from all leading booksellers or from
ILIFFE & SONS LTD., Dorset House, Stamford Street, London, S.E.1
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UNBIASED

Why 0—V—1 ?

I WONDER how many readers
under thirty years of age will have
any idea what 0—V—1 means? Very
few I think, and yet in the twenties
and early thirties this piece of short-
hand was as well known as the vital
statistics of film stars are to-day.

For the benefit of the new genera-
tion I would like to explain that in
pre-superhet days this trinity of
symbols told us at a glance the num-
ber of valves, if any, the set con-
tained, their functions and if the set
used a valve (V) or a crystal (C) as a
rectifier. A 0—V—1 set therefore
had no r.f. stage, used a valve recti-
fier and had one a.f. stage.

I am moved to discuss this
question because this method of
describing a set is used in a recent
issue of the Russian journal Radio.
There is nothing strange about the
0 and the 1 being used as the Russian
numerals are the same as ours. But
the Russian word for valve is
“lampa” and one would therefore
have expected the Cyrillic equiva-
lent of the letter L.—a slight variant
of the Greek lambda—to have been
used.

It cannot be doubted that the
readers of this Russian journal fully
understand the meaning of the ex-
pression 0—V—1 or the editor would
not permit his contributor to use it.
But probably some of the Russian
readers don’t understand what the
“V ” stands for; in that respect they
are no more ignorant than many
people in this country who could not
say exactly what Latin words are re-
presented by £sd—especially the s.

R.I.C. Please Copy

ON SEVERAL occasions I have
pointed out the difficulties of trying
to choose between the various makes
of any particular product shown at
the National Radio Show. Suppose,
for instance, I want to buy a tape
recorder. When I go to the radio
show I naturally want to look at all

Taking no chances

252

By < FREE GRID

the various makes and compare one
with another as we do the horses in
the paddock at Ascot before we
place our humble bets.

But at the radio show the state of
affairs is quite different from that
prevailing at Ascot. Having seen
one tape recorder I have got to fight
my way through the crowds to the
far end of the exhibition hall to the
-stand of the manufacturer of the
second instrument on my list.

I have often advocated that while
each radio manufacturer continued
to have a stand of his own as at pre-
sent there should be other stands on
which all tape recorders, all f.m.
receivers, all television receivers, etc.,
of whatever make, be grouped to-
gether.  Visiting the Ideal Home
Exhibition a few weeks ago, I found
that the electrical industry had done
this very thing.

Each of the large manufacturers
had his own stand on which he
showed the usual motley collections
of cookers and kettles. But in addi-
tion there was one very large stand
run by the electrical industry on
which all makes of water heaters,
cookers, and so on, were grouped
together. I was able to compare one
with another in comfort.

Actually I was told this stand was
run by the Electrical Development

Association. Why have we no simi-

lar organization in the radio in-
dustry? If we have, then its pub-
licity man ought to be sacked, as I
have never heard of it.

Statogenetics

I HAVE received some interesting
data from a South African radio
engineer regarding the use of a
dangling chain for conducting 'to
earth the static charge on the body
of a car about which I wrote in
February.

In the Kimberly district, which is
4,000 feet up and where the air is
very dry, static discharges are one of
life’s bugbears, and my correspon-
dent mentions that when his wife

brushes her hair it
results in  crackling
static, Over a quarter

of a century ago I
referred in these
columns to a similar
sort of thing happening
when a lady removed
her silk stocking and I
reproduce my sketch
in the next column.
EANG Actually the  same
7Nl problem arose many
7)

years later when TV
came to the fore. Con-
siderable  interference
was noticed in the
vicinity of a well-known
girls’ school when

www americanradiohistorv com

several hundred pairs of stockings
were - whisked off at bedtime, It
was at first proposed to stop the
trouble by encasing the dormitories
in earthed wire netting, but it was
thought that uncouth people of the
sort who are fond of expressions with
a double meaning might refer to the
school as the “ bird cage.” The prob-

Shocking

lem was, however, instantly solved
when the headmistress installed TV
for her own use. The girls were
sternly ordered, sub pcena, to remove
all statogenic garments in slow
motion.

My Kimberly reader tells me that
anybody alighting from an unearthed
car obtains quite a healthy shock as
the dry climate results in the build-
ing up of a strong static charge. At
one time all motor vehicles carried
a dangling chain but nowadays the
problem is solved by using tyres
processed with more carbon in the
rubber, so greatly reducing their in-
sulating properties, I am interested
to learn, however, that car sickness
from static build-up has not been
heard of by my correspondent, This
confirms my own view that the vogue
for this malady in this country is due
solely to suggestion.

Wot! No F.M. Aerial?

WHILE prowling through the Ideal
Home Exhibition I was interested to
note that on the full-sized houses
erected in the vast exhibition hall
TV aerials were fitted. But not one
of the houses I examined had a
horizontal dipole for v.h.f. sound
broadcasting.

This set me examining houses in
the Greater London area, and I have
been astounded at the scarcity of
v.h.f. aerials. I am perfectly aware
that in most London districts Wrot-
ham comes in well without the help
of an outdoor dipole. So does tele-
vision in many London districts, but
the majority of people use an outdoor
aerial.

Can it be that, unlike TV, a v.h.f.
aerial has no snob appeal?

WIRELESS. WORLD, May 1957
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The “AVO” Valve Characteristic Meter,
MKk, III is typical of the ingenuity of design
and high standard of workmanship that
exemplify all of the multi-range instruments
in the wide *“AVO’’ range.

It is a compact and comprehensive meter that
will test quickly any standard receiving valve or
small transmitting valve on any of its normal
characteristics under conditions corresponding to
a wide range of D.C. electrode voltages. The
method of measuring mutual conductance ensures
that the meter can deal adequately with modern
T.V. receiver valves, It does many useful jobs too
numerous to mention here, but' a completely
descriptive pamphlet is available on application.

List Price compléte with Instruction Book
t £75 and Valve Data Manual.

Ze AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO, LTD.

AVOCET HOUSE * 92-96 VAUXHALL BRIDEE ROAD <+ LONDON < S:W.I * ViCtorta 3404 (9 lines,

A
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Solartron Oscilloscope
CD. 5238 designated Joint Services GT. 386

Ruggedised construction
Gomponents to D.F. 5000

Approved for Inter Services use
BRIEF SPECIFICATION:

A standard CD.523 oscilloscope P2 oy o o )
D. C.—10 Mc/s at 10 V/cm

was subjected to rigorous environmental tests
SENSITIVITY ©

' by a Government establishment, including }néV/cm—lo Vicm
Ll in 6 ranges
13 hours on a vibration table, and has now been L
designated CT.386 (reference No. 10S-17003) B Ll el

Internal/External

for Joint Services use. This is a ¢
Sync or Trigger

further proof of the quality and reliability DIMENSIONS :
L. v 161 x 10" x 23" long
of Solartron electronic instruments.

" All components conform to ap-

Where a high quality precision instrument £ proved Government Standard,
. . i . o materials and construction to
is required, suitable for field trials b the latest issue of D.F.5000.

., . Transformers and chokes are
or operating under adverse conditions, hermetically sealed, oil-filled
“C” core types.

specify the CD.523S.

STAND NO. 503. 7th—17th MAY
very interesting developments

THE SOLARTRON ELEGTRONIGC GROUP LTD.

RELIABILITY: Under our 12 months’ guarantee, costs have never exceeded 0.27; of sales.

EXKIBITION |

THAMES DITTON SURREY * TELEPHONE: EMBerbrook 5522 - CABLES: SOLARTRON THAMES DITTON
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output
transistor

One of the most recent additions to the Mullard range of junction
transistors is the OC72. Two of these transistors in class ““ B ** push-
pull will provide an audio output of 250 milliwatts with an H.T.
supply of only 4.5 to 6 volts. The current gain of the OC72 is
largely independent of collector current, so ensuring a high degree
of linearity at the large peak current found in class ““B” operation,

A heat sink can be used with the OC72 for those instances where
it may be preferred to obtain an increased output at the expense
of a slight increase in size.

In addition to its use in linear transistor amplifiers, the OC72—
with its peak current of ¢ amp—can be employed in computing
circuits, to close relays, to deliver power to small mechanisms, and
in many other applications where the requirements are small size,
low H.T. voltage and large current pulses.

The current amplification frequency cut-off of the OC72 is not
less than 350kc/s. Operated as a “flip-flop” and in the bottomed
condition with an H.T. of 12 volts it will deliver in the “on”
condition at least 1.2 watts,

Seven pages of data and curves on the OC72 and full infor-
mation on other Mullard transistors are readily available upon
request.

ABRIDGED DATA

Max. collector voltage* 32V peak 16V d.c.
Max. collector current . 250mA peak [125mA average
Max. power dissipation at 45°C:

Without heat sink ... 75mwW

With heat sink 100m W
Min. cut-off frequency

(in grounded base condition

at 6V,1.=10mA) 350ke/s

*In grounded base or in grounded emitter with a base emitter
resistance of fess than {,0000Q.

CHARACTERISTICS OF MATCHED PAIRS

(Two transistors in class ““B”’ push puII grounded emitter)
Qutput (without heat sink) ; 275mW
H.T. voltage ... 6V

Quiescent H.T. consumptlon 3mA
Load impedance (collector to collector) 140Q
Full drive collector current (peak) . 125mA
Full drive collector current (average) ... 40mA
Total harmonic distortion (full drive} ... oo 9%,
Total harmonic distortion (50mW output) ... 5%

RN AR
MULLARD LLAITED -
TORRINGTON PLACE - LONDON -

0672

DETACHABLE CLIP

See Mullard valves and tubes on Stand
No. 305 at the Instruments, Elec-
tronics & Automation Exhibition,
Olympia—7th to 17th May.

COMMUNICATIONS AND

A% INDUSTRIAL VALVE DEPARTMENT [

MULL!\RD HJUSE
W.C.1

@ MVT 301
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\ CONTINUOUS COPPER ETCHED 4
A WIRING CIRCUITS 4
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An invitation is cordially extended to you
to visit our STAND No. 921, at

Instruments, Electronics & Automation Exhibition
Grand Hall, Olympia, London, 7-17th May, 1957

Where we shall be exhibiting *“ Plasmet *” etched circuits, single
and double sided, flexible and rigid, heating elements, strain gauges,
punched, slotted, or shaped, plated or treated to specification.
Transformer and transducer laminations and special shapes without
tools, code discs, air compressor valves, condensor fan blades etc.

STIRLING CORNER, BARNET BY-PASS, BOREHAM WOOD, HERTS

Telephone—ELSTREE 2871 (10 lines)
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Preserve valuable recordings
and end background hiss...

with the
WEARITE

—a simple easily operated trouble-free device

for depolarising the heads of tape recorders

Y Itensures the maximum signal/noise ratio from any tape recorder.

v Protects valuable recorded tapes from cumulative background
noise and the gradual attenuation of the higher frequencies.

From all Hi-Fi
Y Is extremely simple to use without removing head screening cans. Dealers and

% Permits selective tape erasure during editing. Tape Recorder

The Wearite De-fluxer is a ““must™ for all tape recorder hi-fidelity Stockists

enthusiasts and for the professional recordist.
50/

Manufactured by WRIGHT AND WEAIRE LIMITED

131 SLOANE STREET - LONDON S.W.|I . Telephone: SLOane 22i4/5 and I510
Works: South Shields
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It's NEW!

<{p> N.F. SIGNAL
GENERATOR Type 201

THIS is an entirely new instrument specially
designed to meet the exacting demands of
modern electronic laboratories. Some of the
main features are :—

Frequency range from 30 kc/s-30 Mc/s
Harmonic components less than 19,

Film scale giving actual scale length
of 4ft. on each frequency range

90:1 Slow Motion Drive with logging
scale

Crystal Calibration

Frequency stability better than 0.0059
over any 5-minute period

Output variable from |1 microvolt-
I.I volts at 75 ohm impedance

High impedance output of 5 volts

Both cutput levels can be doubled
if used without modulation

Output level constant over entire
frequency range % Suitable for use on a bench, bolted

Modulation depth variable from O0- to a bulkhead or brackets or for-
1009, ward mounted on a standard 19in.

F.M. with A.M. less than 300 ¢/s xack

Housed in a steel case [9in. wide Y% Operates from 100-130 or 200-250
by l6in. high by I0in. deep volts 50-60 c/s mains

LAk S S D b S S . A .

This instrument will be demonstrated on STAND NO. 408 at the
INSTRUMENTS, ELECTRONICS AND AUTOMATION EXHIBITION,

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

AIRMEC LIMITED

HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND
Telephone : High Wycombe 2060 Cables : Airmec High Wycombe
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Distortion Gorrected-
Transmission Perfected

The Regenerative Repeater TRR 1 is
a start-stop, five unit code equip-
ment, designed to correct distortion on
long line or radio telegraph circuits.
It covers the speed ranges 45, 50
or 75 bauds, and
accepts signals with up
to 49%, distortion.
Noteworthy
features for use
on radio circuits
are the rejection of
short duration
spurious start sig-
nals, the automa-
tic insertion of correct
length stop sig-
nals under deteriorating
conditions, and the
retransmission of long space
signals during setting up.

R REGENERATIVE REPEATER T.R.R.1.

For line or
radio telegraph
circuits

i Hammowt
.
~ AUTOMATIC TELEPHONE & ELECTRIC CGO. LTD @
&
STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2. ! ;[ﬂ
Telephone: TEMple Bar 9262. Cablegrams: Strowgerex London. i

2

ATI14621—BXI107

Ao G, o S o
£ T S
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RADIO FREQUENCY BRIDGE Type B.601

A wide range transformer ratio-arm bridge for the measure:

ment of resistance, capacitance, inductance and complex

PRECIEICATION impedance at frequencies between 15 kc/s and 5 Mc/s.

Capacitance: 0.01 pF to 0.02 uF
Resistance: 100 to 10 Mo Dueto the three-terminal facilities offered by the bridge, it is
Inductance: 0.5 uH to 50 mH

Accuracy: 1%
Frequency range: 15 kc/s to 5 Mc/s parameters and characteristics.
Price: £125

finding increasing usein the determination of transistor

Amongst the numerous applications possible with a bridge

of this design are the measurement of components in situ,.

stray capacitance and transfer admittance,

WAYINE IXIEIRIR

VIDEO OSCILLATOR WAVE FORM ANALYSER
TYPE 0.22B 1 TYPE A.321
A portable instrument covering the A portable instrument to
range 10 ke/s to 10 Mc/s with an output ) measure the relative levels of the
of +10 dbs to —50 dbs on 1 volt p. to p. components of a complex waveform
amptitude stabilised to 0.5 db over its over g range of 75 dbs between
full frequency range. Price £165. Dorsand 20 kefy: Prive: €250,

DETAILS OF FULL RANGE FROM. THE WA YNE KERR LABORATORIES LTD; ROEBUCK RD., CHESSINGTON, SURREY. LOWER HOOX 1131.
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M
TRANSMITTING | |
TETRODES

American Max. operating
EE.V. type C.V. number equivalent frequency (Mc/s)
C.1108 2130 4-125A 200
C.a112 2131 4-250A 120

Full data relating to these valves will be sent on request

"ENGLISH ELECTRIC’

Type C.1112 has a maximum anode
dissipation of 250W and is suitable

for use as a power amplifier in
transmitters up to 400W, as an
oscillator, or in R.F. heating equipment
(up to 1 KW per valve). Type C.1108
is a smaller version designed for
similar uses at lower power levels

(anode dissipation 125W).

ENGLISH ELECTRIC VALVE (0. LTD.

Chelmsford, England.
Telephone: Chelmsford 3491

AP300}48
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Why struggle with Mains Voltage Fluctuation ?

If you have any problem involving a.c. voltage
regulation, the solution is to call in ‘Advance’— the
C.V.T. specialists.

Investigation of your problem may prove that
a standard type Constant Voltage Transformer will
meet the case; or maybe, a special design is called for,
In any event, the wealth of experience gained by < Advance’
over many years in probing every aspect of mains stabilization
provides the surest, quickest, and certainly the most
economical, solution to your difficulties,

let Admm give you a hand

CONSTANT VOLTAGE TRANSFORMARS

ADVANCE GOMPONENTS LIMITED

ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX Telephone : Halrauit 4444
GD10
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This size...
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...and smaller!

This is a small carbon track Precision Resistive Element a mere 10 mm. in
diameter—but it isn’t the smallest which can be produced by Plessey at
Swindon. Neither is it the largest. They range up to 4" in diameter and,
in their various forms, cover a wide field of applications.
By a recently developed technique, it is now possible to join straight
Precision Resistive Elements to form electrically continuous tracks of several
Jeet in length. Such tracks are used in automatic machine tool control. The
track itself, normally carbon type, can alternatively be produced in a silver
loaded, high conductivity material for multi-pole switches or commutators.
These are suitable for continuous high-speed rotation and have an extra-
ordinarily long life. Products of this type have many applications in

spheres of telemetering, computers and instrumentation,

Precision Resistive Elements

are employed in these important applications...

Guided weapons

Machine tool control

Movement indication and control

Liquid level control and remote indication
Continuous rotation potentiometers

Sine cosine potentiometers

Precision potentiometers with special laws
Tagless track potentiometers

Stepped attenuators

Strain gauges

Pressure sensitive elements

SWINDON COMPOMENTS DIVISION - THE PLESSEY COMPANY LIMITED - Kembrey St. Swindon - Wiits - Teles Swindoa 5481
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MARCONI’'S WIRELESS TELEGRAPH
YEAR OF PROGRESS

SIR GEORGE H. NELSON’S REVIEW

The 59th annual general meeting of Marconi’s Wireless
Telegraph Co., Ltd., was held on March 14th in London.

Sir George H. Nelson, Bt., F.C.G.I.,, M.L.Mech.E,,
M.LE.E., chairman, in the course of his speech, said:—

No Company can hope to maintain world leadership
without making a substantial contribution to research,
and it is with pride that I tell you of our expanding
research effort, already the greatest of its kind in Europe.
New and important extensions to our research.laboratories
will come into use during 1957.

FRUITS OF RESEARCH

Our scientists and engineers have achieved very
significant results for the future in many fields.

Firstly, in the communications field we have made very
great advances in microwave radio links., Our latest link
will carry no less than 600 telephone channels, or alter-
natively a television signal in black and white or in colour.

Secondly, advances have been made in the Ionospheric
Scatter technique of radio communication. This Very
High Frequency system enables a useful number of
messages to be transmitted simultaneously over longer
distances than was hitherto possible and at all times of
the day. Previously communication was often lost over
long periods.

Lastly, in the vitally important field of air navigation
we are now able to reveal that we have been in the fore-
front in developing and manufacturing a revolutionary
airborne navigational aid of great accuracy, known as the
Doppler Navigator. This device gives a continuous
pinpoint plotting of an aircraft’s position to a high degree
of accuracy without using any ground based aids.

Reviewing now your Company’s main lines of activity
I would comment as follows:—

SPREAD OF TELECOMMUNICATIONS

We have received orders for Ionospheric Scatter
equipment from the Ministry of Supply for a new com-
munications system between the United Kingdom and
Malta.

During 1956, we strengthened still further our position
in the field of microwave links, and installations are
proceeding all over the world.

In Nigeria, we have been awarded an additional contract
for maintaining the extensive Marconi multi-channel
network and for establishing a Training College, under the
auspices of our own Marconi College, for the advanced
training of Nigerian technologists.

GROUND RADAR FOR MILITARY AND CIVIL USE

We have developed and put into production a series of
very efficient high power early-warning radars, and a
farther range of new equipment is under development.

Your Company has always been a pioneer in the field of
specialised radar display equipment. Our present pro-
gramme is geared to meet the ever increasing demand
created by the problems of supersonic flight and the
advent of guided weapons upon the subsequent presenta-
tion of the radar information.

AIR SAFETY IN THE JET AGR

Our “ Doppler Navigator” has given outstanding
operational service with the Royal Air Force, and orders
have beea received from Commonwealth Air Forces.

We have been euntrusted by B.O.A.C. with the prepara-
tion of a radio system for their Comet IV aircraft, and I
would add that this installation will be one of the most
complete ever undertaken for an air-line operator.

Our Transmitter/Receiver has been chosen for
B.0.A.C’s long-range Britannia airliners on which will
also be installed a pair of our famous radio compasses.

TELEVISION

The most outstanding event of the year in this field was
the. inauguration of television services in yet another
continent—the Commonwealth of Australia. This great
task was completed in time for the Olympic Games in
November, and all reports speak of the high quality of
the pictures transmitted. Iam proud to say that Marconi’s
were responsible for four of the first six stations, two in
Sydney and two' in Melbourne, the total value of these
contracts amounting to approximately {1,000,000.

In Denmark, the last of the first three stations, with
their Marconi vision and sound transmitters and aerials,
was completed last year.

At Home, work completed for the B.B.C. in 1956
included the transmitters and much other equipment for
the new Crystal Palace station, and cameras and other
equipment for the new Riverside Studios in London.

For the L.T.A., the completely Marconi-built and
equipped station for the North of England at Winter Hill
and Emley Moor, came into operation in 1956, both
completed in a remarkably short time. We have also
been awarded the contract for the transmitting equipment
for the I.T.A."s Scottish Station, due for completion this
summer. Large Commercial Television studio centres
were completed at Manchester, Birmingham and London
for which your Company provided a large part of the
equipment.

In the B.B.C.’s recent colour television demonstration
for the Houses of Parliament the transmitting and
camera equipment were of Marconi design and
manufacture as also were those used for the regular trial
transmissions during the year.

40 VHF TRANSMITTERS FOR THE B.B.C.

Our new range of VHF F.M. transmitters has put us in
a strong position in this field, and important ers have
been received, including one for 12 transmitters for
Sweden. At home, we completed the installation of no
less than 40 of these transmitters at seven different sites
for the B.B.C.

During the year we installed two high power trans-
mitters for the new Baghdad. station; nine for the Paradys
station in South Africa; three for Cyprus and others for
Ghana and Denmark. Orders are in hand for transmitters
for the Sudan, Aden, Sarawak and Brunei, once again
emphasising the world-wide nature of our business.

CONFIDENCE IN THE FUTURE '

We are very much alive to growing competition overseas,
but with our wealth of research, development and pro-
duction facilities, we can face the future with every
confidence.

The report and accounts were adopted.
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You already know DELARON as a laminated
insulant of precisely known dielectric values
and mechanical properties which fully meet
all British Standard and Ministry specifications
at every grade. It is used as a controller of
electricity, from spiders to
insulating washers.

But do you know about the second half of the
double act by DELARON laminates?

loudspeaker

Delaron

May, 1957

(by De La Rue)
does a double act for you

In its copper-clad form it is the basis of most
of the printed circuits in radio, television,
radar and electronic computors—the new,
simpler and method of circuit
manufacture.

You should use DELARON laminates.

For information, advice and service get in touch
with Dept. D8@, Thomas De La Rue & Oo Lid,
84-86 Regent Stresi, London, W1.

cheaper

'‘DELARON’ & a registered trade mark
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The criterion, as always, is that the reproduced sound shall be the closest

approach to the original — that the enjoyment and appreciation of music may

be unimpeded. This is reflected throughout the design of the QUAD I1. It is reflected,
“t0o, in the straightforward and logical system of control,

achieved without the sacrifice of a single refinement or adjustment capable of

contributing to the final objective.

C_'_GCOU T|CAL HUNTINGDON, HUNTS ° Telephone: HUNTINGDON 361
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ROLA CELESTION—

acknowledged leaders for over 30 years In

the design, development and manufacture

of loud-speakers for all purposes . .. world

famous for quality of reproduction, sensi-

tivity In performance and-long life under

all climatic conditions.

LOUDSPEAKERS

FOR ALL ' HULA

e/ CELESTION

({ (9} . FERRY WORKS THAMES DITTON, SURREY
l Ola eleS{,lon L{(l- Tetcphone : EMBerbrook 3402
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Catalogues
availablé on
request.

WODEN TRANSFORMER CO.LTD

SM/W 2913

17

more and
more users

Left: Potted Compound
Filled Transformers.
A wide range of capacities
for transformers and
chokes. Complete
reliability. Suitable for
exacting industrial

and climatic conditions.

Above: Cast Resin
Transformers.
Give complete mechanical
and climatic protection
for core and windings.
Good heat dissipation.

Bottom Left: Shrouded
and Open-Type
Transformers.

Combine first-class
engineering with a popular
highly competitive
product. Vacuum
impregnated and

rigidly tested.

MOXLEY ROAD
BILSTON STAFFS
Phone: BILSTON 41959
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Question “Why don’t dealers stock and recommend our Amplifiers and Tuners, etc?”
Answer “Because they cannot afford to as we give their discount to YOU (the public).”

This direct trading explains why our products, though in the top

class, are so much cheaper than our competitors’.
What we are ond whot we do.

Firstly we are quite large manufacturers of Audio Amplifiers, Radio
Feeder Units, Tape Recorders, Portable Record Players, Speaker and
Amplifier Cabinets and custom built Complete High Fidelity Radio

and Record Reproducers.

Secondly we are Retailers of Gramophone Units, Autochangers;

Speakers, Tape Recorders, etc., etc.

We recommend only that which we know to be of good performance
We are not in the group of traders who
low prices because they are obsolete or

ovur finances are such that we do not have

to sell you an expensive article if weknow that a less expensive unit

and of sound construction.
sell job lines at apparentl
faulty. On the other han

will do your job perfectly.

If any reader should have his mind set on a high-priced amplifier of

another make and would like to save money if possible, we should

like to make the following clear-cut offer: If he buys one of our
“ Symphony ” Amplifiers or Tuners and is not entirely satisfied with it

he may return it for full credit against any other amplifier or tuner on the
market. 1t should be emphasised at this stage that we can supply any
Ampilifier, Radio Tuner, etc., advertised.

Qur 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 illustrated Catalogue and supplement will be a great boon to

those desiring quality equipment for modest expenditure.
2}d. stamps for your copy now. It may well save you pounds! All
our equipment’is on demonstration at our showroom in conjunction
with a variety of Pickups, Speakers, etc.
shall be pleased to see and help you. H.P. facilities available.

Send two

If you can possibly call we

It is essential to mention “ Wireless World ” when requesting Catalogue or

when ordering.

WE ARE HOLDING OUR OWN AUDIO FAIR IN OUR DEMONSTRATION ROOMS

The New No. | “SYMPHONY '™ AMPLIFIER
MARK (Il is a 3-channe! 5-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 radioc programme being heard. It is
thus possible to arrange the frequency-response of the
amplifier to a curve equal and opposite to the resultant
curve of the other items in the chain so what finally
registers in the brain is as per original. This flexibility of
control is even more important than the 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 circuit employed. The Amplifier
can accommodate a wide variety of records from old 78s
to new L.P.s, and there is full provision for Radjo Tuner,
Tape take-off and Playback. It is available to match 2/3
or 15 ohms speakers. Price 12 gns. (carriage 7/6). Fitted
in portable Steel Cabinet. 2 gns. extra,

The New No. 2 “SYMPHONY»” AMPLIFIER
MARK I, as No. |
but with 10-
watt Push-
Pull triode
output and
triodes
throughout.
Woden
mains  and
output
transfor-
mers and
choke. Out-
put tapped
3,7.5and 15
ohms, Pro-
vision for %

Tuner and Tape. Competes with the most expensive
amplifiers on the market yet costs only §é gns. (carriage
7/6). Fitted in portable Steel Cabinet, 2 gns. extra.
«“SYMPHONY "™ AMPLIFIERS WITH REMOTE
CONTROL

Both the above model Amplifiers are available with all
controls on a separate Control Panel with up to 4ft,
flexible cable which simply plugs into the amplifier.
Enables the Amplifier proper to be sat in the bottom of a
cabinet whilst the controls are mounted conveniently
higher up. Extra cost 2 gns.

No. | “SYMPHONY ** F.M. TUNER. High grade
instrument with extremely silent background. Based on the
latest type of
permeability-
tuned Coil
Assembly of
advanced .design
housed in anti-
radiation
shroud giving
extreme sensiti-
vity and high
music/ naise
ratio. Suitablefor
amplifiers in the
highese fidelity J
class.  £15/8/-. 4

Power Pack £3/7/6. Magic eye £} extra if required.
N.R.S. EMPRESS FM/VHF TUNER/ADAPTOR
Fine little job. Will plug into any radio and add F.M,
£13/18/~. Magic eye assembly £] extra if required. Ditto
mounted in beautiful dark ‘walnut cabinet complete with
magic eye 17 gns. Carriage 7/6. '

No. 2 “SYMPHONY " AM/FM TUNER.
Combining
all the
specifica-
tions of
our Long,
Medium and
Short wave
Superhet
AM  Tuner
and our No.
| FM Tuner.
Separate
Coil Assem-
blies and
IFs Fully
self-pow-
ered on
one chassis.
26 gns. >
“SYMPHONY ” AM/FM RADIOGRAM CHASSIS
Mk Il Very high grade Radiogram Chassis incorporating
the Long, Medium, Short and VHF Bands; nine valves
including new fan-type, built-in Magic Eye; push-pull
output for high quality reproduction, Input sensitivity
adequate for Studio. Professional quality (P) and
transcription {(PX) pick-up cartridres. New type ultra-
sensitive, anti-radiation, no-drift F.M, front-end; built-in
ferrite rod A.M, aerial; plug-in F.M. indoor dipole aeriat
supplied free. Negative feedback; 5 ohms tapped 3 chms
output; entirely new-look German-type dial and knobs in
gold, brown and cream, measuring 15in." x 6in.
horizontally. Depth front to back 8in. An extremely
attractive up-to-the-minute instrument, Price complete
with 10in. Goodmans Loudspeaker. 26 gns., plus carriage
10/~ Alternatively, allowance” made on standard speaker
against 2 more expensive, high fidelity speaker. Delivery
from stock.

RECOMMENDED GRAMOPHONE UNITS
C9<_),LLARO 4-SPEED SINGLE PLAYER AC4/564,
£9/7)—.

New model RC456, 4-speed mixer changer £13/17/-.
NEW MODEL GARRARD RC88 AUTOCHANGER
£15/11/4. RC98 £17/10/3. Prices less head.

Variety of pickup cartridges available in Garrard sheli to
fit. Leaflets on Couaro and Garrard Gram. Units on
request.

LENCO GLS50. 4-speed continuously variable from above
78 r.p.m, to below 16 r.p.m. Special Autostop. Price
with Studio **O " or *' P’ head or Goldring Model *“ 500 ™"
variable reluctance head, £21/17/10.

LENCO GL55, as above but without pickup and auto-
stop but fitted with special device for Groove Location
and knob which completely disengages drive-wheel.
Suitable for use with any pickup, especially transcription
types and B.J. Arm. Price £17/10/4. |mmediate delivery
guaranteed,

ENCLOSURES TO GOODMANS “SHER-
WOOD* DESIGN. Walnut or mahogany, complete with
Acoustical Resistance Unit, 19 gns., or less A.R.U.,, 164 gns.
MIDAX/TREBAX CABINET. To match *‘ Sherwood ™
(Viscount) 8 gns.

“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, ete,, and full insgructions. 8in. speaker model,
85/~ 10in speaker model, 97/6. 12in. speaker model,
£5/7/6. Carriage, 7/6. Ready built, 15/- extra.

As above but fully finished in figured walnut veneer
with beadtiful moulding and speaker grille. 10in. £11.
12in. £11/10/—. Other veneers to order.

NORTHERN RADIO SERVICES

DEPT. WW,, 11, KINGS COLLEGE ROAD, ADELAIDE
ROAD, LONDON, N.W.3, Phone: PRImrose 3314
Tubes. Swiss Ootiage and Chalk Farm Buses: 2, 13, 31, 113 and 187

CONSOLE AMPLIFIER
CABINETS. 33in. high, lift-up
Ild with piano hinge, take Tape
Deck, Gram Unit or Autochanger,

Amplifier, Pre-Amplifier, and
Radio Feeder Unit, finished
medium walnut veneer. De
luxe version, price 12 gns.

Oak or mahogany veneers and
special finishes to order, Carriage
according to area. We will
quote by return.

NORDYK CABINETS. Spea-
ker Enclosure £5/17/6. Table
Mode! Amplifier/Gram Unit Cab-
inet €5/19/6. Table Model Tape
Recorder Tape Amplifier or
Radio Tuner Cabinet £5/19/6.
Record Storage Cabinet holding
150 records £4/17/6. All above
cabinets measure (internally)
19in. wide x 13in, high x 13in,
deep and finished in polished
walnut, thus enabling a complete
installation to be built up unit<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>