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The

Liconce

UNTIL recently the all-powerful Post Office con-
trol of radio has not come under serious or wide-
spread criticism. With a few minor exceptions, the
ruling of our activities has been beneficent, and pro-
gress has been helped rather than hindered by exer-
cise of the sweeping powers enjoyed by the Post-
master-General. But now there is growing support
for the idea that some at least of these powers
should be transferred to other hands.

To understand the monopolistic nature of the
Government’s control of radio, we have to go back
about 100 years, when Benjamin Disraeli “ nation-
alized” (as we should now say) the electric tele-
graph by making it a monopoly of the Post Office.
Wired telephony and then wireless telegraphy and
wireless telephony were successively added to that
monopoly by subsequent legislation. Finally, by
the Act of 1949, the P.M.G. was virtually given
control of all “radiation of electromagnetic energy
of a frequency not exceeding three hundred million
megacycles a second "—and not only for purposss
of communication. That sounds wide enough!

Growing resentment against the monopoly has
been brought to a head by a recent test case in the
High Court, started by the firm of Davey Paxman,
who are members of the Mobile Radio Users’ Asso-
ciation. The Post Office agreed to refund the
charges collected from the firm for licences; these
had been levied without proper authority, as the
P.M.G. had failed to make the necessary regulation.
The firm did not press another (and perhaps more
interesting) part of their suit for a declaration that
the Post Office had no right to impose conditions
in the licence regarding change of frequencies.

The Mobile Radio Users’ Association said, in a
statement issued after the test case, that it was
brought to focus attention on the “ unsatisfactory
administration” of mobile radio services. In par-
ticular, they stressed that certain channels allocated
exclusively to land mobile radio are now to be
transferred to commercial television. Members of
M.R.U.A. are thus put to inconvenience and ex-
pense, and suitable alternative channels have not
been made availablee. M.R.U.A. is pressing for
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Muddle

compensation, security of tenure and adequate
spectrum space. They contend the new regulations
contain *‘ preposterous anomalies ™ and express the
view that there is in this country no satisfactory
machinery for resolving frequency allocation
problems.

Others beside M.R.U.A. arc dissatisfied with
recent Post Office actions. We recently drew atten-
tion to the foolishly conceived hotels broadcasting
licence, which seems virtually to have become a
dead letter almost as soon as it was framed. Then
there is the muddle over the air-sea rescue device
SARAH, which was apparently given a channel in
Band III after it had been decided to clear that band
for commercial television.

Perhaps the most serious shortcoming of the
Post Office is the failure to implement that part of
the Wircless Teclegraphy Act, 1949, which gives
power to make regulations for curbing interference.
The Act was passed five years ago, but, so far, all
that has been done is to control interference from
petrol engines. In the meanwhile, the manufacture
of electrical devices capable of causing trouble is
increasing at a frightening rate, and nothing can
be done about it except to invoke the maker’s good-
will.  For example, a 100-kW r.f. heater, radiating at
any frequency the maker chooses, may be legally
operated next-door to an important receiving
station or, more realistically, in the middle of a
densely populated arca that does not happen to
enjoy a strong television signal.

It has been said from time to time that the
Post Office is basically unsuited to the task of con-
trolling radio because, being itself a user of that
medium of communication, it is in competition
(especially in the matter of channel allocation) with
its own licensees. That argument now applies with
even greater force, in view of the growing demands
of conflicting interests. But nowadays the vital
factor is that broadcasting—especially television—
has unfortunately become one of the most contro-
versial of political issues. Under the present
system the impartiality that is so essential in a con-
trolling body cannot easily be maintained.
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Television Intermediate

Frequencies

THE British Radio Equipment Manufacturers’
Association has recently recommended that a fre-
quency of 34.65 Mc/s be adopted for the vision inter-
mediate frequency in television receivers. The
recommendation has been made with the aim of mini-
mizing not only any interference to which a television
receiver may itself be subject but also any which a
television receiver may cause to other receivers. It
comes after a lengthy investigation into the technical
problems involved.

In the past, the choice of intermediate frequency
has been made chiefly with a view to avoiding i.f.
harmonic interference. The advent of Band III, how-
ever, now makes it impossible to avoid it in this way;
all that can be done is to choose the frequency to
minimize it and to avoid the possibility of low-order
harmonics being involved. In the future, the main
remedy for it must lie in proper screening.

The major object in the choice of frequency to-day
is so to place it that neither the intermediate frequency
itself nor the second-channel and kindred frequencies,
which are influenced by it, fall in places where strong
signals from other stations are likely in residential
areas. Also, so that the local oscillator of the television
set will not interfere with other nearby receivers,
whether television or not.

Choice of frequency and the liability to interference
depend very much on whether the local oscillator is
higher or lower in frequency than the incoming signal.
The lower beat has often been chosen in the past,
mainly because it is easier to obtain good oscillator
stability. Interference problems are considerably
more severe with it, however, and so the use of the
higher frequency is recommended.

With this frequency, the main interference possibili-
ties are as shown on the chart. From this, it is at
once evident that the best choice is around 35 Mc/s.
The precise figure of 34.65 Mc/s is selected to mini-
mize i.f. harmonic feedback on Band III; the fifth
harmonic then falls midway between channels 8 and 9
and only on channel 12 is there likely to be any
trouble. If there is, it is from a sixth harmonic which
is likely to be relatively weak.

With the oscillator above the signal, the sound if.
falls 3.5 Mc/s higher than the vision if.—at 38.15
Mc/s. This is not very far from the sound signal of
channel 1, 41.5Mc/s, and any appreciably higher
intermediate frequency would clearly be impracticable.
The sound i.f. is not so well placed as the vision in
regard to interference, but it is not so important be-
cause, with its much narrower bandwidth, interference
is more readily avoided by a slight change of tuning.

Amateur transmitters can be a major source of inter-
ference because they are commonly operated in
residential areas. The 34.65-Mc/s frequency should
result in the disappearance of such interference, since
it avoids the amateur bands, both for the i.f/itself and
for the second-channel.

Oscillator radiation is just as troublesome as the
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other forms of interference, but to others than the
owner of the set concerned. Viewers in the Brighton
area have known this for some time, since the oscil-
lators of some older sets tuned to channel 1 fall in
channel 3. It is impracticable completely to suppress
oscillator radiation and all that can be done is to put
it where it will do least harm. With the 34.65-Mc/s
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i.f., any oscillator radiation will affect broadcasting
mainly in Band II but, although the chart does not
show it, there are distinct possibilities of avoiding it
by a suitable allocation of the television and f.m.
frequencies on an area basis. This would mean so
allocating frequencies that in any area the oscillators
of Band I television receivers did not fall on the Band
IT frequencies used for that same area.

Generally speaking, rearly everything is in favour
of a high intermediate frequency. The only import-
ant drawback is that it makes it rather more difficult
to obtain adequate adjacent-channel selectivity. That
adequate selectivity can be obtained is evidenced,
however, by the fact that some firms have successfully
used frequencies quite near to 34.65 Mc/s for some
years; and, of course, the older straight sets worked at
a still higher frequency.

The frequency of 34.65 Mc/s is not a critical one.

In selecting it, allowance has been made for the in-
evitable drift of the local oscillator and for variations
from the nominal intermediate frequency. The last
are small in new sets, since precision equipment can
be used in the factory. Signal gencrators employed by
dealers, however, may not be more accurate than 1 per
cent in frequency, so that when a set is realigned its
i.f. may depart from the nominal value by this amount.
The allowance for all causes of drift has been taken
as + 500kc/s.

The use of the 34.65-Mc/s frequency will not, in
itself, necessarily remedy interference in particular
cases. The full benefit will be obtained only when
all manufacturers adopt it and, even then, not until
existing sets with other frequencies have fallen into
disuse. Its use should, in time, reduce much of the
existing interference and should certainly prevent
chaotic conditions from arising in the future.
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WORLD OF

More TV
*
Interfering Reeeivers
*
Components & lustruments Shows

Stations

Extending TV Coverage

IT WAS originally planned to close down the tem-
porary transmitter on Truleigh Hill, near Brighton,
when the Rowridge, Isle of Wight, transmitter was
brought into service on November 12th. The tem-
porary mast at the Isle of Wight station has, however,
limited the range so some of those who were getting a
signal from Truleigh Hill are at present outside the
service area of the Rowridge station. As a result
of pressure from W. Sussex viewers, the Brighton
transmitter is to continue in service for the present.

It has, of course, been necessary for the frequencics
of Truleigh Hill to be changed to avoid mutual inter-
ference, and it is now operating in Channel 2,
which it shares with Holme Moss and S. Devon.

Test transmissions from the North Hessary Tor,
Devon, and Redmoss, Aberdeen, stations began a few
days ago in channels 2 and 4 respectively. The
Scottish station goes into regular service on Decem-
ber 14th and the south Devon station on December
17th.

With the continued operation of the Truleigh Hill
mobile transmitter which was to have been trans-
ferred to Norwich, other arrangements have had to
be made for East Anglia. A low-power transmitter
is, however, to be installed in a temporary building
and will be brought into service next February. The
site will be at Tacolneston, 10 miles south-west of
Norwich, but the city will come within the temporary
station’s service area (approx. 10 miles radius).

P.M.Gs Poiwers

THE RECENT correspondence in Wireless World
and last month’s note by “ Diallist” prompted us to
enquire if the P.M.G. has, in fact, used his powers,
under clauses 6 and 7 in the sound and television
licences, to prohibit the use of receivers causing inter-
ference.

We understand that there have been two cases
where the owners of sound receivers causing inter-
ference were notified that unless their sets were modi-
fied the licences would be withdrawn. One of the
owners refused to modify his set and his licence was,
therefore, withdrawn.

Scientific Instruments

THE annual exhibition of scientific instruments
and apparatus, organized by the Physical Society, will
be held next year in the Royal Horticultural Society’s
New Hall, London, S.W.1. The change of venue will
not alter the character of the exhibition, but it will
make the 140 stands more readily accessible.

Fortunately the dates of the Physical Society exhi-
bition (April 25th to 28th) will not clash with those
of the components show as has so often happened
in the past.
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PICTURESQUE setting for the television aerial erected by
Pye for the 625-line demonstration transmissions radiated
during the recent British Trade Fair in Baghdad

Components Show

A RECORD number of 142 stands will be included
in the 12th Radio Components Show which will be
held in Grosvenor House, Park Lane, London, W.1,
from April 19th to 21st next year. As in former
years this privatc show, which is organized by the
Radio and Electronic Component Manufacturers’
Federation, will also include valves and test gear.

Instead of circulating admission tickets, as has been
done in the past, application cards will be issued and
will have to be filled in and forwarded by each
intending visitor, who will then receive a ticket “if
his application is approved.” Prospective overseas
visitors, however, will receive their tickets as in
previous years without application.

Permanent Magnet Research

TO accommodate the widening front of research
into the fundamentals of magnetism and their appli-
cation in the manufacture of permanent magnets, a
new extension has been added to the Central Research
Laboratory of the Permanent Magnet Association in
Sheffield.

In addition to their principal concern with the
development of new alloys, this team of physicists,
metallurgists and chemists is, amongst other things,
investigating in detail the effects of ambient tempera-
ture, over a wide range, on the performance and
stability of magnets. The low-temperature range is
of particular importance as it influences the accuracy
of electrical instruments in high-flying aircraft.
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Radio Engineers’ Training

DESPITE a deplorably low percentage of success
in the graduateship examination of the Brit.I.R.E., the
membership of the Institution continues to increase,
and at the end of March was 4,750.

Stress is laid in the annual report of the Institution
on education and training, especially in relation to the
low percentage of passes in the graduateship exam.
Of last year’s 1,149 candidates, which was a 10 per
cent increase on the 1952 figure, only 72 were success-
ful in the entire examination (approximately 6 per
cent). The Institution’s education committee has,
therefore, recommended
that a regulation be intro-
duced requiring candidates
entering for the cxamina-
tion to provide evidence
of supervised practical
work.

In his inaugural address,
the new president, Rear-
Admiral Sir Philip Clarke,
laid emphasis on the nced
for close co-operation be-
tween radio engineers in
the Services, in industry
and in Government de-
partments. He also
touched on the menace of
over-complexity in elec-
tronic  equipment  and
urged the need for con-
stant awareness of the possibilities of “neat solu-
tions and brilliant simplifications.”

PERSONALITIES

Brigadier E. J. H. Moppett, M.LLE.E,; has been on a
two-months’ tour of Burma, India and Pakistan on
behalf of Pyec Telecommunications, Lid., of which he
became a director in 1952, His tour was mainly con-
cerned with the introduction of the Pyc transmitter-
receiver C12, which is the modern counterpart of the
wartime maid-of-all-work No. 19 set. He also spent
some time with the radic survey team on the company’s
contract to supply, in conjunction with Redifon, Ltd.,
and Etclco, Ltd.,, a complete lelecommu_nicatigns v.hf.
system for the new 350-mile pipeline being laid by the
Sui Gas Transmission Company from Sui to Karachi.

F. C. McLean, C.B.E., B.Sc., M.LLEE,, dcputy chief
engincer of the B.B.C., has gone to Karachi for five
weeks to advise the Pakistan government on the develop-
ment of the country’s broadcasting service. The request
for assistance in asscssing the nceds, and the ways in
which they can best be met, was made to the British
Government under the technical co-operation scheme of
the Colombo Plan.

Martin Ryle, F.R.S,, M.A lecturer in physics at the
Cavendish Laboratory, Cambridge, is to reccive the
Hughes Medal of the Royal Socicty *“for his dis-
tinguished and original experimental rescarches in radio
astronomy > at the anniversasy meeting of the society on
November 30th. Martin Ryle left Oxford in 1939 with
an M.A. degrce and joined T.R.E., where he worked on
radar applications until the end of the war. He then
went to Cambridge, where he is undertaking radio
astronomical research.

R. J. H. Branthwaite, B.A,, AM.LE.E., formerly chict
engincer of Furzehill Laboratories, Lid., has becen
appointed by R. B. Pullin & Company, Ltd., of Great
West Road, Brentford, Middx, as superintendent of the
new clectronic division of their Development Labora-
torices.

SIR PHILIP CLARKE
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H. M. Dowsett, M.I.LE.E., F.Inst.P., who retired some
years ago from the Marconi Company, which he joined
in 1899 as assistant to Marconi, has been elected presi-
dent of the Association of Retired Engineers. The asso-
ciation was formed in 1951 for retired professional
engineers living in the neighbourhood of Worthing,
Sussex. Mr. Dowsett was editor of the Marconi Review
from 1928 to 1939 and for the latter four ycars was
also principal of the Marconi School of Wireless Com-
munication.

Dr. E. Duncan-Smith, D.Sc., M.I.LE.E., M.Brit.L.R.E.,
has been appointed United Nations radio adviser for
the Middle East and has relinquished his appointment
as radio adviser to the Government of Jordan under the
United Nations Technical Assistance Administration.
He was formerly at the Admiralty Signal Research
Establishment for some six vecars, where he served in
the technical secretariat and the Shore Station Division,
in which he assisted in planning high-power communica-
tion schemes for the Middle and Far East. After resign-
ing from the Royal Naval Scientific Service and before
joining U.N.T.A.A., Dr. Duncan-Smith was with Air
Service Training, Hamble, and International Acradio,
Ltd., organizing radio technical training.

G. R. Scott-Farnie, gencral manager of International
Aeradio, Ltd., was invited to attend the annual elec-
tronics conference of the American Institute of Radio
Engineers held in Kansas City in November and to be
principal speaker at the banquet. His subject was
*“Some International Aspects of Radio Engincering,” in
which he reviewed the problems facing electronic
engineers with the growing demands of civil aviation.

F. Livingston Hogg, M.Brit.[.LR.E,, A.M.L.LE.E., director
of Livingston Laboratorics, Ltd., specialists in electronic
instruments for industry, went to America early in
November for an extended tour to study developments
in the U.S.A.

E. Green, M.Sc,, who for many vears has been well
known in the transmitter cngineering world, having
joined the Marconi Company in 1913, has retired from
the position as head of the Transmitter Advanced
Devclopment Group. He is, however, continuing his work
for thc company as a full-time consultant engineer.
From 1919 to 1929 he assisted C. S. Franklin in the
development of the Marconi short-wave beam system.
In 1929 he was appointed chief of the group concerned
with developing high-power short-wave transmitters
and was responsible for the development of many of the
well-known S.W.B. serics of short-wave transmitters. In
more recent years, as hcad of the Transmitter Advanced
Development Group, he has been concerned with the

E. GREEN V. J. COOPER

development of vision transmitters. Mr. Green is suc-
cecded by V. J. Cooper, B.Sc.,, M.LEE., M.Brit.LR.E.,
who has been appointed chief engincer (advanced
development). The scope of the group, of which Mr.
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Green was in charge, has been enlarged and the organiza-
tion is now known as Advanced Development. Mr.
Cooper joined the company in 1936 and, like his pre-
decessor, has been concerned with the development of
transmitters, including those for the Holme Moss
television station.

Dr. V. K. Zworykin, the well-known television pioneer
and inventor of the iconoscope camera tube, has retired
from the vice-presidency of the R.C.A. Laboratories,
which he has held since 1947. He is continuing as
technical consultant and has been elected honorary vice-
president of the parent organization, Radio Corporation
of America. Dr. Zworykin, who served in the Russian
Signal Corps in the first world war and afterwards became
an American citizen, reccived the degree of Doctor of
Philosophy at Pittsburgh University in 1926. He joined
R.C.A. in 1930 after working on the research staff of
Westinghouse Electric Corporation.

Colin H. Gardner, past president of the Incorporated
Practical Radio Enginecers, has completed 25 years’ service
with Mullard, Ltd., where he is concerned with technical/
commercial liaison with, dealers, Leonard A. Sawtell,
Comp.Brit. LR.E., has also recently completed 25 years’
service with the company, where he has been commercial
manager of the Entertainment Vaive Department since
1945.

B. H. Douthwaite, AM.LLE.E., has joined British
Physical Laboratories, of Houscboat Works, Radlett,
Herts, as sales manager. During the war he was engaged
on radio counter measures as a member of the scientific
staff of the General Electric Company and has subse-
quently had considerable experience as a technical execu-
tive in the eclectrical industry.

H. Priest has joined the car radio sales division of
E. K. Cole, Ltd., as technical representative and will be
responsible for liaison with car manufacturers and dealers.

Douglas A. Lyons, of the Trix Electrical Company, is
on an cight-weeks’ tour of North and South America,
during which he is meeting Trix distributors.

OBITUARY

A. H. Ginman, for over 15 yecars president of the
Canadian Marconi Company, died in Canada on
November 7th at the age of 79. He joined the Marconi
Company, Chelmsford, in 1901, where he worked with
Marconi himself, and a year later transferred to the
American Marconi Company. He also represented the
parent company in the Far East and on returning to
England became gencral manager at Chelmsford for two
years before going to Canada in 1935. He retired in
1951.

IN BRIEN

The many readers who were unable to obtain tickets
for the recent Festival Hall Sound Reproduction demon-
stration by G. A. Briggs (managing director, Wharfedale
Wireless)—reported elsewhere in this issue—will be glad
to learn that a similar demonstration will be given on
Saturday, May 2l1st, 1955, in the Royal Festival Hall.
Details of admission and prices, which, we understand,
will have to be increased to cover the costs, will be
announced later.

TV By Wire.—Figures quoted at the annual luncheon
of the Relay Services Association show that in addition
to the million listeners served by the various relay com-
panies throughout the U.K. some 300,000 receive
television by wire.

L.S.W.C.—The International Short Wave Club cele-
brated its 25th anniversary on October 4th. Founded in
the United States, the administration was transferred to
L.ondon during the war, the present secretary being
Ql;ghlur E. Bear, 100, Adams Gardens Estate, London,
S.E.l6.
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VALVE JUBILEE.—The 50th anniversary of Sir Ambrose
Fleming's first valve patent was celebrated on November 16th
at University College, London, and by the I.E.E. In 1884
Edison discovered the rectifying properties of a lamp with a
sealed-in anode ; Fleming's great contribution lay in the
practical application of this device to radio-frequency detec-
tion. The photograph shows Dr. H. M. Barlow, professor of
electrical enzineering at University College, with one of the
first Fleming diodes.

Comet Iavestigation.—Strain  gauge equipment,
specially developed and manufactured for the Royal
Aircraft Establishment, Farnborough, by McMichael
Radio, was used in the recent technical investigation into
the loss of the Comet airliners. This equipment com-
prises a multi-channel amplifier of high gain and
stability and a 2,000-c/s carrier oscillator.

Proc.I.LE.E.—Changes in the publications issued by the
Institution of Electrical Engineers are being introduced
in January. The Journal will continue to be issued
monthly but will in future be available to non-members.
It will include some of the material at present appearing
in Part I of the Proceedings. There will be, in future,
only three parts of the Proceedings (A, B and C), part
*B” being that covering light current enginecring. This
will be published in alternate months.

Radio Facility Charts.—Six maps showing the aero-
nautical radio facilities available in the U.K., and
tabulated lists of radio communication stations and
navigational services, are given in the latest edition
(4th) of **Radio Facility Charts” (C.AP. 111). It is
available from H.M.S.O.. price S5s.

F.B.I. Register.—The 1955 edition of the *F.B.L
Register of British Manufacturers,” issued by the
Federation of British Industries, includes, in addition to
the usual buyers’ guide and directories of trade names
and associations, glossaries in French, German and
Spanish. Each glossary gives a translation of all the
5,000 or more names of commodities and services under
which the 6,800 member-firms are classified. The
register is obtainable from our Publishers, price 2 guineas,
post frec.

The 80 or more technical papers presented at
he tenth National Electronics Conference held in
Chicago, Il1., from Octobey 4th to 6th will be published
in Vol. 10 of the Proceedings of the conference which
will be available (price $5.00) from the N.E.C. Inc., 84,
East Randolph Street. Chicago, Ill., early in 1955.
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Many radio and electronic concerns are included in the
list of donors to the Electrical Industries Benevolent
Association given in its 1954 Year Book, which also
incorporates the annual report and accounts for 1953.
The collections at the Radio Industries Club luncheons
in London are given to the E.I.B.A. and last year totalled
£487.

An explanation of modern Costing Techniques and
their application to production engineering is given in
“Cost Accounting and the Engineer,” by Kenneth B.
Mitchell. Published by lliffe & Sons Ltd., Dorset House,
Stamford Street, London, S.E.l, for Machine Shop
Magazine, the 126-page book costs 10s 6d.

The American Audio Engineering Society has clected
as its new president Albert A. Pulley, manager (general
recording) of the R.C.A. Victor Records Division of the
Radio Corporation of America.

BUSINESS NOTES

An industrial television camera has been set up by
Pye, Ltd., in the experimental workshop of Smith
Meters, Lid.,, of Streatham, to improve the liaison
between the cxperimental workshop and the design
engineer’s office where a receiver has been installed.
With this closed-circuit equipment the piece of apparatus
or diagram on which a question has arisen is placed
before the camera and with the aid of the internal
telephone the query is settled without the designer having
to leave his office.

Wafer switches in small quantities, made to one’s
own specification are obtainable from Specialist Switches.
They are the well-known Type “H,” made from parts
manufactured by A. B. Metal Products to whom orders
for bulk supplies should be sent. Enquiries for Specialist
Switches—by post only—should be addressed to 24,
Cranbourn Street, London, W.C.2.

Two 650-ton trawlers now being built in a German
shipyard for Grimsby fishing companies are to be fitted
with Redifon marine radio-communication and d.f.
equipment.

Twelve tankers now in course of construction for the
Shell fleet—five of them of 31,000 tons—are to be fitted
with Marconi radar equipment.

A mobile radio installation has been supplied by the
General Electric Company for the transport section at
the Coryton, Essex, oil refinery.

The name of Rees Mace Marine, Ltd., the Pye marine
radio subsidiary, has been changed to Pye Marine, Ltd.
Administration, production and sales departments arc
now at the new factory at Qulton Works, Lowestoft,
Suffolk (Tel.: Oulton Broad 425).

e ——— -
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The Duke of Edinburgh recently opened Ferranti's new
electronics research laboratories at Crewe Toll, Edinbureh.
He is seen here being shown an electronically controlled
milling machine by D. T. N. ** Amplifier ** Williamson, who is
now senior development engineer in the Industrial Appli-
cation Laboratory. On the left is the Minister of Supply.
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Four Nera projection television receivers (4 X3ft)
have been installed by the B.B.C. in the television theatre
at Shepherds Bush so that studio audiences can see the
transmirted picture as well as the stage show. Two of
the receivers are suspended from the ceiling, the other
two, using a folded optical path, are installed in the
circle boxes. The pictures are remotely controlled from
a vantage point in the theatre.

We are informed that the Ampex Corporation, of
California, U.S.A., whose tape duplication system was
referred to in our last issue (p. 530), is represented in
this country by Rocke International, Lid., 59, Union
Street, London, S.E.1 (Tel.: Hop 4567).

Midland Silicones, Ltd., of 19, Upper Brook Street,
London, W.1, are the distributors of the silicone products
of Albright and Wilson, Ltd., who have brought into
service a new silicone plant at Barry, Glamorgan. One
use of silicones in the radio industry is as a coating for
resistors to improve their resistance to moisture.

Lasky’s Radio have opened new premises at 42,
Tottenham Court Road, London, W.1 (Tel.: Langham
1151). Post orders are still dealt with at 370, Harrow
Road, London, W.9.

Arrell Electrical Accessories, Ltd., is the new name
under which R. Lowther, Ltd., manufacturers of television
aerials, of Vincent Works, New Islington, Manchester, 4,
will in future operate.

A new servicing depot and research laboratory at
Wallisdown, Bournemouth, has been opened by Good
Listening, Ltd., who provide a radio and television rental
service from their 12 branches.

The Bedford depot of British Insulated Callender’s
Cables, Ltd., has been closed and a new depot opened at
81, Dumfries Strect, Luton, Beds (Tel.: Luton 6866).

Standard Telephones and Cables, Ltd.,, have moved
their Leeds branch office and cable depot (,mbber, plastic
and textile insulated) to 6-8, York Place, Leeds, 1 (Tel.:
Leeds 22900). .

EXPORTS

A research centre has been opened by Export Packing
Service, Ltd., of Sittingbourne, Kent, to study the pack-
ing of equipment for export. Manufacturers of electronic
components and equipment are invited to submit proto-
types for advice on packing. This new research and
development establishment, which covers 16,000 square
feet, includes physics and chemical laboratories and a test
section with humidity chambers, vibration and “drop”
tests and an immersion tank.

Pye, Ltd., of Cambridge, have received a contract from
the Thailand police for over £100,000 worth of tele-
communications equipment, including a large quantity
of new 60-watt h.f. sets.

Components.—Quotations from U.K. manufacturers for
the supply of a quantity of fixed and variable capacitors
and resistors, and i.f. transformers (455 kc/s) are required
by the Director of Industries, Department of Industrial
Development, Khairpur Mirs, Khairpur State, West
Pakistan. Details of values and quantities are cbtainable
from the Export Services Branch, B.o.T., Lacon House,
Theobalds Road, London, W.C.1 (Ref. ESB/25652/54).

Tape Recorders.—Frank Loasby, of the Raytheon
Television and Radio Corporation, 5921, W. Dickens
Avenue, Chicago, 39, Illinois, U.S.A., would like to get
in touch with United Kingdom manufacturers of tape
recorders. The Corporation is contemplating developing
several new receivers which will incorporate tape
recorders and is, therefore, interested in contacting
manufacturers who would be willing to supply the basic
tape recording chassis without the loudspeaker and other
sound reproducing equipment.

Californian Agency.—The Clyde Allen Company, of
1355, Market Street, San Francisco, California, U.S.A,,
would like to act as agents for manu}acturers of tape and
wire recorders, portable gramophones and valves.
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LEGAL
REPORTING

Use of Tape Reccorders

in the Courts

By T. D. CONWAY
B.Sc.(Eng.), A.C.G.I.. AM,LLE.E.*

THE recording of court proceedings is now beirg
seriously considered and, in order to examine some
of the problems involved and study the techniques
necessary, a prototype equipment has been built and
installed in the No. 1 Appeals Court at the Law
Courts. This was arranged by the Association of
Official Shorthand Writers. In this article we shall
discuss the special requirements which had to be
met in the design of the equipment, and detail how
these facilities were provided for.

Basic Requirements.—In the court where the
installation was to be made the whole proceedings
are taken down in shorthand, and this, after
transcription, is the official record of the court. Tape
recording was introduced to provide a simultaneous
recording of the shorthand version with a view to
determining whether the possibility exists of
eventually replacing the shorthand version by a taped
one. In practice, the recording equipment had to
come under the control of the shorthand writer and be
arranged in such a fashion that he had complete charge
of it. It further followed that the maximum simplicity
of controls must be provided so that the minimum of
attention would be required to operate the equipment.

The space available for the recording equipment
was not great, but provision had to be made for up
to three hours of recording without reel change;
additionally, reliability demanded that a minimum of
two machines were employed in order to allow for
possible breakdowns. The total available floor area
was Ift 6in by 2ft, and the overall equipment height
could not exceed that of the writer’s desk (2ft d4in)
since the keynote of the installation was to be its
unobtrusiveness. The accompanying photograph
shows the general layout of the court, the judges’
microphones being marked Nos. 1, 2 and 3, and those
of the counsel 4 and 5: the shorthand writer’s position
is shown with the recording equipment beside him.

Technical Problems.—The technical problems

* Grundig (Great Briwin) Ltd,
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Arrangement of the recording unit and the five microphones
in No. | Appeals Court.

involved were twofold. First, that of satisfactorily
recording the inputs from five different microphones
at levels varying from a murmur to loud conversa-
tions, and, secondly, recording court proceedings up
to three hours continuously without the necessity for
changing of tape reels. In normal tape recording con-
tinuous monitoring of the recording level is necessary
to ensure that the recording stays within the dynamic
range of the instrument; thus it must not be so low
that it sinks into the noise and hum level, nor so
high that it exceeds the maximum allowable dis-
tortion on the tape. In this case any form of monitor-
ing was completely out of the question.

For the microphone inputs a special mixer unit
was developed having a separate pre-amplifier chain
with automatic gain control for each microphone: by
the use of a.g.c. the recording level of the tape
recorder can be kept within a relatively narrow
dynamic range. A two-position sensitivity control
was provided on each channel, the low sensitivity
being for the judges, who would be close to their
microphones, and the high sensitivity for the counsel,
who would be from 5-15 feet from the microphones.
Derails of this mixer unit and a circuit diagram follow
in the next section.

For the actual recording it was decided to employ
a Grundig TK9 machine since it is compact
(15in by 13in by 81in) and has the facility of record-
ing on both tracks of the tape without reversing the
reels: the economics of the situation make half-track
recording imperative. This machine operates at 3}in
per second and although there is no doubt that per-
fectly satisfactory speech recording can be made at

#in per second, it was decided to use a standard
machine in the interests of simplicity and economy.
The 850-foot tape provides 45 minutes of recording
in each track, a total of 1} hours, and hence two
machines provide a virtually continuous three hours
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of recording, besides giving provision against break-
down, when one machine may be used alone by
changing the tape after 14 hours.

A master change-over switch from the first recorder
to the second was provided, and this changes over
the input as well as stopping and starting the respec-
tive machines. Owing to the switching complexity
involved it was decided to employ a relay operated by
a simple toggle switch.

Mixer Unit.—The circuit of one microphone
channel of the mixer unit is shown in the figure. The
microphones are all of 200 ohms balanced impedance,
which has been found to be a good compromise level
for the minimum pick-up of hum and signal attenua-
tion on long leads. Each microphone is connected
to its own input transformer which feeds into the
grid of an EF86. The EF86 has switchable alterna-
tive anode loads of 230 k! and 30k, which act as the
two-position sensitivity control.

Conventional coupling is made to the grid of the
EBF80 via the volume control, which in practice has
to be varied very little, and it will probably be dis-
pensed with in later designs  The diodes of the
EBF80 are fed directly from its anode output into
a 10-MQ! load, and the a.g.c. voliage is passed via a
filter network to the grid of the EF86; a.g.c. delay
is provided by a cathode auto bias voltage. The time-
constant of the a.g.c. feed is fairly critical in practice,
as it must not produce too serious distortion by rapid
compression, nor must it be too slow to follow the
intensity variations of speech which may be empha-
sized by the speakers’ movements to and fro. It
first appeared that it would be advantageous to use
the variable-mu characteristic of the EBF80 for a.g.c.
purposes, but experiments showed that in this
arrangement the ratio of a.g.c. feed of the two valves
becomes quite critical and unstable operation may
easily result as the setting of the volume control
is changed.

Each channel develops approximately 3 volts of
r.m.s. signal and since half a volt is adequate for
the 500-k{? input of the TK9, a 1-M!! isolator was
added in series with the output to prevent inter-
action of the individual a.g.c. circuits.

The general appearance of the mixer unit may be

Circuit of one of the five amplifiers in mixer unit.

200k0}
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HASTER
CHANGE-ONER
SWHTCH

VOLUME
CONTROLS

Mounting of recorders and mixer unit.

seen in the second photograph, where are shown the
five two-position sensitivity switches and their respec-
tive volume controls. The master change-over switch
for the two recorders, on the top left-hand side of
the panel, controls the relay which simultaneously
changes over the input from the first recorder to the
second, and controls their operation through their
respective remote control sockets; indicator lights
are provided to show which of the two recorders is
in operation.

General Arrangements.—The two tape recorders
and the mixer unit were mounted on to a trolley
designed to fit into the limited space available. All
microphones plug directly into the back of the mixer
unit and interconnecting
cables are run from the in-
put and remote control
sockets of the tape recorders

into the mixer unit
+HI.

30kt I

I—

=
(™

Space limitations made it
impossible 10 locate the
power supply for the mixer
inside the case, and hence
MO a separate unit was located
at the back of the trolley,
providing h.t., l.t.and a d.c.
supply for the change-over

OUTPUT

relay: this had the added
advantage of eliminating
cooling problems in the
mixer, which is only ven-
tilated by small bottom and
back louvres.

Operation.—To operate
the equipment both
machines are first loaded
with tape. The mixer and
the two recorders are then
switched on, and their

1oMQ

[
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respective recording buttons are depressed. The
sensitivity switches on the five microphones are next
set according to the nearness of the various speakers,
and trial speeches are used to set the volume controls
of the five channels in accordance with the “magic
eye” programme level meters of the TK9s. Overall
control of each recorder is provided by the built-in
recording level control, and this is set in accordance
with the “magic eye” of each machine to limit the
distortion on the loudest passages of speech. Owing
to the a.g.c., the setting of all channel controls is
very uncritical and once settings have been decided
upon the equipment may be left untouched.
Generally speaking, the output of the mixer unit only
varies between very close limits and most adjustments
are made on the master recording level controls of
the recorders.

To commence recording the track button of the
No. 1 machine is depressed, the change-over switch
being in the No. 1 position, and continuous record-
ing then ensues for 3-hour. At the end of this period
Track 2 button is depressed to give a further 2-hour.

Whilst machine No. 1 is in operation the Track 1
button of No. 2 machine is pre-set, so that this
machine is ready to start immediately after Track 2
becomes full on the No. 1 machine, by operating the
change-over switch. If a particularly long session

has to be recorded, a second tape is fitted to the No. 1
machine whilst No. 2 is in operation and the change-
over carried out as before.

Finally, it should be noted that both machines are
fitted with automatic stop foils at either end of the
tape, so that, in the event of tracks or machines not
being switched over, the machine in use switches
itself off automatically. A third TK9 was provided
with the installation so that transcription could com-
mence immediately one tape is full. This machine is
provided with stethoscope earphones and a foot-
operated remote control having “ back-space” facili-
ties.

Conclusion: Other Applications.—The equipment
has now been in use for several months and has
proved itself extremely simple to operate and reliable
in its performance.

Equipment of this kind is capable of wider applica-
tions than court recording and is particularly con-
venient for all forms of conference recording. Since
the mixer is designed on a unit channel basis, there
is no limit to the number of microphones which can
be incorporated. For this application, push-to-speak
buttons would be employed to reduce the general
background noise normally emphasized by the a.g.c.
and signal lamps would be needed on the micro-
phones to indicate that they are live.

Velocity of Radio Waves

An Internationally Agreed Value

By R. L. SMITII.ROSE* CB.E. D.Sc, M.LEE.

AT the 11th General Assembly of the International
Scientific Radio Union (U.R.S.I.) held at the Hague
in August-September, 1954, the following resolution,
first formulated two years earlier, was confirmed:—

“As a result of investigations made in recent
years by several different methods, it is recom-
mended that the following value of the velocity of
electromagnetic waves in vacuum be adopted for
all scientific work: 299,792+ 2 km/sec.”

As this is a matter of far-reaching importance
to many scientists and engineers engaged in the radio
field, it will be interesting to review briefly the circum-
stances which have led to this resolution.

From the earliest days of the discovery of the
existence of electromagnetic waves in what is now
known as the radio part of the spectrum, it was
appreciated that their properties were similar to those
of light waves, except, of course, that their frequency
or wavelength was different. Prior to about 1940, it was
also usually assumed that the velocity of light, and there-
fore of radio waves, was approximately equal to the
nice round number of 3 x 10* km/sec (or nearly 186,000
miles per second). This was extremely convenient
for the conversion of frequency into wavelength; but
what was not always appreciated in those days was
that, whereas frequency could be measured and ex-
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pressed to a precision of better than one part in ten
million, the wavelength derived by the above arith-
metical process had nothing like this accuracy. This
fact was not of much consequence for many applica-
tions, and it was not until the early years of the war
that the need for a careful study of this matter became
apparent.

A review' made in 1942, of the latest available
measurements of the velocity of light in a vacuum
showed that the mean value was 299,775 km/sec, and
also that the accuracy of these measurements was not
better than 50 parts in a million. It was also clear
that the velocity of radio waves under practically
useful conditions could not be stated more precisely
than about one part in a thousand. Considering that
at that time radar techniques for navigational aids
and bombing purposes were being developed with
a precision of indication very much better than this,
thcre was obviously a need for more research into
the true value of the velocity of electromagnetic
waves in general.

In the following decade several investigations were
carried out, notably by L. Essen®, who, in 1947, des-

* Vice-President. Internstional Scientific Radio Union.

' R. L Smith-Rose: Journal I.E.E.. 1943, Vol. 90, Part I, p. 31,

2 L. Essen: Nature, 1947, Vol. 159, p. 611, and Proc. Royal
Society, 1950, Vol. 204, p. 260.
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cribed a method of deriving the value of the velocity
of radio waves from the resonant frequencies of a
cylindrical cavity. Using the resources of the
National Physical Laboratory for the measurement
of the dimensions of the cavity in the Metrology
Division and the frequency in the Electricity Division,
he obtained a value about 17 km/sec greater than the
hitherto generally accepted value for the velocity of
light referred to above. This result was soon con-
firmed by other workers. Concurrently, the apparent
discrepancy between the values applicable to the
velocity of light and of radio waves was later resolved
by E. Bergstrand® in Sweden, who applied modern
techniques to the classical methods of measuring the
velocity of light.

At the General Assembly of U.R.S.I. held in Sydney
in August, 1952, a paper by L. Essen contained the
following summary of the latest results obtained for
the measured velocity of electromagnetic waves in
a vacuum:

Date Author Method Result—km sec
1950 Essen Cavity Resonator 299,792,511
1950 Bergstrand Optical 793.1-4-0.25
1950 Bol Cavity Resonator 789.34-0.4
1951  Aslakson Radar 794214
1952  Froome Interferometer 792.6 0.7

The arithmetic mean of these results gives the
value 299,792 km/sec with a probable error of +2 km/
sec. Further measurements by other investigators
have since confirmed this value, which is thus recom-
mended for adoption in accordance with the resolu-
tion quoted at the beginning of this article. When
applied to practical radio conditions, this velocity will
usually be modified by the dielectric constant of the
atmosphere or by the conductivity of the earth’s
surface, depending upon the actual frequency and
mode of transmission used. Recent research, which
is still in progress, has provided a knowledge of the
appropriate corrections to be applied for various
typical conditions.

3 E. Bergstrand: Nature, 1950, Vol. 165, p. 405.

=)
The illustration shows the helical aeriols and their reflectors
used for a multi-channel telephone system for a summer
camp in a somewhat isolated part of Yugoslavia. It was
obtained by A. O. Milne, president of the R.S.G.B., while
attending the Congress of the Yugoslav Amateur Radio
Society this year.
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Television Safety
Precautions

By E. G. GOODHEW™ M.LEE.

THERE are, of course, possible hazards—such as
electric shock and fire—involved in the use of a
television receiver, as with any high-voltage equip-
ment. There is, however, the additional danger of
physical injury due to the implosion of the c.r. tube
and the remote possibility of X-radiation. In this
country the drafting of safety precautions for tele-
vision receivers is the concern of one of the British
Standards’ Committees (TLE 2/2) which is drafting
the ninth, and, it is hoped, the final revision of
B.S.415.

On the international level such matters are the
concern of a sub-committee of the International
Electrotechnical Commission (I.E.C.) which, in Sep-
tember, held its jubilee congress in Philadelphia.
The main item on the agenda of this committee (tele-
communications safety, 12-2) was the consideration of
a draft of “safety requirements for electric mains-
operated television receivers.”

During the post-war yecars, the meetings of this
1.E.C. Committee have been held in Europe, and as
a result, the recent meeting was the first at which the
U.S.A. had been adequately represented. The United
States delegation included engincers from the Under-
writers’ Laboratories Inc., whose approval must be
obtained for domestic and other equipment offered
for salec in the U.S.A. They have therefore tested
for safety many more television receivers than any
other laboratory, and their experience was invaluable
to the Committee.

The television safety precautions considered at the
Philadelphia meeting will be a supplement to I.E.C.
publication 65, “Safety Requirements for Electric
Mains-Operated Radio Receiving Apparatus,” issued
in 1952. In this document a safe condition is specified
for the recciver in its normal operating condition and
under abnormal conditions when short-circuits are
applied to certain spacings which are smaller than
those considered sufficient to ensure safety in them-
selves. This principle is also followed in the revision
of B.S.415.

The new problems not already contained in publi-
cation 65 are those relating to the higher voltages
involved. Acceptable spacings for voltages up to 4,500
have been determined experimentally, but above this
value the shape of electrodes and conductors has an
increasing effect, and while the present method of
specifying breakdown voltages is deemed to be satis-
factory, it is to be expected that further experience
will indicate more satisfactory methods.

Even when the mains supply has been discon-
nected, removal of the back-plate may involve a
hazard due to the charge on the capacitor of the
high-voltage source. It had been intended to specify

* Philips Mitcham Works, Ltd. [The author was a member of the
British delegation to the I.E.C. Congress, Philadelphia.)
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a limit for the charge, but experiments being con-
ducted in the U.S.A. tend to show that the hazard
is more accurately specified by the energy than the
charge. Until more is known, the I.LE.C. has adopted
a method of limiting the capacitance, used success-
fully by the Underwriters’ Laboratory for some time.
This specifies that the capacitance shall not exceed
3,000puF and that the sum of the total capacitance
in puF plus 300 times the voltage in kV shall not
exceed 7,500.

Metal cabinets are appearing on the American
market particularly for use in hotels. The majority
of receivers in the U.S.A. are transforiner fed, and
therefore no particular hazard is involved when the
cabinet is connected to the negative of the high-
voltage supply. Receivers having a series heater chain
and the chassis connected to one pole of the mains,
must have the cabinet insulated from the chassis by
a material appropriate to the voltage of the mains
supply. Should the insulation break down, one pole of
the mains supply would be connected to the cabinet.

Circuits have been designed to overcome this
difficulty. They will be studied in the light of the
prevailing conditions in Europe (e.g., higher mains
voltages).

With minor changes, the requirements regarding
fire hazard specified in publication 65 were considered
satisfactory.

Experience has shown that the probability of a

cathode-ray tube imploding is not very high. Never-
theless it is necessary to be certain that the enclosure,
and in particular the protective screen, are strong
cnough to ecnsure safety should a tube implode.
Attempts in the United Kingdom to find a satisfactory
impact test have not been entirely successful, and it
is therefore necessary to cause a tube to implode in
order to test its enclosure. Of the various methods
which have been used, that of driving a steel pin
into the tube seemed to be the easiest to carry out,
and as the Underwriters’ Laboratory had already
carried out about 1,000 tests, the standards which
they have adopted were accepted by the Committee.
Through a hole drilled in the cabinet housing the tube,
a steel pin lin in diameter is driven into the tube
at a point on the rim of the face by a weight, which
varies according to the diameter of the tube, falling
from a height of five feet.

At the voltages in use on direct-viewing cathode-
ray tubes, X-radiation is a hazard which need give
no concern. Even using projection-type tubes operat-
ing at 25kV, it is very difficult to measure any
X-radiation outside the optical system assembly. The
limit of 0.6 micro rontgens/second accepted by the
International Electrotechnical Commission agrees with
that included in the draft of B.S.415 and is one-third
of the value given by the International Commission for
Radiological Protection as a safe dose for eight hours’
continuous exposure.

EUROPEAN BROADCASTING
Technical Work of the E.B.U.

THE General Assembly of the European Broadcasting
Union and the statutory autumn meeting of its Admin-
istrative Council, which are held in a different country
each year, were this year held in London. The oppor-
tunity was taken also to hold meetings of the Legal,
Technical and Programme Committees. At the meet-
ing of the Technical Committee, at which E. L. E.
Pawley (B.B.C.) was chairman, there were representa-
tives from 18 member-countries, 3 extra-European
associate-member countries, the C.C.ILR. and the
LF.R.B.*

The technical work undertaken by the E.B.U. falls
roughly into two categories—(i) routine and special
studies undertaken by the Technical Centre in Belgium
and (i1) studies delegated by the Technical Committee
to individual Working Parties of experts, specially
nominated for that purpose.

At the London meeting, the Technical Committee
first of all worked out a plan extending over the next
five years for completing and improving the technical
equipment of the Union’s receiving and measuring
station at Jurbise-Masnuy, Belgium, which was
officially opened in July, 1953. Routine operations are
to continue on approximately the same lines as
hitherto, except that more attention is to be given to
observations in the v.h.f. bands. After studying the
present situation on long and medium waves, the com-
mittee recommended the use of Band II by its mem-
bers for local and regional transmissions.

* International Radio Consultative Committee and Internationai
Frequency Registration Board permanent organs of the International
Telecommunicstios Union.
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The reports of the Working Parties presented at the
meeting covered: —A long-term study of indirect-ray
propagation on medium waves that should prove of
great value when these bands are reallocated;
unattended sound and vision transmitting stations;
magnetic recording, including the standardization of
sound-recording in television and the recording of tele-
vision picture signals; v.h.f. and u.h.f. sound and
television broadcasting (incidentally, the programme of
propagation experiments in Band IV has been deferred
until more members have the necessary equipment);
and the transmission of television over long cir-
cuits including the exchanges of television programmes
in Europe.

It was decided to reconstitute the ad-hoc Committee
which has been co-ordinating the recent European
television exchanges as a Working Party, with M. J. L.
Pulling (B.B.C.) as chairman, and to include represen-
tatives of the television services of Luxembourg and
Sweden. The terms of reference of the new Working
Party are the planning, direction and technical super-
vision of international television relays.

The Technical Centre was instructed to issue as
soon as possible a draft Code of Practice relating to
interpational television relays. The question of the
provision of a permanent international television co-
ordination centre to replace the temporary arrange-
ment at Lille was discussed at length. It was decided
that, in the present state of development, it was too
early to say whether such a centre would
always be necessary, but that the E.B.U. should accept
responsibility for the co-ordination.
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LETTERS TO

THE EDITOR

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

Quality on V.ILF.

MAY I comment very briefly on the editorial about
v.hf. in your November issue. I said in my talk to the
Radio Industries Club that the new v.h.f. stations would
give improved quality because of reduced background
noise, but I also said that the B.B.C. did not intend to
transmit an audio-band up to 15 kc/s because the fre-
quency characteristics of the Post Office music circuits
would not permit it.

But, of course, I agree with you, and I hope this was
clear from what I said, that the absence of background
noise will bring out the difference in quality of reproduc-
tion between v.h.f. and what is possible at the present
time on medium waves. The serious irritation of “mon-
key chatter,” which is heard if the frequency characteris-
tics of a medium-wave receiver goes much above 5ke/s,
will be overcome, and the new service will permit a
substantial improvement in receiver performance which
will we hope be very welcome to the vast majority of
listeners and certainly to the B.B.C.

Director of Technical Service, B.B.C. H. BISHOP

London, W.1.

Output Stage Performance

MR. WOODVILLE is correct in his statement that
*“ ultra-linear ” operation can produce considerably less
distortion than either tetrode or triode operation.

I drew attention to the advantages of this circuit as
long ago as 1943. Since then, however, the principle has
had to travel across the Atlantic and back again before
becoming generally popular with designers. During this
process it has been incorporated in many amplifier designs
with both good and bad results. Much depends on how
the principle is applied; there are several alternatives.

For example, having a percentage of the output wind-
ing common to screen and anode, part or all that per-
centage can be placed in the cathode circuit (Wireless
World, September, 1950). This gives greater freedom to
the designer in integrating the output stage with the re-
quirements of the amplifier design as a whole.

The Acoustical Manufacturing Co. P. J. WALKER

Huntingdon.

GRAHAM WOODVILLE, in your November issue
(p. 555), makes out a convincing case for the adoption
of distributed-load tetrodes in the circuit under discussion,
but a few comments may not be out of place.

Would it not be more reasonable to assume a maximum
output of six watts per pair for the N709 when triode-
connected, if the sharp increase in the curve at this point
can be taken to indicate the onset of grid current? The
distortion is then 1 per cent. Mr. Woodville’s figures
show 100 per cent increase in distortion for an increase
of only 0.5 watt. The more gradual rise in the curve for
the distributed-load condition is a characteristic of the
circuit, and I think it is possible that grid current does
not start until the maximum output of 14 watts is reached,
with a distortion figure of 1.5 per cent. The advantage
of the circuit would then appear to be chiefly in increased
power efficiency. This criticism is, perhaps, unfair, and
is invalid if Mr. Woodville’s curves apply strictly to the
Class A condition.

The application of negative feedback produces a
different state of affairs, and a direct comparison is avail-
able in the published distortion-percentage/wattage output
curves of such amplifiers as the Williamson and the
Acoustical Quad II, the latter amplifier, of course, having
the load distributed between anodes and cathodes.

The subject is discussed at some length in the article
“ Amplifiers and Superlatives,” by D. T. N. Williamson
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and P. J. Walker (Wireless World, Sept., 1952). The
figures given in that article, of relative distortion just below
onset of grid current, are 1.0 and 1.5 for triode-connected
tetrodes and tetrodes with load distributed between anode
and screen, respectively, which would appear to bear out
my observations on the N709 case.

The term “ultra-linear,” which is meaningless, can
have no justification, and should be abandoned on this
side of the Atlantic, unless “Free Grid” can think of a

use for it.
Birmingham. NORMAN F. BUTLER

¢« Inexpensive 10-wart Amplifier
y P

I THINK E. F. Good is raising a mare’s nest in his letter
in your QOctober issue. Whilst the form of coupling shown
in the Mullard circuit does not go down to dc, it is
fairly satisfactory for 10c¢/s or so, which is quite a good
limit for an inexpensive amplifier.

Mr. Good’s point concerning the tertiary winding calls
for some comment. In point of fact I was quoted six
guineas for a Baxandall transformer, which is about the
price of the classical Williamson output transformer.
Hence there seems no saving in money by using the
tertiary winding. I would not be dogmatic about it,
but I think the high price may be due to patent royalties
accruing to the holder of the patent cited in Baxandall’s
references.

The other aspect in Mr. Good’s letter is valid: viz.,
instability with capacity loads. I knew one Williamson
enthusiast build a Baxandall amplifier because a cross-over
network made his Williamson unstable.

London, N.W.11.

A.C./D.C. Dangers

“DIALLIST ” (November issue, p. 579), would have us
believe that a chassis of the a.c./d.c. type cannot be of
any danger when operating on d.c. mains. Nothing could
be further from the truth and I sincerely hope none of
your readers discover this the unpleasant way.

Your contributor must surely be aware that most public
d.c. supplies are distributed by the three-wire system;
consisting of an “inner” (neutral) at earth potential and
two “outers ” (lives) at potentials equal to normal mains
voltage, above and below earth respectively. The voltage
across the two “outers” is twice the normal domestic
supply. The service to domestic premises consists of
connections to the “inner” and one of the outers.” The
point is, of course, that it is a fifty-fifty chance that
any particular house is using the “negative ” outer. When
this is the case the positive side of all wiring therein will
be virtually at earth potential and the negative side at
mains voltage below earth and accordingly alive. Under
these conditions, in order to operate at all, an a.c./d.c. type
sound or television set must have its chassis connected to
this live side of the mains and all the usual hazards will
be present.

Like * Diallist,” I do not like the growth of the a.c./d.c.
technique in the receivers of to-day. I do not, however,
think the solution lies in making the dealer responsible
for the correct fitting of a 3-pin plug; for the simple reason
there would be no guarantee, that immediately the dealer
left his customer’s house, the plug would not get changed,
the flex extended, or some other modification carried out
to meet the exigencies of the household concerned. In
any case, the conditions regarding d.c. mains, discussed
above, might exist and he would, in fact, be faced with an
impossible task because the set just could not work at all
when connected the safe (“ correct ) way.

Most manufacturers ensure that a.c./d.c. sets bearing
their name are adequately insulated and users need have
no fear of danger, provided the back of the set and/or

F. B. WHITE
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LETTERS TO THE EDITOR .

control knobs, etc., are not removed without first com-
pletely disconnecting from the mains. My own personal
view is that all mains radio and TV receivers of the
domestic type should be fitted with small “ gate-switches,”
similar to those usually found on commercial and service
transmitters (also on burglar alarms). This would ensure
that the back of the set be firmly and properly affixed
when in use. Also, any screws, control spindles, etc., pro-
jecting from the cabinet should be completely insulated
from the main chassis.

It is true almost all set makers sce that chassis bolts arc
suitably covered and control-knob grub screws recessed
and wax covered when a set leaves the works. But how
many dealers see that the same state of affairs exists after
a set has been serviced? Very few.

King’s Lynn, Norfolk. A. B. GRIEF.

Band III Television Interference

WHILST appreciating that F. R. W. Strafford’s article
»in your October issue is of a tentative nature, I feel he
has painted too gloomy a picture of the problems of
suppression at Band III frequencies so far as domestic
appliances and other small commutator motors are con-
cerned. This is to be regretted at this stage as it may
cause unnecessary discouragement to the large number
of manufacturers, dealers and members of the general
public who are now fitting Band I suppressors to appli-
ances, and they may be tempted to discontinue the good
work until Band IIT problems are resolved.

The dominant note of the article is set by the photo-
graph of electric shaver interference on Band III. Now
unless the test was made with true transmission on Band
III frequency and reception on a Band III aerial system
(and the text does not imply this), it can be most mis-
leading. Band III aerial systems are highly directional
and interference from sources other than those situated
on the line from receiver to transmitter will have less
effect at the receiver than in corresponding circumstances
on Band I. It seems, therefore, that higher interference
noise levels may be tolerable on Band III than on Band
1. Incidentally the electric shaver is not typical of small
motors generaily. It does not figure in the 1953 list of
most frequent causes of TV interference compiled by the
Post Office, and is not likely to be frequently in use during
peak viewing hours. Furthermore, most shavers are of
the impulse motor type in which the interference derives
from the pulse waveform in the contact circuit of the order
of 2kV peak having a frequency spectrum quite different
from that of 'a normal commutator motor.

Mr. Strafford has described how self-resonant inductors
fitted in the mains lead to an cppliance are ineffective at
Band III frequencies. This is, of course, to be expected
since suppressors so used are not working to their maxi-
mum efficiency, even on Band I. Such limited measure-
ments as we have made to date show that Band I sup-
pressors cfficiently fitted within the appliance give in
many cases a good measure of suppression at Band IT1
frequencies and are expected to prove adequate at these
frequencies when other factors appertaining to Band 111
(e.g., aerial characteristics) are taken into account. Since
many motor manufacturers are already fitting such sup-
pression within the motor the outlook on Band III is
reasonably encouraging. For special cases not responding
to Band I techniques and available components, develop-
ment work now in hand will, I believe, provide the
answer.

Dubilier Condenser Company. R. DAVIDSON.

London, W.3.

Tape M achines

COULD not some enterprising manufacturer of tape
recorders let us have a twin-track machine which auto-
matically reversed itself at the end of each track, prefer-
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ably taking spools up to 1,000 metres? As so very much
has been done to give the disc user long duration surely a
much simpler device would prolong the unattended play-
ing time of tapes, and without any sacrifice of quality.

Even with the much improved Continental spools, load-
ing and threading takes time. Again we must hand it to
the Continentals for at least making the tape switch off
the motor, although a little more thought in locating the
metal foils might have left the tape still threaded after
fast spooling, instead of over-shooting as at present.

Another bee in my bonnet is against the current craze
for more than one tape speed from a single instrument.
This increases costs more than would either of the sug-
gestions made in my opening sentence, besides tending
to jeopardize performance and reliability, to say nothing
of the intricacies imposed on design by the ganged and
interlocked switching of at least four different equalizer
circuits. The net result of all these complications is
simply a compromise between quality and duration.

Since permanent recordings can be made more cheaply
on Lp. lacquer discs than on tape (given access to a disc
recorder) the overall cost becomes virtually independent
of the speed of the tape medium, which is erasable and
can be regarded as part of the capital equipment.

Surely what is now wanted is a high-quality twin track
recorder of fixed speed (say 74in/sec) but capable of
taking standard 113-in spools. Although the lid may not
be closed whilst playing it should at least be possible to
close it afterwards without having to wind off the tape and
remove the spools—even the present professional equip-
ment does not always provide for this.

It is admitted that a delay of about 2 seconds would be
needed every 90 minutes when reversing the tape, but
this would present little difficulty to competent designers
and still less to the user whose only alternative is a delay
of eight seconds after every single side. Moreover, the
best that can now be achieved in really long disc pro-
grammes is the indefinite repeat of the last side only,
whereas a self-reversing tape machine would repeat the
entire programme ad lib.

The prime factors of the tape medium would seem to
be erasability and unlimited conunuity, yet far from in-
creasing spool diameters and tape speeds the manufacturers
are in many cases reducing them as if portability were the
prime consideration. I am surprised that the other (and
comparatively inexpensive) desiderata have not been em-
bodied in at least some current designs, and can only
express my willingness to be customer number one when

thcg are.
rimsby, Lincs. HARRY CRAMPIN.

Dry Battery Life

« DIALLIST ” is incorrect in implying (your November
issue) that all mains/battery broadcast receivers are fitted
with combined h.t.-Lt. batteries. The “Ultra Twin,”
uses separate batteries and has done so for some years.
Ultra Electrig, Ltd. C. A. QUARRINGTON.
London, W.3.

Quen shan

I AM in complete agreement with Dr. Hague on the
question of standardizing wherever possible: I am flattered
by his great interest. But we are not all librarians and
linguists, and we must not alarm the more timid readers.
The spellings Tchebysheff and Chebyshev are both used
in the literature: there are, I think, one or two more.
1 have used the spelling which is used by Guillemin, van
der Pol and Darlington, because I think the reader is
likely to turn to these writers before he turns to Green,
or hunts through Science Abstracts. (And Science
Abstracts does not correct the spelling of authors who
write Tchebycheff). I remember that the B.B.C. attempted
to make us spell Tchaikovsky as Chaikovski, but gave up
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in despair. For the advanced work, the convenience of
Green’s A, B(utterworth) and C(hebyshev) responses are
great, though, as Dr. Hague’s last paragraph points out,
irrelevant. For us, though, Tony Weller had the answer:
“Spell it with a Wee, me lord, spell it with a Wee.”
THOMAS RODDAM.

Transistor Circuit

AS junction transistors of various types are now generally
available, many of your readers will no doubt be trying
them in receiver circuits, still an open field of modest
experiment for those who have the patience and means
to indulge their curiosity. The price of a good transistor
is not yet as convenient as its insignificant size; a super-
heterodyne circuit will be beyond most of us; but a great
diversity of circuits can be tried with a single transistor
and germanium diode in different combinations. The
circuit herewith, on a fair outside aerial, gives good
loudspeaker performance at all times for our local stations
(West and Welsh Regionals) and brings in Third Pro-
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gramme and Continentals in adequate volume after dark.
It is highly selective, especially if the transistor can be
brought into oscillation, which is not the case with all
types or with all samples of the same designation. The
one used here is a Standard Telephones & Cables
1.§/828, which gives 2-3mA with 12-22% volts on a local
signal, cut off to 100#A on no signal—a convenient
feature for standby or relay operation as the miniature
hearing-aid battery will survive being left on for long
waiting periods. We have not tested an L.S/828 to des-
truction but the collector-emitter voltage can be as high
as 24V and, in that condition, with a 45-V battery, over
100 mW can be developed in the output transformer.
The coils used are basket-wound on a miniature former
with adjustable ferrite core.

Those interested in transistor circuitry in general will
note that the signal drive is on the emitter and the
rectified signal is derived from the coil in the base. The
25-K variable resistance is used as a volume control to
limit oscillation.

A note of warning. A good transistor will oscillate
vigorously on the medium waveband and can cause wide-
spread interference. In the words of P. P. Eckersley,

Please don’t do it!
W. GREY WALTER.
Bristol, 9. KARL WALTER.

“ Neon Timers”

THE letter from J. R. Barnard in the November issue
of Wireless World describes a simplified version of one
of the timers in my article in the October number and this
illustrates a principle of design. Almost any piece of semi-
automatic equipment can be simplified behind the panel
provided that extra manual controls are added to the front.
In the case of the simplified timer, there is an additional
operation; it has to be reset manually. In the original,
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relay “B ™ is, in effect, an automatic reset. This is a small
point, but in practice it will be found that the elimination
of this added manual operation is well worth while.
Actually, the simplified circuit is ideally suited for
another purpose in the dark-room, namely, the timing of
the exposure of a contact printer. Switch S2 would then
become a change-over micro-switch actuated by the closing
of the pad which presses the printing paper to the negative.
This would switch on the lamp and the pad would be
kept closed until it was seen through the small observation
port that the timer had switched it off. Releasing the pad
would then reset the timer. In this case the values of
R1, Cl would have to be modified as the exposure range
would be from about one-tenth of a second to five seconds.
For reasonably accurate timing from one exposure to
another a voltage regulator tube must be considered neces-
sary and this becomes increasingly important should the
timer be moved to a district having a different value of
mains voltage and also if it is to be used in an area where
there is the possibility of considerable mains variations.
One point relating to both timers which was not men-
tioned in the original article is that they are suitable for
both a.c. and d.c. operation.
Totland, 1.0.W. B. T. GILLING.

TIN-ZINC PLATING

IN the course of a year a large quantity of steel parts
are used in the radio industry, and, while several different
protective finishes are in current use, none appears to be
entirely satisfactory.

A new process, demonstrated recently by the Tin
Research Institute, employs a tin-zinc alloy and it is
said to possess all the intrinsic advantages of these two
metals but has none of their disadvantages. Zinc is a
good rust preventer, but notoriously difficult to solder
and prone to corrode, so a thick coating is generally
required; tin is good in most respects and takes solder
well but is costly. The new coating solders very easily.

It is not restricted to use on ferrous metals, although
this is probably its most profitable field, and it has been
applied advantageously to brass and other high-copper-
content alloys. It cannot, however, be deposited direct
on aluminium or, curiously enough, on zinc-based alloys.
Its silver-like appearance is extremely pleasing and it
will take a polish if required.

Full technical details of the process, together with
advice on installation and operation of plant, are obtain-
able from the Tin Research Institute, Fraser Road,
Greenford, Middlesex.

Examples of steel parts with the new tin-zinc finish
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THE usual coverage of 20-20,000 ¢/s for an audio
oscillator is now regarded as sufficient for the ex-
haustive testing of high-fidelity amplifiers and for
general experimental purposes. Also with the increas-
ing use of magnetic recording it is desirable that the
range should be sufficiently high to cover the bias
and erase frequencies in general use for checking bias
filters, etc. The low-frequency end can also be use-
fully extended, for the purpose of testing industrial
electronic equipment. If possible the unit should be
small and ecasily portable.

The optimum coverage of the instrument to be
described was set at 6-70,000 c/s, as this would
adequately fulfil the above requirements.

The obvious choice was for an oscillator of the
Wien bridge type, using a relatively low impedance
bridge network. The variable capacitance method
would give precise setting accuracy, but against this
it is prone to hum pick-up, and at low frequencies
the resistors for the required time constant would
become far too high. Also the necessary four-gang
condenser is too large for compact construction.
Ganged potentiometers were therefore used, with
fixed capacitors for range switching. At the high
frequencies, in order to obtain accurate calibration,
it is necessary to have the capacity large enough to
swamp any strays so that on the highest range the
range condensers are 0.001xF with the lower ranges
covered by 0.01, 0.1, and 1.0#F. This gives a
required value for the ganged variable resistances of
25k} (with a fixed series limit resistor of 2.2 k{})
which is a very convenient value in that it enables a
preferred value to be used and also makes it possible
to obtain smaller sizes of this value in semi-log form.
Thus it is possible to build a cheaper, smaller unit;
but of slightly less setting accuracy than one using
the larger component sizes.

The use of a low-impedance network means that
in this case the overall impedance of the network,
at the lowest setting is only around 3,000 ohms. To
ensure that the amplifier gain remains constant over
the frequency range it is necessary that the output im-
pedance of the amplifier be made very small, so that
the varying shunt effect of the network on the output

Extended-Range

By L. F. SINFIELD

load is reduced. This is achieved by inserting a
cathode follower. The almost constant gain over the
entire range means also that only a small degree of
control is necessary to maintain constant amplitude
and good waveform, so that the inclusion of the
thermistor makes the unit extremely good on these
points.

The amplifier itself is quite simple and although
SP61s were used there is no reason why other high-
slope pentodes such as EF50s or EF91s should not
be used. Low-value anode loads are used to extend
the top response, and there is no decoupling whatso-
ever. A small 100-pF capacitor shunts the grid of
the second valve, and this was used to suppress
parasitics which at first occurred. This only happened
on an experimental set-up, but as the capacitor does
not seem to have any detrimental effect it was left in.

A 6V6 output valve is used for the cathode fol-
lower, and again this could be changed for other
high-slope output valves, with any necessary change
in the self-bias resistor. Although the SP61 type was
tried in this posmon it was not possible to obtain
sufficient voltage swing in a small load. In this
respect it must be remembered that initially, on
switching on, it is necessary that the swing should
exceed the peak of the thermistor curve in order to
operate it at the correct point of its characteristic.
Unless the thermistor is taken past this peak it will
not assume a negative coefficient.

Alternative Outputs

As the unit was intended for feeding into compara-
tively high impedances the output is simply taken
from a potential divider across the cathode load with
a step-down transformer for matching into inputs
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L.F. Sine Wave Oscillator

A Compact Source for Audio, Sub- and Super-Sonic Testing

such as those intended for moving coil or ribbon
microphones. This arrangement is satisfactory for
general use, but if required for working into loads
which would appreciably shunt the output, and so
upset the oscillator, it would be better either to take
the output via an attenuator and sacrifice output level
for isolation, or to fced the output via a further
cathode follower. The reason for using a potentio-
meter shunted by a resistor is simply that it allows a
standard potcntiometer value, and also the resistor
carries most of the current.

With several miniature Mumetal microphone
transformers that were tried as output transformer
a lowest frequency of between 15 and 40c/s was
obtained (depending on the particular primary induct-
ance) before the waveform distortion became notice-
able. The high frequencies were maintained up to
maximum frequency as the low source impedance
heavily damps the transformer.

To extend the low-frequency limit at low imped-
ance it would be necessary to use a transformer of
larger dimensions with the required high primary
inductance, or an alternative more complex output
coupling arrangement. It is doubtful, however, if the
input transformers into which the unit would feed
under these conditions would have such an extended
low-frequency response, so that a miniature type was
fitted with a 20-c/s lower limit and it was considered
that this would be satisfactory for general use. If
then the extended low response was required at any
time it is always possible to feed out at high im-
pedance and match with an external transformer of
better quality.

The feedback capacitor must obviously be of high
value to feed back into such a low impedance bridge
so that an electrolytic type is used. This is a high-
voltage type, not bias type, so that leakage current

zzsv,ﬁ—b\ lu_zv ASmA‘
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Fig. I. Circuit diagram with values for an overall range of
6¢ls to 70 ke/s. The two-gang resistors recommended are
Reliance TW or PIW, semi-log wirewound.
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is negligible, as any leakage would upset the correct
working of the thermistor. The d.c. voltage at the
6V6 cathode is considerably higher than that of the
input valve, so that the condenser is always correctly
polarized. In practice the component chosen was a
16-24 »F, 275-V d.c. working, with both sections in
parallel. The container must, of course, be isolated
from chassis.

A valve voltmeter is incorporated to monitor the
output level and is switched so that it can also
measure external signals in the same range. This
consisted of a small ex-Government meter scaled
0-20 V with a full-scale deflection of slightly less than
2mA. It is not recommended that this current be
exceeded as the current pulses of the valve at low
frequencies, below about 12 ¢/s, cause motor-boating
via the h.t. line if greatly exceeded. This f.s.d.
current is about the maximum possible and it is
advisable to use a more sensitive meter. There are
ex-Government meters of 0-15V scale 0-500 »A which
would be ideal. The cathode resistor controls cali-
bration and so would have to be changed to suit
other meters. Also the bleeder chain to h.t. would
have to be increased proportionately to obtain the
correct zero setting of the meter. The anode of the
voltmeter valve is returned to the reservoir to obtain
better isolation from the oscillator h.t. supply as
smoothing is relatively unimportant at this stage.
Separate decoupling could be provided, but it intro-
duces extra components.

Extra H.T. Smoothing

Power supply is quite conventional except that the
h.t. smoothing is rather large in order to cope with
the by-pass of the very low frequencies. However,
although the condenser is a 104 100-#F this is quite
standard and is both small and cheap. The mains
transformer was of 210-0-210V but any type with
an output of between 200-0-200 and 250-0-250 would
be suitable.

The whole unit is housed in a cabinet 13inx 6in
x 6in, but this is by no means cramped and it would
be possible to reduce the size considerably, if desired.

A maximum output of 15V, rm.s. is obtained and
both the amplitude variation and the harmonic distor-
tion remain negligible over the whole of the frequency
range.

To calibrate, selected 1%, 0.01-xF condensers arc
fitted in the appropriate position and the 600-7000c/s
range marked on the scale, but actually calibrated
6-70c/s (1/100 of the actual frequency). This is
because 1%, 0.01-#F condensers are relatively easy
to obtain and the range 600-7000 c/s probably the
easiest to calibrate. By actually marking the scale
6-70 c/s it enables the range control to be cali-
brated as x1, x10, x100, and x1000. The two
lower ranges and the high range are then matched by
selecting condensers of slightly low capacity and
padding with small parallel condensers to make the
scale accurate on each range; only one check point is
needed on each range.
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PAN-CLIMATIC TESTING

Reassessment of Requirements for Service Equipment

By G. W. A. DUMMER,* MBE, MLEE. 8.

EVEN in the short period since World War II,
conditions under which Service airborne electronic
equipment is operated have changed considerably.
The increased speeds of modern aircraft have
resulted in more frictional heat being generated on
the aircraft skin, which may raise the internal ambient
temperature considerably. Aircraft flying at heights
of the order of 40,000 feet cannot use normal air-
cooling methods to cool the electronic equipment, as
the density of the air is so low that normal cooling
fan systems have low efficiency. The development
of guided weapons has also revealed new types of
Service hazards for which testing is necessary.

During the compilation of testing schedules cover-
ing all Service equipments, climatic conditions and
hazards likely to be encountered were the subject of
considerable study, which was the result of joint effort
by all the major Service establishments. The find-
ings are presented in the Joint-Service Test Specifi-
cation K.114 issued by the Radio Components
Stardardization Committee (Ministry of Supply).

The summaries contained in Tables I and II give
information from the K 114 Specification on the
climatic extremes and environments experienced in
different parts of the world, and also conditions of
mechanical shock, vibration and handling. These
conditions represent Service hazards and the tests
cover combinations of these conditions depending on
the intended use of the equipment—shipborne, air-
borne, ground equipment, etc.

It is mandatory that all equipment for the services

Table |
SERVICE CONDITIONS

CLIMATIC EXTREMES
DESERT Dry heat, intense sunlight. sand, dust, destructive insects.
Air +60° C.

Ground exposed +75° C.
Relative humidity 5%

Low night temperature — 10° C,

Large daily variation in temperature, average 40° C.

High day temperature

TROPICAL Damp heat, high relative humidity, heavy seasonal rainfall,
mould growth, destructive insects.

+ 40° C. during day. 4+ 25°C. during night.
surfaces +70° C.

Humidity can approach saturation.

Exposed

ARCTIC Low temperature, driving snow, icedust.
Exposed Arctic —70° C. extreme. —40° C. common.

Sub-arctic —25° C. common.

Low temparature, low pressure. condensation due to
rapid chanees in temperature.

30,000ft. 225 mm Hg —60° C. minimum.

60.000ft, 55 mm Hg —90° C. minimum.

Allcwances:

HIGH
ALTITUDE

10° C. for fuselage protection.
Above 30,000ft. 15° C. for adiabatic heating.

Sea spray, immersion.
Air temperature extreme- +52°C, —40° C in harbour.
+38°C., —32°C. at sea.

Sea temperature extreme +29° C.
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should be tested by one of the Service research and
development establishments, and the K.114 series of
test schedules have been designed to cover nine types
of conditions which are summarized in Table III.

The value of initial testing before design approval
is given to a Service equipment has been proved
beyond doubt. During the past eight or nine years
in which equipments have been tested to these
stringent schedules, many faults have been exposed
which would otherwise have occurred in service.
“ Pre-testing ” results in improved reliability of equip-
ments by exposing weaknesses and faults when there
is still time to make modifications.

Testing equipment designed and installed at the
various Service establishments is considerable, and
ranges from simple dry heat ovens to large strato-
sphere chambers capable of testing complete ¢quip-
ments under all airborne conditions (low pressure,
low temperature, etc.). A stratosphere chamber which
is being installed at the Radar Research Establish-
ment will have a working volume of 550 cu ft, and
will cover the range +80°C to —75°C and altitudes
up to 70,000ft. At the same establishment a large
precision vibration testing machine (up to 120c/s)
is in use, capable of dealing with equipments up to
500 1b in weight. The machine is mounted on a 55-ton
block of concrete, which in turn is freely suspended
on springs. This is done to preserve the sinusoidal
vibration waveform.

Many attempts have been made to correlate the
artificial test conditions with those experienced in
various parts of the world, and recently an investiga-
tion was made into the drop in insulation resistance
of components of various types exposed at the
Tropical Testing Establishment in West Africa and
in the humidity chambers at T.R.E. (now R.R.E).
Whilst it was difficult to assess the ratio in time
between the two sets of conditions, it was obvious
that the humidity chambers produced worse deteri-
oration of components than actual conditions. This is
illustrated by the graph (Fig. 1) showing insulation

* Radar Research Establishment. Ministry of Supply.
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Fig. I. Comparison of insulotion resistonce tests of seoled
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TRANSPORT

HANDLING SHOCKS
UP TO 4" 6° DROP

—

Table (1
SERVICE CONDITIONS

MECHANICAL SHOCK, VIBRATION AND HANDLING

TRANSIT HANDLING SHOCKS

VEHICLE TRANSPORT OVER ROUGH COUNTRY
IMPACT OF SHELLS ON VEHICLES AND SHIPS

AIR BLAST AND SHOCK CAUSED BY EXPLOSIONS
LANDING BY PARACHUTE

SHIP USAGE AND TRANSPORT

AIRCRAFT USAGE AND TRANSPORT

SERVICE USER

at lower frequencles Shunting shocks

40g up to 20 msec

| !

LAND AIR ARMY
CARGO SHIP
leolScefs (2 &)
ROAD RAIL TRANSPORT TANKS
0to )5 ¢fs. Vibration of 2 o 3 ¢fs WL e 20 to 120c/s { £00017)
Up to 37 (£ 14" Vibration of 10to 150 ¢/s SHOCK-EXCITED

VIBRATION
OF' 400 to 7.000 ¢fs

(£ 0010”0 000I°)

UNPACKAGED EQUIPMENT

Handling shocks —use or 3ervicing
Pushover on to sides
Drop test —| " free drop

[ 1

NAVY R AF.
1
MAJOR WAR VESSELS
Qo 15 ¢fs (£ 1Y)
{Masthead) FIGHTERS
0 to 25 ¢fs (£ 0.0307) BOMBERS

Vibration of 1010 500 ¢/s
(4 0.020° to 00C057) |

MINOR WAR VESSELS

Oto50c/s |
(41 at lower frequencies,
masthead) Operational I
0 to 50¢fs (£ 00017 shocks l
Fighters Bombers
% e |

|
EMERGENCY LANDING
25g for 0.1 sec

|

ACTION $HOCKS
upP TO 200g

Table 111

DESIGN ACCEPTANCE TESTS FOR SERVICE TELECOMMUNICATION EQUIPMENTS

KIl4 TEST SCHEDULES

SHIPBORNE EQUIPMENT®

GROUND EQUIPMENT

AIRBORNE EQUIPMENT

Kil4D

l

K114/ KI14/F

Protected. For utesm
permanent buildings
Pan-chimatically and
resibently  packed for
storage and transit by
sea or land.

Partialty protected for
use in light buildings,
structures and vehicles
Pan-climatically packed
for storage, but subject
to mechanical shocks
during transit by land,
sea or ar

K114/A

Well shielded from the
weather

I

Kit4/8

Completely expesed but
not hable to immersion

e.g. mast and super-
structure  mounted
equipment

Kti4/C

Completely exposed and
hiable to occasional im-
mersion Al

eg. wupper deck
mounted equipment

Exposed. For field and
vehicle use

Fully exposed to con-
ditons of storage, use
and transit by land. sea
or air.

KI14/G

Exposed and liable to
immersion.  For field
and vehicle use—
generdlly applicable to
sedled equipment

fully exposed to con-
ditions of storage, use
and transit by land, sea
of ur

l

K4/t

Operational celling
greater than 30.000fc

K114/H

Operational ceilling not
greater than 30,000t

®Includes equipment suitable for, transport by alr I
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Fig. 2. Airborne electronic equipment tetally enclosed in a sealed container.

resistance measurements on a.sealed type of potentio-
meter at T.R.E,, at T.T.E. under laboratory conditions
(warehouse storage) and at T.T.E. exposed to jungle
conditions.

The faults which occur under K.114 tests cover a
wide range, and in a short article there is only space
to list some of the common faults which are found
in electronic equipment submitted to the tests. The
reliability of equipment could be greatly increased if
it were designed to avoid:—

1. Weak supports for component group boards and
inadequate stiffness in structures, which result in
resonances within the vibration test range.

2. Mounting of large condensers and resistors by
connecting wires without further support.

3. Inadequate protection of cables and leads passing
through metal partitions.

4. Use of small bolts in mounting heavy trans-
formers, components, block condensers, etc.

5. Excessive heating of components mounted too
close to vitreous-enamelled wirewound resistors.

6. Operation of components at levels in excess of
the R.C.S. ratings.

7. Inadequate locking on screws,
bolts and nuts.

8. Seizure of rotating mechanical
devices at low temperature due to
differential contraction of materials
or stiffening of lubricants.

9. Poor finishes of metal parts.
On unsealed equipments, most cad-
mium-plated nuts and bolts corrode
under the damp heat cycling, unless
very heavily plated, and the greater
use of stainless steel nuts and bolts
is encouraged.

10. Flashover at high altitudes in
unsealed equipments due to insuffi-
cient spacing of high-voltage ter-
minations.

11. Poor accessibility. Extra time
and effort are required for servicing,
and often part dismantling is neces-
sary to gain access to some com-
ponents. This aspect of Service
electronic equipment still leaves
much to be desired.

Steps which are being taken to
reduce component faults fall under
the broad headings of (1) improve-
ment in the components themselves,

600

(2) protection of components by
sealing.

Sealing may be either by rubber
gasket or by the recently developed
plastic resin potting techniques.
An airborne sealed unit is illustrated
in Fig. 2, and a typical experimental
potted sub-unit assembly is shown
in Fig. 3. It has withstood the
K.114] airborne test schedule with-
out developing a fault.

A marked improvement in com-
ponents has been achieved by better
sealing methods, and fully sealed
transformers, chokes, capacitors,
relays and potentiometers are now
available. If the equipment itself is
sealed, it is not always necessary to
use these fully sealed components, although, in the
interests of reliability, many Service designers employ
a combination of both methods.

It can be seen from this review that the value of
extensive testing in the early stages has been estab-
lished, and it should be emphasized that the cosr of
“ pre-testing ” equipments on the ground is far less
than that of flying them in aircraft or in guided mis-
siles. Complete surveillance is possible and the
development of faults can be seen under far less
arduous conditions than those experienced in the field.

A great deal of experience is being built up at the
testing establishments on all aspects of electronic
equipment and component design, and it is important
to remember that this accumulated experience is avail-
able to the designers and manufacturers of new
Service equipments. Pan-climatic testing has un-
doubtedly led to marked improvements in the relia-
bility of Service electronic equipments, and will con-
tinue to do so in the future.

[Crown Copyright Reserved. Reproduced by permission of the
Controller, H.M. Stationery Office.]

PRONEIRY S
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Fig. 3. Underside of chassis employing the technique of sealed sub-assemblies.
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FESTIVAL
or
SOUND

A Bold Experiment

Succeeds

N HEN G. A. Briggs announced his intention of
taking the Royal Festival Hall in London for a lecture-
demonstration on sound reproduction there was much
shaking of heads. Could he hope to fill a hall with a
seating capacity of 3,0007 Would the vast size and
acoustic clarity of the Hall prove too scarching a test
for equipment designed primarily to give an illusion
of reality in domestic surroundings?

The first question was unambiguously answered
when it was announced that all tickets—including
those for standing room—had been sold within four
days. Any misgivings on the second were quickly
dispelled on the night, when, after listening critically
and perhaps a little anxiously to the opening items,
we were able to sit back and cnjoy oursclves—as Mr.
Briggs intended that we should.

For many of the items a single Wharfedale
“3-speaker ” system was used; two of these units, in
parallel, were used for organ and orchestral pieces
demanding a greater power output. A third unit, rein-
forced with extra high-frequency units, was reserved
for demonstrations of effects which were primarily
dependent on good h.f. response; in a hall of this size
atmospheric absorption is a significant factor—at least
for those in the back seats.

Pilot lamps showed the audience which loud-
speaker(s) were in operation, and a visual power level
indicator enabled all to sce what was going in at any
given moment. This instrument, devised by E. M.
Price, M.Sc., consisted of a row of neon lamps
arranged to strike in ascending order as the power
increased from 3 to 60 watts. Viewing this meter
from a secat in the stalls, one gained the impression
that levels in excess of 15 watts were extremely rare.
The whole of one organ piece (Allegro-Voluntary in
D, by John Stanley) was accomplished within the
3-watt level. On the other hand, there were occasions,
usually when one least cxpected it, when the power
flicked up to the 60-watt level. To take care of the
peaks, four of the Acoustical Manufacturing Com-
pany’s “Quad II” amplifiers were connected in
parallel.

Records were played on a Garrard Model 301 tran-
scription turntable in which the speed control enabled
exact equality of pitch to be found with the “live”
performances with which comparisons were made.
The pickup was a Ferranti ribbon type.

Tape records were made and reproduced by an
E.M.I. Type BTR/2 professional machine.

All seats and standing room were filled long before

WIRELESS WORLD, DECEMBER 1954

The trenchant commentary by G. A. Briggs was as much
enjoyed by the audience of 3,000 as were the demonstrations
of good sound reproduction and the ** live '* performances by
well-known musicians.

8 p.nm.; thus, even before the proceedings were opened
by the genial chairman, J. R. Tobin, B. Mus., we were
already in debt to Mr. Briggs for showing us the
strength of the public interest in good sound repro-
duction. With a disarming prectence of being non-
technical, and with many bold sallies at the pundits
Mr. Briggs quickly cut through the undergrowth of
“ht i” to get at the roots of good sound reproduction
where art is more important than science; in parti-
cular the importance of microphone and studio tech-
nique to create the exact degree of ‘atmosphere,”
“ambience "—call it what you will—when replayed
in given surroundings. It followed that his choice of
orchestral recordings for demonstration in the Fes-
tival Hall carried a higher ratio of direct to rever-
berant sound than would be chosen for playback in a
small room.

The acoustic level of reproduction relative to that
of the original has a profound influence on balance
and quality and must obviously be exact when direct
comparisons with the original arc made. For some
of the items this yardstick was not available, but in
all cases one felt that judgment in the choice of level
was well informed.

The most courageous of Mr. Briggs’ experiments
—the immediate comparison of !'ve performances by
Stanislav Heller (harpsichord), Ralph Downes (organ)
and Denis Matthews (pianoforte) with disc and tape
recordings—proved to be the highlights of the even-
ing. The delicacy and precision of the harpsichord
playing, with every gradation of tone crystal clear
in the recording made by C. E. Watts, were exactly
matched in the impeccable playing of Stanislav Heller.
The background noises in the Hall, which fell to a
level creditable for an audience of three in a country
cottage rather than 3,000 in the heart of London, was
an even more cloquent comment than the applause
which followed.

In the Bach organ Toccata in D we were able to
compare an E.M.I. tape recording, made in the Fes-
tival Hall by Ralph Downes, with a live repetition
of the same picce by the same player. In volume and
quality the original and the reproduction were again
exactly matched. By listening carefully the slightly
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A study in concentration at one of the rehearsals.
the camera are G. A. Briggs (left) ard P. J. Walker, who
was responsible for the operation of the amplifier controls.

Facing

longer reverberation time of the recording was per-
ceptible—procf that the Festival Hall really has got
a hangover of sorts, if you go looking for it by succes-
sive recordings. This effect was absent in the harpsi-
chord recording, whick was made in accordance with
the principle advocated by Watts of “no ambience”
for solo instruments other than that of the space in
which they are reproduced.

Unforwnately the piano available for Denis
Matthews’ playing of the Beethoven D minor sonata
was not the one he used for the E.M.I. recording,
so comparative analysis was given a holiday while we
sat back and enjoyed two similarly realistic and virile
examples of the pianist’s art.

No live orchestra was available for comparison with
the Decca L.p. recording (LXT2872) of the Beethoven
6th Symphony by the Concertgebouw orchestra under
Erich Kleiber; bur none was needed, for the inherent
clarity and definition of all the parts was self-evident.
The sight of an empty stage was the only incongruity.
The string tone—wiry in some early lp.s—was as
near the real thing as the tone of one violin is to
another.

Those whose appetite for the classics is insatiable

would have liked longer excerpts from many of the
works, but that would have deprived others in the
audience of a hearing of some remarkable sound
effects, the records of which are themselves glassics
in their sphere. There was R. Bradford’s recording
of breaking glass, the B.B.C. recording of awe-
inspiring reverberation effects in the Hamilton
Mausoleum, the incisive tugboar engine-room noises
captured by Mercury Sound Recordings, Ltd. and
the W. S. Barrell collection of percussion instrurnents,
with and without high frequencies (E.M.L. JG574).

Mr. Briggs made some pithy comments on exag-
gerated claims for frequency response, particularly in
the bass, and proved his point by having 32-¢/s and
16-c/s notes played on the organ. The 32-c/s pure
tone sounded useful, but most people would have
needed a barometer to detect the 16-¢/s. A 32-¢c/s
recd pipe gave a plausible imitation of a loudspeaker
with the coil off-centre.

The last item on the programme was the Vaughan
Williams Sea Symphony (Decca LX'T2907). A sugges-
tion from Mr. Briggs that Ralph Downes should
double the organ part was received in shocked silence
by the musical purists, until Mr. Briggs fired a charac-
teristic parting shot: “ Well, if he plays as loudly as
all the rest put together, we shall be only 3 db up—
and what’s 3 db among friends?”

On this note ended a most successful evening. The
sound reproduction community owe a great debt to
Mr. Briggs for his courage, vision and drive in staging
this event. He in turn paid tribute to the help
received from firms collaborating in the assembly of
the equipment, to P. J. Walker for his sure handling
of the amplifier controls, and to the recording com-
panies for putting on disc and tape the high standard
of quality which he was able to reproduce.

There was still much shaking of heads as the
crowds left the Festival Hall, but it was noticeable
that whereas six months ago the polarization was
horizontal it had now changed to vertical.—F. L. D.

Original and reproduction.  Denis Matthews
alternates with the loudspeakers in a performance
of a Beethoven piano sonata.
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Filters Without Fears

4—DMake Your DMlathematics Multi-purpose

By THOMAS RODDAM

ONE of the main defects of formal education is
that everything has to be made up into neat
packets. This is history, that is geography and
that rather grubby subject is science: if someone
invents a steam engine on an island, it isn’t anyon=’s
business to point out that what has really happened
is a sharp change in the movement of history. In
our own special field we begin by making the same
mistake: we chop up telecommunications into a
number of special plots, and these we then subdivide
again. If you look in the textbooks you will see a
a chapter on low-pass filters, a chapter on high-pass
filters; a chapter on band-pass filters and a quick
mention of band-stop filters. This arrangement
is both unnecessary and unwisec.

The three previous articles have been concerned
with the algebraic design of low-pass filters. For the
forgetful, the procedure has been to take a simple
network made up of secries inductance and shunt
capacitance elements connected between a resistive
generator and a resistive load, to calculate by means
of Kirchhoff’s laws, or any other method, the ratio
of generator voltage to load voltags, and then to do
some simple algebra. We find that V,,'V,,,—=A-+jB,
we convert to | V,;,/V,,, | *=A? + B*and for the net-
works we have considered | V;,,/V,,, | —=a+ bw?+cwl.
This is the frequency response of the network,
and we have then considered two special forms that
this polynomial can take. The result is to give us a

number of equations which can be solved to provide,
in the end, the values of inductance and capacitance
needed for a specified frequency response. The more
complicated the response (for example a Tchebycheff
response with ripples instead of a smooth Butterworth
response) the more complicated the equations.

We could now start off again, and repeat the whole
process for high-pass and band-pass filters. This
method is possible, it is tedious and it is completely
unnecessary.

Let us look at a second-order low-pass filter, shown
in Fig. 1(a). We can draw this in a rather more
general way by using the form shown in Fig. 1(b),
in which the serics arm is now a box mounted with
its impedance, Z=jw, L. w/w,, and the shunt arm is a
box marked with its admittance, Y =jw,C.w!w,. There
are two points to notice here. The first is the choice
of impedance for the series arm and admittance
for the shunt arm: this is to enable us to draw graphs
of these functions casily. It is a general rule that
if you can choose your relationships to make your
graphs straight lines you should. The second point is
that instead of writing jwl, I have written jw,L.w/w,:
this is the usual normalizing process, the process of
making one graph do the work of many. All the
responses we have seen in the previous articles have
been normalized responses.

Fig. 2(a) shows the impedance and admittance
functions, jw,L. w/w,andjw,C. w/ w, plotted as functions
of w/w, If you don’t ask
what is meant by a negative
frequency there is no reason

. w
Z_onLTo'

5 why the two straight lines
in the top right-hand quad-
rant should not be projected

V'T ¢ Tv back through the origin into
g the bottom left-hand quad-
rant. Similarly we can draw
Fig. 2(b), the insertion loss
‘ characteristic, but this time
(a) (b) on a linear scale including
negative frequencies. I’ve
Above : Fig |. The second-order low-pass Z : X 2
filter (@) can be drawn in a more formal J o J v I
way by inserting impedance and admit- ~ [
tance ‘‘ boxes '’ as in (b). a S
g ¢
&0
o 3
-3 = 0 i 2
w
Right: Fig. 2. The impedance and NORMALIZED FREQUENCY g OR 2
admittance characteristics of (a) lead to
the insertion loss characteristic (b). Note
that a linear frequency scale is used here. (2) (b)
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Fig. 3. The transformation of
low-pass to high-pass takes us
from A, (a), up to the trans-
formation line and then along
to A, (b). Then we go across
to the transformation curve

A | SCALE FREQUENCY

to draw, and since we have
4
Insertion loss =10 log [l +<i> ]
W

the insertion loss at any negative frequency —e is
exactly the same as at the corresponding positive
frequency o, and the response is symmetrical about
the insertion loss axis. Similarly symmetrical
Tchebycheff responses were given in Fig. 2 on p. 446,
September, 1954 issue.

We got from the circuits of Fig. 1(b) to the insertion
loss characteristics of Fig. 2(b) by a series of mathe-
matical manceuvres. There is a very difficult mathemat-
ical step, so difficult that most of us take it on trust
and never really question it. This is the abstract
truth of a mathematical equation. We start off quite
happily with the idea that 2 apples + 3 apples =
5apples. This is followed up by a series of confidence
tricks which convince us that 2+3=5, always, and
then that 2x3=6, and (x+1)(x—1)=x*—1. It’s
a good job we started off with apples, because with
rabbits we should find that 1+1=1+ ¢*! was a reason-
able approximation. The only trouble is that very
often the apples still lurk in our minds, the equations
are held too firmly to physical reality, and then we
give ourselves a lot of unnecessary trouble. Let us
write in our discussions above Q =w/w,. Then we know
that if we have a series impedance JAQ and a shunt
admittance jBQ, provided that A and B are properly
related to the circuit resistances the insertion loss
will be small for —1< Q<1 and large for |Q|>1.

Note that Q does not have to be any particular

604

(c), and down to (d). The (b) P
transformation is of frequency
only: the insertion loss just INSERTION LOSS
goes straight across.
i i
g | g
S i S l
= | 8\ -
Below: Fig. 4. For the high- = t = |
pass case, we need only () g I o (d)
reverse the scales in a = | z l
logarithmic frequency plot. A : TR\
2 ] B. 3
~~
= ~=1 0 1 Q —wp 0 wp
. 9 NORMALIZED FREQUENCY FREQUENCY
3
"z 6
£ 3 kind of thing: since it had, at its first appearance, the
£ dimensions (frequency/frequency) there is no dimen-
03 i 3 NORMALIZED FREQUENCY €0 sional limitation. So long as Z and Y are proportional
to Q we get the filter type insertion loss characteristic.
0w, w0, Zw, ACTUAL FREQUENCY, LOW-PASS As a special case, we can take Q=w/w, Then,
as we know, we get a low-pass filter. Suppose,
2(0, s 03w, ACTUAL FREQUENCY, HIGH-PASS howgver, we take Q= —w,/w. If we look at some
special values of Q, Q=0, 41 and 4+ o0 we see that
L . Q=—0w -1 0 +1 + o
chosen the Butterworth shape because it is easier w= 0 w, +oo —w, 0

The stop band of the insertion loss characteristic,
which we can take as roughly the region |Q|>1
(the transistion region can be forgotten for the moment)
now becomes the region — w, < w< @,

The pass band, in the positive frequency region,
begins at o, and extends up to infinity: the filter is
a high-pass filter. The elements of this filter are:
series arm, Z=—jw,L.w,/w, and shunt arm, Y=

oL =
—jw,C.wp/w. Thus we have Z= % %
w ]a)
0 2C - .
andY = 12~ = u—;”— The series arm is therefore a
w w

capacitance, 1/w,*L, and the shunt arm is an inductance
1/w,*C, where L. and C are the values we calculated
from our basic low-pass theory. If the low-pass
filter has a Tchebycheff type of insertion loss charac-
teristic, so has the high-pass filter: if the low-pass
filter has a Butterworth type of insertion loss charac-
teristic, so will high-pass filter.

Notice how useful that negative frequency region
has become. We must use Q=—w,/w to get the
signs right in Z and Y, and it is the negative frequency
region of the low-pass characteristic which is trans-
formed into the positive region of the high-pass.

For those readers who like a geometrical picture,
Fig. 3 has been constructed. The bottom left-hand
diagram (a) is a simplified filter characteristic, showing
insertion loss as a function of the normalized frequency
Q. First of all we do a scale transformation, to give
us the response shown in (b). The scale transformation
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is just a way of altering the size of the diagram, and
twisting it through a right angle. From each point
on the characteristic in (a) we move vertically until
we hit the transformation line, giving us our position
on the “scale frequency” axis. Then we mark off
the same insertion loss as we have in (a), to get a
diagram of insertion loss against scale frequency.
If we make the slope of the transformation line 45°
the scale frequency will be the same as the normalized
frequency: any other slope opens out or closes up the
frequency scale. Now we move across from points
in the characteristics in (b) to the main transformation
curve (¢). This, which is the form used for the
low-pass to high-pass transformation, must be of the
kind Q@ =k/w, where % includes w, and the slope of
the transformation line. You need not worry about
that &, because it is really put in just to enable us to
write the actual frequency in our final characteristic.
We go across from (b) to (c), and then down to (d).
To make it easier to draw, I have not traced out the
path of a single point, but you can, if you wish, follow
the section A,B, to A,B, and then on to A;B;. The
corner of this section, which is at Q=—1 in (a),
is at w=w, in (d) (that’s what we use the & for).

I have drawn this transformation process for a
rather simple and unreal filter characteristic. Obvious-
ly it can be done for any complicated real characteristic,
and point by point you can build up the high-pass
filter obtained by changing all the inductances to
capacitances of size 1/w,?L and all the capacitances
to inductances of size 1/w,2C. To do this, of course,
you must use a linear scale for Q.

You may think this is a long way round for the high-
pass filter. Itis. As you can see from Fig. 4, if we
have our response plotted on a logarithmic scale we
need only number it from right to left instead of left
to right to obtain the corresponding high-pass response.
Why, then, all this complication of Fig. 3 ?

The answer is, of course, that this is a general

process of very much wider application. Instead of
taking Q= — w,/w, let us now take Q@ = w—"‘( = —w—"‘)
wy\ Wy, @

This function is plotted in Fig. 5(c), and the trans-
formation construction is carried through again.
To save effort, the transformation line in Fig. 5(b)
is at 45° so that Fig. 5(b)
is the same as Fig. 5(a),
but sideways. The trans-
formation curve of Fig. 5(c)
has two branches, both of
which must be used. The
result is the response shown (b)
in Fig. 5(d), a band-pass
characteristic. Notice here
that the single pass-band
of the low-pass filter from
—w, 10 4w, has been
transformed into two pass-
bands, one centred on w,,
and one centred on —a,,.
Normally, of course, we
only worry about one
of these, the one centred

a)

Fig. 5. With the curve
shown in (c), the low-pass
filter transforms into a band-
pass filter.

X!I_

NORMALI2ED FREQUENCY

WIRELESS WORLD, DECEMBER 1954

o
A
!
!

KTION LOSS

O

on +a, but the existence of the other is of some
theoretical importance. It accounts for certain oddi-
ties of behaviour, such as the lack of symmetry of
the band-pass characteristic.

Geometrical exercises are all very well, but what

. w. w w
use are they ? Here we have written Q@ = -2 ———’1'.>
wo wm w

The series arm of the filter, then, is an impedance

2 2
A Dol jw,,L.ﬂ'<i —‘”_"') = jopL 2 lom 1
wo\wy, wfw,
This impedance can be recognised as the impedance
of an inductance L, and a capacitance C, in series,
with w,,?L,C,=1. The change from L, C, to L,,
C, is made, so that we shall not get confused with
the capacitance in the shunt arm.

. 1 1—wL,C, . . @’L,G,—1
Z= = - ot st S
Jle-*—ijl JwCy Jo 1 »?L,C,

2 2_

= jayL, 2o =1

w/w,y,

In the same way, the admittance of the shunt arm,
Y=jw,C.Q is the admittance of a capacitance C,
tuned to w,, by a parallel inductance L,.

. w, w w,
We have made the transformation Q=" ( = —"‘)

(l)o wm w
and we want to know more about this. We have
Q=&n_ . wz_“’m2=‘”2_‘”m2=(‘”+“’m)(‘”-wm)
wo wwm 0)0)0 0)0)0

The band edges, as we can see from Fig. 5, correspond
to Q=+4-1. What does this mean in terms of w?
Suppose we have a narrow-band filter, first of all.
Then wasw,, in the band, and we can write (v+ w,,)

A2w. This makes
2= em)_2 (.5
ww, w,

For Q=+4-1 this means that w=w,, 4+ w,/2* The
band-width of the band-pass filter is w,, the band-
width (in the positive frequency direction) of the
low-pass filter from which we started. The reason
why we get this halving is that there is a second

vy
4
-
=
g (d)
EJ .
W
=
“wm 0 @n
FREQUENCY
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pass-band in the negative frequency region: the
total pass-band width is the same for the low-pass and
band-pass filters if we watch all the pass-bands.

It may not be immediately obvious what has hap-
pened. Suppose we want to design a band-pass filter
of band-width B, centred on some frequency F.
First we design the low-pass filter which has a cut-off
at a frequency B, then we tune all the inductances
with series capacitances to the centre frequency F,
and all the capacitances with parallel inductances
to the same centre frequency F. Provided that B/F
is small, the filter will have the wanted response,
and according to our choice of shape for the low-pass
circuit, so the band-pass filter will be Tchebycheff
or Butterworth or what you will.

When B/F is not small, we must determine w,,
the design characteristic for the low-pass filter, more
carefully. We know that Q=41 represent the values
of the transformation function at w=-+4 w, in the
low-pass circuit. Let us call the upper characteristic
frequency of the band-pass filter w,,, and the lower
characteristic w,,. We can then write
2

2
Q=1at Im L2 T9m
We Wegy
and
2 2
G 0 e g i

) Wy Wy Wy
This leads us to

2 2 2 2
Wep T Wyy" Wpy™—Wey

Wepw,, We Wy,

“"cl‘”c'.!z_“"cl“"mz=“"c!."“’mz_“"c2“"cla
or
(“’cl"l' “"c2)“"cl“"c2=(“"cl'+-“"cI)“’m2
“"cl“"f.'z:“"m2

Thus w,, is the geometric band centre.

Now we can work the geometrical construction
backwards, because we know what w, is to be.
Alternatively, we know that from the equation Q=1,
2 2

5
Wep™ — Wy Wea  — WeWey

w, =

o T Wey—wey

Wey Wez

Much to our surprise, this complicated transforma-
tion leaves the band-width completely unaltered.
Thus for any ratio of band-width to centre frequency,
the primary elements—by which I mean those we
calculate from the low-pass theory—depend only on
the band-width.

Let us look at a slightly synthetic but fairly typical
example of the problems we can solve by this method.
We want a transformer to connect a valve to a feeder
and to give a response which is 3 db down at 2 Mc/s
and at 8 Mc/s. The valve output capacitance is
10pF and the feeder impedance is 100 ohms.

Then wyy=27.2.10¢
w.,=27.8.108
w, =27.4.108

We start off with the low-pass filter of Fig. 6, and
we assume that we want a Butterworth response with
the 3 db point at w,=2#.6.10% If we turn back
to the first article and take 2’ =1 on page 369, we find
- that

C(3) =1/2/w,R, so that R,=+/2/w,C

This gives us R,=1+/2/27.6.10%10.10-'* putting
in the values for C, and w, already chosen. Thus
R,=4,100 ohms.
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Fig. 6. In designing an output transformer we begin with
this low-pass circuit.
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Fig. 7. The conversion to band-pass leaves C, and L,
unaltered from Fig. 6 (a), but we introduce the transformer
as shown in (b).

L, we could calculate from the equation w,?LC=1.
We shall not do this, though, because we can avoid
one step by adopting a different order. We convert
Fig. 6 to a band-pass filter by adding L, and C,,
producing two tuned circuits, both tuned to 4 Mc/s.
We want to work into an impedance of 100 ohms,
so now we convert to the circuit shown in Fig. 7(b),
in which L, is the primary of a transformer, the ratio
of which must clearly be (4,100/100)f:1 or 6.4:1.
We put L, on the secondary side, and from the first
article we know that

L, =R2/1/2w,=100/1/2.27.6.108=1.87uH.

C/, is the capacitance which tunes 1.87 pH tc
4 Mc/s. The output transformer, then, has a primary
inductance which resonates at 4 Mc/s with 10pF,
a ratio of 6.4 : 1 and a leakage inductance of 1.87uH.
The remaining numbers are easily calculated. With
such a transformer we present a load of 4,100 ohms
to the valve at band centre.

If we want to know any other characteristics of
the circuit, we can work them out for the low-frequency
case, plot the result as a function of () and
then transform by the geometric method of Fig. 5.
For example, the impedance presented to the valve
at any frequency is obtained by calculating, for the
low-pass case,

. 1 -1
Z=("”C+;7L+R2> 1

_ joL+R, _ 1470242

T 1—wLC+jwCR,  *1—0Q*4jQ+2
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Then we can plot the impedance as a function of Q,
and transform the resulting curves by the method
of Fig. 5.

We really need no more transformations, for our
simple analysis, because if we first convert from
low-pass to high-pass, and then carry out the trans-
formation which gave us the band-pass filter, we
shall obtain a band-stop filter. Only rarely do we
want a band-stop filter, however, and I do not think
we should trouble too much about it.

Having come to this point, let us look back and
see what we have managed to do. We have seen that
filters can be designed without any special concepts,
such as image attenuation constants or characteristic
impedance: we have seen how exact responses can
be selected and the choice which is presented to us.
All this, using ordinary simple algebra, we work out
in terms of low-pass filters. Now we have shown
that the whole of the low-pass analysis can be used,
lock, stock and barrel, to solve our high-pass and
band-pass problems. By two successive operations,
the band-stop filter can be handled without introducing
a new transformation. Similarly, if the band-pass
filter is re-passed through the transformation of
Fig. 5, we shall have designed a filter with two pass-
bands. It is, of course, the ordinary band-pass case
which is of the greatest importance, and it is here
that the method is of special value, because a direct
approach involves such very cumbersome algebraic
expressions.

An interesting example of the power of this method
of attacking the band-pass filter will serve as a tail-
piece. When we make the system of Fig. 7(b),
what happens if the two circuits are not tuned to the
same frequency? If we transform the impedance
and admittance of Fig. 2(a) to the band-pass form,
we see that they should both look like the curve of
Fig. 8(a). Suppose, however, that one is tuned slightly
above f,,, and the other slightly below. The result
is shown in Fig. 8(b) as an approximation; when
we transform this back to the low-pass case, we have

]Z_=(w+8w)L and §=(w—8w)C, assuming that

the two circuits are detuned by equal amounts above
and below the correct value (this may imply a new
definition of w,,).

The insertion loss coefficient can be obtained by
writing j(w+ 8w)L. in place of jwl and j(w—8w)C
in place of jwC in the equations previously derived.
We had

N=1+jw <CR,+;‘> —w?LC,
8

for the special case of R;=c, k'=1 and R,=
so that N=1+4;oCR,— «*L.C
Now we put in the modified forms, to get
N =14j(w—80)CRy—(w+ §w)(w—w)L.C.
=1 — o’LC+j(w— 8w)CR, if (8w)? can be neglected.
IN‘|*=14 0¥(C?R,?—2LC)+ «*L*C? — 2w8wCR,
For a Butterworth response we put (C?R,2—2L.C)
=0 and this now gives us
IN‘|2=14 *L*C?*—2w8wCR,
Now CR,=14/2/w, so that

IN‘|2=14 w'L2C*—2+/28 0. —

w,

=(14 Q%) —21/25w.Q °
The term (14 Q%) is just the usual Butterworth
response, while —24/2.8w.Q is the perturbation due

WIRELESS WORLD, DECEMBER 1954

to the mistuning. As you can see, with the approxi-
mations and assumptions we have made, the perturba-
tion is proportional to Q.

The whole response has thus acquired a tilt, some-
thing on the lines of Fig. 9, and across the full band
our approximations have led us to a uniform slope
to be added to the Butterworth curve. When we
transform to the band-pass case, the whole positive
and negative low-pass response is used, and now it is
important to remember this, because it is no longer
symmetrical.

How large is the effect? Let us now look back
at the example we discussed earlier of a band-pass
output transformer where we could expect the valve
capacitance, nominally 10pF, to have a tolerance
of 4 1pF. Suppose that it is actually 10pF—1pF.
The series tuned circuit is unaffected, so that if we
want to use our simple approximation above we must
first shift our reference frequency up a little, so that
the two circuits are equally detuned on either side
of the reference frequency. The capacitance error
at the valve anode will then be halved, to 0.5pF.
From this, the value of 8w in the normalized low-pass
case will be about 1/40, so that at the band edges,
where Q=+41, the response will be

10 log 2424/2/40db
=10 log 24-0.07db
=3.15db and 2.85db.

There is nothing to prevent our carrying out the
same calculation for a third-order Tchebycheff
filter: nothing, that 1is, except laziness. All the
processes we have considered in this article are
applicable over a very much wider field than that
I have tried to cover. There is still a trace of the
original apple in our analysis. But this set of articles,
now at an end, has been intended only to describe
the methods which you can use to understand filters,

FREQUENCY

(b)

Rk
J
FREQUENCY
Fig. 8. (a) For a band-pass filter, both circuits should tune

to f,. Errors in alignment may cause one to be slightly
low, and one slightly high (b).

INSERTION LOSS

———— (wn)

Fig. 9. The effect of mistuning is to put a linear tilt on
the curve, as well as shifting it sideways.
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COLOUR |
COMPLICATIONS

Additional Circuitry Required for

Television Reeceivers

THE diagram below gives some idea of the type of re-
ceiver circuitry we would have to cope with if colour
television came to Britain—that is, colour television
based on the N.T.S.C. compatible system. It shows not
a complete receiver, but simply the additional circuits
required to enable colour information to be received and
displayed. The receiver in question is actually the first
commercial colour set to be’produced by R.C.A.—the
model CT-100. It uses 37 valves, two metal rectifiers
and three crystal diodes. Just over half of these are in
the standard parts of the circuit, which are much the
same as an ordinary black-and-white receiver. The front
end consists of a wh.f.-v.hf. turret tuner, while the pic-
tures are displayed on a iri-colour c.r. tube (type
15GP22)* with a diagonal of about 12} inches.

Separation of colour information from the complete
video signal is done by a pentode band-pass amplifier
with a pass band of 2.4-5 Mc/s. In the absence of colour
information (a normal black-and-white transmission) this
amplifier is cut off automatically by a triode gating circuit
operated from the colour sync signal. The separated
colour signal is passed to two synchronous detector stages
(heptodes), and these demodulate the two colour-difference
signals (which, at the transmitting end, are modulated on
to two components of a sub-carrier displaced 90°
in phase).

The synchronous detection is achieved by heterodyning
the incoming colour signal with two com-
ponents, displaced 90° in phase, of a local oscil-

local oscillator until the error is reduced to zero. A triode
gating circuit is used to select the colour sync signal
from the rest of the video waveform.

Returning to the two demodulated colour-difference
signals, each of these is now passed to a triode phase-
splitter and this produces positive and negative outputs
suitable for the adding circuits, which come next. The
adding circuits consist of three resistance networks, each
followed by a triode. Here, suitable proportions of the
colour-difference signals and the brightness signal (from
the black-and-white section) are combined to produce three
outputs corresponding to the red, blue and green com-
ponents of the original picture. These are amplified by
three output triodes, then d.c. restored by three diodes and
finally applied to the three grids of the tri-colour tube.

There is also a double-triode circuit directly associated
with the tri-colour tube itself. This modulates the d.c.
potentials on the focus and convergence electrodes so
that the electron beams are always kept properly con-
verged and focused on the perforated mask wherever they
are moved across it by the scanning system. Without
this the beams would not pass through all the holes in
the mask correctly and fall on the appropriate coloured
phosphor dots on the screen.

Colour Television Valves

THREE new valves, specially designed for colour tele-
vision, are used in the colour channel of the CT-100.

6ANS, a miniature pentode plus triode. The pentode
section is used as a video amplifier or as a reactance valve
while the triode performs variously as a phase detector,
gating valve, oscillator and phase splitter.

6BY6, a miniature heptode. This is used as a synchro-
nous detector, and the local oscillation from a separate
source is appfied to g, (the second control grid).

6BC7, a miniature triple diode. This provides the
three d.c. restorers used on the red, blue and green colour-
component signals immediately before they are applied
to the tri-colour c.r. tube.

lation having the same frequency as the colour
sub-carrier (3.58 Mc/s). This is produced by a
quartz crystal oscillator (followed by pentode
amplifier) which is automatically kept at the
right frequency and phase by a control system
worked from the incoming colour sync signal.
The control system has a double-triode phase
detector which compares the phases of the in-
coming sync signal and the local oscillation and
produces an error signal proportional to their
difference. This error signal controls a reactance
valve which in turn varies the frequency of the

* Wireless World, May, 1954, p. 242.

(Courtesy RCA Review)
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Feedback LE. Amplifiers for

Television

By H. S. JEWITT,* Bsc. (Eng)

Experimental Design Offering Simplicity of Alignment

LAST February this journal published an articlet
giving details of a feedback technique for obtaining
wide bandwidths in i.f. amplifiers. No specific appli-
cation was discussed, but, in view of the simplification
claimed to result from the use of this technique, the
possibility of its application to television receivers has
now been investigated. The present article is con-
cerned with current television receivers of about
3 Mc/s bandwidth, but, as was clear from the previous
article, the technique is likely to be of even greater
value if wide-band colour television comes into use
some time in the future (see page 625).

The television receiver presents a special problem
for study, with requircments not met in other design
fields. The first of these is the need for adequate
sound rejection, which demands a trough in the
response curve at sound frequency giving about 30-
40 db of attenuation. This rejection may be pro-
vided by sound traps, or by designing the vision am-
plifier so that the response curve falls so sharply on
the sound side that, although the highest vision fre-
quency is passed satisfactorily, the sound carrier 0.5
Mc/s from this frequency is attenuated by the
required 30-40 db.

The second special requirement has been irtro-
duced by the opening of new transmitters to give
national coverage. This has filled the allocated tele-
vision band of frequencies (in Band I) and created a
number of areas where two or more transmitters can
be received, possibly on adjacent channels within the
band. It has become necessary to ensure that recei-
vers will reject signals from the channels on either
side of the one to which the receiver is tuned: thus,
on the sound side the attenuation must be maintained,
and on the vision side the response curve must fall
away sufficiently sharply to give adjacent-channel
rejection. The same methods as were noted for sound
rejection apply in this case.

In commercial receivers both methods have been
used. Traps tend to be simpler to fit and adjust
but involve a loss of receiver performance, which
may necessitate fitting an extra stage of amplification;
the steep-sided selectivity curve can be obtained by
using complicated coupling networks, which tend to
be difficult to design and align. Amateur-built re-
ceivers have used traps almost exclusively since they are
simple and the cost of an extra amplifying stage is
of little importance to the amateur.

Current methods of obtaining the wide bandwidth
necessary for the vision channel are the use of trans-
formers, or frequency staggering, or a combination
of both. The complications inherent in these methods
were indicated in the previous article and they can

* Decca Radar.
t “Wide-band I.F. Amplifiers” by H. S. Jewiut, Wireless World.
February, 1954.

WIRELESS WORLD, DECEMBER 1954

be summarized here as: (a) transformers are not easy
to design or manufacture but arc relatively non-
critical once correctly made; (b) frequency staggering
uses simpler circuits but requires a complicated align-
ment procedure and is very dependent on capacitance
and damping resistor values. The advantages to be
expected from the use of feedback are: (1) the use of
simple, single-tuned circuits; (2) a simple adjustment
procedure; (3) insensitivity to small capacitance and
resistance value changes.

The foregoing remarks consider the use of feedback
to broaden an isochronous amplifier (i.e., tuned to a
single frequency): feedback can also be used with
transformers or staggering, and improves both at

Ry R2
- -
Vi V2 Vs
L L2
(7)) (72)

Fig. I._ Two stages of a conventional staggered i.f. ampli-
fier. The first circuit is tuned to f, and the second to fo.

]

Vi V2 Vs

L L
() ()

Fig. 2. Feedback amplifier with both circuits tuned to the
same frequency (f).
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a sacrifice of simplicity. From one aspect, however,
feedback presents a difficulty not met with in either
of the other schemes—that of certain inevitable circuit
capacitances. Consider Fig. 1, which is the circuit
of two stages of a staggered amplifier. If R, and R,
possess capacitance—as, being practical resistors, they
do—it can be absorbed in the tuning capacitance and
the coil made slightly smaller to maintain the tuning.
Similarly, the effect of anode-grid capacitance may be
allowed for. If, now, Fig. 2, the circuit of a feed-
back amplifier, be examined, a different state of affairs
is seen to exist. Capacitances across the resistors R,
R. and R, cannot now be absorbed in the tuning capa-
citance, and they will, in fact, affect the feedback both
in magnitude and in phase. Again, the anode-grid
capacitance of V2 has the effect of tilting the response
curve, and, if it is sufficiently large, may produce
a tilt which cannot be corrected. Both of these effects
will become worse as the bandwidth decreases (and
consequently the gain per stage increases): as R, and
R. increase the effect of their self-capacitance will
become more obvious, and the same holds for the
effect of the anode-grid capacitance of V2,

It is apt herc to consider one point of view on tele-
vision receiver bandwidth—that of the radar receiver
designer who considers television receivers as being
of narrow bandwidth. This may be rather startling
unless it is appreciated that the radar designer is
usually concerned with * wide ” bandwidths of 20 Mc/s
or more and that, to him, a bandwidth of less than
5 Mc/s is narrow. Consequently, a circuit configura-
tion that is ideal for radar wide bandwidths may

15% FEEDBACK
PAIR

present difficulties at television *wide” bandwidths.
This is so in the case under discussion. The values
of R, and R, (Fig. 2) needed for 3 Mc/s bandwidth
are so high as to lead to difficulties with their stray
capacitances. Similarly, the resultant gain per stage
of approximately 26 db is higher than any normally
used in radar practice with feedback amplifiers, and
leads to tilt trouble with the anode-grid capacitance.

Circuit Configuration

With the foregoing difficulties in mind, an experi-
mental design of a vision i.f. amplifier was attempted.
One primary parameter to be chosen was the if.
itself: this is preferably low to reduce the troubles
associated with stray capacitance effects. An arbi-
trary choice of 16 Mc/s for the vision carrier and
19.5 Mc/s for the sound carrier was made. The
circuit configuration was considered, and, bearing in
mind the experimental nature of the work and the
requirement for simplicity, it was decided to use two
flat feedback pairs. This choice was also conditioned
by the stray capacitance problem, for other feedback
circuits generally use higher resistor values. A quick
computation of the gain to be expected from two pairs
yiclded a result of approximately 100 db, assuming
the Mullard EF91 valve to be used. If the first of
the four valves be made the mixer and detection losses
are taken into account, an overall gain figure from
mixer grid to detector output of 75 to 80 db is to be
expected, and this appears to be a reasonable value.
The flat pairs were initially designed using the data
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Fig. 3. Complete circuit diogrom of i.f. section of o receiver. with diode detectors.

Coils L, to Lg ore wound on Aloddin

formers. dust-core tuned and screened. No other screening is used. L, Ly, Ly, ond Ly @ 27 twrns of 30 s.w.g. close-wound. Lg,

Le. Ly, and Lg : 20 turns of 30 s.w.g. close wound.
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given in the previous article and the resulting i.f,
amplifier was constructed.

As had been anticipated, stray capacitances modified
the response curve considerably and some modifica-
tion of resistor values had to be made. This is nor-
mally regarded as most unusual at wider bandwidths,
but was not unexpected in this case. Due again to
the capacitance problem, a very large value of tilt-
compensating capacitance was necessary to overcome
the falling-off on the high frequency side of resonance.
Traps were fitted to the completed vision amplifier
for sound rejection and these produced some modifi-
cation of the response curve. It had been hoped
that much of this change could be corrected, using
the tilt compensator, but as this had already been
raised to its limit value, it was not possible. The
aligning frequency was therefore raised from 17.5 to
18 Mc/s. Finally, a sound amplifier was added, taking
its input from the first sound trap.

Fig. 3 is the circuit diagram of the complete i.f. sec-
tion for a receiver. V1 would be the mixer, possibly
preceded by an r.f. stage (certainly for Band III use),
and the only requirement on this valve is that its out-
put capacitance should be very close to that of the
EF91s used throughout the amplifier. V1 and V2 form
the first pair, and V3 and V4 the second. Contrast con-
trol may be applied to the mixer and to V3, but V2
and V4 cannot be so controlled since variation of the
gain of these stages affects the feedback factor and
hence the bandwidth. The sound if. amplifier com-
prises V5 and V6 in a conventional narrow-band
circuit. The two detectors D1 and D2 may be either
thermionic diodes as shown or germanium crystal
diodes (the Mullard OA73 for example).

The alignment procedure for this amplifier consists
in short-circuiting R,, and adjusting L, and L, to
resonate at 18 Mc/s. This short-circuit is then re-
moved, R, is short-circuited and L, and L, are made
resonate at the same frequency. With the signal
generator set at 19.5 Mc/s, L, and L, are adjusted
for minimum signal at the vision detector and L, and
L, for maximum signal at the sound detector.

The response curve obtaired in this fashion is
shown in Fig. 4. This is not ideal for television recep-
tion but indicates that a usable response curve can
be obtained with such a simple amplifier. It should
be noted that the response is not —6 db at 16 Mc/s,
the vision carrier frequency, but approximately
—4.5 db: this allows for the effect of the mixer and
r.f.-stage tuned circuits. The dotted curve on Fig. 4
shows the result of changing all four valves in the
vision amplifier, without any re-alignment, and indi-
cates the lack of sensitivity of the circuit to valve
changes. The replacement valves were chosen at
random from batches other than those of the original
four.

Performance Figures

The amplifier measurements made (apart from the
vision response curve) give the following results:—

Vision gain, V1 grid to D1 output 92 db
Sound gain, V1 grid to D2 output 97 db
Sound channel bandwith to —3 db points 210 kc/s
Sound rejection on vision channel —35 db
Vision rejection on sound channel —57 db
Adjacen: sound channel rejection on vision —35 db

The principal effect of the valve change was to reduce
the sound rejection to —28 db.

WIRBLESS WORLD, DECEMBBR 1954
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Fig. 4. Response curve ohtained from the vision circuit
in Fig. 3. The dotted curve shows the effect of changing
the valves.

This experimental circuit indicates the possibilities
for television of the negative feedback i.f. amplifier.
It cannot be expected to show to best advantage at
the rather narrow 3 Mc/s bandwidth of the present
British television system, but, even at this bandwidth,
may well be used where simplicity of construction
(the absence of transformers) and of alignment (no
frequency staggering) is important.

The author would like to thank Mr. S. H. Knight for
much helpful advice and assistance in the experi-
mental work.

Power Television

Medium

Transmitter
New B.R.C. Station in the Isle of Wight

THE first of the B.B.C.s medium-power television
transmitters came into service on November 12th.
I+ operates on Channel 3, 56.75 Mc/s vision and
53.25 Mc/s sound, with vertical polarization and a
power of 5 kW peak-white for vision and 2 kW carrier
for sound.

The station is at Rowridge in the Isle of Wight
470ft above sea level and is at present operating with
a temporary 200-ft mast. The permanent mast will
be 500 ft high and will carry a higher gain aerial; it
is expected that it will come into service during the
autumn of 1955.

The vision signal for modulating the transmitter
is brought in by a radio link. A Post Office receiving
station at Alton in Hampshire receives the London
signal on Channel 1 and transmits it to Rowridge on
a microwave link. The receiving aerial is a parabo-
loid on the 60-ft level of the mast. The sound signal
comes in by line, a submarine cable being used
between the island and the mainland.

The vision transmitter employs low-level modula-
tion, actually at a 500-W level, the subsequent
amplifier comprising two wideband linear r.f. stages
in cascade. Each stage has two forced air-cooled
triodes operating in class B. An unusual feature is
the omission of a special vestigial-sideband filter, the
appropriate shaping of the sidebands being obtained
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instead by the design and adjustment of the tuned
circuits of the amplifier.
The transmitter is crystal controlled with a long-

term stability better than 0.002%. Frequency multi-
pliers and amplifiers bring the r.f. power to a level
of 50 W to drive the push-pull tetrode modulated
amplifier. This is grid modulated.

The video circuits, which amplify the received
signal, to drive the modulator include sync-pulse

View of the vision and sound
transmitters at  Rowbridge
with the control desk in the
foreground.

stretching and  picture-
amplitude shaping circuits.

The transmizer has been
manufactured by Marconi’s
Wireless Telegraph Co.,
Ltd., who have also made
the sound transmitter. This
is of the class B modu-
lated type rated for 2 kW
output. It will normally be
used to deliver 1.25 kW in
order to maintain the stan-
dard ratio of vision to
sound power; that is,
equality of peak power.

The station includes a
stand-by 500-W vision and
125-W sound transmitter
made by Standard Tele-
phones & Cables, Ltd.

The power supply comes
from the grid at 11 kV and
is transformed to 415-V 3-phase on the site. A
local supply from a diesel-driven generator is avail-
able for emergency use and permits low power
operation.

No studio or camera facilities are provided but this
does not prevent the origination of programmes in
the island. The usual O.B. vans can be used and
the station can accept the signals from them and
transmit them to the main television network.

n.r. CABLES

AND CONNECTORS

Preferred Impedances Agreed by [.E.C.

ONE of the sub-committees to the International Elec-
trotechnical Commission, which met in Philadelphia
during the recent jubilee congress, is concerned with
hf. cables and connectors. There were three British
representatives on this sub-committee and we are
indebted to one of them—R. W. Kersey of Mullard,
Ltd.—for this brief report.

The main object of the mectings of the sub-com-
mittee was the reconsideration in the presence of
American specialists of the work done at the first
meeting held at Lugano last April. Twelve nations
were represented on the committee at Philadelphia
by over thirty delegates, nearly half of whom were
Americans.

For two days discussions were mainly concerned
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with preferred impedances and diameters for h.f.
cables. A British document was submitted in answer
to the German plea for the selection of 60 ochms rather
than the preferred values of 50 ohms and 75 ohms
which are in accordance with British, American and
French practice, both as regards Services and industry
applications, and moreover had been accepted at
Lugano.

Other matters that were dealt with included coaxial
aerial connectors for television (based upon a British
proposal) and a general requirements specification for
hf. cables.

It may be said that the interchange of ideas had
proved valuable and that in general the experience
of U.S. Services and industry supported the conclu-
sions that had previously been arrived at in Europe.
The American delegates were evidently impressed by
the technical level of work already done by the sub-
committee and there is, therefore, every reason to
suppose that the keen American co-operation that was
so evident at Philadelphia will be maintained at future
I.LE.C. meetings in Europe and, in particular, at the
next meetings of the sub-committee to be held in
London during the summer of 1955.
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Signal-Operated Switching

Fault-warning System Using a Thyratron 1alve

By R.

THERE arc a number of occasions when it is
necessary to arrange for a certain switching operation
to be performed automatically by the starting or
cessation of an audio signal.  These may include
voice-operated send-receive switching for radio com-
munication and intercom systems, start and stop
arrangements for tape rccording, and fault-warning
systems for radio relay services. The last mentioned
case is the one which concerns the writer, and as
in some ways it presents the most difficultics, a
description of a simple practical scheme is given. A
similar unit would probably be useful to radio service-
men when “soak-testing” reccivers having obscurc
intermittent faults.

In all these applications time is an essential
clement. Generally it is required that operation of
the switching relay should occur as quickly as pos-
sible after commencement of a signal, but that there
should be a controllable delay after cessation of the
signal before the relay changes over. For communi-
cation purposes this delay will require to be long
enough only to avoid false switching during normal
pauses in speech, but in the case of a programme-
failure alarm it must extend to a period slightly
longer than the expected maximum interval in the
programme. This may vary between 20 or 30 seconds
for the Light Programme and 3 or 4 minutes for the
Third Programme.

A system incorporating a conventional ncgative
feedback time delay circuit has been described clse-
wheret and has been used with fair success for some
two or threc years. The basic circuit is shown in
Fig. 1. The audio signal is rectified by the diode
and charges C (4 #»F) ncgatively so that the triode
is cut off. Upon cessation of the signal, C dis-
charges slowly through R, R:, and the relay wind-
ing. Approximate resistances arc 5 M, Sk and
1,000 respectively. The triode grid slowly rises

* Aetropolitan Relavs, Ltd.
t Relay Assoctarion Fournal March 1951

Experimental  single-channel
unit using high-insulation resis-
tance electrolytic capacitor as
delay element.
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to the same potential as the cathode, allowing anodec
current to pass and the rclay to operate, but the
action is prolonged by the feedback cffect of the high
resistance in the cathode circuit.  This system suffers
from several disadvantages. One is the fact that some
valves are unsatisfactory with such a high value grid
resistor. Another is the very slow rate of change of
anode current, which dces not allow the relay to
operate smartly, resulting in “dithering™ of the con-
tacts and difficulty in setting and maintaining a
definite delay period. The latter varies considerably
with the adjustment and spring load of the relay.
A further complication which arises when it is desired
to feed several such units from a common power
supply is the necessity for voltage stabilization.

Fig. 2 shows the basic circuit of a system which
is considerably simpler, has fewer variable factors,
and which gives positive operation of the relay. The
triode is replaced by a thyratron, thus ensuring that
the relay is either fully cnergized or completely non-
cnergized, so that precise adjustment is unnecessary
and a full spring load may be carried.

Since the thyratron current is either zero or a
maximum determined by other circuit clements, a
negative feedback circuit cannot be used, and the
required delay can only be obtained by the simple
discharge of a capacitor through a resistor. For-

R

Fig. 1. Basic circuit of signal-operated switching
described in the text.

system

3

Fig. 2. Modified circuit using a thyratron valve.
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Fig. 3. Complete circuit of a practical
signal-operated switch.
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in any case it will fre-
quently be neccessary for
other rcasons to employ
two or more rectifiers in
scries, when the total
reverse resistance becomes
high enough to be ignored.
Moreover, it is over the
uscful working range of
lower voltages that the
resistance rises.

The practical circuit is
shown in Fig. 3. The
0.02-1F capacitor in series
with the a.f. input serves
no essential purpose, but
was fitted in a particular

tunately the rule of thumb formula for such a iime
constant, T=CR, where T is in seconds, C in «F
and R in M, is not strictly correct, otherwise impos-
sibly high values of C and R would be nceded. It
was found quite practicable to take advantage of the
latter part of the exponential voltage decay curve for
a CR combination, where the voltage is dropping at
a progressively slower rate. This, combined with
the small range of critical grid voltage required to
strike the thyratron, enables delays of several minutes
to be obrained, providing the initial voltage is rcason-
ably high.

The anode of the thyratron is supplied with a.c.,
so that the grid has the opportunity of regaining
control at every half-cycle. When the negative grid
potential is below the critical value the thyratron is
conductive and behaves as a half-wave rectifier with
the relay as the load. Under these conditions it is
necessary to prevent the relay buzzing and also to
prevent a high back-c.m.f. being gencrated by tise
cessation of current in the inductive winding of the
relay. Such a back-e.m.f. would be injurious to the
thyratron. The simplest method is to employ a
slugged relay, and a P.O. Type 3,000 having a 1,000 ¢?
winding and a i-in slug at the armature end has
been found quite effective.  Alternatively a plain
winding may be used if shunted by a capacitor. The
additional operate and release lag introduced by the
slug does not exceced 200 millisec under the most
unfavourable conditions, and is therefore unlikely to
cause difficulty.

Practical Circuit Details

The opportunity was taken when designing this
simplified unit to explore the possibility of replacing
the thermionic diode (Fig. 1) by a metal rectifier
in order to reduce space and wiring. Germanium
and copper-oxide types arc unsuitable, as their com-
paratively low reverse resistance allows C to dis-
charge far too quickly for most purposes. The
miniature selenium Types M1 and M3 recently intro-
duced by Standard Telephones and Cables proved
quite satisfactory however.  The M3 is the more
suitable on account of its higher current rating. Its
reverse resistance varies considerably with the applied
voltage, representative nominal figures being 45 M1
at 5V and 25M! at 15V. These values are not
low enough in relation to the maximum permissible
grid-cathode resistance of the thyratron (10 M(! for
Type 2D21) to affect the time constant greatly, and
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instance to reduce the
respons¢ to hum fre-
quencies. The ratio of the transformer depends on
several factors, including the voltage and impedance
of the a.f. source, the time delay desired, and the
required speed of response on resumption of the input
signal. The resistor of 100 k¢! at the grid is a probably
unnecessary precaution to protect the thyratron from
excessive grid current in the event of failure of any
other component, or accidental reverse conncction of
the rectifier. The resistor (1 k¢2) in the anode circuit
limits the current to a figure well below the maximum
rating of the 2D21. It might need to be reduced
slightly if an unusually heavy spring load is required
on the relay. In order to operate the thyratron at a
low critical grid voltage point the anode supply is of
the order of 100V only. It should be noted that it is
not possible to employ a higher voltage transformer
winding in conjunction with a series voltage-dropping
resistor, since, until the thyratron fires, there is no
current and therefore no voltage drop.

The primary elements in determining the time delay
are, of course, the grid capacitor and leak resistor,
and the values shown are the maximum likely to be
required for most purposes. Where delays of up to
one minute only are required, C could often be reduced
to about 4»F. It must naturally have a high and
stable insulation resistance.

The delay period is also a function of the voltage
existing across the capacitor at the moment when the
input signal ceases. In other words the delay is
affected by the level of the final signal. Where a fairly
constant signal level is maintained, as might be the
case for communication purposes, this point may not
cause difficulty, but where, as in the writer’s case,
the system is to operate from broadcast programmes,
some means of compensating for wide variations in
signal level is necessary. A d.c.-limiter with adjust-
able bias is therefore incorporated, and this uses
also a miniature selenium rectifier. It is very unlikely
that the bias will require to be adjusted to a figure
approaching the maximum d.c. reverse voltage rating
(20 V), and a single M1 rectifier should suffice. The
maximum current rating of this type is, however, only
250 1A, and it is therefore necessary to restrict the cur-
rent on peak signals by inserting a 150-k{) series resis-
tor. This has the effect of slowing up the limiting
action somewhat, so that there is a few seconds varia-
tion in the delay between maximum and small signal
voltages. If closer timing is essential, the series resistor
may be much reduced and the single M1 rectifier re-
placed by two or three Type M3 in series. Thisisnecess-
ary to maintain sufficiently high reverse resistance.

WIRELESS WORLD, DECEMBER 19534
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A bias supply of about —10V will usually be suffi-
cient and may be obtained by any convenient means,
such as by a shunt diode rectifier circuit fed through a
capacitor from the 100-V winding on the transformer.
If an additional low-voltage winding is available for
pilot bulbs, alarm bell, etc, this may be connected in
series-aiding with the 6.3-V heater winding to
supply a small metal rectifier. A single 25-4F capaci-
tor provides sufficient smoothing.

The potentiometer (25k!!) for adjusting the bias,
automatically provides a very effective means of adjust-
ing the time delay because its setting determines the
starting point of the effective CR discharge curve,
assuming that a signal greater than the bias voltage
has been received recently. If a prolonged low signal
is being fed in, and then ceases, the charge on C may
initially be lower than the bias voltage, and the delay
will be shortened. A numerical example may make
this clearer. Assume a delay of three minutes is
required and that this can be obtained when the
potential across C is 9 V. The limiter bias will there-
fore be adjusted to 9V, and a final signal of 9V
or more will offer the correct delay period. But if
for the past three minutes or longer a signal at only
5V has been received, and is then interrupted, C com-
mences its discharge with an initial voltage of only
5V, and a period of less than three minutes elapses
before the thyratron fires. Fortunately, in practice it
would be uncommon to find a programme containing
such a relatively low signal lasting for such a period
without a single peak, and then followed by a further
period of complete absence of signal. It will usually
be satisfactory to set up the adjustments at a signal
level corresponding to quiet speech. Greatest con-
stancy of time delay is obviously achieved if the unit
is fed with an adequately high signal, so that even on
quiet passages, C is charged to the maximum potential
permitted by the setting of the limiter bias.

It will be clear also that with given values of C and
R, the lower settings of bias voltage give correspond-
ingly shorter time delays, but greater constancy.
The following table shows the time in seconds taken
for the relay to operate after the input signal is
reduced to zero from the value given in the first
column. Figures are given for three settings of bias
voltage, the test frequency being 1,000¢/s and the
component values those given in Fig. 3.

Signal Bias Voltage Release
Volts time
(r.m.s.) =" —7.5 —10
4 87 73 62 | 3
5 115 105 110 2
10 125 170 197 . 1
20 130 172 203 —
50 133 174 l —

210 1

With the limiter circuit disconnected, a delay of
310scc is obtained following a signal of 25V r.m.s.

The column headed “release time ™ refers to the
period taken for the relay to open after re-application
of the signal. This time may be decreased by reduc-
ing the value of the series resistance in the rectifier
circuit. It is not essential for the signal to fall com-
pletely to zero for operation, and the relay will close
if the input falls to approximately 2 V. I'he minimum
signal required to release the relay is 3.75V. There
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Four-channel unit transmitting d.c. warning signals over P.O.
lines in event of programme failure at a substation.

is thus some degree of backlash between the two
conditions.

The 33-k{2 resistor in series with the signal rectifiers
is for the purpose of limiting the current to a figure
within the maker’s rating of 1mA average. No
figures are quoted for maximum peak current. This
series resistance increases the charging time of C to
some extent and therefore slows up the release time
of the relay. It should therefore in most cases be
kept to the minimum safe value, which will depend
principally on the maximum a.f. voltage to be applied.
All the component values given in Fig. 3 refer to a
unit designed to operate from an a.f. source having
a maximum level of 100V r.m.s.

Precautions

Care must be taken not to exceed the peak inverse
voltage rating of 68 V for the rectifiers, and it may
often bc necessary to use two or three in serics.
Where no d.c. voltage limiter is used, the load resist-
ance is very high, and the p.i.v. is :'most twice the
peak value of the signal voltage. When a limiter is
used, the effective load resistance is much reduced
and must be considered in relation to the total series
resistance (including the source resistance) in arriving
at the p.i.v., which will be lower in this case. When
operating from a 100-V signal with the circuit values
of Fig. 3, a minimum of three rectifiers is required.
Whether the comparatively short duration and infre-
quent occurrence of peak signals in practice would
permit a reduction in the number remains to be scen.
A unit using two only has run without breakdown
for a few hundred hours so far.

One small point to bear in mind is the maker’s
recommendation to allow 20 sec cathode heating time
for the 2D21 before allowing anode current to flow.
In some circumstances this might call for delayed
switching of the anode supply.

This circuit (Fig. 3) enables a very simple and
compact unit to be built, which gives positive opera-
tion of the switching relay. Where timing require-
ments are particularly stringent, the limited current
ratings of the miniature selenium rectifiers might
make it desirable to revert to the use of thermionic
diodes.

If the relay is required to remain operated after
the signal has been re-established, this can easily be
arranged by providing an extra contact w! ~ 4 breaks
the input circuit when the relay closes. Manual re-
setting may then be performed by breaking the anode
circuit momentarily.
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Pith Balls and

Grid Current

Traditional Electrostatics In Modern 1 alve Design

By “CATHODE RAY”

T

\‘ HEN we are beginning to learn about electricity,
all concerned are naturally in a hurry to get on
to something interesting and practical. So the
least time is devoted to the nature of electric currents
as will just about give us the impression that we know
about them. The rest of our lives are spent in dis-
covering that we didn’t really know. If our elemen-
tary course had tried to tell us, we would have stuck
there the whole time. Which would have been dis-
couraging. Most of us need all the encouragement
we can get, and it consists mainly of looking back
down the hill and seeing how far we have climbed.
Perhaps fortunately we do not yet see the altitudes
hidden behind the peak close above. To scale these
it is often necessary to descend once more to levels we
thought we had left for good.

Take this matter of clectric current, for instance.
In order to work out all those examples of series and
parallel circuits, we needed only to know that an
electric current was something like water flowing
through a pipe, or (if we were very up to date) like a
mob of people surging through a street full of station-
ary obstructions. This concept did us quite well
until we came to capacitors; and even then the
resourceful instructor or author got us by with the aid
of a slight extension of the original idea. On reaching
the chapter on valves, however, the water-pipe idea
begins to get into serious difficulties, and the advan-
tages of the electronic approach become manifest. At
this stage I fancy most of us were informed that the
vacuum inside a valve is a clear space across which the
electrons leap, provided that the jumping-off place
(the cathode) is heated in order to release them into
the space, and a sufficient inducement is provided, in
the shape of a positive potential, at the place of arri-
val (the anode). Since the strength of an electric
current is proportional to the number of electrons
passing a given point per second, the current in the
wire joining the anode to the source of positive poten-
tial is proportional to (we may perhaps even say, con-
sists of) the electrons arriving at the anode from across
the vacuum.

This picture gets us quite a long way. But when
we come to valves for frequencies higher than about
30Mc/s, we are again in difficulties. We find that
there are currents in the anode or grid circuits even
when electrons don’t arrive at all. And so we have to
go back to the beginning again and revise our idcas
about electric currents. Why weren’t we given these
ideas at the start and so save a lot of trouble? Well,
just as I said—if we had been given them at the start
we would probably have decided to become chartered
accountants or fishmongers. And in any case, even
our re-revised ideas will no doubt have to be re-re-
revised some day.

In the meantime, we won’t get very far towards
understanding valves at v.h.f., u.hf, s.hf, ehf., and
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the rest of the series to infinity, on the basis of count-
ing arrivals at the anode or any other electrode; that
is to say, on a mere extension of the idea of the num-
ber of electrons passing any point in the circuit per
second. The really old boys, who went to school in
the days of pith balls and catskins, may be able to teach
us a thing or two, because they did at least learn
something about induced charges. But in those days
the idea of charges going about entirely by themselves
was too highly theoretical and imaginary, perhaps, to
take root firmly, and the teaching on the subject soon
congealed into Leyden jars and, much later, silvered
ceramic capacitors. But the principle is really the

same.
©
+
Faos o
A B

Fig. I. Typical illustration from old-style book on electricity,
showing the effect of a negatively charged body A on a pre-
viously uncharged conductor BC when brought near.

(g

Fig. 1 is typical of what we see in the older books.
A represents a negatively charged body (they were
always bodies or conductors) brought near a sausage-
shaped uncharged conductor BC. It was then demon-
strated by means of gold-leaf electroscopes, etc., that B
became charged positively and C negatively. Before
A had come on the scene, these opposite charges were
uniformly distributed throughout BC, so neutralized
one another. Now the positive (unlike) charges have
been attracted by A, and the negative (like) charges
repelled. The next step was usually to earth C, allow-
ing the negative charges to get still farther from A by
leaving BC altogether. C was then disconnected from
earth, leaving BC with a positive excess. When A
was taken away, BC as a whole retained a positive
charge, because the neutralizing negative charges that
had gone to earth had no means of returning.

If this kind of experiment is still demonstrated, I
suppose it is much the same except that the negative
charges are called electrons and the positive charges
are explained as the molecules deserted by the elec-
trons and therefore electron-deficient or positive.

At a later stage in our education the situation would
be described in terms of field and potential. A, being
negatively charged, is surrounded by an electric field,
and if BC were not a conductor, the locality B (being
nearer to A) would be at a more negative or lower
potential than C (Fig. 2 (a)). But as it is a conductor
this potential difference immediately causes a current
to flow to the end having lower potential; i.e., from C
to B, which is really a negative current (of electrons)
from B to C. When sufficient charge has been moved
to neutralize the p.d., the current obviously ceases.
Under static conditions, and with no e.m.f., a conduc-
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tor must all be at the same potential. It therefore
distorts the field around a charged body such as A by
setting up a counter-field of its own. As shown in
Fig. 2 (b) the positive charges at the B end raise the
potential there from its previous — 15V to —10V,
while the negative charges at the C end lower it from
-7 Viwo —-10V.

If a sensitive galvanometer were inserted between
the two halves of the conductor BC, it would show a
current in one direction so long as A was moving
towards it, and in the opposite direction when it was
moving away. The same thing would apply if the
galvanometer were connected between BC as a whole
and earth—or any other conductor, at any potential.
In every case the current would be necessary to shift
some charges in order to neutralize the difference of
potential that would otherwise be set up by the elec-
tric field from A.

It is the same if A is not a “body ™ at all but just
one or more electrons, and BC an electrode in a valve.
Fig. 3 shows an enlarged section of a valve with
cathode K, grid G, and anode A. As usual, the grid
consists of a spiral of wire coaxial with the cathode;
the turns are all shorted together by connecting wires.
The external circuit part of the diagram shows that
relative to the cathode the anode is fairly highly posi-
tive, while the grid is slightly negative. The electrons
that have boiled off from the surface of the cathode
are therefore repelled by the grid but attracted by the
anode, and they stream between the grid wires some-
what as shown.  The reason they thin out as they
approach the anode doesn’t mean that some of them
are disappearing on the way; it is because they are
accelerating. If you were to empty a sack of lead shot
from the top of a high tower, the shot would be a
compact mass as it left the sack, but by the time it
reached the ground would have thinned out consider-
ably—fortunately for anyone who might happen to be
passing.

Even with ordinary receiver voltages the electrons
are quite mobile by the time they hit the anode; with
200V, about 18,000,000 m.p.h. (Of course in a
vacuum there is no sound barrier, so they can hardly
be described as supersonic.) When these widely
spaced electrons reach the anode they find that it
being a conductor, is already densely crowded with
electrons. So an extremely slow movement of this
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Fig. 3. Enlarged section of a valve, showing electrons
streaming between the grid wires to th: anode.

crowd along the external circuit towards the cathode
is sufficient to make room for the new arrivals and so
preserve the electrical balance of the circuit. As I
mentioned in “How Fast is Electricity? > (Jan. 1954
issue), the contrast in speed is quite astonishing. The
18,000,000 miles per hour becomes something more
like one inch per hour. Yet because of their relatively
enormous numbers in metal as compared with the
vacuum, there are just as many passing a given point
in the wire per second as in the vacuum where they
are going so fantastically fast. That is because under
steady-current conditions the current is the same
number of milliamps everywhere around the circuit.

Traffic Census

The foregoing is the usual picture one gets when
first studying valves. But note the proviso—* steady-
current conditions.” If we enquire into what happens
when the anode voltage is first switched on, and
remember our old-fashioned electrostatic experiments,
we will realize that here is a negative charge (but with-
out its “body ) being brought near a conductor (the
anode) and that therefore movements of electrons must
take place on the anode directly the electrons start
moving towards it from the cathode. In other words,
there i1s a brief moment, before the leading cathode
electrons have reached the anode, when a traffic census
officer stationed in space close to the anode would see
no eclectrons at all passing him and would therefore
report zero electric current; yet at the same moment
electrons have begun to move away from the surface
of the anode towards + h.t., under the advance in-
fluence of the approaching electron field, and these
constitute an anode current.
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“ Brief moment” is right, for he will have only
about one thousand millionth of a second to note the
facts of this situation before the leading electrons
sweep past. Unless he is an exceptionally alert and
conscientious observer, he may even fail altogether to
notice this time delay between the start of current in
the anode circuit and the start of current in the space
near the anode. Even when the anode current is so
far from steady that it is varying at the rate of a good
many megacycles per second, this discrepancy is too
small to matter in practice. But it is there, and at
really high frequencies it does matter. In fact, in
microwave valves such as magnetrons, it is everything.
So for these valves our elementary ideas about electric
currents may be a handicap. According to those
ideas, it seems quite wrong and incomprehensible for
current to be flowing in one part of a series circuit and
not in another—even for 10-*sec. But I hope the
old electrostatic experiments are still performed,
because they show quite clearly that this microwave
phenomenon is in accordance with the classical elec-
tricity of the nineteenth century. Some teachers are
‘now saying that when considering valves we should
regard the circuit currents as primarily due, not to so
many electrons arriving at an electrode, but to electrons
moving towards or away from it. As Stevenson said,
“To travel hopefully is a better thing than to arrive.”
When those electrons arrive, their speed is slowed
down so much that they might be excused for suppos-
ing that they had come to a standstill.

Signal Conditions

At the now much discussed frequencies of Band I,
Band 11, or even Band III (of the order of 50, 100
and 200 Mc/s respectively) it doesn’t make very much
practical difference which way one regards the anode
current. Looking again at Fig. 3 we see in the grid
circuit, in addition to the bias source, the symbol
for an alternating generator, which in practice would
usually be a tuned circuit across which r.f. signal
voltages are induced by coupling to an aerial or to
another valve. Provided that this voltage is only a
small fraction of a volt (as it normally would be) and
the bias is adequate, the voltage of the grid never
becomes so un-negative as to allow electrons actu-
ally to land on it. The generator varies its negative-
ness and thereby acts as a throttle, controlling the
numbers of electrons squeezing past the grid to the
anode.

Let us suppose it is now alternating gently. So
the streams of electrons vary, sometimes (at the
positive peaks of the grid voltage) being more than
average; sometimes (at the negative peaks) less. In
other words, the current flowing past the grid varies
in phase with the grid voltage. And consequently
the current in the anode circuit varies similarly. One
complete cycle at 100 Mc/s, of course, takes one
hundred millionth of a second. If the time the elec-
trons take to cross from cathode to anode—the transit
time—is about one thousand millionth, then according
to our traffic officer, with his elementary idea of valve
currents, the anode current is slightly delayed in
phase as compared with the grid voltage. According
to our more enlightened view it will start flowing
practically in phase with the grid voltage; but since
it is only when the electrons are travelling really fast
and close to the anode that they have anything like
their maximum effect, there is not really much differ-
ence between the two views. And what does it
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matter, anyway? A little transit-time phasc shift in
the anode circuit can easily get lost among other
phase shifts, notably as a result of tuning or mis-
tuning that circuit.

Induced Grid Currents

But it is now time to regard the grid as our “con-
ductor BC,” with negative charges being brought
towards and away from it, faster by far than we could
ever manage with our traditional laboratory * body.”
They, the charges, in the form of bunches of electrons,
are sweeping past.  Suppose for the moment that the
generator is not generating, so there is no signal
voltage, and the grid is at the steady bias voltage.
The stream of electrons is consequently flowing
steadily. So far as the grid is concerned they might
just as well be standing still, for although the indi-
vidual electrons are very much on the move there
are always almost exactly the same number occupying
any given part of the space in the valve. And every
clectron contributes exactly the same electric field,
no matter whether its name is George or Harry. The
“induced charge” effect of some of them moving
away is counterbalanced by others moving towards.
So there is no tendency for electrons to move either
on or off the grid; i.e., no grid current,

Now switch on the signal. This makes the grid
voltage vary as shown in Fig. 4 (a), alternately less
and more negative than before. If the signal voltage
were made to “hold it” at its positive peak, the flow
of electrons past the grid would be greater than
before, but it would be constant, so again no induced
grid current. At a held negative peak there would
be fewer electrons flowing past, but again no flow
actually in the grid. But now consider the period
between positive and negative peaks. The stream
of electrons past the grid is thereby being checked.
So there are fewer moving towards it than are moving
away. In effect, a negative charge is being moved
farther from a conductor. Some of the electrons that
had previously been repelled from the grid by the
larger negative space charge near it begin to return.
In other words, there is a negative grid current, If a
grid current were caused by the grid being joined
to the cathode through a resistor, it would flow most
strongly when the signal voltage was at its negative
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Fig. 4. (a) Voltage and (b) current diagram for the grid.
The dotted current curve shows the effect of the time taken
by electrons to move across the valve space.

WIRELESS WORLD, DECEMBER 1954

www americanradiohistorv com


www.americanradiohistory.com

peak. It would then be in phase with the signal
voltage. But this negative grid current is flowing
most strongly when the negative charge near the grid
is becoming less negative most rapidly, that is to say,
when the signal voltage is going negative most rapidly,
which is when it is quarter of a cycle (90°) carlier
than its peak necgative, as shown by the full line in
Fig. 4 (b).

Now a 90° leading current is what would flow in
the grid circuit if the grid were joined to cathode
through a capacitor. As a matter of fact such a
capacitor is already there, becausc the grid and
cathode, with the space between, form a capacitor
of onc or two pF, and a leading current would flow
in the grid circuit because of that, even if there were
no clectrons flowing past at all—perhaps because
somecone had forgotten to switch on the heater. But
we arc ignoring that current at present. What we
have found is that when at length the heater is turned
on, so that electrons stream from it, there is more
capacitive current between grid and cathode than
there was before, and thercfore, in effect, more
capacitance.

This is serious, because at very high frequencies
the grid capacitance forms a large part of the total
tuning capacitance of the input circuit, and if in
addition to what is there when the heater is off (“ cold
capacitance ”) there is some extra that varies accord-
ing to clectron space current—which is ncarly the
same thing as the anode current—then when this is
varicd by bias voltage, as in manual or automatic
gain control, the capacitance varies and the tuning is
altered. Now let’s get this quite straight; this extra
capacitance is not proportional to the space current.
If you have followed the cxplanation you will see that
it is proportional to the amount of change in space
current brought about by a given change in grid
voltage. In other words, it is proportional to the
mutual conductance of the valve. But mutual con-
ductance is precisely what one seeks to alter by gain
control. So if the “extra” capacitance is an appre-
ciable proportion of the total tuning capacitance, here
is a possible snag. In practice it often is appreciable,
and designers are aware of this snag and have to do
something about it.

Power Loss

Although I mentioned very high frequencies as
being particularly liable to be badly affected, and
although the “extra™ grid current is proportional to
the rate at which the grid voltage plunges from a
positive peak to a negative, or vice versa, and is there-
fore proportional to the frequency, this does not, of
course, mean that the extra capacitance increases with
frequency. The current through an ordinary fixed
capacitance increases in proportion to frequency, so in
this respect this peculiar electron-generated capaci-
tance is like the real capacitance made up of grid and
cathode acting as capacitor plates. The startling way
it differs is in being proportional to the valve’s mutual
conductance.

Ever since we turned from the anode to consider
what effect the varying grid voltage has on the grid
itself, we have beer making no allowance for the
time delay that the traffic officer (if he were really on
top of his job) would have reported. So far as the
grid is concerneq, this time taken by electrons to
move from one place to another between cathode and
anode means that when the grid voltage has ceased
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Fig. 5. The movements of electrons past the grid induce
currents in the grid circuit equivalent to an extra capaci-
tance and an extra conductance (dotted).
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to become less negative and is pausing on its positive
peak, the electron stream is still adjusting itself to this
condition and there are still rather more electrons
approaching the grid from the cathode than are de-
parting for the anode. Consequently the extra grid
current is not quite zero at the positive voltage peak;
it is still slightly positive. Similarly at other stages of
the cycle, as shown dotted in Fig. 4 (b). The general
effect is to retard the phase of the grid current—to
bring it more into phase with the voltage. It is the
same as if part of the grid current flowing through the
imaginary capacitor at the input of the valve were
diverted through a resistor (Fig. 5).

This may be more serious than the extra capaci-
tance. Provided that that is kept constant by keeping
the mutual conductance constant, it can be allowed
for by a slight reduction in tuning capacitance or
inductance. But resistance means loss of power, which
it may not be practicable to make good.

However, let us see how this resistance depends on
frequency. First, let us suppose that the phase delay
is a fixed proportion of the signal cycle. That means
that of the total grid current caused by variation of
space charge, a fixed proportion goes through the
imaginary resistor and the rest through the imaginary
capacitor. Keeping the signal voltage constant, let us
increase its frequency. This increases the grid current
in proportion. It is natural for this to happen when
the impedance is a fixed capacitance. But so far as
the in-phase part of the current is concerned, the
effect can only be imitated by making the imaginary
resistance decrease in proportion to the rise in fre-
quency. So obviously the power loss gets worse at
higher frequencies. But that is not all. The time
delay is nor a fixed proportion of the signal cycle; it
is a certain fixed fraction of a second—say, one
thousand millionth—regardless of frequency. So the
higher the frequency the greater the fraction of a
cycle this time becomes. At 100 Mc/s it is 10%; at
200 Mc/s it is 20%.. So on this count, too, the imag-
inary resistance is inversely proportional to frequency.
Taking the two effects together, it is inversely pro-
portional to the square ot the frequency. Doubling
the frequency quarters the imaginary resistance and
quadruples the power loss.

This line of argument holds good only for fairly
small phase delays. To go to extremes, a phase delay
of 360° would—disregarding other effects—bring
things back to what they were at negligibly low fre-
quencies. But even small phase delays are bad
enough and account for a good deal of the difficulty
in making valves amplify above about 30 Mc/s. At
300 Mc/s we would expect this part of the difficulty
to be a hundred times as great. Certainly measure-
ments of the imaginary valve input resistance confirm
that it varies inversely as the square of the frequency,
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but whereas at one time all or most of this was
blamed on transit time it was later found that the
blame had to be shared with something quite different
—the inductance of the cathode lead. Valves for
v.h.f. are therefore arranged so that this lead is as short
as possible. Transit time can be reduced by increas-
ing the speed of the electrons, by increasing the
anode voltage; but it is not practical to carry that
policy very far. A better line of attack is to reduce
the distance the electrons have to go. At the same
time this increases the mutual conductance, which
increases the undesired grid current, but also in-
creases the amplification. The whole thing becomes
quite complicated, and anyway I am not a valve
designer and this is not a treatise on valve design, so
let us leave them to it. The point that is meant to
emerge is that by pondering on the simple experi-
ments performed by Faraday with glass rods and
suchlike, one can explain the apparently obscure snags
that affect the design of the valves and sets we shall
need for our Band II f.m. and Band III TV.

I have applied this early Victorian line of thought to
only one phenomenon in modern valves, but clearly
it is something to remember all the way through.

Short-wave Conditions

Predictions for December

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

Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period.
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Fifty Years of

Wireless Telephony

THIS is the title of an article by Professor F. Benz
in the Archiv der Elektrischen Ubertragung, 1954,
p. 369, describing the celebration at Graz ir. Austria
of the jubilee of a demonstration of radio-telephony
given on June 15th, 1904, by Otto Nussbaumer in
the Institute of Physics of the Graz Technical College.
For this celebration the original apparatus was
borrowed from the Vienna Museum and the cxperi-
ments were repeated. The transmitter was in one
room and the receiver in another room, some distance
away.

As a detector Nussbaumer used a coherer in which
the filings were replaced by granulated iron oxide;
this was inserted in an acrial and a battery and tele-
phone receiver connected across it. He used several
different transmitting arrangements; in some he used
a Duddell arc to gencrate an alternating current,
which was then stepped up by an induction coil with
a 2-cm spark-gap. The distant receiver reproduced
the audio-frequency noisc made by the arc. For the
transmission of music and speech, in some cases he
used a similar arrangement but with a microphone
coupled to the oscillatory circuit of the arc, while in
other cases he dispensed with the arc and inserted
the microphone, suitably shunted, in series with a
battery and the primary of the induction coil. In this
way music and speech were transmitted, but naturally
not of high quality.

A few people who had been at the original demon-
stration were also present at the jubilece demonstra-
tion. Unfortunately, Nussbaumer left only rather
brief records of his work,* which he does not appear
to have followed up. He died in 1930 at the age of
53, but in the previous year the 25th anniversary of
his historical experiments had been marked by the
presentation to him of the golden Badge of Honour
by the President of Austria.

* O. Nussbaumer, * Kurzer Bericht iiber Versuche zur Ubertra-
gung von Tonen mittels elcktrischer Wellen.” Phys. Zeitschrift,
1904. p. 796; also E.T.Z., 1904, p. 1096. See also ‘* Wireless
Telephony,” by Ernst Ruhmer, trans. by Erskine-Murray. p. 98.

Commercial Literature

Television Aerials for Band 1. Ten different arrays con-
structed on unit principle to permit variation of fixing and
interchangeability of parts. Catalogue (giving also details of
dealer service facilities) from Belcher (Radio Services), 59
Windsor Road, Slough, Bucks.

Precision Vernier Potentiometer with overall range of 1xV
to 1.9V in two ranges. Accuracy is of the order of 1 part in
100,000 of the 1 volt setting. Also a Portable Thermocouple
Potentjometer for temperature measurement, with two ranges,
0-21mV and 0-105mV. Leaflets from the Croydon Precision
Instrument Company, 116 Windmill Road, Croydon, Surrey.

Printed LF. Transformer is one of the American products
described in the latest * Auri-News,” a bulletin issued by
Ad. Auriema, Inc., who are export agents for a large
number of American firms. From 89 Broad Streei, New
York 4, N.Y., U.S.A.

Transfers for Control Panels. Set No. 1, for receivers and
amplifiers, contains one tuning scale, twelve graduated scales
for control knobs and associated wording with symbols. Set
No. 2 is similar for test instruments. Price 3s 6d per set.
From Data Publications, 57 Maida Vale, London, W.9.

Sound Reproducer, consisting of 15-watt amplifier and 12-in
speaker in cabinet, with frequency response of 35 c/s-16 kc/s.
Bass and treble tone controls are included and power supplies
are provided for a tuner. Leaflet from Shirley Laboratories,
125 Tarring Road, Worthing, Sussex.
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Flywheel Synchronizing

3.—Balanced A.F.C.

By W. T.

]T was said in Part 2 that phase discriminators could
be divided into two broad classes—the balanced and
the unbalanced. A rather brief description was given
of one form of the latter. The balanced types are
probably the more widely used, however, and there
are good reasons for this to which we shall return
later.

The commonest form of balanced phase discrimin-
ator is shown in Fig. 1. It comprises a pair of diodes
fed in push-pull with one signal and in parallel with
the other, so that onc diode operates on the sum of
the signals and the other upon their difference. The
usual practice is to feed the sync signal in push-pull
and the local signal in parallel; there are theorctical
advantages, but practical disadvantages, in reversing
this arrangement and making the local signal the
push-pull one.

The usual arrangement of push-pull sync pulses
is adopted in Fig. 1. The transformer T is connected
in the anode circuit of the sync separator and is fed
with the sync pulses as a current waveform. The
secondary is centre-tapped to provide a push-pull
output and is loaded by the two resistances R. The
transformer is designed to act in conjunction with
these resistances as a differentiating circuit and so
differentiated sync pulses appear as a voltage wave-
form across the secondary. The transformer and the
resistances R are commonly used in commercial prac-
tice, but they are not necessary, for they can be
replaced by an RC circuit and a phase-splitting valve
and this is often more convenient in that it does not
call for any special component.

A saw-tooth voltage waveform which is obtained
from the time-base and which is positive-going on
the flyback and negative-going on the scan is applied

Fig. I. Basic circuit of balanced diode phase
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across R, in Fig. 1. This wave has no d.c. component
so that it passes through zero twice per cycle, once
during the flyback and once during the scan.

When a sync pulse occurs, A becomes positive to
E and B negative to E by cqual amounts. If it so
happens that at this instant the saw-tooth is passing
through zcro, point G is at the same potential as E.
Then V, conducts on the voltage provided by the
upper half of T and V, conducts on the voltage pro-
vided by the lower half. The charging current for
C, Hlows round the path C A E G C for V, and round
the path G E B D G for V.. The currents in R, are
equal and opposite and so cancel. When the diodes
ccase to conduct, C, discharges by the path
CFE A C andC, by the path D F E B D. In prac-
tice, C, and C, are made of the same value and R,
and R. are also alike. Therefore, C, and C. become
charged to equal voltages and so the discharge
currents in R, are equal and opposite and cancel.
No voltage is developed across R, and the output is
zero.

If the instantaneous value of the saw-looth at G is
not zero when the sync pulse occurs, but is at some
positive potential so that G 1s positive to E, then when
the diodes conduct this voltage opposes the input to

Fig. 2.
sync pulses (a) and the waveform (b) are summed in (c)
and (d) to show their combined effect on the two diodes
when the relative phase difference is zero. The two extremes
of phase difference are indicated in (e) and (f) on the one
hand and (g) and (h) on the other.

Idealized waveforms for the circuit of Fig. I. The
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V, but assists the input to V,. Therefore, C, is
charged less and C, more than when G is at zero
potential. The subsequent discharge current of C,
round D F E B D therefore exceeds the discharge
current of C, round C F E A C. The difference
between the currents produces a voltage drop across
R,, making F positive to earth. Similarly, if G is
negative when the valves conduct, V, passes a greater
current than V,. The discharge current of C, then
predominates over that of C, and the potential of F
becomes negative to earth.

In practice, the input at G is a saw-tocth without a
d.c. component. Idecally, it would pass through zero
at the mid-point of its flyback. No output is obtained
if the sync pulses coincide with this zero of the wave-
form, but a positive output is obtained if they occur
at a time when the saw-tooth is positive or a negative
output if they occur at some other time when it is
negative.

Phase Relations

The conditions are illustrated in a simplified
manner in Fig. 2. It should be noted that the saw-
tooth is shown here reversed in phase compared with
Fig. 1 because, for simplicity, it is drawn as if it were
applied to the transformer centre-tap instead of to
the junction of the valves. The line pulses are indi-
cated at (a) by the thin vertical lines and the saw-
tooth is shown at (b), the two b:ing at the correct
position of zero relative phase. At (¢) and (d) are the
sum and difference of (a) and (b). The sync pulses
coincide with the moments when the saw-tooth passes
through zero and so the saw-tooth adds nothing to
them. Both (c¢) and (d), therefore, show waves of the
same peak value, one positive and the other negative.
Both detectors pass the same current and the output
is zero.

The conditions in (e) and (f) are for the case when
the saw-tooth is of different phase so that the sync
pulses just coincide with the start of its flyback. If
we reckon the peak-to-peak saw-tooth amplitude as
one unit, so that the pulse amplitude is 2 units, then
in (e) the peak value of the wave is + 2} units and in
(f) it is —1% units.

The other extreme condition is shown in (g) and
(h) with the saw-tooth so phased that the sync pulses
occur at the end of its flyback. Here the peak values
are +1% units and —2} units respectively.

Over the extremes of phase shown, the input to
one detector varies from +2% units to +1} units
while the other varies from — 14 units to —21. The
combined output is proportional to the difference
between them and
so varies from +1 to
—1. The magnitude
of the output varies
with the peak-to-
peak amplitude of
the saw-tooth and is,
to a first approxi-
mation at least, inde-
pendent of the am-
plitude of the sync
pulses, provided that
they are the greater.

In practice, the sync pulses will be wider than is
shown in Fig. 2 and they will normally be accom-
panied by reverse pulses 10 usec later, corresponding
to the ends of the original pulses. The greater width

Fig. 3. Waveform of differenti-
ated line sync pulse.
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is not very important as long as the pulses are of a
good deal shorter duration than the flyback of the
saw-tooth. The reversc pulses are quite unimportant
for, when they occur, the diodes are non-conductive
and they are in the wrong sense to make them con-
duct again. The fact that the sync pulses are rather
like Fig. 3 actually makes very little difterence.

In the circuit of Fig. 1, it is the usual practice to
make C,=C,=0.001#«F, R,=R,=100k!! and R,=
2 M!l; while the other resistors are of relatively low
value. When the diodes are conductive on the
pulses, the charging time-constants of C, and C. are
quite small. They are governed by the values of R
and the diode resistance, which may total 5-10k!!
only. The charging time-constants are thus of the
order of 10usec or less. There are two different
discharging time-constants. The first governs the
rate of discharge of C, and C, and so the voltage
changes at C and D of Fig. 1 relative to earth when
the diodes are non-conductive. This is approximately
C/R, and is 100 nsec—the line period. The time-
constant for the output voltage is much longer, even
if the effect of C, is ignored, and it approximates to
2C,R,. It is about 4,000 usec in practice and, taking
C, into account, it is
considerably greater.

The waveform at
C of Fig. 1 relative
to earth is of the kind
sketched roughly in
Fig. 4 and that at D
is its inverse. This
diagram is not to the
same scale as the

others. .

It will be seen Fig. 4. Waveform at point C
that the sync pulses of Fig. 2.
act as a kind of

gating waveform to make the diodes conduct when
they occur. The actual output of the circuit depends
on the instantancous value of the saw-tooth at the
instant when the pulses occur.

It is possible to imagine the circuit as being a kind
of switching device which joins G and F whenever
a sync pulse occurs. The output voltage, therefore,
is brought to whatever is the instantaneous value of
the saw-tooth at the moment the sync pulse occurs.
Because of the time-constant C,R,, the voltage
remains substantially at this value until the next pulse
comes along; it then changes or not according to
whether the saw-tooth has a different value or not
at this instant.

When the sync pulses have, as they must have, a
finite duration which is small compared with the
flyback period, the voltage at G must vary during
the pulse. Assuming a rectangular pulse and a linear
flyback, it will be the mean value corresponding to
the middle of the pulse that matters. Noise and
interference will, in the manner explained in Part 1,
alter the width of the sync pulse. The main effect
will, therefore, be to alter the precise timing of the
differentiated pulses applied to the diodes. There
may also be some change in their width, but this
is likely to be less than the change of timing.

Noise and interference, thercfore, alter the effective
instant of switching and make it occur for an incor-
rect value of the saw-tooth voltage at G. The output
is thus affected and it is upon the time-constant that
reliance is placed for reducing the effect of noise and
interference.
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In one particular case, however, the balance of the
circuit gives immunity. If the conditions are adjusted
to be of mean phase, so that the saw-tooth passes
through zero when the sync pulse occurs the dis-
criminator output is zero. If then a burst of severe
interference comes along which obliterates the sync
pulse completely, the diodes do not operate, the
output remains zero and the time-base remains quite
unaffected. With less severe interference, which pro-
duces a delayed pulse, the diodes conduct later than
they should do and an unwanted output appears.

One defect of the circuit is obvious.  Spurious
pulses occurring at almost any time can cause diode
conduction and so affect the output. Such pulses can
be duc to noise and interference and will certainly
occur at half-line intervals during the frame pulses.

It appears to be wrong in principle, therefore, to
use as the gating waveform one which is subject to
irregularities and it would scem much better to use
the local waveform for gating. This can be done
in Fig. 1 by reversing the signals; that js, by applying
the local waveform in push-pull by T and the sync
pulses in parallel across R,. The practical difficulty
1s that it is not so easy to develop the required wave-
forms but, if it can be done, the circuit becomes
quite immune to any interference except that which
occurs while the diodes are made conductive by the
local gating pulscs.

The question now arises as to what are the best
waveforms for this kind of operation. The gating
pulses should obviously be narrow and should occur
at some little time after the time-base flyback has
started. The flyback pulse clearly suggests itself as
a possibility since it occurs at about the right time
and is available with ample amplitude. It is, however,
inclined to be on the wide side.

The sync pulse waveform is more difficult. It
should have a sloping part of more or less regular
slope with equal positive and negative values and
would, ideally, be like Fig. 5
with its start and finish cor-
responding to the beginning
and end of a line sync pulse.
It cannot be generated by
making use of the two ends of
the pulse, however, otherwise
there will be a change of
waveform during the frame
pulse period; it is only the
leading edges of the line
pulses that recur regularly.

It is not at all easy to de-
sign a simple circuit which
will produce the required waveform and it is prob-
ably because of this that it is usual to employ the
sync pulses as the gating waveform. Returning to
this system, therefore, the saw-tooth input to R, in
Fig. 1 is usually obtained by integrating the voltage
pulse which occurs on the anode of the line output
valve during flyback, or a related pulse obtained from
a tapping on the scan transformer. This pulse is
positive-going and of large amplitude, so that the
integration is simple and cheap and rarely involves
more than a couple of resistors and capacitors.

The precise form of the phase detector has an effect
upon the degree of immunity to interference and noise
and upon whether or not the change of sync-pulse
waveform during the frame flyback distorts the upper
part of the picture. It also affects the pull-in range;
that is, the range of free-running frequencies of the

Fig. 5. Sync-pulse wave-
form required for ideal
operation.
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time-base over which the circuit will lock in, when
sync pulses arc applied. Generally speaking, the bal-
anced type of detector is to be preferred to the
unbalanced. When the time-base happens to be
correctly adjusted it gives no output, so if the sync
pulses ceasc the time-base frequency is not altered.
An unbalanced detector, when correctly adjusted to
the mean condition, gives quite a large output, so
that if the sync pulses cease the time-base changes
frequency by quite a large amount and it may not
pull into step again when the pulses re-appear. It
may be necessary to adopt special means for making
it lock-in again.

In any case, however, a time-base can pull into
synchronism only over a limited range of frequency
difference—the lock-in range. Once locked, however,
it may hold in over a much wider range of control
settings. One can have the condition, therefore. that
the time-base will remain locked as long as the sync
pulses persist, but lose synchronism and refuse to lock
again (without manual adjustment of the hold control)
if they are interrupted for a short interval.

Stability

The lock-in range depends mainly upon the time-
constant of the circuit. If this is made large to secure
good noise reduction the lock-in range becomes small.
This is fairly obvious because the circuit is a low-pass
filter. When a difference of frequency exists between
the sync pulses and the time base, this difference
frequency must be passed by the filter if there is to
be any control voltage acting on the time-base. The
larger the time constant is made, the lower is the
difference frequency which is passed with any
effectiveness.

Once the time-base is in synchronism, however, it
can remain locked for quite large changes of the values
provided that they occur slowly, for slow changes
are passed by the filter.

Because of these effects it is often necessary to take
special precautions in the design of the time-base to
ensure that jts free-running frequency remains within
quite narrow limits. In the ordinary directly-locked
time-basc the free-running frequency is normally
scveral kilocycles below the locked frequency and
quite large variations are permissible. It is quite nor-
mal for a receiver to operate for months without the
hold control being adjusted.

The tuned-circuit type of flywheel-sync system des-
cribed in Part 1 behaves in the same way as the directly
locked time-base in this respect. In fact, the time-
base is locked in the ordinary way by pulses. The fly-
wheel circuit acts to generate noise-free pulses.
With flywheel sync of the af.c. type, however, the
permissible variation of frequency is relatively very
small and may be a few hundred cycles only, if the
time-base is to lock-in reliably without manual adjust-
ment. Apart from effects due to the ageing of valves
and components, the chief causes of frequency changes
arc temperature and supply voltage. Some form of
stabilization is usually needed and it is common to
include a tuned circuit in the time-base as an aid to
frequency stability.

“ It has alrcady been mentioned that all forms of a.f.c.
systems arc negative-feedback circuits. In the closed
loop formed by the phase detector, the filter and the
time-base, there are several time-constant circuits in
cascade and there is gain around the loop. It is
possible, therefore, for the system to go into oscillation
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at some frequency. The trouble arises through the
time delay around the loop. If some change occurs,
the response of the circuit, which should act
to correct it, does not occur straight away but
is delayed by the time-constants of the circuits.
The change remains for a time uncorrected and a
large correction voltage is built up. When this does
start acting it may be cxcessive for the change existing
at that moment and causec over-correction.

It is almost invariably necessary to include a stabi-
lizing circuit which acts to reduce the phase-shift
around the feedback loop. In servo nomenclature,
it is an anti-hunt circuit and it results in the output
of the filter containing a component proportional to the
rate of change of phase as well as to the phase differ-
ence between the sync pulses and time-base voltage.

Typical Circuit

One form of this is shown in Fig. 6. This diagram
shows a complete a.f.c. circuit of the balanced diode
type and should be compared with Fig. 1; similar
components in the two diagrams bear the same refer-
ence letters. In Fig. 6, differentiation of the sync
pulses is carried out by C.R; and the push-pull input
to the diodes is obtained from the phase-splitter V,.
This is an alternative to the transformer of Fig. 1.

The saw-tooth is obtained by integrating the pulse
on the line output circuit by R,, R, and C, in com-
bination, C, being merely a d.c. blocking capacitor.
The components R,C, form the main filter for inter-
ference reduction and C. is for stabilizing the circuit.
An alternative arrangement is to omit R,C; and make
C, rather larger and then to connect in shunt with
C, the series combination of a resistor and a capacitor
for stabilizing.

A drawback of having to include these stabilizing
components is that since, of necessity, they make the
filter respond more quickly to a change of input they
do also reduce the effectiveness of the filter against
noise and interference.
They do not do so in quite
the same way as a simple
reduction of the time-con-
stant would do, of course.

In all flywheel sync cir-
cuits, whether of the tuned
circuit or the a.f.c. type,
the noise and interference
reduction is obtained by
means of high selectivity in
some form, so that the Gy
time-base is affected only syn¢ -»—
by the cumulative effect of
many sync pulses. It would
appear to be ideal to make
the sclectivity so high (that
is, the time-constants so
long) that the integration
effect persisted over several
frames. Any break-up of
the picture or displacement
of the lines would then be
impossible and noise or
interference could affect

+HT.
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Unfortunately, it is found in practice that this is
not always practicable because the sync pulses them-
selves do not recur sufficiently regularly. This is
especially the case with outside broadcasts and, if the
time-constant is made too great, the picture may have
curved sides. In practice, it is often necessary to
restrict the integration period to quite a few lines
only. As a result, a certain amount of line displacement
can occur. It is, however, of a less troublesome character
than with direct-locking. Lines do not tear out in an
irregular manner, but a group of lines may move
slightly sideways in a smooth fashion so that a vertical
line in the picture may develop a small bulge.

When only a moderate time-constant is used, trouble
may be experienced from the half-line pulses which
occur during the frame pulse. These will inevitably
cause a change of output unless the phase discriminator
is of a type which does not respond to them or unless
the integrating time constant is so great that the output
cannot change appreciably. In other cases, the time-
constant must be small enough to enable the output
to recover after the change before the picture modu-
lation starts.

In view of the drawbacks of flywheel sync (namely,
its greater complexity, the need for a more stable time-
base, the movement of the picture as a whole with
any change, and the limited noise immunity imposed
by transmitter effects) the writer’s view is that its use
is not worth while under normal receiving conditions,
in which receiver noise is negligible and external inter-
ference is small. There is, however, no doubt at all
that it is very much worth while in poor locations
where interference is serious or where the signal is
so weak that receiver noise is important.

It is quite important not to be misled by foreign
practice. The fact that flywheel sync is universal in
the U.S.A. and is widely used on the Continent is quite
irrelevant, because their television systems employ
negative modulation whereas the British practice is to
use positive modulation.

FROM ANODE
OF
LINE QUTPUT
VALVE

Re

-C.

P C
Rs
N UTPUT

Tc, C‘= Re

Ry Cs

things only by causing a
small and very slow side-
ways movement of the pic-
ture as a whole. This would
be hardly noticeable.

1

hunt capacitator Cs.
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Fig. 6. Complete a.f.c. circuit using a phase-splitting input valve cnd showing the anti-
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Must We Have

I.LE.E. Discuss the Future of

NOT very long ago any mention of the word
“non-compatible” in connection with colour
television was considered almost indecent. In
America the C.B.S. non-compatible frame scquential
system had becn tried and had proved a miserable
failure, and everybody was pouring scorn on the
F.C.C. for bringing it into operation. The wonderful
new N.T.S.C. compatible system was introduced
shortly afterwards and we all (or, at least, most of
us) felt that this compatibility—a fascinating new
idea—was the only sensible thing to have.

Since then it appears that radio technical people
in Britain have been pondering rather deeply over
compatibility and all it implies, and as a result there
has been quite a strong reaction against it. The
main objections seem to be that when you shackle
a new system (colour) to an existing old one (the
present 405-linc monochrome system) you are not
only making things difficult for future generations of
receiver designers, but putting a stop to the develop-
ment of new colour systems. Moreover, the com-
patible system which has now been tried out in
America has not proved quite so successful as was
at first hoped, and it appcars to have one or two
technical disadvantages, such as “buzz” on sound
and dot patterns on the screen, which would not
be very acceptable in this country.

At the moment, then, there is quite a division of
opinion on compatibility, and it was probably this
that gave rise to the recent discussion at the I.LE.E.
on “whether compatibility is necessary for a colour
television system in Great Britain.” Most of the
contributions to this discussion werc naturally con-
cerned with engineering matters. It is doubtful,
however, whether these helped to clear the air, for
the whole issue of compatibility versus non-com-
patibility is really bound up with economic and
political considerations. For example, in commercial
television, whether here or in Amecrica, the pro-
grammes have to reach the largest possible number
of people, so compatibility is almost an essential.
With an organization like the B.B.C., however, there
is no pressure from commercial interests and they
can afford to develop a non-compatible service, with
quality as the main criterion, cven if there are very
few people capable of receiving it at first.

Systems and Apparatus

But what exactly are the engincering considera-
tions? What do “compatibility” and “non-com-
patibility” really mean in terms of systems and
apparatus? At the moment a compatible system for
Britain is generally taken to mean en adaptation of
the American N.T.S.C. system,* and, according to
opinions cxpressed at the I.E.E. meeting, no other
compatible system is likely to be developed. As is
well known (and was admitted at the meeting), the
N.T.S.C. system has a degrading effect on the vision
and sound of black-and-white receivers because of

* Whdess World, November, 1963, p. 524. o
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Compatibility?

Colour Television in Britain

interference from the colour sub-carrier. There is
a general opinion, too, that this would be worse in
Britain than in America owing to the superior video
response of our receivers and the fact that the lower
frame repetition frequency would not allow such
effective cancellation of the sub-carrier dot pattern
by the viewer’s eye. A partial solution would be
to degrade the bandwidth of our receivers to just
over 2Mc/s. Another problem mentioned at the
meeting was that the N.T.S.C. system rcquires
asynchronous operation (not locked to the mains),
which would produce a visible beat effect on the
screen as a result of interaction between the mains
and the frame frequency.

“ Adjacent-channel > Scheme

Most of the drawbacks of the ordinary N.T.S.C.
system can be overcome by transmitting the trouble-
some colour information in an adjacent channel—an
expedient which has alrecady been demonstrated on
a 405-line closed-circuit system.t This could still
be considered as a compatible system suitable for
Bands I and III, but it would be necessary for the
“adjacent-channel” colour signals to overlap the
monochrome signals of another station. Thus there
would still be a risk of interference. However, the
idca has not yet been proved impracticable (at least
in this country), so it remains an interesting
possibility.

By moving the “adjacent-channel” system into
Band IV and occupying a channel width of 7-8 Mc/s
to avoid overlapping, the problem of interference
could be overcome completely. This would then
provide a compatible colour service in the u.h.f.
region—as was advocated by one speaker at the dis-
cussion.  Existing Band-I monochrome receivers
would not be able to receive the programmes (except
with the addition of converters), but all new mono-
chrome sets could be designed from the beginning
for Band IV reception.

There is a general feeling, however, that any colour
system put into Band IV would probably take full
advantage of the wider channels available (the T.A.C.
have suggested 7.5-Mc/s channel widths) and work
on a higher definition—possibly 625 lines. The pro-
posal was, in fact, put forward at the L.E.E. discussion
by the opener, E. P. Wethey, who envisaged a
625-line non-compatible system with “adjacent
channel” colour operating in Band IV. Mr. Wethey
pointed out that this could, in a sense, be made com-
patible by using a standards converter to change the
625-line pictures to 405-line pictures, so that they
could be transmitted in Bands I and III and received
by existing monochrome receivers. An incidental
advantage of the 625-line standard, also mentioned
at the meeting, was that it would facilitate programme
exchanges with the Continent. A speaker who had
had wide experience of compatible colour television
in the U.S.A,, however, maintained that the cost of

"} Wircless World, June, 1954, p. 256.
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introducing a ron-compatible 625-line system in
Band IV would be prohibitive.

When talking of non-compatible colour systems,
then, it appears that engineers are concerned mainly
with the use of wider channels in Bands IV and V,
possibly higher definition, and probably “adjacent-
channel” colour signals. Thus one important prin-
ciple of the American compatible system has not
been thrown overboard—the idea of transmitting the
brightness information and the colour information
separately. This is now gencrally felt to be a good
thing. If it comes to be regarded as an essential there
is no hope for the old frame-sequential system, which
is still considered a possibility for non-compatible
colour transmissions. (This does not necessarily
mean rotating colour filters at the receiver; tricolour
cr. tubes can be used equally well.) The frame-
sequential system gives good colour pictures and is
simple in operation, but, unfortunately, is rather
wasteful of bandwidth as it transmits a certain
amount of redundant information,

The question of bandwidth is, indeed, one of the
main problems with non-compatible systems, and it
came in for a good deal of discussion at the I.E.E.
mecting.  There is some difference of opinion on

whether receivers with wide bandwidths are expen-
sive to manufacture. It was, however, agreed at the
discussion that signals occupying a band of 7-8 Mc/s
would increasc the cost of programme distribution by
cable and radio link. A more important problem is
that radic transmission systems with wids bandwidths
arc more susceptible to the effects of multi-path
propagation, and this would no doubt have a bad
cffect on colour phasing in the television pictures.
It could be argued, too, against non-compatible
colour systems, that they would take up valuable
space in the ether, while compatible systems would
make use of the existing television frequency alloca-
tions. (The general reaction of television engineers
to this is: if we don’t take the available space then
somebody else will!)

Finally, there are the general problems of trans-
mission and reception in Bands IV and V. At the
moment there is very little data available on the
coverage obtainable from transmissions at these fre-
quencies and Band IV reccivers are only in the
experimental stage. However, it was suggested at
the discussion that by the time we are ready for
colour television most of these difficultics will have
been overcome.

INTERNATION AL

RADIO

hl N hl 1
RESEARCH
4 4 4 -

Summary of the Recent U.R.S.I. Meetings

SOME 300 delegates from twenty-one countries attended
the 11th General Assembly of the International Scientific
Radio Union (U.R.S.L.), which was held in The Hague
from 23rd August to 2nd September. The two main
functions of the Union are: (1) to promote and organize
research requiring international co-operation and (2) to
promote the setting up of common methods of measure-
ment and the standardization of measuring equipment.
The work of the Union is carried on by eight commissions,
each concerned with a specific aspect of radio research.

Reference is made on p. 590 to a resolution on the
velocity of radio waves made by Commission I (measure-
ments and standards) which met under the chairmanship
of Dr. R, L. Smith-Rose, who is also vice-president of the
Union. This commission also decided to arrange for the
international comnparison of standards for measuring power
at frequencies of 3,000 and 10,000 Mc/s, and to assist the
International Radio Consultative Committee (C.C.I.R.) in
observations of the reception of standard frequency trans-
missions from various countries.

Dr. C. R. Burrows (U.S.A.) was chairman of Commis-
sion II, which is concerned with the propagation of waves
through the troposphere. Here the importance was
stressed of studying propagation conditions in the v.h.f.
and u.hf. bands, in several parts of the world and under
various meteorological conditions. Detailed knowledge is
required as to the manner in which the reccived field
strength is dependent upon the season, geographical loca-
tion and the length of path and nature of the terrain over
which the signal travels.

The meetings of Commission 11T were presided over by
Sir Edward Appleton, znd they dealt with various
problems associated with the propagation of radio waves
through the jonosphere. An important part of the pro-
ceedings and the associated resolutions, was concernad
with the detailed arrangements being made for world-wide
observations to be undertaken during the International
Geophysical Year of 1957-58. On certain days of each
month during that year, all nations in a position to do so
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will carry out an intensive series of measurements of
various atmospheric and terrestrial phenomena. A corre-
sponding programme was also recommended by Commis-
sion 1V, which, under the chairmanship of J. A. Racliffe,
deals with atmospherics of terrestrial origin. The discus-
sions at the meetings of this commission ranged over the
subjects of the waveforms of atmospherics, *“whistlers”
and the measurement of the noise level which prevails in
various parts of the world.

Radio waves which arise from sources external to the
earth’s atmosphere are the concern of Commission V
(Radio Astronomy), which held meetings under the chair-
manship of Dr. M. Laffineur (France). Here the radio
scientist has developed a new field of research since the
war, in which a great deal of knowledge has already been
obtained on the radiation from the sun and stars at various
frequencies above 30 Mc/s. Improved techniques of
reception have resulted from work in this country, as well
as in Australia, Holland and U.S.A. Members of the
commission have been responsible for the recent publica-
tion by U.R.S.I. of three special reports in this field.
These have considerably enhanced our knowledge of the
distribution of radiation from the sun, and also of the
distribution of neutral hydrogen atoms, which are
identified by their characteristic line radiation at
1420 Mc/s.

The remaining two commissions of the Union held a
number of discussions on subiects in the fields of radio
waves and circuits (VI) under Professor S. Silver (U.S.A.),
and radio electronics (VII) under Professor G. A. Woonton
(Canada). A wide range of subjects was dealt with
including information theory, and various aspects of
circuits, aerials and wave-guides.

The Proceedings of the Hague meetings will be pub-
lished by the General Secretariat of U.R.S.I., 42 rue des
Minimes, Brussels, from whom previous publications,
including the special reports mentioned above, can also be
obtained. The next meeting of the Assembly will be held
in 1957 in Boulder, Colorado, U.S.A. R. L. S.-R.

WIRELESS WORLD, DECEMBER 1954

www americanradiohistorv com


www.americanradiohistory.com

h 1 hl Al
DECEMBER
4 4 4 4

Institution of Electrical Engincers

London.—December Ist. *‘The
Vertical Radiation Patterns of Medium-
Wave Broadcasting Aerials ” by H. Page
and G. D, Monteath,

December 6th.  Discussion on ** The
Applications and Limitations nf Elec-
tronic and other Computors” opened
by Dr. L. G. Brazier.

December  13th, Discussion on
* Practical and Economic Problems in
the Maintenance of Domestic Television
Receivers” opened by W. L. Green-
wood.

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

East Midland Centre, December
16th. Faraday lecture ** Couricr to
Carrier in Communications "' by

T. B. D. Terroni at 6.30 at the Albert
Hall, Nottingham,

Cambndge Radio Group.—December
7th, Transistor Circuits” by E, H.
Cooke-Yarborough at 6.0 at the Cam-
bridgeshire Technical College.

Mersey and North Wales Centre.
December  6th Farzaday  lecture
* Courizr to Carrier in Communica-
tions ” by T. B. D. Terroni at 6.45 at
the Philharmonic Hall, Liverpool.

North-Eastern Radio and Measure-
ments, Group.—Dccember 2nd. " Radio
Stars” by R. Hanbury Brown at 7.0 at
King’s (“:ollugc, Newcastle-upon-Tyne.
(Joint meeting with Newcastle-upon-
Tyne Astronomical Society.)

December 6th.  ** An Investigation of
the Characteristics of Cylindrical Sur-
face Waves” by Prof. H. E. M, Barlow
and A, E. Karbowiak, and * Surface
Waves” by Prof. H. E. M. Barlow
and Dr. A. L. Cullen at 6.15 at King’s
College, Newcastle-upon-Tyne.

South-East  Scotland  Sub-Centre.—
December 7th. Technical _Arrange-
ments for the Sound and Television
Broadcasts of the Coronation Cere-
monies ’ by W. S, Prector, M. J. L.
Pulling and F. Williams at 7.0 at the
Carlton Hotel, North Bridge, Edin-
burgh.

S‘au.h Midland  Centre—December
6th. * Technical Arrangements for the
Sound and Television Broadcasts of the
Coronation Ceremonies™ by W. S,
Proctor, M. J. L. Pulling and F. Williams
at 6.0 at the James Watt Memorial
Institute, Great Charles Street, Birming-

am.

Rugby Sub-Centre.—December 10th.
Faraday lecture “ Courier to Carrier
in Communications” by T. B. D.
Terroni at 7.0 at the Temple Speech
Room, Rugby.

Hatﬁeld District. —Dccembcr Sth.
“ Magnetic Amplifiers ™ by J. F. Coales
at 7.0 at the Hatfield Technical College.

British Institution of Radio Euginecrs
London.—December 29th.  Discussion
n ‘‘ Education and Training of Radio
Engineers” at 6.30 at the London
School of Hygiene and Tropical Medi-

cine, Keppel Sireet, Gower Street,
w.C.1.
West Midlands Section.—December

8th. “Industrial Applications of Elec-
tronic Control ” by J.  A. Sargrove (Sar-
grove Electronics) at 7.15 at the
Wolverhampton and Staffordshire Tech-
nical Coilege, Wulfruna Street, Wolver-
hampton.

North-Eastern  Section. — December
8th. “ Logic, Algebra and Relays” by
Prof. Emrys Williams at 6.0 at Neville
Hall, Westgate Road, Newcastle-upon-
Tyne
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Merseyside Seciion.—December 2nd.

* Electronics in Materials Handling ™ by
L. Landon Goodman (British Electrical
Development  Assn.) at 7.15 at the
College of Technology, Byrom Street,
Liverpool, 3.

Scottish  Section.—December  2nd.
* Some Interesting Applications of Elec-
tronics to Photography ” by D. M. Neale
(Ilford, Ltd.) at 7.0 at the Institution
of Engincers and Shipbuilders, 39, Elin-
bank Crescent, Glasgow, C.2.

British Sound Recording Association

London.—December 10th. ** Magnetic
Sound Stripe Recording on !6mm
Film” by W. C. C. Ball at 7.0 at the
Royal Socicty of Arts, John Adam
Street, W.C.2.

Manchester Centre.—December 1 3th,
“ Balance and Control and Acoustics ”
by M. R. G. Garrard at 7.30 at the
Engineers’ Club, Albert Square, Man-
chester,

Television Society

London.—December 10th.  “ Tele-
vision Circuit Refinements™ by C. H.
Banthorpe (Derwent Radio) at 7.0 at the
Cinemaiograph  Exhibitors’  Association,
164, Shaftesbury Avenue, W.C.2.

Royal Society of Arts

Commonwealth Section. — December
2nd. “ Broadcasting in the Colonies”
by J. Grenfell Williams (B.B.C.. Colonial
Service) at 5.15 at John Adam Street,
London, W.C.2.

Institution of Production Enginecers

Manchester—December 2nd. * The
Electronic Control of Machine Tools ”
by E. Heys at 7.15 at Reynolds Hall,
College of Technology, Sackville Street,
Manchester.

Incorporated Practical Radio Engineers

South Coast Section.—December 9th.
“ Television Servicing Equipment ” by a
member of the staff of Marconi Instru-
ments at 7.30 at the Kings Arms Hotel,
Castle Strzet, Christchurch,

North- ¥est Section.—December 6th,
*“ Aerials for Commercial Television ”
by P. Jones (Aerialite) at 7.30 at the
Barley Mow Hotel, Turner Street, High
Street, Manchester, 4.

CLUB NEWS

Birmingham.—At the meeting of the
Slade Radio Society at 7.45 on Decem-
ber 10th at the Church House, High
Street, Erdington, B, V. Somes-Charlton,
of Pye, Ltd., will give a survey of tele-
vision camera developments and demon-
strate the Pye miniature industrial
camera,

Cleckheaton.—T.R.F. receivers will
be dealt with by J. E. Church (G2BMQC)
at the meecting of the Spen Valley and
District Radio and Television Society
on December Ist. Members of the
Bradford Radio Society will be the
club’s guests on the 15th, and on the
29th F. Jowett (G2FIS) will speak on
superhets. Meetings are held at 7.30
at the Temperance Hall, Cleckheaton.

Newark.—At the meeting of the
Newark and District Amateur Radio
Society at 7.0 on December 5th at the |
Northern Hotel, Newark, A. Hall will |
talk about valve-voltmeters, |
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Progress in

SOUND

TRIX equipment maintains a
established tradition of pro-

leng-
gressive design and high-grade
workmanship. There are stan-

dard units for every requirement,

each a masterly expression of

sound-reproduction technique.

For large or small installations,
our catalogue and expert advice
are freely at your disposal.

MODEL G 7822

This new  Ribbon
microphone with
superlative perform-
ance and attractive
strecamlined  appear-
ance is of excep-
tionally small size
and weight, mecasur-
ing only 1iin. in
diameter.

With high sensitivity
and minimum of feed-
back effects, it can
be supplied in satin
chrome or bronze
finish, and with ad-
ditional  switch-box

attachment if desired.

MODEL
BD 10

Bowl Diffuser
type speaker in heavy material.
Very effective for multi-speaker
diffusion systems over wide areas,
and equally suitable for spcech or
music reproduction.  Finished in
Hammer surface beige enamel.

The TRIX ELECTRICAL
COMPANY LTD.
I-5 MAPLE PLACE, TOTTENHAM
COURT ROAD, LOMDON, W.I.
MUSeum S58IT
and Cables
. LOMDOM.

Telephone
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RANDOM RADIATIONS

By “DIALLIST”

TV Extensions

MANY pcople like to be able to use
the television receiver in either of
two rooms at will. It is simple
enough to make such an arrange-
ment; but it’s surprising that one
should so often find the job wrongly
done. “Can’t understand what’s
amiss with my TV set,” said a friend
not long ago; *“ In the drawing room,
which is right under the aerial,

gives a poor and rather jittery pic-
ture; but in my own sitting room it’s
as good as one could wish. Funny
thing is that when it’s working in
my room there’s about an extra 30ft
of acrial cable in use: surely that
shouldn’t cause reception to be
better?” You'll guess at once what
I found. The feeder had been con-
nected so that the whole of it was
always in circuit. Thus, when the
set was used in the drawing room the
portion running to the other room
formed a 30ft dead end. The proper
method, which avoids all dead ends,
is to connect the dipole direct to the
nearer skirting-board socket, and to
it alone. The far end of the exten-
sion feeder goes direct to the distant
socket, its near end being fitted with
a plug and clipped to the skirting
board near socket No. 1. In this way
the extension is out of circuit until
the set is needed in the distant room,
when it is connected to socket No. 1.

Suppressors Again

THE Assistant Postmaster-General
is not, I fear, a reader of Wireless
World. Had he been, he might have
given a better answer to the question
recently put to him in the House
about the possibility of introducing
legislation to make the fitting of
ignition  interference  suppressors
compulsory for all cars, as had been
done for rear reflectors. He sug-
gested it would *“entail recruiting 2
corps of inspectors to go round look-
ing at every motor car.” I would re-
mind him that it was pointed out
months ago in W.W., when a similar
answer was ‘given in the House, that
enforcement could be effected with-
out adding a single man to the police
force. Bvery police car is radio-
equipped, as are many police motor
cydes. Any such vehicle has only to
switch its v.h.f. receiver to a.m. to
become an admirable detector of
ignition interference. No need to
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take the motor patrol officers off their
more important duties; all that they
need to do is to turn their attention
to interference detection for occa-
sional spells. Any offending car
owner would receive a notice to put
things right within, say, seven days
and a warning that if he doesn’t do
so he’ll be fined next time he's
caught. As no motorist could tell
whether a police vehicle was or was
not ‘““detecting,” I'm surc that this
system would be as effective as are
the P.O. detector vans against TV
licence-dodgers.

A Disclaimer

Let me say at once that I don't
hold shares in any of the concerns
that make ignition or other sup-
pressors. I only wish I did! Nor
am I personally much of a sufferer
from ignition interference. My home
in the country is not near a main road
and on the average the number of
cars passing it during the television
programmes is not more than five or
six an hour. More than that, my
aerial, 45 feet above the level of the
road and over 100 feet from the
nearest point on its surface, cannot
“see” passing cars since a good solid
chunk of house :intervenes. More
even than that, my aerial is 550 feet

above sca level and brings in such
a whacking signal from Alexandra
Palace that no small amount of
attenuation is required. In other
words, the signal/noise ratio is pretty
good. Again, though I’m keenly
interested in television theory, the
programmes are a very minor source
of entertainment to me. With these
things in mind, you'll sce that so far
as the cffects of ignition interference
on TV reception are concerned, I
have few axes of my own in need
of grinding. But I am deeply con-
cerned about its adverse effects on
the progress of television. Some of
my friends who live on or ncar main
roads now make little use of their
television receivers. Others are not
renewing their licences as they fall
due. Every rcader of W.W. who
owns or drives a car has important
issues at stake. If television is not
his livelihood it is a major interest.
1 just can’t and won’t belicve that
the man who owns any sort of motor
vehicle is unable to afford the shilling
or two needed to prevent the slow-
ing down of television development
which must be a consequence of the
prevalence of ignition interference.

Why Not Uniformity?

IT’S a mystery to me why the manu-
facturers of domestic television
receivers can’t, or at any rate don’t,
agree to use the same set of names
for the “user” control knobs; those,
1 mean, that are outside the cabinet.
When the completely non-technical
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man-in-the-street buys a new set, he
may have to accustom himself to
controls differently arranged, and
with a fresh set of names for them.
“Height,” he understood easily
enough; but what is “frame ampli-
tude ”? Is “horizontal form” the
same thing as his old “line line-
arity ”? There doesn’t seem to be
a knob labelled *“contrast™; can
“picture control” be the same
thing? I needn’t give further
examples. Yes, I know that the dealer
who installs the new set should
explain the knobs and their uses.
But not all dealers bother to do so.
I know, too, that the buyer of a set
should read the “book of words”
that accompanies it. But some who
start to do so don't get very far,
especially if they are confronted by
puzzling new names. I hope that
manufacturers will get together and
produce a single set of names for the
controls.

Robbing Peter to Pay Paul?

FROM the Television Act, 1954, one
gathered that the Independent Tele-
vision Authority’s annual subsidy
was to be tound out of the receipts
from general taxation, for Section 11
of the Act reads:

“The Postmaster-General may, with
the consent of the Treasury, pay to the
Authority out of moneys provided by
Parliament, such sums, not exceeding
seven hundred and fifty thousand
pounds in any one financial ycar, as
he may with the consent of the Treasury
determine.”

But the section of the B.B.C’s
annual report for 1953-54 devoted to
finance makes one think a bit, for it
throws a rather startling light on the
intended source of those “moneys

provided by Parliament.” Here is
what it says:
“The Exchequer will retain

£2,000,000 from licence revenue in each
of the three years [from March, 1954]
and the Post Office will receive a pro-
portion estimated at £1,600,000 a year
to cover the cost of collecting fees and
dealing with interference. In addition,
£750,000 per annum will be given 1o the
Independent  Television Authority in
each of its first 1wo years of operation.
The remainder will come to the B.B.C.”
(The italics are mine.)

If the B.B.C. statement is correct
then it is not only contrary to the
Act but also to the statement made
by Mr. Gammans earlier this year
when announcing the increased
licence fee. He then stated that by
stabilizing the amount taken by the
Exchequer from licence fees at
£2 million it would be possible to
provide the subsidy for the LT.A.
“without reducing the amount that
would otherwise accrue to the
B.B.C.” Them’s my sentiments, too!
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UNBIASED ’ By FREE GRID

The First Wireless Patent

ONE OFTEN HEARS clderly
people talk glibly of the good old
times but we have only to examine
these allegedly happy days to realize
that we have good cause to be thank-
ful that we live in this present day
and age. Let us, for instance, cast
our minds back from 1954 to 1854
and instantly we are reminded that
just a hundred years ago we went to
war with Russia, whereas in 1954
all is peace between us and that great
country, the giant strides of science
since the carnage of the Crimea
having made the very idea of war
between civilized nations unthink-
able.

Now all this has not the remotest
connection with wireless and electro-
nics except that when delving into
the history of 1854 I came across
what scemed superficially to be the
first British wireless patent. It was
granted to James Bowman Lindsay
on June 5th, 1854, but although a
“wireless ” link was used there was
no question of electro-magnetic
waves, communication being by con-
duction between metal plates im-
mersed at the opposite sides of a
niver,

But this patent of a hundred years
ago has, at any rate, as close a link
with modern wireless as has the first
radar patent—granted to Hulsmeyer
just fifty years ago in 1904—with
modern radar technique. The real
interest in Lindsay's century-old
“wireless ” patent is that the ifiven-
tor’'s claims were investigated by
Mr. (later Sir) William Preece, who
performed the same office for Mar-
coni nearly half a century later.

Precce didn’t sce any future in
Lindsay’s invention and pointed out
to him that Morse had accomplished
the same thing in the U.S.A. twelve
years carlier. Contrary to popular
supposition, Sir William Prcece
wasn’t over-enthusiastic with regard
to Marconi’s pioneer work although
he did help him considerably. On
the whole I think we had better con-
tinue to cclebrate June 2nd, 1896, as
the date of the first British wireless
patent rather than June 5th, 1854;
after all, conduction and electro-
magnctic wave propagation are two
very different things.

Points of View

FROM up North, where life is grim
and earnest and not as it is in Lon-
don—filled with the luxury that
ruined ancient Rome, a correspon-
dent has written to me criticizing
certain aspects of the National Radio
Show which displeased his practical
Northern mind. He suggests that the
organizers might have done worse
than to visit the Manchester Business
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Efficiency Exhibition to see how a
show should be organized and
staffed.

I cannot altogether agree with him
for surely the radio show—or at lcast
that part devoted to domestic listen-
ing and viewing—should suggest joy
rather than soul-destroying com-
merce. I, for one, like my listening
and viewing to be associated with
carpet slippers and an armchair and
have no wish to be compelled to en-
joy mysclf efficiently. I am also
rather partial to the restful atmo-
sphere of the radio exhibition where
some of the stands, as at the Motor
Show, arc staffed by delightfully
languid young men—real matince
idols—who couldn’t care less whether
I bought their firm’s products or not.
I prefer that to the high-pressure
salesmanship horror which the

“——and thou . . .

phrase “business cfficiency” sug-
gests to my mind. Quite frankly I'm
not efficient and have no wish to be.
In the words of dear old Omar, “A
jug of wine, a loaf of bread—and
thou . . .”

A Plea for Myriacycles

SPEAKING as one who was brought
up on metres I found it as difficult
to change over to kilocycles and
megacycles as those brought up on
feet did to change over to metres.
This latter change was made, I
believe, after the Berlin Radio Con-
ference of 1903. It was, of course,
all right to deal in metres in the
days when wireless wavelengths
ranged from about 200 metres up-
wards, but in these microwave days
it would mean dabbling in decimals
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and much usc of what a certain
V.ILP. anathematized as *“those
damned dots.”

Unfortunately the changeover to
frequencies instcad of wavelengths
hasn’t killed the wretched dots
which cannot always be seen at a
glance by thosc like mysclf who have
to use glasses. Personally, I found it
very irritating to study the list of fre-
quencies of the B.B.C.’s proposed
f.m. stations in the Scptember issue
of W.W. Not one out of the whole
27 of them was a whole number.
Surely it is a mistake to use mega-
cycles at all>? The word has no
numerical value in its mother tongue,
whereas the word myriacycle would
really mean 100,000 cycles or, in
other words, 100 kc/s. The list of
frequencies to which I refer above
would thus range from 881 mc/s to
945 mc/s; I use the abbreviation
mc/s to distinguish it from the cxist-
ing Mc/s.

Apart from the foregoing argu-
ment, the word miriacycle is more
cuphonious than megacycles, an im-
portant point to bear in mind as we
technical people surely don’t want to
be regarded as more uncouth and
uncivilized by poets, artists and men
of letters than we are at present.

Watson-Watt’s Bloomer

A KINDLY correspondent has sent
me a newspaper cutting recording
that Sir Robert Watson-Watt the
radar pioneer had been fined in
Ontario, Canada, for speeding after
being caught in a special police trap
in which use was made of the
principles of radar. The Stuar,
in a praiseworthy poem, comparcs
his fate with that of Dr. Guillotine,
the French physician who invented
the instrument of execution which
bears his name and by which he him-
sclf later suffered the extreme
penalty.

I think, however, that a more
homely instance of this sort of thing
—although by no means so exact a
parallel—is provided by the story of
the late Mrs. Bloomer who, with
modesty as her sole motive, invented
the cycling garment which I cannot,
of course, discuss in detail in the
austere pages of W.W. She reckoned
without the prejudice and prudery of
the “refained ” and the coarse jests
of the vulgar, and so on her first out-
ing awheel a blushing young con-
stable was forced to escort her to
the police station for her own pro-
tection. There was, in his opinion,
a risk of “a breach of the peace
being occasioned.” It appeared that
certain young bloods in the crowd
with a boat-race-night mentality
threatened to “debag™ her, to use
the jargon of a later age.
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176 Oct., 532 Nov.: Earlx Court
Ratdio Show.  List of Exhibitors and
Preview, 16 Sept.: (Editorial) 471

v (News) 27

Oct,: Review, Oct: Attendances
{(News) 476 Oct: Freueh Components
Show, E. Aisherg, 257 June: Institu-

tion of Electronies Manehester Exhib-

ition  (News) 27 Jan., 309 Jn
H8 Nept I,( |p/|u I‘.ur
tieridan, 04 Northern

Nowv:

low (News)
< ( \mlx) 7

200
195 »-l

June, ’
Rv\- iew,
3.

(Newr)
Instriment M
ham

0 Television
Jan.. Review,
o (Corcespondence) 177
Experiniental Fransis Reeeiver, 8. R.
Bettridge ((Cvrrespondence)
127 Mar., 2 32 Aug.
Exports (Newx) 124 M 411 Sept.
BExtended-Range L.F. Sine Wiave Osejllator,
L. F. Sindiehl, 596 Dee.

(News) i34
s (News) 20

F.M. A M. Receivers: Design Factors, (G,
Russell, 431 Sept.:
et

Feeder

352 July

— versus A M. (Bditorial) 101 Mar.

Faesimile Receiver, Muirhead. 199 Apr,

K |r.ul.l\ \l!m‘l.llhﬂ Isaae Shoenberg (News)
T oh
Feedback  Cirenits
Sept.
Decade

H.
(Correction) 512
1°.M.

Unit, Chapman Reproduecrs,

(Correspondence) 438
Counter, Irving Gottlieh,
May: (Correction) 547 Nov,
¥ Amphﬂon for Televigion, H. &,
Jewitt, 609 Dee,
Ferranti Neoftish Laboratory Opened,

234

a6

AT

Ferrite Rod  Aerials, W,
Nept,

Ferryfield Airfield Radio,

Festival of Sound.

A. Everden, 440

463 Nept.
376 Ang., 601 Dee,

1

Fifty Years of Wireleas Telephony, G20 Dec.

Film on Valve-Making, Mulland, 213 May

Filters Withont  Fears, Thm Roddam,
367 Aup., 445 Sept., 261 Nov., 603
Deess (Coirespondence) 356 Nov,,
S Dee.

Fleming Valve Jubilee (News) 411 Sept..

474 Ot 531 Nov.
Flight Simulator, Mobile, 147 Mar.
Flywheel  Syuehroui W. F. Cocking,
519 Oct., 557 S 621 Dec.

Foensing (mhndo Cathoade Rav.™”
133 )
FFolded-1"p l' I( Tube, 12 Jdan.
Freneh Components Show 1953, 15, Aisherg,
287 June
ML (NVews) 311 July

Televisiom Charles  Bovill,
261 June
Fregueney Shift Radio Telegraphy, D.

Scholes, 129 Mar.

Progress,
1

QGERMANIUM ¢'rystal Receiver Cails, Tele-

tron, 148 Mar.
Grid-Dip Ozcillator, G P, Anderson, 465
Sept.
“Gromded-Grid ©° AF. Awmplifier, Thonas
Roubdane, ’H May
H.F. tablex: Preferred Impedaneces, 612
,Transistor. b L. Johnston,

Ilnrlh\ (h-ull.m-r Thomax  Redddany, 52

Transistor,

Ih-:mnu .-\i«l with Amplivox,
149 Mar.
Tranxistor
Ot
Hearing  Aids. Muoltitone  ant
All-Transistor, 164 Apr.
using Transistors, N,
Feh o 1539 Apr.
thigh-Fidelity  Dise Recording: in
Wonderland, O J. Russell, 505 Oct.
-Frequeney Fransistors, R.C.AL, 179
Apr.
-Quality
Amplitier.
S0 Oct:
A3 Dee.
Tape

Generator, 518
Bonochord
o

Kelly,

stylus

Sound  Reprodueer: Osram

4300 Nept.: (Correction)
(Correspondence) 305 Nov.,
- - Recording System, AL FL
Fisehmann. 564 Nov,

ln Watt Amplitier, Mullapd, 398
(Cur, -x]mmh-m.' 500 Oet.,
\U\ 503 Decs (Cureertion) HOD

Oc
fligher T ochnnl«m\
May

Training Courses, 250

ttistorical Coherer (Corcespondvnee) 70 Fel,

Trome-Made  Pransistors, P, Helzdon,
20 Jlan.
Hong Kong Harbour Radio, GH.C. 250

June
Honours, Birthday (News) 310 July

Jlotel Rudio Lieeuees (Editorial) 307 July

1.E.E.
Award= to Authors, 469 Se
Faraday Medallist: Isaac
(Neas) 7D Fely,
Jubilee of the Thermionie Valve
(Newx) 411 Sept,. 474 Oet. 531
Nov,
* Loudspeaker
Frends in Desiun,”
I(.ulln Section (mnmmee
" Whether € umpml
for a Colour Telev
Great  Britain,”
Dece.
Will  ‘Fransistors  Oust
Valves? Discussion.
Amplifiers for 'Television, Feedbaek.
H. S, Jewitt, 609 Dee.
. Wide-Band, 1}, N,
Feh,
LEstor TV
532 Nov.
——— *  Recommendatlons
BLR.EMAL 542 Dee.
for Two-Band Television
G, U, Russell, 189 Apr.
L. R.E. \Urknhln‘ Section formed (News)
412 Nept,
LT.A,

.
Shoenberg.

.\'\'sh'nu Recent

Y Lecture, 34 Jan.
361 Aug.
v s ne CONSATY
ion em in
Discussion. 6256

Reeciving
Ga Feh,

L¥,
Jewitt, =6

Iuternational  Study (News)
hy

Reecivers,

I'nlili(-al Television  (Editorial) 205
M

i Television Masts  (Bditorinls)

June, 471 Oct.
on Act 1904 (Editorial) 409
summary. 410 Sept.

Temporary Ilt'.ulqunrtors (News) H34

Nov,
Transmitters Orderal, 335 Nov

4
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Ignition and Television Interferenee (Corres-

pondence) 382 Aug.,  H0 Oct.,

Nov.: (Random Rudiationr)
(News) G534 Dee.

Interferenee (¢ uru-x,mndnu:) 18 Jan.,
69 1eh, 178 Apr., 220 [.w

huproved Radio Altime 1 . Bloch, K. B.

Buecks amd AL on, 138 Mar.

Tredune l.nu-.- H stanee Meter,

Hd6
TR Nov:

.

WL
LEOR TN
. LRE. Conven-
Ang.: Reviews,
(Correapondence)

stratford
:lm I(

[ndnstrial ]ilor!runi(
tion (Editorial) 35

Aug.. Hn sept.:

332 Jaly

’ Mervyn-N.P. L.
1rnnun r. 4 5% Sept.
Institution of Electronies Maunchester Show

Spee-

News) 27 Janc, 309 July: Review, 445
Nept
Instrument Vrror Curves, M. 6. Seroggie,

s May
interception «f Mesgages: Contravention of
W.T. Aet (Editorial) 109 Sept.
tuterferenee,  Amatenrs  amd Television,

12 J0an.: (News) 474 Oct.

L Band §1H Television, F. R, W, Straf-
lir)nl. 00 Ot (Correspondence) 5984
Jee

Pilmnn.mnu «

WO B Lo Mortey. 91

from  Lamps, 102 Mar.: Cathode
Ray.”" 245 May

- .\'llpprvssurs. F. R, W,

R. R. Teesdale. 15 Jan.

CFransistor, (Correspoadence) 127 Mar.:

strafford and

225 May: 382 Aug.
International  Marine V.ILF.: Rees Mace
Report. 70 Feli,
Radio  Researelr, VRS0 Meetings,
626 Dee,
Short Wave Chth, 25th Anniversary
(News) 3856 Dee,
i \ h\xlmnuo ( News) 231 May
5B \Iu-tnnb (News)y

June
lnnl( or Iunlu ?(( mu-xpmulrnu ) 437 Nept.

< lonophone ** Demonstration, LEB., 34
Jan,
Tonoxphere Review: 1953, T, W, Bennington,
66 Feh.: (Correction) 146 Mar,

I=le of Man TV Station (Neews) 25 Jan.
of Wight. S Deven amd Aberdeen
TV Stations Opencil (Newx) 5354 Dee,

JERSEY Television Relay, 301 Ang.
Jubilee of Thermionie Valve, LR,
Sept., 47 Ot 031 Now,

411

LAMP luterierewee, 102 Mar.:
Ray ™. 245 May
Lampholder, Bulgin Lilliput
Legal Reporting, T D, Conw:

Leipzig Fair, V. A, Sheridan,
LETTERS TO THE BEDEFOR:
ACODC, Dangers, A, B,
Dee,
ANireraft Flatter, H,

VoCathode

July
8% e,
Nov.,

Grief, 593

B. S Brabham,

r.
Aunade aml Cathode,
I8 Jan.
Baby Alarms,

R W, Mlallows,

tUathode Ray,”™ 224

May
Bamd H Television Interference, R,
bavidson, 504, Dee.
British  Colour  Television
Charles A, Marshall,
C.R. Tube safety, D,
Mar.
Cascode, N,
eryptie

Syvstem,
326 July
Ao Ward,

127

L. Fife. 252 June
Units, Henry Morgan,

W

g2

Ronald Bailey,

attery Life. ¢, A, Quarrington,

94 Dee,

Kleetronies and Automation, D, A,
Bell, 437 Sept.

Feedbaek  Cirenits, A, V. Slater,
488 Nept.

Filters  without  Fears, B, Tlague,
.; i Nov., Thomas Raddam, 594

Ilistorieal  Coherer, A. M. Fisher,

70 Feb,
tgnition ad Television Interference,

Arthur  Lindon, 382 ug; J
Platts, (i, O, Thackel

G. K. King, 536 Nowv;
ftndialiunx)_ 478 Nowv,; (News) Hnd
doer,
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Let ters to the lditor (contd.)
Ignition Interference, T. AL
1=

bineen,
Oster, 69
178 Apr,

Lineoln
G umlumn
20 May
lne\p('mu\o [0-Watt -\"Ipll"(l' 1K,

Gaounl, .:l)l) Oct: Jdohn Bnuhtun
aa3h Nov,; Ko B, White. 593 Dec,

Jano R,
lyron

lonic or loutie? Dionysins b Batai-
mis, 437 Sept,

Legal Posers, W_ Blancharnd, 177 Apr.

Marine V.1LF. Telephony, W, €,
tiee, 251 June

Measuring Non-linearity, D, €. Prex-
sey, 128 Mar.

Midget  Sensitive T R.F. Receiver,
NOWoAmos, 224 May

Neon Timers, b 1L Barnard, 550
Nov.: BT (‘"lllllg SO0 e,

Output Stage 1rmnnnnu Graham
Woodvitte, 535 Nov.: Walker,
Norman F. Butler, 505 I)m

Plug awt \m-kotr\* 1. Brown, 177
Apr MR, 224 May; S0 G
Hmslie, 252 June

Quality on V.H.1F.. H. Bishop, 503
Dece.

Recording and the L |\\ . i, Harvi-
son, A. H. Canpe, 5

Retlex Push-pull I(n-wnw«. [P o

Johnson, 15 Jan.

Relaxation  Osecillators. Cathode
Ray."”" 2=t June

Skeleton Slot Aerial. T, K. Boyvs,
100 Ot

SKin Bifeet, R, K. Latferty . 69 l oh,

Symbols, 1. Oakes. I’T Mar.: Henry
Morgan, 175 Apr. I’ lhompsun
25 July

Tape  Recopding  Machines,  larry
Crampin, 594 Dece,

Technical Qualifications. A. I, Kene-
wird, M. . ingerfiell. - Fngineer
Abroad,” 19 Jan:  Radio Fn-
gineer,” 177 Apr.

Felevision Acrials, Willan Criteh-
{ FoOR.OWL \Yl-llfill’il 17 Jdan.

Television Convertors, K. Ward, 252
June

Television 1.F. Inquiry. W. . X,
Wright, 352 Aug.

Transistor Cirenit, W, Grey Walter
and Karl Walter, 598 Dee.

Transistor  Interference, \\
Walter and Karl Walter,
Lorin Kuight. ”; May:
Wallaee An

Tribute—13 ml.nll lonv Colnpensat -
ing Cirenit, .M, Wells, 172 Apr.

1"u- I)nu.nplul' L. Ihlnbrnlw-lk‘ll.
225 May: M. Hardisty,

1 June

Veetar Di
Morris, 438 Sept., * (
S00 Oct

Grey
27 Mar.:

ST

H

Keith AL

Voltmeter Londing Again? b, Chap-
tin, 19 Jan.
Weathering of  Polvthene, R, ¢

Mildner,
Why

Mar.
JooL

]lml\lnu Tayler
Voot

Oshonrne, 437

Lines? =
Sept,

Oct .

\( lm iber,

G, W,
382 Aug
\\Illl.lllhull 'luno ( 1IIII|N'I|~.I'HI|{ nit,
John J. Clark., 177 Apr.: €. Robin-
son, 224 May: G AL Axkew, 21
June
* Wireless Fitty Years Ago.”
H. Armstrong, 17 Jan.
phare.™ 70 Feh,
Licenee Figures, 30 Jan..

Irwin, 69

Falwin
* Radio-

77 Feb,, 120 Mar.,

i Apr., 233 M o June, 311
July ‘i()l Aug., 412 Sept,, 476 Oct,
334 Nov.

— — Muddle (Editorial) H31 Dee.
Regnlations Amended (Editorials) 255

June, 307 July: Article, 283 June:
{(News) 309 Inly, 534 Nov.,
Lifeboat Radio, Ships, 308 Jualy
Linearity-Measniing  Instrument.  simple,

K. Gi. Beanchamp, 36 Jan,
Lissajons  Scanning in Television, ¥, P,
Hughes, 380 Ang.: (lurnxlmmh'nrf)
437 Sept., 199 Oct, 550 Nov,
Long-Distance V.HL.F. Reception, 343
Long-Playing Magnetic Tape,
Loudspeaker Cabinet, Tanney
. Metal-Cone, 430 N'pt
Kiirﬁnu Eleetrostatic
148 Mar,
Luxcmhourg Effect (News) 25 Jan.

July

Tweeter,”

MAQNETIC
Spratt,

Recording, M.

508 Ot

G,

Standards (News) 474 Oct,

Fape  Measurenments,
Spratt, 264 June

Sonmd ‘I'ra

1. Mair. (

H. G. M

s for Cinema Stereophony,

Tape, M2 Recopding Col's  New,
(News) 27 Jan.
Recording, BN R.A. Lecture, 84
Feh.
Marine VHLF. R/T (Editorinl) 51 Febo:

(Currespondence) 251 June

| Measuremient of Narmonic Distortion, T. 1.
Conway, 110 Mar.
Measuring  Interference, F.R.A. Report,
53 Fehn

Non-Linearity, B €0 Presse
{Corvedtion) 12x Mar.
Sl Voltage Changes, J.
151 Nept.
Megawatt ‘Transmitter, US| ¢
Megohmmeter, ‘I'ransi-torized, 1.
121 Mar.

SN

v, 60 1ebl:

1. Salter.

wh

B. Helsdon,

Merenry Switehes, Besson & Robingon, 450
Sept,

Metal Filme Resistors, 312 July

Meter, Tbnetanee and bynainic Resistanee,
. G Johustone, Aug.

Shunt, Making a Universal. AL D

Chisholm. 35 Jan.

Microwave Test Benech, Ferranti hategrated,
351 July

Midget  Nensitive F.R.F. Receiver. A0 L
O<hourpe, > Apr., 268 lune:

(Currespandence
(Rundom Ruadiations) 407
Television Xet, 525 Oct.
Miniature  Bedside Receiver, S,
542 Nov.
Maobile Flight Simulator,
Ralio Committes
July
Users’
25 Jan.
Writ (News) 124 Mar.
Monochrome  Television
257 June
Mullard  Inexpensive  [0-Watt
BOR  Augs (Copreddion)
(Correspamdenee) 500 Oct
HO3 D,
Muttiplex F.M. 1)

Reditor

Association torr

Broadeasting,

224 May,

Canwera,

437 Septt
Ang.
W, Amos.

1. 147 Mar.

formed (News) 311

e (News)

Marconi.

Amplitier,
N Oet
330 Nov,,

5 Mar.

NATIONAL RBurcan of stamdards Labora-

torics, 320 Noy,
Riubic Show,  Preview,
(Editocialy 171 Oct;
Oct.o Attendances (News)
Negative Feedback Amplitiers,
Thouas Roddam,

Review,

116 Sept.;
178
176 Oct,

Distortion in,
6O Apr.:

((orres-

pondenee) 225 May, 2at June
| Resistance, Thomas Roedadann, y dnly
Nean Timers. Bo T Gilliog, 459 Sept .
(Carrespandener) 5. Nov., 500 Jhee.

New Year Hanours (Vews) 76 Feb,

- Zealand Televigion (News) 75
Wiggin &

Nickel for Valves,
40 Mar.
Non-Linearity Measurcment, D,

Itenry

y Feb,
o,

C. Tressey,

CO Febo: (Corvedtion) 125 Mar.

] Nussbaumer Jubilee, Gtto. €20 Dee.
OBITUARY : Armnstrong, Fidwin H.. Appre-
ciation, 102 Mar.: (News) 124 Mar.:
Barthélémy, Rendé, Appreeiation, 164
Apr.: Colebrook, Francis M., 361 Aug.:
Ginman, A, H., 56 Dec.: Higginsan,
.. 361 Aug.: Nickless, E., 2¢0

June: Wilson, 1., 361 Aug.

{ Roddam, 5

Ohjeetives

O3 Apr,

Osgeillator. Cathwade Follower,
dam, 106 Mar,
* Chameleon © (1hartley

2 Feh,
. Extemded-Range LK.
L. F.Sinfiekd, 596 Dee.
. Grid-hip, G, P,
. Mulland Tr
Oszeillators, Re

xation,

Sine

Awderson,
wmitter Drive,
Cathade

in Sonnd Reproductico n cEditarial)

Themas Rod-

) Thomas
Wave,
465 Sept,

199 Apr.
Rayv.”

193 Apr. (Correspomlence) 251 June

Oseillogragdi. Coentime tre-Wave, €2

P.M.Q. avcepts F

Pun-Climatie Testing.
S, . Schuler and J.
Dec,

Tatent Office Library (News) 258

Permanent  Magnet  Research
(News) Hxd Dece.

Phase and
Ogitvy.

M. (Editorial)
E.

575 Nov,

5
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G W, AL

Amplitnde Measurement,

Feh,

101 Mar.
Dummer,
Green, H98

June
Labharatory

H. H.

com

Physical Society:
" Acoustic Technique in Broadcast-

ing,” Leeture (Editorial) 153 Apr.
*Physies of the lonosphiere ™ Caonfer-
enee (News
dsth Annual
Feb., 156G Apr.:
]'ul\np Arm, Burne-Jdones,
it AL M. Polloc

(News) 70
. 200 June

it.

Pn-/.m leetrie

340 July:

Ball~ and
av,’

* Plastic

(

Catlu e

Grid
GG Dee,
Circnitry,”™
ad Eebwin JF

Pith Current,

Johu Seott-Taggart
Moyse, 403 Aug.
Plotting  Aireralt  Positions, S0

June
“Phug and Soe lutr\
X

303

"

\lel.lrclmltmn. .
Lister, o2 .o (Correspondence)
177 Apr.. 224 May ZH’ June

Political  Felevivion  (Editorial)

Polythene, Weathering of,

25 Mar.

Ofhiee Monopcly or Radio:

Mukdle (Editorial) H=1 Dee

Potentiometer, Saltord Precision,

Power Trausistor, 146 Mar.

Pre- Awmplitier, Leak, 200 Apr,

205 May
(Correspondence)

Post Lieenee

3 July

Printed Cirenit ¢ Produetion. W. R.
Cass and R. aulthebh, 236 Nov,
- I‘.||n-l)ul\\\\ml| 102 Apr
Tetevision  =et, Charles Ih:\'ill.
363 A, '
PProdue nnn (ontml Radlio, 59 Feb,
Proximity Fuze Awards (News) 25 Jdan..
124 M i Apr.
Purchase Ta

neession on Pillow-phones
fa

(News (31N
Push-Pull Revceivers, Retlex (¢ o egpondenee)
1= Jan.
QUARTZ ('raxtal Testing, R. Rollin, 220
May
R.C.E.E.A. Comwil Electedd (Neway 125
Mar.
R.E.COMLE:
Anmt Exhibition (News) 75 Febe
Exhibiters' List, 187 Apr.: l(un-\u
206 May, 209 June, 313, 312 July
Repart (News) 1506 .\pr.
Council (Newsy 137 Apr., 233 May
RoLC Teehnieal Writing Awand=. 137 Mar,,
ST Ot
R.F. Attennators, R. F. Privett, 14t Mar,
R.SGB
Amatenr  Radio Exhibition 1953,
Review, 20 Jan 1954 (News) 532
Nov,

Radio Amateur Emergeney Network
IFormuel ( \mx) 26 i
RUTLE B and ¢i
527 QOct.:
in \lrInu-N
article 74 Feb,
Radio ( ‘ontrol of Models— Licence Changes,
9 July
Courses
444 Oct,
-Gramaphone, GLAL
* Babyphon.' 444 Sept,
Licences (Editorial) 107
Recciver Characteristics,
Measurements:
comme ml.mmh
Te

r§u “ing FExame,
Radar (Edllmwl) 51 ¥Febh.:

Available— Lists, 438 Sept.,

Distribmtors’

July
RS Apr,
International
1 June

Hudson

Re-
V.H.F.,

I .
Tele phony Jubilee, G20 ])er'
— "I'eleprinter "Ferminal, 31~
RANDOM RADIAT IU\\ by
4% Jan., ¢ :
a2 M

] E Fo
Receiver I{.uh.nwn (4 m,mln: denee) 177 Apr.

Record  Changer, Birmingham Soumd  Re-
prodneers, 97 Feh,
— Player, Pye, 96 I-oh.

Recording Amplitier, Lee Prodnets, 98 Feh,
and the Law (Corregpondence) 17 Jan.
Broadeast Programmes (KEditorial) 357

Aug.
Low .\I.'lgn((h Tape.
» 0 Nov,

SE3 Oct., 569

Frequencies on

. Wo Thomasson.,

Reetification, ™ Cathede Ray.”
Nov,

Reflex Push-Pnll
dener) 18 Jan.

Regenvrative  Single-Transistor
B. R. Bettridge. 2 Jan.:

Receivers  (Correspon-

Recejver,
(Correapon-

denee) 127 Mar,, \l.n_\ 3R2 Aug.
Relaxation ()s(-illnmrs. “ Cathede Ray.'”
193 Apr. : (Correspendence) 281 June
Remote Control of Radio Receivers, ¢, K,
Tate, 496 Oct.
Resin, Leicester Lovell Epoxide, 563 Nowv,
Resistances  in - Parallel. Francis Oakes,
a5 Feb.
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Rowridge Television Transmitter, 611 1w,

Royal Signals  Institution Formed (News)
157 Apr.

Rughy Extenslons, 1.0, (News) 154 Apr.

Russian Television, 71 Feb.

8.B.A.C. Exhibition (News) 77 el
-hl Oct,
safety in the AQr (Kditorind) 51 Feb,
upplnn- Neadles, Sapphire Bearings Lt
143 Mar.,
Sean Linearity-Measuring Instrument, K. G
Beanchmnp., 36 Jan,

Review,

sScottish - Eleetronies Laboratory  Opened.
200 Nov.

\uun!l Sorveillance Radar, b AL Levell,
27 May

Serv u-iug Fxams 527 (Nl 0 (\m's) 332 Nov,

Servo Tuning Control, 5. Tate, 396 Oct.

Shared  Television ’l‘r.msmlm'r Masts

(Editorials) 256 June, 471 Oect.

Lifeboat Radio * SOLAN” 308 July

Jnhilee (News) 311 Juh

SHORT-WAVE CONDITIONS, H lm
94 Feb, 128 Mar., 176 Apr., 8
204 June, 334 July, 381
Nept., T Oct,

Sideband lnt-rl--mua in Colanr Television,
. Bell, 31 Jdan,

\ILII-H;)[NI.I(HI Switching, 1t

Ships*
Newspapurs®

selly, 613

Simplitied Wiring, Truvox Tape Deek, 192
Apr
Sinc Y .1\1- Oscillator, Extended-Range LI
. Ninliell, .‘m Dee.
Sl\(‘leu)n Stot Acrial, B. Dent, 3909 Aug..
(Carresponde llu) 499 et
Skin Elfeet (Correspondrnee) 69 Feh,

Slide-Rule  Caleulations: Coupling,  Franeis
Oakes, 180  Apr,
_ Resistanecs  in Parallel,

Francis Oakes, 95 Feb.
small-Cratt Radio Installation,
344 July
Soldering Iron,
1M Ot
. Light
Miniature,
Recorling ongress —Pariz
1. J. Houlgate, 348 July
Reproduction  Lecture-Demonstration
(Briggs), 376 Ang., 601 Dee.
Sontuls=Past and Present, B3RO Convens
tion, 344 July
Squatulered VOILEF, Channels, ).
103 Mar.
Stereophony in the Cinema,
Storage  Systems,  Barry 7.
392 Aug.
Styhus in Waonderland, 0.0 Ruszell, 505 Oct,
Sub-Minjaturization Techniques in Receivers,
SER Ot
Sunspot Minimum, 50 Nov,
Superhet Battery  Set, Eeonomy, R, N,
Channon, 10 Jan,
.\'uperh(‘T rod yne Tuner
Mar
snrface Barrier Transistors, 119 Mar.
Sylvania-Thorn  Colour  Laboratories  Ltd.
formal (News) 312 July
Syvmbols,  Curren wiree,  (Correspondence)
'Y Mar,, 175 Apr., 325 July

MIM.cC
Enthoven Carbon- Eleient.

Soldering  Develomaents

July

Sonnd [RINEN

R. Brinkley,

JL Mair, 6 Jdan.
de Ferranti,

Unit, Elpico, 148

T.A.c.[l’uli!i('nl Television (Editorial) 205
May
Television Act 1934 (Editorialy 409
Sept.; Summary, 410 Sept.

T.EMA—Teleconmunication  Engineering
n_l_nll‘.\ll:mul';u-t uring Association (\Vews)
ot ebh,

Receiver, Midget Sensitive, J, L.
Osbourne, 163 Apr, 265 June:
(( urres/nmdmce) 224 May, 437 Sept.;
(Random Radiationx) 7 Aug.

TR

Bookh ™ Tape Plaser. 32 Jan.
K (Xews Jan.
Duplication =tem, -\vn]n-\ 330 Now,
Pals (A%es) 476 Oet,
Recorder, Grandig, 199 Apr.
. Lee Produet«, 199 Apr.
Recorders in Law Court<, ‘I, D). Conway,
.-D‘\\ I)"l'.
- -Recording
Ang.
— Marhines

Talking
Tape Deck I'rade M

Amplitier,  Trovex, 405

(Corvespundence) 594

— Sy~tem, Migh-Quality, A0 1
Fisclunann, 564 Nov.

Tape Recopds, M.V, 512 Ot
Technical Pub tinns Agsociation L'ormed
(Neex) 27 Jan.
l)lmhlications (Correspondence) 19 Jan.,

177 Apr.
\\rmug Awards, R.LLC, 187 Mar., 517
O
']'l'h'lirllllll Terminal, Radio, 31= July
Felevision Acrials, Antiferenee, 47 Jan.
(C’orrespondence) 17 Jan.
Camera Tube, Bnglish Electric,
May
Coverage at VLI
Saxton, 173 Apr.
for Posterity (I-:hrm ml) 307 July
1 Inquiry. 1.8l G . Russell
322 July: (¢ orrr-spmulemr) 332 Aug.
Interference from Amatenrs, 12 Jang;
(News) 474 Oct,
Intermediate Frequeneies; BLROEMAL
Recomm milations, 582 Dec.
Oseillator Radiation, B.RF.M.A In-
vestigation, 154 Apr.
Receiver  Safety  Precautions, E. G
Gomdhew, 5891 Dee.
: Relay Serviees Association
(Newrs) 586 Dec,
TELEVISION SOCIBETY:
Annual  Bxhibition (Newa) 23 Jan.,
Review, 72 Febo: (Correspondenee)
157 Apr,
*Colonr Television ** Lecture (WNVrws)
27 Jan,
Otticers Blected (News) 311 Jul
Preminm Awards ((News) 2
Thyratron Inverter, .JJ. 11, lowells,
(Correction) 267 June
Thmers, Neon, B, T, Gilling. 459 Sept.;
(1'urn'x/mlula'nm') 536 Nov., 393 Dec,
Tin-Zine Plating. 595 Dee.
Training in Televigion
Patelhiett, 161 Sept.
lmnsmnm-rs fur Low .1n(I High Frequencies,
Cathode Ray,"” 451 Sept.
CJohn Bell & ¢ rm(lcn Potted Andio, 145

Mar.
Transistor and Valve Circnitry, LE.E. Dis-
595 Dec.

cussion, 6] Feh,
Johnston, H1s

and UKD AL

IMigures

May:

Servicing, G. N,

Cireuit (Curcespandence)
LT, Generator, D, L.

Oct,
Hearing Aids. Multitone and Bono-
chord, 164 Apr

Microphone Pre- Amplifier, 282 June
Mortality, 249 May
. Power, 146 Mar.
— Receiver, ]u\porlnwnt'll B. R. B(n-
ridge, 2 1o "Correspondence) 12
Mar.. 225 \Iu\ 382 Aug.
Stagnation, llnl.l.l{.l-].
June
Trans=mitter,
May
Transistorized Megohmmeter, P, 8. Helsdon,
121 Mar.
ll‘anslsf“l\ for High Frequencieg, 179 Apr.,
3 July
, Home-made, . B. Helgdom, 20 Jan

Leeture, 204

160-Metre, A, Cockle, 217

6
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Traosistors in Hearing Aids, N Kelly, 56 Feh

150 Apr.
—, Mullard, 145 Mar.
—, Surface Barrier, 119 Mar.

Tri-colonr CO K. Tabe, CB.S 12 Jan.

Trimmers, British Distributing Co's Minia-
ture, 11~ Apr.

Tuning  Drrive, Jackson
July

——T'ork Gyroscope, 146 Mar.

Two-Bamd  Television  Reccivers, G, I,
Russcll, 158 Apr,

CTwo-Band Transmitter Receiver ™
rection) 37 Jan,

ULTRASONIC I)<-\'n-ln|>|||<-||l~. 445 NSept.

UNBLASTI D, I.\  Free Grid,” W0 Jan., 100
i . 204 Apr., 254 May.
July, qus Ang., 470

Hizh-Ratio, 352

(Cor-

Sept., 528 (wt S80 Nov., 630 Dee.
Universal .\hln-r \hnm A. L. Chisholm, 35
Jdan.

V.H.F. Bromdeasting: B B.C. Plans, 415 Sept
Cliinnel  Space  Sguandered,  F. R
Brinkley. 103 Mar.,
— Demonstration Van, G E.C., 250 May
Quality (Editorial) 5290 Nov.; (Corres-
pondence) D93 Dec,
Reception, Long-Distance, 343 July
Signal Generator, Advanee, 405 Aug.
- Very Much at Sea (l',:lltorml) 51 1eb.;
(Correspondence) 251 June
\'.I,.I’.I‘Il'igh-l'o\\'cr Transmitter U.S., =5
Feh,
Varmum  Lamy
* Cathode Ray
Valve Codes, ML, D
- Imports (News)
~—— Voltmeter Diodes,
June
Voltineters, Diode
Reroggie, 339 July
Valves for Bamds [11, IV and V, D. N
Cortleld, 272 June

Interference, 102 Mar:
2145 May

Potok, 38 Jun.

]

Aug.
M. G Neroggice, 2x4

Rectilier in, M. G,

Veetor I)i:lur.nm Again, T Cathode Ray.™
327 July, 383 Aug.; (Correspondence)
438 Sept., S00 Oct,

Veloeity of Ri ulio Waves, R, L. Smith-Rose,

A Dec,
Vibratory Gyroscope, Sperry, 146 Mar.
Voltage Changes, Mceasuring Small, ). P
Salter, 451 Sept.
Voltmeter, Blectronic Fest, M. .
371 Aug.
— Loading Again (Currexpondence) 19 Jan,

Seroggie,

WEATHERING of TPolvthene  (Corres-
pondenee) I‘.’.N Mar,

Why Lines? F. Hughes 389 Ang.: (Cor-
rnpmulnu'e) 437 Sept., 499 Oct., 555

Wide- B.lll(] I F.

Feh.

Amplitiers, 1.8, Jewitt, a6

val Communication Reeeiver,

Compensating Unit (Cor-
224 May, 231

Williamson "Tone
respondence) 177 Apr.,
June

Wire Recorder, E.M.1. Minifon Pocket, 574
Nov,

Wireless llinnor Club Elections (News) 260

Jul
—Flfl\ Years Ago (Correspondence) 17
Jan., 70 Feb.
— I(Iegr.lph\ Act Faforeed (Editorial)
75 Feb.,
, 231 May, 258
"9 Aug., 411 Sept.,
584 Dee.

409 Sept.

WORLD OF WIRELESS, «
124 Mar, 153
June, 309 Juoly
474 Oct., 532 Nov,,

XERORADIOGRAPHY,
Sept.

Ferranti, 4464
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CLASSIFIED INDEX

(All entries except Books & Publications and Personalities also appear in the General Index.)

AERIALS
‘Felevision  Aerials, F. R, W,
181 Apr.; (Correction) 213

11
Stratford,

Barnl

May
Bleetricity, How Fast is? * Cathode Ray,”
41 Jime
Rodd Acrials, W,
Sept.
Cables: Preferred Inipedances, 612 Dec.
Teley I'ransmitter Masts (Edi-
torials) 250 June, 471 Oct,
skeleton slot Acrial, ll B, hent,
(( ‘orrespondenee) 199 Oct,
Pelevision Aerials (Correspondence) 17 Fan,

IFerrite A. BEverden, 440
1.1,
\h.m-«l

399 Aug.;

BOOKS & PUBLICATIONS
ARCR. L. Handbook, 1954, 200 Apr.
Amateur Radio tHandbook, R.SGUBL 531

Nov.

Amplltn(l(- Frequeney  Characteristics  of

Ladder Netwarks, E. Green, 388 Aug.
Applicd Eleetronies Annual 1953 54, Edited

by R. E. Blaise, 244 May

Art and Seience in und  Reproduction,
F. iL. Brittain, 1 Apr.

Ao Glawee  Radio Valve and Television

Tube Equivalents, B, B, Babani, 38~

Aug.
vutomatie Voltage Regulators and Stabili-
zers, G, N, Patehett, 267 June
1B.B.C. Report 1953-04 (hrl:h:rml) 520 Now,
Ihllllo;zr.lph\ of Colour Television, Television

Society (NVews) 562 Aug.: Note, 38
Aug.

Kritish  Standard  for  Die-Casting  Alloy,
AR g4, 200 Apr,

Standards Vearbook (News) 413 Sept.

CABMA Register, 1954-60 (NVews) 362 Aug.

Cahiers de 1'Agent ‘l'echnique Radio HH P
Hemardinguer, R, Asmen, J. Lignon
amd L Gindaux, 5 Jan.

careers in Radio and - Electronies, ROLC,
(News) 311 Jaly

Unthode Ray Tubes, Edited by M. G say,
11% Mar.

Uist Accounting -lll<| Ihl- Engincer, Kenneth
13. Mitehetl bee,

Vonrs Pratique de Télévision, . Juster, 94
IFeh,
sur les Ul|<h~ Ultra-Courtes, Y. Vlace.
(|,‘ l‘
Uiystal Ree nllc-rﬂ 'lllll Transistors, . Molloy
and M. G Say, 388 Aug.
Data and (‘iroui < uf Television Receiving
Valves, J. Jager, 5 Jdan.

becibel Tables, B R.AL. 35% Aug.
e wlupnu nt of the Guided Missile, Kenneth
Gatland (Vews) 535 Nov.
Linse h\\lnL\nru.mu' hv;_vnknpplnnu, Stahili-
tiit. J. Peters, 244 May
Electrient Earthing and Acelident Prevention,

Ealitedd by M. Gl Say, 113 Mar.
.\h'nsurinu Instrnment Practice,
. Banner, 458 Sept.
Flectronie \hmcnl Instrimnent Mannal, Alan
boug! 172 Apr.

Eleetronie- \.nl\v Bases, Caps and Holders,
BS 442210038, 164 Apr.

F R Register of Hrnlsh Manufacturers,
1954 (News) 27 Jan., 1935 (News) HaG
bee

I"mld:nm'm:llel of Transistors, L. M. Kmgman,
NS Ang,

Gears for smal Mechanisms, W, 0. Davis,
112 Mar,

sy lh-mfnrced Plastics, Edited by Phillip
Morgan (News) 334 Nov,

Glosgary  of ‘ferms  for the Electrical
Characteristics of  Radio Reecivers,
B 2065; 1954 (Reriew) 188 Apr.

l:run(ll:lgu der Verstiirkerteehnik,  Ilans
Bartels, 458 Sept.

tightights of (nlnllr ‘l'elevision,
Locke Jr., 267 Juane

ttome Constructor (Supacaoils), 5 Jan.

low to Loecate and Eliminate Radio and TV
fnterference, Fred D Rowe, 388 Aug.

to Use Meters, John I Rider, 244 May

Induxtrial Electronies, R, Kretzmanu, 94
Feb.

Information Theory,

John R

stanford Goldman, 172

pr.
Introduction a UEleetronigue, . Gran, 94

ch,
to Colour TV, M.
Thomas, 267 June
to Vatves, R. AW, Hallows aml H. K.
Milwarnt, 105 Mar.

Kanfman and H.

Laplace lr.msfomn for Electriral Engineers,
B, J. Starkey, 366 Aug.

Limits of Inu-rh‘n-nco 1Bs 800:1954, 102 Mar,

L'lonosphere, G, de Max 267 June

Lonudspeaker \h‘.hun-lnenh s 2408:1954,
493 Ot

Low- Frequeney Amplifieation, Dro No AL
Voorhoeve, 1S Mar.

Magnetic Tape Sound Recopding and Reprao-
duetion Tor Programme  Interchange.
BS 10651953

Magnitude of the Radio Interierence in the
Television Band frnm Ienition Systems
of Motor Vehieles, A. 11, Ball and. W.

Nethereot, 172 Apr.

Mechanism of Economie Sy-tems, Arnold
Tustin, 118 Mar.

Memorandum  on Higher Technological
Edueation, 438 Sept.

Metal Industry Tlandbook and  Dircetory

1904, 467 Sept.
Microwave Lenses, J. Browu, 5 Jan.
Speetroseopy, M. Wo Po Strandberg,
F1= Mar.
Theory and Technigues, Ho o Reieh,
I, F.Onlnung, 11 Lo Kraussand J. G
Skalnik, 458 Sept.
Nuelear Physies, W Heisenberg, 5 Jan.
Ogeilloseope at \\urk A Ihaas .md R. W,
Hallows, 332 July
Plastics in the Tropics, Ministry of Supply
Report (¢ orres pon denece) 125 Mar.
I'r:u'tu.ll Eleetrician's Pocket Book, 1954,
Slited by Roy €0 Norrig, 5 dan,
lvlv\ ision Cire u|t~ F. J. Camm,

Ban

l'n-fn-rrwl \'nllu's and Associated Toleranees
tor Resistors and Capacitors for Tele-
communication Equipment, BX 2488
P954, 1O Sept.
Principles of Massand Flow Prodnetion, F. G
Woollard, 388 Aug.
of Transistor Circuits, Edited by R, F.
Shea (Reriew) 244 May
Proc. ILE.E. Ten-Year Index (News) 260 June
Proceedingz  of the  National  Electronies
Conference 19533 (Vol, EXD), 383 Aug:
1054, 326 Dee,
of the VIHth Plenary Assembly,
CLR.L, 4654 Sept
Properties and  Design of Tron-Cored Sup-
1]~rvs*iun Chokes, J. Miedzinski, Bu2
June
Radio Control, F. € bndd, 883 Ang,
Control of Model Alrerait, G. Sonnner-
hot, 284 May

Val, 1,

Engineering, Vol. 1, K. K. Sandeman,
Hdan.

Facility Charts, IEM.S.00 (News) 586
Drec.

tnterference from  Motor  Vehicles,

F.R.A. Report MIT123, 55 Feh.

Laboratory  1hnulbook (Gth Edition),

M. Ne rnmul 193 Oct.

Receiver Design, Part 1, 2nd Edition,
K. R. Sturley, 118 Mar.
Research 1953, 382 Ao,

Trouble \hnmllm. Guidehbook,
Rider and J. Richard Johnson,

John 1.
B

Ang.
Valve bata,

112 Sept.
Reeciving 'Tuhe Manual, R.¢ :
lh-wnunvndul Methads of \1 gunl nt on
Receivers for  Amplitide-Modulation
Rroadeast Transmissions, LE.CO (Re-
view) 271 June
Relays, R. (. Walker,
I(m.-n'nux Mmpliflers,

IWireless Waorld (News)

S Jan.

Bdited by M. Gl Say,

1= Mar.
\pcoinhu‘d Home and Portable  Radin
Manual, .!m June

sub-Miniature 'Techniques, N.B.S. Cireular
543, 518 Oet.
TV Manufacturers’” Reeeiver Trouble Cures,
Eadited by Milton 8. Snitzer, 267 June
Picture l||ho~ fra Remer, 358 Ang.
——— Repair Techuiques, (-Lrnsh.n-k Library
Na, 50, 94 FFeh.

Trouble Shooting amd Repair Guide-

hook, Vol 2, Robert i, Middleton,
244 May

Tapes  awd  Spools for Commercial  and
Domestie  Magnetic . Tape  Sound

Recording and Reproduetion, BS 2475:

1954, 453 Ne|
’Iuhnlqm- de 1a Télévision, A. V. J. Martin.
118 Mar.
7
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’l'clovnsmn—\ Worlit survey, PN E.S.C.O,
173 A

Télévision en ( ‘e urs, L. Chrétien, §

hlc\lﬂllun Engineers’ Pocket. Book,

Molloy and J, P,

fan.
Slited
iHawker,

Design
.\'v(-u-sun,. lan.
Receiver Servieing, B
bury, 216 May

Fexthook or Radar, Edited hy E. G
267 June

"hermionie Valves, AL H. W, Bee l\ 5 dan.

Trader Year Book 1954 (News) 157 ,\pr

Monograph, P AL

AW Npread-

. Bowen,

Eltra High Frequeney Radio Engineering,
. S AL Knight, 118 Mar.
1'se¢ of Eleetronie Val , CP 1005, Parts |

. amd 20 1954, Bo 248 May
Used Radio awd “Television Set Values,
May
Valve Symbols, supplement Noo 3 (1953) to
RS 6230: l"hl(t.r.unlun.ll sSyvmbols for
L Telecommunieations), 109 Mar.
White Paper Cmdl. 0003 (b(lllurull) 1 .Jan.
Wireless Engineer, Index to balitorials 1026—
- May 1954, (NVews) 362 Aug., 113 Sept.
Wireless Worlt Diary 1955 (News) 474 Oct.
Worll Radio Handbook for Listeners (1954),
Edited by O, bund Johansen, 115 Mar,
Year That Made the bay, B.B.C. (News)
27 Jan.
Zirkoninm, Werner Espe, 3a~ Ang.

2%

CIRCUITRY
ALCO DO Dangers (Correspondenee) 303 Dec,
Batterv Set, Feonomy, R, S0 Channon.
10 Jan.
Calenlation  of
~0 Npr.
——of Resistances in Parallel, Franeis Oukes,
95 Feb.
CoCaseode P (Correspondence) 252 hine
Cathede Follower Oseiltator, Thomas Rod-
dam, 106 Mar.
Resomators,
June
“ Chameleon ™ Oseillator. Thomas Roddam,
a2 Feb,
Complications
GOS P hee,
Combination  FM./AM. Receivers, G L.
Rus<ell, 431 Sept.; (Correction) H12
Oct,
bip-Roldertd Chissig Priduction, W,
and oML Hadiield | 536 \n\
Blectrical ‘Pheorens, Somte, W,
A3 Nov,
Feedbaek Cirenits (Correspondence) 438 Sept.
—— LI, Ampliters for Television, H. S.
Jewitt, GOY Dec.
Filters Without  Fears,

Coupling,  Francis  Onkes,

Cavity T Cathode Ray,” 2640

Colour (Cireuit)y  NJI'S.C

R. Cass

‘Tusting,

‘Thomas Roddam,

Ang., 15 Sept, 61 Nov, 603
 (( nrr:'x]mndmu') 556 Nov,, K04

Dec.
Grommded  Grid AL l' Amplitier, Thomas

Renldan, 214 May
Historical Colerer (1 ‘wrrespondence) 70 Feh,
Negative Resistance, ‘Thomas Roddam, 335

Jaly

- Plastic Cirenitry,”” John Seott-Taggart aml

Edwin .l. Movse, 403 Aug.

Reetitie .mon Cathode  Ray,” 513 Oet.,
569 Nov.

Relaxation Oscillators, ** Cathode Ray,™ 193

Apr. (( nrrenpomlmce) 231 June
Retuote Control of Radio Receivers,
Tate, 496 Oct,
Vector Diagrams Again,

327 July, 383 Aug.;

432 Sept., 500 Oct.
Wide-Band LEF. Amplitiers, H. =
36 Feb.

(S N

* Cathode Ray,”
(Corregpondence)

Jewitt,

COMPONENTS
Atomie Battery, R.UC.AL 397 Aug.
(nmpnnouh Exhibition, R.E.CM.IM,
May, 2909 June, 313, 315 July
I<-rrno Roul Acrials, WAL I'\onlon 440 Nept.
f'rench (omponents show, E, Aisberg, 287

2046

Jun

Metal ¥ llm Reslstors, 318 Jnty

Sub-Miniatarization Tee linigques in Reecivers,
518 Oct.

Transformers for Low and iligh Frequencies,
“ athode Ray."™ $54 Sept.
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DESIGN
Band 1 TV Convertor, G, 1. Russeil, 211
May: (Correspondence) 2582 June
Band 1V Televigion Convertor, 24 Jan.
Battery sSet, Eeonomy, R. X, Channon.
10 Jan.
Cathode- Follower I'robe,
541 Nov,
Crystal Set Amplifier, 198 Apr.
Extended-Range LoEF. Sine-Wave Oscillator,
L. F. Sinfleld, 596 bee,
¥eediack LF. Amplifiers for
1. 8. Jewitt, 609 Dee.
Without Fears, Thomas Roddam.
3677 Aug., 445 Sept., 361 Nov,, 60
liee.: (Correspondence) 536 Nov., d4

sSyduey 1, Finn,

Felevision,

Filters

Dee.

Grid-bip Oseillator, G. P, Anderson, 463
Sept.,

Ttigh-Quality Sound Reprodueer, Osram, $:30
Sept.; (Correction) 500 Oct.; ((orres-
podence) 565 Nov., 593 Dec.

Tape R(-mnlinu Svstem, AL P,

Fisehmann, 564 Nov.

10-Watt  Amplitier,  Mulland,

0% Aug.; (Correspondence) 5 Oect .,

Nov., 593 Decs (Correction) S0

(l(l

Home-Made Transistors, . B. Helsdon, 20
Jan.

Midget Sensitive T.R.F. Reeciver, 1. L.
Osbotme, 165 Apr., 208  June:

(Correspomience} 224 May, 437 Sept.
(Random Rudiations) 307 Aug,

Miniature Bedside Reeciver, S0 W, Amos,
542 Now,
Neon Timers, B. . Gilling, 459 Sept.:

(l'urn'x[mlhh'ur-l') Hi6 Nov,, 395 Dee,
Reflex Push-Pull Receivers (¢ mn’xlmulll’nrt)
1= Jan,
Signal-Operated
(10N
Rkeleton Slot Aerial, 1E. B, Dent,
{orrespondence) 499 Oct,
Thyratron Inverter, M. 1 Howells,
('orrection) 267 June
Transiztor  Civenit  (Correspondenee)
Dee.
Reeciver,

Switching, R. Selby, 613

399 Aug.:
237 May:
295

xperimental, B. R
s (Correspondence)

3X2 Aug.

160-Metre, AL (mkll', 217

T r.uwnnllor

May

I'ransistorized Megohmmeter, 1°, B, [elsdon,
121 Mar.

Universal Meter Shunt, A, L. Chisholm, 35

Jan.
Wide-Band 1,17,
R6 Feb,

Amplitiers, 18, S0 Jewitt,

EDUCATION AND TRAINING
Carcers in Engineering,” Film (News) 311

Inly

" in  Radio and Eleetronies.” R.LC.
Baoklet (News) 311 July

City & Guilds  Examinations, 527 Oet -
(News) 532 Nov,

Edueation and Training, Brit. LR K. Dis-

cussion, 90 Feb,
Film on Valve-Making, Mallard, 213 May

Radio Conrses Available— Lists, 432 Sept.,
494 Oct.

Training in  Television servicing, ti. N,
Patehett, 461 Sept,

ELECTRONICS

Atomie Battery, R.C.A., 397 Aug.
Automation,” Leon G Davis,
Baby Alarmg  (Correspondence)
Beeade Counter, Irving Gottlieh,
(Correction) H47 Nov,
LEleetronic Analogue ¢ umpmmu Raymond B,

185 Apr.
224 May
234 May:

Quarmby, 113 Mar.

Electrostatic l(.ulmur.nph\', Ferranti, 464
Sept.

Guided Missile Simulator, 530 Nov.

Industrial  Eleetronics,  Brit.].R.E. Con-
vention, (Editorial) 357  Aug.: Re-
views 368 Aug., 448 Sept.: (Corees-
pondence) 4137 Sept,

Infra-Red  Anal Me r\nl-Nl'L Speetro-
meter, Sept.

b’
Magnetic vaordmu, H.
Oct

G. M. Spratt, H08
Mobile Hluht Simulator, Redifon,
Recording Low  Frequeneies  on
Tape, D. W, Thomasson,
Nignal- ()por.m-«l ~“m hing, R.

147 Mar.
Magnetic
48 Nov,
Selby, 613
Storage \\'m-nw Barry Z. de Ferranti, 392
Inverter, J. 1.
(Correction) 267

ng.
'l‘h_\'r.nmn
May:

Howells, 237

June

Transistor H.T. L. Johnston,
SI8 Oct,
Ultrasonie bievelopments, 448 Sept.

Vibratory  Gyroscope,  Sperry, 146

Gienerator, D,
Mar.

MANUFACTURERS' PRODUCTS
Advanece V.ILF. signal Generator, 405 Aug.
Amplivox Transistor Hearing Aid, 149 Mar.
Antiference  Television  Aerials, 47 Jan.
Bell & Croyiden Potted Audio ‘Pransformers.

148 Mar.

Besson & Robinson Mereury sSwitches, 450
Sept.

Birmingham  Sonnd  Reproducers Record
Changer, 97 Feh,

Bonochord All-Fransistor Hearing Aid, 164
Apr.

British  Distributing  Company  Miniature
Frimmers, 148 Mar.

Bulgin  Lilliput  Lampholders, 353 Jfuly

Strip Connectors, 467 Sept,
Burne-Jones Pickup Arm, 495 Oct,

Chapman  Reppodoeers FOM, Feeder Unit,
352 July
Eddyst N.F. and V.H.F. Capacitors,

17 Jdan.
Lkeo Car Radio Reeeiver, 376 Aug.
English  Electric New Pelevision
TFuhe, 225 May
Enthoven Solders Carbon-Element Sokdering
Iron, 494 Oct,
Ferranti X-Band  Test Beneh, 351 July
G.AL Distributors” Miniature Radio-Gramo-
phone, 444 Sept.
Industrial =~ PLAL
July
Receiver, 251 May
Metal-tone Luudqn.lkrr 430 Nept.
G.1 Developments * Faras ” Bieyele Radio,
511 Oct,
Grundig Distortion Meter, 110 Mar.
= Tape Reconder, 199 Apr,
BV,

Camera

G, Amplifiers, 352

Tape Records, H12 Oct,

il Portable P.A. Awplitiers, 405 Aug.
Hudson  Radio-Telephone  Sets, 132 Mar.
LM.R.C. Liseboat Radio, 308 July

llu-mn Tetevision Aerials, 1949 Apr.
Jackson High-Ratio Tuning Drive, 352 July
Lmk Amplifler and * Point One ™ Pre-

amplitier, 200 Apr,
Lee Products Magnetic Tape Recorder, 199

Apr.
Recording Amplitier, 96 Feb,
Superheterodyne Tuner Unit,

Mar,

Leicester Lovell Epoxide Resin,

Hs
a3 Now,

Light Soldering  Developments  Miniature
Noldering Iron, 352 July

MEM.C.Co Small-Craft Radio fnstallation,
344 Jluly

MRS, ltocunllnz ('u New Magnetie Tape
(News), 2

Marconi Marine \utu-\l.mn Reeeiver, 467
Nept.

Lifeboat  Trav=mitter- Receiver,
464 Nept.

Mervyn-NPL Speetrometer,

Minifon Pocket Wire Recorder,

453 Sept.
E.ML, 574

Nov,
Muirhead  Facsimile  Receiver. 199 Apr,
Mullard  Cold-Cathode  “Fubes, 2000 Apr.
10-Watt  Amplifier, 393 Aug: (Cor-

respondence) 500 Oct., 555 Nov., 503
Dees (Correction) 500 Oct.
Mullard ‘Uransistors, 148 Mar.
— Trapsmitter Drive Oseillator, 199 Apr.
\!ulmum- All-Transistor Hearing Aid, 164

(4 urrrrlion) 200
300 Nov.,, 593

Osrant \mphhvr 430 Sept.:
2 {Correspondene ") 5

] ec
Painton  Minmture Attenuator, 149 Mar.
Parchment (Korting) Electrostatie I'weeter
Loudspeaker, 143 Mar,

Pollock Picknp Arm Kit, 47 Jan.
Pye Car Radio Receivers. 332 July, 460
Sept.
— High-Quality Amplifiers, 353 July
Record Player, 96 Feb,
12-Channel Television Tuner, 126 Apr.
Rees Macee Marine Communication Receiver,
333 July
sapphire Bearings Ltd., Needles, 143 Mar.
Salford Precision Potentiometer, 353 July
T.C.C. Ceramic Capacitors, 96 Feb,
Tannoy Loudspeaker Cabinet, 97 Feb,
Teletron Germaninm Crystal Coil, H8 Mar.
Truvox Fape Recording \mpllm-r 405 Aug.
Wiggin & Co, Nickel for Valves, 149 Mar.

MODULATION

AM. versus F M. (Editorial) 101 Mar.
Combination F.M/AM. Reeceivers, G. H.
Ruxsell, 431 Sept.; (Correction) 512

Oct.
F.M. Multiplex Broadeasting, 146 Mar.

8
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Allchwireh, S, E. 533 Nov;

ORQGANIZATION

AM. versus FM. (Editorial) 101 Mar,
Amateur Sound and Vision Licenee Changes,
Summary, 233 June, (News) 534 Nov.
B.3.C. Report 1953-54 (Editorial) 529 Nov.
B.C.C? (Radio Administration) (Ediforin!)
7 AUg.
B.RUFE.M. AL Annual Report (News) 155 Apr.
Couneil Eleeted (News) 157 Apr.
Cahle & Wireless Jubilee (News) 258 June
h B.1F. Buropean Broadcasting, 592 Dee,
International Felevision (News)
Apr., 231 May, 258 June
Report. Television LEF. Inquiry, G, H,
Russell, 322 July; (Correspondence)
382 Aug.
Essay Competition, Research 23 lan.
Exports, (News) 124 Mar., 411 Sept.

155

I'vrr.un\l Seottish Laboratory Opened, 56k
Fifty \vnr-x of Wireless Telephony, 620 Dec.
LE.L. Awands to Authors, 469 Sept,
LA (umpemnn Television, (Fdn!ormls)
1 Jan., 205 May
Tc-\gnpomr\' Headquarters (News) 534
Nov,
Iste of Man TV Station (Mews) 25 Jan.
International Marine VI F.,  Rees-Mace
Report, 70 Feb,
Leipzig Fair, V. A Sheridan, 549 Nov.

Li

77 Feb,, 125 Mar,,
50 June, 311 Jnly,

361 Aug., 4 pt., 476 Oct,, 534 \0\.
— Muddle (lwhturml) 551 Dee.

Licences, New, (Kditorialg) 255 June, 307
July Article 283 Jine; (News) 3n9
July, 534 Nov,

Marine V.0, I' ®r (Kditorial) 31 Feh.:
(Corregpondence) 251 June

Mobile  Radio Committee formed  (News)
311 July

Raddio Users” Association formed (News)
25 Jan.
Radio Writ (Vews) 124 Mar.
National Burean of Standards Laboratories,
530 Nov,
PO, Rugby Station Extensions (Vews) 153

APr,
Patent Oflice Library (News) 258 June

Permanent  Magnet  Researeh  Laboratory
(News) Hnd Dee,

lug and Socketry Standardization, C, Lister,
92 Feh: (Corregpondence) lTT Apr.,
224 May, 2-2.June

I'rices il;‘l .\'ll\'vrti.~(‘|ncms (Correspondence)
69 Feh,

Proximity 1Muze Awanls (News) 25 Jan.,

24 Mar.. 156 Apr,
Purchase Tax (‘onecesgion on Pillow-phones
(Newsy 25 dan.
ROE.COMU. Annaal Report (News) 156 Apr.
— Conneil (News) 157 Apr., May
Radio Amateur Emergeney Network Formed
{(News) 20 Jdan,
Raudio ( ‘ontrol of Madels-

Licence Changes,

300 July

Ihw-urdmul amd the law (Correzpoidenee)
17 Jan,

Recording Broadeast Programmes ( Editorial)
357 Aun.

Royal Signals Institution formed (\Nrws),
157 Apr.

Nafety in the Air (Kditorial) 51 Feb,
T.EM. A —Telecommunication  Kngineering
:3n<L. l.mu(m turing Azsociation (News)
77 Feb.
Tape Deck Trade Mark (Vews) 27 Jan.
Techuical Publications  Association fornued
(News) 27 Jan.
Qualitications (Carrespondence) 19 Jan.,

177 Apr
Writing Awards, R.I.C. , 137 Mar., 517
't.

O
Television Act 1954 (Editorial) 109 Sept.,

Summary 410 Sept.

for Posterity (Editorial) 307 July

Interference from Amateurs, 12 Jam.;
(News) 474 Oct,

intermediate Frequencies, B.R.E.M.A.
Recommendations, Hs2 Dee.

S(}viv',\' Ofticers  Elected (News) 311
July
U RS, Meeting on  International Radio

Research, Summary, 626 Dee,
Channel Space Sgquandered, 1. R.
Brinkley, 103 Mar.
Valve Imports (\mrx) 359 Aug.
Wireless Fifty Years Ago (Correspondence)
17 Jan., 70 Feh.
Wireless Telegraphy Act Enforced (Kditorial)
409 sSept.

V.HLF.

PERSONALITIES

Allerston, Group

Capt. P, 310 July: Arbib, Richard,.

2568 June
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Baines, T. H., 76 Feb,: Barker, Major °. L.,
H33 Nov.: l{.lrm-tl ir Ben, 475 Oct;
Bishop, hr. D, O. 5 3 Nov.: lilml’ﬂ
232 May: Iinnth. vk, o,
]{r:mth\\'uit(r. ., 585 Dee:
Bray, A. . 7 Brimelow. 5, F .,
361 Aug. R. E.. 360 Ang.
Harley, ¥ Clark, l \
Oct.; Cla Knight,
('l:nrko l(mr \«lnnr.\l Nir l'lnllp
Feb., 125 Mar., 475 Oct.: Colebre
I. M., 310 .lul,\': (‘nn]wr. V.
Dee: Craig, ., 77 Feh,; Cro
W, AL, 157 Apr,; Cussans, G, W
June
wWilli
1

R. T
77 Feh
Iinrm tt,

Carter,

Date,

an H., 533 Nov. de Groe h\, J.

57 Apr.: boathwaite, B, 0L, b

Dees bowsett, 1 M.,
Duncan-Smith,” br. .
Dyer, . John, 361 Aug.

Fastwood, Dr. 1 ey, Dr, oo
157 Apr.; Ev *b.

Fautkner, M., .h Feb.:
de, 2

HRD
H8a

Dee.;

h-rr.nm Sir Vineent 7
Fleming, Sir Arthur,
Fle IIlIlIL-\\I"l‘ B, C.
orshaw, 11,
Forsyth-Grant, M. l.
Fonlkes, C. 11, 475 Oct,
Garratt, A, J., 361 Ang.. Gernsback, Hugo,
125 Mar.: Gillang, €. 250 June; Gold -
simith, Dr. \lfrul N, ¢ June;
toldup, T, 310 Jnly
anh Dec.: (.rllllllh WL 1, T6 eb.
Haigh, Col. ). n. 310 Jnly: Harris, Iirlu.uln-r
L. H., 475 Oct.; llart, K. D
June: II.|r\o\ R.oJ. 1, 28 H
Hay. ( L2089 Jnne: Ilnug.l LI\IIIK'
ston, 5.%") I)N
Jackson, Do Willis,
Comdr. €. M.,
E., 125 Mar.
310 Dy
K mpiner,

S0 Ang: Jucob,
310 July; Jowes, Erie

Kelly Kemp, R.D

Rudotph, 7

3

Lasti, A R 533 Novs Leak, 110,470 Oct g
Leete, Ernest, 76 Peb.: lA-ssc-r. tred
R. 31t July: Little, G, 76 Febh,,
475 Oct.: Locke, Alhort Bl Aug.:
,n(k~|u iser,  Nir  Ben, Nept.:
Lord, W, B, H., 156 Apr.

\h(.«-o l)r J. D, 475 Oct, B. N,

232 May: Mclean, LoBNG Deels

\l.u‘qn( LML) 7 Apr. .\l:\in.
Arthur ¢, 232 ¥ Mellor, it.
157 Apr.. Metealic {
Rept.s Middbeton,
Mitehell, br. ). H.
Cdr, =08 076
76 Febo: .\Inutmnm-r\ B o
July: Moppet, Brigadie Jo1
AR5 bee: Morredl, D, W, Novw
Mumford, A. ., 78 Feb,

Na=h, W. R. Feb, 77,

W, 360 Aug.
250 June: Pendey. Dr. W, H.,
e Pull.ml I K. 156 Apr.
112 Ne pt.: Preston, S0
Apr.: l'nllinu. M. J L, 76 Feh,
Nir (hmlnn, 76 Feh, 360 .»\ug 4; 5
Yet.: Read, Col. AL
310 July: Reading, Cot.
Renwick,  Sir Rnlwrl,
Richmond, Group Captain .
3 Nov. Robertson, .\'nrm.m .,
‘(n an,, 76 Feb.: Rollin, L., 157 Apr;
Ryle, \l:lrtin, 5 Dee,
sap=on, 1. 0O, Mar.:
55 Dec.: sharp,
Inw erll Isaac,
. Nieger,
Il K

Oatley, €.
k

3N
I’n\\or E.J

’

157
Radley,
(

Seott-Farnie,
Peter 1. M.,
75 Feb.:
Joshua.
310 July:

G R

June: \tr.mon
sutton, hr. G,

Andrew,
, 232 May.
’l'hnums, ‘David 1.
K.

157 Apr.

Taytor, W, i, June:
234 Nov.; Thorne,
Thorogood, P.
G M., 15T Apre
156 Apr.

Walters, Douglas, 360 Aug.: Wat<on, A\ir
Commodore Michael, 361 Aug.; White,
H., 1., 232 May: Williams, Dr, R.C. G
360 Aug. W nlwr-.nn WAL u\ 52
Wright, . M., 232 \l., Wyiner,
Peter 0., 361 Auu.

Zworykin, Drav. K., 536 Dec.

G, 157 Apre
June: Tomlin,
rner, Il Cohden,

PROPAGATION
Tonic or Tontic? ((‘nrrnpomlrm:e? 437 Nept.
tonosphere Review: 1953, ‘I W, Bennington,

66 Feh.: (C'orrection) 146 Mar,
Long-Distance V.ILF, Reeception, 343 July
National Burean of Standarnds Laboratories,

53 Nov,

Short-Wave Conditions, 31 Jan., 94 Feh,,
122 Mar, 176 Apr., 248 May, 294
June, 334 Jaly .»hl Aug., 4% Nept.,
»l,(ht... N L 620 Dhee,

Snuspot Minimum, .N) \u\

Television Coverage at VLEF, and U 01,
JoALRaxton, 193 Apr.

Veloeity of Radio Waves, R. L. Swmith-Rose,
00 Dee,

RADIOLOCATION

Air CPratlie Control Radar, Do AL Levell,
227 May

Farnborongh Show 1954, 472 Oct |

Improved Radio Altimeter, A Bloch, K. k.

Buecks, and
Plotting Airerant Posi
Radar in Airfiners. 74
Safety in the Air (hthluuuli 31 Feh,

(:, lh-:llun.
S

132 Mar,
303 June

SOUND REPRODUCTION

All-Transistor Hearing Aids, Multitone
Bonochord, 164 Apr,

Raxandall FPone Compensating Cirenit (Cos-
respondenee) 178 Apr,

Developient 2 in sond
R.E AP

anl

Reprodhietion,

ALK and BOSRLAL

kxhibi Tuly
Distortion in \<-u edback Awplithers,
Thomas  Rod 169 Avpr: (Coe-

responedece) 225 May, 281 .lllnv
Feedbaek Cirettits (Coresposdewce) 438 Seqt

Festival af Sound. 376 Ang., GO Dee,

c Grounded Grid ™ ¥ \lnplltlvr Thones
Roddam. 211 May

FLMLV. Tane Records, 312 Oct.

High-Quality Amplitler, Mnlland, 3¢
(Cacrespondence) S Oct |
293 Dl (Correetion) 500 Oct,

sound  Repraduceer,  Osran,
40 Nepts (( nrrmlum) a0 Ot
(& urrt'x]mlull'm e) Hha Nov.: 483 Dee,
Tape Recording System, A, |
Fischmann, 34 Nov.
“Aonaphone " Demonstration, LEE. 34 Jan,
Legal Reporting, T, b, Conws l)u
Long-playing Magnetie Tape, Jar
Magnetic Recording, 1. G M, s;.r;.ll NIt
Oct.
Standards (News) 474 Oct,
T Measurements, 1L Lo M,
Npratt, 264 June
Tape Recorting, BS.RA. Paper, 4
Feh,
Measurement of Harmonie Distortion, I D,
Conway, 110 Mar.
Objeetivesio Sonnd Reproduction (Editoricl
153 Apr
l'uknp Ann "Burne-dones Improved, 493
Piezoe Iulru Crystals, S0 Kelly, 275 June.
O duly: (Correxpondence) 382 Aug.
lh-t'unlinu amd the Law (Coreexpondence) 17
Jan.,
Broadeast Progranunes (Bditoriel) 357
Aug.
Low "l"l'i[lll'lll jes on \Lu.nl'iq Tape,

. Thomasson
\nup]lth-d \\lrlnu Truvox \I.lrk 3 Tape Deck,

Sonrmud KHnllllllL Congress —aris 1904,
Honlgate, 343 July

Somuls l':tst andd Present, BRRUAD Cone-
vention, 344 July

stercophony in the Cinema, J. Moir, 6 Jan.

Stylns in Wonderland, 0. F Rossell, 505
Oct.

Tape buplication System, Ampex, 530 Nov.

Tape Machines (Corregpondence) 594 Dre.

Transistor 11T, Generator, D L. Johnston,
HI8 Oct,

Microphone PPre- Amplitic

22 June

Trausistors in Hearing Aids, S0 Kelly, 56
Feb,, 159 Apr,

AW E I O ()ll.lll!\ (Editorial) 529 Nov.: (Cor-
rn]mn'lww') 13 Dec.

Willinm~on Tone Compensating Uit (Coc-
respoyedenee) 157 Apr,. 228 May, 231
June

TELEVISION
Airls to Mechanieal Handling, 512 Jaly
Airerart  Flutter  Sinmdation,  Television

Society's Exhibition, 73
respondence) 177 Apr.
Amateur Colour Televizion. 16s Apr.
Television Transmissions, 522 Oct,
Amateurs and Television Interference
Jan,; (News) 474 Oct,
American Television Scene, M, J,
13 Jan,
Low-power Stations Opened (News)
IRy Dec,

Feb: (or-

i2
L. Palling,
B.B.C.

9
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Band III Aerials, I,
Ill

R.W, \Il.l"nl'd. Bs1

(& Urrl‘thull) 213 May
H.

Convertor, G
(Correspondewce) 2.
Television Inte

Russell, 211 May:
June
ference, ¥,

R. W,

strafford, S0t Oct: (Corcespondreace)
J91 Dee.
Test Tran<mitter,  Mullard. 162
Apr.
Tests (News) 309 Huly
Taner, Pyve, 162, Apr.
Biritishi Colonr System (Corcespoadewee) 326
NS
C.BR, Fri-Colonr C.R, Tube, 12 Jan,
C.R. Tnbe, Folded-up, 12 ban.
satety, Wo o Tusting, 45 Jan.:

{ urrl'a]mmh'nu') 27 Mar,
Camera ‘Tat Television mage Orthi.

oon,
*Caseode (l ‘orrexpondence) 22 June
Channel Islands TV (NVews) 309 July
Choosing a Television Standard. 401 Ang.
Colour Complications, NI s, Circuit,

hee
Television Camera Convertar,

[L10}

310 Now,

an 05 Lines, 23
Sideband
tl lm.

Wi June

Iuterferenee, D, AL

el

Society’s lecture
an.

I|n|~ .I Franklin. 436 Sept,

Tabe, R.CAL 242 May

Valves, GO~ 1

Connpatible Cotour Televi fon. 1, AL Bell, 31
dan.

Compatibility in Colour TV, LLEE. Discus-
=ion, bee,

Competitive evision (Kditerials)y 1 ban,
205 May

Convertor for Band 1V, 24 Juu.

D Component i CFelevision, W,

Cocking, 63 Feh,

Bliminating CW, Interference, B L. Morley,
91 Feh.

Fquipment for New  CPelevisian  Stations
(News May

Earopean TV Exel
Tetevision Relay
Iuly, 523 ( 't
Feedbin L Amplitiers tor Television, H, 8,
Jewi n 609 Dee.
Flhywheel Synchronizing, W.

mnw- (Newn) 330 Auy,
J. Trechy Dickinson®

T. Cocking. 519

Oct., 557 Nov,, 621 Dee.
French 'I'vl(-\'i.-inn Iman sx, Charles Bovill,
261 June
1.¢.« for Television  International  Study
{(Nvws) Nov,
CBRGEMLA, Recommendations,
')l'l'.
for Two-hawd  Television  Reeeivers,
G L Russell, 189 Apr.
1.1 A, Shared Television Masts (Editoriels)

Sahuane, 471 Oet,
Transmitters Ordered, 335 Nov,

fiduetor Suppressors, F. R W, Stratford and
R. R, Te s ES dan,

lgnition and Television buterference (Cor-
respowddence) 382 Aug., 0 Oct,, 556
Nov.: (Random Radiations) 573 Nov.;
(News) D84 Dee,

Iuterierenee (¢ nrn'upnu!lt'uu') I8 Jan.,
GO Feh,, 175 Apr., 225 Mav
Interfe rn-nu frnm Amateurs 12 Jan: (News)
474 ¢
lulvrn.ltmu.ll Pelovision; B B.1. Meetings
(News) 1506 Apr., 231 M = Jnne
Infe of Man TV Station (Vew an,
Jersey Television Relay, 391 Ang.
Lamp hmn. renee, 102 Mar.: Cathode
Ray,™ 2 139
Low-Power  Television  Operation (News)
26 Jan.
Midget Television Set, 525 Oct.
Monochrome 'I‘vlcvi.qnn Camera, Marconi,
257 June
New Zealind Television (News) 70 Feb,

Political Televigion (Editerial) 205 May
Printed Cirenit Television Set, € harles Bov it
363 Aug.
R.F. Cables; Preferred tmpedance, 612 Dee,
Receiver Radiation (Correspondence) 177 Apr.
Rowridge TV Coverage Map, 531 Nov,
Television Transmitter, 611 Dec.
Russian Television, ¥1 Feb,
Sean Linearity- Measuring Instrument, K
Bean h.uup 36 Jan.
‘Television lr.ummn(-r Masts (Edi-
torials) 255 June, 471 Oc
\t.nml.mliu'd I‘nput tor Bands t nml 111 (News)
July
‘ 'I'c-le\hunn Act 1054 (Editorial) 409 Rept.;
Rummary, 410 Sept,
Aerials (¢ orn-upondmrz) 17 ) .ul.
Coverage at  V.H.F. and
J. AL sSaxton, l.lAlrr
H. Russcll,

|r Inqulr\ (I‘,.IH DG,
July ; (Correspondence) 382 Ang.

RETA

Shared

HUF,
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tur Posterity (Editorial) 307 July

Oseillator Radiation, B.REM.AL -
vestigation, 154 Apr.

Receiver Safety Preeantions, K. G
Goodhew, 581 Dec.

Training in Television Servieing, G. N,
Patchett, 461 Sept.
Vacuum  Lamp  Interference,
Ray.” 245 May
Why Lines? 1. P, Hughes,

pondence) 437 Sept.,

Cathode

3RO Aug.: (Corres-
499 Oct,, B3O

Nov,
Wired Television: Relay Services Assoeiation
Figures (Vews) BR6 Dec.

TEST AND MEASUREMENT

Attennators for High Frequencies, R. |

Privett, 141 Mar.
Cathode-Follower Prohe, Sydney 1.

S41F Now,
Centimetre-Wave Oscillograph, 62 Feb.
Biode Rectitier in Valve Voltmeters, M, ¢

Scroggie, 284 tane, 339 July
lh-r'trumf' Test Meter, M. G, Seroggie, 371

Finn.

Au

Extended- lmnge L.F. Sine Wave Oscillator,
L. F. Sinfield, 596 bee.

tirid-Dip ()smll.nur [EF
sept,

[nductanc(‘ and Dynamic Resistance Meter.

G Jolhinstone, 357 Aug

Instruq\\[(-nt Error ¢ ur\cs M. G \(‘ruggle 21x
May

Measurement of Harmonie T D
Couway, 110 Mar.

Anderson, 465

Distartion,

M(‘aiurimlx) Interference, E.R.A. Report, 55
Feb.
— Non-Linearity, D). €. Pressey, 60 Feb.:

(Correction) 128 Mar.
Small Voltage Changes, J. P, Salter, 451
Sept,
Microwave Test Bench, lutegrated, Ferranti,
3561 July
Pan-¢* lmmtlc Testing, (.. W. A, Dummer,
" Schuter and J. Ko Green, 598 Dee.
Phase aml \mpm.ml(- \[c.nsumnem H. It
Ogilvy, 575 Nov,
Quartz Crystal l‘erting R. Rollin, 220 May
Radio lhu- er Characteristics, 188 Apr.
Measurements, 251 June

AISBERG, |
Amor, S, W, 542
Anderson, G, P,

BEAUCHAMP, K. .,
Rell, ). A., 31 Jan.
Bennington, T. W, 66 Feb, (Bioy. 77 Feb)
Bettridge, B. K., an. (Bioy. 26 Jan.)
Bloch, A., Buecks, K.E. and Heaton, A. G,
138 Mar.
Charles, 261 June,
259 June)
Brinkley. 0. R.. 103 Mar. (ffiog. 125 Mar.)
Buecks, K. K. with Bloch, A. and Heaton,
A, G., 13~ Mar.

2=7 June

36 Jan.

Bovill. 3063 Aug. (Biog.

CASS, W, R, 536 Nov,
( Bioy.
Cathode Ray,
193 \pr
Iy 3

and Hadfield, R, M.,
. 583 Nav.)
"4 dan,,

ll'{ Ma
245 A\ :

70 Feh.,
>

Channon, R S, 10 Jan.

Chisholm, AL L.

Cocking, \\' T,
621 Dec.

Cockle, A, 217 May

Conway, T. D, 110 Mar.,
Mar.)

Cortield, D. N., 272 June (Biog. 259 June)

n.
LB Ot 55T Nowv

anR Do, (Biog. 125

BIAVIES, beon G,
Dent, H. H 394
* Diallist,”
'.’1)2 Apr.
4068 Aug., 468
Nov., 628 Dec.
bickinson. J. Treeby. 319 daly,
Dummer, G. W. A, Schuler, 8. (.
JO K, H08 Dec.

I=5 Apr.
A

9= Feh.,
304 June,
ept., 526 Oct,,

150 Mar..
354 July .
57n

H23 Oct.
,and Green,

EVERDEN, W, A, 440 Sept,

lh-l'lillmlluu Cathnde Ray.”™ 513 Oct |
H8O Nov,

Reslstances in Parallel, Francis Oakes. 93
Feh,

Scan Linearity-Measuring Instrument. 15 G,
Beanchamp, 36 Ja.

Test anid ) nring Gear, RECM . and
Plivsical Society KExhibitions, 200 aae

Transistorized Megohmmeter, 1. B, Helsdon,
121 Mar.

Universal Meter Shant, A, L.

Chisholm, 35

Jan.
Voltmeter Loading Again (Correxpondence) 14
Jan.

TRANSMISSION AND
COMMUNICATIONS
AM. Versus P M. (Editorial) 101 Mar.
Airtleld Radio, Modern, Ferrviield, 4(,; \l‘pl
Band 111 Test Transmitter, Mullarnd,
European Broadeasting, 592 Dee.
Farnbarough Show 1954, 472 Oct,
Fleming's Transmitting Work, 531 Noy.
Fregueney shitt Radio Felegraphy, Do H. O
Seholes, 129 Mar.

flong Kong Tlarhour Radio, G E.C. 2x9
Juno

1L'T.A. Pelevision Stations (Editarialsy 255
June, 471 Oct

Transmitters ordered, 5'35 Nov.
International Marine V.11 . Rees
Report, 70 Feh,
Luxembonrg Effcet (News) 2
Megawatt I'ricusinitter, UN
Multiplex F.M. Broadeasting,
Radio Teleprinter Terminal,

Rowridge TV ¢ age Map, a3 Nov.
Television Transmitter, 611 Dee.
sShared  Television  Transmitter  Masts
(Editorialzy 255 June, l.l Oct,

Ships' Lifeboat Radio ™ SO, A= July
Skin Effect (Correspondence) (iﬂ Feh.
Small-Ceaft Radio Tustallation, M. LM.C.0

Miee

: ar
BiX lnl\

344 July

Transistor Transmitter, 160-Metre, A, Cockle,
217 Mayv

V.HLF, Broadeasting: B.R.C, Plans, 415 Sept.

- Channel Space  Squandered, J. R,
Brinkley. 103 Mar.
Demonstration Van, 6.15.C. 250 May

AUTHOR INDEX

FERRANTIL, Barry Z. de. 392 Aug. (Hwg.
360 Aug.)
Finn, Sydney 1, 541 Nov,
l‘i AL A64 Nov, (Biog. 533 Nov.)
4.} be t.

100 KFeh,,
306 June,
H28 Oect.,

152 Mar.,
336 July.
hrt

ln-(- (.rnl A0 J.m
204 Apr., 254 M'\\‘,
40~ Auu,. 470 Sept.,
Nov., 630 Dee.

GILLING, BT, 459 Sept.

troodhew, K. ( 91 Dec,

Guttlich, trvin, 34 May (Biog. 233 May)

Green, J. K., with Schnler, S, ¢, and
Pummer, G, W. A, 598 Dee,

HADFIELD, R. M., with Cass, W, R.. 536
Now, 3 Nov

featon, A.
4 l IH Mar,

Helsdon, P B., 20 Jan,,
26 Jan.)

Houlgate, H. 0., 34 July

Howells, J[. )., 237 May (Bioy. 233 May)

Hughes, 1°. P., 359 Aug.

JEWITT, H. S, 86 Feb,,
77 Feb.)

Johinston, D,

Johnstone, G, G, 377 Aug.

KELLY, ., 56 Ieb., 139 Apr.. 275 June, 345
July (Biog. 77 Feb))

LEVELL. DAL 227 May (Biog. 233 May)

Lister, (., 42 Feh.

MOIR, J.,

w.)
AL and Bueeks,
(Bioy.

121 Mar.

609 Dec, (i,

LG

6 Jan. (Bioyg. 26 Jan.)

Morley, B. L., 91 Feh,
Moyse, K. J., with Scott-Taggart, J ., 403 Aug.
OAKES, Francig, 95 Feb., 150 Apr.

Ogilvy, it ., .7.) Now, (Ihuj 533 Nov.y

LO
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Quality (Editorinly 524
pordence) 593 Dec,

Transmissions (News)
Ang.

Very Much at Sea (Editorial) 31 Feb :
(Correspondence) 231 June

Wideband .\;:\]\'nl Communicatlon Receiver
3 JInly

Nov.: (Corres

309 July, 360

VALVES

A0 DL Dangers (Correspondencs) 593 e
Anode mul Cathode (Correspondence) 18 Jan
British Valve Bases BS 44211953, 161 Apr
C.R. Tube, Folded-tp, 12 1.
Safety, W, 1ting, 45
(Correspondence) 127 Mar.
- Sizes, 44 Jan,
Colonr Felevision Tube, R.C.AL, 242 May
Valves, 808 Dee,
Elc(-tri(;it,\-, How Fast is? ** C'athode Ray,' ¢
R
Electron Optic
Film on Valve-)
Foensing Cathode
133 Mar.
lonic or tontic? (Correspondence) 437 Sept
Pith Balls and Grid Current, " Cathode Rav.™
616 e,
Power 'I'ransis!
Reetilication,
Nov,
surface Barrier 'T'ransis<tors,
Symbols,  Current-Souree

dan

* Uathode Ray,’ Feh
wking, Mullard, 213 May
Rays, * Cathode Ras.'

r. 146 Mar.
Cathode Rav,™

S8 Ot | B6h

119 Mar
(Carrespondr-nre)

] Mar, 172 Apr., 325 July

Thermionic Valve Jubilet (News) 411 Sept.,
474 Oct.

Transistor  amd  Valve  Cireuitry, 1 KK
Disenssion, 62 Feh,

-— Mortality, 249 May
Sti'l;!lmﬂlul, Brit. LR.E. Lecture, 204

Jane

Transistors for High Frequencies, 179 Apr

S0 July
—, Home Made, P B, Helsdon, 20 Jan.
Tri-Colour C.RR. Tube, 12 Jan.
Vacuum Lamp Interferenee, * Cathode Ray,”
245 May

Valve Cades, M. 11, N, Potok, 32 Jan.

Valves for Bands 11, IV and V. N
field, 292 June

or

Oshourne, d. L, B6O Apr., 268 June

. 401 Nept.

Jan. (Bioy. 26 Jan
Ieln (Biog. 77 Feli)
141 Mar.

13 Jan. (Biog. 268 Jan.)

113 Mar. (Riou

PATCHETT, ¢
Potok, M. 1.
P’ressey, 1), ¢
Privett, R, F..
Palling, M. ). 1.,

QUARMBY, Raymond B..

125 Mar.)

108 Mar., 169
.lul\ 367 Aag
603 Dec.

RODDAM, Thomas, 52 Fel.
Apr. 214 May, 336
445 Sept., 56T \u\

R., 220 M:n)

.. 180 Apr.. 211 May. 322 Juls,

Rollin,
Russell,

431 Sept.
Russell, O, 1., 505 Oct.
SALTER. J. P45t Sept. (fiog, 412 Sepm )
sSaxton, J. AL 173 Apr. (Biog. 156 Apr.)
Seholes, 1), ll C.o 129 Mar. (Biog. 125 Mar)
Schuler. 8. uith Dummer, G, W. A, anl
{iree n T E, 508 Dee
Seott-Taggart and Moyse, K, )
Seroggie, M. G, 218 May, 2n4 lmu
a7l .\llg.
Selby, R.,
Sheridan,
Sinfield, |
sSmith-Rose, R. L
Spratt, 15, i M,
260 June)
sStratfond, Fo R.W., IR Apr., 501 Oct,
stratford, 1o R. W, and Teesdale, . R .
15 Jan.

TATE, €L,
Teesdale, R
15 dan,
‘Thomasson, b. W, 543 Nov.
‘Tusting, W., 45 Jan., 550 Nov,

, 403 A
339 July,

. ’)4‘) Nov.
F.. 596 Dec.
L 500 Dee,

264 June, 5038 Oct., (B,

496 Oct, (Biog. 475 Oct))
R.. with Strafford. F. R, W |
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Avrial seanner, R.CAD Lightweight Search
Raddar, 286 June

Allehurch, S, K., 533 Nov.,

©Aries,” Small-Craft Radio, 280 June

Barlow, br. 1. 1. M., at Fleming Valve
Juhilee, 356 Dee.

Battersea Polytechnie Eleetrical Engineering
Laborat 1 May

Brinkley, J. R.. Mar,

Broadeast Receiving Licences Graph, 30 Jan.

Clarke, Sit Philip, 35 Dee

Conway, 'I'. 0 Mar

Cooper, Vo e,

Craig, b, 7T Feh,

Electrostatic Radiography, 164 Sept.

Kiropean Televizion Link Map, 321 Jul

Ferranti Laboratory Opening by Duke o1
Edinburgh, 537 Dee,

Fleming-Williams, B, €., 475 Oct,

French Television Test Cand, 261 June

GUE.C.Semi-Conducetor Researeh Laboratory,
474 Oct,

GO, Televigsion Deteetor Van, 176 Oect,

Gillam. ¢ June

Green, K.

ariftiths,

' T6 Feb

PRICE ONE SHILLING

ILLUSTRATIONS

Guided - Misgile Analogue Compntor. 5300 Nov,

Marris, Brigadier L. H., 475 Oet,

Isle of Wight Televidion Coverage Map, 531
Nov,

Jacob, Cdr. €0 Mo 310 Inly

Jergey  Televizion Relay, Reditfusion. 1}
Sept,

Jungfrau Relay sStation Paraboloids, 359

Ang.
Kemp, .4, 232 Mav
Lamp Interlerence, 02 Mar
leak, B, J., 475 Ot
Little, G, 8., 475 Oct,
Maclarty, 13, N, 2
Marconi Spark nemitter ol

Reeeiver, 75 Feh,
Multi-Channel  Telephone  Syatem

Yugosiavi
Mumford, A. H., 77
Oatley, . W., 360 Ang.
Palpatron, H%0 Nov,
Pulling, M. J. L.
Pye Television Aerial, British Trade Fair,
Baghdad, 554 Dee.

Training Yacht, ~ir
College, 258 June

2 May

Coherer

Actials,

Itadar John Cass

Radio Astrowomy o the BEelipse, 313 sept

Riudio Industey Couneil Dinner, 27 Jan.

Radio Teleseope, Ohio State University, w3
Feh,

Radley, br. W, G, 76 Feh,

* Recorder ™ Wireless Room, 333 Nov.

Redifon Radio Installation on " Abraham
Larsen,” 124 Mar,

Richmond, Grp. Capt. R, €', 533 Nov,

Rohertson, Norman €., 76 Feh.

Roving Eye Mobile B.B.C. Television Unit,
155 Apr.

Shoenherg, Isaae, 75 Fel.

short, K., 310 July

Stamford, N, ¢

Nutton, Dr. G0 W 232 May

Technical Writing Prizewinners, R.1.C., 154
Apr.

Television  Society's  Transmitting  Aerial,

25 Jan,

Broadeasting, Coverage Map, 410

Nopt,

. Air Comdre M

ams, br, R, € (., 36

Wymer, I 0 3681 Ang.

VLY

Prnted in England by Cornuall Press Ltd., Paris Garden, London, SE1
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