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licences

Radio

LAST month we entered a mild protest about the
new G.P.O. radio licence regulations, drawing atten-
tion to certain anomalies and irrelevancies. In par-
ticular, we complained that the licence fees charged
for broadcast sound and vision reception in guest
rooms of hotels were excessively high. According to
the regulations, the full domestic fee is to be paid for
each room equipped.

We are now told, in effect, that the “ Statutory
Instrument” under which these regulations were
made must not be taken too literally. The wording
of the Post Office official statement on this subject
is somewhnat vague. but apparently the regulation
applies only to “permanent” residents; most
transient occupants of hotel rooms may be assumed to
have already a licence for their home installations.
And, anyway, the onus of seeing that his set (or
extension loudspeaker) is licensed is apparently on
the guest; not on the hotel proprietor.

What is a ““ permanent ” guest? A person normally
resident abroad is, we belicve, liable to be caught up
in the U.K. tax net after a stay of six months in
this country. It sounds rcasonable, therefore, to
suggest that, after the same period, the hotel guest,
whether British or foreign, might he held liable to pay
for a broadcast licence. But how many people stay in
the same hotel for six months or longer? Not
enough, we should guess, to justify this rigmarole of
the so-called Comprehensive Hotels Licence. The
comparatively rare case of the ‘“permanent” hotel
guest could easily, and administratively much more
simply, have been covered by adding a few words to
the regulations covering ordinary domestic licences.

We are forced to the conclusion that the Post
Office, over-anxious to regularize its position with
regard to the whole question of licences, has rushed
through the new regulations without sufficient
thought. Not only has the hotel licence already
become virtually a dead letter; it has been found
necessary to alter the conditions under which
apparatus for the radio control of models may be
operated. Further, it appears that the terms of the
licence appropriate for this purpose were framed
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without consultation with the bodies concerned.
Indeed, it would seem that the only body of radio
users to express satisfaction with the new licence
regulations are the transmitting amateurs, who, as
reported last month, have been granted some small
concessions.

Teolevision for Posterity

|T is being increasingly borne home to all of us that
in choosing standards for a public television service
we are acting as trustees for posterity. When a system
is once firmly established it becomes, almost inevit-
ably, a standard for all times. At the least, it will
have a profound influence on technical developments
for many decades ahead. All progress tends to be
handicapped by the need for “compatibility ”; the
new system must be able to work with the old.

Even to hint at the possibility of a non-compatible
successor to the present British system has, until
recently, been considered unrealistic, idealistic or
“starry-eyed.” But now there are faint signs of a
revolt against the dogma of compatibility, and a
correspondent whose letter is published elsewhere in
this issue does not hesitate to say *“ it may tie a weight
round the neck of every receiver designer for the next
century.” He refers to compatibility in relation t¢
colour television.

Wireless World has often been impatient when
artificial barriers are put in the way of progress in
the various branches of our art. But, in this matter,
we are on the side of those who believe in making
haste slowly. To start colour television before a
really practical solution of the many technical diffi-
culties has been found would be foolish. A policy of
“anything so long as it is colour ” is to be deplored;
so are irresponsible statements that the public may
expect colour television within a year or two.

In the meanwhile, no effort should be spared in
exploring all the technical possibilities for the future
and in planning, with all the wisdom we can com-
mand, for orderly development of the service.
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SHIPrS-

AN improved kind of kite is one of the accessories of a
rransmitter-receiver for ships’ lifeboats, recently type-
approved by the G.P.O. and Ministry of Transport, which
has been produced by the International Marine Radio
Company. Kites have been used for raising wireless
aerials ever since Marconi’s transatlantic experiments of
1902, but have been genérally considered unreliable: the
new design produced by I.M.R.C. seems to represent a
distinct advance, and is easily launched from the restricted
platform provided by a ship’s lifeboat. The kite flies
well in winds of five or six miles an hour, and, by lifting
an aerial wire to a height of about 200ft, provides a radio-
communication range vastly greater than that attainable
with any practicable mast-supported lifeboat aerial.
During recent tests, daylight ranges of over 500 miles were
achieved with average radiated power as low as 4 watts—
a rather remarkable performance, considering the tests
were carried out in Southamptoa Water, where heavy
interference prevails.

The ILM.R.C. “SOLAS” (Safety Of Life At Sea) set
transmits on the international distress frequencies of
500kc/s and 8.634 Mc/s. There is clockwork-driven
automatic keving for the alarm signal, SOS, and direction-

TRANSISTORS FonR

AN inherent limitation of the first junction transistors was
the comparatively low frequency at which a sudden
deterioration of current gain sets in (the so-called alpha
cut-off). The physical cause of this cut-off is complex,
but is generally accepted as being related, among other
things, to the transit time of current carriers at the base-
tcollector junction.

In practice the frequency at which cut-off occurs can
be increased by reducing the width of the centre base
section of the junction, but this involves expensive manu-
facturing techniques and may have adverse effects on
other desirable paramecters of the transistor.

An alternative method of construction is described by
J. M. Early in the May, 1954, issue of The Bell System
Technical Journal. Essentially it involves the interposi-
tion of a layer of high-purity germanium between base and
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On the left is shown the kite just after launching : at its
normal working height the aerial wire is more nearly
vertical. The fixed inverted-V aerial is carried by a resin-
bonded fibre-glass mast. Above is the SOLAS lifeboat set,
with front cover removed.

finding dash, with hand-keying as an alternative. ‘Tcle-
phone modulauon is also provided. Reception is on
500kc/s only. The set is powered entirely by a hand-
turned generator; an extra crank is provided so that the
work may be shared by two men,

For transmission, the three valves work as master
oscillator, power amplifier and modulator; modulation for
m.c.w. telegraphy is square-wave, giving the wide-band
characteristics desirable for distress calls. The note is dis-
tinctive and readable through interference. There is a
tuning indicator as an aid to adjusting the aerial circuit;
this is needed for obtaining maximum radiation under ail
conditions, as a fixed aerial supported by an 18ft mast is
used as an alternative to the kite acrial.

For reception, two of the valves become r.f. amplifiers
and the third an a.f. amplifier; there is a germanium diode
detector. An external crystal receiver can be provided; this
permits listening without turning the generator.

The set is contained within a completely waterproof
light alloy case which can withstand rough handling. The
spindles of the controls work in waterproof sleeves, so the
gear can be operated in bad weather with the front cover
removed.

miGH reBrQUENCIES

collector, which is described as a depletion layer and has
the attributes of a space charge. In addition to reducing
the effective base-collector capautance and increasing
the reverse breakdown voltage, it also results in an increase
in the mobility of current carriers through this region.
The germanium in this layer is said to have intrinsic con-
ductivity, that is to say, the available current carriers are
not supplemented by donor 1mpurmes (giving negative
electrons, n) or acceptor impurities (creatmg positive holes,
p). Hence the descrlpuon p-n-i-p or its converse n-p-i-n.

Experimental transistors, constructed on this principle
with 0.002-in thick i-type layers, have oscillated up to a
frequency of 95 Mc/s. Theoretically, with improved
materials and geometrical forms, it is stated that there is
a prospect that they may be made to work up to
3,000 Mc/s.
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WORLD OF WIRELESS

B.B.C. in Band 111 + More

Television for  Jersey ¢

and 111 Television

BOTH the component and receiver manufacturing
sections of the industry (tepresented by RE.C.MF.
and B.R.EM.A) have reccommended the standard-
ized usc of a single input of 75 ohms for both
Bands I and III. This is a long-term policy to which
both receiver and acrial manufacturers will work, but
it is pointed out that in the interim there will be some
installations for which two inputs will be neccssary.

It is understood that pulsed test signals in
Channel 8 (186-191 Mc/s) are already being radiated
by the B.B.C. from Sutton Coldficld. Sir Ian Jacob
has said that the B.B.C. is ready to put into operation
its scheme for a second programme as soon as fre-
quencies become available.

B.B.C. Awaits Green Light

ALTHOUGH official approval of the B.B.C.’s plan
to reinforce the present coverage of the Home, Light
and Third Programmec Services with v.h.f. trans-
missions is still awaited, the Corporation is continuing
to place orders for equipment.

A further order for 14 v.h.f. frequency-modulated
transmitters has been placed with Marconi’s. This
brings the total number of transmitters now on order
to 64 (40 Marconi and 24 S.T.C.). With the exception
of two, which will have a power of 10kW, the trans-
mitters will be rated at 4.5 kW.

Since the Government decision that f.m. should be
used for the proposed v.h.f. service, both experimental
transmitters  at  Wrotham have been employing
frequency modulation. The present schedule is Mon-
days to Thursdays 11.15-12 noon, 1-2 p.m. and 2.45-
4.30 p.m.; every day except Friday 6 p.m. until the
close down of the service being radiated. The Home
Service is radiated on 93.8 Mc/s and the Light Pro-
gramme (until 4.30) and the Third Programme (from
6) arc radiated on 91.4 Mc/s.

Tests of tone modulation with various peak
deviations are radiated from 11 to 11.15 and 2.30 to
2.45 (Mondays to Thursdays) on both frequencies.

Industrial Electronies

THE five-day industrial clectronics convention
organized by the BritI.R.E., which opens at Christ
Church, Oxford, on July 8th, has arouscd consider-
able interest in many industrics, including aircraft,
clectrical, film, glass, iron and stecl, motor, oil and
rubber, all of which will be represented.

Thirty-two papers will be presented and discussed
during the six sessions—Industrial Applications of
Electronic Computors (chairman, L. H. Bedford),
Industrial Applications of X-Rays and Sonics (H. G.
Foster), Nucleonic Instrumentation and Application
(N. C. Robertson), Electronic Sensing Devices—
Transducers (Prof. E. E. Zcpler), Process Control
(J. L. Thompson), Electronic Aids to Production (Sir
Walter Puckey). The papers and a verbatim report
of the discussions will be published by the Institution.
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Eleetronies

Transmitters Ordered ¢

Convention and Show

Channel Islands TV

DIRECT reception of the Wenvoe and Alexandra
Palace transmitters will be relied upon for the tcle-
vision “booster” service which the B.B.C. plans to
introduce in the Channel Islands within a year. The
distances between these stations and the receiving
centre to be set up at Torteval on the south-west
coast of Guernscy, are approximatcly 130 and 190
miles, respectively.

The picture received in Guernsey on the alterna-
tive aerial systems directed towards the two stations
will be transmitted by radio link to Les Platons on the
north coast of Jersey—some 20 miles away. There a
low-power transmitter working on 61.75 Mc/s vision
and 58.25 Mc/s sound will re-broadcast a service to
the group of islands. The transmissions will be
horizontally polarized.

Rediffusion is planning to install a television wire
distribution service in Jersev.

Radio Control of Models

THE LICENCE now required for the operation of
radio equipment for the control of models has been
criticized by the Intcrnational Radio Controlled
Models Society, and, as a result of meetings with the
G.P.O,, some concessions have been made and
obscure rulings interpreted.

The maximum ecffective radiated power, which is
the mean r.f. power multiplied by the aerial gain in
the horizontal plane, was originally limited to 0.3 W.
This has now been raised by the Post Office to 0.5W
when working on 465 Mc/s and 1.5 W on 27 Mc/s.

Although no: permitted under the original provi-
sions of the new licence, operation of equipment by
other people under direct supervision of the licensee
will now be allowed.

carl’s Court

PLANS for the National Radio Exhibition (Earl’s
Court, August 25th-September 4th) are going 2head
and the preliminary list of exhibitors totals 107. Of
this number some 40 are manufacturers of domestic
sound and vision reccivers.

The technical training display  will be more
ambitious than in past ycars. It will include sections
devoted to machine-shop practice, components, glass
manipulation, circuitry and acrials. Also the Radio
Trades Examination Board has becn invited to
organize a section illustrating radio servicing.

Electronies Show

THE ninth annual clectronics exhibition organized
by the N.W. Branch of the Institution of Electronics,
will be held at the College of Technology, Sackville
Street, Manchester, from July 14th to 20th.

The cxhibition will be divided into two main scc-
tions—research, composed of displays by universities,
rescarch organizations, hospitals, etc., and commer-

309

www americanradiohistorv com


www.americanradiohistory.com

cial, devoted to the products of over 50 manufacturers.

A programme of 40 lectures has been arranged for
presentation during the cxhibition, which opens at
noon on the 14th and at 10 on other days and closes
at 10 except on the 17th, when it closes at 7.

Tickets are obtainable by sending a stamped-
addressed c¢nvelope to W. Birtwistle, 78, Shaw Road,
Thornham, Rochdale, Lancs., from whom the 100-
page exhibition catalogue, which includes the time-
table of lectures, is also obtainable, price Is 6d.

BIRTHDAY HONOURS

Among those whose names appeared in the Birthday

Honours List are:—
C.B.

W. A. Wolverson, director, )lixternal Telecommunications

Executive, G.P.O.

K.C.M.G.

Major General L. B. Nicholls, chairman, Cable & Wire-

less, Lid.

M.V.0.
Lti. T. D. Grosset, Royal Navy (Shore Wireless Service).

C.B.E.
T. E. Goldup, director of Mullard, Lid. (see * Personali-
ties ™).
O.B.E.

W. E. Cleaver, manager, Cable & Wireless Engincering
School, Porthcurno, Cornwall.

F. M. Colebrook, senior principal scientific officer,
National Physical Laboratory, D.S.I.R. (see *“Per-
sonalities ™).

M.B.E.

F. N. Calver, engincer-in-charge of the Daventry trans-
mitting station, B.B.C.

R. H. ]. Cary, senior experimental officer, Radar Research
Establishment, Malvern.

1. A. Dalgliesh, chief radio officer, British European Air-
ways.

R. B. Hosking, signals officer, Ministry of Transport and
Civil Aviation.

R. D. Lanser, superintendent of radio maintenance,
British Overseas Airways Corporation.

S. H. Lines, general works manager, A, C. Cossor, Lid.

A. I. F. Simpson, senior engineer, General Electric Com-
pany (see ‘ Personalities ™).

PERSONALITIES

Colonel A. H. Read, C.B., O.B.E., who, as announced
in our May issue, recently retired from the Post Office
where he was director of Overseas Telecommunications,

Cdr. C. M. JACOB K. SHORT

has taken up an appointment as Telecommunications
Attaché at the British Embassy in Washington.

Colonel J. D. Haigh was recently appointed director of
Electronics Rescarch and Development (Defence) in the
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Ministry of Supply and promoted acting Brigadier.
He has already served in this directorate (1946-50)
when it was known as the Directorate of Telecommunica-
tions Research and Development. Since October of last
year Col. Haigh has been employed on fuze design at the
Armament Design Establishment, Fort Halstead.

Group Captain P. Allerston, O.B.E., M.1.E.E., recently
appointed manager of the new Equipment Servicing
Department of A. C. Cossor, Ltd., was concerned with the
inauguration of the original Gee programme during the
war. From 1946 10 1949 he was Deputy Director of
Radio Engincering (Air) at the Air Ministry. In his new
post he will be responsible for the installation and main-
tenance, both at home and overseas, of Cossor’s airfield
control radar, Gee ground and airborne equipment and
other radio and radar gear.

Commander C. M. Jacob, D.S.C.,, AM.LLEE, R.N.
(Ret.), recently appointed deputy technical manager of
the Marconi International Marine Communication Com-
pany, specialized in radio and radar during the greater
part of his naval carecr, which began in 1923. In 1939
he was appointed to the Home Fleet as fleet wireless
officer and fleet radar officer. Since the end of the war
he has held a number of shore appointments, including
that of deputy captain-superintendent of the Admiralty
Signal and Radar Establishment.

K. Short, D.L.C. (Hons.), A.M.LLE.E.,, who joined
Truvox during the war and has been chief engineer since
1950, has been appointed technical director of the com-
pany. He studied at Loughborough College for five years,
receiving a first-class honours diploma, and returned to
the college for a further year in 1948.

T. E. Goldup, M.I.LE.E., who has been a governor of
the Ministry of Supply's School of Electronics at Malvern
since 1949 and chairman of the Board of Governors for
the past two years, is among the new C.B.E.s. Mr.
Goldup is a director of Mullard, whom he joined in 1923.
He was a member of the Radio Research Board of
D.S.I.R. from 1950 until March this year, and was chair-
man of the Radio Communication and Electronic
Enginecering Association for J953-54.

F. M. Colebrook, B.Sc, D.I.C, A.C.G.I, who is
appointed an O.B.E,, has been on the staff of the National
Physical Laboratory, Teddington, since 1920. Since 1949
he has been officer-in-charge of the Electronics Section,
prior to which he was deputy superintendent of the Radio
Division. Mr. Colebrook is on the editorial board of our
sister journal Wireless Engineer and has been a con-
tributor to both W.W. and W.E. for the past 30 years.
He is the author of * Basic Mathematics for Radio
Students ™ published from this office.

A, L. F. Simpson, appointed an M.B.E.,, has been
engaged in the design of radio equipment in the Coventry
group of the G.E.C. for the past 19 years. Since the war
he has been leading teams on various government projects,
including one on the remote control of aircraft. Towards
the end of the war he led the engincering team working
on airborne, multi-channel radio-telephone equipment.

Joshua Sleger, who has been in the United States since
the end of 1946, has rcturned to this country and pro-
poses to continue his consulting work in radio and elec-
tronics. From 1930 to 1939 he was with Scophony and
during the major part of the war was principal technical
officer at T.R.E. During his stay in America he has
acted as consultant and directed the research and develop-
ment of acronautical radar equipment and television gear.
He was a member of two of the planning committees of
the National Television Systems Committee, which estab-
lished principles for a compatible colour system. Mr.
Sicger’s address is “ Montcalm,” Cliff Drive, Canford
Cliffs, Bournemouth, Hants.

Stanley Kelly, whose article on piezoelectric crystals
is concluded in this issue, has resigned the post of chief
engineer with Cosmocord, Lid., and has been appointed
technical director of Thames Industries, Ltd., 143, Cannon
Street, London, E.C.4, manutacturers of chemical and
scientific equipment.
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A. W. Montgomery, O.B.E, B.Sc, M.LEE, joint
general manager of Standard Telephones and Cables, has
been clected a Fellow of the American Institute of Radio
Engineers for his * leadership in radio and telecommuni-
cation research in England, and his services in the inter-
national liaison in these ficlds.” During the war he was
cngaged on the development of this country’s defence
teleprinter network and communication equipment.

Fred R. Lesser, formerly overscas sales manager, Good-
mans Industries, Ltd., is now operating on his own account
as representative of manufacturers of radio and electronic
equipment and components. His address is 66, Holland
Park Avenue, London, W.11 (Tel.: Bayswater 6792).

IN BRIEF

Television Licences in the U.K. increased by 51,946
during April, bringing the total to 3,300,838. The number
of broadcast receiving licences, including television and
229542 for car radio scts, totalled 13,455,061.

Receiver Oscillator Radiation.—Reports continue to be
received that oscillation radiation from television receivers
is causing considerable trouble on some of the v.h.f. bands
and it is a pity the Admiralty’s lead in regard to naval
receivers cannot be more widely applied. A rigid require-
ment is imposed in regard to oscillator radiation from
both set and acrial, the specified level being less than
0.1 xV/m at one nautical mile. Incidentally, the Rees
Mace naval set, CAT, described elsewhere in this issuc,
fully complies with this requirement.

Ships' Newspapers.—The jubilee of the first regular
daily newspaper to be published in transatlantic liners was
celebrated by Occan Times on June 4th. Tt was first
published on R.M.S. Campania in 1904 as the Cunard
Daily Bulletin. News collated from many sources is sent
from the London office of the publishers, Wireless Press,
Lid., via the Rugby radio station, and similar dispatches
are sent from New York.

Television as an advertising medium, and the problems
facing advertisers using the medium, are dealt with in a
booklet, * Advertising by Television,” issued by TV Com-
mercials, Ltd., of 35, Portland Place, L.ondon, W.1. The
new company will provide advertisers with technical as
well as programme scrvices for television advertising.
Among the dircctors is Richard Meyer, who was from
1930 to 1940 general manager of the International Broad-
casting Company, organizers of commercial programmes
from Radio Normandy and Radio Luxembourg.

French F.M.—The French broadcasting authority.
Radiodiffusion et Télévision Frangaises, is to introduce a
v.h.f. service based on the Stockholm Plan, which pro-
vides for some 170 French stations in Band Il. Regular
transmissions have been radiated from the new Paris f.m.
station since the end of March. The 5-kW transmitter,
with an e.r.p. of 20 kW, radiates on 96.1 Mc/s.

A further step in the plan to improve the coverage of
the Home Service was taken by the B.B.C. on May 30th
when the permanent 2-kW transmitter at Barrow-in-
Furness took over from the 0.5-kW temporary station
set up some time ago. It radiates on the international
common frequency of 1484 kc/s (202.2 metres).

Television Society.—At the annual general meeting of
the Television Society on May 27th the following were
clected 1o fill the vacancies on the council: C. H. Ban-
thorpe (Derwent Radio); J. I. Etheridge (Cinema-Tele-
vision); H. A. Fairhurst (Murphy Radio); and E. A. Wood
(Radio Rentals).

Radio Industries Club membership stood at 841 at the
end of March—an increase of 47 during the year. The
new president is C. O. Stanley, managing director of Pye,
Ltd.,, and this year’s chairman is R. F. Paynec-Gallwey.

Acknowledgement.—The photograph of the Sir Johu
Cass—the training vessel of the Navigation Department
of the Sir John Cass College—reproduced in our last issuc
should have been acknowledged to Motor Boar and
Yachting.
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Mobile Radio.—The Postmaster-General has set up a
committee to ‘“ examine the practical problems which
the Television Advisory Committee’s first report {on tele-
vision] raises in relation to the mobile radio services.”
The Mobile Radio Committee, as it is called, which is
under the chairmanship of R. J. P. Harvey (G.P.O)), in-
cludes two representatives of the Post Office, Ministry of
Transport and Mobile Radio Users’ Association, and a
representative of marine users. Capt. L. P. S. Orr, MP,
and J. R. Brinkley (Pyc Telecommunications) are repre-
seniing the M.R.U.A. One of the Post Office representa-
tives is C. W. Sowton, who is secretary of the T.A.C.
Technical Sub-Committee.

EDUCATION AND TRAINING

Transistor Course.—Dr. G. N. Paicheit, head of the
Department of Electrical Engineering of the Bradford
Technical College, is giving a course of cight lectures on
the principles and applications of transistors at the college
in the autumn. The fee for the eight lectures, which will
be given on Wednesday evenings from September 29th,
is £1 10s. Students should have reached the standard of
the H.N.C. in electrical engineering.

Radio Recruiting.—A brief outline of the opportunities
open to those who enter the radio and electronics industry
and of the qualifications needed is given in “ Careers in
Radio and Electronics,” a 12-page booklet issued by the
Radio Industry Council. It is for free circulation to
schools and technical colleges, and is obtainable from the
R.I.C., 59, Russell Square, London, W.C.1.

*“ Careers in Engineering,” an 18-minute film made by
the English Electric Company, portrays the training avail-
able to the three grades of apprentice—craft, student and
graduate—through the English Electric group of com-
panies, which includes Marconi’s. The 16-mm sound
film, which is available on loan to technical colleges,
schools, ctc., covers the various branches of engincering
including telecommunications and electronics.  Further
details of the company's apprenticeship schemes are given
in two booklets entitled “ Earning While Learning™ and
* Opportunities for University Graduates.”

Details of Day and Evening Courses in radio, television
and electronics provided by the Department of Telecom-
munications Engincering of the Northern Polytechnic,
London, N.7, are given in the 1954-55 prospectus, which
is obtainable from the secretary.

INDUSTRIAL NEWS

Birmingham's new Engineering Centre at Stephenson
Place, which was opened on June 17th, provides a per-
manent exhibition for the display of engincering equip-
ment. Kelvin & Hughes (Industrial), Lid., are showing
an electronic controller for the regulation of temperature
in furnaces, dyc vats, heat exchangers, etc.

To facilitate rescue operations in the 111 collieries
under the jurisdiction of the N.W. Division of the
National Coal Board, the vchicles used by the mines
rescuc service have been fitted with G.E.C. v.h.f. radio-
communication equipment. Fixed stations have been
installed at Boothstown (the headquarters of the service),
Burnley and Wrexham.

A chain of Decca stations has been erected in the
Sahara Desert to assist in a survey of some hundreds of
square miles for oil.

Marconi Organization.—G. R. Tyler has been appoinzed
manager of the recently-formed Maritime Division of
Marconi's W.T. Company. Hec is succeeded as manager
of the company’s Central Division by R. H. Deighton.
Chief engineer of the new division is J. Watt, B.Sc.
(Hons.), D.I.C. The company's Services Equipment
Division will in future be known as the Radar Division, of
which H. J. H. Wassell, O.B.E., B.Sc. (Hons.), has been
appointed chicf engineer.

Among the four cable ships for which Mullard’s Equip-
ment Division is supplying * Discovery ™ direction-finding
cquipment is the Monarch, being refitted by the Post
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Orfice in readiness for the laying of the transatlantic tele-
phone cable.

Minnesota Mining & Manufacturing Company, whose
products include “ Scotch Boy” sound-recording tape,
have opened a sales officc at 90, Mitchell Street, Glasgow,
C.1 (Tel.: City 6704).

EXPORT NEWS

Colour c.r. tubes are to be manufactured in this country
by a new company—Sylvania-Thorn Colour Laboratories,
Ltd.—which has been formed jointly by Sylvania Electric
Products, Inc., of New York, and Thorn Electrical
Industries, Ltd., manufacturers of Ferguson receivers.
Sylvania’s patents and technical know-how will be avail-
able to the new company.

S.H.F. radio networks, intended for the two-way trans-
mission of 525-line television, arc being supplied by
Standard Telephones & Cables to the Canadian Pacific
and Canadian National Railways. Five unatteaded inter-
mediate_repeaters will link Montreal and Quebec, and
three will link Toronto and London. On the latter chain
two spurs will go to Kitchener and Hamilton. These
radio links can provide up to seven radio channels in
cach direction, and cach of these can be utilized for
carrying a television channel or 600 telephone channecls.

B.T-H. has received a third contract for mobile fire-
control radar from the U.S. Army Europcan Headquarters
Command. This contract, valued at £2.02M, brings the
total value of the three orders to nearly £5M. All the
cquipment is for N.A.T.O. countries.

Marconi-I.A.L. Contract.—By combining their manu-
facturing and planning resources, Marconi's W.T. Com-
pany and International Aeradio, Ltd., have jointly sccured
a contract from the Syrian Ministry of Defence for the
planning and equipment of a complete radio communica-
tions network for the Syrian air force. The contract also
includes v.h.f./d.f. stations and a training school.

Pye v.h.f. radio-telephone instalied in a ** Conveyancer "
truck shown at the Mechanical Handling Exhibition.
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Precision approach radar equipment, which provides
an airfield ground controller with visual and three-
dimensional information (distance, azimuth and elevation)
rclating to an approaching aircraft, is being installed by
Standard Telephones & Cables at the Royal Canadian
Navy's airfield at Dartmouth, Nova Scotia. Similar
cquipment is already in use at two Ministry of Supply
airfields in the U.K,, two air force stations in Holland
and the international airport at Zurich.

N. American Agency Enquiries.—Manufacturcrs of
record changers not already represented in the United
States are invited by the J. M. Zamoiski Company, 110,
South Paca Street, Baltimore, Maryland, U.S.A., 1o send
them particulars of their products. A.P.M., Lid., of 15.
Bacon Street, Moncton, New Brunswick, Canada, wish
to undertake the distribution of British-made tclevision
acrial accessories, including masts. (B.o.T. references
ESB/10817/54, ESB/10807/54).

Exporting Amateur Gear.—The Export Services Branch
of the B.o.T. advise us that W. B. Dismukes, of 125,
Velarde, Albuquerque, New Mexico, U.S.A., would like tc
receive catalogues and price lists of British amateur trans-
mitting and receiving cquipment with a view to acting as
distributor in New Mexico. Further particulars are avail-
able from the Branch at Lacon House, Theobalds Road.
London, W.C.1. (Ref. ESB/13794/54.)

British manufacturers of Television Aerials, covering
the U.S. Channels 2-13 (54-216 Mc/s), and aerial acces-
sories are invited by C. L. Curren of Atlantic Television
Distributors, Ltd., 207, Charlotte Street, St. John, New
Brunswick, Canada, to send him particulars of equipment
by air mail.

Marconi’s recently shipped to Brazil complete sound
and vision equipment for a television station in Sao Paulo.
The installation included four television camera channels,
a vision mixer and associated equipment.

AIDS TO MECHANICAL

MANDLING

CLOSED-CIRCUIT television has a sufficiently promis-
ing future in the industrial field to warrant the commercial
introduction of suitable equipment, This, in the form
shown by Pye at the recent Mechanical Handling Exhibi-
tion and Convention organized by Mechanical Handling,
consists of two units. One is a camecra unit embodying
a miniature camera tube measuring 6in » 1in, operating
on the photo-conductive as distinct from the photo-
cmissive principle; it is known as a Cathodeon Staticon.

Focusing of the image is achieved by moving the tube
and its coil assembly to or from the three-lens turret by
means of gearing operated by an external knob.

The camera is entircly self-contained and includes ail
the tube operating circuits, power supply, pulse gencrators
for the 405-line or 525/625-line standards (there are two
models) and a v.h.f. oscillator which can be modulated
by the picture and pulse signals.

Either a video, or a modulated v.h.f., output can be
taken from the camera, the former for displaying on the
companion picture monitor and the latter for feeding intc
one or more normal television reccivers as required. Video
signals can be taken up to 1,000 ft and the r.f. signals very
much further.

The picture monitor embodics a 14-in tube with light
filter and is a precision instrument designed 10 give a
very high-quality picture.

Scveral of the special types of truck designed for
mechanical handling of materials and the finished product
were shown this year fitted with Pye v.h.f. radio telephone
cquipment. The set used is in most cases the “ Reporter »
which operates on 6 or 12 volts, gives an output of 1 to 3
watts according to which part of the 60- to 185-Mc/s
band it is operating in and employs amplitude modulation.

WIRELESS WORLD, JuLy 1954

www americanradiohistorv com


www.americanradiohistory.com

Developments in

Sound Reproduction

NEW

THOSE who are interested in audio matters and like
to gain first-hand knowledge of new products by
discussion with manufacturers have long been
clamouring for a comprehensive Audio Fair in this
country. Until this comes about, it is necessary for
the enthusiast to attend at least three exhibitions, each
with some restriction either of space or objective, to be
sure of getting a reasonably broad view of what is new
in sound reproduction.

Accordingly, in reporting these exhibitions we
believe that a single review may be of more service
than a series of restricted articles on the individual
exhibitions, and we make no apology for laying the
emphasis on the equipment rather than on the occa-
sion on which it was shown.

Microphones.—A  directional  pressure-gradient
moving coil microphone, Type DPA, has been de-
veloped by Reslosound. It is of all-metal construc-
tion and employs an aluminium-magnesium alloy dia-
phragm 0.0005in thick with a self-supporting coil
working in a 0.02in air gap. Self-damped slit cavities
provide the requisite phase differences between back
and front of the diaphragm, and no absorbent material
is used. A spring-loaded ball joint allows 224 degrees
of movement from the vertical.

In the ribbon (Type MB8) and moving coil (Type
M?7) microphones recently introduced by Film Indus-
tries a semi-flexible metal tube gives instant adjust-
ment to any required position without the necessity
for clamped joints. The diameter of the ribbon
microphone is only 13in.

A new “pencil ” microphone has been developed by
Lustraphone. This is a miniature moving-coil type
for speech and is carried on a flexible tube which can
be fitted to a stand or desk mount It is designed for
speech with a frequency response from 150c/s to
10ke/s +4db. The sensitivity referred to

LE RN

Above: Cosmocord (Acos) Mic 36
crystal microphone.

7 Left: Film Industries Type M8 ribbon
ot microphone.
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PRODUCTS SHOWN AT RECENT EXHIBITIONS*

1V/dyne/cm? is —86db.  Another interesting Lus-
traphone product is a moving-coil microphone insert
(Type C151/HMF) designed to replace the carbon
microphone in standard telephone handsets for use in
v.h.f. communications where reduction of background
noise is important.

The inexpensive Mic 36 series of crystal micro-
phones introduced by Cosmocord (Acos) are of attrac-
tive appearance and can be adapted for stand or desk
mounting. They have an omni-directional response
substantially flat from 30 to 7,000c/s with a sensi-
tivity of —55db referred to 1 volt/dyne/cm’.

G.E.C. are now supplying an inexpensive counter-
balanced boom for use with their ribbon microphone.

Pickups —A diamond stylus is standard in the
latest moving-coil pickup developed by H. ]J. Leak.
The response is claimed to be within +1db from 40
to 20,000cs. On long-playing records the high-fre-
quency resonance is 21kc/s +2kc/s and, on the
shellac, above 27 kc/s. The low frequency resonance
is 20c/s +5c¢/s. Output is 11mV per cm/sec recorded
r.m.s. velocity. Playing weights are 5-6gm on 78
r.p.m. and 2-3 gm on long-playing records.

A new super-lightweight (Mark II) pickup by
A. R. Sugden (Connoisseur) works on the moving-iron
principle and employs a diamond stylus. The mass of
the armature is only 5 milligrams and the top reso-
nance on vinylite is in the region of 20-21kc/s. The
stylus tip is constrained longitudinally but sufficient
vertical compliance is provided to overcome pinch
effect, and to prevent damage if the head is accident-
ally dropped on the record.

Goldring, who have for many years specialized in
the design of electromagnetic pickups, have intro-
duced a “wvariable reluctance” (moving iron) turn-
over head of small size in which exceptionally wide
gaps reduce non-linearity distortion. The permanent

- B

®

'-L_.- !

Goldring variable reluctance magnetic pickup.

* Radio and Electronic Component Manufacturers Federation,

April 6th to 8th; Association of Public Address Engincers, April 28th
and 29th; British Sound Recording Association, May 22nd and 23rd.
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magnet is placed between the sockets of the cantilever
styli which form part of the magnetic circuit. The
coil arrangement cancels any hum picked up from
uniform external fields.

The HGP39/1 heads now available for the GP20
Cosmocord (Acos) pickup are designed to track any
accelerations which can be cut on commercial records

BARIUM TITANATE __—
ELEMENT

Acos accelerometer.

with a playing weight not exceeding 8gm. The sen-
sitivity of the Rochelle salt crystal element gives an
output of the order of 1 volt on standard and 1/3
volt on microgroove records.

A piezoelectric pickup (GCE3) using ceramic
(barium titanate) elements has been developed by
Garrard and will be supplied if required for extreme
tropical conditions. Acos also are actively interested
in all applications of barium titanite materials and
have produced a neat accelerometer unit, with this
substance as the pressure element, for use in ballistics
research and many other applications. It is capable
of withstanding and recording accelerations up to at
least 3,000 g.

Gramophone Turntables. — The latest Plessey
record changer will play 10-in and 12-in records

Garrard Model 30! transcription motor.
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mixed, and has three turntable speeds. Attention has
been given to reducing the time of changing, and
since the unit is designed to take long-playing records,
a lightweight pickup is fitted.

For the reproduction of high-quality long-playing
records a turntable mechanism of more than average
quality is a necessity, and to meet this demand Collaro
have introduced the Model 2010 which has a heavy
turntable and large main bearing. Two types are
available, one with a pickup arm capable of accom-
modating records up to 16in diameter.

The Garrard Model 301 transcription turntable
has been re-tooled and will be in quantity production
soon. The main bearing is machined from cast phos-
phor bronze and is pressure grease lubricated. Spring
mounting for all controls as well as for the induction
motor itself has been adopted to cnsure that vibration
is not transmitted to the pickup. An interlock be-
tween the main switch and speed change control
ensures that the intermediate friction drive wheel is
not damaged by excessive slip. Another recent pro-
duct of Garrard is the Type LRS2 large record
spindle, designed for use on RC110 and RCI11 record
changers with 7-in, 45 r.p.m. records with 11-in centre
holes.

The Swiss-made Thorens three-spced motor
(ES53PA) is now available in this country through the
Lowther Manufacturing Company.

Amplifiers.—Many cxcellent new high-quality
amplifiers have made their appearance, usually in
conjunction with comprehensive tone-control units
for the various recording characteristics used by
record manufacturers.

In the Quad II amplifier made by the Acoustical
Manufacturing Company, push-button sclection of
four main characteristics is provided, and other
variants can be obtained by using permutations of
two or more buttons. In addition, correct impedance
matching for all types of pickup is obtained by chang-
ing plug-in units at the back of the unit. The system
is flexible and will cope with future as well as existing
developments.

Provision is made in the control unit of the Leak
TL /10 amplifier for connection to a tape recorder—
either for recording or reproduction. This feature is
in addition to the usual input connections for radio
and records together with fixed compensating circuits
for the principal disc recording characteristics and
variable bass and treble controls.

Facilities for tape recording and playback are also
included in the RD Senior amplifier and control unit.
This amplifier, which is based on the Williamson
circuit and uses a C-cored output transformer, is rated
at 15 watts for 0.08 per cent distortion and 20 watts
for 0.2 per cent. For 15 watts output the input required
from a microphone is 3mV, from a gramophone
pickup, 6 to 8mV, and from radio, 40mV. An attrac-
tive feature is the translucent illuminated control
panel.

For public address work and for use in hospitals
and schools, G.E.C. have developed an “industrial ”
radio receiver/amplifier with an output of 15 watts.
Connections are provided for microphone or gramo-
phone and separate tone controls are included. There
1s a tuning indicator and a built-in 34in monitoring
loudspeaker. Another new G.E.C. product is an
inexpensive 8-10 watt amplifier capable of giving full
output from a ribbon microphone and with a fader
control for microphone and radio or gramophone
inputs.
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Rogers R.D. Senior amplifier and
control unit.

Quad Il quality control unit.

Trix T635 amplifier for mains or battery.

Four KT66 valves in Class AB1 paralle] push-pull
give a rated output of 100 watts in the Grampian 531A
combined amplifier and pre-amplifier. There are two
1512 microphone inputs, one 0.25M® gramophone and
one 0.22M!? radio input. The Grampian Type MS12
portable a.c./d.c. amplifier is also new. It gives 12
watts for 2 per cent distortion and has inputs for a
moving-coil microphone and a magnetic type pickup.
The weight is 131b.

N.S.R. Manufacturing, Ltd., have introduced a 15-
watt quality amplifier which is based on many years’
experience of p.a. installation work. Compactness and
reliability have been given priority and the controls
and inputs have been reduced to the minimum
essentials.

Neat workmanship and ready accessibility to com-
ponents under the chassis are noteworthy features of
the Trix T635 amplifier, which has been given a speci-
fication which meets the requirements of the majority
of sound reinforcement systems. Normally it runs
from a.c. mains and gives 30 watts output, but it can
also be run from a 6-volt converter unit, when the

WIRELESS WORLD, JuLy 1954

N.S.R. I5-watt quality amplifier.

power output available is 22 watts. The Trix T621
is a 25 (21) watt mains or battery operated amplifier
with a somewhat simpler specification.

Loudspeakers.—Rather more activity than usual
was evident among loudspeaker manufacturers repre-
sented at this year’s exhibitions. Plessey have intro-
duced a high-quality reproducer consisting of a 15in
low-frequency unit combined with an elliptical h.f.
unit mounted coaxially on a bridge across the main
cone—with the major axis vertical to give wide-angle
distribution of high frequencies in a horizontal plane.
This particular speaker will be sold through Amplion
(1932), Lud.

The cambric cone introduced by Whiteley Elec-
trical Radio has proved so successful that it has been
decided to fit it in their 10in and 12in concentric
duplex speakers, as well as in many other units in the
range. A new horn-loaded “tweeter” unit rated at
15 watts, is now available for use in conjunction with
W.B., 12, 15 and 18in and similar moving-coil dia-
phragm types.

The Kérting electrostatic tweeter (described in the
March issue, p. 148) is now being supplied by C. T.
Chapman (Reproducers). Also working on the electro-
static principle is the Type ESI tweeter recently
introduced by Grundig (Great Britain). It:is designed
for frequencies above 5,000¢/s, and for inputs up to
SOV (a.c.) with a polarizing voltage of 250.

A horn-loaded twin-diaphragm moving coil unit

Plessey 15-in dual high-quality loudspeaker.
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Rola-Celestion rear-protected car radio loudspeaker and (right) Grundig

ESI electrostatic loudspeaker.

Elac 4in . 7in elliptical Joudspeaker and (righty Wharfe-
dale 12-in Type 12/CS/AL loudspeaker.

(PM3) with a 2l-kilogauss flux density forms the
basis of the latest Lowther corner reproducer (Type
TP1). There is no electrical cross-over unit and a
smooth transition between the loading of the horns at
front and back of the diaphragm is effected acoustic-
ally by the design of the rear throat chamber. No
bass resonance device is used.

Wharfedale, in addition to their three-speaker
corner cabinet reproducer, were demonstrating a ver-
satile single unit Type 12/CS/AL with a wide fre-
quency range and good power-handling capacity. It
is fitted with an aluminium voice coil and a cloth
surround provides an effective termination for the
cdge of the diaphragm. The flux density of the mag-
net is 17 kilogauss.

A new high-quality loudspeaker, the * Victor,” has
been introduced by Pamphonic Reproducers. It com-
bines a 15in unit with a 16-kilogauss magnet,
operating in a vented chamber, with an elliptical high-
frequency unit mounted to give wide-angle diffusion.

Many manufacturers are now producing small
elliptical loudspeakers for television sets and car
radios where space is restricted. Rola Celestion have
a circular-diaphragm car-radio speaker with a pro-
tected back to minimize the possibility of accidental
finger damage during installation or servicing. This
combine was also showing an attractive range of
shallow miniature moving-coil loudspeakers ranging
from 2} to Sin diameter. The 24in unit has a depth
of only 1}in.

A new “pressure” driving unit (DC30, rated at 30
watts, has been developed by Truvox for use in con-
junction with their exponential horns. Six units are
combined in the LH100 projecto- loudspeaker which
will handle 120 watts over a frequency of 125-7,000 c/s.

In addition to the omni-directional sound diffuser
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Right: Sectional
model of 12-in W.B.
concentric duplex
loudspeaker with
cambric cone.

(DC/77) Goodmans Industries now make a smaller
version (CD/66) with an overall diameter of 12in and
a 6in unit rated at 6 watts peak.

Richard Allan, hitherto known for their cabinet
extension loudspeakers, have now entered the set
manufacturers loudspeaker market with 5-in (6,000
line) and 10-in (8,000 and 10,000 line) dustproof and
tropicalized units.

Tape Recorders.—In the Grundig TK9 recorder,
which is smaller and lighter than the 700L“ Reporter,”
separate fixed heads are used for top and bottom half-
tracks. The tape drive is reversible, and, in conjunc-
tion with switching of the heads, enables both tracks
to be fully recorded without changing over the spools.
With 850-ft of tape the playing time at 33 in/sec is
90 minutes with one break. An automatic brake stops
the tape at the end of each track.

The professional magnetic recording equipment
made by Leevers-Rich, and used by many of the lead-
ing film companies, can be obtained for a.c. mains
operation as well as for use with batteries, and the
Model D will accommodate spools of the N.A.B. or
European standard types up to 1liin in diameter.
Detail improvements have been made in the amplifier
layout, and the chassis can be hinged forward to give
more ready access to the underside. There is a separate
monitoring head, amplifier and loudspeaker, and in the
Type A21B unit a built-in 1kc/s oscillator and level
meter are included for routine checking of optimum
bias, amplifier gain and signal/noise ratio.

The tape mechanism used in M.S.S. recorders is
now available separately as a unit (Model X). In addi-
tion to the normal functions of recording, replay, fast
forward and fast rewind, the control knob has a fifth
“cueing ™ position which simultaneously energizes the
wind and re-wind motors to hold the tape at any pre-
determined place. M.S.S. are now producing their
own tape and are paying special attention to the pro-
duction of a highly finished working surface, for low
background noise and reduced wear on the heads.

A new 7-in plastic tape spool for “ Scotch Boy ” tape
has been introduced by Minnesota Mining and Manu-
facturing Co., with a 2}-in hub for quicker re-winding
and with improved tape anchorage slots.
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The “gear lever ”-controlled tape mechanism used
in the Simon Model SP/1 portable recorder is now
available as a separate unit. An interesting detail is the
use of parallel-action push rods for actuating the tape
pressure pads.

The design of the *“Soundmirror” (Thermionic
Products Model TP445), has been extensively revised
and now includes twin tracks and alternative tape speeds
of 3} and 7! in/sec. A separate mixer unit for two
microphones, radio and crystal pickup is available. The
new “Diplomat” office recording machine, like the
earlier “Recordon” makes use of flexible magnetic
coated discs. It is fitted with a built-in loudspeaker,
but the microphone can also be used for low-level
playback. Facilities are included for using the ampli-
fier as part of an “intercom ” system.

Wright and Weaire ~
Type YD/BF/2 tape
tecorder.

WIRELESS WORLD, JuLy 1954

Leevers-Rich Model D professional
magnetic recorder.

Wright and Weaire demonstrated the many forms in
which their tape deck can be used for entertainment:
or research. A new version of the domestic model will
be supplied with Noval valves and will be known as
Model 2AN. The scientific and industrial Model YD
has been completely redesigned in a more convenient
and compact form and will be known as Model
YD/BF/2.

Truvox gave a comprehensive display of the many
portable recorders making use of their Mark III tape
deck, and were also showing a neat “radio jack” in-
corporating a two-station tuner unit and germanium
rectifier, which, under favourable conditions, enables
broadcast programmes to be received by any audio
amplifier fitted with a standard Post Office type input
jack.

Thermionic Products ** Diplomat *' office recorder.

\ Underside of Simon tape recorder
unit.

“radio ‘ack "’

Truvox
broadcast receiver.
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Simplified Radio

w

it
Teleprinter Terminal

A NEW frequency-shift, dual-diversity, receiving
equipment (generally called a terminal) has been intro-
duced by International Aeradio for operating tele-
printers over radio-communication circuits where a
certain amount of manual control is acceptable. It
should fill the need for a relatively simple installation
for receiving meterological radio reports, press radio
broadcasts and for point-to-point radio traffic not
wholly automatic in operation.

The normal Type “ A” terminal can be operated by
switch selection on any one of five pre-set crystal-
controlled radio channels in the band 3 to 20 Mc/s.
Based on the IAL /Plessey “ Radprint ” equipment, it
consists of two double superheterodyne receivers
working in diversity with the first, or pre-selector as
it is called, giving an output on 2.1 Mc/s which is
converted to 455kc/s in the main receiver for ampli-
fication and demodulation.

The output from the two main receivers, which is
in the form of an a.f. signal, is fed into an electronic
diversity switch which selects the better of the two
signals and completely rejects the weaker. The final
amplifier gives an output sufficient to operate three
teleprinters. A schematic drawing showing the

RECEIVER

COMVERTEA

REYER

4
AHPLITIER

upP 1O 3 I
TELEFRINTERS

Schematic arrangement of the International Aeradio Type
*“ A’ dual-diversity teleprinter receiver.

arrangement of the main items of the equipment is
reproduced here.

A feature of the electronic switch is that the change-
over from one receiver to the other is effected so
quickly that the “mark” signal might be received on
one and the “space” on the other without interrup-
tion or distortion of the printed message.

All the equipment is assembled in a modern 19-in
rack-type cabinet standing 3 ft high and fitted with a
hinged door at the front. The whole is fully
tropicalized.

METAL

OUR report of the R.E.C.M.F. Exhibition (May issue)
may have given a somewhat misleading impression about
metallic film resistors. A sharp distinction should have
been drawn between the metallic oxide type, like those
that were shown by the Ministry of Supply, and the true
metallic film.

On the face of it, the metallic film offers many attrac-
tions, especially in the matter of stability and low noise.
Resistors consisting of metallic films deposited on glass
rods were in fact made commercially in the 1920s, but the
technique then in use did not lend itself to the production
of high ohmic values. A new method, described in British
Patent No. 689,795, is used by Painton and Company in
the manufacture, under the trade name of “ Metlohm,” of
true metallic film resistors in values up to 400,000 ohms.

The manufacturing process consists, briefly, in coating
a glass base with an extremely thin layer of a platinum-
gold solution, firing to bond the metal firmly to the glass
and burn away the unwanted ingredients in the solution,
and then scribe the coated surface by a photo-etching
process to produce a long, thin ribbon-like track.

The actual clements are cut from the parent sheet and
for the {-watt range (MF104) measure 1inx }inx 5 in.
A typical element, fitted with end-connecting wires, has
the appearance shown in the drawing. For protection the
resistors are given an overall coating of Silicone lacquer.

Resistance values range from 25 to 400,000 ohms with

— EE—

A typical etched pattern used on the new metal film resistors
made by Painton.
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tolerances of 1% to 29, and a positive temperature
coefficient of 0.025% to 0.027% per deg C. Over the
normal audio range the noise level is said to be better
than 0.05 #V per applied volt d.c. The shelf-life is good
as after 12 months’ storage the resistance change is less
than 0.29%.

An }-watt range (MF103) with resistance elements
measuring Yinx }inx y5in only is in course of pre-
paration.

THE Association of Public Address Engineers held
its fifth annual luncheon and exhibition in London
recently, at which the principal speakers were A. E.
Mason of the B.B.C., L. W. Murkham, the president,
and A. E. Buchan, the immediate past president. Mr.
Buchan paid tribute to the standards of quality estab-
lished by the B.B.C. over the past 25 years, and drew
attention to the increasing public appreciation of high
quality of reproduction in sound reinforcing systems. In
his opinion the time had come for the establishment of
standards of quality among responsible p.a. engineers;
those who ignored this trend would find themselves left
by the wayside. Mr. Murkham entered a strong plea for
more active participation by users of p.a. equipment in
the work of the Association, which had so far fallen
principally on the manufacturer and founder members.

The exhibition, which was well attended, showed the
products of seventeen firms, and details of some of the
items of interest are included in the report on another
page of this issue. Demonstrations of equipment were a
much-appreciated feature of the exhibition.

After the luncheon, the annual general meeting was
held, at which J. F. Doust was elected president for the
coming year.

Address Quality
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EUROPEAN

Some of the Engineering Problems

in International Exchanges

By J. TREEBY DICKINSON*

lT may be asked, what is the object of the present
series of experimental television exchanges between
cight countries organized by the European Broadcast-
ing Union? First, to seek to determine, under reason-
ably representative operational conditions, the
practical difficulties to be overcome, to establish a
code of good engineering practice and to test draft
specifications for the technical performances of the
different kinds of links. It is also providing an oppor-~
tunity for the concentrated training of operators and
for enabling the officials responsible for programme
production and presentation to obtain first-hand
knowledge of the potentialities and limitations of the
system.

There are, in effect, three phases in the develop-
ment of a European television network. The first,

— —the linking of countries hv-temporary and often trans-

portable radio links provided by the television
authorities and set up for each individual operation;
the second, when permanent interconnections between
neighbouring countries are provided by the tele-
communications administrations of the countries
concerned; and the third, when each country has
adequate facilities for the transit of exchange pro-
grammes over circuits quite separate from those pro-
vided for distributing its own domestic television
programmes.

At present the establishment of a single vision
channel across Western Europe involves the tem-
porary installation of a very large quantity of equip-
ment, often in locations which are difficult of access,
and this material has in general to be temporarily
released from its normal assignments.

The planning engineers would have preferred to
carry out these tests in camera, but the very high costs
involved and the necessity of diverting staff and
equipment from normal programme operations
virtually made it essential to broadcast the pro-
grammes relayed, and, in general, they are being
transmitted by all the eight participating countries.

The operation is probably unique in the field of
broadcasting for the amount of international col-
laboration which went into its organization. It has
involved not only the television engineers and pro-
gramme officials from the broadcasting organizations
of the ecight countries but also engineers of the
national telecommunications administrations who
were required to provide extremely elaborate tele-
phone facilities for carrying the sound components
of the programmes, for the norma! ¢ngineering control
and for programme and engincering co-ordination

* European Broadcasting Union.
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The paraboloid for the normal link with Paris can be seen
at the top of the tower of the Lille town hall, which also
houses the international co-ordination centres. The tower
also carries the paraboloids for the links with Cassel (for
London) and Flobecq (for Brussels).

purposes. One technical principle adopted was that,
where a radio-link crosses an international frontier,
the whole link, including both the transmitter and
the receiver, should be the responsibility of one of
the countries. Either the transmitter or the receiver
would accordingly have to be installed and, in many
cases, manned in a foreign country.

There are, in effect, three television networks in
Europe: —The B.B.C. network of nine stations,
operating on 405 hnes, the composite chain consisting
of four 819-line stations in France, two 625-line sta-
tions in Holland and two in Belgiumt; and the 625-
line network comprising 16 transmitting stations in
Germany, two in Switzerland, nine in Italy and one
in Denmark.

The ultimate object is to have available technical
facilities for relaying television programmes from any
one of the countries to any other, tut the object of
the present series of exchanges is to determine the
practicability of connecting up the existing national
networks into a single entity, so that a television pro-
gramme originating in any one of the countries could
be radiated simultaneously in all the eight countries.

The problem in its simplest terms was to decide
upon the most expedient means of interconnecting
the countries and the most approprlatc locations for

1The two Bdgnn stations use modxﬁed versions of the French
819-line system and of the so-called ‘‘ European ” 623-line system.
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the equipment necessary for the conversion of the
signals from one system to another. From the ex-
perience gained, it is hoped to prepare operating
procedure and suitable performance specifications,
applicable at any rate to the extremely heterogeneous
circuits which will have to be used until permanent
wide-band international interconnections are provided
by the telephone administrations.

From the sketch map it will be seen that, in effect,
England has to be connected to the Dutch-Belgian-
French group and that group to the German network,
which itself has to be connected in the north to Den-
mark and in the south to Switzerland and Italy.
Moreover, each of these connections has to be
two-way.

On the fiith floor of the campanile of the Town Hall
at Lille, the Radiodiffusion-Télévision Francaise has
temporarily converted its only large television studio
in Lille into two International Co-ordination Centres,
one for the programme and presentation aspects, the
other for enginecring matters. The Technical Co-
ordination Centre is equipped with picture monitors
for the three different standards, waveform monitors
and the like, together with direct telephone circuits
to the Technical Control Centres in each of the
eight countries, with a direct teleprinter service for
cxchanging reports and other information.

As the equipment available was all extremely diverse
in design and performance and as there was very little
accumulated experience upon which to draw, it was
necessary to prepare first of all a provisional perform-
ance specification for this operation. This would, it
was hoped, be adequate to ensure the transmission of
acceptable pictures, but would at the same time not
be beyond the capabilities of the large number of
different links in tandem. The main requirements de-
cided upon (principally from B.B.C. recommenda-
tions) included : —

Video pass-band.—The upper frequency response
should be such that the time of rise, measured at any
point of handing over responsibility, for a square
wavefront amplitude representing peak white, does
not exceed 0.3 microseconds, counted from 10 per cent
to 90 per cent of the final amplitude.

Random noise.—Should not exceed 50 per cent of
the sync. pulse amplitude.

Hum.—Should not exceed 15 per cent of the sync.
pulse amplitude,

Synchronization amplitude variation with picture
content.—Variation should not exceed +10 per cent
of synchronization amplitude, between white and black
pictures.

Suppression periods.—The  post-synchronization
suppression period should be at least 5 microseconds.
The tilt should not exceed +10 per cent synchroniza-
tion amplitude.

WHITE LEVEL —-—-—c—

VARIATION
BLACK LEVEL

SUPPRESSION LEVEL™ j
SYNC LEVEL —— - e e e |

A (LONG PULSE)

Standardized test signals used during the experiment.
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Overshoot.—Should not exceed 20 per cent of syn-
chronization amplitude.

Gradation.—Should be linear within 30 per cent,
measured as the difference between the slope at any
point on the reproduced saw-tooth signal, and the
slope of the straight line joining its extremitics.

Pattern interference.—Should not be worse than
~40db in the lower half of the video spectrum or
—30db in the upper half.

Picture black level.—There should be a difference
of at least 5 per cent of the synchronization amplitude
between the picture black level and the suppression
level, to allow deformed sync. pulses to be removed
completely without risk of mutilating the picture
signals, where it is necessary to provide entirely new
sync. pulses to render the signals suitable for onward
transmission. To permit these parameters to be ob-
served and measured with the minimum of difficulty,
the following three standardized test signals were
used (see diagram).

Test Signal A.—This is a flat-topped pulse of the
full length of the line, repeating at line frequency.
After remaining at full-white amplitude for a minute
or two, it is slowly reduced to picture black-level,
where it also remains a little while. It is used to
show up any change of synchronization amplitude
with varying picture content, and also to measure the
overshoot noisc and interference.

Test Signal B.—This consists of one or more
narrow pulses of full-white amplitude. It is used to
show up the time of rise, the overshoot and the differ-
ence between picture-black and suppression levels.

Test Signal C.—This is a saw-tooth of full-line
length rising uniformly from picture black-level to
full-white level and is used to indicate the linearity
of gradation.

In addition to these signals, test patterns of various
kinds incorporating gratings for assessing the trans-
mitted definition are used, together, of course, with
“live” camera shots and films.

The problems on the sound side are too various
to be discussed here, especially as they are organiza-
tional and programme problems rather than engineer-
ing ones.

Few of the engineers were quite prepared for the
very satisfactory pictures which were transmitted from
Rome and Montreaux to all the other countries on
6th June, the day when the series of programmes
opencd, though there were temporary breakdowns.
The last few minutes of the transmission from the
Vatican were marred by picture jumping caused by
surges on the supply mains at Milan, which was then
experiencing a severe thunderstorm.

It is, at the time of writing, too early 1o make any
prediction, but it seems justifiable to say that, apart

B (SHORT PULSE) C (saw-TooTH)

More than one short pulse (B) may occur during the line period.
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from unreliability due to the absence of reserve converters. The results that they are giving, however,
equipment on the various links, the transmission justify the view that normal development will in due
problem appears soluble along the lines that we have  course enable results to be obtained of a quality
adopted. The weak points are certainly the standards  acceptable to the great majority of viewers.
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Television I.F.

Inquiry

Aspects of Receiver Design in Various Countries

By G. Hl. RUSSELL, Assoc.Brit.I.R.E.

[N December, 1952, a questionnaire on television
receiver problems was sent to manufacturers’
organizations in a number of countries by the
European Broadcasting Union’s technical centre.
Replies were received from Belgium, Denmark,
France, Germany, Holland, Italy, Sweden, Switzer-
land, the United Kingdom and the United States of
America at various dates during 1953 and 1954. These
replies are given in a document recently published by
the E.B.U.* This report deals mainly with intermediate
frequency problems but also includes some interesting
information on other aspects of receiver design in the
various countries. The object of the questionnaire was
to ascertain whether any measure of international
agreement could be obtained on specific technical
points, and on the basis of this inquiry the E.B.U.
evidently intends to pursue this admirable objective.

On the subject of choosing intermediate frequencies,
six major causes of interference were listed: second
channel, i.f. breakthrough, oscillator second harmonic,
if. harmonics, oscillator radiation from a nearby
receiver, and harmonics of Band I transmitters appear-
ing on Band III. Respondents were asked to say which
of these they considered most important, and why.
Each country was also required to give intermediate
frequencies in general use and those that will be in
general use in the near future, indication to be given
in each case of whether the oscillator frequency is, or
will be, above or below the signal frequency. The
replies to these last questions are given in the table.

Local Conditions

The replies on the question of interference are, as
one would expect, very much conditioned by local
considerations. For example, whereas Belgium, Den-
mark, Germany, Holland and the U.S.A. consider
second channel interference as the most important,
Italy places it about third on the list, claiming that the
disposition of her transmitters effects a considcrable
alleviation of this problem. On the other hand, Ttaly
is very worried about the effects of the harmonics of
the f.m. sound broadcasting stations. Another example
of local thinking occurs over the question of i.f. break-
through, considered to be the most important source
of interference in Sweden and the U.K. but the least
important in Holland. The reason for Sweden’s fears
is that public-services transmitters operate in the
recommended if. bands. France is very pessimistic
about the whole problem of interference, stating, quite
correctly, that no i.f. will give complete immunity and
that the solution lies in that elusive talisman, :nter-

* Document Tech. 3062. * Enquéte de I'U.E.R. sur le choix
des fréquences intermédiaires dans les récepteurs de télevision (et
questions connexes).” Not available to the general public.
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national agreement. No opinions are expressed on the
relative importance of the six sources of interference
listed. There is a private contribution to the docu-
ment from Britain and in this the analysis of the
problem and the conclusions reached are similar to
those published in Wireless World recently.* One of
the more surprising results obtained from an examina-
tion of the answers is that oscillator radiation is con-
sidered of so little importance. No one, except the
U.K.,, places it higher than fourth in importance, the
majority rating it as fifth or sixth.

Some information is given on oscillator radiation in
America and this country. The limits proposed by
R.E.-T.M.A. (Radio, Electronic and Television Manu-
facturers’ Association) in the U.S.A. are 50uV/metre
at a distance of 30 metres from the receiver for Band I.
The corresponding figure for Band III is 150uV/
metre. Elsewhere in America, a figure of 154V /metre
has been proposed as both desirable and practicable.
The B.R.E.M.A. limits are also quoted. To show how
far the industry is from achieving these limits, results
of measurements of receivers are given. Receivers
measured in America at various periods in 1950, 1952
and 1953 gave between 63 and 7624V /metre at a
distance of 30 metres from the receivers on Bands II
and ITI. A British receiver is quoted as having given
8901V /metre at a distance of 10 metres from the
receiver instead of the recommended 20u1V/metre.
The American manufacturers, having placed oscillator
radiation as fourth in order of importance, evidently
do not see eye to eye with the F.C.C, as that body
considers the radiation problem so serious that they
have threatened legislation if manufacturers do not
conform to the recommended limits.

It is only to be expected that at u.h.f. all forms of
interference are intensified owing to the difficulty of
providing adequate pre-selection at these frequencies.
Representative oscillator radiation figures lie between
512 and 2,840 uV/metre at a distance of 30 metres
from the receiver at frequencies between 375 and
810 Mc/s. The difficulties at u.hf. of providing
adequate protection at the receiver against interference
have been recognized in the U.S.A. and a solution has
been adopted which provides protection by
frequency allocation. It is based upon the standard
i.f. (41.25 and 45.75 Mc/s sound and vision carriers
respectively) and a standard channel separation of
6 Mc/s. This frequency allocation system operates as
follows :

(a) Protection against oscillator radiation: trans-
mitters 7 channels apart (42 Mc/s) must be separated
by at least 60 miles. .

(b) Protection against second channel interference

* ““Two-band Television Receivers,” by G. H. Russell, April, 1954,
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(sound and vision); transmitters 14 and 15 channels
apart (84 and 90 Mc/s) must be separated by at least
60 and 75 miles respectively.

(c) Protection against if. beat interference: trans-
mitters 8 channels apart (48 Mc/s) must be separated
by at least 20 miles.

(d) Protection against intermodulation interference :

transmitters 6 channels apart (36 Mc/s) must be
separated by at least 20 miles.
LF. beat interference refers to a situation where two
signals beat together to produce an interfering signal
whose frequency is equal, or close to, that of the inter-
mediate frequency. For the parameters chosen this
can occur with transmitters 7 or 8 channels apart.
The former was covered in (a). Intermodulation in-
terference occurs when two signals beat together to
produce an interfering signal whose frequency is
equal or close to that of the signal being received.

Systems in Use

It may not be generally realized that five television
systems exist in western Europe to-day. First of all
there is our own 405-line system. Next comes the
C.C.LR. system, used by all the countries of western
Europe which have television except Belgium, France
and ourselves. This operates with 625 lines, negative

picture modulation, f.m. sound, 5.5-Mc/s spucing be-
tween sound and vision carriers and 7-Mc/s channel
width. Then there is the French system, operating
with 819 lines, positive modulation, a.m. sound, 11.15-
Mc/s spacing between sound and vision carriers and
14-Mc/s channel width. Lastly comes Belgium with
two systems: a French service which operates with
819 lines and a Flemish service with 625 lines, both
with positive modulation, a.m. sound, 5.5-Mc/s
spacing between sound and vision carriers and 7-Mc/s
channel width. A further complication lies in the
fact that in the French system the relative positions
of the sound and vision carriers are inverted as com-
pared with the C.C.I.R. and Belgian systems.

This poses some rather pretty problems in the
frontier regions of Europe and particularly in Bel-
gium where, depending upon the geographical loca-
tion, it is possible to receive alternative programmes
from France, Germany or Holland. A demand for
multi-standard receivers evidently exists in all these
countries, but not in those which are separated from
countries using other systems by long distance or by
mountainous terrain. The provision of a multi-
standard receiver may testify to man’s ingenuity, if
not to his gocd sense, but the reader can judge for
himself. Here are some of the replies, summarized,
which were received in answer to the part of the

Table of intermediate frequencies in current use and those that it is expected will be in general use in
the near future.

Intermediate Frequencies In Future Intermediate
Current Use Frequencies
| |
‘ Position of Position of
Country | Vision i.f. Sound i.f. Osc. Vision i.f. Sound i.f. Osc.
(Mc/s) (Mc/s) relative to (Mc/s) (Mc/s) relative to
Signal Signal
‘ Frequency | Frequency
Belgium .. .. .. 4175 | 36.25 Above and —_ — —
| 25.5 20 below ‘
Denmark .. S .. i Below 25
41.75 36.25 Above
39.75 | 34.25 Above 39.75 34.25 Above
R o T e 28 gg Sound i.f. lower than vision i.f.
gg gg Sound i.f. higher than vision i.f.
i} ]
Germany About 25 | e Above | 38.9 33.4 Above
Holland 235 [ 18 Above ' 38.9 33.4 Above
| Traly o0 50 50 25.75 20.25 Above '
| 45.75 | 40.25 Above 45.75 40.25 Above
Sweden o 235 | 18 Above _ _ _
| 39.5 34 Above
Switzerland o .| 235 18 =
: 39.5 34 — 39.5 34 —
United Kingdom 12—13 — Below (
16 = Above —_ _ -_
34 —_ Above
U.S.A. .. .. .. | 2575264 2125—21.8| Above |
l 45.75 41.25 | Above 45.75 41.25 Above
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questionnaire concerned with receiver design and
performance.

Belgium.—Nine-channel receivers are being manufactured
capable of operating on four systems. A 12-position tuner
is fitted but only nine positions are actually used. The tuner
is provided with a fine tuning control. The wavechange
switch automatically sclects the system appropriate to the
station being received; c.g., for German stations the receiver
is automatically switched to negative picture modulation and
f.m. sound. Only the line frequency is controlled indepen-
dently. This must be so because Belgian transmitters are
arranged to work with either line frequency in the event of
relayed programmes. It is not clear how the differences in
bandwidth requirements between the French systems and the
rest are brought about, but it is mentioned that one Belgian
manufacturer fits an cxtra switch which varies the if. pass
band from 5.5 to 11.15 Mc/s. Sensitivity is 10-15 xV for
Band I and 20-50 «V for Band IIl. Input impedance is 75

Denmark.—In practice, there are no receivers available
capable of receiving all the C.C.I.R. channels, but 50 per cent
of Danish receivers arc fitted with a turret tuner in which
it is a fairly simple operation to insert coils corresponding to
any of the channels. The majority of the other receivers in
use are of the single-channel variety with space provided for
a similar tuner. The insertion of new coils into an existing
turret costs two to five per cent the initial cost of the
receiver, and the fitting of a tuning unit 10 to 20 per cent.
In either case it is necessary to return the receiver to the
dealer or the manufacturer for the work to be carried out.
It appears that the majority of customers prefer the single-
channel receiver once they know that they can have the tuner
fitted if required. One * straight” receiver was being made
in Denmark in 1952: all others are superheterodynes with r.f.
stages. The sensitivity of the single-channel receiver is
200-300 #V and the multi-channel 30-75 «V  Most aerials are
of the two-element variety with 70-2 coaxial feeder.

France.—As at prescat only a onc-programme television
network is visualized for the whole of France, French manu-
facturers consider that the most useful receiver would be
single-channel with ecasily interchangeable coil-deck. If the
customer moves to an arca which is served by a different
transmitter from that to which the receiver is tuned, the coil-
deck can be changed in his home at an estimated cost of five
per cent of the original cost of the receiver. Although it is
possible that at some time in the future a second programme
may be available, the public do not appear to be unduly
worried about the prospect. For the frontier regions it has
been suggested that a receiver similar to the Belgian might
be an answer, but the matter is still under consideration.
In the meantime, a receiver has been built for the Strasbourg
region (where it is possible to receive German programmes)
which employs two separate if. amplifier chains; one using
37.6 and 26.45 Mc/s for vision and sound, the other with
28.5 and 23 Mc/s. The inversion of the vision and sound
carriers is presumably carried out by placing the oscillator
above or below the carrier frequency. One or two r.f. stages
are employed and a fine tuning control is provided on all
receivers. Proposed sensitivities - are, for Band III, better
than 5004V for “standard” receivers and better than 50xV
for “ fringe ” receivers (759 input impedance). These figures
are quoted for 10V peak-to-peak output at the tube when
the signal is 30 per cent sine-wave modulated. Sensitivity
requirements for Band I have yet to be determined.

Germany.—All receivers except one are multi-channel. All
employ an r.f. stage and a fine tuning control. The majority
are switch tuned. Some receivers are made for Band III
only, but can be converted to Band I if returned to the
factorv. No provision is made for other systems of trans-
mission, and it is not made clear whether a demand for such
receivers exists. Average sensitivity for 30db signal-to-noise
ratio is 200-5004V. Input impedance js 24002, The standard
aerial is a half-wave folded dipole with reflector and director.

Holland.—Recceivers actually on the market are of two
types: a four-channel version for Band I only and a 10-
channel version for Bands I and IIl. All have a tuned r.f.
stage, and continuous tuning is provided in conjunction with
a turret switch. Sensitivity figures are given for ‘regional”
and “sensitive” models as follows: 500 #V on Band I and
650 »V on Band III for the first, and 50 »V on Band I and
100 #V on Band III for the second. It is proposed to improve
the sensitivity of the * sensitive” receiver in the future to
15 nV for Band I and 25 »V for Band III

Italy.—Reccivers being made in Italy operate on five
channels between 61 and 216 Mc/s. It is possible that when
the final disposition of Italian transmitters is known, single-
channel receivers will be made on a limited scale for certain
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areas. Most receivers are superheterodynes with r.f. stage,
switch tuning and fine oscillator tuning control. Sensitivity
figures are quoted for 20 db signal-to-noisc ratio and 20V
peak-to-peak at the tube as follows: 150-200 »V for Band I
and 250-350 »V for Band III. Input impedance is 3009.
Nearly all receivers use the intercarrier-sound system.

Sweden.—As the Swedish tclevision service is still experi-
mental practieally no receivers of Swedish manufacture exist.
Imported models have a 10-channel tuner. This is another
country for which only one programme is visualized. Never-
theless, it is felt that many receivers will require at least two
channels, as it may be possible in certain areas to receive
foreign programmes; e.g., in the south from Denmark. To
combat oscillator radiauon an rf. amplifier is considered
necessary, even on a simple receiver. It is expected that the
following will be the sensitivity requirements. Single-channel
receivers: 200 ¢V for Band I and 500 »V for Band IIl
Tunable receivers: 30-60 #V for Band I and 50-100 sV for
Band III. These figures are for 3V output at the tube when
the signal is modulated 30 per cent. Owing to the existence
of large numbers of blocks of flats in the towns communal
aerials will be largely used. It is intended to provide high-
power transmitters for densely populated areas to permit the
use of indoor aerials. Communal aerials erected on adjacent
high ground are recommended for remote villages.

Switzerland.—The Swiss television service was still in the
experimental stage when the replies to the questionnaire were
sent. These are, therefore, rather in the nature of recom-
mendations than an expression of fact or opinion. It is ex-
pected that single and multi-channel receivers will be in equal
demand. Recommended acrials are similar to those in use
in Germany, except that 60% unbalanced feeder is given as
an alternative to 2401 balanced.

U.S.A.—AIll v.hf. receivers have |2-channel tuners. Most
employ switched channels as this is the method of tuning
preferred by Americans. During the first six months of 1953,
15 per cent of all receivers manufactured had a u.h.f. band.
By the end of the year this type of receiver had reached 40
per cent of total production. Two methods of u.h.f. opera-
tion are in use. One uses a tuner which converts directly
to the receiver if.; the other has a converter which turns
the receiver into a double superheterodyne, one of the v.hf.
channels being used as the first if. A large number of
receivers are being used with separate tuners or converters
which cost_between $10 and $50. Two methods of u.hf.
tuning are in use. One employs a turret switch with a fixed
number of positions; the other is a continuous tuning system.
With the turret switch method, channels can be changed by
changing the coils—an operation that can be carried out in the
customer’s home without the use of a soldering iron. As
there are 70 u.h.f. channels, continuous tuning systems are
favoured by the manufacturer, if not by the customer. R.F.
amplifiers are always used at v.h.f. but rarely at u.h.f. Most
receivers have a sensitivity of 70 »V; lhe.u.h.f. ﬁgpre is a
little higher than this. At this level noise is perceptible, but
the picture is considered acceptable. The majority of the
receivers are used with indoor aerials or with s.mgle—elenj.em
dipole aerials mounted on the roof or in the attic. In fringe
areas folded dipole aerials with reflectors mounted at a height
of 50-100ft are usual.

The French reply also contains some interesting
information on the aerial situation in that country.
Until September, 1953, landlords had the right to
oppose the erection of aerials on their premises and
evidently used it, for on that date an edict was pub-
lished decreeing that television and radio are, like
the telephone, public services. As such, the land-
lord cannot (under certain conditions that have yet
to be determined) object to the installation of an
outdoor aerial. Nevertheless, this evidently does not
solve the problem, as the French nation, being both
practical and artistic, dislikes outdoor aerials, partly
because of their cost and partly because of @sthetic
considerations. Technical problems still to be solved
are those relating to multi-channel, multi-directional
aerials and communal outdoor aerials, which raise
judicial and administrative problems as well. Some
communal aerials already exist in Paris, but it is felt
that television development in France will depend to
a great extent on the ability of receivers to operate
satisfactorily with indoor aerials.

On the question of whether any provision is being
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made in receivers for the reception of colour tele-
vision, all countries answered negatively except
America and, surprisingly, Sweden. It appears that,
as the start of a television service has been so long
delayed in Sweden, it may well come about that
monochrome and colour television will be introduced
almost coincidentally. One of the modifications sug-
gested is that the if. bandwidth be reduced by onc
megacycle to reduce the possibility of interference
from the colour signal to monochrome receivers.

To the question of whether it would be possible to
standardize the phase distortion in receivers so that a
pre-correction could be made at the transmitter,
answers ranged from a downright “ no” from Belgium
to an enthusiastic “ves” from Sweden. America
considers it a possibility that such an arrangement
might be introduced for colour television.

In the “conclusions ” to the E.B.U. document, part
of an editorial in Télévision by E. Aisberg is quoted:
“A radio receiver can be used practically any-
where in the world. In revenge, a television receiver
must be made, if not for each transmitter, at least for

LETTERS TO

each country.” When it is remembered that one more
television system exists in castern Europe, making a
total of six for Europe alone, for the present, one
can only add that television’s revenge has been
remarkably complete. The situation may yct be
saved when Europe embarks upon Band IV and
colour television, and we must surely all hope that
the efforts of organizations such as the E.B.U. will
be crowned with success when they attempt to obtain
international agreement on these matters. Unfortu-
nately, while all countrics are in full support of inter-
national agreement, they arc all very vague as to the
method of attaining it. The situation is best summed
up by Sweden’s succinct observation that the possi-
bility of such agreement “seems utopian.”

In the meantime, perhaps the one redeceming feature
of the present diversity of systems is that it possibly
makes engineers’ lives more interesting. In conclu-
sion, one cannot help remarking that it is a great pity
that the mainland of Europe did not adopt a certain
well-tried system which uses 405 lines, positive modu-
lation, a.m. sound, etc., etc. .

THE EDITOR

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

Transistor Symbols

WITH regard to letters in your March and April
issues by F. Oakes and Henry Morgan on symbols
for transistors, I enclose a copy of a DRTE/EL
Memorandum* on the subject.

There is a small group at the Electronics lLabora-
tory of the Canadian Defence Research Telecom-
munications Establishment, under N. F. Moody,
which has been working on transistors for some time.
We have adopted this coavention for our own
publications, particularly because it contributes to
our understanding of the operation of circuits.

You will note that our convention has been
developed from the electrical function of transistors
rather than their mechanical form. Mr. Morgan’s
symbols represent the mechanical form of a diffused
junction, or alloy transistor, and would not suggest a
grown junction or surface barrier.

Since the enclosed memo. was written I have seen
several other conventions used. Some of these use
features of ours, and the trend seems to be towards
one like we suggest.

I feel that the convention suggested in the memo.
is a logical beginning from which symbols for new
semi-conductor devices can grow.

Ottawa, Canada. P. M. THOMPSON.

[* The following is an cxtract of the relevant part
of the memorandum.—Eb.]

“ 4 Logical Convention Based on p-n Junctions.

“Jt is well known that a junction rectifier or diode con-
sists of a p-n junction, a junction transistor of two such
junctions, and compound transistors of several. Also the
impedance characteristics of the emitter of a junction
transistor are those of a diode polarized in the forward
direction, and the collector of a diode polarized in the
reverse direction.
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“ There is an accepted symbol for a rectifier, as shown
in Fig. 2 (@). It is suggested, therefore, that they should
be drawn as combinations of these rectifiers. This leads
to a convention for drawing transistors as shown in Fig. 2.
The p-n junctions are shown as they are in the standard
rectifier convention, and the emitters are shaded, or could
be marked with a dot.

“A point transistor may be regarded functionally as a
p-n-p transistor with @ > 1, and hence the base current
flowing the opposite direction. It can also be considered
as consisting of two point diodes.

“Diodes or rectifiers are commonly drawn either as
shown in Fig. 2 (a) or in Fig. 3 (a). It is suggested that
Fig. 2 (a) should represent a junction diode, while the

(a) (b) () (d)
Fig. 2. A convention for junction trans-  (a) (b)

istors. (a) rectifier, (b) p-n-p trans-
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(e)

istor, (c) n-p-n transistor, (d) p-n-p-n
compound transistor, (e) p-n-p sym-
metrical transistor.

Fig. 3. A convention for point trans-
istors. (a) rectifier. (b) transistor.
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LETTERS TO THE EDITOR .

use of Fig. 3 (a) should be confined to point diodes. The
above convention for junction transistors can be modified
for point transistors as shown in Fig. 3.”

British Colour Television

I THINK all engincers will agree that the Americans
have earned the admiration of the technical world
for the vast effort which has been put into their colour
TV. And the result of all this effort has meant that
a colour TV system has been evolved which can only
be rivalled in complexity by those mysterious units
installed in every automatic telephone exchange. In
spite of this complexity, however, man’s ingenuity has
been stretched to a remarkable degree, and the system
is capable of transmitting a colour picture from A to
B. That is, of course, if one has unlimited financial
resources and one or two skilled engineers are
supplied with each receiver.

At some time in the future we must make a deci-
sion in this country as to the exact colour TV system
which we shall inflict on our children and grand-
children. Without a doubt, once the receivers are
sold we cannot change the system. It must therefore
be a good system. With no colour service in opera-
tion the way must surely be obvious. The engineering
profession and the various technical committees must
not be subject to pressure from anywhere during these
early colour TV decisions. They must not be
panicked into thinking that any colour picture is
better than none.

Here is a chance that will not occur again. The
scanning standards must be reviewed. The u.h.f.
bands must be considered. Due consideration must
be given to the wonderful work done by the N.T.S.C,,
but this must not be allowed to affect our own

continued

approach to the problem. To make the system com-
patible may tie a weight round the necks of every
receiver designer for the next century—so is it worth
it?

The N.T.S.C. systemn has several disadvantages, all
of which have been fairly stated in the published in-
formation. The one major handicap to my mind is
that “it doesn’t seem the way to do it.” (I would
hasten to add that I have no other workable solution!)
In the past all major technical achievements have been
finalized in a workable form in much the same way
as had been predicted as a “dream solution” prior
to the final realization. - Dare we also anticipate the
way to do colour TV? With one pick-up tube and
the c.r.t. of the future that changes its colour accord-
ing to a potential applied to an electrode (see “The
Chromoscope.” Proceedings of the National Elec-
tronics Conference, 1947, p. 549).

The engineer who works all day at his bench and
who specializes in one branch or another may tend to
lose sight of the larger goal which must be sought.
Colour TV is desirable because at present there is
something missing. That in itself is a challenge.
That something may or may not be worth while, and
indeed the colour picture will not be worth while if
the resulting receiver is not a practical proposition.
After all, surely that is what we must keep in mind.
Whether we like it or not the real reason why anybody
buys a TV set is to have a box in the corner that gives
pleasure and entertainment to those who watch the
screen.

Television, we are always being told, is a family
affair.  There is little doubt that all colour TV
designers should remember this. Receivers at £250
to £300 will not sell—not even in America.

Carshalton, Surrey. CHARLES A. MARSHALL.

COMMERCIAL

Five-core Solder giving quick release of flux; brief technical
details in the 2nd edition of “ Modern Solders,” an illustrated
booklet from Multicore Solders, Hemel Hempstead, Herts.

H.T. Transformers; a leaflet giving specifications with the
unusual feature of listing d.c. output voltage with current and
the d.c. regulation for a given transformer, valve and capacitor
combination. From Radford Electronics, 149 Newfoundland
Road, Bristol 2.

Record Storage Cabinets in polished walnut, with top large
enough to take a receiver or record player.. Leaflet from
Whiteley Electrical Radio Co., Victoria ~Street, Mansfield,
Notts.

Miniature Soldering Iron for 2.5-6 V supply a.c. or d.c.
With 4-V transformer (also available) the heating time is 6
seconds. Leaflet from Arthur Gray, Ltd., 150-152 Charing
Cross Road, London, W'.C.2.

Marine Broadcast Receiver (Cameo Senior, model RM215);
.a 5S-valve superhet covering long, medium, trawler and short
wavebands.  Specification and descriptive leaflet from Rees
Mace Marine, 11 Hinde Street, Manchester Square, London,
w.1.

Vacuum Pumps (03 and mercury diffusion types), silicone
pump fluids, leak detectors, ionization (fauges and other
vacuum equipment described in illustrated technical leaflets
from W. Edwards & Co., Manor Royal, Crawley, Sussex.

Superhet Chassis with gramophone connection, bass and
treble controls and push-pull output giving 8 waus. Specifica-
tion on a leaflet from Tape Recorders (Electronics), 3 Fitzroy
Street, London, W.1.
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Automatic Mains Voltage Regulator, using motor-driven
variable auto-transformer, with stabilization of within +19%
for input variation range of 50 V. Max. load current 22 amps.
Illustrated leaflet from Airmec, High Wycombe, Bucks.

Digital Computor of plug-in unit construction with 550
valves, punched-tape input and typewriter output. The digit
rate is 333,000 per second and the power consumption 6 kVA.
Specification and brief description from Elliott Brothers
(London), Century Works, London, S.E.13.

Anti-vibration Mounts for airborne equipment, with air
damping and non-linear springs giving substantially constant
natural frequency (8 ¢/s) with varying loads. Catalogues from
Cementation (Muffelite), 39 Victoria Street, London, S.W.!I.

Power Rheostats, toroidal wound, in five sizes from 25 to
150 watts and interchangeable with certain American types.
Illustrated brochure of technical data from the British Electric
Resistance Co., Queensway, Enfield, Middlesex.

Marine Radar Operation; a brochure on the Marconi
** Radiolocator 1V ™ giving a pictorial explanation of the con-
trols to avoid frequent reference to the detailed instruction
manual. From Marconi Marine, Marconi House, Chelmsford,
Essex, price 4s.

Government Surplus Equipment; a new illustrated catalogue
from A. T. Sallis, 93 North Road, Brighton, Sussex, price
(including postage) 1s inland, or 2s 6d overseas by air mail.

Crystal Set, using germanium diode, mounted on standard
two-pole telephone jack and intended to be plugged into any
amplifier with a high-impedance microphone input. Selection
of two preset-tuned m.w. stations by toggle switch. Leaflet
from Truvox, 15 Lyon Road, Harrow, Middlesex.
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Vector Diagrams Again

“CATHODE RAY” Advocates a Less Confusing System

SOME while ago an Australian reader sought an
explanation of the phase shift between primary and
secondary in r.f. transformers, which, he said, seemed
to be taken for granted in the books. It is quite an
important point, especially in connection with f.m.
receivers. And it could hardly be answered properly
without vector diagrams. The question was: What
kind of vector diagrams? A few years earlier I had
tried to show that vector diagrams as commonly seen
are unsatisfactory, and explained a modified type
of diagram that had just been described in Electrical
Review by M. G. Scroggie. But if now I adopted
this type without warning it would probably find
everyone in the state of having forgotten all about it,
if indeed they had ever heard of it. On the other
hand, could I go back to the bad old style?

While I was pondering this dilemma, more and
better information on the revised diagram appeared
in Electrical Review*. One distinct improvement
was a new current notation to balance the already
familiar subscript notation for voltages. Seeing
that my previous exposition of vector diagrams had
been unlucky in attracting the activities of an ex-
ceptional number of hostile gremlins, this seems to

* Ist, 15th and 22nd January, 1954.

Fig. 1. Waveform presentation of alternating quantities.

- - —

Fig. 2. In the Fig. | type of diagram, relative magnitudes
are compared by noting the dimensions marked—the peak
values—and phase by the distance between (in this example)
oy and V..., compared with one whole cycle.

WIRELESS WORLD, JuLy 1954

be the time for a review. The transformer question
can then come in nicely as an example.

The purpose of vector diagrams, of course, is to
show the relative magnitudes and phases of alternating
quantities, such as voltages and currents. One method
of doing this is what might be called the oscillo-
graphic or waveform diagram, such as Fig. 1. Even
with only two quantities, as here, it is quite trouble-
some to draw clearly, and with eight or nine is just a
mess. Most of the effort goes in depicting the wave-
form, and instead of making the relative magnitudes
and phases clearer it obscures them. To compare
magnitudes one has to visualize dimensional lines
joining the peaks of the waves with the base line, at
right-angles, as in Fig. 2. The relative phase is judged
by comparing the distance between the V.. and
1,..» lines with one whole cycle—the distance between
two successive V. lines.

But when, as fortunately is so often the case, all
the waveforms are the same—sinusoidal—there is no
need to waste time drawing them; only the peak
dimensional lines need be shown. That being so, they
can be rearranged to show phases more clearly, the
standard method being to set them at different angles,
as in Fig. 3, a whole cycle being represented by a
complete turn of 360°. This scheme has the advantage,

TN

Right: Fig. 3. When the waveforms are all

the same and known, it is a waste of time

drawing them, and all one needs are the v
peak dimension lines, which can be

arranged to show phase much more

clearly as angle. (Quarter of a cycle is

much more easily recognized as a right

angle than as quarter of the distance

along a line.) ]

too, that as the whole diagram is supposed to be
rotating anti-clockwise at one rev. per cycle the
instantaneous values of all the quantities shown are
represented continuously by the vertical heights of
the points of the vectors above the centre of rotation.
When a point is below the centre, its height is of course
negative. Thus in Fig. 3 V is at its positive maximum,
and the instantaneous value of I (if it is, as it looks,
135° ahead of V) is—I,,,./v/2. Stll another—and
very considerable—advantage of the vector form of
diagram is the eas: of adding and subtracting mag-
nitudes in different phase.

Circuit and Vector Relationship

A vector diagram by itself is not much good, how-
ever; one would not know what the “ V,”*“ I,” etc,,
stood for. They are voltages and currents in a circuit,
so one should have a circuit diagram on which these
things are marked. Now, this is where the trouble
begins. The diagrams of even the most reputable and
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eminent authorities often fail to provide an unmistak-
ably clear tie-up between circuit diagram and vector
diagram. The first book I looked at, written by the
Principal of a technical college, was wholly devoted to
electrical vector diagrams. As it was about 20 years
old, however, 1 next looked up one of the most recent
works by a progressive Professor of Electrical En-
gineering. Both these books agreed in marking
voltages between points in circuits by two-way
arrows as in Fig. 4(a). (The reference letters to mark
the points are my own.) This scheme does at least
show the points between which the voltages exist,
and it does suggest that the voltage is alternating.
But that is the utmost that can be said in its favour.
Suppose the corresponding parts of the vector dia-
gram were as in Fig. 4(b). This tells us that V, is
exactly opposite in phase to V,. But when we try
to apply this information to the circuit diagram we
find two possible and exactly opposite interpretations.
It is like the man who, when asked if Oxford or
Cambridge would win the boat race, replied * Yes! *’
When point b is maximum positive with respect to a,
we can be sure that either ¢ or d is maximum negative
with respect to the other. It looks as if we shall have
to toss for it, and have a fifty-fifty chance of being
right. To so-called sportsmen that may be magni-
ficent but it is not electrical engineering. The learned
authors might perhaps reply that if we were to study
the rest of the circuit and apply fundamental principles
we ought to be able to work out the correct answer.
But surely, gentlemen, that is not good enough!
These diagrams are intended to save our brains, not
to give them needless mysteries to solve!

Oddly enough, both these eminent authors marked
currents in the circuit by one-way arrows, so their
two-way voltage arrows are not even a consistent
policy. Manchester has a reputation for ideas, and
turning there I found an instructional publication
for teachers of electrical engineering, in which both
currents and voltages are marked with one-way arrows.
These do not quite so clearly indicate exactly the
points between which voltages are reckoned, and might
be rather confusing in circuits where d.c. also existed.
If we were really critical' we might also think it a
little queer to mark alternating quantities as if they went
in one direction only. But these are perhaps carping
criticisms, and we ought to be thankfulto find that
there are authorities who advocate a system that does
not leave one guessing. If Fig. 5 was their version of
Fig. 4(a), then Fig. 4(b) would unmistakably mean
that when b was maximum positive to a, ¢ would
be maximum negative to d, and so on around the
cycle.

Other authorities, though strangely few in this
country, label the points of the circuit with letters,
as I have done. Then instead of having to use an
arbitrary number to distinguish one V from another,
the natural and obvious thing is to use letters—
Vaps Veqs etc.—which not only distinguish the voltages
but also show definitely the points between which
they exist and the relative directions in which they
act. So this system combines the best features of
the other two, and adds some that they lack. Using
it, there is no need to mark the circuit diagram with
any voltage labels or arrows; only to letter the points
concerned. The vector diagram Fig. 6 provides the
information of Figs. 4(b) and 5 combined. Obviously
V4. is the same thing as —V,, so the same information
would be given by a diagram consisting of two vectors,
Vg and V., pointing in the same direction.
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Fig. 4. (a)is a common method of marking voltages between
two circuit points, in relation to a vector diagram (b), but
it is ambiguous.

4 A
Vas
v, s <v—2— g
] vdc
a
L
AETC T RoEeincEive Fig. 6. This alternative to

to Fig. 4(a) removes the

ambiguity, but suggests Cf)gliagng)onidfﬁ;iﬁecsirct{l’ii
that the voltages are uni- diagram  unambiguously

g;’::é:;’;gl} LA without any arrows at all.

Notice particularly that all this works quite smoothly
without our having to decide whether positive V,
means g more positive than b or b more positive
than q. If the meaning is reversed, it is reversed
for all the voltages in the diagram, and with a.c. that
is all right. For if you and I were to give opposite
meanings to V,,, and you were right during all the
positive half-cycles, I would be right during all
the negative half-cycles, so we would be quits! But
this is because so far we have only considered voltages.
In any real problems we have to consider currents
too, and then it becomes necessary to know which
convention has been adopted about the order in which
the letters come in naming the voltages.

Indicating Currents

Although this may seem quite a small point, it is
vitally important and there will be endless misunder-
standing if we don’t get it clear now. Fig. 7 shows
perhaps the simplest possible circuit—a source of
e.m.f. driving current through resistance. Although
it may be crazy (see ‘ Alice in Solidconductorland,”
March issue, p. 152) it is nevertheless a universal
custom to consider electrons as negative. The positive
direction of current flow is therefore the direction of
positive ion flow (if any) and opposite to the direction
of electron flow. So we may say that current flows
from the carbon electrode of a battery (which is
conventionally called positive and marked red or
‘“ 4+ *) through the external circuit to the zinc elec-
trode. This is shown by the arrow’s head in Fig. 7.
In this diagram, therefore, b is positive with respect
to a. We have the choice of calling the positive voltage
in this circuit V,, or Vg. If we called it V,,, then
this would mean V, — V,, or the voltage of the
first-mentioned point with respect to that of the
second. This is the *voltage-fall * convention,
because whether one gees from b to a through the
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battery or through the resistance (or through the
surrounding space, for that matter) the potential is
falling. If on the other hand we adopted the voltage-
rise convention we would call the positive voltage
Vs, still meaning V, — V,, or the voltage change in
the direction a—b. (It is the principle of the thing
that counts of course; if the top terminal had been
labelled a the positive voltage according to the
potential-rise convention would have been V,,.)

So long as we make our choice clear at the start
and stick to it, there is no excuse for misunderstanding.
The majority of those who use a double-subscript-
letter notation at all seem to favour the voltage-fall
convention. So I only recommend the other because
I am convinced that it is considerably better. Why
is it? Look again at Fig. 7. The thing that is driving
the current|clockwise round this circuit is the e.m.f.
of the battery. It seems reasonable to say that the
direction of e.m.f. in a source is the direction in
which the e.m.f. tends to drive current. In Fig. 7
the battery tends to drive positive current (and is
succeeding in doing so) through itself from a to b, so
I like to think that V, here is positive, not negative.
Whatever we think, however, has to be in harmony
with the principle that the current flowing through a
pure resistance ts (to use the a.c. term) in phase with
the applied ein.f. In Fig. 7 the current is flowing
through the resistance from b to a and the applied
e.m.f. (according to the voltage-rise convention) is
V. This is probably why so many people prefer the
opposite convention. It admittedly comes easier to
say ‘“ Oh yes; current from & to a, applied e.m.f. must
be V,,.”’ But it is very much a matter of viewpoint.
The source of the e.m.f. may be in quite another
part of the circuit; there may be several sources, in
fact. With the voltage-rise convention there is no
need to worry about that; the whole of the rest of the
circuit connected to the resistance being considered
is in effect the source of the e.m.f. driving current
through that resistance, and is acting through itself
from a to b. If when considering a resistance one pre-
fers to consider the voltage as acting through the
resistance, then one’s thinking can still be in harmony
with the voltage-rise convention by regarding the
resistance as a source of back voltage, V,,, opposite
to the direction of current; just as a box pushed across
the floor is a source of pressure against the hand
pushing it. Not everyone may take to this idea, but
it is difficult to deny that inductance and capacitance
in a circuit are sources ot e.m.f. oppcsing the applied
e.m.f.

If most people do prefer to think of the direction
in which an e.m.f. acts as being the direction through
the external circuit rather than through the source
of the e.m.f., and there were no more to it, I would
readily give in for the sake of uniformity. But there is
more to it.

Fig. 7. Very simple
circuit as a basis for
discussion of circuit
conventions.

WIRELESS WORLD, JuLYy 1954

Fig. 8. Provided ,
that the circuit con-
ventions are known,

this is the simplest
and clearest type of
vector for the volt-
age between two
units.

Fig. 9. The ab-
sence of arrow
heads in the Fig.
8 type of vector
obviates this kind
of thing.

In Fig. 6 we have a vector V. The same vector
would represent V., if the label were changed and
the arrow-head transferred to the other end. But
electrical vectors invariably represent alternating
quantities, which are constantly reversing, so it seems
silly to pick on one of the two alternate directions
rather than the other. It is altogether more logical
to abolish both the label ¢‘ V,, ”’ and the arrow-head,
and simply to mark the ends of the vector line as in
Fig. 8 to correspond with the points in the circuit.
We British are supposed not to be logical, so that
particular argument may not carry much weight;
but as a practical race we ought to appreciate two
things. One is that in a complicated diagram it is
difficult to write in all the voltages so that no mistake
can be made about which vectors they all belong to.
The other is that when two or more arrow-headed
lines meet, as in Fig. 9, it makes a mess. And if in
order to avoid this the heads are put elsewhere on the
lines there is risk of a confusion that I will mention a
little later.

Seeing at a Glance

Fig. 8, then, is a neater (and more logical) job; but
by far its most important advantage is still to come.
It is, in fact, perhaps the outstanding advantage of
the recommended type of vector diagrams. By mark-
ing all the voltage vectors in this way, we can see at a
glance the instantaneous potential of every point in
the circuit relative to every other point. Turning the
diagram round clockwise, we can see how all these
relative potentials vary as the cycle proceeds. With
ordinary vector diagrams, this information has to
be deduced laboriously, and unless one is exceptionally
clever there are plenty of chances of going wrong.
It is like the difference between seeing a working
model and reading a specification of it—all the informa-
tion may be in the specification, but it is difficult to
visualize.

Before we go on to realize this by constructing a
real vector diagram, we must just see how the idea
of showing the vectors as in Fig. 8 affects our attitude
to the potential-rise versus potential-fall question. One
thing everybody will agree about is that in vector
diagrams ‘‘up’® means positive and ‘‘down’ is
negative. The natural meaning of the vector ab as
shown in Fig. 8 is that point b in the circuit is maximum
positive with respect to a. It is unthinkable thar it
should represent b as being negative to a. Now, we
have already seen that this kind of vector is really
two in one, for it is both upward and downward.
If you wanted to refer to it in its upward sense, what
would you call it ? Surely ab! Again, it is unthinkable
that ab in Fig. 8 could mean the downward sense.
And a third unthinkable thing is that the vector ab
should represent the voltage V,,. Unless therefore
our brains are topsy-turvy, we are bound to take
ab in Fig. 8 to represent V_, at its maximum
positive value, b being positive with respect to a.
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Fig. 10. Simple a.c.
circuit as an example
for comparing differ-
ent types of voltage
vector diagram.

Fig. Il. First stages of a
general vector diagram for
Fig. 10.

1 ¢ b
- : Fig. 12. A complete

general vector dia-
gram for Fig. 10.

Fig. 13. How Fig. 10
would be drawn by
some teachers.

In other words, we are bound to adopt the potential-
rise convention. There is no way out that I can see !

Well, you may say, that is all very convincing and
Q.E.D., but this new-fangled so-called vector is
like the grand old Duke of York—neither up nor
down; or, what is just as bad, both at once. If we
had a pointing arrow we would know where we were !
The answer is that only this two-way kind of vector
suitably represents the undeniable fact that if b is
positive with respect to @, a must at the same time be
negative with respect to b. All the usual arrow-
headed vectors, on the contrary, prejudice the case
by picking out one of these two inseparable conditions.
Not that this is necessarily wrong. There is often
a good reason for picking one out rather than the
other. If we were told that ¢ in the circuit was earthed,
then its potential would be fixed all the time at zero
and it would be the potential of b that alternated.
The natural way to represent this is to make a in
the vector diagram the fixed point around which the
whole diagram revolves. The wusual method of
showing this is to mark it with a dot or a small o.
If you think this is not clear enough, then by all
means mark the other end with an arrow-head. My
point is this: until we know that a is earthed, and not
b, or some other point altogether, it is not really right
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to assume that it is, by making all the vectors radiate
from one particular point. And what about points
¢ and d, when a is earthed? Since neither of these
has any claim to priority, to mark the vector repre-
senting the voltage between them with an arrow at
either one end or the other is arbitrary and meaning-
less, and may even be confusing. Everything in the
perfect diagram has a logical meaning. The arrow-less
vector, with the conventions I have just outlined,
is so far as I know the only form that

(a) achieves a perfect tie-up between circuit and
vector diagrams.

(b) is completely general, not assuming anything
before it is known, and

(c) has one particular right form to represent a
a given situation, and not a lot of confusing alterna-
tives.

The best way of demonstrating these claims is
to show some examples. We really ought to agree
on a method of current notation first, but if we
stopped to do that now we would come to the end of
this month’s allowance without a single real vector
diagram, and that would be stretching patience too
far. So just for now let us take an example with only
a single current, shown in the usual way as in Fig. 7.

Fig. 10 is the circuit diagram. It represents a
source of e.m.f. E with resistance R,, feeding a load
comprising inductance L and resistance R,. In
accordance with the recommended system the junc-
tions have been lettered. Let us make sure that we
have ready for use the basic phase relationships of
a.c. circuits, for it is with these that vector diagrams
are constructed:

(1) Current through resistance is in phase with
applied e.m.f.

(2) Current through inductance lags applied e.m.f.
by a quarter of a cycle (90°).

(3) Current through capacitance
e.m.f. by 90°.

And remember that with the potential-rise conven-
tion the direction of the applied e.m.f. is regarded as
the same as the direction of current through the source
of the em.f.

The first thing to do when starting a vector diagram
is to decide on a reference vector—i.e., one to which
everything else can be related. In a simple series
circuit like this, the current makes a good reference,
because it is common to all parts of the circuit. The
reference vector can be laid down in any direction
we please, but it is usual to draw it at ¢ 3 o’clock,” as
in Fig. 11, that being the conventional zero of angular
measure. If we had to construct the diagram to scale,
in order to find, say, the actual magnitude and phase
of current, given E, R, R, and L, then the I vector
would usually be made unit length, representing
1 amp, and the diagram would in due course tell us
the e.m.f. required for that current. Then it would be
simple proportion: if that number of volts caused 1
amp, how many would E volts cause? Just now, how-
ever, let us draw an ordinary ¢‘ qualitative > diagram,
not bothering about particular numerical values.

At the moment we have no idea how the e.m.f.
(V) should be drawn, so we go on to something we
do know, V., That is the e.m.f. the rest of the
circuit is applying to R, to make I flow through it
from d to a. So we draw vector ad in the same direc-
tion as I (Fig. 11 again). Next comes V., which is
the e.m.f. applied to L, and must be 90° ahead of I
if I is to be 90° behind it. So we draw dc accordingly,
as in Fig. 12. Then ¢b in the same direction as ad.

leads applied
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Now a and b are located, so the relative direction
(phase) and magnitude of the e.m.f. is revealed.
Since ad is in the same direction as I, the angle marked
¢ is the angle the current in this circuit lags behind
the eem.f. If R, is the generator resistance, then the
terminal voltage is V., and Fig. 12 shows us that the
current lags this more than it does the e.m.f. The point
b is really fictitious, in the sense that it does not exist
in the circuit represented by Fig. 10, for the e.m.f.
is mixed up with R,. But supposing now that R, did
have a separate existence, Fig. 12 shows us without
any effort the magnitude and phase of the voltage
between b and d, in either direction.

Notice, too, the complete information about relative
potentials. We see that at the chosen instant, when 1
is just passing through zero, b has recently started to
be positive with respect to a. Point d is maximum
negative to ¢, and so on. If you are not a novice, all
this may be obvious without any vector diagram at
all, or with only the usual sort. But that is because
we have taken a very simple example; in problems that
are worth making a vector diagram for in earnest it
is very often far from obvious what all the relative
potentials are. Note that Fig. 12 not only shows the
potentials between any of the points marked, but
likewise points unmarked; for example, one third of
the way down R, from 4. And it gives an instant
answer to questions such as this: When the e.m.f.
is at its positive peak, what is the potential of ¢ relative
to a? All one need do is turn Fig. 12 until b is vertically

R,! Rl

jwLl

JwL[

Fig. 15. Example of a circuit in which the ambiguity of the
two-way arrow shows up.

above a, and then note the vertical distance of ¢ above
a. The phase angle is also clearly shown.

Now let us end this month’s instalment by comparing
the usua. kinds of vector diagram for Fig. 10 with
Fig. 12. I am conscientously going to follow the
methods of eminent teachers. Their version of Fig. 10
would probably be something like Fig. 13. When it
came to the vector diagram, however, there might
well be considerable diversity. Fig. 14 (a) is a likely
starter. It was commenced by drawing the I vector as
before. The voltage drop in R, is of course RI,
and is in phase with I. Invariably it would be drawn
coinciding with the I vector. So would R,I. This is
where tke confusion begins. Some authorities make

every vector sprout from

one point, while others

R.1 sometimes put them head to
tail. Unless one happens
£ to know the idiosyncrasies
- of the particular author of

the diagram, there is a pos-
sibility of misunderstanding
when, as here, there are
several vectors in the same
line. For your information,
I and R,I here start from
the same point, but R,I
begins where R,I leaves off.
Where R,I leaves off, the
voltage across L, which is

jwLI, begins (the j merely
being an instruction to turn
it 90° clockwise). The line
marked E clearly represents
the voltage across all of
-~ them—the e.m.f. And the
! line V, being across the two

load components, repre-

sents the terminal voltage

R,1 1 V.

By now there is a nice
mess of arrow-heads at the
junction of the E and V
vectors. If, to avoid this,
the arrow-heads are drawn
some way down the vectors,
they might (in a less simple
diagram) mislead one to

(Ry#R;) 1

()

Fig. 14. Some of the many ways in which the vector diagram for Fig. 10 might be drawn,

according to commonly taught methods.
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1 suppose that they indicated
part-way vectors like R,I.
It is, of course, standard
practice to mix the current
and voltage sectors up to-
gether, and often flux

331

www americanradiohistorv com


www.americanradiohistory.com

E\(«'ﬁ"ﬁj

vectors too. Some authorities use different types of
arrow-heads to distinguish them, but not my learned
mentors.

Altogether, then,one has to study this kind of diagram
pretty closely to sort it out, even though this is such
a simple example as to be almost trivial. And as for
the information it supplies, one cannot even be certain,
by looking at the vector diagram alone, which terminal
is positive when the current is flowing as shown. In
such a simple example it is easy enough to find out
by looking at the circuit diagram, but if the circuit
had been Fig. 15 would either the circuit diagram or
a vector diagram drawn by the Fig. 14 method, or
both combined, give a quick answer to the question :
which is more positive, @ or b? With the Fig. 12
type of diagram, all one has to do is to put the diagram
so that the current vector is pointing upwards and
then see which of the two points in question is higher
than the other. It is surely a bad policy to use a
system which, while it may not let one down on many
occasions, is liable to do so on others, seeing that
there is an alternative system that is reliable every
time.

Look again at Fig. 14(a) and use it to find the
answers to the questions we solved so easily with
Fig. 12, and then ask yourself why people use the
Fig. 14(a) type, and whether you are going to continue
to use it in preference to Fig. 12. And remember that
the more complicated the problem the greater the
contrast between the two types. I would not say that
the Fig. 12 type is the easier to construct at first, if
you have been used to the other, but even at first it
reveals its information more quickly and clearly and
unmistakably. Of course there is no reason why
JoLlI should not be written alongside the vector dc
to save one having to look at the circuit diagram ; and
the same for any other notes that may be convenient.

Lastly, there was the point about Fig. 12 being the
one and only correct diagram for the given circuit and
component values. That, I think, is important,
because it must be very confusing for students to see
a number of quite different-looking vector diagrams
for identically the same circuit. Of course the current

vector in Fig. 12 could be put elsewhere, so long as
it was parallel to ¢b; and the diagram as a whole can
be looked at from any angle. But it seems strong
evidence of soundness in principle that no alternative
shape can be arrived at, using the rules correctly.
Contrast this with ordinary vector diagrams. Fig. 14(a)
is a typical result, but we would have had an equal
chance of full marks if we had drawn it in the other
ways shown in Fig. 14. We might have taken the
impedances in strict clockwise rotation, as at (b). Or
we might have gone anti-clockwise, as at (c). Or we
might have made R,I and jwLI sprout from the
common centre and “‘ completed the parallelogram
to find the resultant load, as at (d). Or we might have
put the arrow-head at the other end of the vector R,I,
to show that V, the terminal voltage, is the resultant
of E and R,I, as not shown separately. Or, following
another school of thought, we could have drawn the
V and E vectors in the opposite direction, to show
they opposed the impedances, as at (¢). Or we might
have shown the same thing rather differently, as at (f).
And there are many other possible combinations ; all
correct according to the textbooks. In place of this
multifarious confusion, would it not be better to adopt
the simple and informative Fig. 12, where any variation
or modification signifies some real change in the
circuit; not merely a different person happening to
be drawing the diagram ?

Seeing, then, that what is called the general type of
vector diagram has so many and manifest advantages
over other kinds, why is it not in common use? It
may be that although I have been deriving great
benefit for years from my own use of it there is some
fatal flaw that I have been too blind to see. In which
case you would be doing a great kindness by pointing
it out to me. It may be that too few people have seen
it for too short a time. If you do nor see any fatal
flaw and can not deny the advantages, you would be
doing a kindness by pointing them out to others. It
may be that people who use or teach vector diagrams
are too firmly entrenched in their habits and can’t
be bothered to change them. But of course that
wouldn’t mean you !

NOVEL CAR

THE illustration shows the special radio receiver
designed by Pye and now being installed in every
* Metropolitan ” motor car made by the Austin Company
for the Nash Corporation of America.
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An unorthodox form of construction is employed, for,
as can be seen, the loudspeaker is mounted on a hinged
cover enclosing the underside of the receiver chassis with
the magnet protruding through the receiver section. This

cover actually forms the front of
- the set, the spindles of the controls,
one of which is dual concentric,
being located on each side of the
elliptical loudspeaker. The con-
centric pair actuate the combined
volumeﬁm-oﬂ and tone controls,
while the single spindle is for
tuning. This form of construction
undoubtedly simplifies servicing
and it is said that the set can be
installed in a matter of minutes
only. Some of its features have not
so far been seen in car radio re-
ceivers home
market.
Accessibility of oll components is the
special feature of the new Pye receiver
installed in the Nash ** Metropolitan **
motor car.

produced for the
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Wide=Band

Communication
Recoiver

DESIGNED TO ADMIRALTY SPECIFICATION

FOR USE IN NAVAL VESSELS

Coverage : 60 kc/s to 31 Mc/s

THE set to be described was designed to conform to
a fairly rigid Admiralty specification for use in
ships of the Royal Navy. Approval has been given also
for it to be fitted in ships of the N.A. T.O. navies.
Although primarily a naval receiver it is not restricted
to use in ships and either the same model, or one
closely resembling it, will be available for general use
before long.

As at present produced, frequency coverage is con-
tinuous from 60kc/s to 31 Mc/s, this band being
covered in eight switched ranges; the actual extent of
each is outlined in the wavelength table reproduced
here.

In this table, mention is made of the use of either
one or of two intermediate frequencies for the various
ranges and this is brought about by the fact that
whilst the receiver is basically a double super-
heterodyne, on certain ranges the first, or high i.f., is
inconvenient to use or else it clashes with the signal.
To overcome this trouble the expedient is adopted of
switching from double to single superheterodyne as
the need arises. These changes are effected by the
waveband switch and all circuits are automatically
aligned for whichever mode of operation is employed.

WAVELENGTH TABLE

Range | Coverage LF.(s)
1 60-125 kc/s
2 | 100-260ke,s | }460 —
3 | 260660 kc;s 1.4 Mc/s and 460 kc/s
4 | 066-1.5Mcs |
|5 | 15234 Mcps }460 ke/s
6 | 3.4-7Mcss |
7 | 7-15Mcss 1.4 Mc's and 460 kc's |
8 | 15-31 Mc’s
| ‘
ILF. SELECTIVITY TABLE
(as single superhet)
—_— — —
| Response | Wide | Interme- | Narrow Very
db diate Narrow
6 | 65kc’s | 4.6kes | lkes | 700c's
-20 10 ke's 7.5kcs 3 ks 1.1 ks |
60 20kes 15.5kec/s | 10ke;s 4.5 k¢, s
. :
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The double superheterodyne principle offers certain
advantages on all but the longest wavelengths, but
especially so on those below 100 metres (3 Mc/s). The
wider separaticn between the signal and the first mixer
oscillator frequencies assists circuit alignment by
minimizing “ pulling ” and, perhaps most important of
all, it gives greater freedom from second-channel in-
terference. As the table shows, the two i.f.s used in
this set are 1.4 Mc/s and 460 kc/s respectively.

As the single r.f. stage might not offer a good
enough barrier to break-through of signals on the
intermediate frequencies, two wavetraps are provided,
one in the aerial circuit, tuned to 460kc/s; the other
in the intervalve coupling of the r.f. stage tuned to
1.4 Mc/s. Tkey are brought in as required by the
waveband switch.

The bandwidth of the i.f. amplifier can be adjusted
over quite a wide range, but in four steps, not continu-
ously. These steps are marked on the switch as
“ wide,” “intermediate,” “narrow” and “very
narrow,” their respective bandwidths depend on the

Chassis of the Rees
model CAT.

communications

Mace

receiver,
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points on the response curve between which they are
measured and these are given in the selectivity table.
For the “wide” bandwidth, additional inductive
coupling is switched in between the primary and
secondary windings of the 460-kc/s i.f. transformers;
when switched out it gives “intermediate ”; interpos-
ing a double quartz crystal filter between valves V, and
V, gives “narrow”; tapping the filter across part of
the V,-V, if. transformer secondary provides “very
narrow.” Incidentally, tapping down V, on the
secondary of the preceding i.f. transformer obtains in
all positions of the selectivity switch except the
“narrow.”

There are 12 valves in the receiver and the valve
function table gives, in condensed form, the type of
valve in each stage and its function on the various
tuning ranges. Some of the valves perform more than
one function at different times. The only comment
required is perhaps on the use of the triode of V, as a
crystal-controlled oscillator. It is not normally used,
but when it is it replaces the tunable oscillator V, in
the first frequency-changer circuit.

The noise limiting function performed by V, is for
suppression of impulse noise. It is a series-parallel
type in which one diode opens the a.f. signal path
while the other short-circuits it. There is a threshold
control to adjust the point at which suppression starts.

As a safeguard for the receiver when it is used in
proximity to a transmitter, there is included a muting
relay which can be operated by a subsidiary contact on
the morse sending key. This applies a positive voltage
to the cathodes of valves V,, V,, V, and V,, thus
effectively de-sensitizing the set.

So far as the af. stages are concerned it need only
be said that negative feedback is applied from the
anode of the output valve to the penultimate af.

NEWS FROM THE CLUBS

Birkenhead.—Wirral Amateur Radio Society continues
to meet on the first and third Wednesdays of each month
at 7.30 at the Y.M.C.A.,, Whetstone Lane, Birkenhead.
Sec.: C. Wattleworth, 17, Iris Avenue, Claughton,
Birkenhead.

Liverpool.—The Liverpool & District Amateur Radio
Club (previously known as the Liverpool & District
Short Wave Club) meets on Tuesdays at 8.0 in St
Barnabas Hall, Penny Lane, Liverpool, 15. The club
transmitter, G3AHD, can be heard most Tuesday even-
ings on 160 metres. Reports on the transmissions would
be welcomed. Sec.: A. D. H. Looney, 81, Alstonfield
Road, Knotty Ash, Liverpool, 14.

QRP.—The number of clubs which have become
affihated to the QRP Society is such that the society is
planning inter-club QRP tests. It is also arranging its
own exhibition for October. Sec.: J. Whitchead, 92,
Rydens Avenue, Walton-on-Thames, Surrey.

Short-wave Conditions

Predictions for July

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 July.

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

amplifier; and the output transformer provides two  Mc/s MONTREAL | —— [~ BUENOS AIRES Mc/s
outputs, one at 500 ohms giving 2 W and the other at  * T It &
100 ohms giving 60 mW. 6T T 36
The receiver, which is described as the Model CAT, - 32
is supplied by Rees Mace Marine, Oulton Works, , 28
Lowestoft, Suffolk. ” ’:
]
VALVE FUNCTION TABLE 2 . 20
——r— —_— e <
16 T - 7 ~ 16
Posi-{ Type Circuit Functions 121 = :*\'; - ’/ A
tion o LI TN/ B
Ranges 1,2,4,5 | Ranges 3, 6, 7, 8 H—= ==
4 4
12 16 20 240 CRET) 20 2
Vi | 6BAS | RF Ampiifir | RF. Amplifier et oomone ot o ‘
cptode: Ist [ Ist mixer to M 1 11 1]
[ mixer to 460 kc/s | 1.4 Mc/s | B LA ]] CHNNOKED %0
Vv, | ECHs1 || Sireuit x 56

e Triode: Crystal | Crystal circuit
circuit oscillator | oscillator 2 32
Range 5 only Ranges 6, 7 and 8 28 28

only m
v. |6C4 Ist Oscillator: | 1st Oscillator: sig- | ¢* :

3 signal +460 kc’s | nal+1.4 Mc/s 20 R 20
Heptode: LF. | 2nd Mixer to 460 i Pz Y 16
amplifier ke/s e RS P i kT

Vi 8zt { Triode: not used | 2nd Oscillator at P - am =T \:'" .
1.86 Mc/s Y = B 8
Vi EF92 I.F. Amplifier at 460 kc/s 4 L &
Ve | EF92 | LF. Amplifier at 460 kc's Corr N e e e e
v, EB91 Signal detector and A.G.C. rectifier o o
Vg EB91 Noise limiter
i ~———— FREQUENCY BELOW WHICH COMMUNICATION SHOULD
3“ E&?{% gﬁbﬁ‘[ﬂ:&l}ggz "3 POSSIBLE ON ALL UNDISTURBED DAYS
Vyy | Q815045 Voltage stabilizer ———— PREDICTED AVERAGE MAXIMUM USABLE FREQUENCY
V. | EF92 Beat frequency oscillator csereeenee FREQUENCY BELOW WHICH COMMUNICATION SHOULD
: BE POSSIBLE FOR 25% OF THE TOTAL TIME
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Negative Resistance

Two Kinds — and How to Use Them

By THOMAS RODDAM

THE idea of resistance is the starting point for most
of our circuit theory: the idea of negative quan-
tities is the starting point for an engineer’s study
of banking practice. If I had a copy of Pickwick
Papers handy I would make a quick reference to
Mr. Potts’ assistant the Chinese metaphysician ;
but there, I have completely forgotten, though you
no doubt know what I mean. Anyway, given the
idea of resistance, and the idea of negative quantities,
there is no difficulty at all in envisaging a negative
resistance. So I used to think, until I started to con-
struct a device called a negative impedance converter.
My problems were recalled by ¢ Cathode Ray” in
the April issue of Wireless World, who wrote in a
footnote (p. 195): ““ If you are sceptical about the
sign of a parallel combination of positive and nega-
tive resistances being the same as that of the smaller

of the two, try using the
R, R,
R, +R,
resistance when R, is, say,
—15 kQ and R, is +20 kQ.
(The answer should be —60
kQ.)”

Now, I do not come from
Missouri, but you will have
to show me, and in order to convince myself
that *‘ Cathode Ray *” was right I drew Fig. 1. Two
resistances in parallel, R, and R,, and the result, as
‘“ Cathode Ray”’ says, is R,R,/(R, + R,), which, if
R, —15 kQ and R, = +20kQ, is just —60 kQ.
But are there two resistances in parallel, or are they
in series? If they are in series, the total resistance
of the loop is (R; + R,), or +5kQ. In one view we
have the makings of instability, and in the other we
have a perfectly stable system. Of course, if we make
R, 20 kQ and R, = +15 kQ, the round-the-loop
resistance is —5 kQ, and the parallel combination is
60 kQ, so that the loop is the unstable view and the
parallel arrangement the stable one.

It might be suggested that somehow this is just a
bit of algebraic fiddling of no practical importance,
intended merely to blind you with science and give
me something to write about. In fact, the distinction
is one of great practical value which must be under-
stood if any use is to be made of negative resistance
circuits. In the simplest possible problem, when we
wish to make a negative resistance oscillator, we must
decide whether to replace R, by a parallel LC circuit,
as in the dynatron oscillator, or by a series LC circuit,
as in some of the transistor oscillators.

There are two quite independent approaches to
this question of the two kinds of negative resistance,
because it turns out that there are, in fact, two different
sorts of negative resistance. Both these approaches
depend on the fact that a practical negative resistance

formula to find the

Fig. 1. Two resistances,
in series or in parallel?
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is only negative over a limited range of working con-
ditions and, as we shall see, there is no obvious con-
necting link between the two approaches.

First of all we may follow ¢ Cathode Ray >’ and plot
a graph showing the relation between the voltage and
current. We shall be working with the incremental
resistance, the value of dV/dI, and since this is most
conveniently thought of as the slope of the graph we
shall take the current axis as the horizontal axis and
the voltage axis as the vertical one. This is not the
way we plot valve characteristics, but it is the standard
method for negative resistance studies, and we shall
see in a moment why we must keep to this standard.

Fig. 2 is a typical negative resistance characteristic,
which is easily produced with a point transistor. It
is a plot of the emitter voltage-current characteristics
in a circuit with a fairly large base resistance, and for
reasons which are obvious it is called an N-type
characteristic. In the neighbourhood of the point P
the resistance is negative, and has some value —R,.
Across the curve, I have drawn a load line QPS inter-
secting the curve at three points, of which P is unstable
and Q and S are both stable. This load line corres-
ponds to some resistance R,, which is less than R,.
The other load line, dotted in through P, corresponds
to a resistance R’,>R,, and there is only one inter-
section, at P, which must therefore be stable. Two
special cases of these load lines are important. The one
through P parallel to the I-axis, the short-circuit
case, has three intersections, so that —R, is short-
circuit unstable: the one through P parallel to the
V-axis has only one intersection and thus —R, is
open-circuit stable.

Now let us look at the base characteristic of a point
transistor, shown in Fig. 3. Again we have a negative
resistance region round P, and a load line QPS inter-
secting the curve at three points. This characteristic
is that of an S-type negative resistance. You will
see from the two figures why we must use the standard
arrangement of axes if we want to have standard
terminology. Q and S are stable intersections, while
P is unstable, but this time the load resistance R; >R,

Fig. 2. One type of
negative  resistance
characteristic, show-
ing stable and un-
stable  load lines
through P,
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The dotted load line, for R’, <R,, has only a single
stable intersection, at P. Quite clearly the S-type
characteristic is short-circuit stable and open-circuit
unstable.

It is, I think, fairly obvious that to produce an os-
cillator using an N-type negative resistance we should
use a controlling circuit which drops to a low resis-
tance at the frequency we want, while to produce an
oscillator using an S-type characteristic we must use
a controlling circuit which rises to a high resistance at
the wanted frequency. In practice we use a series
LC circuit for the N-type, and a parallel LC circuit
for the S-type.

How do these two kinds of negative resistance come
into existence? We know that in all the circuit forms
—we do not want to talk about gas-discharge tubes—
there is some positive feedback somewhere in the
circuit. Let us assume that we have arranged matters
so that we can control this feedback, and settle down
to plot the voltage-current characteristics with different
amounts, starting with no feedback at all. Our first
graphs will be straight lines, corresponding to some
value of positive resistance. As we turn up the feed-
back, we find a kink developing: in the region of this
kink the resistance may be either greater or less than
the initial value: with more feedback still, the curve
actually bends back, as you can see from Fig. 4.
The S-type characteristic in Fig. 4(a) is obtained
from a circuit giving an increase in resistance for small
positive feedback, so that the negative resistance has
been reached through infinity. The N-type charac-
teristics in Fig. 4(b) is obtained from a circuit giving
a decrease of resistance for small positive feedback,
so that the negative resistance is reached through
zero. Those curves can easily be plotted on an oscil-
loscope, and the changing shape watched as the feed-

Fig. 3. The other type of negative resistance characteristic,

Fig. 4. A negative resistance can be developed by bending
the V-l curve up through R = o (a), or by bending it down
through R = O (b).

336

back is varied. To do this, though, you must drive
the single-valued co-ordinate with a ‘¢ stiff ” source,
which means that to plot Fig. 4(a) we apply a sweep
voltage and pick off the current produced, while to
plot Fig. 4(b) we apply a sweep current and pick off
the voltage. If you sweep the emitter voltage in Fig.
2 the current will simply cut the corners and will never
show you the negative resistance region at all.

This division of negative resistances into two kinds
is enough to tell us how to use them, but it leaves
one point completely unsettled. Suppose that we have
a circuit known to be a negative resistance and that
we plot a small section of the characteristics and apply
a load line. All the information is given in Fig. 5:
is this arrangement stable or unstable? How can the
circuit know, if it is brought to the point P, whether
this is an unstable condition or not? This problem
seems to have been left without discussion for quite
a long time. The idea that there are two types of
negative resistance, the N-type and the S-type, was
introduced by Crisson, who called them the series
and shunt types, because this analysis was concerned
with the use of negative resistance for telephone
repeaters. In this application it is essential to know
what happens when the repeater is not being used,
which normally means that the line in which it is
connected is open-circuited: a series type is perfectly
safe in this condition, but a shunt type will oscillate
and may disturb other equipment.

Resistance + . . .?

The approach to negative resistance which tells us
why one kind is short-circuit stable and the other
short-circuit unstable depends on a hard physical
fact: there is no such thing as a pure resistance. Any
practical negative resistance must have some capaci-
tance and will probably have some inductance assoc-
iated with it. A theoretically pure negative resistance,
of its very nature, cannot lead to instability, for
reasons which are beyond our scope here, but which
are discussed in a paper! referred to at the end of this
article. The stability of a negative resistance circuit is
therefore determined by the actual impedance over
the whole frequency range, from - to 4.

We can determine this impedance quite easily by
using the circuit shown in Fig. 6. The variable re-
sistance and capacitance (or inductance) elements are
adjusted until the voltmeter shows a balance, when the
total impedance (R + joL)—Z, for the LR case,
is zero. Obviously then Z = R + joL = R + jX,

For each frequency we plot a point on the R, X

Below: Fig. 5. If this is all the information available, is the
system stable or unstable?

LORD LINE

s
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Fig. 6. Test circuit for measuring negative impedance.

Fig. 7. The locus of the complex impedance R - jX as the
frequency is increased from fy to fg. This particular example
shows a negative resistance.

graph shown in Fig. 7, and join the points to give a
curve. When we do this we find that the graphs look
something like the lower ones of Fig. 8, in which the
arrow shows the direction of increasing frequency. Over
on the left the two graphs are very similar, so that at
some frequency both correspond to, say, —1,000 ohms,
non-reactive. In order to appreciate the difference be-
tween these two curves, let us look at Fig. 8(a) and (b).
We can consider these curves as the boundaries, the
cages, separating two regions of the plane RX. One of
these regions is inside, the other outside, and we must use
a consistent rule for deciding which is which. The
rule is that the Right Bank is snside, left and right being
distinguished by looking in the direction of increasing
frequency. The origin is inside in Fig. 8(a), but in
8(b) the origin is outside the boundary. The origin,
of course, corresponds to a short circuit, and as it
can be shown that points inside the boundary are
unstable loads for a negative impedance, Fig. 8(a)
corresponds to a short-circuit unstable system, while
Fig. 8(b) is unstable with high impedances connected
to it. The loops of Figs. 8(c) and 8(d) are not quite so
obvious. The easiest way to check inside and outside
here is to see how the pattern changes if it is treated as
a piece of string, marked with directional arrows, and
with a stick at the origin to prevent any crossing of
the origin. In Fig. 8(c) the little loop on the right
can easily be collapsed to a knot, so the origin is
inside, as it is in Fig. 8(a). In Fig. 8(d) the small
loop round the origin must be enlarged until the
big kidney-shaped loop on the left collapses to a
knot; Fig. 8(d) is like 8(c), with the origin outside.

These diagrams, as you will have guessed, are re-
lated to the Nyquist diagrams used in feedback ampli-
fier theory. There is, indeed, another way of treating
feedback amplifiers, by breaking the feedback path and
measuring the impedance at the break, which leads to
exactly these curves. If you get a curve like Fig. 8(a)
or 8(c) when the feedback path is closed, the amplifier
will be unstable. What we are doing in this analysis
is finding the frequencies at which oscillation can take
place, if it can: the noise in the circuit will buijld up

WIRELESS WORLD, JULY 1954
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Fig. 8. Typical plots of R and X for, (a) and (c), series
type and, (b) and (d) shunt type negative impedances.

at those frequencies to allow the system to trigger over
to the point Q or S in the earlier diagrams.

The reader may be tempted to think that this idea
of negative resistance is all very academic. Useful for
oscillators, perhaps, but of no other application
is the view which most of us used to take. In recent
years, however, a new idea has grown up and is likely
to be of great importance. It begins, for our purposes,
with a method of designing negative resistance circuits
of very reliable characteristics. The dynatron circuit
suffers from the disadvantage that it is really a * trick
circuit ” depending on valve characteristics which are
not strictly controlled. It works well so long as you
are prepared to adjust it carefully, but it cannot be
designed, built and left alone. There is, however,
a very interesting circuit based on the grounded-grid
amplifier which will provide negative impedances
that are almost independent of the valve charac-
teristics. In an article on the grounded-grid amplifier
(May issue, p, 214) I showed that the input and output
impedances of a grounded-grid amplifier with feed-
back from anode to grid are:

i t impedance r L
input im -
p . 1 + 14+ pu 2
. I+ R +p
output impedance -
1 uk
Let us now take & — 1. Then
0 " 1
R,
R, 1 4+ u w1 "
n+ 1 ”
R I 1 = m -1

If we neglect the term » (u --), which will be about

200 ohms, positive, we have

u 1
R #-’r—le
l{\m':_’.‘_{’_ll{lA

p — 1

Since  will be about 50 for a 12AT7, the term (p — 1)
(u + 1) is very close to unity, and both R,, and R,
are approximately equal to the negative of the im-
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Fig. 9. Basic circuit of negative impedance converter.
Across AB the impedance is of series type, and is about
— R, across CD the impedance is of shunt type, and is
about —R;.

pedance at the other side of the valve. As you can see,
if 1« drops from 50 to 40, the coefficient (x — 1) (u + 1)
changes only from 0.961 to 0.95.

The actual circuit used to produce this high-
stability negative impedance (it is called, for obvious
reasons, a negative impedance converter) is shown in
Fig. 9. As you can seg, it is a push-pull grounded-
grid amplifier, with feedback to each grid directly
from the opposite anode. The direct coupling makes
|k| = 1, and the cross connection gives the minus
sign. We can remove R, and see —R, across terminals
C and D. In practice it is just slightly more com-
plicated, because to make the circuit work well we will
try 1o keep R, in the region of 10-30 kQ, the sort
of value which suits the valve, and if we want a low
negative impedance at AB we must use an input trans-
former.

An interesting feature of this circuit is that it
gives us a chance to work with either series or shunt
types of reactive impedance. At AB the impedance
is of the series type, while at CD it is of the shunt type.
This result was implicit in the discussion of the way
the impedances varied with & in the previous article.
An amplifier of this kind, called an El repeater?, is
being used in America in telephone circuits: the
line js broken and connected through AB. The nega-
tive impedance acts as an amplifier in both directions,
quite impartially. A corresponding circuit using
transistors has been described by Linvill’, who
has gone on to show* how a device of this kind can be
used together with RC circuits to produce some quite
impressive filters. One of these basic circuits, with the
response obtained, is shown in Fig. 10.

1 do not propose to discuss these negative resistance
circuits in any more detail here, because they are both
complicated and rather specialized. They are examples
of the trend of modern circuit design towards a form
in which the valve is so controlled in the circuit that
changes in its characteristics do not affect the operation
of the system. The basic theory of negative resistance,
too, shows an increasing concentration on the full
story of a situation. Whether you look at the V-1
characteristic, or at the impedance presented at the
terminals, you must investigate conditions quite a
long way from the actual working region. You must,
indeed, search for

<. ., The five unmistakable marks

By which you may know, wheresoever you go

The warranted genuine Snarks.”
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Fig. 10. High pass filter using transistor negative impedance
converter.

And then, having made your negative resistance, and
decided how you are to use it,

<1 feel it my duty to say,

Some are Boojums . . .”
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“The Oscilloscope at Work™

ALTHOUGH the cathode-ray oscilloscope has become
an everyday tool in radio, not everybody realizes its full
potentialities. A new Wireless World book “The Oscillo-
scope at Work ” by A, Haas and R. W. Hallows, M.A.
(Cantab), M.L.E.E,, is therefore likely to open a good many
people’s eyes to just what can be done with this versatile
instrument. After a description of the c.r.o. itself the book
starts with a general chapter on the investigation of
electrical properties such as voltages, frequencies and
phase relationships, also including such topics as Lissajous
figures, circular time bases and hysteresis—Iloop traces.
The remaining chapters deal with the use of the cr.0. on
amplifiers, oscillators, rectifiers and detectors, modulators,
phase-shifting circuits and finally television receivers.
Oscilloscope operating troubles are also discussed as are
various refinements and accessories to the instrument.

The book is liberally illustrated with 217 oscillograms
and 102 diagrams, It is available from booksellers at 15s
or direct from our Publishers at 15s 6d by post.
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The Diode Rectifier in
Valve Voltmeters ooy oo pom o

Limitations of Use Imposed by Specified Maximum Erre.,

By M. ¢.

»

THE mathematical derivations of the results now to
be given will be omitted; they have been submitted
for publication in {V’ireless Engineer. The basis of the
calculations is the fact that under steady a.c. condi-
tions the charge taken in by a capacitor during each
whole cycle must be equal to the discharge. In
circuits (a) and (b) of Fig. 2 the capacitor C is charged
during the period when the diode conducts (which with
our assumed diode is when the anode is more positive
than the cathode). The resistance is then only the
generator resistance R, (including the forward resist-
ance of the diode), and the charging voltage is the
instantaneous voltage of E, minus the voltage
to which C is charged. To exclude the com-
plication of a simultaneous error due to C not being
large enough in relation to the frequency, and also to
make the calculations much easier, C is assumed
to be so large that the cyclical variations of voltage
across it are negligible. Circuits (c) and (d) are at best
complicated enough, for in addition to C, being charged
by E there are some periods when it is being charged
by C,. In circuit (a) C is discharging through R all the
time. In(b)itis discharging through R and the source
impedance (R,) in seriecs when the diode is non-

Fig. 3. One cycle of opera-
tion of the series-diode recti-
fier when C is assumed to be
large enough to maintain
the rectified voltage V, prac-
tically constant.

conducting. In (c) and (d) the equating of charge to
discharge must be done for both C, and C,.

Fig. 3 illustrates the comparatively simple operation
of circuit (a). V, being the practically constant voltage
to which C is charged, it is only exceeded by the input
voltage near the positive peak, from A to B. This is
the period during which the diode conducts. It is
best referred to in terms of angle; if the positive peak
is taken as the starting point, the conducting period
lasts from — @ to + 6. This is the charging period for a
whole cycle ; for half a cycle (0 to #) it is 0 to 6. These

WIRELESS WORLD, JuLy 1954

SCROGGIE.

E.Se.. M.LE.E.

angles are all reckoned in radians (» radians = 180
degrees). This angle of conduction, 4, is in every case
the king pin of the whole calculation. Given 8, the
corresponding value of R,R can be calculated;
in the series circuit it is (tan 8 —8)/». And from Fig. 3
it is obvious that V. E, ..cos8. The graph of
V, E,,,. against R /R was plotted by calculating each
of them for a number of assumed values of 4.

In the shunt circuit V, is not a constant voltage;
it is the average value of V,, (Fig. 4), which is a sine
wave, R'(R + R,) times the amplitude of that generated
by E, and with the positive peak clipped short and
pushed down to zero level. Seeing that in this and
other ways the shunt circuit differs markedly from the
scries circuit, it is rather surprising that R./R and
V. E,...interms of 8 turn out to be the same. Fig. 5,
which except for changed symbols and experimental
plots is a repetition of Fig. 6 in the March 1952 article,
therefore serves for both circuits. Incidentally, with the
diodes connected as in Fig. 2 the polarity of V, in the
shunt circuits is oppusite to that in the series circuit.
The values of R, used for plotting were the values
actually inserted during the experimental readings,
augmented by 4502, — the estimated average forward

Fig. 4. One cycle of
operation of the simple
shunt-diode rectifier. The
voltage waveforms are
lettered to correspond
with the points in the
circut.
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® R

: R+,
=3 o
3 § ?, g 8 g & 2 2 o Fig. 5. (Lefty Graph showing the
10 i (U efficiency of rectification V, E,. .. as a
°\“°~~.__° function of series resistance in the
T series-diode rectifier. It also applies
09 f \\‘ 09  exactly to the shunt-diode circuit if
= SERIES CIRCUIT x Nk either R, or r, is zero, and nearly
> = SHUNT = e N exactly for any values of R, and r,
08 AN 08 within the limits of the curve shown.
{’\ The prints relate to experimental
\\ readings with the shunt and series
"7 07 circuits.
3
\
3 g g g 2 g E
° ° ° Rs + 7y
R
R
resistance r, of the diode used (EA50) plus the initial Re+ 7o
resistance of the 50 c/s source. R was IMQ and 8 = 2 -
C, 1uF. The theoretically calculated curve is well S 2 S % 8 § g g
supported by the experimental readings. iy 8 ] = = = - =
As already mentioned, however, this graph does not T L
show the 99 per cent region clearly, and Fig. 6 is an —~ —
enlargement of this part, plotted as percentage error. 3 f
Because the values of (R, + r,)/R are so small, a E \\
reciprocal scale of R/(R, + r,) has been added as an & \\
alternative. This shows how many times bigger R & o N
must be than R, if the error due to R, is to be as shown Z N
by the curve. The value of 6 for 1 per cent error “
(V,/Ejpax = cosé = 0.99), is 8.1 deg., so the total .
conduction angle is 16.2 deg. out of the whole 360-deg. S 3 3 3 3 S
cycle. R has to be over 3,000 times R, -+ r,, and the 8 % 3 8 b4 =
peak current taken from the source (at 0 deg.) is 30 © = ° Ro+ry °

times the average current in the load resistance R.
Under these conditions, 8 in radians is so nearly
equal to tan 0 that four-figure tables are barely enough
for calculating (R, + r,)/R, and at 2 deg. it is necessary
to use seven-figure tables.

If, in order to minimize the effect of R,, R is made
very large, there is likely to be trouble with grid
current in the following amplifier*; even 10MQ
calls for some care in that respect. And the value
of R,-}-r, for 1 per cent drop is even then only 3,100 Q,
which certainly gives no justification for regarding
the instrument as an infinite-resistance voltmeter !
At 0.5 per cent, R,+r, is only 1,000Q. But the
greater the drop allowed, the less sensitive the instru-
ment is to R,. If r, were 1,000Q, it would cause an
initial drop of 0.5 per cent; but the next 0.5 per cent
drop the resistance would have to be 2,100Q greater.
The point is that the first 0.5 per cent would be allowed
for in the calibration. Following this idea, we find
from Fig. 5 that to reduce V,/E,,, to 1/v/2, so that
with a sinusoidal input V, would be equal w0 E,,,,
(Re+r,) R is 0.068, so with R=10MQ and R,=0,
r, would have to be 0.68MQ; and to reduce V,
by 1 per cent from this level would necessitate an R,
of 31kQ, so this dodge gives very nearly a ten-fold
improvement. Carried to this length, however, it
could not be expected to be satisfactory at radio fre-
quencies, owing to stray capacitance shunting the
comparatively large series resistance needed to aug-
ment r,. Another objection is that whereas with low

* “Valve Voltmeter without Calibration Drift.”” Wireless World,

Jan. 1952, p. 14.
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R
Fig. 6. Enlargement and extension of the top part of Fig. 5
to show small errors more clearly.

series resistance the diode voltmeter does read very
nearly the peak voltage regardless of waveform,
with large added resistance the waveform relation-
ship is not at all clear. Nevertheless, for measuring
sinusoidal low-frequency voltages in high-impedance
circuits it is worth considering. Another advantage
is that it greatly improves the linearity of the diode.
As a compromise, for general purposes, enough resis-
tance could be incorporated to cause a drop of a
few per cent, to be absorbed in the calibration; even
such a small resistance would materially reduce the
sensitiveness 1o source resistance.

Diode Resistance

In all this we have been tacitly assuming that diode
forward resistance (r,) and source resistance (R,)
are indistinguishable in their effects. In Fig. 2(a)
this is obviously true, but not necessarily in (b).
Fig. 7 shows the diode resistance (with or without
added series resistance) separately. The diode, while
it is conducting, does not now completely short out
R, as was assumed in the calculation for Fig. 2(b),
and the total resistance is R, in series with r, and R
in parallel. In spite of this, V, still turns out to be
E,.qx cos 6, but (tané— 8)/= is no longer (R,+r,)/R
s
but }%: : :,“, where r’; is the resistance of r, and R
a
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in parallel. If R, -0, this comes to r,/R, so R, and r,
are interchangeable. The only difference is when both
are present at once; and even in the worst case (when
they are equal) the inaccuracy in using Fig. 5 with its
(Ry--r, )R instead of (R.“r,)(R—r,) is hardly
perceptible, right down o V,/E,, .~ about 0.7.

We now come to the filtered shunt circuits, Fig. 2(c)
and (d). It would be pleasant if from the values of
R, and R, an equivalent could be found to R in the
unfiltered circuits, so that the same V, E, . curve
could be used; but this does not seem to be possible.
However, if V,/E, . is plotted against (R, +r,) R,
in Fig. 2(c) and (R, +-r,)/(R, " R,) in (d), not only
are these two curves identical for any given value of
R,'R,, but for reasonable values of R,'R, the curve
begins by following the one in Fig. 5 so closely as
to be hardly distinguishable from it, and only deviates
seriously below it when the R, error is more than about
10 per cent. Where with the unfiltered circuits
V,.’E,... is 0.7, with filtered circuits in which
R,/R, = 1.85 (for example) it is 0.64. This curve also
is confirmed by experiment.

The outstanding and convenient fact is that for
all the circuits considered Fig. 6 is either correct
or near enough, if for Fig. 2(c) and (d) R is replaced
by R, and R,+R, respectively and R, is not large
compared with R,.

The procedure for calculating the error in measuring
the voltage across a resonant circuit when r, is not
negligible, or there is other resistance (R.) in series,
or both, is first to reckon the drop of voltage across
the resonant circuit due to the R; of the rectifier
connected to it, and then, regarding this reduced
value as E, to find the additional R, +r, error as has
been shown.

Filter Capacitor

The remaining question concerns the value of
C (or C, and C,). It is sometimes supposed, or at
least implied, that the principle at work is the same
as in the ordinary valve coupling, Fig. 8. Here, to
pass 99 per cent of the applied voltage to the valve,
fCR must be 1.12; so at 50 ¢ s CR must be 0.0224
megohm-microfarads.  But in the diode rectifier
this mode of calculation does not apply, even if
R; (or any other value of resistance) is substituted
for R. The relationship is much more subtle. For
one thing, it is bound up with what we have just been
studying—R .

The calculation of fCR error, even for the simple
series-diode circuit and after making various simpli-
fying assumptions, is more difficult. On the assump-
tion that R, - 0, Bell’s method leads to the simplified
result:

V, _ l+cosx
E 2
where « is the conduction angle, given by

227 —1
exp. - cosx
P\ fcr
Fig. 9 is a graph of this, in the form of percentage
error against fCR. Owing to the simplifying assump-
tions, and the fact that series resistance never is
entirely absent, it is not safe to regard this graph as
giving more than a rough idea. It can, however,

mar

1 See reference (2) (D. A. Bell) and also J. Marique, Wireless Engineer,
Jan. 1935 pp. 17-22.
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continue to give a rough idea even when R, is not zero,
for, as Bell has pointed out, R, has little effect on
the combined R, and fCR error until the R.-
alone error curve overtakes the fCR error curve.
In other words, one can adapt a R, curve such as
Fig. 5 to a finite value of C by plotting at its left~
hand margin the level found from Fig. 9, and con-
tinuing this level as a horizontal line until it merges
into the downward sweep of the original curve.

This result was obtained by Bell for the series-
diode circuit only. The experience we have already
obtained might lead us to expect that it would not
be drastically different for the simple shunt circuit.
And experiment confirms this, the readings with the
shunt circuit being indistinguishable from those with
the series circuit. Fig. 10 shows the infinite-fCR
curve of Fig. 5 with the addition of measured plots
for a number of finite values of fCR. They were actually
read in the simple shunt circuit, but can be taken as
applying to the series circuit. It is interesting to note
that fCR -1, which in Fig. 8 causes a loss of just
over | per cent, in rectifier circuits causes a loss of
30 per cent.

How about the effect of the filters on fCR error?
There is, of course, the complication of the filter
capacitor C,. As it happens, its value has much less
effect than that of C, on the efficiency of rectification ;
so long as fC,R, is not less than about 2 it is practically
the same as infinity. We have already seen that the
addition of either type of filter to the simple shuat
circuit causes the R, error to increase somewhat, the
increase being greater the greater the value of R/R,,

R,
Fig. 7. When the diode r*’WH —o°
forward resistance r, is
greatly augmented by
series  resistance,  jts J
effect is not precisely the r
same as that of the same © '9 @ %R
amount of resistance
added to R,.
-0
—] Left: Fig. 8. The voltage
C loss caused by C in this
type of circuit is far less
R than that in a diode
circuit with equal CR.
TT /‘/l_..J—-l—-! »
z 1 |
: it B
& AR - l-
é 'l'i+- = = “> |
i —
| IR
10 20 30 100

fCR
Fig. 9. Approximate low-frequency error curve calculated

by Bell's method for series-diode circuit on the assumption
that R, + r, is negligible.
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and that for practical values of R,/R, the increase is
negligible if the original R, error is only a few per cent.
The same can be said of the effect of the filter on
errors caused by /C,R, being too small. Actually, other
things being equal, the increase of error is greater with
fC,R, error than with R error, but itis still negligible
with small errors, unless R, R, is exceptionally large.

Fig. 10 shows that, just as a little initial r, drop has
the advantage of reducing errors due to R, so does a
FCR error. But whereas the 7, drop can be absorbed
into the calibration, the fCR drop depends on
frequency, so ought to be avoided at all working

frequencies. However, as Fig. 10 again shows, the r,
drop is not only beneficial in reducing liability to R,
error, but also reduces fCR error, or (to put it another
way) enables a smaller value of C to be used than
would otherwise be necessary. The point of this is
that even r.f. valve voltmeters usually have to be
calibrated at 50 ¢/s, and for a.f. purposes it may be
desirable to go down to 20 c/s without serious error.
If the initial resistance drop is made negligible by
using a low-resistance diode and no other internal
series resistance, the minimum value of CR (time
constant) needed to restrict the fCR error at 50 c/s

TABULATED SUMMARY OF FORMULAE

IRCUIT Ve Jan6f v o Ri
¢ Fos T Ture = 099 (APPROX )
ey,
Ta 1 + R+ Re+ry R
E@ J- f cos @ ‘R £ -7 = 0-0003! -
(S R Ve
'|' ;
4 i S
— A —i— -
Re * *
£~ e %R Ve cos 8 R—‘;—’:‘- 3‘—;5- = 0-0003¢ —’;—
s +
— VWA it 1 - .
Re ¢ Rorrg B
R-ry
¢ Re*ry
Eg\') Ta R v, cos§ . —L = ooy
WHERE 7y = Ta
R+r,
& +
—AAA—f— AAA—T - *
Rs G R, i cose(l-&' tanf-0) Ry 7y Ren 00031
! R ) ReRon R, TR
L > R, R
- AL I
£?’) ‘ ERI G v S cm@(——&_) Pife o : i B o tanet RivsR,
’ Ry+Re+ry AR _n _R R !
_ L. w60 R,
— M —} AN - * -~
R¢ Cll t R, } cos@(l— R un9'9) R+ra Retra _ 000!
1 I R, 7 R*R* (R )R /R, | R+R, ( )
ViR Ry+R,) R
ER e v R 4 N RRb A L7 2N
®© ¢ ¥ '§ T AR, = ( uhd Reth o I RS Tl
J ‘ 3 G R,oR,«(Rgr,)R./R,) R+R, _1_ _ R R,
v, tan -6 R,

* Indicates an approximation with negligible error.

It is assumed that fCR, fC\R, and fC.R, are large enough to keep voltage
practically correct if fCR and fC,R, are over 100 and fCaR, over 2).

across C, C, and C, constant { formulae given are

. is the mean rectified voltage. 0 is half the angle of

diode conduction, in radians. The values given for R, are those to which R, tends as V,|E .. tends to 1. In the second circuit
the diode resistance ra is assumed to be much less (not more than a few per cent) of R, but the third case covers augmented values.
Plotting cos@ against (tan 8§ — 0)'n gives a graph of V,|E o in terms of R,, etc., as in Figs. 5 and 6.
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to 1 per cent and at 20 c/s
to 2 per cent is about 1
(e.g. R = 10MQ and C

500
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00
50
20
0

0.1xF) and that is so large FCR™

as to make the response of = i -le

the instrument to changes

e Pt

of voltage rather sluggish.
Also the capacitor is
inclined to be rather bulkier 3t
than one cares for use at -
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high r.f. One solution for
a general-purpose diode |
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C in a probe head for r.f.
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large C when measuring at
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low frequencies. But for a
purely a.f. instrument the
sluggish action can be
avoided by augmenting the
resistance of the diode. As
Fig. 10 shows, if r, R at
R, = 0 is made 0.03, the
fCR error is less even when
JCR is as low as 5 than it js with fCR
is small.

Summing up, one can hardly avoid the conclusion
that for measurements at a.f. only, in circuits that may
have high impedance, one would be well advised to
consider the type in which a stabilized pre-amplifier
is used, not only to extend the linear ranges to low

0-000t
0-0003}

50 when r,

Y
/
V.
L —
0g
o

b
S

0-00!

Rg+ 7y

Fig. 10. The dotted curves are measured characteristics of a shunt-diode circuit, but
may be taken as applying also ta the series circuit. The full-line curve is the theoretical
characteristic as in Fig. 5.

voltages, but also to reduce error from source im-
pedance. If, for simplicity, the unamplified diode is
used, its performance can be improved by incorporating
series resistance. At r.f. this is undesirable, but as
high-impedance r.f. circuits to be measured will in
the majority of cases be resonant, there is less need
for it.

Long-distance V.H.I. Reception

A PHENOMENON which is associated with clec-
trical discharges in the lower atmosphere has been
recently encountered in the long-distance reception of
v.h.f. signals, and is described by G. A. Isted in the
current issuc of The Marconi Review.

During some experiments which involved the
automatic recording, in great detail, of the Kirk
o’ Shotts (53.25 Mc/s) and Wenvoe (63.25 Mc/s)
sound channels at Great Baddow, Essex, it was
observed that the signals often arrived in a suc-
cession of impulsive bursts, having a duration between
0.1 sec and 1.0sec, and varying in amplitude between
5 and at least 20 db above the very weak background
signal. The distances involved are 330 miles to Kirk
0" Shotts and 180 miles to Wenvoe. It was found
that the signal bursts often took the form of trains,
consisting of bursts equally spaced in time, and that,
apart from single bursts, there were many such trains
consisting of from two bursts up to six or seven in
number. The burst activity on the Wenvoe signals
was much less than on those from Kirk o’ Shotts,
but at times there was strong evidence that a certain
arrangement of signal bursts from Kirk o’ Shotts
occurred on the Wenvoe signals at a slightly different
time.

By arranging one receiving channel to record the
Kirk o’ Shotts signal (and also the radio cnergy from
a lightning flash) and another to record the lightning
energy only (by detuning it from the Kirk o’ Shotts
frequency), a simultaneous recording system was set
up which permitted identification of the signal bursts

WIRELESS WORLD, JULY 1954

and lightning flashes. It was found that the trains
of signal bursts were very often associated with a
lightning flash, the bursts sometimes preceding, some-
times occurring simultancously with, and sometimes
following the lightning flash.

Ry the use of a “static receiver” conncected to a
recorder, the clectrostatic clicks which it received, and
which indicate rapid changes of an electric ficld in
the atmosphere not necessarily due to lightning
flashes, were also found to be closely associated with
the trains of signal bursts.

Vertical incidence inospheric recordings of pulse-
signals on 10.6 Mc/s were then examined, and these
showed the presence of sporadic scatter points of high
ionization density at heights corresponding roughly to
that of the E layer, and having durations and time
spacings similar to those of the signal bursts. These
ionospheric echoes also often occurred in trains and
it was found that they were often associated with
lightning flashes.

It was concluded that the v.h.f. signal bursts (such
signals would not normally be reflected from the
ionosphere) were due to reflection from these short-
lived localized patches of high ionization in the E
layer. They are attributed to recurrent clectrical
discharges from clouds in the lower atmosphere, these
discharges not necessarily amounting to lightning.

After an examination of the relevant meteorological
information a theory is put forward to account for
this. It is suggested that certain types of cloud in
the lower atmosphere become charged until, the
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charge reaching a critical striking potential (dependent
upon the electrical characteristics of the air above
the cloud), it discharges in the form of a current
flowing upwards to the E layer; and then, recharging,
reaches the critical striking potential at regular time
intervals.  (The relaxation time connected with
charging and discharging clouds would seem to be
in close correspondence with that for triple and quad-
ruple trains of bursts, which has an average value of
4.0scc.) The cnergy flowing from the clouds to the
E layer causes the short-lived patches of high ioniza-
tion, which, in turn, give rise to the signal bursts.
The energy is then conducted along the E layer to
fine weather regions, where it leaks by conduction
through the air to the earth. (Lightning flashes between
cloud and earth complete the circuit.) It is also sug-
gested that more continuous ionization in the E layer
(apart from that due to solar radiation) may be set
up in this way, and that it may account in part for
the &Eporadic E phenomenon.

Whether or not these theories are proved to be
correct, the experimental evidence is extremely inter-
esting, and the author is to be congratulated upon
the very lucid and painstaking way in which he has
presented it. A lot of work must have gone into this
project, as a result of which our knowledge of radio
propagation and related phenomena cannot fail to be

enhanced. T. W. B.
SOUNDS—PAST AND PRESENT

AS a prelude 1o the British Sound Recording Associa-
tion’s annual convention and exhibition, held recently
at the Waldorf Hotel, London, W.C.2, Brian George,
of the central programme department of the B.B.C.,
gave a talk on * Voices and Sounds from History,”
illustrated by examples from the B.B.C.s record
archives. These included the voices of Alfred Lord
Tennyson and Gladstone—transcribed from phono-
graph cylinders, the * home recording ” of that day—
and Mr. George spoke of the difficulties of authenti-
cating carly records of celebrities in view of the many
cxamples of amateur mimicry which still survive and
are discovered from time to time. Not all the records
are of the great; the B.B.C. archives contain speci-
mens of contemporary wit and dialect, from people
in all walks of life. Much cffort is being expended
to trace among the older generations the rich dialects
that are in some danger of losing their edge as the
result of the tendency towards standardization in the
accents of B.B.C. announcers.

Guests at the apnual dinner
Ashbridge and Harold Bishop.

After two years’ service H. Davies is retiring as
president and will be succeeded by Norman Leevers.

Both Saturday and Sunday attendances at the exhi-
bition were high, and on both days visitors were able
to hear demonstrations of high-quality commercial
reproducers.

This year’s competition for amateur constructors
showed a wide range of interests and no falling off in
enthusiasm. The President’s Trophy and the Wire-
less World prize were won by G. M. Simpson for his
cathode-ray oscilloscope, designed for work on wide-
frequency-range sound recording and reproduction.
Made from surplus parts and incorporating a 2}in
VCRI139A tube, this instrument was notable for the
very high standard of workmanship and finish. The
Committee prize went to A. G. Tucker for an experi-

included Sir Noel
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menter’s console giving quick access to the under-
sides of the various chassis for modifications, while
presenting a permanently neat appearance when
closed. DPrincipal sections included a three-speed
record turntable, a tape deck, a radio feeder unit and
a control panel.

Notes on the commercial exhibits are included in
the review of audio developments elsewhere in this
issue.

SMALL-CRAFT RADIO
INSTALLATION

A RADIO installation intended for the smaller and
* middle-water  type of fishing craft and providing for
reception over the ranges 45 to 131kce/s and 375kc/s to
3.4 Mc/s; radio telephone transmission on any of six
crystal-controlled spot frequencies in the band 1.6 to
2.85 Mc/s and direction-finding facilitics has been intro-
duced by the Marconi International Marine Communica-
tion Company, Chelmsford, Essex.

Controls are reduced to a minimum while retaining full
flexibility to meet widely different conditions of operation
and all are fitted with knobs that can be handled while
wearing gloves.

The aerial is a single loop in a rotating frame con-
trolled by a large handwheel from below and it is
intended to be mounted above a wheclhouse or chart-
room housing the radio equipment.

The receiver, known as the “ Renown,” and the trans-
mitter (* Guillemot ) are approximately the same stze
and can be mounted very conveniently one above the
other in a recess as shown in the illustration. * Secapilot ”
is the direction-finding equipment.

The equipment is designed for operation from 24-volt
batterics.

1

Renown-Guillemot-Seapilot radio-telephone and direction-
finding equipment introduced by Marconi Marine.
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P i e Z 0 e I e C t r i C ’ Survey of Physical Properties

Crystals

(Concluded from page 280 of the previous issue)

THE analogue of the crystal transducer is shown
in Flg 9, in which C, is the electrical capacitance,
C,. is the effective compliance, M is the effective
mass and I:N is the *‘transformer” converting
electrical to mechanical energy and vice versa. The
capacity presented to the electrical terminals, the
compliance C,,, and M, will all be a function of the
mounting of the crystal, together with any mechanical
appendages such as stylus, reed, etc. The ‘“ mechani-
cal ” terminals are open-circuited when the crystal
is clamped (zero velocity) and short-circuited when
completely free: under working conditions some form
of complex impedance will normally be connected to

them. In these analogues the following relations
hold:—

Electrical Mechanical

E.mf. Force

Current Velocity

Inductance Mass

Capacitance Compliance

Although crystals are anisotropic, when one is
investigating a particular cut it is admissible to treat
the crystal constants as isotropic using the values
obtained experimentally for that particular cut.

In the elementary theory of elasticity the three
elastic constants of an isotropic solid are Young’s
modulus Y, the rigidity or shear modulus 7, and the
bulk modulus or volume elasticity E. Any one of
the three can be expressed in terms of the other
two by the relations given below, which also involves
Poisson’s ratio o:

Y =2n(l — o) (1a)
n 2(110) .. .. .. .. (b
E 3(1Y; syt e e (1O
. Y,énz” (1d)

These various factors all enter into the mechanical
design equations of the working transducer, and to
obtain some insight into their application we shall
consider one or two hypothetical examples.

The maximum displacement of a gramophone
record groove is of the order of 0.01 cm. Assume

for the sake of argument a crystal expander plate of

lcm < 0.5cm < 0.07 cm, which is a normal size for
crystals used in pickups, the Young’s modulus being
2 x 10". The crystal (Fig. 10) is firmly fixed at one
end and is driven by the stylus at the other. At low
frequencies where compliance is dominant the
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and

Therr Practical Exploitation

By S. KELLY*

minimum playing weight necessary to keep the stylus
in the groove when driven in compression and
tension, (1) in Fig. 10, would be:—
D
981.C,, @
where W -- playing weight, D = displacement of
stylus in cm, C,, -~ compliance in cm/dyne.
The compliance of the crystal as an expander
isi—
!

C
" Y.

where Y = Young’s modulus, /
t = thickness in ¢cm, w

3

length in cm,
width in cm.

From (2) and (3):—
W D.Y.w.t
981./
1073 ~ 2 ~ 10" % 0.5 x 0.07
981 - 1
7.14 < 10' gm (71.4 kilograms).

This value is somewhat high even for pre-war crystal

*Cosmocord Ltd

Ce MoR I
o 1 1k —JO0Y —o
!
S Crm
ELECTRICAL < R, OR MECHANICAL
< Co
3
'
Oo— . | —o
N:1OR NB:I
Fig. 9. Analogue of electro-mechanical relations in a
crystal transducer.
t
\

CRYSTAL

s~

DIRECTION
OF
N () <z)
SoLID BLOCK

Fig. 10. Elementary crystai transducer illustrating the
modes of applying stress open to the pickup designer :
(1) compression, (2) cantilever, (3) torsion.

FORCE

(3)
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pickups! Let us therefore use the crystal as a canti-
lever, Fig. 10 (2), in which the direction of vibration
will be at right-angles to the case cited above.
~ The compliance C,, of the crystal as a cantilever
isi—
4
C,==—- . . .. a6 5
" Yot )

D.Y.w.r?
dw= "2l
and W= io81 ©

10-2 x 2 < 10" x 0.5 7 0.343 10

4 ¥ 1 981
= 82.5 gm.
This value is still much too high for modern pickups,
but is within striking distance of the optimum and
represents about the average for prc-war pickups.
The third alternative is to use the crystal in torsion
(Fig. 10 (C)), by supporting the front end in a bearing
and using a stylus, say, 1 cm long.

Co = ———L— a0 30 ©)

n.w.t“(l - 0.63—t)
w
where n is the modulus of rigidity and is obtained
from equation (1b).
The assumption of a Poisson’s ratio of 0.1 results
in a rigidity modulus of 9.1 - 10", and

D.n.e.s* <1 + 0.63 ')
F44

W = .. ac
3/.981 ©
10-: o1 10 - 0.343 - 10-3 ~ (0.91)

S 3.1 . 98]

= 48 gm.

This is somewhat better and in actual practice the
extra compliance required for a practical pickup would
be obtained by using an elastic type of material for a
support (such as rubber or p.v.c.) together with a
cantilever stylus. At the high-frequency end of the
band, mass impedance rather than compliance is the
controlling factor and this is where the torsional
crystal scores with the materially reduced effective
mass and increased voltage force sensitivity.

The effective mass of a cantilever is:—

law.t.p
3
where p = density.
The moment of inertia of the same plate in

torsion is:—
(1 ) o

p. [ w?,

If a stylus of 1cm length is used the effective mass
at the stylus tip will be the numerical value given by
equation (10) in grams. Assuming p = 2, and using
the same sizes as before for the cantilever:—

9

1 v 0.5 x 0.07
M= — 36 — = 0.0233 gm
= 23.3 milligrams
where M, = effective mass referred to the stylus
point,
and for the torsional unit:—

21 - 0125 x 0.07 ., (1.02)

¢ 36
= 0.000495 gm = 0.495 milligram.

In other words, a greatly reduced effective mass
compared to the cantilever crystal.
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Practical crystals of the cantilever or torsional type
consist of two correctly oriented plates cemented
together with electrodes, connecting leads, and some
form of protective coating, and are usually named
* bimorphs.” These units then behave as a homo-
geneous whole and the foregoing philosophy can be
successfully applied.

It is now standard practice to specify crystal con-
stants in M.K.S. units, and these can easily be
converted to c.g.s. units if one remembers that the
M.K.S. unit of force is the newton and is equal to
10° dynes ; the accompanying table gives multiplying
factors for both systems. Because most engineers
still use the foot rule (and the majority of machine
tools in this country are calibrated in inches) the
physical dimensions of the crystals listed in Table 2
are given in inches and the other parameters are in
the standard clectrical nomenclature.

Table 2 shows the various constants of the equivalent
circuit shown in Fig. 9. It should be noted that the
torsional coupling coefficient is given in volts newton.
metre or volts’dyne.cm. The torsional compliance
is given in radians newton.metre or radians’'dyne.cm.
The effective moment of inertia is given in kgm.m?*
or gm.cm.>.

Practical crystal stoday are usually between 0.5in
and lin long, 0.25in to 0.375in wide and 0.015in to
0.06in thick. In the case of barium titanate the
length varies between 0.5in and lin, width 0.06in to
0.1in and the thickness is usually 0.03in. Because of
the low transducer ratio (N) and very high dielectric
constant of barium titanate, the two elements are
usually connected in serics, giving twice the output
voltage for a quarter of the parallel capacity. In the
case of Rochelle salt units, where the reverse con-
ditions hold, the parallel connections are used. The
nominal value of capacity is usually set at a minimum
1,000 pF. In each case the compliance of the crystal
is of the order of 10 times lower than that required
for present-day pickups. The additional compliance
is obtained by supporting the crystal on resilient
rubber pads or using some other form of compliant
coupling.

The resonant frequency of the system can be
obtained from:—

1
fr = =
27y M.C,,
where M is the effective mass, or the moment of inertia,
and C,, is the effective compliance.

From the values given in Table 2, it will be seen
that the resonant frequency for bimorphs of identical
size will be lower for cantilever units than for torsional
units and the effective transducer ratio is also lower.
It is important to usc ecither M.K.S. or c.g.s. units
throughout otherwise the resonant frequency of a
pickup may appear to be in the megacycle band! If
we compare a Rochelle salt bimorph of 0.5in ~ 0.25in
x 0.03in a torsional and a bender unit, together with
a barium titanate bimorph 0.7in « 0.lin X 0.03in
(these are the normal sizes commercially available
today) the following results are obtained:—

Rochelle salt

(Torsional parallel) C = 1.25 x 107 farad

Ny = 2.93 < 10! volt'newton.
metre

Ces = 1.3 radians 'newton.metre
Is = 1.64 x 107!% kgm.metre
f, = 11,000 C's.
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Rochelle salt
(Cantilever parallel) C .25 X 10— farad
N .0 x 102 volt/newton
3

1
2
1.3 X 107+ metre newton
2
2

20
I

5 x 10~ ¢ kgm
IR ,800 c/s.
Ceramic
(Cantilever series) C 7.6 % 10710 farad
N 63 volt/newton
C, = 2 ¥ 10~% metre 'newton
M 52.5 x 106 kgm
f 1,550 ¢/s.

To bring these values down to the familiar c.g.s.
units and assuming a stylus length of 1 cm for the
torsional unit (a normal practical value), we get the
following:—

C N C. M e
(upF) (mV 'dyne) (cm‘dynse) (mgm) (kc's)
x 10

Rochelle salt

It will be seen that a torsional unit of the same size
and material gives a suverior performance for both the
voltage sensitivity and resonant frequency, and that
the sensitivity of the ceramic element is considerably
lower than either of the two Rochelle salt units. The
sensitivity of the titanate can be imnroved by decreasing
the thickness, width, or increasing the length; the
thickness of 0.03in is the present commercial minimum,
this value being dictated by fragility in handling,
warping during firing, etc. Increasing the length
will decrease the resonant frequency and decreasing
the width will reduce the capacity (but will not affect
the resonant frequency) although the compliance will
be inversely proportional to it. The same remarks
in general apply to Rochelle salt, except that the
minimum commercial thickness is 0.015in and the
minimum width is about 0.2in, but in view of the
higher coupling coefficient more liberties may be

(Parallel taken with the Rochelle salt than w.th the titanate.
Rto}‘;s'ﬁ’"al)} 1250 2.93 0.13 164 11.0 Conclusions.—Of the three possible sources of
oé,aeraﬁéat transducer material at present available, A.D.P can
cantilever) 1250 2.0 0.13 250 2.8 be counted out for most pickup applications by virtue
Barium titanate ) ’ ) ’ of the extremely low dielectric constant, although
(Cantilever) 760 0.63 0.20 52.5 1.55 it is used to some extent for microphones. Rochelle
TABLE 2.
(Dimensions of crystals in inches)
Twister ‘‘ Bimorph *’
|
Linear Three-Corner Torsional
Ct ¢
Parallel = Series N Neo No
Parallel | Series C,. M Parallel | Series _ Ce Ie
MK.S. | Farads | Farads | kgm ' .
Multiply fijures by | 10 12 10 12 1 1 10°® 10 3 7 102 102 10 6 107
c.gs. | uuF uuF gm !
Multiply figures by 1 [ 1 103 106 1012 1 105 10-5 10-1 1 J‘
' 3 | s. . 2.2 4.4 ! .
Rochelle salt 30°C) | 300 % | 75 & 365 13 1y, 300y agu, 44 75! 608l
t t r wt wl 2w
. 7 { ol
A.D.P. 12002 330w 99 | 197 a5 Mg 0| 32 8 l271-1 6.05m%
! t t t t 3 wt wt wid
_——e S — |
l l Bender ‘¢ Bimorph *’
i l Cantilever Centre Drive
] e ! g
Parallel | Series " N | | N N | [
| Parallel | Series | C, | M Parallel | Series c. | M
| 1 ' |
M.K.S. | Farads | Farads ‘ ! kgm kgm
Multiply figures by 10 12 1012 1 | 1 109 10 3 1 1 109 10 -3
c.g.s. upF uuF gm ‘ gm
Multiply figures by 1 1 10-5 10-5 10 12 1 105 1(-5 1012 1
‘ | | | 3 l 1o
[Rochelle salt (30°C) | 300 % | 75 | 20X  sgl 704 5 6.68 lwr 0.73 145 5 044— 13.35 jur
| t | t | we we w wt we we
| 3 i 3
A.D.P. 120 % 1323 | 60t 1201 7841 |7205me| 15 300 049 D 143
t t wt wr | wt wi wt we
. I I | I ! B : ! I
|Ceramic | 1300 . 325 0 10.135 w 0.27 wt | 1.6 Wi 25 lwt | 0.034 e 0.068 wr 0.1 wid 50 fwe |
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salt, when correctly used, can result in highly
efficient, consistent and cheap mass-produced gramo-
phone pickups. It should not be used at temperatures
above 45°C and it must not be subjected to tempera-
tures in excess of 55°C. In general, it is wise not to
use Rochelle salt units within < 20 degrees of
latitude of the equator.

Barium titanate units have the advantage over
Rochelle salt that they can be made completely
tropical proof, although due allowance must be made
for possible variation in sensitivity with temperature
on zirconium-loaded elements. The capacity is
virtually independent of temperature, but the voltage
sensitivity is about — 20 db compared with Rochelle
salt for the same needle-tip compliance. Because
of the cantilever construction, the effective mass is
considerably greater than that of a torsional unit,

and if the needle tip impedance is to be kept within
reasonable values at high frequencies some form of
mechanical decoupling must be introduced between
the stylus and the crystal element, and considerable
high-frequency attenuation must be expected in the
pickup.

From the foregoing it will be appreciated that the
final solution of a particular pickup design problem
is governed by many factors, and at present there
is no one ideal solution for a crystal cartridge with a
wide frequency range, of high compliance, which is
completely tropical proof and has a high sensitivity;
although each new development and improvement in
technique brings the goal appreciably nearer.

Acknowledgment is made to Mr. A. C. Dobellj, of
the Brush Crystal Co. Ltd., for information on
fundamental crystal parameters.

Congress on Sound Recording—Paris 1954

Some Points from the Discussions and [tems of Interest

in the Exhibition

;
ERONi April Sth to 10th, 1954, an International
Congress on Sound Recording was held in Paris. It
was organized by the Société des Radioélectriciens,
under the direction of G. Rabuteau, the President
of the Society.

During the week of the Congress some 64 papers
were read, and six visits to technical or industrial
organizations were arranged.

An exhibition of evzrything appertaining to record-
ing was open for the whole week, including Sunday,
April 11th. In addition to this very full programme,
evening engagements included a symphony concert,
and a demonstration of synthetic music (inciuding
“ Musique Concrete”) arranged by Radiodiffusion-
Télévision Frangaise (R.T.F.).

The Congress was opened at a ceremony at which
speceches were made by the President and by the
distinguished physicist L.ouis de Broglie.

Technical Pagers

The papers covered the whole field of the art and
science of recording and were divided into five
sections, Section 1 covered the history of recording,
common problems, and measurements. Section 2 dealt
entirely with magnetic recording and reproduction,
including its future application in the television field.
Recording for the cinema in all its aspects was dealt
with 1n Section 3, whilst Section 4 was devoted to disc
recording including the special problems of micro-
groove and factory production of gramophone
records. Section 5 included papers on many applica-
tions of recording in industry and science, covering
the recording and storage of pulses, cathode-ray
memory svstems, long-duration data recording, and
the generation of synthetic music.

348

By H. J. HOULGATE, AM.LEE.

An account of the measurement of “wow” and
“flutter ” and its subjective effect, by M. Caciotti, of
the Italian Broadcasting Organization, was read by his
colleague Signorina Bordone. For testing magnetic
recorders having had very little speed fluctuation, the
following method was suggested. A continuous loop of
tape, lasting some seconds, is used, and the output of
the machine is connected to its input after the loop
has been recorded with tone. Each “pass” of the
loop through the machine then reproduces and
re-records the tone, a process which results in an
increase in the “ wow ” content of the recording. It
was shown that if the “wow ” and “ flutter ” are of a
random nature, as is often the case in first-class
machines, then the final speed fluctuation is equal to

hv n, where h is the original fluctuation and n is the
number of dubbings. Such a method is also applic-
able to measurements on disc recorders. Subjective
tests led to the statement that speed fluctuations at the
rate of 15 per second were the most objectionable to
the ear. Reference was also made to the fact that the
frictional forces on the tape can result in longitudinal
vibrations, which in their turn give rise to frequency
modulation of the recorded signal. This effect pro-
duces high-frequency flutter, which although at much
too high a rate to be noticed as a variation in pitch,
results in the generation of objectionable sidebands.

F. Gallet, an engineer on the staff of R.T.F., dis-
cussed in detail the causes of noise in magnetic record-
ing systems. He gave the signal/noise ratio for a
typical machine as 50 db when measured by a *flat”
voltmeter, and 65db if an aural simulatien network
were used. It was pointed out that, although these
figures were acceptable for a recording system, an
amplifier to be used in a broadcasting chain would have
a much better signal/noise ratio, and that every effort
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should be made to improve the performance of mag-
netic recorders in this respect. Some considerable
attention was given to modulation noise, which was
shown to be due to two distinct causes. The varia-
tions in the magnetic properties of the tape and the
imperfect contact it made with the head resulted in
amplitude modulation of the programme by signals of
a random nature, whilst longitudinal vibration of the
tape gave rise to frequency modulation of the pro-
gramme, the modulation being in general random, but
being “ coloured” by the natural longitudinal reson-
ance of the tape in the region of the heads. Such a
frequency modulation causes the noise spectrum
accompanying a tone to include sidebands. It is, of
course, desirable to give a measure in terms of signal/
noise ratio to the modulation noise. This is not easy
to do since the noise is always accompanied by the
signal, which is of much higher amplitude, and must
be removed, together with its harmonics, by very sharp
filters. It was shown, however, that the spectrum
produced by amplitude modulation of the signal was
independent of the signal frequency, and so could
be measured using a signal of zero frequency, i.e., d.c.
Such a measurcment is not all that could be desired,
but it is of use in assessing the properties of the tape,
since the components which are ignored by this
method are those due to frequency modulation and
these are as much a function of the recorder as of the
tape itself.

Testing Magnetic Tape

A second paper by F. Gallet was devoted to the
problems involved in testing tape reccived from the
manufacturers. He described a machine for testing
nine tapes at once, which was on show in the exhibi-
tion. It consisted of nine channels of recording and
reproducing heads together with feed and take-up
spools, and a common capstan shaft, driven by motors
on the bedplate of the machine. Each of the nine
tapes was tested for sensitivity at 800c/s throughout
its length under standardized conditions. The output
from each tape was recorded by a recording voltmeter
on a strip of paper about 10in long. In addition to
the sensitivity tests, two of the tapes on the machine
were given a modulation noise test and the resulting
noise output was recorded on further charts.

It is well known that in the manufacture of record-
ing tape the support material is coated with the oxide
in fairly large widths, and each batch is subsequently
slit into the }in tape used on the machines. The
lecturer stated that it was desirable that more
stringent tests be performed on at least one tape
from each batch. Special equipment is therefore
used to plot graphs of frequency response, output
v. bias, distortion v. output, and, after a 24-hour
delay, to record the “print” level. All these
tests are recorded on one strip of paper, which, in
common with the sheet recording sensitivity, carries
a code number identifying the tape completely, both
as to batch, and the position the particular tape occu-
pied in the original wide sheet. This equipment is
of particular interest, since a controlling amplifier
connected between the output of the system and the
input to the recorder is used to keep the output of
the system constant. The actual output from the
reproducing amplifier is then determined by a variable
attenuator connected between its output and the
control point. Thus the signal applied to the har-
monic analyser can be taken from the constant level
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control point and the recording meter has only to
measure the harmonic output, and not, s would be
more difficult, the harmonic to total signal ratio.

Maurice Soubrier had been concerned with the
problem of correcting a recording, such as that on a
magnetic dictating machine, cither by the deletion of
undesired matter or by the addition of new material.
He described a method of doing this without cutting
the tape, or re-dictating the matter coming after the
additions. He proposed using two or more coupled
recorders capable of recording or reproducing in
cither direction of travel of the tape, and so arranged
that subject matter could be transferred from one
tape to another at will. To save time the re-recording
could be carried out whilst the machine was running
backwards. An apparatus could certainly be made to
do this, but the present writer fears that it would be
rather complicated for office use, but might have
applications in broadcasting when much editing is
necessary.

Dr. Schiesser, of Rundfunk-Technisches Institute
G.m.b.H., discussed the magnetic recorders and
ancillary equipment which have been devcloped for
use in the German Federal Broadcasting System. Of
special interest was the small portable recorder, Type
R85, which records at 74in per scc. using 1,200ft
spools. The motor system is fed by battcries. A
separate reproducing head and amplifier are fitted for
monitoring and subsequent reproduction, and the
overall response was stated to be flat 1o 10ke/s. The
recorder measures approximately 10in x 15in x Sin
and weighs 22lb. Dr. Schiesser referred amongst
other things to the work done by N.W.D.R. on arti-
ficial reverberation, and mentioned work of a similar
nature which had already been carried out by Dr.
Axon at the B.B.C. Research Department.

Recording Television Signals

One afternoon was devoted to the application of
the magnetic system to television recording. J. T.
Mullin, of Bing Crosby Enterprises, described the
multi-track system developed by his company, and
Commander C. G. Mayer gave an account of the
system developed by R.C.A. This latter system uses
lin-wide tape to record both sound and colour tele-
vision signals and is capable of recording black and
white television and sound on normal }in-wide tape.
The tape spced is about 30ft per sec and special
measures are taken to maintain the tape tension con-
stant at all times. Commander Mayer pointed out
that the speed constancy requirements were extremely
stringent for this work and stated that constancy in
excess of 1 part in 10" was nceded. The recording
and reproducing heads present unusual problems,
since the recorded wavelength at 4 Mc/s is only about
1 microns. A further trouble occurs in the sound
channel and indeed at the Lf. end of the video channel,
because the tape speed is so high that the wavelength
becomes large compared with the head dimensions
and results in a low-frequency loss in addition to that
normally encountered in the magnetic system.

J. Borne, of the Laboratories d’Electronique de
Physique Appliquée, discussed the influence of the
physical and magnetic characteristic of the recording
head upon the response at high frequencies, whilst
his colleague, J. Perilhou, discussed, in addition, some
of the mechanical problems involved. He endorsed
the statement already made by others, that separating
a reproducing head from the tape by one wavelength
results in 55db loss of output.
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The last item on the afternoon’s agenda was a
demonstration by Prof. Boutry, from the Conserva-
toirc National des Arts et Mctiers, of television
recording on a magnctically coated drum. The pro-
gramme radiated by R.T.F. was recorded, immediately
reproduced, and shown on a projection receiver screen.
The bandwidth in use was only about one megacycle,
so the results were not perfect, but for most people
present it was the first time they had seen such a
demonstration. It was stated that the clearance
between the heads and the drum, necessary to
eliminate wear, was about 0.00004in. Such a fine clear-
ance necessitated great precision in the drum bearings.

Several papers were devoted to the use of magnetic
recording as a memory for calculating machines. One
interesting application was that of recording teleprinter
signals. It was stated that one character could be
recorded, on a multi-track system, in 0.0005in length
of tape. Thus much more information could be stored
in a given space with the magnetic system than was
possible on the normal perforated paper tape. In fact
a foot or two of tape could contain the equivalent of
many pages of typescript.

In the section on disc recording an interesting paper
was read by P. Meunier, of R T.F. He and his col-
leagues have been concerned at the difficulty of cutting
microgrooves on lacquer recording blanks. He has
noted that the degree of flatness required for this
purpese is very high, and showed that a re-design of
the usual cutter head mounting is of considerable help.
Briefly he established that the head must be pivoted
S0 as to possess minimum inertia and minimum fric-
tion. The head, with a minimum of added mass, is
mounted on a pivoted arm with no counterbalance.
A second arm, separately pivoted, projects beyond the
pivots and carries a counterbalance weight. It is
coupled to the head by a spring and dashpot system.
In the published paper* the simplified equivalent elec-
trical circuits of the mechanical system arc analysed.
Considerable improvement was claimed, not only in
the reduction of effects due to lack of disc flatness,
but also in those caused by motor vibrations.

Exhibition

As might be expected, a large proportion of the
forty-nine exhibitors were showing magnetic recorders
of one type or another. Studio machines were repre-
sented by E.M.I. of England, Tolana and Bordereau of
France, A.E.G. and Vollmer of Germany, and Ampex
of U.S.A. Some of these machines were provided
with push-button operated shears to cut the tape
adjacent to the reproducing head when editing.

On the N.W.D.R. stand an interesting midget tape
recorder made by Maihak was shown. It operated at
7%in per sec and would record for 7% mins on one
winding of its spring motor. The recording or repro-
ducing amplifier was battery operated. The complete
instrument was about 9}in x 124in x 4}in in .size, and
weighed 16lb. It was stated that a second head could
be fitted to recerd timing signals from a film camera
so that the tape could subsequently be synchronized
with the film. In another version of this recorder
the spring motor gave a constant-speed drive for 12
minutes.

A somewhat larger and heavier battery and spring-
operated recorder was shown by Acémaphone.

Another spring-driven recorder was shown by Rocke
International on behalf of the Amplifier Corporation
of America. Called the “ Magnemite,” it was available
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with tape speeds ranging from [in per sec to 15in
per sec. The slow-speed machine was stated te record
from 200 to 2,500 ¢/s and to run for 30 minutes on one
winding. An unusual feature of some of these models
was an external flywheel mounted on top of the
capstan. The smallest and lightest of the range,
operating at 13in per sec, was 1lin x 8in x Sin in size
and weighed 10lb. A portable battery-driven re-
corder intended for professional use and of similar
dimensions and weight to the above instruments is
available from E.M.1.

Domestic tape recorders were on many stands, but
only two will be referred to. The A.E.G. model KL25
operates at 33in per sec and has a counter operated by
one spool to facilitate “ place finding.” A response
to 10 kc/s was claimed and a separate reproducing
head and amplifier is included.

Radio Star were showing a very small domestic
recorder, including amplifier and oscillator, which
could be stood complete on any turntable or clockwork
gramophone to provide the tape drive. The amplifier
would function on a.c. or d.c. mains.

A device of great interest to film enthusiasts was a
stabilized, film-pulled, magnetic sound attachment
which could be mounted between the arm carrying
the feed spool and the body of almost any projector.
The unit, which is reminiscent of some of the units
fitted to professional projectors for stereophonic sound
in cinemas, is marketed by Fred. Jeannot.

One of those things which had to be produced
sooner or later was a simple but satisfactory clip for
holding the free end of a reel of tape firmly to one
cheek of the spool. It is made by H. Gravillon, Paris.

A machine for making welded joints in p.v.c. tape
was being demonstrated by Sonocolor. A joint could
be made in about 10 seconds, including trimming the
ends of the tape and loading and unloading the
machine.

Two gramophone turntable units are worthy of
mention. Thorens of Switzerland were showing a
three-speed motor, governor controlled, which used a
gear change to go from 78 to 33} r.p.m. 45 r.p.m.
was obtained by using the governor. Thus all three
speeds were adjustable. The pickup fitted to the model
on show was an American G.E. variable reluctance
unit, which could be lowered by push-button at any
of the three usual record diameters.

A high-grade, three-speed, 17in diameter turntable
was being exhibited and demonstrated by EM.T. of
Germany. This incorporated many refinements, in-
cluding an optical device for locating the pickup on
the disc and a remotely controlled rapidly starting
turntable.

A most unusual-looking loudspeaker was exhibited
by Elipson and was used in the demonstrations of
“ Musique Concrete.” The unit is conventional, but
the enclosure appears to be cast in plaster and is ported
in the normal way. Over the cone, which faces up-
wards, is a large, shell-like elliptical reflector, also of
plaster, which gives the unit its name—* La Conque.”
The reflector is so placed that the loudspeaker unit is
at one focus of the ellipse, and hence an image source
appears at the second focus. The result is claimed to
be a uniform sound distribution over a fairly wide
angle down to 800 ¢/s, but outside this angle the sound
is attenuated and hence undesirable building echoes
are not excited.

* The original text (in French) of some of the papers read at the
Congess, and a summary of others, can be consulted in the March
1954 issue of L'Onde Electrique (Vol. 34, No. 324).
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Integrated Microwave Test Bench

Losses and Reflections Due to Imperfect Assembly Avoided

AN interesting and original exhibit at the recent
R.E.CMPF. show was the Ferranti X-Band Test
Bench, referred to briefly in last month’s report. It
appears to be a distinct step forward in microwave
technique.

Ordinarily, the outfit needed for microwave tests
and measurements comprises a number of separate
waveguide instruments—wavemeter, attenuator, slotted
line, matched loads, etc.—bolted together to form a
rather lengthy and untidy looking set-up. The
essence of the Ferranti development is that instead of
being built up of separate lengths of “pipe” it is
milled out of one solid block of light alloy. One result,
at least as regards the components
thus “ integrated,” is that the circuit

POWER MONITOR

is fixed. This may be a disadvantage for general
experimental purposes requiring flexibility of
apparatus. But for carrying out standard tests
it is an immense advantage to have equipment that can
be relied upon to be always the same; that is to say,
with no alterations or borrowing of essential parts by

PROBE INSERTION
CONTROL

VARIABLE ATTENUATOR
0 - h
.lo‘ KLYSTRON INPUTS

SLOTTED
SECTI08
OF LuIDE

Right : Section through the
Ferranti X-Band Test Bench
showing positions of the
items mentioned in the text.

Below : The block of the
unit provides a convenient
mount for additional items
of test equipment.

WAVEMETER

PROBE ADJUSTMENT - —-—b’-

PROBE TUNER :

SLOTTED LINE
DRIVE KNOS

VARIABLE ATTENUATOR

i
Nl

WAVEMETER

WIRELESS WORLD, JULY 1954

3db COUPLER

some other worker since one last used it. As there are
no joints between sections of guide, there is no chance
of variable losses and reflections due to imperfect
assembly. The only joint is the one between the two
halves of the block, and because this comes half-way
along the major dimension of the rectangular guide
section, it impedes no current.

Manufacturing Advantages

‘The method of manufacture greatly reduces costs
(it is said to take one-third of the time required to
produce a conventional test bench); it makes possible
a more consistent product; it facilitates internal
inspectior: and accessibility; and because there is no
question of the guide being deformed by its being
taken around sharp bends the whole apparatus is
very compact, as well as being cleaner in appearance,
stronger, and more rigid. The block forms an
adequate mount for additional components that may
be required; amplificrs can be plugged directly into
the waveguide, thereby avoiding the use of flexible
leads,

Provision is made for any number up to three
klystron oscillators; this is convenient for covering
a wide frequency band or for testing at several
spot frequencies without having to make readjust-
ments.
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The black areas in the drawing indicate matched
From the klystrons the main wave-

terminations.
guide leads in turn to: —

(a) a micrometer-controlled wavemeter, operating

in the H,,, mode,

(b) a crystal detector for monitoring the output

power,

(c) a micrometer-controlled nichrome-film glass-

vane attenuator with a range of 0-30db, accurate
to +0.1db, and

(d) the slotted line, with probe insertion control-

lable up to Zmm, and longitudinal position variable

over 90mm to an accuracy of 0.02mm, providing

1.01.

Manufacturers Products

NEW EQUIPMENT AND ACCESSORIES FOR RADIO AND ELECTRONICS

Iigh-Ratio Tuning Drive
A GEARED drive with a reduc-
tion ratio of 56.25 to 1 intended

primarily for bandspread or precision
tuning over shortwave bands in a

Jackson
Type Gl.

high-ratio geared drive

receiver has been introduced by
Jackson Bros., Kingsway, Waddon,
Surrey.

It is fitted with spring-loaded
gears and self-aligning ball bearings
to ensure a smooth action free of
backlash at all shaft loads up to

24 0z/in. Stops are included to pre-
vent overdriving at the limits of
rotation as a safeguard against
damage to the gears,

High- and low-spced shafts
(driving and driven respectively)

project back and front of the casing,
thus permitting the addition of a
driving motor if required and pro-
viding facilities for a pointer or scale
on the front extension of the
capacitor shaft.

At present the drive is available
to equipment makers only and with-
out dial, knob or other accessories.

Industrial P..A. Amplifiers

POWER outputs up to 2.4kW for
large factories, railway stations and
wire relay systems are provided by
parallel connection of unit 100-watt
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amplifiers recently introduced by the
General Electric Company, Magnet
House, Kingsway, London, W.C.2.
Two DAI100 valves in push-pull may
be operated 1o give 100 W with
3 per cent distortion under Class A
conditions, or 175W under Class
AB2 with 6 per cent total harmonic.
The output transformers have
divided secondaries with impedances
suitable for series or parallel con-
nected loads, and the Lt and h.t.
supplies are derived from separate
transformers to simplify stand-by
running of heaters. Four bridge-
connected directly heated vacuum
rectifier valves are used for h.t.
supply with a choke input smooth-
ing system employing paper dielec-
tric condensers.

The panels, which are 154in high,
fit racks of the standard 19in width.

F. M. Feeder Unit

DESIGNED specifically for the
B.B.C. experimental transmissions
from Wrotham, this unit covers 87.5
to 100 Mc/s and comprises an r.f.
stage, self-oscillating triode fre-
quency changer, two if. amplifiers
with a.v.c. to prevent overloading and
to minimize aircraft flutter, and a
ratio-type discriminator. A cathode-
ray tuning indicator occupies the
centre of the horizontal tuning dial.

The unit has been designed to have
good frequency stability after the
initial warming up period, and with
a field strength of 3mV/m gives an
average of 40 mV audio output into
100 k&2,

Wher. required for use in conjunc-
tion with existing high-quality ampli-
fiers, such as the Leak TL/10 or
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voltage standing-wave ratio discrimination down to
The frequency range of the whole unit is
9-10kMc/s (3.00-3.33cm wavelength).

Chapman FM8I feeder unit.

Quad I or II, appropriate power
supply and output plugs can be sup-
plied and suitable h.t. dropper resis-
tors included in the set.

The price is £18 10s, and a half-
wave dipole aerial with window sill
fitting can be supplied for £1 18s 6d.
If necessary a horizontal H aerial
with 5ft chimney mast and fittings
costs £4 15s 6d.

The makers are C. T. Chapman
(Reproducers), Lid., Riley Street,
London, S.W.10.

Miniature Soldering Iron

AN overall length of only 6in and
a weight of only } oz are features of
a new miniature soldering iron which
can be supplied with bits ranging
in diameter from }in to 4in. The
loading of the smallest size (4-in bit)
is 12 watts, while that of the largest
is 40 watts. Working voltages range
from 6 to 250V, a.c. or d.c.

Despite their small size it is
claimed that the mains element irons
can be left switched on while not in
actual use for very long periods
without coming to harm.

The “ Litesold,” as the iron is
known, is made by Light Soldering
Developments, Lid., 106, George
Street, Croydon, Surrey, and the

‘Litesold "' minia-
ture soldering iron
with replaceable bit
and cover.
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price is 19s 6d with a fixed }-in
diamecter bit and 21s 6d with a
replaceable bit. A protecting cap for
the bit and element is included.

Lilliput Lampholders

A RANGE of sub-miniature lamp-
holders described as the Type LES
(lilliput Edison screw) conforming to
Section E of BS98 as regards lamp-
holder dimensions, has becen intro-
duced by A, F. Bulgin and Company.
They are available with fixing
brackets of five different shapes; one
is the baseboard model shown here
in its actual size, while the others are
shaped for securing to various types
of scale and other devices for which
illumination is required.  Other
types of bracket can be supplied by
special arrangement.

Bulgin lilliput lampholder Type LES4
shown actual size.

The list price of cach of the five
normal types is 9d. The maker's
address is Bye PPass Road, Barking,
Essex.

Precision Potentiometer

WIRE-WOUND precision  poten-
tiometers  with  linear or graded
windings, accurate to one part in
10 of a given law, are now
obtainable from Salford Electrical
Instruments. These find applica-
tions in radio compasses, altimeters,
prediction and computor equipments
as well as in many types of industrial
electronic apparatus.

They are made with cither toroidal
or card windings of from 300 to
50,000 ohms resistance and with a
normal rotation of 340 deg, but a
full 360-deg movement can be sup-
plied for special purposes.

In the toroidal types the windings
range from 1 to 34in in diametcr
and while these generally foliow a
linear law, slight deviations from the
linear can be embodied in the wind-
ing if necessary.

The strip type, on the other hand,
can be supplied with linear or non-
linear windings and made to incor-
porate functions such as sine-cosine
relationships, these being achieved
by suitably shaping the winding
card and fitting special wiper con-
tacts.

Machines have been developed
which will cut several cards at a
time to an accuracy of pgs in of a
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sine-cosine

Special
made by Salford Electrical
Instruments.

potentiometer

calculated shape, while other
machines wind wire as fine as
0.0006in in the case of toroids and
0.0008in for strips.

Tappings are fitted wherever re-
quired by a brazing process specially
developed to permit attachment of
wires to within 0.5 deg of a calcu-
lated position.

The maker’s address is Peel
Works, Silk Street, Salford 3, Lancs.

High-quality Amplifier

THE Type PF91 amplifier and
remote control unit recently intro-
duced by Pye, Cambridge, is de-
signed for high-quality reproduction
from gramophone records and radio.
It incorporates four alternative
equalizer circuits, to compensate for
most recording and pickup charac-
teristics in addition to continuously
variable bass and treble tone controls
and a steep-cut filter for 4, 7 and
12 ke/s.

The power output for less than |

0.1 per cent distortion at 1kc/s is
stated to be 12 watts and hum and
noise level —90db relative to 15
watts.

An interesting feature of the de-
sign is the provision of adjustable
positive feedback (in addition to the
main negative feedback) in order
that the effective output impedance
may be reduced to zero to improve
loudspeaker damping.

The price of the main amplifier
(PF91) will be £29 8s and of the
pre-amplifier (PF91A) £12 12s,

Pye Type FF91 amplifier and PF9IA
pre-amplifier and control unit.
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Prog ress in

TRIX equipment maintains a
long-established tradition of pro-
gre e 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 T621 AMPLIFIER

An cconomical gencral purpose
amplifier designed for both AC
and Battery operation with a
simple plug-in adaptor unit, and
providing 25 watts output, ample
for most general Public Address
uses.

Two inputs, for pick-up and
microphone, low and high im-
pedance, with mixing controls.
Qutput connections for 8 and
15 ohm speakers, also high
impedance 100 volt line.
Quality of reproduction is cn-
sured by the incorporation of an
adequate output transformer in
the push-pull output stage with
inverse feedback over 3 stages.

The TRIX ELECTRICAL
COMPANY LTD.

I1-5 MAPLE PLACE, TOTTENHAM
COURT ROAD, LONDOM, W.I.
Telephone

Telegr
TRIXADIO, W
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RANDOM RADIATIONS

By “DIALLIST”

Peace, Perfect Peace

WHAT a joy it is to have two
simultaneous f.m. transmissions from
Wrotham on most days of the weck.
The programmes certainly come in
free from interference of any kind.
That, I’'m afraid, is a lot more than
can be said for the same programmes
as transmitted on the medium or the
long waves. With 90-Mc¢/s f.m.,
fading, sideband splash, heterodynes,
atmospherics and re-radiated inter-
ference just don’t happen. *“ Sporadic
E ” may, I suppose, have dire effects;
but I've never experienced them.
For some rcason that I can’t make
out I've never yet been able to pick
up any of the Continental f.m. broad-
casts, though a good many other
people have reported them. I should
be pretty well placed too. My f.m.
dipole is 550 feet above sea-level and
it “ points ” almost straight at Paris.
I've tried the 96-Mc/s neighbour-
hood time and again during the
station’s advertised working periods;
but not a sniff of a signal can I*get.

A Wonderful Chance

IT is reported that receivers for
the frequency-modulated transmis-
sions on Band II are to be a feature
of this year’s National Radio Show.
I trust that they will include high-
grade models, able to do full justice
to the quality of these signals with
their wide range of modulation fre-
quencies. With a really good re-
ceiver, the quality of both speech and
music is something of a revelation.
To begin with, you have an abso-
lutely silent background, which
means that low sound levels in the
transmission can be allowed to be
really low. In fact, the volume con-
trasts when an orchestra is playing
can be given their full value, with no
need for ‘ compression.” And the
designers of a.f. circuits and of loud-
speakers can let themselves go,
knowing that they are dealing with
signals worthy of their best. For the
first time since broadcasting began,
genuine high-fidelity radio has
become possible. Let’s hope the
manufacturers will rise to the occa-
sion by producing receivers of the
luxury class which are real musical
instruments. Recalling, though, what
the urge for “cheapness first” has
done to the sound accompanying
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television in so many table model
sets, one isn’t too optimistic.

Simple—But it Works

IN the ordinary way I’m not fond
of indoor TV aerials; they're too
pronc to pick up any interference
that’s going. Still, they come in
handy at times. You may, for
example, want for onec reason or
another to use the receiver in a room
in which there is no connection to
the outdoor aerial. Well, provided
that you've an adequate signal, here’s
a cheap and simple way of rigging
up an indoor dipole that will do the
trick. The ingredients needed are a
length of single flex, p.v.c. covered
for choice; an old 4-pin valveholder;
a suitable length of the right feeder
for the set, with connector; and a
pair of battery wander plugs. Cut two
lengths of flex, using the formula L =
231/f (Mc/s), where L is the length
of cach picce. Bare one end of each
piece, fixing one to the grid terminal
and the other to a filament terminal
of the valveholder. Connect one
wander plug to the inner, and the
other to the outer, of the feeder,
which we'll suppose to be co-axial
cable. And that is practically that.

AISOCIATED
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To “erect ” the aerial, drive a small
nail into the picture rail and fasten
the end of the flex connected to the

lament terminal of the valveholder
to it with a piece of string. Fix the
valveholder to the wall so that this
bit of flex is vertical. Run the other
piece of flex along the wall at right-
angles to the first and anchor to a
nail as before. Stick the wander plug
connected to the inner into the socket
in the valveholder corresponding to
the vertical leg of the dipole and
t’other into that corresponding to the
horizontal. I trust you'll find, as I
do, that you get remarkably good
results from this simple arrangement.

Proof by Nine

MY very best thanks to the army
of readers in this country, on the
Continent, in the U.S.A. and else-
where who have sent (and are still
sending) me proofs of the Proof by
Nine. It appears that my vague
recollection of “casting out the
nines” rang the bell. There are
many ways of proving the Proof by
Nine algebraically : some readers did
it in one page; some needed from
two to ten pages before they could
write Q.E.D. Various proofs appear
in a number of published works on
arithmetic, or on mathematical
curiosities. The basic fact is that if
you take any complete number of
units, tens, hundreds, thousands . . .
the initial digit gives the remainder

when that number is divided by

nine. Thus: 5+9, R=5; 10+9,
PUBLICATIONS

Net Ry i

Price Post

and Pracuce.

AMLLE.E,, and D. C.
in collaborallon with
30/- 30’8

36 39

1011
ABBC
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R=1;200+9, R=2; 6,000+9, R=6,
Now 6,215=6,000 + 200 + 10+ 5; and
the remainder when it is divided by
9 must be 6+2+1+5=14. But 14
divided by 9 gives the remainder
1+ 4=5. Hence the continuous addi-
tion. We could also work: 6+2+
1=9; cast out the nine; R=5.

Multiplication

This first step shows that the
continuous addition of the digits of
any number gives the remainder R
when it is divided by 9. Now take
two numbers @ and b and suppose
that R, is x and R, is y. Then it
isn’t difficult to prove algebraically
that for the product ab, R,,=xy.
The Proof by Nine, then, amounts

NG
to this: ? Xxy

y
Unless the continuous addition
of the product of multiplying

a by b is equal to xy, the answer is
wrong; if the two are cqual, the
answer is right—provided, as I men-
tioned originally, several * bloomers ™
are not involved. The Proof by
Nine, then, is a quick and sound
method of checking multiplications.
Even more can be done by casting
out the elevens (not the clevenses!)
and I leave it to readers to chew that
one over for themselves.

Television in Colour

FROM friends in the US.A. 1
gather that colour television is far
from going with the expected bang.
There are regular transmissions and
receivers are on sale; but buyers are
proving coy and their sales resistance
high. I'm not surprised at that my-
self, for the present price of a colour
receiver is three to four times that
of a monochrome sct. The B.B.C.
is, I am sure, taking the right line
by deciding not to launch colour TV
in this country until it is completely
satisfied that reliable systems of
transmission and reception have been
evolved. Nor, I imagine, would the
radio industry be greatly interested
in the manufacture of domestic re-
ceivers unless they could be turned
out at not more than double the price
of similar black-and-white models.
A problem that will take a bit of
solving when the time comes is that
of servicing the colour sets. There
are far too few first-rate servicemen
as it is; and jobs such as alignment
and fault finding in colour receivers
are likely to call for considerably
more knowledge and skill than is
needed for dealing with the mono-
chrome sets of to-day.
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BLOWING
OUR OWN
TRUMPET

OT that we neec to blow

our own trumpet; indeed,
our customers do that for us.
But we would like to extol
the virtues of these New
Universal Multiple Strip
Connectors. .. .Manufactured

from the finest-grade Bakelite Sheet, with rolled butt-
jointed hollow pins for tip-soldering, and with fully floating
self-aligning sockets with integral solder-tags. Both Pins and
Sockets are Electrolytically tinned for reliable soldering.
Designed for use in electronic equipment requiring multiple
connections, and available in 3, 4, 5, 6, 8, 10 and 12 way

models.

| . ‘..-:'.-.)hé;ou, war
v T.108, 109

Six Way
T.118, 119

Also 3, 8,
10 & 12 VWay
Models

,.,\C-E Op

. THE
s,
. s

A. F

COMPOMENTS

Telephone :

Most compztitively priced.

ﬂwlu’:rr H Ew

BULGIN

DEVELOFPMENT

ELECTRICAL RATING
Insulation between adjacent
poles, or to fixing screw
(6.BA.), withstands 2000 v.
A.C. 50 cycles test. Maxi-
mum recommended working
voltage pole to pole and poles
to fixing screw is 500 v, D.C.,
350 v. R.M.S. A.C. Contact
resistance measured with low-
voltage D.C., at 5 Amperes,
is less than 0.002 Obhm and
the maximum continuous
carrying rating of 5 Amperes
(A.C. & D.C.) per pole is
conservatively fixed.

Y For full technical details
send for descriptive leaflet,
Ref. WW Multi.

RiPpleway 3474 (5 lines)

LTD.,

MANUFACTURERS OF RADIO AND ELECTRONIC COMPONENTS
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UNBIASED

Somnidicta

IT HAS BEEN sad that a
specialist is one who knows more
and more about less and less. This
appears to apply with peculiar force
to the “big shots™ of the medical
profcssxon, some of whom seem
quite ignorant of the ways in which
other branches of science could help
them. A leading psychiatrist, who
has just published a weighty volume
on his own particular subject, does
not scem to have heard even of the
existence of such very ordinary
things as microphones and tape re-
corders, the use of which would solve
at least one difficulty for which he
sees no immediate solution.

It appears from his book that a
lot could be learned of the causes
of a patient’s nervous or mental
troubles if a careful record could be
kept over a long period of the re-
marks he makes when he talks in
his sleep, especially after he has
been given a drug to loosen his
tongue when in the arms of
Morpheus. But it would be very
wrong for a wife, for instance, to
take a note of the morphic mutter-
ings of her husband and attempt to
base a home-made diagnosis upon
them, for such “somnidicta” are
symbolic rather than factual.

Thus if a man raves in his sleep
of the charms of winsome Winnie
or gladsome Gladys he is not talk-
ing about a contemporary blonde
but of something quite different and
it takes a specially trained medico
to interpret his cryptic utterances.
Strangely enough, I can personally
confirm this, as a friend of Mrs. Free
Grid once confided to her that she
was much worried by her sleeping
husband’s references to Maggie,
whom she gathered from his
“ somnidicta” was very reliable and
amenable if you kept her well oiled.

1 was fortunately able to save this
marriage from disaster by pointing
out that a *“ well-oiled Maggic” re-
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ferred to the Marconi magnetic de-
tector of which her husband would
have had considerable experience as
he was an cx-wireless operator
of pre-1920 vintage. The ecxces-
sive humidity of the tropics was
apt to cause the clockwork spring
of this famous old detector to rust
and break unless a drop or two of
the correct grade of oil was applied
in due season.

In his book the good doctor
bewails the fact that it is obviously
impossible for him or any other ex-
pert to sit by the patient’s bedside
night after night to listen to his
“symbolic ramblings.” Has this
scion of a famous medical school
never heard of a tape recorder and
the “Vogad ™ principle (used on the
transatlantic telephone) whereby the
patient’s voice could close the switch
of the recorder motor and hold it
closed so long as he was speaking?
Perhaps some manufacturer will
market a specially designed somni-
graph or somnidictaphone for the
use of the medical profession.

Blind Broadcasting

MANY PEOPLE are of the
opinion that ordinary sightless
broadcasting will one day disappear
and television will reign supreme.
1 don’t agree with this, although I
do think that eventually most of us
will have TV sets, using the sound
channel part of them to listen to
those items which do not need a
visual accompaniment. All this busi-
ness of separatc wavelengths for
“sound-only ” sets will eventually
die out.

Evidently, however. the Govern-
ment does not agree with me in this
and is of the opinion that “ sound-
only” broadcasting is doomed to
carly extinction. If this were noi so
1 think that the powers-that-be would
have made up theii minds to break
the B.B.C. monopoly of sound
broadcasting as well as to
remove its stranglehold
on TV. The fact that the

panjandrums of Parlia-
ment are leaving the
B.B.C. in undisputed

possession of “sound-
only” can only mean that
they think that the days
of this form of broadcast-
ing are numbered and,
therefore, it is not worth
bothering about.

Such is my opinion,
and if I am wrong I
think that the Govern-
ment ought to dispel my
illusion, if illusion it be.
I do know that many
people share my opinion
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and when commercial TV gets going
1 do not think it will take the new
Authority long to disparage the
B.B.C.’s efforts by taking advantage of
its initiais to dub it the Blind Broad-
casting Corporation. The younger
generation will soon cotton on to this
idea and will become firmly con-
vinced that this is indeed what the
initials B.B.C, really stand for.

Wireless for the Deaf

THOSE who have the misfortune
to be blind are always sure of receiv-
ing the maximum of sympathy and
practical help from all classes of the
community, but those who are hard-
of-hearing are¢ in a far less fortunate
position.

It has been my experience that
this lack of sympathy with—or at
any rate indifference to—the plight
of the partially deaf is very real. I
little thought, however, that I should
read a newspaper report, as I did
recently. that a responsible person
like a County Court judge had said
that the deaf should not be allowed
to have a wireless set. His Honour
was dealing with a casc in which
possession of some rooms was sought
because the tenants, being deaf,
operated their set so loudly as to
cause disturbance to others in the
house.

The fact that deaf people are apt
10 cause annoyance to others by
using their sets at full blast is the
fault of all of us who are radio lis-
teners, because we do not help them
with their broadcast listening as we
do blind people. There arc¢ specially
designed sets for the blind and an
appeal is made every year on Christ-
mas day for money to supply these
sets to those who need them. Yet,
so far as I am aware, there is no
similar fund for supplying special
sets for the deaf or 10 enable them
to have their existing sets specially
adapted.

It is not sufficient to tell deaf
people to connect up a pair of head-
phones in place of the loudspcaker
or to sit with their hearing aid near
the loudspeaker. Several manufac-
turers do market special devices,
complete with refinements like a.v.c.,
for installing in any sound or tele-
vision set, but such things cannot be
cheap while the demand for them
remains so limited.

I do wonder, therefore, whether
something cannot be done to help
deaf listeners in the same way as
the blind are assisted There may
be organizations which are doing
something,* but they do not seem
to get much publicity as is obvious
from the fact that so many deaf
people seem to know of no way to
listen to broadcast programmes but
the one which called forth the
judge’s irresponsiblc remark.

*The Nationai Institute for the Deaf
issues a leaflet giving instructions for fit-
ting headphones to television and sound
receivers.—ED.
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