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EDISWAN

Stabilised Power Supply Units

Staffs of Electrical and Electronic
Laboratories and Test Rooms frequently
design and construct their own units for
supplying stabilised D.C. power; but
for most general needs it is cheaper
and more satisfactory to purchase an

Ediswan Unit. Type R.1095 covers the
range 120-250 volts, and type R.1103
250-400 volts. Both units work from
A.C. mains supply and are designed
for standard 19” rack mounting or for
bench use. Meters are included.

1956
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PRICES‘

i R

I —————

£27
R.1103 A 5.51

Further information on these and
other stabilised power units
available on reguest

BRIEF SPECIFICATIONS

Type R.1095
Input. 200-250 volts, 40-100 €.p.s.
High stability, D.C. output 120-250 volts at 0-50 mA
Output and an unstabilised 6.3v. A.C. 3 amp. heater supply,
Stability. A 10v. change in mains input results in an output

Ougput Resistance.

Ripple.
Output Circuits.

change of less than o.15 volts.

A change from zero to full load results in an.
output change of less than o.15 volts.

Less than 2 ohms.
Approximately 2zmV R.M.S.

All circuits isolated from earth. Heater supply can
be operated at up to 500 volts from earth.

Mounting. | The unit is designed for standard rack mounting
or for bench use. Plated bench stands are
available if required.

Type R.1103 A
Input. 200-250 VOIts 40-100 C.p.§

Output. High stability D.C. output 200-400 volts adjustable
in three ranges. In addition, a fixed unstabilised
output of 515-670 volts and two unstabilised 6.3 volt

| A.C. heater supplies are provided.
Lood. Maximum 200 mA.
Stability. A 10 volt change in mains input voltage results in

Output Resistance.
Ripple.
‘Output Circuits.

Mounting.

an output change of less than o.15 volts.
A change from zero to full load results in an
output change of less than o.5 volts.

Less than 3 ohms.
Approximately s mV. R.M.S.

All circuits isolated from earth. Heater supplies can
be operated at up to 500 volts from earth.

The unit is designed for standard rack mounting
or bench use.

Hllustration shows Ediswan Stabilised Power Supply
Units type R.1095 and R.1103, rack mounted.
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LTD. 155 CHARING CROSS ROAD, LONDON, W.C.2

Telegrams : Ediswan Westcent, London
5P114

THE EDISON SWAN ELECTRIC CO.
Telephone : Gerrard 8660 Member of the A.E.l. Group of Companies
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oscilloscope mark
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. . . two input signals displayed for direct compari-
son and their characteristics accurately ineasured
by the turn of a knob . . . such are the facilities
and convenience afforded by the Mullard Dual
Trace Oscilloscope, type L.101.

Well-engineered and reliable, the L.101
Oscilloscope is the oscilloscope where the demand
is for a high grade general purpose instrument. It
employs two identical amplifiers with band-
widths of 4 Mc/s irrespective of sensitivity. Each
amplifier is aligned for good transient response,
has a rise time of 0.1 usec, and a maximum
sensitivity of 20 mV pk-pk/cm.

The time base may be free running, synchro-
nised or triggered. Its velocity is continuously
variable between 0.1 usec/cm and 10 msec/cm.
Both time and voltage may be measured by the
nul method and a well-regulated power supply
preserves calibration accuracy.

o Madiard =
st

® Post Deflection Acceleration gives a brighter
display at low repetition rates.

mar k ® R.C.Probeensures that only negligible damping
is imposed on high impedance circuits. (This
probe is also available to ‘users of the Mark

€ features o e

® Improved Triggering Circuit starts the time base
with the minimum delay from either positive or
negative signals of only 14V amplitude.

Full details of the L.101 Mark 2 are readily available from Mullard at the address below or from any
of their distributors.

Belfast: James Lowden & Co. Ltd., Tel. 57518. Birmingham: Gothic Electrical Supplies Ltd., Tel. CEN 5531.

Bristol: T. Neesham & Co. Ltd., Tel. 22732, Glasgow: Land Speight & Co. Ltd., Tel. CEN 1082.

Manchester: F. C. Robinson & Ptners. Ltd., Tel.-Choriton 5366. Newcastle: Electricals Ltd., Tel. 2°517.
London: Mullard Equipment Division, Tel. CHA 842I.

Mullard

, MULLARD LIMITED, EQUIPMENT DIVISION. CENTURY HOUSE, SHAFTESBURY AVENUE, LONDORN, W.C2

@7 MTE39

SPECIALISED ELECTRONIC EQUIPMENT
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Slowing Down Television

ANTl-inflationary measures recently imposed by
the Government have borne heavily on radio
and allied interests. The increase in hire-pur-
chase deposits has already had an appreciable
eflect on the sales of domestic sound and vision
broadcast receivers. But, though it has had
less publicity, the reduction in.capital expendi-
turc in television transmission may, in the end,
prove of greater significance. As the Postmaster-
General has announced, the Government have
decided to defer for two years consideration of
the applications from both the B.B.C. and
I.T. A. for permission to start alternative tele-
vision programmes.

This probably represents a heavier cut in
capital expenditure than that imposed on any
comparable activity. But, taking the long view,
the slowing-down of television development may
prove to bz a blessing in disguise. If a four-
programme national service were established, it
would be even more difficult than at present to
make any change in transmission standards.
There is always the possibility that a radical
change from present standards may become
dcsirable for transmiission in colour.

National Electronics Show

THE idea of a large-scale “professional” elec-
tronics exhibition, covering all aspects of radio
and its offshoots except domestic broadcast
receivers, seems to ‘have- been brought a stage
nearer fulfilment. The Radio Communication
and Electronic Engineering Association, repre-
senting the “heavy” side of the industry, recently
stated that they had invited other associations
within the industry to consider the organizing
of a “comprehensive electronics exhibition”
worthy of all the important interests that it would
represent.

As things are at present, there is no regular
cxhibition that covers the products of many of
the member-firms of R. C. E. E. A. For instance,
the makers of radio communication equipment
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can only show their products at exhibitions
devoted to shipping, aviation and various other
acivities. The broadcast receiver industry is
already well catered for by the annual National
Radio Exhibition and it seems to us that the
other applications of electronics could between
themn well support a show of similar calibre.

Frequency Allocations

IT was recently announced that R.C.E.E.A.
has formed a Frequency Planning Advisory
Committee, with the object of putting forward
a scheme for the allocation of frequencies in the
United Kingdom. The committee has already
had a meeting with the Post Office authorities.
and, among other things, has bezn asked to state
its views on what frequencies should be reserved
for “scatter” transmissions.

In our opinion, direct representation of the
industry in matters of frequency allocation has
been long overdue. In particular, there is a
growing feeling that, under the present system
of Post Office allocation, the Armed Services get
more than their fair share of the available radio
channels. There seem to be some slight grounds
for hoping that this co-operation between the
Post Office and industry may lead eventually to
a less autocratic system of frequency allocation.

s
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EXPLANATION TO OUR READERS

As Wireless World is normally printed in Lon- ¢
don, production of the journal has been seriously 5
affected by the printing trade dispute which $
resulted in a complete stoppage in that area. ¢

Arrangements for the present issue, which 4
has had to be printed in France, were inevitably ¢
difficult and complicated. We offer oursincere
apologies to those who may have been incon- é
venienced by the long defay in publication but ¢
hope they will appreciate that no effort has $
been spared to keep faith with our readers. %
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COMPONENTS SHOW

A STILL greater number of firms (see below) are
exhibiting at this year’s exhibition of components, ‘valves
and test gear organized by the Radio and E]eqlronic
Component Manufacturers’ Federation. It will again
be held .at- Grosvenor House, Park Lane, London, W.1,

10.0 am. Tt will close-at 6.0 on t‘he first two days and
at 5.0 on the last. There will be a preview on the&9th.

Admission. is restricted to wearers of an official badge
obtainable by engineers and technicians in the “ user ”
indusfries, research and the Services, on aprlication to

and will be open daily from April

A B M:tal Products

A.K. Fans

Advance Components

Acrialite

Aero Rcesearch

Allan Radio

Anglo-American Vulcanized Fibre

Antiference

Automatic Coil Winder

B 1. Callenders Cables

Bakelite

Belling and Lee

Bird, Sydmey S.

Bray, Geo

British
tronlcs

British El:ctric Resistance

British Moulded Plastics

British Physical Laboratories

Bulgin

Bullers

Corr Fastener

Clarke and Co. (Manchester)

Callaro :

Colvern

Connollys (Blackley)

Casmocord

Creators

Daly Condensers

Darwins

Dawe Instruments

De La Rue

Tiamond H. Switches

Dubilier

Duratube ond Wire

Edison Swan

Egen Electric

Electro Acoustic Industries

Elzctro-Methods

El~ctronic Components

Electronic Engineering

Electroth-rmol Engineering

English Electric

Enthoven Solders

Erg Industrial Corp.

Eric Resistor . o

Ever Ready

Ferranti

Film Industries

Fine Wires

Fortiphone

Communications and Elec-

10th-to 12th at

GC.EC.

Garrard

Galdring

Goodmans

Grzsham Transformers

Guest, Keen and Nettlefolds
Haddon Transformers

Hallam, Sleigh and Cheston
Hassztt and Harper
Hellermann

Henley's

Hunt (Capacitors)

Igranic

Imhof

Insulating Components and Materials
Jackson Bros.

J. Beam Aerials

Labgear

Lengley

Linton ond Hirst

Lion Eléctronic Developments
London Electrical Mfg.Ca.
London Electric Wire Co.
Long and Hambly
Lustraphone

Magnztic and Electrical Alloys
Mallory Batteries

Marconi Instruments

Marrison and Catherall
McMurdo Instrument Co.
Measuring Instrument (Pullin)
Mica aond Micanite Supplies
Micanite and Insulators
Minnesota Mining and Mfg.Co.
Morganite Resistors

Mullard

Multicore Solders

Murex

Mycelex and T.1 M.

Neill and Co., Jam:s

N.SF.

Otlver Pell Control

Painton

Parmeko

Partridge

Permanoid

Plannoir .
Plessey

Pye

Radio Instrum:nts

the RE.CMF., 21, Tothill Street, London, W.1.

Reliance Electrical Wire Co.
Reproducers and Amplifiers
Rola Celestion

Ross, Courtney and Co.

S.T.C.
Salford Electrical Instruments -
Salter, Gea.

Sankey, Joseph

Scatt, Geo. L.

Simmonds Aeroc:ssories
Sims, F.D.

Spear Engineering Co.
Stability Radio Components
Standard Insulator Co.
Static Condenser Co.
Steatite and Porcelain Praducts
Stocko

Stratton

Suflex

Swift, Levick and Sons
Symons and Co., H.D.
Taylor Electrical Instruments
Technical ‘Ceramics
Telcon-Magnetic Cores
Telegraph Condenser Co.
Telegraph Construction and Maintenance -Co.
Telephone Mfg., Co.
Telerection

Thermo-Plastics

Truvox

Tucker Eyelst Co.

Tufnol

United Insulator Co.

Vactite Wire Co.

Vitavox

Walter Instruments
Wandlesida Cable Works
Wego Condenser Co.

Welwyn Electrical Laboratories
Westinghouse

Waymouth Radio Mfg. Co.
Whiteley Electrical Radio Co.
Wiggin and Co., Henry
Wimbledon Engineering Co.
Wingrove and Rogers
Wireless Telephone Co.
Wireless World and Wireless Engineer
Waden Transformer Co.
Walsey Television

Wright ond Weaire

Zenith Electric Co.

BOOKS RECEIVED

Colour Television Standards by Donald G. Fink.
Collection of papers and records of the National Tele-
vision System Committee of America dealing with
basic principles and field tests of compatibility, colour
performance and practical transmitters and receivers.
Pp. 520; Figs. 272. Price 64s. McGraw Hill Pu-
blishing Company, 95 Farringdon Street, London, E.C4.

Reproducing Equipment for Fine-groove Records
by G. V. Buckley, AMIE.E, W. R. Hawkins, Grad.
LLEE., H. J. Houlgate, AM.LEE. and J.N.B. Percy,
M.Sc., AMIMech.E. B.B.C. Engineering Monograph,
No. 5 describing the Type DRD/5 reproducing desk
which incorporates an optical magnifying position indi-
cator and a quick-starting mechanism for the turntable.
Pp. 19; Figs. 8. Price 5s. B.B.C. Publications, 35
Marylebone High Street, London, W.1.

Magnetic Recording Handbook by R.E.B. Hick-
man. A practical manual of magnetic recording as
applied_in domestic, business and professional machines,
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including sound film projectors. Pp. 176 4 VII; Figs.
109. Price 21s. George Newnes, Ltd.,, Southampton
Street, London, W.C.2.

Electrical Interference by A.P. Hall, Grad.LE.E.
Discusses the origins, nature and measurement of ra.
diation from electrical appliances and the design and
construction of suppression filters. Pp. 122 + VII;
Figs. 100. Price 15s. Heywood and Company, Ltd.,
Tower House, Southampton Street, London, W.C.2.

Radio Amateur Operators’ Handbook, 3rd Edi-
tion, 1956. A compendium of useful information in-
cluding codes and current abbreviations, amateur pre-
fixes, zone boundaries etc. Pp. 46; Figs. 9. Price 3s.
Data Publications, Ltd., 57 Maida Vale, London, W.9.

Points on Pickups by F. Wilson. Revised edition
of an illustrated guide to the principal pickup cartridges
availabhle in this country with details of replacement
styli and their cost. Pp. 34. Price 3s." A.C. Farnell,
Lid., 15 Park Place, Leeds, 1.
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Balance of Trade

ANNOUNCING the radio industry’s exports for
1955 the Radio Industry Council states that the
provisional figure £32.93M, which is more than
three times the 1947 figure, is an increase of
£3.75M on the 1954 total.

By far the largest contribution towards this
record figure was made by the “ heavy ” side of
the industry; transmitters, radio navigational aids
and industrial electronic equipment accounting
for £12.91M. The value of components and
test gear exported was £7.51M, about £800,000
up on 1954.

The increase of recent years in the export of

sound reproducing equipment was continued and
last year’s figure £5.73M was over £2M more
than 1954.

Overseas sales of sound and television receivers
and radiogramophones were valued at nearly
£4M, some £300,000 more than the previous year,
and valves and parts rose by £200,000 to
£2.82M,

There is, however, the other side of the picture.
Whilst direct exports of radio and electronic
equipment produced in the United Kingdom rose
by £3.75M, imports of radio equipment increased
by over £5M. It will be seen from the following
figures, taken from the Customs and Excise
accounts, where the greatest increase occurs.

| 1954 1955 |
Viallves: . SEp ot t | BT 1.69 249
Cathode-ray tubes ................ 1.64 1.17
Communication and navigation gear 1.65 1.54 l
Sets, components and parts of
valves and c.r. tubes........... 2.97 7.89

£7.95M  £13.09M I

Amateur 7-Mc/s Band

AS from March lst amateur operation in the
40-metre band in the U.K. is limited to 7.0-
7.15 Mc/s. The first 100 ke/s is now exclusively
for amateur use and the remaining 50 ke/s is
shared with other services, mainly broadcasting
stations. The frequencies between 7.15 and
7.30 Mc/s are no longer available to amateurs.
These changes are in conformity with the Atlantic
City agreement, and this is the last amateur band
to be regularized.

The Radio Society of Great Britain has asked
the Post Office for an assurance that 7.0-7.1 Me/s
is kept exclusively for amateurs. If this is forth-
coming then amateurs will have gained consider-
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Organizational, and

Notes

Personal

Industrial and

News

ably from what at first appears to be a curtail-
ment. The fact is, of course, that up to now the
7-Mc /s band has been of little or no value to
amateurs because of “intrusions”.

Audio Fair

AS already announced London’s first Audio Fair
will be held in April at the Washington Hotel,
Curzon Street, W.1. Below we give the final list
of exhibitors who, with the exception of the
journals, have all booked demonstration rooms
which will now occupy three whole floors.
Admission to the Fair, which will be held on
the 13th, 14th and 15th, is by invitation card
obtainable free from radio dealers or from the
organizing committee at 17, Stratton . Street,

London, W.1. The opening hours are from
11 to 9.
Acoustical Plessey
Armstrong Pye
Collaro Record News
Cosmocord Reslosound
Decca Rogers Devlopment
EM.I Rola Celestion
Garrards R.C.A. Photophone’
G.EC. Simon
Goldring Specto
Goodmans Sugden
Grampian Tannoy
Gramophone Record Review The Gramophone
Grundig Thermionic
HM.V. Trix
Leak Truvox
Lowther Vitavox
Lustraphone Wharfedale
M.S.S. Recording Whiteley
Mullard Wireless World and
Pamphonic Wireless Engineer
Philips Wright and- Weaire

South Devon TV

ALTHOUGH the high-power transmitters have
now been brought into service at the B.B.C. North
Hessary Tor television station the e.r.p. is still
considerably below the ultimate 16 kW. This is
because the temporary aerial on the 150-ft mast
is still being used; the completion of the perma-
nent aerial on the 750-ft mast is being held up
by manufacturing delays. It is understood the
permanent mast and aerial — which will be
directional — will be installed by the late spring.

North Hessary Tor radiates in Channel 2
(vision 51.75 Mc/s, sound 48.25 Mec/s) with

vertical polarization.
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PERSONALITIES

Professor G.W.0. Howe, D.Sc., LL.D.,, MLEE, who
has been technical editor of, and latterly technical
consultant to, our sister journal Wireless Engineer for
thirty years, has been awarded the Faraday medal by
the LEEE. for “ his pioneering work in the study and
analysis of high-frequency oscillations and on the theory
of radio propagation; and for his outstanding contri-
butions to engineering education”. Dr. Howe, who was
apprenticed to Siemens at Woolwich, went to Imperial
College as a lecturer in 1905 and in 1921 was appointed
James Watt Professor of Elecirical Engineering at
Glasgow University, a position he held until his retire-
ment in 1946 when he was granted an emeritus professor-
ship.

Sir Stanley Angwin, K.B.E., D.Sc. (Eng), has been
elected to honorary membership of the LEE. “in
recognition of his outstanding life’s work in the field of
telecommunication, both national and international, and
of his distinguished services to the Institution”. Sir
Stanley, who is now chairman of the Commonwealth
Telecommunications Board, was engineer-in-chief of the
Post Office from 1939 to 1946. During his forty years
with the Post Office he was closely associated with
radio comniunication development, playing a leading part
in the design and construction of the Leafield, Cairo
and Rugby radio stations and in the inauguration of
the transatlantic telephone service.

Having reached retiring age, W.S. Barrell has relin-
quished the position of manager of the E.M.I. Studios
which he has held for nearly ten years. His wide
technical knowledge and long experience of recording
— he has been with the company for thirty years —
will, however, continuc to be available to E.M.I. for he
has been appointed group-recording technical liaison
oflicer and will cover all technical matters common
10 EIM.L recording studios overseas. He is succeeded
by E. Fowler. who joined the company in 1924 and has
been assistant manager for nine years. The new
assistant is B. Waite, who joined EM.I. in 1927.

L.C. Jesty, B.Sc, MILEE, chief of the Television
Research Group at the Marconi Research Laboratories,
has been elected a Fellow of the American Institute of
Radio Engineers for his *“leadership and personal
contributions in the development and evaluation of
television systems”. Before joining Marconi’s in 1949,
where he has been closely associated with the Anglicized
'versions of the N.T.S.C. colour television system,
Mr. Jesty was for three years head of advanced research
at the Cinema-Television Laboratories. From 1927 to
1946 he was at the G.E.C. Laboratories.

Prof. G. W. 0. HOWE

L. C. JESTY
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D. H. FISHER

E.J. EMERY

E.]J. Emery, M.Brit.LR.E., managing director of
E.M.I. Sales and Service Limited, has been appointed
a director on the main ‘hoard of Electric and Musical
Industries Limited. He joined the sea-going staff of
Marconi’s in 1916 and on the introduction of broad-
casting in 1922 transferred to the Marconiphone
Company which is now in the EM.I. Group. Mr. Emery
‘has been chairman of the City and Guilds advisory
committee on. radio and television since its formation
before the war and is also chairman of the Radio Trades
Examination Board.

Donald H. Fisher, a senior television research engineer
with Pye since 1948, has joined United Components
Limited, the manufacturing company for the Regentone
and R G.D. group, as chief engineer. Prior to joining
Pye, where for the past four years he has been
responsible for the design and production engineering of
television receivers, he was for three years with E.M.IL
Engineering Development working on defense projects
and television development.

Dr. Harry F. Olson, the well-known American audio
engineer who is director of the Acoustical and Electro-
mechanical Research Laboratory of RCA Laboratories,
Princeton, New Jersey, has received an award from the
Engineer’s Club of Philade!phia for his invention
25 years ago of the “velocity” microphone. The award
includes a medal and a 1,000-dollar premium.

Among those recently invested by Her Majesty the
Queen, with honours conferred in the New Year’s list,
was Lt. Col. G.T. Evans, technical adv:ser in the signals
directorate at the War Office, who was arpointed O.B.E.
He was seconded to the War Office from the G.P.O.

D.P.B. Neave, B.Sc. (Eng.), MIEE, who has been
with Bush Radio for 22 years, has been appointed chief
engineer to the company. He will continue to be
directly responsible to the technical director, W.H.
Harrison, who has been in charge of the Bush Radio
laboratories and technical staff since the formation of
the company in 1932.

After five years with the English Electric Comrany
as chief television engineer, D. W. Heightman, M. Brit.
LR.E, has resigned to join Radio Rentals Limited as
chief engineer to the group. Prior to joining English
E'ectric, he was on the hoard of Denco (Clacton)
Limited which he formed in 1938. Mr. Heightman, who
has from time to time contributed articles on propagation
to Wireless World, was in 1951 awarded the Clerk-
Maxwell premium by the Brit. I.LR.E. for his paper on
“The propagation of metric waves beyond the optical
range ”.

Two lecturers in the electrical engineering department
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of Imperial College, hoth of whom are radio engineers
have been appointed to University readerships in
electrical engineering which are tenable at the college.
They are John Lamb, Ph.D., M.Sc.,, AM.LEE,, and John
H. Westcott. B.Sc., Ph.D., AMLEE. Dr. Lamb, wha
graduated from Manchester University where he under-
took extra-mural research for the Ministry of Supply,
has been at Imperial College since 1946. He is 3%
Dr. Westcott, who is 35, graduated from London Uni-
versity and undertook post-graduate research on servo-
mechanisms at Imperial College and the Massachusetts
Institute of Technology. Since 1950 he has been
lecturing at Imperial College where he started the
control systems laboratory in which he will continue
to work.

W.H. Page and' S.]. Tyrrell have been appointed joint

managing directors of Rola Celestion Limited, the well-
known loudspeaker manufacturers, of Thames Ditton,
Surrey. They both joined Celestion in 1929 and have
been directors of the company since the fusion with
Rola. Mr. Tyrrell will continue to control design ancl
manufacture and Mr. Page the sales organization.

E.H. Cooke.-Yarborough, A.M.LE.E., deputy head of
the electronics division at the Atomic Energy Research
Establishment, Harwell, which he joined in 1946, has
been promoted to deputy chief scientific officer in the
Scientific Civil Service. Before going to Harwell he
was working on radio countermeasures and guided
weapons. He is now concerned with the design of
digital computers.

H. Reginald Adams. of the McElroy-Adams Manu-
facturing Group, has been invested by the President of
‘the Polish Republic with the insignia of the Knight
Officers Cross of the Order of Polonia Restituta. The
award was made primarily for his radio assistance to
Poland during the early part of the war.

OBITUARY

Dr. Eric C.S. Megaw, director of physical research at
the Admiralty since 1951, died on January 25th at the
age of 48. Prior to joining the Admiralty Signal and
Radar Establishment in 1946, where he became super-
intendent of research, he was for sixteen years in the
G.E.C. Research Laboratories, where he specialized in
the study of transit-time oscillators. It was for his
work on methods of generating ultra short-waves that
he received the Duddell Premium of the I.LE.E. He
received his Doctorate of Science from Queen’s Uni-
versity, Belfast, in 1946 and was appointed an M.B.E.
in 1943.

H.C. Van de Velde, who
relinquished his position as
the

senior executive of
Marconi International
Marine Communication

Co. last autumn, but was
retained as a consultant,
died in January whilst on
a tour of the company’s
Mediterranean and Afri-
can establishments. He
was 65. His association
with radio began in the
first world war, at the end
of which he was chief
wireless officer to the Can-
adian Air  Force. In
1919 he joined Marconi’s,
of which he became gene-
ral manager in 1935. A

The late
H.C. Van pe VELDE
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year later he was also appointed mandging director of
Marconi Marine. As president of the International
Maritime Radio Committee (CLLRM.) he was well
known in international circles as well as in this country,
as was evidenced by the large congregalion at the
memorial service in Chelmsford cathedral.

Dr. Greenleai Pickard, the American electrical engineer
and inventor, who can justly be included among the
pioneers of wireless for his early work on the crystal
detector and the radio compass, died in Massachusetts in
January at the age of 79. He had held engineering
appointments with a number of manufacturing concerns,
including RCA Victor, before forming a consulting
organisation.

IN BRIEF

Hire Purchase.— Sound and television receivers and
radiogramophones are among the consumer goods for
which the hire purchasc deposit was increased by the
Chancellor of the Exchequer from February 18th. A
deposit of 50% instead of 33'/,% is now necessary.
This is the second increase in six months and the fifth
change in four years. The Chancellor has also
introduced a new restriction requiring nine months’
rental to be prepaid on all rental agreements for
receiwvers and radiogramophones.

ILT.A. Yorkshire.— The P.M.G. has announced that
the LT.A. Yorkshire transmitter, which is planned to
be built on Emley Moor, between Huddersfield and
Barnsley, will operate in Channel 10 (vision 199.75 Mc/s,
sound 196.25 Mc/s). The P.M.G. had previously stated
that plans have been made to ¢lear a further two
Channels and added * we are pursuing the problem of
releasing the remaining three ™.

A.P.A.E. Show Cancelled.— The Association of Public
Address Engineers announce that, in view of the Audio
Fair to be held in London in April, it has been decided
to cancel the Association’s annual exhibition planned
for the end of April. A.P.A.E. caters primarily for the
public address industry, but as the Audio Fair is
planned to cover both this and the domestic field the
Association has decided to support the Fair.

C.C.LR.— The revised dates of the 8th plenary assem-
bly of the International Radio Consultative Committee,
which is to be held in Warsaw, are August 9th 1o
September 13th. In addition to the many technical
questions on the agenda, the committee has to elect a
new director. The term of office of the present director,
Dr. Balth. van der Pol, who has held the position since
1948, was extended to cover the 1956 plenary assembly.
The vice-director is L.W. Hayes who was with the B.B.C.
prior to joining the C.C.I.R. in 1948.

Acoustics Congress.— The second international
congress on acoustics, which is being organized in
conjunction with the 51st meeting of the Acoustical
Society of America, will be held in Cambridge, Mass.,
from June 17th te 23rd. The technical sessions will be
devoted to bio-acoustics, noise control, architectural and
musical acoustics, physical acoustics and sonics. Details
of the congress, which is sponsored by the International
Commission on Acoustics (International Union of Pure
and Applied Physics) are obtainable from John A.
Kessler, Massachusetts Institute of Technology, Cam-
bridge, Mass.

A Convention on digital-computer techniques is being
organized jointly by the Radio and Measurements
sections of the LE.E. It will be held at the Institution
from April 9th to 12th and will be followed by visits
to digital-computer installations on the 13th and 14th.
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The Convention is open to non-members of the
Institution on a payment of the registration fee of £1.
Details and the registration form are obtainable from
the LE.E., Savoy Place, London W.C.2.

Another Festival of Sound is being arranged by G. A.
Briggs, in collaboration with P.J. Walker. A concert
of live and recorded music will be given in the Royal
Festival Hall, London, on May 12th at 2.30. Tickets,
price 8s 6d, 5s 6d and 3s 6d, are obtainable from
*“ Hi-fi” dealers in London or direct from Wharfedale
Wireless Works, Ltd., Idle, Bradford. Special recordings
in the Festival Hall are being made by E.M.L. for the
concert.

The now well-known test card of G9AED has been
radiated by Belling and Lee from the site of the
‘Lancashire LT.A. transmitter since February 13th. The
pilot transmitter, using a vision carrier of 194.75 Mc/s
and a carrier of 191.25 Mc/s for the 600 c/s tone,
radiates from 10 to 1 and 2 to 5.30 on Mondays to
Fridays and from 10 to 1 on Saturdays. The 4-bay
aerial, mounted 340ft above ground, provides a peak
white e.r.p. of 1 kW.

Television Waveforms.— A tolerance of =+ 3% was
shown against the amplitudes of B and B, in the tabular
matter on the British television waveform given on
page 26 of our January issue. To avoid ambiguity, the
two amplitudes should have been bracketed with a
common tolerance of =+ 3%, for black level (B,) is
always 5% above suppression level (B).

Technical Authorship.— The Technical Publications
Association, which was formed just over a year ago to
promote the interchange of ideas between technical
writers in industry, is collaborating with the City and
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DECEMBER’s' INCREASE of 138,384 in the number of
television licences brought the total to 5,400,083, The
number of sound licences was 8,848,297 (including
289,455 for car radio) which gave an overall fotal of
14,248,380. The increase in the number of lelevision
licences in the United Kingdom during the past fen years
is shown by the divergence of the two curves. The full
line shows the total number of broadcast receiving
licences and the dotted line the number of sound-
only licences.
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Guilds of London Institute to etablish national examin-
ations and certificates. Courses are being arranged by
some educational authorities and a syllabus for a ten-
week part-time course has been received from the
College of Arts, Coventry. Particulars of membership
of the Association are obtainable from the Secretary,
46, Brook Street, London, W.1.

An international congress on Microwave Valves
(operating frequencies above 500 Mc/s) is to be held in
Paris from May 29th to June 2nd. Organized by the
Société des Radioélectriciens and the Société Francaise
des Ingénieurs Techniciens du Vide, it will be held at
the Conservatoire National des Arts et Métiers, 292, rue
Saint-Martin, Paris-III".

C.LRM.— The London office of the International
Maritime Radio Committee, which was temporarily in
Ingersoll House, Kingsway, is now established at
Ludgate House, Fleet Street, E.C.4 (Tel.: Fleet Street
7111). This is now the office of the recently appointed
general secretary, J. D. Parker.

INDUSTRIAL NEWS

An international instrument show is again being
organised by B and K Laboratories, Ltd. It will be held
at Denison House, Vauxhall Bridge Road, London, S.W.1,
from May 7th to 18th. Tickets for the Show, which will
include equipment by United Kingdom and overseas
manufacturers, are obtainable from B and K Laborato-
ries, Ltd., 59-61, Union Street, London, S.E.1.

German Components.— R.H. Cole (Overseas) Ltd.,
of 2, Caxton Street, London, S.W.1 (Tel. Abbey 3061)
have been appointed agents for this country for a variety
of radio components manufactured by Siemens and
Halske, of Munich, Germany. The components at
present handled include selenium rectifiers and
* Styroflex ”” polystyrene foil capacitors and a range of
ferrite parts.

All Plessey switch production will eventually be
transferred to the Company’s new factory recently
opened at Leigh Park Estate, Havant, Hants. A new
type of rotary switch is already being manufactured at
the works, which will eventually employ over 1,000
people.

The new headquarters of Solartron Research and
Development, Ltd.. is at Goodwyns Place, Dorking,
Surrey (Tel.: Dorking 4661). The floor space vacated
at the Thames Ditton works will be utilized by he
manufacturing side of the Solartron Group.

At an exhibition of instruments staged at the Hotel
Russell, London, by the Solartron Electronic Group at
the end of February the exhibits included not only
instruments manufactured by Solartron but also foreign
equipment. Among the overseas instrument manufac-
turers for whom Solartron are sole UK. selling agents
are Schomandl (Germany), Wandel u. Goltermann
(Germany), Metrix (France), Metrawatt (Germany) and
Denbridge (Denmark). Details of the activities of the
five companies forming the Solartron Group are given
in a 26-page brochure “ Electronics and Solartron .

Nine tankers being built for the Eagle fleet and six
Esso tankers are to be fitted with Marconi radio
communication and navigational equipment. The new
8,400-ton cargo motor vessel City of Ripon is also fitted
with Marconi gear.

A new 75-ton research vessel has been built for
Kelvin and Hughes. She will be used mainly for
research and development of radar and echo sounding
equipment, and will have accommodation for a resarch
staff of ten.
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Transistor Operating Conditions

Finding the D.C. Working Point

lT is a peculiarity of the transistor that it can be
operated so that its collector voltage is almost zero at
the peak of collector current, and it is this fact which
accounts for its high power efficiency. It is not always
realized that it also makes it possible to devise some
very simple design procedures.

The characteristics of a junction transistor in ihe
earthed-emitter connection have the form sketched in
Fig. 1, in which is also shown a load line through the
operating point V_.. The load line joins the two points
E. and I and represents a resistance of value R, = E./L
The difference between the zero-voltage scale” and the
transistor curves is, in reality, even smaller than in the
sketch and, as an approximation, the collector voltage
can be swung from V. to zero on the one hand and to
E. on the other. In doing this, the current swings from
I. to I on the one hand and from I, to zero on the other.

It is obvious that the proper condition is to have
V. = E./2 and I, = I/2 since this makes the voltage
and current changes a maximum for a symmetrical
waveform. It follows at once that the proper load
resistance is Ry, E./I = 2V ./2l, = V./I,. The
optimum load is thus equal to the d.c. resistance of the
transistor at its operating point.

If the load is coupled in through a transformer then,
neglecting the resistance of the primary, the input power
to the transistor is V,I,. For a sine-wave output, the
output power to the load is E.JI/8 = 4V 1,8 = V. I./2.
and so the efficiency is 50%.

A transistor has certain ratings which must not he
exceeded if danger of damage to it is to be avoided. It
is not always convenient to employ sufficient negalive
feedback at d.c. to avoid all possibility of trouble,
especially in an output stage. It is often desirable,
particularly in experimental equipment, to inclule
sufficient resistance in circuit to prevent any possibility
of the ratings being exceeded.

If collector current is cut off in the transistor, thc
collector voltage will rise to the supply voltage E.. The
first safety requirement is thus to limit E, to the peak
voltage rating V., of the transistor.

The second safety requirement is that the d.c. load
line drawn from E, should cut the zero-voltage axis at
a point which does not exceed the peak current rating
I., of the transistor. This means that the resistance
included must not he less than E,/I.,.

This does not necessarily give protection against the
power-dissipation rating being exceeded. Just as in the
a.c. case already discussed, the power in the resistance
is greatest when this equals the d.c. resistance of the
transistor, and the power in the two is then the samc.
Therefore, the d.c. resistance should not bhe less than the
load resistance and should equal it if operation at the
maximum rating is required.

The collector dissipation is V. I, = P,. Now

.= E., — I_R; that is, the collector voltage is the
supply voltage minus the voltage drop in the resistance.
So P, = I.E, — I.*R. This must not exceed the peak
power rating for any value of I, and it is easy to show
that P, is a maximum when I, = E,/2R. We then have
r., E.2/4R.

We thus find that to avoid any possibility of the
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dissipation rating being exceeded, the resistance included
in the circuit should not be less than E.;°/4P,,.

We have thus found two possibly different values of
resistance set by different transistor ratings. If they
are not the same, the higher value is the one to- be used.

To avoid loss of power output, the resistance should
be bypassed. There is a d.c. power loss in it equal
to the dissipation of the transistor, and so its use makes
the maximum possible efficiency 25% instead of 50%.

Total Circuit Resistance

As an example, consider an OC72 transistor for which
P, = 45 mW, V, 13V and L, 110 mA. For
complete safety E, must be not more than 13 V. To
avoid current overload the included resistance must not
be under 13/0.11 = 118Q). To avoid power over-
load, the included resistance must not be under
169,018 = 935Q. If operation is to be at 13V,
therefore, the 935-Q value must be adopted.

In such a case, the mean voltage would be 6.5V on
the collector and the current 45/6.5 6.92 mA, and
the peak current would he 1384 mA. The optimum
load would be 6.5/6.92 = 0.935 k€.

If the battery were reduced to 3V, the safely
resistances would become 3.0.11 = 27.2 Q to prevent
current overload and 9/0.18 = 50 Q to prevent power
overload. The operating voltage is 1.5 V and the current
is 30 mA and the required load is 50 Q.

If the battery is reduced further to 1.5 V, the safety
resistance for current overload drops to 13.6 Q and for
power overload to 2.25/0.18 = 125 (. The higher
value must be selected for complete safety and it will
not now be possible to obtain 45-mW dissipation under
any conditions and the output will be restricted. With
the 13.6-Q resistor, the operating voltage will be 0.75 V¥
and the current 55 mA, so the dissipation will be only
412 mW and the output power will be proportionately
reduced. The optimum load will be 13.6 Q.
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COLLECTOR VOLTAGE

Fig. 1. Typical transistor characteristics.
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Left :—

Fig. 2.
resistance in the collector circuit.

Earthed-base with

fransistor

safety

Right:— Fiq. 8.
emitter circuit.

Here the safety resistance is in the

It is interesting to notice how the optimum load varies
with the battery voltage. It changes from 136 Q at
15V 10935 Q at 13 V.

The safety resistance will always be provided in part
by the d.c. resistance of the output transformer primary
or other output device. This is very rarely negligibly
small in transistor circuits. In a particular case, the
writer found that the output device accounted for 50 Q
out of a total of 140 Q required and so it was necessary
to add only 90 Q. !

Resistance in the output device cannot, of course, be
bypassed and so causes a loss of signal power. Some-
times this can be tolerated. It is then economical to
wind the output device to have the required total value
of resistance. Not only is a resistor lispensed with
but, because of the finer wire which can be used, the
output device can be smaller.

In this way, and without any knowledge of the
transistor beyond its limit ratings, ome can design the
collector-emitter circuit with reasonable accuracy for
many applications.

Having got so far, the feed resistor for the base must
be chosen to produce the required collector current.
This must be done experimentally unless accurate
transistor characteristics are available. With the circuit
of Fig. 2 a meter can be included in the collector circuit
and R, can be adjusted for the desired current. It is
then measured and a resistor of the proper value is
included. Since the base voltage is usually negligibly
small, the current is very nearly E.R..

Instead of putting the safety resistance in the .collector

circuit as in Fig. 2, it can be placed in the emitter
circuit, so that some d.c. feedback is obtained from it.
This tends to stabilize the operating point and the
change affects the value of R, because the presence of
R, drops the voltage effective on R,. In this form, the
circuit becomes like Fig. 3 and R, can be bypassed or
not according as one wants the feedback at d.c. only
or at both d.c. and a.c.
. The current through R, is actually ghe sum of the
base and collector currents and so the value of the
resistor could be reduced slightly. The base current is
small compared with the collector current, however, and
the error introduced by ignoring it is also small

The writer has used this circuit successfully with
R, = 90 Q and R, = 9 kQ and a collector load having
a d.c. resistance of 50 Q. With an OC72 transistor and
E. = 44 V, the collector current was 12 mA. The
drop across R, would then be slightly more than 1.08 V
and so the voltage across R, would be 3.32 V, making
the base current 3.32/9 = 0.37 mA.

110

Left:— Fig. 4. Early stage transistor circuit with base-
feed resistance eonnected to the collector.

Right:— Fig. 5. Circult of Fig. i modified to prevent
a.c. feedback. :

Fig. 6. Circuit of Fig. 5 with input resistance of
following stage.

Taking this figure, the emitter current is 12.37 mA
and the R, drop becomes 1.1133 V and the base current
2.2867/9 = 0.3652 mA. By repeating the process one
can reduce the error to negligible proportions, but it
can be seen that it is, in reality, negligible in the first
instance. With 12 mA at 44 V, the input power is
528 mW. The loss in the resistance is 0.14 X 0.012°
= 20 mW, making the transistor dissipation 32.8 mW.

Early Stages

In the case of an intermediate amplifier stage, the
same limiting conditions apply but so much resistance
is normally included that operation is rarely anywhere
near the limits. The coupling resistance should be
large compared with the input resistance of the following
stage but it must be small enough for the standing
current to he at least equal to the peak current needed
to drive the following stage plus any losses in the
coupling elements.

Stabilization is more important in an early stage
because, although there is no likelihood of the transistor
ratings being exceeded, temperature changes are more
likely to affect the operating point. The' arrangement
of Fig. 4 is often suitable. With a transistor like the
OC71, the coupling resistance R, can often be about
10 kQ. Ignoring the base current in R., the peak
current cannot exceed E./R, and the mean current
should be about half this. Therefore R, can be adjusted
experimentally to make I, = E,/2R..

With R, = 10 kQ and E, == 4.4 V, we have I,
= 0.22 mA. The writer has used this with a lower
effective value of E, due to the presence of decoupling
and, with I, = 0.2 mA, R, turned out to be 350 kQ.

Feedback occurs through R, at both d.c. and a.c.
It is greater at d.c. than at a.c., however, because the
collector load at d.c. is R, alone whereas, at a.c, it is
R. in shunt with the input resistance of the following
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stage.. When R, is of the order of 350 k42 it causes
little loss of amplification but, when it is small, it may
be necessary to decouple as shown in Fig. 5. Here R,
is divided into two parts with a decoupling capacitor
Cy; R, and R, can usually be roughly equal. For a.c,
R, shunts the output and R, the input.

The writer found this arrangement desirable in .a
stage with E, = 44 V, R, = 4.7 kQ, for which I.
= 0.47 mA. The proper value for R, turned out to he
47 kQ and this was split as R, = 22 kQ, R, = 25 kQ

One further useful relation can be found. Fig. 6
shows a transistor with a circuit like Fig. 5 connected
to feed another one having an input resistance g;, and
requiring a peak input current i,,. The resistance R,
is the base feed resistance of this stage and corresponds
to R, of Figs. 2 or 3.

The total a.c. load on the transistor is the value of
R,, R., R, and p,, all in parallel, say R,. The peak
transistor current is equal to the mean current and 1s

i, say. The voltage across the load is iR, and so
the input current to the transistor is Z;,, = IR /pq,.
We must have, therefore

= gy Pcn/RL

Let the combined value of R,, R, and ¢, be R’ so
R. = R.R/(R, 4+ R’), then
in - iln Ou.(Re + R’)/RcR’
We have also i, = E,/2R, and from these two equa-
tions we can find R,. It is

R, = R = 1
{ [ 2iln Pin ]

This is actually the maximum value which can be
used if the transistor is to supply enough current to
drive the following stage. For example, suppose
E, = 44V, i, = 03 mA, p.n» = 3kQ, R, = 9 kQ
and R, = 22 kQ, what is the proper value of R, and
what must be the transistor current in Fig. 67

R’ comprises 3, 9 and 22 kQ in parallel and so is
2,05 kQ. Then

4.4
R, = 205 [——]] = 2.94 kQ
2X03x3

Therefore i, — 4.4/5.88 = 0.75 mA.

To employ this relation one must, of course, know
i;, and p,,. If these cannot be measured, they can be
estimated from thé transistor characteristics and the
usual formulae, allowing for feedback. !

LT.A. Midlands St¢ation

REGULAR programme transmissions began on 17th
February from the new IL.T.A. station at Hints about
5 miles S.E. of Lichfield. The station has been built
in less than seven months and is an outstanding example
of effective planning and team work on the part of the
I.T.A. engineering department under the guidance of
P. A. T. Bevan, the architects E. R.. Collister and Asso-
ciates, the builders James Crosby. Equal credit goes to
the main contractors for the mast and aerial (Marconi’s
Wireless Telegraph Co. Ltd.), the transmitter (Pye. Ra-
dio, Ltd.) and to the Post Office who were responsible
for the microwave link from the Birmingham Television
Control and the two-way radio link between Birmingham
and London.

At the moment the Midland station is radiating from

Crystal drive, pulse and waveform generaling units of
by Pye

the Midlands 1.T.A. transmitter being sel up
engineers.
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the 5 kW modulated driver stages with an effective

radiated power of 60 kW from the high-gain aerial.

When the 20 kW final ampl.fier has completed its trial
period the power will be increased to 200 kW (e.r.p.)
which will make the I.T.A. Midlands station one of the
most powerful Band MII transmitters in the world.

The low profile of the slation buildings contrasts with
gxe”450-fl aerial mast of the 1.T.A. slation at Hints,
taffs.



Front view of the complete receiver, showing the setting-
up controls on the small panel. The cabinet is small
enough to go throngh an average living-room door.

Experimental

By H. A. FAIRHURST"

i‘ HEN the decision was first made to develop
a colour television receiver working on ‘“ British
N.T.S.C. ” standards it was anybody’s guess just
what frequency should be adopted for the colour
sub-carrier. However, as this frequency had to
fall between certain fairly narrow limits the
uncertainty was no bar to the inception of the
design. Also, as the Marconi Company had
shown in their demonstration that a frequency
of 2.6578125 Mc,/s* gave acceptable results, and
as there seemed little likelihood of this being
changed later on without very good reason, this
figure was chosen.

As one of the requirements of the receiver was
that it should be suitable for use in the home, it
was decided with little argument that it should
employ the RCA shadow-mask tri-colour cathode-
ray tube as the means of display, not so much
because it was thought that this would be the
eventual solution when it came to a public
service, but because the alternatives were either
not available or, in the case of the triniscope anil
to a lesser degree the three-tube projection

F';.’I- 1, bﬂlolfk st‘gl‘mﬂ”c of the complete receiver, with method, rather too cumbersome. There was like-
black blocks indicatin the circuits concerned with . 2 : :
o e wise little argument over the basic design of the
receiver, which, as it was to be used to assist in
the assessment of the N.T.S.C. system as a
possible colour system for Great Britain, had to
give the best possible picture on a colour trans-
TURRET | SOUND I.F. SOUND SQUND
Tumer [T aupLiriEn [ oeTector [ outeur - e
* Murphy Radio. This artiele is based on a lecture given
recently by the author to the Televislon Society.
+ “Experimental Colour Television”, Journal of the
Television Society, April-June, 1954,
LUMINANCE
VIDEO LF. VIDEQ
3= VIDEO
AMPLIFIER DETECTOR O
SYNC SYNC FRAME - FRAME FRAME
X L@ SEPARATOR AMPLIFIER OSCILLATOR ouTPUT CONYERGENCE
A \
y
. - U adk CATHODES
e FHASE = D.C
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AMPLIFIER oUTPUT
; ECONOMY LINE
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Colour

Receiver

DESIGNED FOR RECEIVING “BRITISH N.T.S.C.” TEST TRANSMISSIONS

mission without faults which could be avoided by
the use of the best monochrome technique. Thus
the basic design included vision a.g.c., flywheel
line synchronisation and sufficient sensitivity to
enable the colour signals to be viewed under
fringe conditions.

It is beyond the scope of this article to go into
any detailed analysis of the N.T.S.C. system, and
it will be assumed that the differences between
it and the system as modified are also known.
The precise characteristics peculiar to the modi-
fied system were arrived at by discussion between
the B.B.C. and representatives of the radio
industry and they reE':lte to the sound and vision
frequencies, the colour sub-carrier frequency, and
the amplitude and phase response of the video
modulation. In most respects they represent the
American system scaled down in the ratio of
the video pass band.¥ They will be dealt with
more fully in the description of the apposite parts
of the receiver.

Referring now to the block schematic of the
receiver (Fig. 1), it will be seen that there is a
tuner; a sound i.f. amplifier, detector and output;
a vision i.f. amplifier, detector and video ampli-
fier, and sync separator and amplifier; with a
frame timebase and a flywheel-synchronized line
timebase. A.G.C. is provided for both sound and
vision, and up to this point one might say that
the receiver is very like a de luxe model normal
television set. Then one comes to sections
labelled chrominance amplifier, colour killer,
burst gate, frame and line convergence, etc., and
it is brought home that there is perhaps more to
a colour receiver than at first meets the eye.

Going more deeply into the circuitry of each
individual section, we soon find that only the
tuner and sound amplifier are normal. The
remainder either have characteristics designed
to cope with the colour signal without introducing
undue distortion of hue and saturation, or, in
the case of the timebases, characteristics that
enable them to scan the colour tube in a reason-
able manner and to provide the large amount
of e.h.t. necessary.

However, 1t will be seen that in the chro-
minance amplifier a certain amount of chro-
minance information has been deliberately
sactificed in order to obtain greater stability of
operation and freedom from drift of co{our
values during a programme. It could be argued
that in an expzrimental receiver full advantage
should be taken of all the information trans-
mitted, but against this we had to consider that
the receiver would not only bs used in the

t “Colour Television Standards®, Wireless World,

August, 1955.
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In this interior view of t!:e receiver the delay-line cable
in Fig. 2 (next page) can be seen arranged in a coil.

laboratory but eften by relatively unskilled
people, and that the greater stability to be obtain-
ed by the sacrifice of a little colour bandwidth
could be well worth while.

Vision L. F. Amplifier

Dismissing the tuner and sound receiver as
being normal and commencing with the vision
i.1. amplifier (Fig. 2, following page), it will be
seen to consist of three stages with normal
couplings between the second and third stages
and third stage and detector but with what are
known as “bifilar T" traps coupling the first and
second stages and the tuner and first stage.
Recalling for a moment the format of the
composite signal, it will be remembered that, with
the colour sub-carrier at 2.6578125 Mc/s and the
top limit of the chrominance sidebands above
3 Mc/s, it is obvious that if full justice is to be
done to the colour information the vision pass
band up to the point where the colour sub-
carrier is extracted must be wide enough to
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Vision and sound receiving circuits, showing where the sound and chrominance signals are taken off

and also the arrangement of the *“bifilar-T* traps in the vision channel.

amplify these frequencies without serious atten-
uation.

At the same time the sound carrier must be
attenuated more than the normal 30-40 dB, for
not only must the effect of the sound be imper-
ceptible on the luminance, or brightness, channel,
but it must be imperceptible also on the chro-
minance channel. and as the beat between sound
carrier and chrominance sub-carrier is on
0.84 Mc/s, a relatively low frequency, it is mucg
more visible than the normal sound carrier is en
the brightness channel. Hence the attenuation
required in the vision if. chain at the sound
frequency is in the region of 60 dB, and this.
coupled with the requirement that the pass band
must be more or less flat to 3.1 Mc/s, gives the
designer a problem at the outset.

Coupled with the requirement that the ampli-
tude response be flat up to at least 3.1 Mec/s
through the i.{. amplifier is the requirement thal
nothing goes wrong with the phase of the signal
over the band occupied bv the colour sub-carrier
and its sidebands. As the colour information
is present as phase changes of the sub-carrier,
any distortion would be very serious in its effect.
The requirement is, then, that the delay of all
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frequencies through the amplifier should be
constant, i.e. the change in phase should have a
linear relationship with frequency. Unfortunate-
ly the kind of traps commonly used to reject
the sound in the vision i.f. amplifier do not fulfil
this condition. They are usually of the minimum
phase-shift type, and if they are made sufficiently
selective to give both the required amplitude
response and rejection, serious phase errors
result.

Fortunately rejector circuits exist which go a
long way towards solving the problem. These
traps are of the non-minimum phase-shift type
and have phase characteristics that are more
suitable for the purpose. At the same time their
amplitude response is peculiarly suited to the
requirement that the pass band of the amplifier
should be flat to as high a frequency as possible.
These factors, coupled with the fact that the
rejection obtainable is only limited by the “ Q™
of the trap circuit, make the “bifilar-T" trap a
most suitable circuit to use. Fig. 3 shows the
kind of response obtainable with these traps.

One other thing that had to be taken into
account when designing the i.f. amplifier was

the fact that in the U.S.A. it has been found
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Fig. 8. Response curve of the “ bifilar-T” traps in
the vision 1.fs of Fig. 2.

desirable to distort the phase characteristic of
the transmission to compensate for the residual
phase errors in the receiver. Calculations and
actual measurements carried out by people in
this country had shown that a similar correction
would be advantageous here. The signal speci-
fication for the experimental transmissions
broadcast by the B.B.C. incorporated the requir«d
amount of phase correction, and so the if.

amplifier. had to incorporate the required number
of non-minimum phase shift traps.

Apart from these traps the intermediate fre-
quency amplifier is normal in its design and it
is not until the second detector and video stages
are reached that there are further departures
from common practice.

Luminance Delay

Present in the rectified output is the colour
sub-carrier, carrying the colour information, and
this, as can be seen from the block schematic,
has its own separate amplifier. It is inevitable
that this amplifier should retard the signal and
being of restricted bandwidth, it retards it by a
considerable amount. The video amplifier does
not delay the luminance, or brightness, com-
ponent of the signal by anything like as much,
and as it is of prime importance that the colour
information should be in register with the bright-
ness component on the display, some means must
be provided for delaying the luminance signal by
the required amount.

Suitable delay cables are now available with
characteristics that make their inclusion in an
amplifying chain relatively simple, and it was
found advantageous to insert the requisite amount
of cable between the detector and the first video
valve, but naturally after the sub-carrier take-off
point (see Fig. 2).

It is undesirable that the picture as displayed
should have the crawling dot structure that would
be inevitable if the colour sub-carrier reached
the cathode-ray tube so a trap tuned to the sulx
carrier had to be included, not so sharply tuned
as to make it ring but not so wide as to remove
too much of the higher frequency components of
the luminance signal.

A second video valve is merely a cathode-
follower to enable the three cathodes of the
shadow-mask c.r.t. to be fed without trouble.

J
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CHROMINANCE
SIGNAL

in frequency to the limit allowed by
the "Q” signal, the sidebands of the
wider “I” signal would stray into the
sound region unless they were
prevented.  The solution to this
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problem was to make the “I” signal
partly asymmetric, cutting off all
those sidebands which would have
otherwise strayed out of the pres-
cribed limits of the luminance
channel.

Without going more deeply irnto
the question, which has been dealt
with very thoroughly in the litera-

10
REFERENCE
OSCILLATOR

| I BURST GATE PHASE
r AND.OUTPUT DISCRIMINATOR
@ :
4
IP
PULSES FROM
LINE TIMEBASE AGLC. DIODE
Fig. 5, The burst gate and phase discriminator.

Incorporated in its circuit is the master bright-
ness control, which controls all three guns
simultaneously. The other controls for the indi-
vidual guns and those for setting the tube
characteristics will be dealt with later.

Before turning to the chrominance amplifier
it will not be out of place to recall briefly the
method by which the colour information is
transmitted, for this will help to explain how
ﬁreater receiver stability can be obtained by the
eliberate sacrifice of colour bandwidth.

At the transmitter the red, green and blue
signals from the camera (R, G and B) are irans-
formed into three separate pieces of information:
the Y signal, which is the sum of R, G and B
and which is transmitted normally to provide the
compatible signal for monochrome receivers;
plus R-Y and B-Y which contain the colour
information. It will be remembered that G-Y
is unnecessary because of the constant luminance
principle where R--G-{-B always equals Y.

R-Y and B-Y are used to modulate two carriers
in quadrature with each other, the modulators
being such that the carriers themselves are
suppressed, but in the modulation process the
signal resulting from the addition of the R-Y
and B-Y carriers is not defined along the R-Y
and B-Y axes but along two others, called “1 7"
and * Q”, shifted in phase by 33° from the
originals. This transformation of the signal is
the result of the desire to have as high a fre-
quency as possible for the colour sub-carrier, and
the phase shift of 33° was chosen because it
caused the information transmitted by the two
carriers to lie along the orange-cyan and green-
magenta lines of the colour triangle instead of
the originals.

Because the eye is most sensitive to colour
detail along the orange-cyan line and much less
sensitive along the green-magenta, the bandwidth
required to transmit the latter signal need not
be as great as that required for the former.
However, if the colour sub-carrier were increased
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ture,** it can now be seen that
because of this 33° rotation of the
reference axes the only way to extract
the original R-Y signal from the
transmitted signal direct is to take
some of the “I” signal and some of
the “Q” signal and to combine them.
Likewise with B-Y. But as the “I”
signal is asymmetric, there is the likelihood
of crosstalk between the channels if the band-
width of the demodulator is made more than that
of the “ Q" signal, so direct demodulation of
the signal automatically implies a.colour band-
width not greater than this. The choice in the
chrominance amplifier and demodulator was
therefore to decide between demodulation along
the “I1” and “ Q" axes with the subsequent
transformation of the signal to produce R. G and
B, but with the full colour bandwidth, and demo-
dulation along the original axes R-Y and B-Y,
necessitating equal bandwidths for both, but
with much simplified circuitry.

As has been said previously this latter was the
route followed, and it will be seen from the cir-
cuit diagram that the demodulation is extremely
simple (right-hand side of Fig. 4). In fact, the
last stage of the transformation back to the
original R, G. and B can be done in the colour
tube itself if the demodulation is accomplished
at a high enough level. All that is necessary in
principle to do this is to apply the Y signal to
the cathodes of the three guns and the appro-
priate R-Y, B-Y and G-Y signals in the approp-
riate phases to the three grids. At one stroke
this system avoids all the chrominance video
amplifiers that would otherwise be neccesary,
with their possibilities of drift in ga'n during a
programme — drifts which would have to be
kept down to a very low level.

Chrominance Amplifier

Returning now to the chrominance amplifier
(left-hand side of Fig. 4), it will be seen to
consist of two stages, the second being the output
valve feeding the demodulator triodes. Because

(Consinued on p. 117.)

#% G.G. Gouriet. ““An Introduction to Colour Tele-
vision””, Norman Price Publications. Also “Trans-
mitting - Colour Information®, Wireless World, Aug.
1955.
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of the system of demodulation chosen, its band-
width need be no more than that of the “ Q”
signal. It is fed in a conventional manner from
the detector output of the luminance channel
from a point preceding the delay line. Attached
to the amplifier are the circuits for its automatic
gain control, the gating of the colour burst from
the composite signal, and a suppression circuit
which reduces its gain to zero in the absence of
the colour burst. These features will be dealt
with separately.

The demodulators are circuits which take the
amplified chrominance signal and compare it with
the local oscillator and deliver an output propor-
tional to their relative phases. There was a
certain freedom of choice of circuitry here and
several circuits were tried, some using only two
valves, although interaction between the channels
made these last-mentioned rather tricky to design
and maintain in operation. As stability of
operation was desired and had, indeed, already
been paid for by the basic system of demodul-
ation chosen, it was finally decided to provide a
separate valve .each for R-Y, B-Y and G-Y.

In operation the taps on the output tuned cir-
cuit of the chrominance amplifier feed the requi-
site amounts of signal to the anodes of the R-Y,
B-Y and G-Y demodulators, while local oscillation
of the correct phase for each is fed on to the
respective grids. The valves then act as switches,
passing current proportional to the overlap of
the waveforms on grid and anode, and this
current passes through loads in the anode cir-
cuits where the R-Y, B-Y and G-Y signals are
developed. These voltages, in addition to sui-
table brightness voltages, are fed to the grids of
the colour c.r. tube.

The demodulators will obviously fail to deliver
the correct signal if the phase of the reference
oscillator is incorrect or the
oscillator is not synchronized,
so an essential part of the

more than a few degrees during a line it will
show up by changes of hue across the picture.

These factors have made some workers useé
crystals in the reference oscillator circuit, crystals
ground to almost the correct frequency but whose
frequency can be varied by a small amount by a
reactance valve. These circuits work well but are
costly. On the other hand, a normal a..c. loop
will give the required performance on a day-to-
day basis, but is susceptible to long-term drifts
which will eventually cause the oscillator to fail
lo synchronize. The reason for this is the fact,
well known to anyone familiar with a.f.c. circuits,
that the stability of phase required between the
colour bursts necessarily means a very narrow
pull-in range.

Other workers have sought to overcome this
defect of the a.f.c. loop by adding to it another
circuit which could detect when the oscillator
was out of sync and use this power to alter the
loop constants. By this means the pull-in range
could be extended up to nearly + or — half-line
frequency (not more because if the pull-in range
were made wider the oscillator would tend to lock
on a frequency 4 or — line frequency, the
result of the burst not being there continuously )
and the a.f.c. loop could be made a practical
proposition. These circuits have generally
become known as ‘ quadricorrelators” ***
because they use two discriminators fed with
reference oscillations having a 90° phase
difference between them, but the circuit used in
the present receiver is rather different and is one
that has been developed in our own laboratories.

In this circuit a diode rectifies the beat
produced when the oscillator is out of sync and

colour receiver is a reference
oscillator synchronising cir-
cuit. Here there is a large
fund of published work to be

+HT

*+*% Proe. I.R.E. 2nd Colour Issue, pp. 106-133 and
288-299.
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drawn upon TT but it is not so

‘easy to decide which route to
follow without doing a large
amount of work.

It will be remembered that
the conditions are rather dif-
ferent from those that the nor-
mal a.f.c. loop has to cope
with, in that the synchronising
signal, ie. the colour burst
consists of only 9 cycles of
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2.6578125 Mc/s once every
line and none during the frame
pulse. Also it must be re-
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membered that if the reference b
CORRELATOR

oscillator changes phase by

Fig. 6.
1t Proc. 1.R.E. Convention Record
Part 4, pp. 3-17, Jan., 1954. 2nd.

Colour Issue, pp. 106-133. demodulators.
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The reference oscillator is formed by the pentode seclion of the PCF32
while the controlling reactance valve is the triode part.
giving (hree outpuls with phase displacements sullable for the chrominance

On the right are circuits



uses the resulting voltage to render conducting
a valve which applies this beat to the reactance
valve, thus widening the pull-in range to the
desired extent. Once in sync the valve is cut off
and the time-constant of the control circuits
reverts to that necessary for proper operation.

The burst gate (Fig. 5), which has so far had
only a passing mention, is an essential part of the
receiver, without which the reference oscillator
would be at the mercy of the chrominance
information. Its function is to separate the
colour burst from the rest of the signal so that
only the burst is applied to the discriminator.
Chrominance signal is taken from the grid cir-
cuit of the chrominance output valve and fed in
parallel with pulses from the line timebase on 10
the grid of the gate. These gating pulses are
delayed and shaped by a suitable LC and RC
circuit so that the gating valve is rendered
conducting only during the period of the coloar
burst. While resistors prevent the grid from
being driven too far positive, the grid capacitor
and leak ensure that between gating pulses the
valve is cut off.

The colour burst, which appears at the anode
of the gate freed from chrominance information,
is fed to the anode and cathode respectively of

two diodes in a conventional discriminator, the
only refinement being the connection to the corre-
lator circuit previously described and a means
for obtaining an accurate balance in its output,
However, the tuned circuit which forms the anode
load of the gate is tunable and becomes a “ hue "
control, as by this means the phase of the gated
burst pulses in the output can be shifted with
respect to those at the input.

The reactance valve and reference oscillator
(Fig. 6) are conventional and are controlled via
the smoothing circuit from the discriminator.
The smoothing circuit must have constants to
comply with the requirements that the phase
shift of the oscillator during a line must not be
more than 5°. The oscillator output is fed to the
three demodulator grids in amounts adjusted to
suit the chrominance signals on their anodes.
The R-Y demodulator is fed directly, while the
other two are fed via phase shifting circuits
which can be preset to give the required shift.

It can now be seen why the gate anode circuit
has been made tunable, for by this means the
R-Y demodulator can be made to give the right
output, after which the B-Y and G-Y demodula-
tors can be adjusted until they follow suit.

(To be continued.)

Manufacturers’ Products

NEW EQUIPMENT AND ACCESSORIES FOR RADIO AND ELECTRONICS

U. H. F. Communications Receiver

THE Eddystone “770U” receiver embodies many
unique features, including the unusual frequency cover-
age of 150 Mc/s to 500 Mc/s. The set is a double
superheterodyne having a specially, designed ‘front-end”
unit consisting of a small, but very sturdy, 6-range coil
turret (with 18 coils), a small three-gang variable capa:
citor, r.f. and oscillator valves and a germanium crystal
mixer giving an if. output on 50 Mc/s.

The 50-Mc/s amplifier has one cascode stage and
one r.f. pentode and the second frequency change to
52 Mc/s is eflected in a double triode. The cascode-
pentode amplifier and triode mixer are followed by two
5.2-Mc/s if. stages and together they provide a high
i.f. amplification at a low noise level. This portion of
the receiver can be used independently if required and

?ddiylslone 150-500 Mc/s communications receiver, Model
70U.
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a 50-Mc/s external signal applied to the 50-Mc/s
cascode amplifier and the amplified output taken from
a cathode follower after the last 5.2-Mc/s i.f. stage.

Switching provides for either a.m. or f.m. reception,
the lattér using a Foster-Seeley discriminator and the
foriner a crystal diode. The circuit includes an a.m.
noise-limiter, “S” meler, two a.f. amplifiers and a small
output pentode (6AM5) with negative feedback. The
output transformer is tapped for 2.5-Q and 600-Q output
loads. The h.t. for all oscillators and the rf. unit is
stabilized.

Other features of interest in the specification are:
15-kc/s overall i.f. bandwidth; 25-dB image attenuation
at 400 Mc/s and 40-dB at 200 Mc/s; sensitivity better
than 104V for 15-dB signal-to-noise ratio at 50 mW
output on all six ranges; built-in a.c. power supply and"
provision for battery operation.

The receiver is housed in one of the distinctive metal
cabinets employed for all Eddystone sets, with separately
calibrated scales and a subsidiary logging dial. The
overall size is 16§ X 15 X 8%in, the weight is 601b and
the price is between £250 and £300. The makers are
Stratton and Co. Ltd.. Eddystone Works, Alvechurch
Road, West Heath, Birmingham, 31.

integrated Sound Installation

THOSE who prefer to buy an integrated sound
reproducing system rather than to assemble a hetero-
geneous collection of units of different makes will be
interested in the “Novosonic” high-quality installation
recently introduced by Philips. Tt comprises a special
record-changer, a 15-watt amplifier and a three-unit
loudspeaker system.
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A visual tone control indicator in the form of a variable
response curve is incorporated in the AG9000 amplifier,

which forms part of the Philips “Novosonic” sound

equipment.

The record-changer, which can be used also for
playing single records, is fitted with interchangeable
crystal pickup heads. A diamond stylus is supplied
with the microgroove head, and a sapphire with the
standard head. Three output characteristics are
available from the player unit: (1) uncorrected crystal,
(2) “constant velocity”, (3) “presence”, in which
reduced bass and a lift in the region of 4kc/s is
designed to increase the distinction between voices and
accompaniment.

Two inputs are available in the main amplifier, one
uncorrected and the other connected to an equalizer
giving the A.E.S. (Audio Engineering Society) playback
characteristic. The two inputs are controlled by a single
centre-zero volume control and this is followed by
separate bass and treble tone controls for which a novel
indicator has been provided. Behind an indirectly-
lighted graticu’'e a flat spring, anchored at the cenire,
is mechanically deflected at the ends as the controls
are turned, thus giving a picture of the trend of the
frequency response at any given setting.

Two 8-in loudspeakers in a closed (*“infinite””) baffle
cover the frequency range 30-300 c/s, while two smaller
cabinet loudspeakers with more directional charac-
teristics, covering 300-20,000 ¢/s, can be disposed at will
to make the best use of the acoustic qualities of the
listening room.

The complele installation costs £184 16s (inc. tax).

-Transistor Receiver

A PORTABLE receiver using transistors throughout
has been developed by Pam (Radio and Television)
Ltd.,, 295, Regent Street, London, W.1, and will be
known as the Model 710. It is a superhet for medium
and long waves with variable tuning (176-568 metres)

Pam transistor
portable radio
receiver (Model
710).
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on medium and fixed tuning (1500 metres) for the long-
wave Light Programme.

The circuit employs eight transistors and the se-
quence is as folows: frequency changer, oscillator, two
i.f. stages (315ke/s) with a.gc. on’ the first, detector,
driver and two power output transistors in Class B push-
pull. Total consumption is 35mA at 6V (from four U2
cells). A ferrite rod aerial is used for radio pick-up
and the loudspeaker is a 6in X 4in elliptical type.

The price including purchase tax will be £31 10s.

Trawler Band Receiver

AMONG the new sound broadcast sets introduced
recently by Pilot is one, the Model T854, which in
addition to the usual short, medium- and long-wavebands
covers the trawler band, the full covering being 16 to
50 metres, 50 to 180m, 185 to 550m and 1,200 to
2,000m. Provision is made for an extension loudspeaker
and a gramophone input. The cabinet is plastic, finished
in maroon and gold. and the price is £21.

There is a companion set, the Model T85M, which is
identical except that the trawler band is omitted and
it embodies a built-in aerial for medium- and long-wave
reception where conditions allow. This model costs
£19 19s Od. Both are a.c.-operated, 5-valve (including
rectifier) table-model superhets.

The makers are Pilot Radio, Ltd., Park Royal Road,
London, N.W.10.

Versatile Pickup Arm

AN improved version of the B.J. pickup arm, to be
known as the “Super 90", has been developed by

Adjustable counterweights and calibrated pedestal slide
in the B.J. “Super 90” pickup arm.

Burne-Jones and Company Limited, Magnum House,
Borough High Sireet, London, S.E.1.

In reviewing the original model (W .. October 1954,
p. 495) we pointed out that the low tracking error (less
than ==1 degree) could be realized only by careful
attention to the position of the tone-arm pedesial, which
musl be re-set whenever the pickup cartridge is changed
for one of different length. This adjustment is made
in the “Super 90” by a built-in guide with calibrated
scale, and detailed instructions are given for setting up
with most of the leading British and American pickup
cartridges. Two plug-in plastic shells are provided with
each arm, for housing alternative cartridges.

An additional feature of the new design is the counter-
weight system which uses continuously adjustable slide
weights in conjunction with fixed lead discs. contained
in a recess below the nameplate. The price of the
“Super 90” is £16 9s.

Precision Photographic Timer. — In the circuit
diagram, Fig. 4, page 73 of the February issue the diode
6H6(a) should be reversed ie. cathode joined 1o the
anode of the EF37 integrator valve.
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THIS amplifier was designed as a self-contained
unit to feed a high-quality loudspeaker and can,
with minor modifications, be used for recording
and reproduction in conjunction with any of the
leading makes of tape mechanism.

Briefly, the requirements to be satisfied includ-
ed the following:

(1) Adequate -output, comparable with that
accepted in other types of high-fidelity equipment.

(2) Wide-range tone controls, operative on all
functions.

(3) Availability as a normal gramophone and

Fig. 1, Complete circuit diagram of amplifier.
boards on the Wearite Type 24 “ Tapedeck .

MAGNETIC

Control panel showing level indi-
eator, main swilch, pilot lamp,
high and low-level inputs and the
volume and lone conirols.

microphone amplifier, with possibilities for pro-
fessional public address work.

(4) Alternative output to feed cutter head for
* dubbing > from tape to disc. :

(5) Reasonable simplicity and portabibty.

Throughout the development work somethinz
more than favourable distortion figures and fre-
quency response curves has been aimed at, and
the choice between alternative prototypes of
similar measured performance has been made on
the aural judgment of experienced listeners.

The amplifier, as shown in Fig. 1, is intended

External connections are marked lo correspond wilh the terminal
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TAPE AMPLIFIER

By ARTHUR W. WAYNE*

Versatile Design with an Output of 12 Watts

for use with the “Wearite” Type 2A “Tapedeck”,
Versions have been made for other decks, notabl
the “Reflectograph” which is fitted with “Brad-
matic” high-impedance heads. The alterations
necessary are given in Appendix 2 and Fig. C.

Tranformer T1 is the ‘gfgight & Weaire %"ype
977, and any possibility of reflected resonances
is damped iny Ra, C1, which also comprise
the first bass-lift circuit, operative only on replay.
(This, of course, is the usual gramophone type
equalization, but with constants chosen to bring
the crossover point considerably higher up the

scale.) R,, ensures that T1 is properly loaded at
all frequencies. The output from Tl is taken
to the grid of VI via input 1, which automati-
cally disconnects Tl when a jack. is inserted.
V1 is used as both a tape and microphone pre-
amplifier, and the output from its anode is
connected, via correction circuit C;, R. shunted
by C7, Rz, to input 2 and P1 which in turn feeds
the grid of second pre-amplifier and tone control
valve V2. It may be objected that C;, R7 should
not be in use on “Record,” but it will be found
* Shirley ILaboratories ILtd. [

LIST OF COMPONENTS
Resistors R. 1kQ Cy S50 pF
R.. 47 kQ .\ C, 50 uF
R, 100 kQ, high-stability 5% All resistors 1 watt, 20% !
R: 1 MQ,,high-stability 5% except where otherwise stated. Po(enhomi(ersi
R, 100 kQ . P1 500 kQ, log.
R, 470 kQ Capacitors ;’g g ﬁg, lIOg-
B L nAE - log.
ffgb z}7kk% high-stability 10% C, 3000 pF Pa T MQ Dosar
Rﬁ 100 kQ C, 50 uF P5 10 kQ, wire-wound, linear
R, 47 kQ il oo L P6 100 kO, log. '
R, 22 kQ, high-stability 10% & En ”F -
R,, 250 kQ, high-stability 5% & 6 u‘I’, M
R, 15 MQ, high-stability 10% g
R, 250 kQ e 3000 BF V2 EF86
R, 33 kQ C 005 uF ://3 ECC83
R, 1MQ B 4 Vs ELS4
Ry 2.2 kQ C;: 560 F 5
R, 47Q (ol V6 EL9 or EL34
R,, 100 kQ -87kQ (See text) & lom pF V7 ECC83 or ECC35
R, 100 kQ (See-text) cf e u‘;, V8 EZ81
i 10l
g“ /i-;OEQ Ci; 50 uF Transformers and Coils
R20 47 Q gm ?20 %F T1: Wright and Weaire, Type
- w16 0 9717.
gﬂ 177 g];Q Cis 220 pF (see text) T2: Output transformer; Pri.
R, 47 kQ C,, 005 uF 7.600 Q anode-to-anode; v
Rm 6%}0 kQ C, 0.05 uF Sec. 1, 15 Q; Sec. 2 as
st Sonn C,. 16 uF required. (Wynall Trans-
R“’ 47 kQ C,, 5000 pF formers Lid., Retreat
R” 47 kQ C., 5000 pF Road, Richmond, Surrey.
R, 1kQ, 3 wat B O s~ =
R,, 33 kQ C: 1000 pF T3: Wright and Weaire, Type
R, 220 Q G 16 uF 579.
R.. 47 kQ or 100 kQ C;s 0.25 uF T4: Mains tr.ansformer. Pri.
R, 47 kQ wire-wound pot. C, 16 puF (as required), screened;
R. 10 MQ Co 005 uF Secs. 310 — 0 — 310 V,
] = 120 mA; 63 V, 33A
R, 100 kQ C,, 3000 pF I
centre-tapped; 0 — 5 —
R, 100 kQ C,, 01 uF 63 V. 23A.
R,; 500 Q, 10 watt C,, 5000 pF P <3
R, 4.7 kQ, 2 watt C,, 005 pF Meter
R,, 130 Q, 4 watt C,, 5000 pF 0 — 1 mA scaled 0 — 10, with |
R, 1kQ C,, 005 uF overload mark at 7% (Sifam, |
R, 15Q, 10 watt C,; 1000 pF Type M202). |
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POTENTIGMETER IN PLACE
Rsp & Ryy

applied to the cathode
of V3(a) via R and
R.s, phase correction at
high frequencies being
provided by Cw. With
some output transfor-
mers, alteration of the
value of C» may be
necessary to avoid r.f.
oscillation on tran-
sients.

Alternative  values
are given for Ru.
While, theoretically,
i Rs should be equal to
Ris, measurement with
a valve voltmeter will
often show a discre-
pancy in grid drives
to V4 and V5 on sine-
wave inputs; and a

reduction of Ri. to
some fraction of Ris
Ry will then be necessary

Underside of chassis, showing positions of the principal components.
(ransformer, and, of course, the valves appear on the top of chassis.
R&n

righi the components.on the lag board are :
Ris, Cie, Rus, Cu, Ry2, Rw, Run and Re.

Re, Ra,

MAINS
MOTOR
SWITCH

Cyo 075uF

TAKE UP

/- N
YSUPPLY
( MOTOR

| MOTOR
__/(Rewinn))

"\ SYNCHRONOUS
CAPSTAN
MOTOR

- BRAKE
BRAKE RELEASE ===—1| R¢| FASE
SOLENOID ARMATYURE

to restore balance.
Ri: = 87 kQ is a usual
figure.

V4 and V5 consti-
tute a conventional
Class AB. output stage
capable of delivering
12 watts at very low
distortion. As a mat-
ter of fact, it is pos-
sible to drive these

Only the output
I'rom lefl to
19, Hes, Res, C20, Ris, Riz,

AUTO 5TOP F

Sw4[ [5-} 3

PRESS TO
STOP

RSO
12«0}

7
O’ A
s - 1

P g A
4

25W
WINO ON,  WIND BACX ., o WIRENOUND

ih
PLAYBACK® .o RECORD O'Jo"_‘

valves up to mnearly
18 watts ﬁefore distor-
tion becomes aurally
objectionable, but if
outputs up to 35 watts
or so are required,

3% in.
PER SEC.

7hin,
PER SEC,
e

EL34s should be sub-

stituted for the EL84s,

a GZ34 for the EZ81,
and h.t. for the anodes

[necoro &
PLAYBACK \
HEAD

taken directly from the

ig 2. Connections of the Wearile “Tapedeck”. When used in conjunction witl
the circuit of Fig. 1 the speed-change equalizer connections (terminating in a 4-pin

plug) are no!l required.

easy to compensate almost exactly for their effect
by intelligent manipulation of P3. However, the
purist has only to make use of the spare bank
on the deck switch to.cut them out of circuit
when desired.

Cu, C]g, an, Cu, Rl‘.', Rm, P2, P3, together com-
prise a tone-control circuit giving up to 18 dB
bass lift and cut, together with 14 dB treble lift
and 18 dB cut, the variable controls being notably
effective throughout their ranges. Flat positions
are approximately in the middles of rotation.
V3(a) is a voltage amplifier, direct coupled to
V3(b) phase-splitter.  Negative feedback is
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| rectifier cathode, with
| a 64 uF, 450-V wor-
king, condenser as re-
servoir. A 100-mA,
20-henry choke is used
in place of Rx, R is
omitted, R.; and Ris are
increased to 150 kQ, and C.- and C., are increased
to 32 pF, T2 is wound for an anode-to-anode
load of 4000 ohms, while T4 must deliver 250 mA.
The screens of the output valves are fed via
the common resister R, thus ensuring balance
with unmatched valves. Drive to the recording
liead is taken from V5 anode via isolating capa-
citor Csx, R: to simulate constant-current
conditions, and Rxs, Cx main equalizer. 'C,, C-,
Cs are to keep bias voltage from the grids of V4
and V5 during ‘“ Record,” and with careful
lavout may be omitted, when the response of the
(Continued on page 123.)
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amplifier from V2 is sensibly flat from 20c/s to
50,000 or 60,000 c/s; and still significant at
120,000 ¢/s and beyond. Sl is a change-over
switch for loudspeaker muting, although it is
possible to work with the output transformer
secondary open-circuited, the voltage rise being
only of the order of 0.5 dB. R. is to prevent
possible instability on open circuit. The third
secondary is wound to the required cutter-head
impedance, and although a higher output and
standard corrections would have been desirable
for cutting, in practice it has been possible to
produce discs of professional quality, once the
tone-control settings have been determined with
a standard tape and test disc.

Grid drive to the oscillator valve, V6, may
need adjustment for optimum results, particularlv
if it is an EL34, and some constructors mav
prefer to substitute a variable potentiometer for
Ra, Rua. This should:be wire-wound, and in this
‘connection it may be useful to mention that A.B.
Metal Products supply small wire-wound pots
up to 100-kQ2, (Clarostat, Type 58). Cx provides
.& gradual decrease of bias volts ‘on breaking the
h.t. supply, to avoid magnetizing the heads and
Cas stops r.f. getting into tﬁe power supply, should
C=» be of high power-factor. P is adjusted with
the heads connected until the recommended bias
voltage appears across the record head. This
value will be found indicated under all “Wearite”
decks, and is individual for each specimen. It is
usually between 11 and 13 V. V7 is used in a
simple voltmeter circuit for overload warninz
and has been fully described in Wireless World
for April, 1953 (p. 166). The ‘ hang” of the
meter needle can be adjusted by alteration of R
or Cu, but the values given will serve for most
purposes. '

The power pack, which must be on a chassis
separate from the amplifier, at first sicht seems a
little unsual for a class AB: supply.
values of Cs and Cwx, however, tend to keep the
voltage across C. constant under full drive
conditions, and no difficulty has been encountered
in use. It will be noted that the h.t. feed to V6
is taken via the switch between G and 4 from the
cathode of V8, and to avoid the voltage drov
across R.. Another point is that the current
through the deck solenoid — between E and I
on the deck tags — is rather more than Wright
and Weaire’s rating; but as it is only about
70mA under quiescent conditions, and does not
exceed about 100mA on full drive, no difficulties
will be encountered. As a matter of interest, one
of these amplifiers has been left running for more
than eight consecutive hours, and the temperature
rise in the coil has been hardly noticeable.

Sensitivity of the  amplifier is about 40-mV at
input 2, and 1 to 14-mV at input 1. It is difficult
to evaluate the residual noise and hum levels to
be expected, but in amplifiers that have been built,
it is quite impossible to hear them working with
V2 grid short-circuited, even with full bass boost
and the ear close to the speaker. With P1 at full
gain, and grid V1 short-circuited, the noise is still

Wireress WorLp, MarcH 1956

The large

difficult to measure, and with the head connected,
under normal playback conditions, it should be
about 75-85 dB down. This satisfactory result
is almost certainly due to the excellence of the
EF86 as a pre-amplifier valve.

For setting up, it would be impossible to
improve on the instructions given by J. M. Carter
in the May 1953 issue of Wireless World; but 1n
additional note or two to constructors may be
helpful. R], R.-:, R«, Ra, Rm, Ru are all hlgh-
stability resistors. Pl is where it is to accom-
modate a variety of .inputs, and in view of the
gain from the grid of V1 to the output (75 dB

or so), it should be chosen with care. The
duthor’s preference is for the  Clarostat”
type 37, which is virtually noiseless. Cx must be

> +H.T,
RI0¢\
47kfl

4 3

Pi

Fig. A. Alternative high-frequency pre-emphasis eireuit

for recording.

1B0k{l+ 47k}

Cio

I 100k il )

Fig. B. Fixed equalizer
for reproducing from
{ape.

220kl
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FAST FORWARD
OR REWIND [
(=]

¢ o o T2
REPLAY o RECORD  o4puf Sd {P o1uf  SEC!
f \\ / I"' i
Sa-d =
Vi 6

100k )

5,000 pF

Ao
l.—)
0-05p.F

RECORD
HEAD

ERASE
HEAD

Fig. C. Modificalions tn the circuit of Fig. 1 for nse
with tape mechanisms fiited with high-impedance heads.

of very high insulation, as d.c. on the heads will
result in noisy recordings. Letters on Fig. 1
refer to the tags on the underside of the
“Wearite” deck (Fig. 2), but can without diffi-
culty be translated to decks of other makes. It
should be observed that tags B, D and Y are
available for speaker muting, but these must be
ignored if the amplifier is to be used also for
gramophone reproduction. Screened leads and
co-axial sockets must be used for the head feed,
with screened leads for the bias and erase feeds
also. The head lead will almost certainly need
to be lengthened on the “Wearite” deck, and it
is better here to fit a new piece of the required
length, rather than splice. The recommended
valves should not be departed from if it is desired
to duplicate the performance of the original
amplifier, as it is actually designed round them.

Construction must be meticulous, and a
suggested layout may be seen on the photograph.
Alle returns should be to a bus-bar earthed only
at the input socket, and the simplest way to
achieve this is to bring the returns to the spigots
of the associated valve holders, joining these by
a 16 s.w.g. tinned copper wire. The chassis in
the photograph is 104 in X 7 in X 2 in, and in-
ternal screens are fitted to isolate the oscillator
and pre-amplifier stages, while a metal plate
covers the whole bottom, thus making an
enclosed box.

APPENDIX (1)

IT will be found that recording, in general, is
best done with P3 at the 11 or 12 o’cloci position,
and P2 at about 2 o’clock. On replay, the settings
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are P3 at 3 o’clock and P2 at 12: but a few test
tapes will soon show the best settings to suit the
material being recorded, the acoustics of the
room, and the taste of the operator. These
settings refer to a tape speed of 7% in/sec., and
for 31 in/sec., others will, of course, be required.
In theory, the whole equalization curve should be

.shifted bodily to the left, but in actual practice,

apart from scientific and similar applications,
manipulation of the tone-controls will permit of
very satisfactory results.

For more stringent requirements, the circuit
alterations shown in Fig. ‘A and B are suggested.
However, it will be found that unless the
conditions are exceptional, these refinements are
unnecessary as, using a three-head deck with two
amplifiers, and recording from a disc or broad-
cast, it is quite impossible, on switching from
input monitor to tape output to determine
which is the recorded and which ihe original
signal.

Referring to Fig. A, V2 is used as a feedback
equalizer. R.. is approximately one fifth of
Riw 4+ Riow, and the twin-T network is calculated
1

or

for a * resonant " frequency [ =

2nRC’
159

—————.  Taking
R(kQ) x C(uF)
/ = 10.6 kc/s and Ro = 1 MQ, then R = 200 kQ
and C = 75 pF provides a lift at this frequency
of almost 18 dB, which is, in effect, a loss of
18 dB in overall amplifier gain. This is
compensated by the removal of the tone-control
network, taking C. direct to the grid of V3(a),
earthing this with a 330 kQ leak, and breaking
the junctions of C. with Cu, Rs., and P3 and the
rid of V3(a). This increases the gain by the
foss in the network, which is approximately
20 dB, thus restoring the status quo. C. is not
required.

On replay, the twin-T network is switched out
of circuit, and the simple feedback arrangement
of Fig. B switched in. This gives a lift of nearly
20 dB at about 50 ¢/s; but it should not be for-
gotten (1) that the curve is asymptotic, (2) there
are certain very low frequency noises inseparable
from the process of magnetic recording: so if
the speaker and output transformer are capable
of really effective bass reproduction, a twin-T
nelwork calculated for f = 50 ¢/s might be more
advisable. When calculating treble equalizing
networks, f should be (approximately): 31 in/sec,
5.25 ke/s; 74 in/sec, 10.5 ke/s; 15 in/sec,
21 ke/s.

more conveniently

APPENDIX (2)

FOR use with Reflectograph, Truvox and other
decks fitted with high-impedance heads, certain
modifications to the amplifier circuit will be
nccessary.  Those shown in Fig. C have proved
effective.

Referring to Fig. 1, T1, P5, Ci. and Cs will
not be required, and bias and erase currents are
taken from the anode of V6, that is, the primary
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of T3, the secondary being left floating. Points
E and F are joined. In Fig. C the 4-pole, 3-way
switch may be of the ordinary wave-change
variety, as it is not essential to use a screened
switch with the arrangements given. The “ H”
type switch made by A.B. Metals Ltd. is very
suitable.

The live side of the record head is connected
to Sa as indicated, so that in position 1, it is
taken directly to the grid of V. via R.. and
input 1. In position 2, it is earthed, and in
position 3, it is joined to point A in Fig. 1 via
the rotor of Sb. It is also connected to the bias
supply which, in this position, is fed with h.t.,
via Sec, from G in Fig. 1. Sc also switches C
and C” to suppress any tendency to arcing on
breaking the oscillator h.t., while Sd is merely to
provide speaker muting when running the tave
fast forward or when rewinding.

The oscillator is tuned for a frequency between
‘45 ke/s and 60 kc/s, and the voltage at the heads,
measured with a valve voltmeter, should be :

“Truvox” deck. Record head, 45V-55V, erase
head, 100V-120V.

“ Reflectograph ” deck. Record head, 120V-
135V, erase head, 200V-250V.

At 250V, the * Reflectograph ™ erase head
takes about 5 watts, and this is rather on the high
side for an EL90; but it will be found that,
providing the recording bias is kept to the
minimum compatible with good reproduction,
150 V a.c., driving about 3 watts through the
erase windings, will give a very clean wipe.
Otherwise, it may be better to use an EL34 for

V6, in conjunction with the oscillator coil obtain-
able from Allen Components Ltd. of 197 Lower
Richmond Road, Surrey.

Braking current for the ‘‘ Truvox ” deck is
taken, through a 750-ohms, 5-watt resistor, from
the junction of Rx and Ci. Although the drain
on V8 is heavy, it is only momentary, so damage
to the valve is unlikely.

Setting up for the decks follows, generally, the
same procedure as that given for the “ Wearite ”;
but if a little roughness can be detected in the

reproduction of a continued sine-wave signal

from the older “ Truvox " decks — a particularly
brutal test, incidentally — improvement can
often be effected by judicious adjustment of the
pressure arms. This, however, is a skilled job
calling for much patience, and should not be
undertaken lightly.

PRINTED CIRCUIT PORTABLE

WHAT is believed to be the first commercial receiver
to be made in any quantity in this country by the
printed circuit technique is now in production at the
Newhaven factory of the Champion Electric Corpora-
tion. The design was completed some time ago but dif-
ficulty in obtaining components suitable for large-scale
production with printed circuits held up the actual
launching of the set. As 4t is, considerable ingenuity
has had to be applied so that readily available parts
could be employed.

The set, which is described as the “Travler” (or
Model 844), is a 4-valve portable fitted with 25-mA
economy battery valves and a ferriterod aerial. It
covers the medium and long wavebands, includes a 5-in
loudspeaker, measures 12X9 X 34in and weighs 4 Ib.

Development in Printed Circuitry

EDGEWISE dip-soldering is among the latest develop-
ments in printed circuit technique. In its simplest form
it can be applied to a terminal board provided with
notched edges and with the desired wiring printed by
any of the customary methods on one or both sides and
with all soldering points located in the notches. The
components are assembled and temporarily held in place
by bending their wire ends around the card at the
appropriate notches and when complete the edges of the
strip are fluxed and dipped into the solder pot. Small
metal clips placed in the notches serve to make inter-
connections between front and back wiring, or the com-
ponent leads can be utilized for
this purpose.

Some examples of this form of
construction are shown in the illus-
trations. One is a plain tagboard,
carrying resistors and capacitors;
another is bent to form a cylinder
with components on the inside and
the outside, while a third is a more
complex assembly with valves and
coils.

Three examples of the edge dip-
soldering technique for printed cir-
cuit plates developed by Du Mont
in America; (a) a simple tag-board,
(b) cylindrical assembly, (c) complex
cirenit with valves and coils.
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Some of the advantages claimed for the notched-
edge dip-soldering technique are that both sides of the
board can be utilized for mounting components.  As
only the edges are dipped .in the solder, a minimum of
flux and solder is employed. The wiring does not pick
up so.der, while heat from the soldering pot (which
can be a narrow trough) is applied only to the edges
of the printed circuit element.

The idea originated in the Du Mont Instrument Divi-
sion in America and was described in the December
1955 issue of Tele-Tech and Electronic Industries, from
which the agcompanying illustrations are taken.




AUTOMATIC WIRING

IN circumstances which dictate the use of conventional
circuit wiring rather than “printed” circuitry, it would
be convenient to carry out the wiring automatically
when the quantities required are sufficiently large.

An experimental machine (Type M4) developed by
Bell Telephone Laboratories employs the solderless
wrapped jointing principle evolved by R. F. Mallina.*
The wire is wrapped mechanically round a rectangular

terminal pin and bites into the corners to give a stable
low-resistance contact.

The wrapping tool has a power-driven spindle and is
moved into a number of predetermined positions along
guides, rather like the slide rest of a lathe. At the
beginning of each operation the too} picks up the end of
the wire from the supply reel (seen at the left of the
photograph) and bares the insulation. The start and
finish of each wire is
determined by the infor-
mation contained in a
punched paper strip
which is" “read” by
electrical contacts in
association with a num-
ber of relays.

In the left-hand picture
it will be seen that the
machine has two heads;
it is “ambidextrous” and
can wire both sides of a
panel without removing
it from the machine.

* BS.T.J. Vol. 32, p.
523 (May 1953).

The designer. RF. Mal-
lina, examining the
“ programming >’ tape.
Typical sub-assemblies
are shown on the right.

Phonetic Alphabets

“YET another phonetic alphabet for use in radio-tele-
phony ‘was introduced on March Ist. This is the
third or fourth official list to be promulgated in just over
eight years.

It will be recalled that three or four years ago the
International Civil Aviation Organization introduced a
word-spelling alphabét which was compiled with a view
to the words being readily recognized by those whose
mother tongue is not English. It was, however, strongly
criticized and many of the member countries of 1.C.A.O.
refused to adopt it, so that its introduction increased
rather than diminished the confusion so far as air radio
operators were concerned.

It was given the approval of the North Atlantic Treaty
Organization and eventually adopted {in 1952) by the
Ministry of Civil Aviation. However, the volume and
strength of criticisms were such that 1.C.A.Q. member
countries were asked to submit proposals. A committee
was, therefore, set up by the Ministry of Transport and
Civil Aviation including representatives of the civil air-
line operators, the Armed Forces and phoneticians, and
six changes were suggested. These were Charlie (instead
of Coca) for C, Fox (Foxtrot) for F, Mike (Metro) for M,
Nugget (Nectar) for N, Uniform (Union) for U and
X-ray (Extra) for X.

Some of these suggestions have been included in the
new phonetic alphabet which is to be used by all
N.A.T.O. forces and by civil air-line operators from
March 1st. We give below the new alphabet in the
first column, followed by the 1951 L.C.A.Q. list, the
Able-Baker-Charlie list and the somewhat cumbrous
words listed in the final acts of the Atlantic City Inter-
national Radio Conference of 1947. The syllables to be
emphasized "are shown in heavy type in the new list.
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On the marine side we understand that no change is
being made. For working between British ships and
British coast-stations the Able-Baker-Charlie list will
continue to be used and for international working the
Atlantic City phonetics. It will be recalled that during
the war the Armed Forces adopted Able-Baker in place
of the old Ack-Beer.

A Alfa Alfa Able Amsterdam
B Bravo Bravo Baker Baltimore
C Charlie Coca Charlie Casablanca
D Delta Delta Dog Danemark
E Echo Echo Easy Edison

F Foxtrot Foxtrot Fox Florida

G Golf GColf George Gallipoli

H Hotel Hotel How Havana

[ India India Item {talia

] Juliet Juliet Jig Jerusalem
K Kilo Kilo King Kilogramme
L © Lima Lima Love Liverpool
M Mike Metro Mike Madagascar
N November  Nectar Nan New York
(o] Oscar Oscar Oboe Oslo

P Papa Papa Peter Paris

Q Quebec Quebec Queen Quebec

R Romeo Romeo Roger Roma

S Sierra Sierra Sugar Santiago

T Tango Tango Tare Tripoli

V] Uniform Union Uncle Upsala

\% Victor Victor Victor Valencia
w Whisky Whisky William Washington
X X-ray Extra . X-ray Xantippe

Y Yankee Yankee Yoke Yokohama
4 Zulu Zulu Zebra Zurich
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TELEVISION SIGNAL

RECORDING

By W. WOODS-HILL*

WHEN a television programme is to be recorded
for later re-transmission the usual method is to employ
apparatus consisting basically of a cine camera mounted
in front of a television receiver to photograph the images
which appear on the cathode-ray tube screen. There
are certain drawbacks to this arrangement, which results
in a loss of definition obvious to anyone who. has wit-
nessed a “ telerecording. ”

This loss of definition springs from many sources
in the long chain of processes which the picture elements
must follow between leaving the camera and eventual
display on the receiver cathode-ray tube, but the most
degrading are (a) stroboscopic effects, and (b) the finite
size of the spot (hence the lines) and the grain of the
cr.t. used for recording. There are others, of course,
but most of these are common to the ordinary television
transmission of cine films, and can be ignored as they
introduce no distortion other than that considered normal
to satisfactory picture reproduction.

The proof of this is that a transmission of normally
photographed cine film on the B.B.C. television service
gives a final picture equal and very often superior to
that of live broadcasts. The system to be described
proposes to eliminate (a) above and reduce (b) te
tolerable limits by recording the picture elements on
35-mm film without ever producing a picture recognizable
as such until it is reproduced on a monitor or television
receiver.

“Sound-Track?” Principle

If a cine film could be made to travel fast enough,
say 200 feet per second, then the electrical signals from
a television camera could (assuming suitable amplifiers)
be injected into .the normal sound track of a 35-mm
sound film, and the 3-Mc¢/s picture components would
be recorded in variable area and later (after processing)
reproduced. This 200 feet per second could, because
modern film emulsions have a very fine grain size, be
reduced to say 100 feet per second, if special care was
devoted to the slot and optical arrangement, to say
nothing of the light modulator.

Nevertheless, the suggestion is quite impractical
because very long lengths of film would be required
for a 15-minute programme, and the mechanical problems
attendant on such fast-moving film would be almost
insurmountable. If, on the other hand, the film is
moved at normal or twice normal speed and the record-
ing slot is made to travel over the film, or, more
correctly, made to appear to travel at the required speed
over the entire usable surface of the 35-mm film (not
just one edge), then the system becomes more practical.

Further, if this apparent rapid movement of the
“glot” is produced by electronic means, then there
will be no extra mechanical problems to solve. Sueh
a movement could be achieved in the following way.

« British Tabulating Machine Company.
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Proposal for 2 New Method Giving

Better Quality Pictures

A spot is made to traverse continuously from left to
right the face of a cathode-ray tube in much the same
way as in an oscilloscope. The movement is produced
by a time-base synchronized to the line pulses and
applied to the X plates. The Y plates of the tube are
energized by a 15-Mc/s radio-frequency voltage giving
a vertical deflection of, say, 1 inch. This r.f 1s
modulated by the picture signal from the camera.

The effect of this is to produce a vertical bar of light
which is swept across the face of the tube and whose
height at all instants is proportional to the picture
modulation. This is now reduced by optical means
so that the resultant image is less than 1/200 of the
height of a 35-mm film frame and the length of sweep
is just sufficient to go from one edge of the usable film
to the other. This arrangement is shown in dia-
grammatical form in Fig. Na). If the sensitive film is
row moved continuously past' the optical system a trace
will be recorded om the film similar to that depicted
in Fig. 1b). The similarity to a television raster is
obvious but of no great significance.

To replay this recording after processing requires but
to pass the film through the apparatus again, with the
“slot” now unmodulated but scanning as before, and
pick up the light variations produced by the recording
on a photo-electric cell.

Before going into details about the modulation and
intricacies of ensuring correct registration during play-
back, the following points should be noted. (1) That
this is a proposed system for recording in black and
white the equivalent of the electrical waveforms pro-
duced continuously by a television camera or transmitter
and need therefore take mo account of interlacing or
frame synchronizing. (2) In a television system of

400 lines and a bandwidth of 3 Mc/s there are some
600 picture elements per line, i.e., a picture with

maximum possible transmitted detail would only produce
(3) About 15% of any line

300 sine waves per line.

OPTICAL REDUCTION
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Fig. 1. (a) Essentials of the proposed recording system,
with (b) showing how successive traces would appear
on the film.
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time is devoted to the sync pulse and associated

** porches ”.

The modulation of the radio frequency applied to °

the Y plates differs a bit from conventional practice
inasmuch as only the top half of the envelope is allowed
to vary. The lower half is clipped by diode action and
therefore never displayed. The depth of modulation
never exceeds 70%. The eflect of these restrictions
will produce a display similar to Fig. 2. To understand
the need for this we must look in detail at what a
portion of a recording would look like and how such
a recording is played back.

Just as in conventional sound-on-film recording the
length of a slot of light is made to vary in sympathy
with the electrical equivalent of sounds, and there arz
push-pull tracks and single-sided tracks, so this system
is recording vision-on-film by making the length of a
slot of light vary in sympathy with the electrical
modulation components of a picture. The system chosen
is a single-sided-track recording because, unlike the
sound track, where reference can be provided by the

sLoT

70%

Lzt e oot ey

Fig. 2. Mu;nified seclion of the filin showing the position

o® the recording slot (right) relalive to the (races il
produces,

30 ./o

_black edge of the film, in this case the reference edge
must be provided during recording much as it is done
on modern sound-tracks recorded with suppressed-silent-
passage techniques. No such refinement is proposed
here, but the reference is produced by the clipped lower
edge of the modulation. This edge provides the
reference required by the next scan, and so on. Notice
that there is no need, therefore, for accurate location
of the trace on the tube or film during recording. Fig. 2
shows what an -enlarged section of recording might look
like. '

We have glossed rather quickly over the recording
techniques hecause there are certain requirements
during the playback operation which influence the
recording system and they must be undersiood before
returning.

When a film is run through a camera, even though
it be a continuous-motion camera, there is always a
certain amount of *“ wandering.” This wander is
present even though the same apparatus is used for
recording as for playback. This unpredictable move-
ment is small, measured in thousandths of an inch, but
is more than can be tolerated in the proposed system
because of the minute size of the recording track.
Refinement of the film-moving mechanism would be
expensive and tedious, so the solution is to nullify the
effect of the wander by means of a servo circuit which
automatically alters the position of the scanning beam
during playback in sympathy with any wander which
might occur during recording or playback. This
movement is slow in relation to the scan frequency and
will be of the order of one scan width in 100 or more.

During the line blanking period a burst of 1.-Mc/s
modulation is injected. As the flyback is very rapid
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a portion of the line blanking period appears on the
left of the film, complete with 1-Mc/s sine wave. This
can he seen in Fig. 2. During playback the image of
the *“slot” is maintained normally at full amplitude
such that’its upper extremity travels somewhere in the
first 10% of the previous recorded scan and its lower
limit is in the first 209% of the present scan. These
approximate positions are shown in Fig. 2. As this
image sweeps across the recording the amount of light
transmitted through the film on to the photocell will
be modulated by the configuration of the recording.

When the slot image reaches the end of tbe scan
and flyback oceurs, the 15-Mc/s radio-frequency is
suppressed so that the slot shrinks to a spot. If the
registration during the last scan has been correct, the
spot will travel just over the peaks of the sine waves,
producing a small amount of 1-Mc/s component in the
photo-electric cell and hence the ouiput channel. Uf
the spot is too high no 1-Mc/s output will result and
if it is too low then a very large 1-Mc/s output will
be produced.

The output channel of the video amplifier is sampled
during the line blanking period by means of a gate
and these samples are amplified, rectified, and, after R(.
filtering, applied to the Y plates of the tube.

It is clear that if the correct phase relationship is
maintained the beam position will adjust itself so that
the amplitude of 1-Mc/s voltage produced will cause a
recharging of the RC filter by an amount just sufficient
to balance the leakage during the previous scan period.
Should the beam be positioned too high, the charse
will not be replenished and the beam will drop; if it
is too low the charge will be greater and move the
beam up. The values in the RC filter must be suffi-
ciently large to give only a small change during any
one scan but not so large as to be unable to follow the
wander introduced by play in the mechanical com-
ponents.

Circuit Arrangement

Fig. 3 shows in block form the sort of -circuits
required. They will consist of two main blocks (inside:
the dotted squares), one for the recording chain ani
one for the playback servo circuits.

The recording circuits (on the right) consist of two
oscillators. The 15-Mc/s oscillator feeds the modulator,
which consists of quite a normal low-power anode-
modulated power amplifier stage, containing a means
for altering the amount of r.f. drive (negative bias) as
a “ slot length control” and a diode clipper stage for
removing the lower half of the modulation. The 1-Mec/s
oscillator feeds the input of the modulator together with
the camera signal line. This oscillator will only he
energized during line blanking whilst recording.

The playback servo circuits (top left) will consist of
a sampling gate, which is open only during line
blanking, feeding a tuned r.f. 1-Mc/s amplifier which
in turn feeds a diode rectifier and RC filter network.
The output of this network is applied as a d.c. shift
potential to the Y plates of the c.r.t. and picks up the
output of the modulator on its way.

This playback servo chain is, of course, fed from the
photocell output via the video amplifier, which also
feeds the monitor and transmitter. During the playback
the 15-Mc/s oscillator and modulator will still be
required because the “ slot ” is produced by the output
of the modulator, but, it will be remembered, this r.f.
is partly suppressed during flyback to allow sampling
of the 1-Mc/s beam positioning burst. This suppression
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is achieved by injecting line blanking signals into thc
modulator during playback. The last block is the time
base which is quite conventional. All the circuits which
feed the tube deflection plates have been shown as
single-ended for simplicity, but would in practice be
push-pull for the usual reasons.

The limitations of the highest recordable frequency
on such an apparatus are expected to spring from three
main causes: (a) finite spot size and halo, (b) afterglow,
and (c) tube-screen grain and film-base noise; also the
film emulsion.

The effect of (a) will be minimized, apart from using
a special cr.t. fluorescent screen material, by making
this tube as large as convenient and running it at high
voltages to ensure a sharp focus and, if possible, running
it at such a low intensity that the halo is below the
“knee” of the film emulsion characteristic.

Regarding (b), afterglow will show up on both the
recording and the playback operations as fogging and
noise. The “ fall away ” of glow in oscilloscope tube
screen is rapid during the first few micro-seconds, bhut
flattens off with time, so that the above remarks about
operating near the “ knee” of the response curve will
apply here.

Film-Base Noise

On the question of (c), the problem of screen grain
will be expanded later. Film-base noise will presumably
be of an order equivalent to that produced with standard
photographic picture techniques. A possible way of
reducing this is by having a white opaque base and
picking up the light modulation on the photo cell by
reflection from the emulsion side and not by transmission
through the film base at all. The capacity of the
emulsion to record clearly the small details should be
quite adequate. The amazing definition achieved with
the so-called “ microfilm ” is ample proof of this.

There are many other interesting aspects to this

Fig. 3. Block schematic of the system, giving some idea
of the kind of circuits required. The recording chain
is in the right-hand dotted square while the playbaclk
servo circuits are in the-top dotted square.

QUTPUT

AMPLITUDE

INPUT AMPLITUDE

Fig. 4. Recording characteristic with video amplitude
compression. -

proposal, but ‘an extract from the calculations to
ascertain the size of the smallest detail to be recorded
would not be out of place here.

Assuming the film is running at twice normal speed,
then 200 scans must be accommodated in a little over
0.75 inch. (There are no partitions between frames,
as there are no picture frames, in the film or televisivn
sense of thc word, and the whole area of emulsion is
available to record information.) Then each scan is
pitched 0.75/200 of an inch from its neighbour, but only
70 per cent of this is useful information as the
modulation is kept at that level. Therefore the
brightest to darkest contrast will have a height of

0.75 70 52
X - —- or approximately 2.6 thousandths

200 100 2,000
of an inch. Assuming that the smallest gradation ot
light and black is 1/10 down on this, gives
0.75 70 1 5

or approximately
200 100 10 20,000 4,000
of an inch. As there are 600 picture elements per line

and approximately 1 inch is available across the film
for this, then the smallest horizontal detail will be
1/600 ‘of an inch.

These calculations show that video amplitude com-

T0 Mo:lTOR A Bll..TNEK pression could be used hefore recording, preferably of
TRANSMITTER the form shown in Fig. 4, to re-establish a better
_____________________ &
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relationship between leight and breadth detail on the
film. The effect of a recording curve such as Fig. 4
is to curtail drastically the not very often used peak-
whites and boost the lower and middle contrasts. The
playback amplifier would have a circuit of opposite
characteristics to restore to normal. A curve of this
form would increase the smallest contrast to 4 times
the previous, so the new smallest detail becomes
(1/1250) X (1/600) where the frequency component of
the signal is still less restricted than the amplitude
component. On the other hand, advantage can be taken
of this two-to-one asymmetry to reduce the film speerdl
by half and record two consecutive television lines across
the width of the film (the time-base repetition frequency
must also be halved).

From the previous calculations we can establish the
aspect ratio of the *“slot”, which should be at least
half as wide as the smallest horizontal detail, i.e., 1/1200
or less than one thousandth of an inch, and have a
height for playback of approximately 3 thousandths of
an inch, a ratio of approximately 4:1. If a tube with
10 inches of useful scan is available, then the spot
must be 1/1200 of this, which is 1/120 of an inch—quite
a tall order, but achievable. (The present “ flying spot
film transmission is quite adequate.)

If the height of the slot at maximum was measured
on the tube it would be only 1/32 of an inch, which
implies that the smallest contrast (vertical) detail mignt
be lost in the screen grain. To circumnavigate this
the maximum height of the slot measured on the tube
should be increased to one inch and the aspect ratio
restored by optical means hefore reaching the film.

Variable Intensity Systems

During discussions on this subject doubt has been
cast on the possibility of providing cheap enough film
stock capable of resolving such small gradations in area.
The * microfilm ” previously mentioned has an adequate
definition but may be prohibitive in cost. For this
reason it might be best to utilize a variable intensity
recording, where the apparatus remains the same as
described but the video modulation is applied as an
intensity modulation to the cr.t. beam and not as a
slot-length variation. This brings the systemn very close
to those described by Wood*® and Hulme} which un-
fortunately were not brought to the author’s attention
until after this article was written.

The proposal has been made with television signal
recording in mind because it is an ohvious application,
but the possible advent of high-speed magnetic tape
recorders capable of handling similar bandwidths may
detract somewhat from its usefulness. Nevertheless, it
is worth noting that the magnetic tape will have to be
run at high speed, while the film in this system does
not. Moreover, the system does not suffer from the
stretching and distortion which is a serious drawback
in high-speed magnetic tape. Further, it offers a more
permanent form of recording which cannot be accident-
ally erased, and the mechanical handling equipment is
in existence and would need little alteration.

And, last but not least, it is a variable-area system
and not variable intensity, so that the poor response
of film to delicate gradations of light, evident in the
low quality of variable-intensity. sound track, will not
mar the picture.

* Wood, C. B. B, “ Some Fundamental Aspects of Tele-
recording,” J. Television Soc., Oct.-Dec., 1953.

i Hulme, V.B. “ 16-mm Telerecording for Sequential
Television Systems,” Elecironic Engineering, Dec. 1955.
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Yachtsman’s Echo Sounder

A COMPACT supersonic echo sounder designed to
work from a 12-volt battery and costing only £75 is
announced by Pye
Lowestoft.

The operating frequency is 200 kc/s and a single

Marine, Ltd., Oulion Works,

Pye “lLeadsman” echo sounder with transducer and
hull' gland. The overall dimensions of the unit are
approximately 13 3/s in X 8 Y/ in X 7 3/ in.
transducer, fitted to the bottom of the hull, is used for
both transmission of a 1/3 msec pulse and the reception
of the echo from the sea bottom. The repetition rate
is 9.1 per second.

A neon lamp attached to the end of a rotating arm
indicates the interval between the transmitted and
received pulses against a scale calibrated in both
fathoms and feet. The accuracy of calibration depends
on constant speed of rotation, and to achieve this in
face of possible voltage fluctuations, the arm is driven
by a synchronous motor deriving its current from a
high-stability vibratory convertor.

290,000
iS0,000! l: -

RECEIVER SALES. — A summary of the retail sales o
domestic receivers during 1955, issued by the Brilis

Radio Equipment Manufacturers’ Association, reveals
that by comparison with 1954 the total sales of television
receivers rose by 6% to 1,335,000. The sale of sound
receivers fell by 14% to 1,048,000, and radio gramophones
by 109, to 269,000. In this graph we give the month-by-
month sales of domestic receivers during the year.
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MATHEMATICS

SOME while ago® 1 was charged with writing in a
manner likely to increase readers’ fear of mathematics.
While admitting that such conduct, if proved, would be
reprehensible, I held that the intention -— and especially
on the particular occasion given as an example — was
precisely the opposite. And bearing in mind that the
road to hell is said to be paved with good intentions,
I produced evidence that this intention had not heen
left at that; the reader, so far from having been given
cause for alarm, had been led gently by the hand right
up to a typical mathematical weapon — the cosh — and
shown there was really nothing to be afraid of.

However, if 1 repeat my defence too much you will
suspect a guilty conscience — “ Qui s’excuse s’accuse ”
The fact is that a shortage (I hope temporary) of requests
has thrown me back on my own choice of subjects, and
the little argument just recalled triggered off a medi-
tation on the use and abuse of mathematics,in technical
literature.

It would be easy if, in the *“ 1066 and All That*
manner, we could pronounce maths to be either a Good
Thing or a Bad Thing. But it can be beth, according
to where and how it is used; and opinions differ
However, we can rerhaps at least clear up some
misunderstandings.

Real Purpose of Maths

First, what is mathematics for? Some may suspect
that it is used with an ulterior motive — to keep out
the uninitiated and establish a privileged class, to make
things more difficult, or to show off. How many, on the
other hand, believe that the real purpose is to make
things easier; to save time and effort? Yet that really
is the idea.

To most people — even technical people — it seems
obvious that a mathematical paper is more difficult to
follow than a non-mathematical one, other things being
equal. Those who don’t find it so the mathe-
maticians — are classed as abnormal.

There are several reasons for this. No doubt the
early civilizations that “ wrote” in little pictures took
a similar view of non-pictorial writing when they were
first confronted with it. No doubt we-ourselves in our
early youth looked on printed books in that light. Even
such a well brought-up little girl as Alice took a dim
view of the book her big sister found so absorbing,
because it had no illustrations. Yet in a few years we
too could -read without effort (more or less!) and now
¥ plain English” is our standard of what is simple and
straightforward. Even quite unintelligent people can
read more than 15 symbols per second. This is really
rather remarkable, especially considering that in Englisi
there is no consistent relationship between the symbols
used and the sounds they represent. But however
incomprehensible and distasteful these -symbols once
appeared to us, we were kept at them untiil they became
meaningful and easy. (I am aware, of course, that
there are millions of people who never get beyond the
comic-strip stage, but they would hardly be reading
this.) And while all agree that pictures and diagrams

* Wireless World, Jan. 1955, p. 22.
p. 72,

Reply : Feb. 1955,
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“CATHODE RAY” on the Proper
Use of a Much Abused Science

have their uses and can often advantageously be
substituted for words, it would be inconvenient — even
tedious — if words were banned altogether.

I feel sure that the trouble with a lot of the anti-
mathematicians is that either they were not kept at
maths long enough for the symbols to become meaningful
in the way written words did, or they were kept at it
in the wrong way, so that they never really grasped
what it was all for. While, at this distance, I amn
prepared to admit that my teachers did a pretty good
job on the whole, I do think they could have made
maths a lot easier and more acceptable if they had
told me at the start what (for example) was the point
of the apparently futile occupation of carrying out
arithmetical operations with letters instead of numbers.
From what little I have seen of present-day school
teaching I have no reason to believe that the same
educational mistake is mot continuing to be made.

The need for a clear explanation of the purpose of
mathematical symbols is all the greater because several
distinct purposes are often mixed up together. Symbols
are sometimes used as mere abbreviations; for example
“V?” to mean “ volt” or “ valve ”. Then they are used,
often in the same context, in their more strictly
mathematical role of standing for guantities whose values
are unknown or unspecified. In this sense “ V” might
mean the potential difference between two specified
points.  Lastly, some symbols mean mathematical
eperations; " 4+ 7, “ = 7, ** V 7 etc., are unmistakable.
but “ d/dx”’ looks like an ordinary algebraical expres-
sion thiat could be simplified to “1/x” unless one
happens to know that it is an instruction to “differ-
entiate with respect to “x” whalever it is written
against. This, of course, -is confusing to the uninitiated,
but is easier to learn than (for example) how to read
* bough, cough, dough, lough, rough, through?”, etc.
“d/dx” does at least always mean the same thing. It is
even the same thing in other languages, which is more
than can be said of the words it stands for. This applies
to most mathematical symbols. So work written
mathematically hardly needs to be translated. That is
an advantage worth remembering even if it. doesn’t
seem likely to affect us directly or by itself amount to
enough to justify mathematical writing.

Shortage of Symbols

It must be admitted that there is another side to this.
There are not nearly enough symbols, even bringing in
Greek and all the available varieties of type, to allow
one for every possible thing. So each may have to bear
a number of different meanings. The people who
arrange these matters try to see that these different
meanings are distributed in widely different fields of
study, so that there is unlikely to be any doubt which
applies. In Wireless World “ L” can pretty confidently
be taken to mean inductance, and it doesn’t matter if
biologists or astronomers -—— or motorisis! — use it to
mean something else. *“pn” is more difficult, because
even in Wireless World it could have at least three

"different meanings, but there is seldom any confusion.

£

After all, in “ plain” English many words, such as
“ box,” have several alternative meanings, but we can
usually tell from the context which applies.
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A more serious difficulty with mathematical symbols,
I think, is that the standard list doesn’t get one very
far. When we have learnt that list we know that “ 17
stands for current, “* E” for electromotive force, “ R ™
for resistance, and so on; but it is wrong to write even
such a thing as

E
h=y

without further explanation. The current that flows
through a resistance of 500 ohms when an e.anf. of
5 volts is applied is 10 milliamps. Yet when we
substitute these numbers for the letter symbols we get
5
19 = =56

which is not exactly true! When one first presents the
concise statement *“ 1 — E/R ” it is absolutely necessary
to mention that if E represents the e.m.f. in volts and
R the resistance in ohms, I is the current in amperes.
It is also necessary to say something about the circum-
stances in which this relationship holds. Seeing, then,
that the whole thing has to be written out fully in words
anyway, why bother to bring in mathematical symbols
at all? Well, there are two reasons: one is that
“T = E/R” is a handy reminder of the general law
that has been fully stated in words; and secondly, in a
whole article or book it may be necessary to refer io
certain quantities very many times, but as they need
only be defined in words once the saving can be
considerable.

But this does point to a very common misuse of
mathematics expressing things in abbreviated sym-
bolic form without making clear beyond all misunder-
standing (1) what the symbols mean, and (2) in what
circumstances the statements made with them are true.

And it does also explain why even those of us who
are reasonably accustomed to maths nevertheless find
mathematical writing something of a strain to follow.
For most if it, the standard symbols by themselves are
too general; there may be half-a-dozen or more voltages
in a circuit under discussion, and it is necessary lo
define symbols V,, V., etc. Some of the burden of
remembering these can be avoided by adopting a regular
system such as “V,,” to mean the difference in potential
between points @ and b on the circuit diagram. Buat
quite often there are quantities completely unprovided
for on the standard list — such things as the ratio of
the resonant frequency of a tuned circuit to the fre-
quency at which the voltage across the circuit is 1/4/2
times that at resonance. In such cases the writer has to
choose a symbol for his particular purpose, preferably
one that cannot easily be confused with anything else,
and which is in accord with certain general principles
that have been recommended .

Problem of Special Symbols

Unless the reader is gifted with- an exceptional
memory, the effort of keeping in mind the meanings of
these special symbols during a prolonged mathematical
treatment adds considerably to the labour of reading
it. And if one forgets, and the definitions are scattered
through the article or book, there may be further labour
in locating them — hence the benevolent practice (not
always adopted) of providing a * Table of Symbols”
in which they are all collected together. In any given
case, the amount of strain imposed on the reader
depends very much on how much care the writer has
taken to use no more special symbols than are needed

1 For example, in British Standard 1991: Part 1: 1254.
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to make his meaning clear, and to choose and define
them appropriately.

It depends, too, un how much has been written
mathematically and how much in words. Whatever the
writer does will be wrong — for some people. If he
uses any mathematical symbols at all, some readers will
be frightened away. As Eddington said,** “If in a
public lecture I use the common abbreviation No. for
a number, nohody protests; but if I abbreviate it as ¥,
it will be reported that ‘at this point the lecturer
deviated into higher mathematics’.” On the other
hand, to make any concession to the mathematically
weaker brethren is to invite the criticism — not to say
contempt — of the enlightened, who point out how
much more concisely or precisely or elegantly it could
have been expressed mathematically. Rightly or wrongly,
my own aim is to put into English some of the things
that are usually said mathematically, or into simple
maths the things that are usually given in more advanc-
ed terms. Quite a number or readers appreciate this;
but there are others. Sometimes these others may be
right. It is a mistake (so I have gathered) to keep a
baby too long on milk. It retards his proper develop-
ment. And not long ago a correspondent pointed out
(quite kindly) .that in the .attempt to provide a non-
mathematical demonstration of the fact that

27T
l) sin m@ sin n§ d§ = 0 (m # n)
v
I had twice slipped up 71, and that this would never have
happened if readers had been asked to accept a simple
trigonometrical formula (presumably the one I have
just quoted).

While I entirely admit this, and regretfully apologise
for the inaccuracies, I still think it right to make the
attempt to present technical information non-mathe-
matically. This, I hold, would be so, even if every
reader were mathematically developed enough to
“accept the simple trigonometrical formula”. It is
dangerously possible, to have one’s head full of
mathematical formule, simple and otherwise, and not
be able to make good use of them, through lack of a
clear idea of how they are connected with practical
aflairs.

It may be that I ought to say to readers “ Look here;
it’s going to be good for you that I should be tough
and do things the mathematical way, so that if you can't
understand it you will jolly well have to learn the
necessary maths”. But perhaps those who advise that
line of talk imagine that people learn things at one go.
If some people do, I haven’t come across them. The
normal way is for things to sink in gradually. So
although in theory it may be correct to confront the
learner from the start with the most refined presentation,
in practice it is likely to be a sheer waste of time.

Suppose an average youth who had decided to go in
for radio asked about wireless waves, and his teacher
told him that all he needed was

B
curl ¢ = — —
ot
curl H = i - oD
ot
div D = ¢,
div B = 0.

the shortage of future radio engineers would thereupon
probably increase by one. If people had to wait until

** “The Philosophy of Physical Science”, p. 137.
¥t “More About Fourier”, Wireless World, Oct. 1995,
pp. 308 and 509.
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they could accept information in its most concise form,
very few would even start. So there is a use for present-
ation of the same principle at different levels. After
the learner has gained some idea of a thing in descriptive
terms, then is the time for somebody to come along and
show how it can be expressed more concisely and
perhaps more precisely.

That doesn’t necessarily mean that ultimately every
page would be a mass of maths. It would hardly be an
appropriate medium for describing the carrying out of
an experiment, say. But the quantities involved in the
experiment would presumably be expressed in symbols,
for convenience in graphs and tables and for frequent
reference. * They would also enable the results of the
experiment to be expressed concisely and clearly.

This is merely shorthand, however; not mathematics.
But mathematics can often be used to develop experi-
mental results or other known information into new
conclusions. This is the stage at which words become
unbearably clumsy and mathematical expression is fully
justified. Often it forms the main “meat” of students’
texthooks, in which a few assumed or previously
established facts are used as the starting points for a
gradually expanding field of knowledge. Provided that
the development is clear, and the significance of the
results is stated every so often in words, one cannot
argue against mathematical treatment here.

Elsewhere, as in technical articles and reference
books, the practice of showing mathematically how state-
ments made were derived and in what conditions they
hold good, rather than leaving them: bare and un.
suprorted, is commendable. But the trouble is that
certain writers — the showing-off and over-zealous
types — display their mathematical proofs everywhere
as they go along, interrupting their own discourses with
what the hasty reader may not want at all. The proper
place, of course, is in an appendix or footnote, so thai
sceptical or thorough readers can have them, but those
who are prepared to take the author’s word do not have
to work lahoriously through a lot of ‘maths only to find
that it was quite optional or even totally unnecessary.

At the word * laboriously ” my critics will perhaps
say “ There he goes again, making out that it is su
difficult and frightening people away ”. If so, I would

point out that to work through the same information
expressed in words would probably be even more
laborious, even though the meanings of the words would
not, like the symbols, have to be learnt specially for the
occasion. It is sometimes overlooked that because of
its much more concise form mathematical writing is
almost bound to demand more time and effort from
the reader per square inch of paper, but the proper
basis of comparison is the amount of information
conveyed.

Mathematics not only saves time by its abbreviated
forms of expression, but saves thought as well by
enabling previous results to be used without going
through the derivations in full every time. When we
calculate mentally that if we buy half a dozen seven-
penny articles they will cost us three and six, we are
making use of a number of previously ascertained
results. Otherwise we would have to put down six lots
of seven counters, sort them into groups of twelve and
then count the groups and the left-overs. Similarly, as
in the example quoted at the beginning, making use of
a table of coshes saves a lot of algebra. The differential
and integral calculus is a good example of how
calculations that would be very difficult and laborious
can be made quick and easy — almost automatic — by
following simple rules that someone has been kind
enough to find out the hard way. To use them
intelligently we all ought to do them the hard way —
once. After that we can with a clear conscience taks
the short cut every time. If each time we did this we
had to explain the rules in full for the benefit of
others, the advantages would be considerably reduced

To sum up then, let me suggest to those who grumble
whenever they come across some maths that if they
really want to get anywhere with this thing it would
save trouble in the long run‘if they got dowm to it
and learnt the rules; and that my attempts to put
things as non-mathematically as possible are not intended
to dissuade anyone from going on to more mature study.
And of the mathematical critics I would ask: Is all
your mathematics really necessary? And can you
honestly say that your motive throughout is to help your
reader (less brilliant, perhaps, than yourself) and not
to demonstrate how clever you are?

SHORT-WAVE CONDITIONS

Predictions for March
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THE fullline 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 March.
Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period.
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FREQUENCY BELOW WHICH COMMUNICATION SHOULD
BE POSSIBLE FOR 257. OF THE TOTAL TIME

PREDICTED AVERAGE MAXIMUM USABLE FREQUENCY
FIIKEQUENCY‘BELOW WHICH COMMUNICATION SHOULD
BE POSSIBLE ON ALL UNDISTURBED DAYS
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Simplified
Band III Convertor

DESIGN FOR USE IN AREAS OF HIGH
SIGNAL STRENGTH

By O.E. DZIERZYNSKI

THE majority of Band III convertors employ
an r.f. amplifier followed by a combined mixer/
oscillator frequency changer arranged as shown
in the schematic block diagram Fig. 1. Its input
circuit is matched to an 80-ohm feeder while the
output is matched to the input impedance of an
orthodox television receiver; this also is of the
order of 80 ohms.

An rf. amplifier can be justified when the
Band-III signal is considerably weaker than the
Band-I signal, or where a single aerial, with opti-
mum tuning in Band-1, is used for both purposes.
The simplified convertor described in this article
is intended for use where the Band-I1I signal is

The complete Band-1lI convertor. The box-like projection
on the front of the unit contains a dial mechanism
showing the actual television channel to which Ithe
converlor is tuned. This is a refinement not dealt with
in the tert.

quite as strong as the Band-I signal and no
amplification, except that provided by a frequency
changer, is needed before feeding it into the
television set.

Circuit Requirements.— Details of the circuit
employed for the convertor are given in Fig. 2.
From this it will be seen that an r.f. amplifier is,
omitted and the Band-1I1 signal, as received by
the aerial, is applied via a high-pass filter and
input. transformer (T.) to the grid of the mixer

[} )\ o
N/,Z,OLE section of a PCF80 frequency-changer valve. A
GAIN 9.in length of coaxial cable, with a plug and
e GAIN_ 1 ¢ GAIN___, . oo
Lo ! 61 T 05l socket connection at the filter end, joins the two
o ) ; :4?_‘?_‘1’;%/5 units and the outer screening braid of this cable
214-75Mc/s) I == must be the only * earth” connection between
AMPLIFIER MIXER & @) (o IV : :
DETECTOR N SET l the two units. The cable connection must be
T \ / retained if the filter is embodied in the convertor
800} 149:75~
FEEDER 179-75Mc/s! 80 £ FEEDER li;ig.dll." Blocklschemalic diagramn of a conventional
anda-. converlor.
OSCILLATOR Fig. 2. Theoretical circuit diagram of the simple
g P
= convertor described in the texl.
R RECTIFIER
. 4
5, (S L AAAA— L i¢
) ¢,
S\
= Ta
X"
|
250V
]
61n. LENGTH C,;{ 71:'((:5 L,
coaxiaL (8o
( ﬂ) 91n. LENGTH 0
COAXIAL (tson)I
s I A
J ! oV
FILTER (o ]
A L ______ i) Sw'
INSULATED FROM %
MAIN CHASSIS
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LIST OF COMPONENTS

CAPACITORS Cy, C;; 3-30 pF air-spaced con- MISCELLANEOUS
C, 2.5 pF miniature, 250 V Gy centric trimmer (Mul- 1 Mains transformer. Pry;
wkg. lard). 200/250 V, 50 c/s. Sec;
C;, Ci C; 1,000 pF miniature, Cp, C,, 2-15 pF air-spaced trim- 250 V r.m.s,, 20 mA; 9 V
250 V wkg. C,; mer. 0.3 A.
G 2-10 pF air-spaced var- (G5 2.5 pF miniature cera- 5 Coaxial sockets.
iable on ceramic base. mic. Coil formers, cores and
C, 3-30 pF air-spaced con- Cs 500 pF mica trimmer. screening cases; see text.
centric trimmer (Mul- : V., PCF80 valve.
lard). S CES Pb 12 V pilet lamp.
G 15 pF miniature, 250 V R, 1,200 Q@ iW 1 Epicyclic reduction drive.
wke. R, 20 kQ Iw 1 Contact - cooled rectificr,
CoC, 32 uF electrolytic, R, 1,500 Q W Type 16RC1-1-16-1
350 V wkeg. R, 2,700 O 1W (Westinghouse). )

unit and there is a space for it, as shown in one
of the illustrations, on the top of the convertor
chassis. It was more convenient, however, to
have the filter separate during the development
stage.

Another feature of interest is that the oscillator
circuit (the triode section of the PCF80) tunes
continuously and without switching over ihe
whole of Band III.

With a conventional Band-III convertor; that
is, one embodying an r.f. amplifier, the overall
gain lies between 6 and 15, most ot which is
provided by the r.f. stage. With the circuit
employed in the present case only the mixer
section of the PCF80 valve can be relied on to
provide any amplification. It is therefore vitally
important that this stage is operated under the
most favourable conditions.

The grid input transformer, T., should provide,
theoretically, a voltage step up of about 2, but
inevitably imperfections in the impedance match-.
ing between aerial and feeder, and feeder and
input to the filter, will reduce the probable gain
between aerial and mixer to unity, or less, over
the working range of frequencies.

The most important factors contributing lo
the gain of the mixer stage are the operating grid
bias, the injected oscillator voltage and the effi-
ciency of the output circuit. The values given in
Fig. 2 for Ri, the bias resistor and C., the
oscillator coupling capacitor, together with the
design of T, the output transformer, will ensure
the highest gain from this stage. Measurements
made with the unit at different parts of Band III
yielded the following amplification figures:—

Channel 6 ...... amplification —
Channel 9 ...... amplification = 1.6
Channel 13 ...... amplification — 1.4

It must be pointed out that these fizures represent
the overall gain of the convertor, being the ratio
of the Band-I signal (after conversion) applied
to the television set and the actual Band-IilI
signal injected into the primary winding of T..
The actual amplification of the mixer stage alone
is considerably greater and, expressed as the
ratio of the Band-I signal at the primary of Ty
and the Band-III signal applied to the mixer grid.
varies between 4 and 8. ]
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Particular care is needed also in the layout
and wiring of the oscillator circuit in order to
achieve the desired coverage and ensure a
reasonably constant output and good frequency
stability. A maximum variation of = 50 kc/s
over a period of time is a good target at which
to aim. With the output transformer T tuned to
Channel I (Band I) the coverage required of ihe
oscillator is 132 to 175 Mc/s. This will be
subject to modification for other Band-I channels.

In order to keep the frequency drift of the
oscillator as small as possibqe a low-inductance
coil is used for L, with as much fixed capaci-
tance in the trimmer C. (Fig. 2) as the circuit
will tolerate. Nevertheless it will be found that
the tuning capacitor, C., contributes the major

COIL TABLE
Pos. | Function Details l
L, | Oscillator {1} turns No. 18 s.w.g. En wire on
}in dia (approx.) polystyrene for-l
l mer with turns spaced '/, in. Core,
dust iron. {
T Band-III 1} turns No. 18 sw.g. En wire
input [}in dia polystyrene former with
trans. |turns spaced 1/,in. Core; dust
iron. |
T, Band-1 |Channel I; primary, 20 turns No.24|
output 's.w.g. En wire close wound or 0.3-in|
{ trans. |dia (approx.) polystyrene former;
secondary 3 turns overwound at|
“earthy” end. Core; OBA thread-|
l d brass slug %in long. Channel 5;
rimary 4% turns No. 20 s.w.g. En
wire close wound or 0.3in dia
[, (approx ) polystyrene former; sec-
ondary 2 turns overwound *“earthy”
end. Core; dust iron. Screening
can for T, % inX % in X 1%in high.
1T Filter 3% turns No. 20 s.w.g. spaced to
coils fill */,in on polystyrene former
0113 pH v »in aia (approx.). Core; dust
iron.
AL Filter 2% turns No. 20 s.w.g. spaced 1o
coil fill 1/ in on polystyrene former 0.3in
0.07 uH |dia (approx.). Core; dust iron.
17 Filter |13 turns No. 20 s.w.g. spaced to fill
| coil %in on polystyrene former 0.3in
| 0.035 uH |dia (approx.). Core; dust iron. i
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Fig. 5. Attenuation curve of filter unit.

part of the total capacitance. While C; is shown
as a single earthed-rotor type variable capacitor,
it is thought that a split-stator, or butterfly
pattern, might improve the performance of the
convertor by maintaining a more constant oscil-
lator output. If one of this pattern is employed
it should be borne in mind that to achieve the
same tuning range as with the original C., each
section of the double capacitor must have twice
the capacitance of C.. ‘- Ceramic insulation is
preferred.

The required frequency coverage
(132 to 175 Mec/s) is obtained by
fixing the highest frequency by
adjustment of C. and the lowest
by adjustment of the dust iron core
in L. Changes at one end reflect

Fig. 5.

suggested and for Birmingham 59 Mec/s. These
are close to the sound frequencies of the par-
ticular stations and are chosen in preference to
the vision frequencies as the receiver’s input
circuits will most likely have a bias towards the
vision frequencies and choosing the sound for
the convertor’s output stage simulates a band-
pass coupling and gives a flatter response over
the particular Band-I Channel in use.

The convertor’s output transformer T, is tuned

mainly by the valve capacitance, the seif
capacitance of the coil and circuit stray
capacitance. However, some control is provided

by the use of a brass slug (threaded 0BA).

Filter.— The r.f. stage in a conventional
convertor provides not only pre-conversion
amplification but serves also as a buffer to re-
radiation of the local oscillator, the Band-I
converted Band-III signal and to break througl
of Band-I signals. Spurious frequencies arising
in the mixer stage are likewise kept out of the
aerial. As no such protection is provided by the
circuits of the convertor described here a special
filter has been designed which passes all Band-III
frequencies and heavily attenuates the oscillator
and Band-I frequencies. As the lowest Band-I1I
frequency is 176.25 Mc/s (Channel 6 sound) and
the highest oscillator frequency 169.75 Mc/s
(ior Channel 13) the cut-off frequency chosen for
the filter is around 173 Mc/s. The circuit
arrangement of the filter is shown in Fig. 3 and
its measured response characteristic in Fig. 4.
The input and output impedances are 80 ohms.

It must be emphasised that the response curve
of Fig. 4 was taken with the input matched to
80 ohms, corresponding to a half-wave dipole
aerial and an 80-ohm feeder. If a short rod
aerial (say 14-in) is used, and one of this kind
should be satisfactory in areas of high field
strength, the impedance of the aerial could be

Layout of parts on the top side of the chassis.

TIXING BAR

Sz FOR COVER

on the other so several attempts will

1o Pfs,
OR AERIAL
1‘:1[ Ss
£ Lan
==

be required to achieve the desired
oscillator range.

In regions other than London
the oscillator coverage is given by
the following simple formula:—
F..in=174 —Band-.I channel (Mc/s)
Frax = 216 —Band-I channel (Mc/s)

For example take the Birmning-
ham district where Channel 4 in
Band I is employed; the oscillator
coverage will be 115 to 158 Mec/s
(approx). The Band-III input

circuit can be tuned to favour

SPACE FOR
FITTING FILTER

Ce OGN CHASSIS

¢
t
'

PERSPEX
PANEL

PlIOTRUAMPIS = Ah=i="—
WINDOW <

Channel 8, or T, tuned to the mid-

point of the band. ?
The output transformer T: has FOR

to be tuned to the local Band-I

channzl; for London 42 Mc/s is
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almost any value and the behaviour of the filter
will be unpredictable and not quite as shown
in Fig. 4. In order to compensate for impedance
mismatch of this kind with a short aerial a piece
of 80-ohm coaxial catch is interposed between
the aerial and the filter. With a 14-in rod a
6-in length of cable proved satisfactory. The
most vulnerable points in the circuit where
unwanted signal pick-up (or radiation) can occur
are the output transformer T, aerial switch SW.
and the leads to sockets S. and S..

Construction.— The illustrations show the
appearance of the convertor and filter. The
ﬁrter is assembled on a panel of Bakelized mat-
erial measuring 3§ in X 2in and is housed in a
screening box measuring 4in X 34 in < 1§ in.
Alternatively there is space for it inside the
convertor’s cabinet and on the top side of the
chassis (see Fig. 5) but some reduction in its
size will have to be made to accommodate it.

Layout of the components is vitally important
in a convertor of this kind and accordingly two
detailed plans, Figs. 5 and 6, showing the top
and bottom of the chassis respectively are includ-
ed here. Fig. 7 is a sketch of the chassis and
part of the case, for which aluminium can be
used. The top and sides shown open in Fig. 7
are closed by a cover of extruded metal of the
kind used for loudspeaker fronts. It is mnot
essential, of course, to adhere strictly to the
design of the cabinet illustrated but the layont
of the parts must be followed faithfully. The
extruded-metal top and sides provide ventilation
and this is a vital factor for good frequency
stability. Any alternative form of screened
cabinet should, therefore, be equally well ventila-
ted, but the method of achieving it is not of great
importance.

Figs. 5 and 6 are largely self-explanatory but
possibly a few points may need clarifying. The

the

View showing the layout of parts comprising

filter unit. '

shaded area below C; and C. in Fig. 5, and
below L. in Fig. 6, is a cut-out in the chassis
to reduce stray capacitance in the oscillator
circuit. It is shaped in the manner shown, with
two slots each side of a circle, in order to provide
a means of fixing the small vertical Perspex
bracket supporting C; and C; on the top side of
the chassis and L, below the chassis. Although
Perspex is mentioned any good v.h.f. insulating
material, such as polystyrene, can be substituted.
Pliable materials would of course be most un-
suitable however good their v.h.f. qualities.
The space where the filter could be accom-
modated is shown- on the right-hand side of
Fig. 5. Although not fullv visible there is an
epicyclic reduction drive between C; and the
tuning knob. Incidentally C. is joined io drive
by an insulated spindle and a small metal coup-
ling collar. From Fig. 6 it will be seen that
the input transformer, T, of the
‘convertor is mounted horizontally,

Fig. 6. Layout! of par!s on the under side of the chassis.
0P/ this is done in order to keep the
- cof)}m leads to it short. It has a dust core
S CABLE ) . S and access to it for adjustment is via
5]=‘[ K\ 7(noT visieLE) Qz a hole in the back panel of the unit.
_eonl len, | /L = Certain precautions in the wiring
A v, @ / Rs  hec 12 are needes ‘and while the correct
2\ ‘-J’C -© @ \ placing of the components will in
e °y T, @ most cases automatically cnsure the
; w.ring being as planned, since most
/7 I of the wiring is actually the compo-
ISNPSIHLLJEPEFG gL a nent “wires, care in Yviring S, S,
_ SWITCH UNIT Sw,\l ¢ SW. and SW. is essential. The long
=3 all-round-the-chassis lead from S. to

[3]

SW. is not as bad as it seems as
coaxial cable is used. The connec-

PERSPEX BASE L[ ‘B

tions to S: need more care and the
two leads (centre and outer conngc-
tions) should be sleeved wires and
run close together and parallel as
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shown in Fig. 6. This i1s essential
despite the fact that the outer sleeve
of the coaxial socket is actually
bolted to the chassis.
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Fig. 7. Sketch of the case and chassis; (below) the
sheet metal part, (above) the extruded metal cover.

This brings us to the band switch SW,/SW..
Actually the unit would be easier to build if
band-switching were omitted and the feeders
connected externally to their appropriate sockets
as the need arises. But switching is admittedly
more convenient and those who have facilities
for making the special switch required might
well include this facilitv. If the aerial switching
is omitted then S. becomes redundant as an aerial
connection and S: in Fig. 6 becomes S. (the
output of the convertor) and the long coaxial
lead from S. to the switch disappears.

Fig. 8 is a sketch of one of the switches SW.,
SW.. In some respects it resembles an earlier
kind of waveband switch and consists of an
insulated rod with a metal ring around its cit-
cumference permanently contacting the spring C.

Fig. 8. Details of
aerial change - over
switch SWs; SWi is
built on to the same
rod.

Fig. 9. Details of the O

Perspex panel sup- | THICKNESS
porting the oscillator L =

tuning capacitor C, b ALUM. SHEET

and padder C,.

end-play. The SW, section of this switch need
have only one contact (A or B) as it is an on/off,
not a change-over switch.

It was mentioned earlier in this article that
C; and C, are mounted on a Perspex bracket fixed
vertically on the chassis. Fig. 9 is a sketch of
this bracket; it is °/x in thick and the large hole,
which takes the fixing bush of C,, is positioned so
that the epicyclic drive just clears the top face
of the chassis. The two slots each side are just
wide enough to be a tight sliding fit on the alumi-
nium chassis. The procedure for mounting it
is to drop it through the slots on each side of the
circular cut-out, so that the thin slots in the
Perspex are in line with the chassis, and then
slide it into the position shown in Fig. 5. The
part which projects below the chassis can be used
to support the coil L., which can be fixed by a
small bracket, or cemented to the Perspex with
polystyrene cement, or other suitable adhesive.
Incidentally the Perspex panel should be fixed
in position with a blob or two of this adhesive.

When the final adjustments have been made
to the coils their cores, where used, should be
secured in position and the simplest way, perhaps,
of doing this is to pour in a little melted wax.

Filter Alignment.— The best way of aligning
the filter is first to adjust all the pre-set capacitors
(C: to Cis inclusive) on a bridge to the values

The lug projecting
lengthwise from this BT e

. ' : SIGNAL Vv O~ T O -
ring contacts in turn GENERATOR ongo;l‘JT | ' ~ W=
springs A or B. It is (& | r | Sy P oRniLes
simple, effective and of ~ | ]

c 40-220 Mc /s _,

low capacitance. Two i T -

similar switches are re-
quired. The rod has to
be supportedin bearings,
front and back, but these
might well be left to the
ingenuity of the cons-
tructor.  However, if
%in diameter rod is
used it can be supported
in %in (hole diameter)
panel bushes and %*in
collars  (with fixing
screws) used to prevent

METER SCALE (uA)

Fig. 10.
curve (in dB) of output mefer.
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(a) Schematic diagram of test set-up for aligning the fiiter; (b) calibration
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marked in Fig. 3.
to the specification their cores are adjusted, with
the aid of a signal source and output meter, to
give the required attenuation curve (Fig. 4).

The schematic diagram Fig. 10(a) shows the
arrangement of a simplified form of measuring
apparatus, and Fig. 10(b) a typical calibration
curve of a home-made sensitive output meter
using a 0-100 microammeter. Procedure is as
follows:— A signal i the working range 40
to 220 Mc/s, is injected at B into a dummy lgad
consisting of a 200-ohm resistor, and the output
attenuator set to give full-scale deflection on the
output meter. It is essential the output remains
constant over the required .range of frequencics,
but if it should not do so then a check for full-
scale deflection of the output meter must be ma-e
before every adjustment of each filter inductance.

Having made a preliminary check of output

Having wound the coils-

the signal source is changed over to A, the
input of the filter, and the 200-ohm dummy load
and output meter transferred to the output end
of the filter. Using the calibration curve of the
output meter (Fig. 10b) the cores in the
inductances should be adjusted to give as near
as possible a response as shown in Fig. 4. If
the signal source has a reliable attenuator it
would possibly be a better guide than the
calibrated output meter, the meter then beinz
used merely as an indicator for constant output.

It is probably realised that only a rough align-
ment of the filter will be possible with the simple
equipment depicted in Fig. 10, but final touching
up can always be done by trial and error once
the general outline of the response is determined.
Work is in hand on a filter using fixed inductance
coils and fixed capacitors and it is hoped to give
details of it in an early issue.

LETTERS TO THE EDITOR

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

F.M. Receiwer Design

Mr. RUSSELL’s letter (your February issue) contains
two criticisms: (i) on the choice of 10.7 Mc/s as an
intermediate frequency for f.m. receivers and (ii) on
the “cloak and dagger” attitude of manufacturers’
organisations.

Taking the former, there is no secret about the choice
of 10.7 Mc¢/s. Our Association adopted it as a standard
intermediate frequency (with the G.P.0.s knowledge
and approval) because, first, investigation showed it to
be the most satisfactory taking into account all technical
and economic factors known to industry at the time the
f.m. sound broadcasting service began; second, the early
adoption of a standard was an essential feature of plann-
ing the broadcasting services (even if such a standard
does not eliminate interference, at least it helps to
minimise it). Mr. Russell unfortunately only selects
one element of the interference aspect; i.e., that of
possible interference between f.m. receiver oscillators
and Band III reception and ' avoids making any
constructive proposals on even this single issue. That
we have chosen 10.7 Mc/s does not mean this will stay
“ for ever and a day”. Work on the subject of inte:-
mediate frequencies and standards of many kinds affect-
ing the radio industry is a continuous process which we
undertake in co-operation with many other organisations.

The derogatory remarks about manufacturing organis-
ations scarcely call for comment as they bear no
relationship to the principal point in M1. Russell’s letter.
We must, however, point out that his particular state-
ment about the proportion of “confidential” documents
is incorrect, at least in application to BR.IEM.A. We
reserve ‘ confidential ” as a classification mainly for
information confided - to this Association by outside
organisations and the number of documents bearing it
is relatively small. We would add that, although
B.REM.A’s prime function is to serve the radio
manufacturers who created it, in practice the Association
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goes a great deal further; the results of much of its
work are made known to non-member manufacturers and
to many other interested national and international
organisations. In addition, a great deal of our work
forms the basis of British standards which are, of course,
public. We also endeavour, whenever possible, to keep
the technical press informed of work in progress.
Secretary, S.E. ALLCHURCH,

British Radio Manufacturers’ Association.

Electrostatic Loudspeakers

IN the article on * Distortion in Electrostatic Loud-
speakers  (February issue) it is claimed that distortion-
free operation is obtained only if the two sides of thz
diaphragm are insulated from each other and fed
through independent resistances. This state of affairs
is shown in Fig. (4) of the article with the statement
that the charges on each side of the diaphragm will
remain constant and that the voltages V, and V, will
adjust themselves to satisfy this condition.

Now any potential difference between V, and V, wiil
give rise to charges on the insides of the conducting
surfaces. Since the two inside charges are opposite in
sign, there will be a redistribution of charges resulting
in unequal charges on the outside surfaces. It can be
shown that if the capacitance through the diaphragm
is large compared to the capacitance of C, and C, then
the conditions will approach those of a single conducting
diaphragm fed through a high resistance, Fig. (3).

The force on the diaphragm due to the signal is
completely independent of the position of the diaphragm
both for the case of constant total charge and for a
theoretical case of constant independent charges.

The author points out that if, with constant total
charge, the diaphragm is moved mechanically then a
force appears on the diaphragm. He states this force
is linear with displacement, but is not due to the signal
and is therefore a distortion. The force is indeed linear
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with displacement and acts away from the central
position. This is a negative stiffness. It causes no

distortion, but it does of course require the introduction”’

of positive stiffness in order to avoid diaphragm collapse
to one or other of the fixed plates.

In spite of the above, a diaphragm conducting along
its surface will introduce distortion, but for a different
reason. Since the diaphragm requires supporting,
there will effectively be forces acting at these supports
in the opposite direction to the electrical forces. The
diaphragm will not be a truly flat piston and the charge
per umit area will not remain constant. The time
constant of each small unit area (small compared to
support spacing) must be made large for distortionless
operation.

P.J. WALKER,
The Acoustical Manufacturing Company,
Huntingdon.

May I draw attention to what I believe to be un
incorrect conclusion in the article on “ Distortion ia
Electrostatic Loudspeakers” (February issue)? I refer
to Fig. 4 (page 55) where two conducting faces of the
diaphragm carry each a constant charge Q. In the
formule given the field between the layers due to the
inequality of their potentials V, and V, is neglected.
This is not warranted.

When the distances between the faces and the fixed
electrodes are again d—x and d -+« the correct potentials
are given by:

Q d+x-+43
NS Eo ) Shre

0 d—x+133
Vo= 5x @ T

where § is the thickness of the diaphragm.

One concludes that when & approaches zero the
potentials reduce to the value for a single layer with
total charge 2Q. This can be easily understcod by
noting that the infinite capacity between the layers
makes V, and V, equal

Calculation of the net force on the diaphragm yields:
( v, V., Q2
d—x  d+n T . dtis

This formula shows that separation of the charge on
the diaphragm into two equal parts still results in a
force when the diaphragm is moved away from its equili-
brium position. The situation is thus similar to that
pictured in Fig. 3 of the aiticle. The separation of the
charge according to Fig. 4 has no advantage over the
situation shown in Fig. 3.

For constant-charge operation the force is iinear in x.
In order to maintain stability the diaphragm needs to
be stretched. When the suspension is linear the loud-
speaker will operate without distortion. This is so
because the signal force is exactly proportional to the
signal voltage (even when the latter is fed asymmetrically
Lto the fixed electrodes).
Amsterdam.

F

E. DE BOER.
Negative Feedback

IN HIS excellent article “ The Nyquist Diagram at
Work ” in the January issue is not “ Cathode Ray”
guilty of a small error on page 46 when he explains
20 dB of feedback as being the amount for which, at
medium frequencies, [AB| = 10.

If this definition is adopted, ie. feedback (dB)
— 20 log,, |[AB|; then for the case- where the feedback
is quoted as 0 dB, |AB| 1 and the gain is A/1— AB,
i.e. half the open loop gain; whereas the only way to
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specify an.amount of feedback which is small enough

l0 have no effect on gain is to call it — oo dB.
(20 log,, 0).

The correct definition, surely, is feedback (dB)
= 20 log,, (1— AB), i.e. the factor hy which the gain
is reduced. This means that 20 dB represents a feed-
back fraction |AB| of 9, and 0 dB also means that
AB 0. (No feedback). It also allows the feedback,
when expressed in decibels, to be directly subtracted
from the open loop gain tq give the gain with feedback
at medium frequencies.

Computer Dept.,
Ferranti Ltd., Manchester.
“ Cathode Ray” writes:

I am obliged to Mr. Ellson for pointing out what he
is kind enough to call a small error, but which I
consider serious because it is likely to confuse those
who most need clarity., What T did on the page
mentioned, and also I am afraid, on p. 47 and on p. 93
in the February issue, was to express the ratio of the
feedback voltage to the net input voltage in dB, over-
looking the inevitability oft confusion between this and
the ratio in which that amount of feedback reduces the
amplifier gain. Thus, the amounts of feedback that
I ill-advisedly specified alternatively as 20, 18 and 12 dét
in the three places referred to, would reduce the gain
by 208, 19.1 and 14 dB respectively. 1

It is natural to think of the ratio between the signal
feedback and the original input, but clearly one must
resist the tempiation to express it in dR!

Channels for Trawlers

I WOULD like to refer to the letter by R. Collins in
your February issue, without wishing in any way to enter
into the controversy which is the real subject of the
letter.

My comment concerns only the accuracy of the figures
given as the number of ships in the 1wo categories,
fishing vessels and *“ others”, which use the channels
in question. I am given to understand that the
approximate numbers at the end of 1955 were: fishing
vessels 1935, others 2160. It will be appreciated that,
in addition to compulsorily fitted coasters, the * others”
category includes deep-sea vessels and those below
500 tons which are fitted voluntarily with 2-Mc/s radio:
telephone.

Equality in allocation of channels would not seem
to be unfair to fishing vessels at the present time.

A 1. ELLSON,

F.J. WYLIE,
Director, Radio Advisory Service,
London, E.C.3.
Print-Through
I HAVE observed on a number of long playing discs
— which, I presume, are recorded from tapes — that

“w

one can hear the opening bars of the next “ number”
in the interval between the individual items.

With standard records the position is more difficult
owing 10 the short interval between the locating of the
needle — which requires a certain amount of care —
and the actual start of the recording; but, if one listens
carefully, a faint trace of sound ‘can often be heard.

Ambleside. ROBERT C. BELL.
Art or Science

YOUR correspondent H.S. King (January issue) who
disputes the description of electronics “as an art has
evidently forgotten the old definition. ART: a science
having more than seven variables.
Knutsford. E.J. YOUNSON.
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Miniature

By C.H.L. EDWARDS*, A.M.L.E.E.

Transmitter-Receiver

A Small Compact, Self-Contained Set for Portable, Mobile or Fixed-Station Use

MOBILE radio operation is a fascinating hobby,
particularly when the apparatus can be put to immediate
use in the event of an emergency. Most mobile equip-
ment depends on the car for its power supplies and
cannot conveniently be used in the home or on holiday
without a separate power unit having to be constructed.
Also the use of normal valves and components, in order
to get reasonable output, tends to make the set rather
bulky.

The writer, having constructed many diflerent portable

units with inputs from one half to seven watts, decided.

to build yet another which could be used for the Radio
Amateur Emergency Network with internal batteries
always unused and ready for such emergency, with
switching for using external batteries when portable,
or car supplies when mobile, and with an internally
built-in a.c. power pack, so that the set could be used
from the mains and by the fireside, or on holiday in
an hotel. Having found from cxperience that 5 watts
input, when mobile, gave very little increase in signal
strength compared with one watt input, it was decided
to use miniature valves and equipment in order to kecp
weight and size down to a minimum.

The earlier little 5-valve superhet receivers which the
writer had constructedt had been most reliable, were
cxtremely quiet and selective in operation, and weic
very economical of battery power. These had been
designed for radio-telephone reception with the exception
of one which had regeneration on the second i.f. coil
for the reception of c.w. signals. After some thought,
it was felt that a separate b.f.o. would be preferable
and would give better results. Previous transmitters
liad been two-stage sets (v.f.0. and p.a.) and had worked
out very well, but tended to have some frequency
modulation and pulling of the oscillator when working
mobile. In an endeavour to eradicate these effects, it
was felt that a buffer stage might be worth inserting,
even if it meant extracting a few more milliamps'from
the battery. The oscillator is a conventional Hartley
modified to overcome the limitations of directly-heated
valves. Its stability and output have proved adequate
in the earlier transmitters.

Previous models had been designed to be operated
by a carbon microphone.
the writer turn to crystal microphones, which, however,
had insufficient output to drive the last two stages of
the receiver when they were used as a modulator for
the transmitter. It was thought :hat if the microphone
was introduced into an earlier stage, sufficient gain
would be available, and this proved to be the case in
practice. It was also decided to introduce a netting
switch and finally to include the 80-metre band, which
might be useful should the set -be used for the Radio
Amateur Emergency Network. Thus having analysed

* Amateur Radio Station G8TL.
t “A Top Band Low Power Transmifter-Receiver,”
R.S.G.B. Bulletin, April 1958, p. 425.
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Criticism of the quality made ~

‘and then complete the transmitter section.

the designs and resulis obtained after 15 vyeass’
experience of portable equipment a start was made on
the new set, the circuit of which is shown in Fig. 1 on
the following page.

Construction.— The set is built on a chassis measuring
1lin X 7in X %in with a front panel 1lin X 12in.
Three other similar chassis are used to complete the
box-form of construction shown in the illustrations. One
forms the top, another the bottom -and a third is a
partition dividing the equipment section from the battery
compartment. Two sides and a back are screwed into
position to complete the case. The v.f.o. is mounted
in its own small can measuring 24in X 2in X 23in which
houses the two coils for the 160- and 80-metre bands
and the tuning capacitors and padders for each fre-
quency. It was- felt that it would be quite an easy
matter to build this as a separate unit, so that it could
he replaced by another type of oscillator in the future,
if desired. The 3V4 valve, its holder and componenis
are accordingly mounted externally on a tiny chassis
holted to the can, so that the whole sub-unit may be
removed by the withdrawal of two screws only. The
buffer and p.a. stages are mounted to the rear of the
v.f.o. and all ‘controls brought out to the left-hand side
of the panel. The centre of the chassis carries the
S5-valve receiver and b.f.o. and plenty of room is left
on the right-hand side for the a.c. power supply and
Goodmans 23%.in loudspeaker. All wiring is carried out
with sleeved No. 18 s.w.g. hard-drawn copper wire fo1
neatness and rigidity.

The a.c. power supply uses a Westinghouse metal
rectifier and is built into its own metal box measuring
5in wide by 6in deep by 3%in long, which is secured
to the main chassis by two screws and flexibly wired
to the selector switch on the front panel.

In order to have easy access to the transmitter and
receiver aerial tapped coils, two small doors are cut in
the side and top of the box adjacent to them (see Fig. 2)
to allow for tapping adjustments when different aerials
are used. On the lower part of the panel enclosing the
battery compartment is mounted a small voltmeter (M1)
with a selector switch (S3) to measure the h.t. and L.t.
voltages aprlied to the set. This voltage checking
facility is applicable to both battery and mains opera-
tion, as all voltages are at all times d.c.

The general procedure in building this set is first to
complete the v.f.o. as a separate unit, test out and set
up within the operating bands, mount on the chassis
The output
stage is a pentode valve strapped as a triode and is the
author’s personal preference to which no objection is
raised by the valve manufacturer. The method of neu-
tralizing is to disconnect the h.t. supply from V. and
connect a milliammeter between the bottom of R,, and
the chassis. Then adjust C. to resonance, which will
be indicated by a change of grid current through R,
Adjust capacitor C,, (the neutralizing capacitor) until
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swinging C, through resonance produces no change in
the current through R,;. Once set, this adjustment will
hold indefinitely. When satisfactory, build the receiver
section, line up the if. transformers and Denco
“ Maxi-Q” coils, adjust the twin-gang capacitor (C,,
C;) to cover the 160-metre band, i.e., pull out vanes as
necessary and roughly check over when switched to
80 metres. As can be seen from the circuit diagram,
the switch S,,, S,, when opened, removes the padder
capacitors from across the coils and thus allows tuning
over the 80-metre band. As there are no “ trick™
circuits in either the transmitter or the receiver,
conventional methods of alignment should be used.
Next, move switch S, to the transmit position, having
first withdrawn the transmitter valves and coupled the
output of the receiver to an external loudspeaker. With
the switch in this position, V,, V, and V; of the receiver
are used as speech amplifiers and modulator for the
transmitter. The method of achieving this is as follows:
the grid of V,, via S,,, is connected to the microphone
input marked J;. S,, provides a resistive load (R,) for
the anode of V, which is coupled to the grid of V, via
Cios Sie» Ry (the volume control), C,,, and R,.

The switching changes the operation of V, from an
if. to an af. amplifier. The diode in V, is still in
circuit but has no effect on the operation. The pentode
section of V, is unaltered and remains an a.f. amplifier
under both transmit and receive conditions. It is
necessary to increase the output of V, when used as a
modulator. To this end R,;, and R, are joined in
parallel by the switch S,,. S,, open circuits the
secondary of the speaker transformer, the anode of V,
is then connected by S,, to the anode of V,, the primary

Fig. 1.

of this transformer functioning as a modulating choke.
Check crystal or other microphone for quality and
output. If satisfactory, insert transmitter valves, load
up by feeding the transmitter into a dummy aerial and
carry out usual modulation tests.

Finally, construct the separate mains power supply
unit. This presented quite a problem as there were no
standard 1.5-V 1t./120-V h.t. mains transformers avail-
able. Having obtained details of the rectifiers from
the manufacturers, a suitable transformer and chokes
of minimum size were designed specially for this set
to give the required outputs of 1.5V, 0.5A Lt., and
120V, 60mA h.t. when coupled to the rectifiers and
smoothing circuits. In order to completely remove the
a.c. ripple on the.lt. side, it is essential to use 2,500-uF
3-V working capacitors each side of the choke. Smaller
values are useless. To safeguard the delicate filamen's
of the 1.5-V valves a 5-Q variable resistor (R.) is
mounted on the front panel in series with the supply to
the selector switch so that, on switching over to the
mains supply, a voltage check can be made with the
panel voltmeter and adjustments made to R., if necessary.

The h.t. current limiter resistors (R,,, R..) are included
because when in the receive position, the set is drawing
approximately 10mA only whereas in the transmit
_position, it may draw as much as 50mA. In order to
keep the voltage as stable as possible, as the change
over this wide range of current must be considerable,
the two resistors are arranged in the receive position to
give 120 V at 10 mA. When changed to the transmit
position R, is shorted out by S,, allowing the 50 mA to
pass at 120 V. These resistors are adjusted by trial
and error. Because initial adjustment only is required

Theoretical circuit diagram of the small self-contalned transmitter-receiver described in the text.
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LIST OF COMPONENTS

RESISTORS

47 kQ

1 MQ

100 kQ

22 MQ

27 kQ

1 MQ, potentiometer (Dubilier)
22 kQ

6.8 MQ

470 kQ

330 Q,1 W

1kQ, 1'W

3.7 kQ, 2 W wirewound

68 kQ

10 kQ

200 Q, 2 W wirewound

R., 5 Q wirewound potentiometer
(Colvern Type CLR/1100/15)

Fixed resistors 1 watt except where defined.

CAPACITORS

3
2
=
2
&=

e

==
=7
=

e

@

o
°

5059 50 0 0 b o

B EIE A e A

AW =

G GaEs 140 pF variable (Eddystone 586)
- C, G, C, Cppy €y 001 nF 200 V wkg.
s, G5 75 pF twin-gang variable (Jacksun
Bros. Type Ul02)
Coy Gy 250 p¥ ceramic padder (Cyldon)
G, C,, C,y, Cp, €., 100 pF 200 V wke.
1.C 0.1 pF 200 V wkg.
METER SWITCHING
BATTERIES

'OFF

ol o +HT. INTERNAL
?
or——0 +H.T. EXTERNAL

g

Sz

° +L.T.INT. MR, {
S, + LT EXT. 1 Csa__ l
3 } i 3 p & |
N 3
CH, o

RZA \&Lnl 59
GG, Cr: 0.005 uF 200 V wkg.

C Cy 2 uF 200 V wke.

i Cn 140 pF silver mica

- Cye 15 pF air-spaced variable

I (Eddystone 580)

| G 3/30 pF trimmer (Phillips)
Cas Cog 0.001 uF silver mica
Cor Coy Coy Cie 0.001 pF 200 V wke.

| Gy 300 pF silver mica

HOF 25 uF 25 V wke.
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50 pF air-spaced variable (Eddystone 553)
40 pF ceramic trimmer

40 pF silver mica

2,500 pF 3 V wkg.

16 uF 200 V wkg.

MISCELLANEOUS
R.F. Chokes (Eddystone 1010)
465 ke/s i.f. transformers (Denco Type 1FT11),
(IFT1, 1FT2)
450/470 kc/s b.f.o. coil (Denco miniature) (L.4)
Range 3 miniature Maxi-Q coil, yellow
{Denco) (L2)
Range 3 miniature Maxi-Q coil, red (Denco)
(L3)
4 section 4-pole 2-way switch (S1) (Webbs
Radio, N.S.F. Type)
Couplers (Eddystone 550)
Slow meotion dials (Eddystone 872)
2%in loudspeaker (Goodmans R4/201/3)
Transformer (Goodmans.T18/157)
Jacks Type J2 (Bulgin). (J,, J.)
Jacks Type I6, c/s (Bulgin) (J.)
4-pole 3-way miniature switch (83, S5)
2-pole 2-way miniature switch (S5)
Switches S277 (Bulgin) (S4, S11, S7)
Switch $259 (Bulgin) (S8)
Selector switch S437 (Bulgin) (S2)
Plug and socket Type 73 (Bulgin)
Mains Transformer; primary 200/250 V;
secondaries 1.5 V, 0.6 A; 120 V, 60 mA (G.B.
Electrical Services Ltd.,, 1 Goodmays Road,
[Hord (T1).
L.T. choke, G.B. Lid. 0.6 A (Chl)
H.T. choke G.B. Ltd., 60 mA (Ch2)
Full-wave bridge selenium rectifier (Westing-
house type 3D133) (MR1)
Full-wave bridge selenium rectifier {Westing
house type 14D52) (MR2)
0/20 mA miniature moving coil meter (Pullin,
Type C15/20M) (M3)
/150 mA miniature r.f. meter (Pullin Type
C15) (M2)
0/2°200 V miniature moving coil
(Puliin Type C15/200 V) (M1)
80 turns No. 28 s.w.g. En close wound;
former %in dia. tapped every 5 turns
Close wound for 2in with No. 28 s.w.g. En on
13in dia. former, tapped every 5 turns
Close wound for %in with No. 28 s.w.g. En,
on %in dia. former, centre tapped
100 turns No. 34 sw.g. En close wouml;
former %'n dia. tapped % from- grid end.
34 turns No. 30 sw.g. En clese wound;
former % n dia. tapped % from grid end.
Brimar 1T4
Brimar 1R5
Brimar 1S5
Brimar 3A4, or Mullard DL93
Brimar 3V4
Chassis 1lin X 7in X 3in aluminium No. 18
s.W.g.
Panels 1lin X 12:n a'uminium No. 18 s.w.g.
Side panels 12:n X 7.n aluminium No. 20
S W.g.
L.T. battery 1.5 V (Ever Ready Type ADI)
H.T. battery 120 V (Ever Ready “ . Winner”)

meter
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TRANSMITTER
AERIAL COIL OOCH

Cip

Cs.C7
RESEIVER
oI

£OOR

AC. MAINS —
PONER SUPPLY LNIT ~
T), MR}, MR,
CHy, CH,
C35.C36,C37 & Csq

LET.2-

Fig. 3

here they are pot included among the controls on the
front panel.

Operation.— As stated earlier, this set is designed for
portable and mobile operation and for use in Radio
Amateur Emergency Network. The dry batteries housed
in the bottom of the case are left unused so that they
are always available for immediate use in the event of
emergency. From past experience, very little deterior-
ation is noticed when the batteries lie dormant for long
periods, but a check can easily be made on the voltmeter,
located in the left-hand bottom corner of the panel.
from time to time (switch S, position 2).

For ordinary mobile operation, the writer uses external
batteries or a 6/12-V input vibrator unit operated from
the car battery (S, position 3). It was found that the
120-V “ Winner ” battery tended to drop off to around
100 V after what might be considered a short period of
time when delivering 40/50 mA in the (ransmit position
If two 9-V grid-bias batteries are then joined in series
with it, the baltery gives a constant output of near
encugh to 120V for a conmsiderable time with little
further deterioration. With average use, these should
last about six months. For operation at a fixed location,
the a.c. supply is always connected (S, position 4). No
hum is noticeable; in fact, if switched back to the
batteries, the signal remains constant, there being no
discernible difference. As can be seen from the
diagram, the netting switch S, closes the transmitter
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Fig. 2.
the unit
position of
controls.

Front panel of
showing the
the wvarious

Ca0

Fig. 8. The majority of
the components are
mounted on a shallow
chassis and some are
annotated for indentifi-
cation (see Fig. 1).

—— SPEAKER

- filament circuit, but as
the h.t. is cut” on both
pa. and buffer valves
(V, and V,) only the
oscillator (V,) becomes
operative. To mnet on
the incoming signal ro-
tate the v.fo. dial (Cy)
until a beat note is
l heard in the receiver.
The set will operate
on any length of wire as

CAERIAL TERMINAL
C8.Csa

Le an aerial or on a 4t
L, centre-loaded whip-aerial
atached to a car. On

-Vy the latter, in the 160-

metre band, a Q5 signal
can be radiated in a
circle of approximately
10 miles irrespective of
terrain, except in a dense
built-up area, such as the
City of London, where

RFC.3 buildings are construc-

J ted chiefly of steel.

i When conditions are
B .15V good a path of 20 miles

can be easily covered.
The receiver is very sen-
sitive and quiet in ope-
ration and will give re-
sults on the whip-aerial equivalent to an average com-
munications receiver. When the top-band is “open”
the Scottish stations come in at good strength on the
loudspeaker in the south of England.

i LT. BATTERY

SPRING NUT

THE assembly of “one-hole-fixing” components such as
volume controls and switches in electronic equipment
is facilitated by the “Palnut” spring washer-nut which
can be used instead of the conventional brass nut and
serrated lock washer.

The “Palnut” is pressed from high-carbon steel, heat-
treated and then cadmium plated. It is formed to fit
one complete thread of the bush or bolt and on
tightening grips the bottom of the thread. It can be
removed without damage either to the nut or to the bolt
thread.

A wide range of sizes up to 2in diameter is available,
including 0, 2, 4, 5 and 6 B.A. The depth of the nut is in
most cases less than that of the
equivalent “half-nut”.

The makers are the Palnut
Company Lid, 28 Elder Road,
Brighton and the distributors are
Thos. P. Headland Lid., 1648
\SVestminster Bridge Road, London,

El.

“Palnut” lock nut.
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Ionosphere Review 1955

Rapidly Increasing Solar Activity

By T.W. BENNINGTON *

THE activity of the sun, which since 1947 had been,
in general, declining, reached a minimum in June 1954.
At the end of the latter year, when the last of these
reviews was written, it was not possible to say precisely
in which month this event had occurred, though it was
evident that in the second half of the year the activity
had been slowly increasing. Nor, of cowrse, was it at
all certzin what would happen during 1955, though
there was a strong probability that activity would
continue to increase. As we shall see, this increase did
occur, and was, in fact, relatively rapid; so much so,
that by the end of 1955 the usable frequencies for
short-wave communication had already increased very
considerably, and bands which had not been usable for
some years past were again coming into service.

The old cycle.— The course of the solar cycle, from
sunspot maximum in 1947 to sunspot minimum in 1954,
may be seen from the top curve of the Figure, where
the full line gives the monthly values of the sunspot
number, the last twelve of which are provisional numbers.

It is more informative, however, to smooth out the month
by month variations by taking the twelve-month running
average of these values, so as to expose the long-period
variation more clearly. This is shown in the top dashed
curve of the Figure.

Although the lowest value of sunspot mnumber is
considered to have occurred in June 1954 the actual
epoch of minimum activity is determined from the
smoothed curve, and is seen to have been in the period
April/May 1954

The two lower full line curves give the mean monthly
values of F, layer critical frequency as measured at the
D.SLR. ionospheric station at Slough, for noon and
midnight respectively. The two dashed curves given
in these cases are obtained by taking the twelve-month
running average of the critical frequencies, and so
smoothing out the seasonal variations. These two curves
indicate the average ionospheric variations, and well

* British Broadcasting Corporation.

Course of the sunspot cycle, with corresponding variations in ionospheric conditions over the period.
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illustrate the dependence of conditions in the iunosphere
upon the activity of the sun, which produces it. The
maximum usable frequencies for short-wave communic-
ation are directly related to the F, layer critital fre-
quency, and may thus be assumed to vary in a like
manner to the variations shown.

It appears that the mean monthly critical frequency
variations from sunspot maximum to minimum of the
last cycle were of the order of 2 to 1 at winter noon,
of 1.7 to 1 at summer noon and midnight and of 1.2
to 1 at winter midnight. The m.u.f. variations were of
an approximately similar character, which means that
the m.u.f. ranged from about 43 to 22 Mc/s at winter
noon, and had a smaller range at other seasons and
times of day. This variation is for the ionosphere over
southern England, and would, of course. he somewhat
different elsewhere, but it-gives an idea of the range
in the usable frequencies which might be expected
during the course of a cycle with a high maximum,
such as the last cycle had.

The new cycle.— To turn, now, to the new cycle and
to examine those parts of the curves plotted from values
obtained subsequent to the minimum epoch April/May
1954 we see that, though for several months the solar
activily increased, on the average, only slowly there has,
during the second half of 1955 been a large accentuation
in the rate of increase. In fact, compared to many past
cycles, what might be called true sunspot minimum
conditions prevailed for a relatively short period, and
the new cycle soon became well established in its
increasing phase. -So rapid did the increase become that,
to judge from the monthly values towards the end of
the year the activity was of an order similar to that
which prevailed about the middle of 1950.

As is seen from the Figure the ionosphere has
responded in no uncertain fashion, the measured noon
critical frequencies towards the end of the year also
rising to early 1950 values. Apart from the ionospheric
measurements there is plenty of practical evidence to
show that the highest frequencies on which the F, layer
will sustain long-distance communication have risen,
and are rising, rapidly. Frequencies of the order of
20 Mc/s, which for the past few years have been but
poorly and irregularly received over North Atlantic paths
are now well receivable on all’ undisturbed days. The
26-Mc/s broadcasting band, which for some years has
been unusable, is now being successfully employed at
the appropriate times of day for transmissions to the
Far East and to Africa. The 28-Mc/s amateur band has,
of late, very frequently been “ alive ” with long-distance
amateur signals, whilst, occasionally, signals on even
higher frequencies have been received in this country
from the US.A.

Forecast— The questions are: to what extent will
this increase in the usable frequencies continue, and
for how fong will it be maintained? It is, of course,
impossible to answer these questions with anything like
complete confidence, because solar cycles vary very
considerably in amplitude, duration and in general
form, and so they cannot be accurately forecast,
especially in such an early stage as has yet been
reached. But it does begin already to appear that the
present cycle may — like the last — be one with a
high maximum, and such cycles have usually been of
an asymmetric shape, having a short “ increasing ”
phase, followed by a long * decreasing” one. The
* increasing ” phase of the last cycle lasted only about
3 years. Cycles with low maxima are quite different
in character.

If the cycle is to be one with a high maximum it is
probable that the activity will go on increasing at a
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rapid rate, and that the maximum may occur about
3 years from the minimum; ie., about the middle of
1957. The expectations therefore are that during 1956
solar activity will continue rapidly to increase, and that
ionospheric critical frequencies and m.u.fs will undergo
further large increases.

Practical implications.— The practical implications of
this are important. It is to be noted, first of all, that
this opening up of the higher frequencies shouid
effectively make available a large number of new
channels for long-distance communication, and so tend
to lessen interference troubles due to the congestion in
already used bands. It does not follow, however, thut
such results will necessarily accrue, firstly because if
the move to higher frequencies is universal the tendency
will be to create the same congestion on the higher
frequency bands as has hitherto existed on the lower
ones. And, secondly, because there may be consid-
erations other than those of technical usability which
militate against the use of some of the higher fre-
quencies. As an example, there are many broadcast
receivers in use which unfortunately do not include the
21- and 26-Mc/s broadcasting bands in their frequency-
ranges, though there is no doubt that, when technically
usable, those are the bands upon which best long-
distance reception is likely to be obtained. Similarly
some of the channels in the range from about 30 to
40 Mc/s, whilst they might become usable for long-
distance services, would not in fact be available to them,
because of their occupation by other services.

On the whole, however, it does séem that the higher.
short-wave frequencies, up to about 30 Mc/s, will, as
they, become usable, offer the best hope of interference-
free long-distance communication. And if the expected
increase during 1956 in fact occurs it seems that Ly
November of that year the mean monthly daytime m.u.f.
for east-west transmissions may become as high as
34 Mc/s, and for transmission over southerly paths be
around 38 Mc/s. Dayiime mu.fs in the summer will
of course, be much lower than this.

Technical Writers’ Awards

A RECORD number of articles was submitted for
consideration by the Radio Indusiry Council for the
award of the technical writing prizes for 1955. The
panel of judges — Vice-Admiral J. W. S. Dorling, Pro-
fessor H. E. M. Barlow, P. D. Canning. C. E. Strong
and W. M. York — considered in all 62 articles
published in the public technical press during last year
and have awarded six 25-guinea prizes,

One premium was awarded for each of the following:
“Memory Systems in Electronic Computers” by
A. W. M. Coombs (British Communications and Elec-
tronics, March); “An Infra-Red Radiation Pyrometer”
by R. A. Bracewell (Electronic Engineering, June);
“Progress in High Power Ultrasonics” by Alan E.
Crawford (British Communications and Electronics, Au-
gust and September); and “A Novel Gas-Gap Speech
Switching Valve” by A. H. Beck, T. M. Jackson and
J. Lytollis (Electronic Engineering, January).

Two premiums were awarded jointly for the following
three articles which appeared in the Post Office Elec-
trical Engineers’ Journal: “A Frequency Modulator
for Broad-Band Radio Relay Systems” by 1. A. Ra-
venscroft and R. W. White (July); “Equipment for
Measurement of Inter-Channel Crosstalk and Noise on
Broad-Band Multi-Channel Telephone Systems” by
R. W. White and J. S. Whyte (October); and “An
Instrument for the Measurement and Display of V.H.F.
Network Characteristics” by J. S. Whyte (July).
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MARCH MEETINGS

LONDON

1st. LE.E.—Discussion on * Re-
cruitment to the engineering profes-
sion” at Savoy Place, W.C.2.

7th. LE.E.—*IFrequency-modulation
radar for use in the mercantile
marine > by D. N.Keep.

9th. Television Society.—* Proper-
ties and problems of Bands IV and
V" by Dr. R.L. Smith-Rose.

14th, ILE.E—Visit to the Science
Museum, South Kensington. The
programme included a talk on the
Museum’s electrical collections by
G. R. M. Garratt.

14th. Radar Association.—* New
developments in colour television
by B.J. Edwards (of Pye) at the
Northern Polytechnic, Holloway Road,
N. 17

16th. B.S.R.A.—* Introduction to
design and use of nudlo~frequencv
transformers” by W.B.H. Wess at
the Royal Soclety of Arts, John
Adam Street, W.C.2.

19th, L[E.E.—Informal evening on
electronics and automation including
“ Some industrial applications’’ by
Dr. H.A. Thomas at 530 at Savoy
Place, W.C.2.

22nd. Physical Society.—Sympo-
sium on “ Loudspeakers’ (speakers
include F.H. Brittain, P.J. Walker,
Dr. D. M. Tombs, S. Kelly and G. A.
Briggs) at 3.0 at the Royal Institute
of British Architects, 66 Portland
Place, W.1.

22nd. Institution of Production
Engineers. — * Electronic computers
and the production engineer* by
P. V. Ellis at 7.0 at the Royal Empire
Society, Northumberland Avenue,
wW.C.2.

23rd. R.S.G.B.—*Colour television”
by P. Carnt (G.E.C. Research Labora-
tories) at 6.30 at the LE.E., Savoy
Piace, Vietoria Embankment, W.C.2.

26th. LE.E. (Students).—* Funda-
mentals of cathodic protection” by
J. H. Morgan at 6.30 at Savoy Place,
w.C.2,

27th. IL.E.E.—* Radiation monitors.
using transistors * by Dr. E. Franklin
and J.B. James at 5.30 at Savoy
Piace, W.C.2.

28th. Brit.I.R.E—* Some problems
of secondary surveillance radar ” hy
K. E. Harris at 6.30 at the Scheol
of Hyglene and Tropical Medicine,
Keppel Street, W.C.1.

BRISTOL

12th. LE.E.—* The design of semi-
conductor wattmeters for power-fre-
quency and audio-frequency applica-
tions ”* Ly Professor H. E.M. Barlow
in the Lecture Hall, University En-
glneering Laboratories.

13th. Television Society.—*Radar
astronomy” by M. Collins at the
Hawthorns Hotel, Woodland Road.

26th. LE.E.—* The electrical acti-
vity of the brain’ by Dr. W. Grey
Waliter at 6.0 at the Electricity House,
Colston Avenue.

CAMBRIDGE

13th., I.EEE— Television methods
in astronomy > by Dr, P.G. Fellgett
at the Cavendish Laboratory.

CARDIFF

21st. Brit.I.R.E.—# Electronic servo-
mechanisms ** by J. L. Russeli at 6.30
at Cardiff Technical College

CARLISLE

2nd. ILE.E.—* Colour television ™
by Dr. G.N. Patchett at the Carlisle
Technical College.
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CHATHAM
thh LE. E ** Radlo aids to marine |
nav. g'ltlon by Capt. F.J Wylie,
R.N." (Retd.). e [
EDINBURGH |
24th. Brit.I R.E.—Symposium of

papers on * Industrial electronics in
Scotland *’ at 7.0 at the Department of
Natural Philosophy, The University.

GLASGOW {

12th. Brit.[.R. E.—* Principles of
the transistor and some important
applications by M.H.N. Potok.

15th.  Institution of Production
Engineers. — ¢ Computer - controlled
machine tools * by D.T.N. William-
son at 39 Elmbank Crescent.

21st. I.LE.E.—* Equipment of instru-
imental accuracy for recording and |
reproduction of electrical signals
neing cinematographic film” by H.
McGregor Ross.

22nd and 23rd. Brit.I.LR.E.—Sympo-
sium of papers on “ Industrial elec-
tronics in Scotland °*
HATFIELD

20th. LE.E—“Information theory”
by Dr. E.C. Cherry .at 7.0 at the Hat-
fleld Technical College.
LEEDS

20th.  I.E.E.-—Discussion on * New
courses for electrical technicians >
opened by R. AH. Sutcliffe.

LEICESTER

8th. Institution of Production
Engineers.—* Computer control of
machine tools >’ by D.T.N. William-
son.
LIVERPOOL

14th. Brit. I. R. E. —4%Underwater
Television” by D.R. Coleman and
D. Allanson at the Chamber of
Commerce, 1 Old Hall Street.

MALVERN

19th. [B.E.—* Radio astronomy *
by M. Ryle at the Winter Gardens.
MANCHESTER

1st. Brit. I.LR.E.—* The design and
z}{)plicntion of quartz crystals” by

. A. Spears.

14th. Television Society.—* Inter-
ference with television reception: its
causes and cures ”’ by R. A, Dillworth

(Post Office Radio Branch) at the
College of Technology.
20th. LE.E—* The indirectly-

heated thermistor as a precise a.c./
d.c. transfer device” by F.C. Widdis
at 6.15 at the Engineers’ Club, Alhertl
Square.
NEWCASTLE-UPON-TYNE

14th. Brit.I.R.E—* Band III tele-
vision aerial design’ by A.P. Halcl
at Nevilile Hall, Westgate Road.

19th. 1L.E.E.—“Equipment of instru- |
mental accuracy for recording and

reproduction of electrical slgnals
using cinematographic film»” by H. |
\Ichebor Ross. |
OXFORD

14th. LEE.—* New tools in in-|
dustry — ultrasonics > by W.Owen

Roberts at the Southern Electricity
Board, 37 George Street.

WEYMOUTH
9th. LLE.E. — “ Transistor power
amplifiers® by D.D. Jones at the

South Dorset Teéchnical College.

WOLVERHAMPTON

14th. Brit.IL.R.E.—* The appllcation
of transistors to radio rectification”
by E. Wolfendale at Wolverhampton
and Staffordshire Technical College,
Wulfruna Street.

SOUND

In these days, when engineers’ time is
so valuable, absolute reliability of equip-
ment is an essential in a Sound insta-
ilation. That is why TRIX equipment
is being chosen by discriminating eng-
ineers the world over for their Sound
requirements. You can do no better
than to specify TRiIX.

MODEL T. 103:
High-fidelity Ampli-
fier with numerous
applications. Four
inputs to suit mag-
netic or crystal pick-
ups and radio or
other input with
appropriate selector
switch. Cutputs for
low impedance
speakers and 103 v.
line. Price £26.10.0.

MODEL. G7871
High-grade movingcoil
Microphone of excel-
lent frequercy ‘response,
substantially level between
50 and 8,000 c.p.s. Satin-
chrome finish.

Mic. Head (G7871/A)
£7.10.0.

With add:tional switchbox
(as illustrated)... £8.8.0.

THE TRIX ELECTRICAL CO LTD.
| MAPLE PLACE, TOTTENHAM COURT ROAD,
LONDON, W.i.

Tel : MUS.5817. Gram: Trixadio Wesdo, London
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RANDOM RADIATIONS

By ‘“DIALLIST”

Long-distance F.M....

WRITING from Dereham, in Norfolk,
an Air Force reader tells me that he
has entirely given up listening to
the B.B.C.’s medium- and long-wave
stations and now relies on Wrotham
for broadcast news and entertain-
ment. Wrotham is about 120 miles
from Dereham; but he writes that
he has a useful signal for 90 per cent
of his listening time and a first-rate
signal for 85 per cent of it. One
might think that rather good going
even if he had a two- or three-element
aerial array on a high mast; but, in
fact, his aerial is a picture-rail dipole
in a ground floor room! Yet with
that he has received all the B.B.C.
v.hf. transmitters now at work, as
well as some of the Germans. He
doesn’t say how many r.f. amplifying
stages his set contains; but I expect
he’ll have to cut some of them out
when Tacolneston starts up almost
on his doorstep with an e.r.p. of
120 kilowatts!

...dAnd TV, Too

And it’s not only f.m. that is
spanning unexpectedly long distances.
I was talking the other day to a
friend who also lives in Norfolk. He
told me that, having installed a new

13-channel television ° receiver he
thought he'd try for the Croydon
LT.A. station just for fun. He
knocked together a rather Heata
Robinson Channel 9 aerial, erected
it on a calm day and connected it to
the sct. To his utter astonishment,
he found the sound quite good an:l
the picture passable, though apt to
come unlocked at times. Since then
he has had a six-element Yagi put
up and is now able to get an
acceptable picture more often than
not. It was reported some time ago
that Croydon was being received in
north Cheshire and. I remember
reading somewhere of occasional
reception in Dorset. Some of these
long-distance feats are undoubtedly
due to freak conditions; but the
others can’t be since they_ are such
regular occurrences.

Heater Kilowatts

HAVE you ever thought of the
amount of power that’s needed to
provide listeners and viewers in this
country with an evening’s entertain-
ment? Leaving studios and trans-
mitters out of account, the figures
for sound and television receivers
alone are surprising when you work
them out. Suppose that on the
average 7,000,000 mains sound sets

=] WIRELESS WORLD * PUBLICATIONS
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and 3,000,000 television receivers are
in use for three hours. Taking the
consumption of the sound receivers
as 30 watts apiece, their needs
amount to 630,000 kWh, while at
150 watts each the TV sets call for
1,350,000 kWh. Total: 1,980,000
kWh. As our figures have all been,
I feel, on the conservative side we
can make the total the nice round
sum of 2,000,000 kWh. Would you
have guessed that it would ‘come Io
so much?

I.Fs and Interference

THE LETTER on fm. receiver
design from G.H. Russell which
appeared in last month’s issue of
Wireless World raised a very impor-
tant point. The whole question of
intermediate frequencies in television
and sound receivers (both a.m. and
f.m.) is one that should be tackled
energetically and without delay. 1
know, for example, a case in which
a brand new television set and an
equally new a.m./fm. receiver in
adjacent flats cause mutual inter-
ference. Whenever it is working the
a.m./f.m. set spoils the television
picture; the TV set gets its own back
by causing the sound receiver to
howl if an attempt is made to use
it on certain short-wave bands. I
imagine that most radio servicemen
could cite similar cases of mutual
interference and I should think that
this sort of thing must be giving the
P.O. engineers concerned with the
detection and prevention of inter-
ference a rather hectic time.

A Plea for Front Controls

IT MAKES, I suppose, for a neat
and tidy looking job if all the control
knobs of a TV set, except volume
(with switch), contrast and bright-
ness, are at the back of the set. But,
unless you’ve the arms of a gorilla
and the neck of a giraffe, it also
makes it a rather exasperating
business to adjust a set. You can,
of course, use a mirror propped up
on a table; in fact that’s what I'm
compelled willy nilly to do when
putting my own set through its paces
on Test-card C. But it’s’not nearly
so satisfactory as being able to look
the screen straight in the face as you
twiddle the knobs. A few makers
realise this and are kind enough to
put line-hold, frame-hold, linearity
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controls, interference limiter and so
on under a neat and incomspicuous
little hinged cover at the front. Some
others put them quite accessibly at|
one side of the cabinet.

Designers Please Note

One set that I had was a perfect
brute to adust. To begin with, the
brightness control and the inter-
ference limiter were both at the back.
That made it twice as hard as it
should have been to get proper
distinction of shades on the colour
wedges and to limit interferencc
effects as far as possible, without
spoiling the whites. Then there was
the frame-hold. That had to be
exactly right for the interlace to be
satisfactory and the setting was
nearly as critical as that of the]
tuning knobs of a “ straight” short-|
wave receiver in the old days. Some
readers will doubtless recall the
delicate touch and the minute move:
ments that tuning such a set to ai
weak and distant signal involved in
the years that now seem so long ago!
In the television recciver I’'m all for
knobs in front. After all, it’s the
natural and proper place for then
and I'm sure that if designers will
give high priority to this very
important point, they’ll find ways of
putting them where they should be
without spoiling the look of their
sets. Those who do so will, ’'m sure,
earn the gratitude of all who use|
their sets — to say nothing of the
men who have to service them.

SMOKE SIGNALS ARE NOW
OBSOLETE

Then the little Hiawatha !
Took a correspondence course.

Studied often, in his wigwam,
Kirchhoff’s laws and lines of force.

Wouldn't stop for Minnie-Ha-Ha,
Tempting him with breathlesssighs,

GLASS-ENCLOSED
CARTRIDGE

FUSES

Bulgin fuses are safe, certain
and fireproof. ‘They con-
stitute  reliable safeguards
against damage Yo apparatus
by overload-currents. Uni-
form and azcurate with highly
Silver-plated contacts.

Bulgin {iy. < }in. dia. fuse.
Ratings: .05A.,, to 3.0A., at
250V. High carrying ratings
available for lower max.
voltages. Conforms to B.S.
646(n).

Bulgin lin. X }in. dia. fuse.
Same ratings as the §in.
model above. Blowing facto:
is also 2x rating + 50%;
clearing with 10 secs.

Bulgin 1}in. x {in. dia. fuse.

ith the new style elec-
tronically-sealed and con-
nccted end-caps. Moisture
proof, sealed. Many popular
current ratings: B.S.646(B).

‘“ PAK ’’ Delay-fuses. Manu-
factured to the same physical
standards and dimensions
as the liin. B.5.646(B) typc
above, this surge-handling
fuse is designed to withstanu
75% overload for approz.
120 secs. Overloads of 100-
175% will blow it in 5-30
secs., and application of
300% rating will rupture
instantaneously.

Automobile type lin. x {ir.
dia. with pointed end-caps.
Selection from 3 to 25 amps.

Standard British and U.S.A.
Automobile 1tin. x {in. dia.
fuse. 3 to 35 amps. blowing
ratings.

Bulgin 38 mm. X 10 mm,
dia. fuse. Wide range of
ratings.

For full technical details of

these fuses and other Bulgin
components, send for com-
prehensive catalogue 195/
WW. Price 1/- post free.

Had to learn to solve quadratics ;
Had to learn to factorize.

Integrating was quite simple—
Couldn’t differentiate—

See the wild electron war-dance! |
When you want a stable state.

Often he would tear his hair out,
Often he would rage and squawk,

Couldn’t cut a crystal axis l

With a broken tomahawk.

When at last his studies ended,
Now called Big Chief Injun-Ear,
Not for him the bow and arrow, |

Guided missiles, now, | fear.

So you see how electronics A. F. BULGIN & CO. LTD.

Change the life of Indian Braves. BYE-PASS ROAD,
Scalping now is out of fashion— !

Push a switch for closer shaves.
E. E. Rowe.
(Long dfter Longfellow)

BARKING, ESSEX
Telephone RIPpleway 5588 (S lines)
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UNBIASE

New Entente Cordiale?

I NOTICED recently in the Press
that the B.B.C. had signed the con-
tract for work to start on the new
television headquarters which are to
be built on the site of the Court of
Honour of the old White City.

It is in a way singularly appro-
priate that the TV centre should be
built on this site for it so happens
that the White City was opened in
the very year (1908) that the laie
Campbell Swinton published in a
letter to Nature the basic idea behind
our modern television system, namely
cr. tube scanning. It will be re-
called that the White City was open-
ed to house the Franco-British
Exhibition which was intended to
further the interests of the entente
cordiale.

This common date is perhaps
rather a tenuous link between the
White City and television but now
that the new headquarters are being
built on its site it is worth mention-
ing even if only to give a talking

* point to the V.LLP. who will preside
at the opening-ceremony a few years
hence. It would be highly appro-
priate if the inauguration ceremony
were performed by the successor of
King Edward VII, the founder of the
entente cordiale. Maybe this new
* White City” will symbolise the
beginning of a still wider entente
cordiale in accordance with the
B.B.C’s famous motto.

Feet or Megamiles?

ALL readers of Wireless World know
that the speed of electricity in our
house wiring is of the order of feet
per hour and has nothing to do with
the speed of light or wireless waves.
If there are any who don’t know it,
then “ Cathode Ray” has labour=d
in vain. However, such knowledge
has not yet penetrated the portals of
a prominent daily newspaper which
alleged in a general knowledge quiz
that 186,282 miles per second was
the correct figure.

I have taken “counsel’s opinion ™
on this matter and have been assured
that not only is this figure wrong
but it could not possibly be right
as it would mean that each electron
would have an infinitely high mass.
The “eminent counsel” (scientice)
whom I consulted also points out to
me that it requires a Berkely syn-
chrotron to impart 9/10ths of the
speed of light to an electron or
proton.

However,

we cannot reasonably
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By FREE GRID

expect a daily newspaper to go into
the matter as deeply as all this. But
we do expect it not to stick its neck
out in the way it does in a reply sent
to a reader of Wireless World who
questioned the accuracy of the pub-
lished figure. The newspaper’s
letter has been forwarded to me and
from it I learn that if such a low
speed as “feet per hour” were
correct we should all have to use
candles while we waited for the
electrons to crawl along from the
switch to the lamp.

It is clear that the newspaper man
who puts forward this view has for-
gotten all about the electrons “in
the pipe ”. I cannot help shedding a
tear as I think of him shivering in
his pyjamas as he waits with his

Watching and waiting.

kettle under the tap for water to
make its long and weary way from
the local waterworks before he can
make his early morning cup of tea.

Supergraphic Morse

ONE of the few things not mentioned
in the Wireless World report on the
R.S.G.B. Show, at which I spent a
thoroughly enjoyable time, was the
try-your-speed morse exhibit by the
RAF.

Phones were provided for reading
morse at 12, 18, 25 and 35 words per
minute. I tried my hand at the first
three and, although “ I says it as
shouldn’t,” I didn’t do too badly.
But I didn’t risk having a go at the
35 w.p.m. stuff. Although I hung
about the stand for some time I didn’t
see anybody trying to take down a
message at this speed; indeed I

don’t think that the R.A.F. expected
anybody to do so as although morse
was being churned out continuously
at the lower speeds, the 35 w.p.m.
phones were marked “ on request
only ”.

Quite frankly I don’t think that it
is possible to do it by “ copying”
letter by letter in the ordinary way.
I find that the maximum speed at
which I ecan write intelligibly is
about 30 w.p.m. If any of you think
you can do better try scribbling out
as fast as you can write some well-
known words such as those of the
National Anthem.

With a typewriter it is possible to
copy morse at 35 w.p.m. and many
vears ago it was reported in W.W.
that the world’s champion wireless
operator attained a copying speed of
73 w.p.m. in this way. But to copy
at 35 w.p.m. using pencil and paper
would need memorising each sentence
and then jotting it down in short-
hand. Even so it would obviously
mean “ copying late” and I don’t
think it could be kept up for long.
If there is some secret method of
taking down morse at supergraphic
speeds without a typewriter I should
like to hear of it.

Iconoclastic Nomenclature

I'M glad that * Diallist” reminded
us in a recent issue that the correct
pronunciation of Tacolneston is
Tackleston; a lot of these East
Anglian names such as Wymondham,
Hunstanton and Stiffkey form pitfalls
for the unwary.

However, if the name of Tacol-
neston is to be used much by B.B.C.
announcers the pronunciation “ Tack-
leston ” will soon be forgotten, even
by the local yokels. Who now ever
talks$ 0f Danetree since the B.B.C.
started - calling it Daventry thirty
years ago? Danetree is as dead as
Sissister for Cirencester although the
B.B.C. wasn’t responsible for that.
But the all-powerful Corporation has
even varied the pronunciation of
Newmarket by stressing the first
syllable instead of the second, a thing
which in Edwardian days was only
done by ignorant “ Lunnon folk™;
nowadays even the oldest inhabitant
knows no better.

Probably the best way of preserv-
ing the time-honoured pronunciation
of place names from the ravages
caused ‘by the sacrilegious tongues
of B.B.C. announcers would be to
amend the spelling before it is too
late. This was done long ago in the
case of Brighton with the result that
it is still pronounced as it was in the
days when it was spelt Bright-
helmstone.
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A NEW TECHNIQUE IN HIGH SPEED
"WAVEFORM MONITORING

BANDWIDTH :
10 kcfs to 300 mc/s
INPUT IMPEDANCE OF EACH PROBE :
Approx. 1 pf (input element of variable
capacity divider)
MAXIMUM SENSITIVITY 3
Full Scale Deflection for 1'Volt input
TIME SCALE }
Variable from .05 microsecs to 5 microsecs
RECURRENCE RATE OF MONITORED WAVEFORM @
100 ¢/fs to 10 ke/s
CALIBRATION

Provision is made for accurate
measurement of time and voltage
scales of a waveform

PREVENTION OF JITTER :

A circuit is incorporated
for providing a stable
display when a monitored
waveform is jittering with
respect to its driving pulse.

HIGH SPEED RECURRENT WAVEFORM MONITOR TYPE 500

The wide bandwidth and high sensitivity
of the instrument as well as the very high input
impedance result from the use of a sampling technique.
During each recurrence a measurement is made of the instantaneous amplitude
of one point in the waveform. This measurement is amplified and applied tor
the cathode ray tube as one co-ordinate of a graph of the waveform. During
subsequent recurrences, instantaneous measurements are made of different
points, resulting, after about 100 recurrences, in a complete graph.

poril METROPOLITAN-VICKERS

information. ELECTRICAL CO LTD - TRAFFORD PARK - MANCHESTER, 17

Member of the AEI group of companies

Leading Electrical Progress
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ACOUSTICAL anrounce the introduction of
the world’s first full range DISTORTIONLESS
ELECTROSTATIC LOUDSPEAKER

The Loudspeaker, designed for use. in the
home, will be demonstrated and details

released at the London Audio Fair in April.

¥ Acoustical were the first to demonstrate a British
desigred distortionless Electrostatic Loudspeaker
and the first to show the possibilities)

of extended range with this system

@=@cousricalL

MANUFACTURING COLTD

ACOUSTICAL MANUFACTURING COMPANY LIMITED
HUNTINGDON, HUNTS.
Huntingdon 361 & 574
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I say, George.
Sir!
By jove! You do sound official.
I am—there have been so many requests for the official description of a transductor.
And you’re going to give it.
Exactly. A transductor is a device consisting of -one or more. ferro-magnetic cores
with windings, ly means cf which an A.C. voltage or current can be varied by an
irdependent voltage or current, utilizing saturation phencmena in the magnetic
circutt.
By jove! That sounds impressive, George.
Abnost as impressive as the performance of Parmeko transductors—the popularity
of which is displayed in other types of ‘Saturation phenomsena’ —bulging order books.

PARMEKO s LEICESTER

MAKERS OF TRANSFORMERS FOR THE ELECTRONIC AND ELECTRICAL INDUSTRY
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V-H'F ¢ U-HF

| icafions
| o ecive

Specially suited for
{ Monitoring
| Field Tes/ts
Laboratory

ETC

@\ Superbly engineered and of ad-
vanced design, the twd models offered
a&(‘% possess excellent electrical characteristics and
%@ are robustly constructed for service in any climate.

o “ The “770R ™ has continuous AM/FM coverage from 19
%“ Mc/s to 165 Mc/s; the “ 770U ™" from 150 Mc/s to 500 Mc/s.

Q[S %@@ Both incorporate six-position turret tuning assemblies of unique
e\ design and giving high reliability. Self-contained when operated from
AC mains and with provision for use on external power supplies. Fully

descriptive literature with illustrations and performance curves available on
request.

Manufacturers: STRATTON & Go. Ltd., Birmingham, 31.
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Srandard 721110;1e5-

RECTIFIER DIVISION: Edinburgh Way, Harlow, Essex =

miniature H

WireLESs WORLD

RECTIFIERS

receivers
FEATURES

® Withstand overloads such as charging current
of deformed electrolytic capacitors

@ Instant starting — no warming-up period
® Unlimited instantaneous overload
® Practically indestructible in service.
® No limit to size of reservoir capacitor
@ Simple wiring — two connectors only.

@ Simple mounting — no valve holder 4-
® Small size...low weight

4

® Low heat dissipation
® Low cost

|

i

i

and Cables Limired. : ;

Régistered Office: Connaught House, Aldwych,.loadon, W.C.2 |
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¢ A I al d 1 {e ’ epoxy casting resius

V) v s
7

g / % /,

i
‘Araldite’ " epoxy resin adhesives

epoxy surface coating resins ¥ A ra 1 d 1 te ?

,

i //zg resins

harac“"s“
@

epoxy casting resz/ns/ ; A ra 1 d 1 {e P

Araldite is a Registered Trade Mark

FULL DETAILS WILL BE SENT GLADLY ON REQUEST

Aero Research Limited

A Ciba Company

Duxford Cambridge. Telephone : Sawston 187
AP 264.141 4
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Frequency -
Modulation...

On 28th July, 1955, the Postmaster
General announced that, in the interests
of world-wide standardisation, the present
system of amplitude modulation in the

V.HF. maritime services would be Our experience
changed to one of frequency modulation. ) ) _
ATE VHF Frequency Modulated as pioneers in Harbour Radio
Equipment is available for all marine is at your service.

requirements — portables, ships’ sets,
shore installations.

S o Automatic Telephone & Electric Go. Ltd. ‘

RADIO AND TRANSMISSION DIVISION

STROWGER HOUSE * ARUNDEL STREET * LONDON W.C2
AT14541-8X107
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“MUST

BC.610 MODULATION TRANS-
FORMERS. Brand new spares for this

famous - American Transmitter. In
Maker's Origlnal Cases. ONLY_ £5
each.

CONSTANT VOLTAGE TRANS-
FORMERS. Manufactured by SOLA
of CHICAGO, US.A. Primary 90-125 v.
or 190-250 v. Secondary 115 v. precisely
at 2 KVA. Can be adjusted for 50 or
60 cycles operation. Primary and
secondary are completely isolated,
and for 230 v. output two can be used
in series. Fully guaranteed. ONLY
£21 each, or £40 per pair.

RF UNITS TYPE 26. For use with
the R. 1355 or any receiver with a 6.3 v.
supply. Thisis the variable tuning unit
which uses 2 valves EF54 and 1 of EC52.
Covers 65-50 Mc/s (5-6 metres). Com-
plete with valves, and BRAND NEW
IN MAKER'S CARTONS. ONLY 29/6
each.

“PYE” 45 MC/S I.F. STRIP. Ready
made for London Vision Channel, this
5-stage strip contains 6 valves EF50 and
1 EASO. Supplied with circuit and
details of very slight mods. required.
BRAND NEW, ONLY 59/6 or less
valves 39/6.

TRANSFORMERS. Manufactured to
our specification and fully guaranteed.
Upright mounting, fully shrouded,

normal primaries.

425 v..0-425 v. 250 mA., 6.3 v. 4 a.,

63v.4a.,5v.3a.,65/-

350 v.-0-350 v. 160 mA., 6.3 v. 6 a.,

63v.3a,5v.3a.,47/6.

. 150 mA,, 63 v. 5

0-4-5v.3a.,37/6.

250 v-O-ZSO v. 100 mA., 6.3 v. 6 a.,
3

a.,

5v.3a., 37/6.

250 v.-0-250 v. 60 mA., 6.3 v. a.,
Sv.2a.,21/-.
TRANSFORMERS, FIiLAMENT.’

63v.2a.,7/6,63v.32a,10/6.

TRANSFORMERS, EHT. Upright
mounting.

EHT for VCR97 Tube 2,500 v. 5 mA.
2v.0-2 v. 11 a,2 v.-0-2 v.2a., 42/6.
EHT 5,500 v. 5 mA,, 2 v. 1 a., 79/6.
EHT 7,000 v. 5 mA., 2 v. 1 a., 89/6.
EHT 7,000 v. 5 mA,, 4 v. 1 a., 89/6.

TRANSFORMER EHT. Unrepeat-
able "smip” 250 v. primary, secondary
2,000 v. R.M.S. (approx. 2,800 v D.C.).
Size 23/, X 2'[,X 3in. H -4 2/,in. for tag
panel. ONLY 15/-,

TRANSFORMERS, EX-W.D. AND
ADMIRALTY. Built to more than
50 per cent safety factor with normal
A.C. mains primaries. Brand new
and unused, 330.0-330 v. 100 mA.
4v.3a.,22/6

L.T. HEAVY DUTY. Has 3 separate
windings of 5 v.-0-5 at 5 amps., and
by using combinations will give various
voltages at high currenc. ONLY 39/6.

TRI196 TRANSMITTER SECTION,
complete with valves EL32, EFSO,
CV501, and all components. BRAND
NEW. Price ONLY 12/6.

HAVE”

COMMUNICATIONS RECEIVER R.1155

The famous ex-Bomber Command Receiver known the world
over to be supreme in its class. Covers 5 wave ranges :
18.5-7.5 Mc/s., 7.5-3.0 Mc/s., 1,500-600 ke/s., 500-200 ke/s., 200-
75 kefs., and is easily and simply adapted for normal mains use.
Full detalls being supplied.
BRAND NEW AND UNUSED
CASES. ONLY £11/19/6.
BRAND NEW BUT SHOP SOILED, £9/19/6. Used, excellent
condltion, £5/19/6.

A.C. MAINS POWER PACK OUTPUT STAGE, in black
metal case, enabling the receiver to be operated immediately,
by just plugging in, without any modification. Can be supplied
as follows : WaTH built-in 6'/,in. P.M. speaker, £5/5/-, LESS
speaker, £4/10/-.

DEDUCT 10/- IF PURCHASING RECEIVER AND POWER
PACK TOGETHER.

Send S.AE. for illustrated ieaflet, or 1/3 for 14-page booklet
which gives technical information, circuits, ete., and is supplied
free with each receiver. All models aerial tested before
despatch.

IN MAKER'S TRANSIT

‘

MARCONI SIGNAL GENERATCRS TF-39(G
Frequency coverage 16-150 mes. BRAND NEW IN MAKERS
ORIGINAL TRANSIT CASES, and complete with spare valves,
instruction manual, etc. For normal A.C. mains operation,
A unique opportunity to acquire Laboratory Equipment at a
fraction of original cost. ONLY £27/10/-.

BAND IIl CRYSTAL CALIBRATORS
Manufactured by Marconi Instruments. Frequency range
170-240 Mc/s. Has directly calibrated dial and incorporates
5 Mc/s. crystal for accuracy of better than.001 %. Internal
power pack for normal A.C. mains operation. Completely
self-contained’in grey metal case size 15%/,in. X 10in. X 10in.,
and ready to operate, with spare set of valves, and instruction
manual. In original maker's transit case. BRAND NEW
ONLY £5/19/6.

F.S.D. SIZE AND TYPE PRICE
Tm.a.D.C. 2in. Flush square . 22/6
1 m.a.D.C. 31/,in.Flush circuiar (scaled
0-600 v 52/6
5m.a, D.C. 2in Flush square (scaled 0-
100 m.a.} 10/6
10 m.a. D.C. 2!/,in. Flush crcular (blank
scale). 10/6
150 m.a. D.C. 2in. Flush square 7/6
200 m.a. D.C. 2!/4in. Flush circular 12/6
500 m.a. thermo. 2in. Proj. circular. L. 5/~
4 amp. D.C. 2t/;in. Flush circular 15/-
20 amp. D.C. 2in. Proj. circular. B 716
40 amp. D.C. 2in. Proj. circular. /6
30-0-30 amp. D.C. Car type moving iron .. 5/=
15 volts A.C. 2'/.in. Flushcircular moving 8/6
iron.
300 volts A.C. pUNLR Flush clrcular movmg
iron .. 25/-
2 kitovolts A.C. 2/in. Pro] circularelectro-
static. 22/6
300 volts D.C. 2in. Flush square 10/6

SPECIAL METER OFFER

Super quality Moving Coll Meters, basic movements 2 m.a.
aid 4 m.a., in 21/,in. Circular Projection Type case, at present
scaled 1 amp. R.F., also 2 m.a. in 2in Flush Square at present
scaled 4 amp. R.F. By removing thermo couple, reversing scale,
and re-calibrating, a high grade test instrument with any
range above the basic F.S.D. can be made. Prices, 2 m.a.
circular 7/6d, 4 m.a. 6/6d, 2 m.a. square 5/éd.

~

BARGAINS!

MODEL 40 AVOMETERS. This fa-
mous self contained multi range AC/DC
tester provides 40 ranges of current,
voltage and résistance. Limited num-
ber are available which have had some
use, but every one has bezn thoroughly
overhauled and is GUARANTEED IN
PERFECT ORDER. ONLY£9/19/6

«ALL DRY” RECEIVER MAINS
UNIT. I your battery portable uses
midget. 1.4 v. valves of the 1S4-IT4-IRS5-
354 series, then this will save you
pounds In batteries. Delivers LT and
HT from normal mains. Manufactured
by “AVO™ for the Ministry of Supply.
Fused on mains side, and ready to
work, Slze8'/4in. X 5'/in. X 3fin.
BRAND NEW. ONLY 39/6.

100 MICROAMPS METERS. 21/in.
circular flush mounting. Widely
calibrated scale of 15 dlvisions marked
“yards” which can be rewritten to
suit requirements. These movements
are almost unobtainable today and
being BRAND NEW IN MAKER'S
CARTONS are a snip at ONLY 42/6.

RECEIVER 25/73. Part of the TRI196.
this 6-vaive unit makes an ideal basis for
a mains operated All-wave Superhet,
full modification data being supplied.
Complete with valves, 2 each EF36 and
EF39, and | each EK32 and EBC33.
BRAND NEW. ONLY 27/6.

MODEL MAKERS MOTOR. Rever-

sible poles. Only 2in. long and 1!/,in.
diameter, with 1/,in. long spindle. Will
operate on 4, 6, 12 or 24 v. D.C.

ONLY 10/6.

100-9-100 VOLTS METERS by San-
gamo Weston. 2'/,in. circular, basic
movement being 500-0-500 microamps

‘A really first-class centre zero meter

for hundreds of uses. BRAND NEW.
IN MAKER'S CARTONS. ONLY 27/6.

POCKET VOLTMETERS. Not Ex-
Govt. Read 0-15 v. and 0-300 v. A.C.
or D.C. BRAND NEW AND UN-
USED. ONLY 18/6.

WALKIE TALKIE TYPE 18. Covers
6.0-9.0 Mcfs. Complete with valves,
mijcrophone and headset, and trans-
mitting and receiving units in metal case.
In excellent condition. ONLY 79/6.

AVOMINOR CARRYING CASES.
Size Sin. x Sin. X 2in. with long carry-
ing strap. In high-quallty leather with
press stud fixing flap. Made for UNI-
VERSAL Avominor. BRAND NEW.
ONLY 7/6.

CRYSTALS. British Standard 2-pin
500 kefs. 15/-.  Miniature 200 kc/s. and
465 kcfs. 10/- each.

S EAKERS. P.M. 6'/,in. lesstrans.,
19/6; 8in., less trans., 16/6; 10In. with
trans., 27/6.

CHOKES. 10H 60 mA., 4/-, S5H

200 mA., 7/6, 20H, 120 mA., 10/6.
MU-METAL SCREEN FOR VCR97

TUBE, ctc., ONLY 8/6.
CABLE. CLEARANCE OFFER o(
16/.012 twin polythene. Weatherproof,

and suitable for outdoor use, 39/6 per
100 yard coil. S.A.E. for sample, trade
e1quirles invited.

Cash with order please, and print name and address clearly
PLEASE ADD POSTAGE OR CARRIAGE .COSTS ON ALL _ITEMS

U.E.L.

{Open until 1 p.m. Saturday.

CORPORATION

We are 2 mins. from High Holborn (Chancery Lane Station) and 5 mins by bus from King's Cross.)

London,

Radio Corner, 138, Gray’s
w.C.l.

Inn Road,

Phone  TERMINUS 7937
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Expert public and musical opinion has suggested that the terms *“ High
Fidelity ™ or “ Hi-Fi ™ are not always used in the sense in which they
were originally conceived, namely to describe the very peak of per-

formance in sound reproduction.

There would appear to be a need for standards to be established, and
to be adhered to, by all who would wish to use these terms. In the
absence of such an agreement at the present time, RCA announce
that their range of * High Fidelity  products will henceforth be styled
““ New Orthophonic High Fidelity > and that this name will be
used only in respect of audio equipment of pinnacle performance.

% ORTHOPHONIC (adj.) facsimile sound (music) a faithful reproduction
of the living performaunce. Ortho correct phonic pertaining to sound)

Hear RCA Today!

You’ve only to hear the ‘“ New
Orthophonic High Fidelity”’ equip-
ment to realise that RCA have indeed
achieved the closest approach to con-
cert hall realism so far. Your dealer
will be pleased to arrange a demon-
stration. Meanwhile may we send

you a fully descriptive folder.

RCA New Orthophonic High
Fidelity Pre-Amplifier and
(inset) the Main Amplifier.

£48 0 O Complete

RCA PHOTOPHONE LIMITED
An associate Company of Radio Corporation of America

LINCOLN WAY, WINDMILL ROAD,"SUNBURY-ON-THAMES, MIDDLESEX

Sunbury-on-Thames 310!



10 WiRELESS WORLD MarcH, 1956

' PYE ERICSSON

v SEVEN CHANNEL

VHF FM RADIO TELEPHONE SYSTEM

‘This 7-channel Radio Link System has been designed
for economy both in initial cost and maintenance
demands.

This has been achieved without sacrifice of essential
facilities or relaxation of performance standards. Both

Radio and Carrier equipment for the 7-channel ter-
minal is housed in a single 6-foot cabinet as illustrated.
The equipment is fully tropicalized and suitable for
continuous unattended operation in all parts of {
the world.

2

ABBREVIATED SPECIFICATION

Radio Frequency Range 60—216 mc/s

Transmitter output Power 10 watts, or with Am-
plifier unit—so watts

Baseband 7 Channels 0.3—23.4 kc/s
Maximum Deviation 50 kc/s
Receiver Bandwidth 6 db down at 4120 ke;'s
NS
PlE
CAMBRIDGE ENGLAND
Pye New Zealand Ltd. Pye Canada Ltd. Pye-Electronic Pty., Ltd. Pye Ireland, Ltd
Auckland C.l., New Zealand Ajax, Canada Melbourne, Australia Dublin, Eire
Pye Radio & Television (Pty.) Ltd. Pye Limited Pye Corporation of America
Johannesburg Pye Limited Tucuman 829 270 Fark Avenue
South Africa Mexica City Buenos Aires New York
PYE LIMITED o e CAMBRIDGE o ENGLAND

Telephone : TEVERSHAM 3131



MarcH, 1956

- — e D D CED S e S S - T S —— — - e e e CUT ALONG THIS LINE

WIRELESS WORLD

NEWNES

- Radio and Television Servicing

[AIM YOURS NOW

Radio Show sets.

THIS is the most complete collection of models
ever assembled—over 1,550 including the latest
Here at your elbow you have the

A AND

B %

SEVTeg Fabio aypy

circuit diagrams, component layouts, and all the ;’;‘m
data you need to service the hundreds of different =l - o o

models in use.

has there b

‘I 550 POPULAR MODELS including
’

tatest RADIO SHOW mobeLs

SEE OVERLEAF

for further details and
method of folding this
pOST-PAID Leaflet

This is a Newnes publica{ion
and worthy of your immediate
attention. Claim your copy for
Free Examination to—day——-there
is no cost or obligation. S_nmply
cut out this page—you will no’t’
spoi. your* Wireless World.

The work covers Multi-channel ) J = 3
T.V. receivers, Band I converters, Radios,
Radiograms, VHF/FM receivers and adaptors,
Portables, Car radios—they are all here to make
servicing speedy and profitable. This great work
can pay for itself within a week of receiving it—never
1 such an opportunity for you to make
money. Prove this by claiming 7 days’ Free Exam-
ination. Cut out this page, you will not spoil your
copy of « Wireless World,” and post to-day. But
do this now—the demand will be terrific.

Please send me Newnes RADIO AND TELEVISION SERVICING
without obligation to purchase. I will either return the work within
eight days or I will send the first payment of 9s. 0d. eight days after
delivery, and 10s. 0d. monthly thereafter, until the sum of £9 9s. 0d.
has been paid. Cash price within eight days is £9.

Name..,...co0vnennn. BEB8 0000 00B000 Ne e et
(N5 50060380666k - Bao o o 15 66 0dBA0B0 0 H A0 A A e e Lo AR e
.......................................... _Place X where it applies
HouseOWNER
Occupation . ....o.vveeeineninenennnn,unn... R ([

Householder

Your Signature ..........coovvvnenennnnnn... (CiapgmithiEarenty (8

(Or your Parent’s Signature if under 21) RTV 109 | Lodgine Addsess J
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NEWNES
R do d T l 1S58 T SERVICING DATA for—
u lo un e QVISIon Ace, Alba, Ambassador, Argosy, Baird,

Banner, Beethoven, Bush, Champion,

o @ Cossor, Decca, Defiant, Ekcovision,

E.M.l., English Electric, Ferguson,

erv‘c‘ng Ferranti, G.E.C., H.M.V., Invicta, K-B.,

McCarthy, McMichael, Marconiphone,

PMe;steraditn,P‘Mulla;(kI Muerhyt, P:tm,

0 2to Scot ilca ilips, Pilot, Porta-

ALL POPULAR MAKES INCLUDING LATEST dyne, Pyzé Rainbow, Rayﬁwnd,'k‘;gen-
- tone, R.G.D., Soball, Stelia, Itra
RADIO SHOW MODELS Valradio, Vidor. ; !

YOURS FOR 7 DAYS’ |
FREE EXAMINATION

SERVICING DATA for—

Ace, Ambassador, Banner, Beethoven,
Bush, Champion, Cossor, Decca, Denco,

6‘ volumes strongly bound in maroon cloth. Defiant, Eddystone, Ekca, Etronic, Ever

. Ready, Fergusan, Ferranti, G.E.C.,

3 150 pages Of, up-to—ghe-mmpte data, ,and Grunjig, Invicta, K-B., McCarthy,
pracucal information written by skilled McMichael, Marconiphons, Mastaradio,

Radio and T.V. engineers. Mullard, Harphy, Pam, Pato Scott,

Philco, Pailips, Pilot, Pys, Rainbow,
Raymoni, Regentone, R.G.D., Roberts
Radio, Sobell, Strad, Ultra, Vidor.

1 55’0 models and. more—the wanted data you
’ must have for profitable servicing work.

3 000 circuit, component and chassis layout
diagrams. Also photographs and explana-

tory illustrations. Owners said the last edition ‘was worth
a fortune! This up-to-the-minute New
With quick-reference indexes to all models and makers. Edition is even more valuable. Prove it

yourself by sending for Free Examina-

m EE 2 Years’ Technical Advisory Service on tion—there is no cost or obligation on
any of the many subjects in the work. your part. But please hurry!

DON'T MISS THIS GREA Topponrumry

| No postage
Posiage Stamp
sz.; be necessary if
paid by posted in
George Newnes Gt. Britain or
Lid. Northern Ireland.

" BUSINESS REPLY FOLDER _
l_ Licence No. W.C. 1129

GEORGE NEWNES, LIMITED,

66/69, GREAT QUEEN STREET,
LONDON, W.C.2

CUT OUT-THIS PAGE
INTACT, FOLD AND

NO STAMP REQUIRED

« «=FOLD

HERE (B)

Maxch, 1956

POST

¢+ across leaflet

sesass: (A) FOLD ALONG HERE +-+reersrsar

«&FOLD
HERE (C)

across leaflet

HOW TO FOLD

THIS PAGE
FOR POSTING

NO STAMP REQUIRED

-
o
-

o
=
~
<)
~
x
L
2
-

FOLD ALONG PAGE

SO THAT NEWNES
ADDRESS SHOWS

LENGTHWISE AT (A)
AND
TURN FLAP UNDER

e
/E

— e e e e e e T s e e e S S S e e e s v e we CUT ALONG THIS LINE oo e e st s o e oo e o e s etas commms e s v gmpeen e S i v e

NOW POST TO-DAY!
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DYNATRON “ovren:

“ETHER PATHFINDER” AM/FM
TUNER T.10. 8 valves—Price (in-
cluding Tax) £60.16.4

12-WATT AMPLIFIER L.F.10. 4 valves—
Price £25. Purchase Tax £9.15:0

TONE CONTROL UNIT T.C.10. 2 valves—
Price £12.17.6. Purchase Tax £5.0.6

Alternatively —

3-STATION PRE-TUNED 7-valve F.M.
TUNER Type F.M.1. Price £18.0.0. Purchase
Tax £7.0.6. Total £25.0.6

Power Unit Type P.1. available — Price
£6.15.0. Purchase Tax £2.12.0. Total £9.7.0

If ordered separately, Purchase Tax is not chargeable on T.C.10, L.F.10 and P.1.

Meacde by Manaficlicrors of Hogh Luality Pedogramepliones dince 7927

Only Dynatron offers a complete range with Tuners. The chassis
are.as fitted to the range of Supreme Dynatron Radiogramophones

DETAILS FROM: SALES OFFICE AND SHOWROOMS
THE FIRS, CASTLE HILL, MAIDENHEAD

DYNATRON RADIO [«lMlTED TELEPHONE: MAIDLNHEAD 1811,2/3
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. Guild Uese Mo

F tremer IEsensons/
' s“v NOW REDUCED IN PRICE

* 13 CHANNEL DESIGN N° |

MAY BE BUILT FOR £ 31-12-2 £4VS SosT

* 5 CHANNEL DESIGN N°2
MAY BE BUILT FOR £ 26-12-4 078 0%

BUILD IN 5 EASY STAGES. FULL CONSTRUCTIONAL DETAILS
AVAILABLE. INSTRUCTION BOOK 3/6 POST FREE INCLUDES
BOTH DESIGNS.

CONSOLE CABINETS with fuli length doors for 147, 16” and 17”
tubes PRICE & 14.14.0._H. P. Terms : Deposit £7.7.6. and
9 monthly payments of 18/6d.

CONSOLE CABINETS previously advertised, still available at
£12.12. 0. H. P. Terms : Deposit. & 6.6.0. and 8 monthly
payments of 18/3d.

PREMIER RADIO COMPANY,
~ Tel; Ambassador 4033 & Paddington 3271 207, EDGWARE RD., LONDON, W.2.,
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Telcon Metals announce

a new Mumetal Shield for the 4

Emitron Cathode Ray Tube type 4 E.P.1.

This Shield has been designed with the
assistance of Electronic Tubes Ltd., and is now
fully tested and approved to produce maximum
magnetic screening.

The Shield is manufactured in two halves in
0.036” thick Mumetal and is attractively finished
with silver hammer stove enamel exterior and
matt black heat absorbing interior.

Dimensional drawings are available on

request.

Provided that additional tooling is

unnecessary slight modifications

can be effected to the screen at little

extra cost.

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD

Metals Division, Telcon Works, Manor Royal, Crawley, Sussex. Tel: Crawley 1560

HEAD OFFICE: MERCURY HOUSE, THEOBALD'S ROAD, LONDON,W.C.I. HOLBORN 8711
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ADIO) LIMITED

Phone: GERRARD 8204/9155
Cables: SMITHEX LESQUARE

LISLE STREET, LONDON, W.C2

TRADE ENQUIRIES
INVITED

FOR ALL RADIO BARGAINS

WE PURCHASE ALL TYPES OF
RECEIVERS AND TEST GEAR

> 50 MICROAMP METERS

Grand offer of brand
new test sets contai-
ning a 2'/,in. flush
mounting SC micr.
oamp wmeter housed
in grey instrument |
case complete with
| chromium plated han-
, dle. Ideal bgsis for
sensitive _testmeter,
valvevoltmeter or out-
put meter. This unit
also contains a VR92
2 dlode and many
other useful compo-
nents. Price 59/6 each.

A2200845

!

HEAVY DUTY VOLTAGE REGULATOR
TRANSFORMERS. These transformers will
regulate 50 cycle A.C. mains between 185 and
250 volts at 24 amps. Price £12/10,0 each.

METER SWITCHES. Standard Yaxley type,
8 bank, single pole, 9, 11, or 12 way, 7/6.

MARCONI SIGNAL GENERATORS TFG 390.
Frequency coverage 16/150 mc/s on 4 bands.
Brand new and complete with instruction manuals
and charts, £25 each. TFG 517. Frequency
coverage 16/58 and 130/260 Mc/s. Brand new
and complete with all coils £35 each.

EDDYSTONE 12 VOLT ROTARY POWER

UNITS. Input 12 volts D.C. Output 180 volts
65 m.a. Housed in grey metal case and complete
with all smoothing, 19/6 each.
METER BARGAINS
0-50 m.a. 2in. sq. F.M. M/coil.  7/6.
0-150 m.a. 2in. sq. F.M. M/coil.  7/6.
0-200 m.a. 2'/n. rd. F.M. M/coil.  9/6.
0-300 v. 2 in.sq. F.M.M/coil. 10/6.
0-10 amp 21/,in. rd. F.M. M/coil. 12/6.
0-300 v. 2/4in.rd. F.M ML 25/-,
50-0-50 amp. 2in.sq. F.M. M/coil. 8/6.

PARMEKO TRANSFORMERS. Input 230 volts
50 cycle. Output 620/0/620 volts 250 m.a. tapped
550/0/550 and 375/0/375 volts. Two 5 volt windings
at 3 amps. Ample space for 6.3 volt windings.
100 %, rating. 42/6 each.

100 MICROAMP METERS. 2!/,in. flush
mounting meter, scaled 0-1500 yds. First
grade instruments, brand new and boxed,
39/6 each.

COSSOR DOUBLE BEAM OSCILLOSCO-
PES. Type 3339. We are again able to |
offer these *scopes at a fraction of their original |
cost. Supplied in perfect condition for ope-
ration on 200250 volts 50 cycle mains, price
£27/10/0 each.

AR88 SPARES. Brand new complete drive as-
semblies, 10/6, This precision drive can easily be
adapted for use on other type receivers. Brand
new 4 gang tuning condensers for AR88, 22/6 each.

BENDIX COMMUNICATION RECEI-
VERS RA-1B. Six waveband receiver cover-
ing 150 ke/s to 17 Mc/s, gap 1.5 to 1.8 Mc/s.
Valve line-up, 5 6K7, 1 6L7, 1 6R7 and 1 6K6
output valve. Power requirements 250 voles
H.T. and 6.3 volts L.T. AH receivers tested
before despatch. Only £11/19/6 each.

ROTARY CONVERTORS. Input 24 volts D.C.
Output 230 volt 50 cycle 150 watts. Supplied
in perfect condition, £4/12/6 each.

1 PORTABLE- SUB-STANDARD MILLI-
AMMETERS
Manufactured
by Eiliott Bros.
Basic move-
ment 1 mfa.
Seven ranges.
0/1, 05, 0720,
0/50, 0/100,
07200, 0/500
Accuracy
at 68¢F.
mirror
scale, calibra-
ted 0/100 m/a,
with knife
edge pointer
Supplizd brand
new with
lcather carry-
£ 12/10/. each,

ing case.

TELETRON BAND 111. CONVERTOR.

BENDIX TA-12C. TRANSMITTERS. Fre-
quency coverage 300/600 kc/s and 3/12 mec/s.
Two 807 P.A. stage, 807 buffer and 4 125K7
oscillator stages. Supplied in perfect condi-
tion, 59/6 each.

POST OFFICE UNISELECTORS. Standard
type, 25 position, 4 bank, 32/6; Ditto 8 bank,
45/-. Special 10 bank type with contact banks
mounted in polystrene, 59/6.

FIELD TELEPHONES. Type DON MK. V.
This type use a buzzer as a cail signal and
operate from two 1.5v. cells. Supplied com-
plete with handset, buzzer, bell, key and
Instructions, 39/6 each.

Type SOUND POWERED. This type require
no batteries whatsoever and use a hand
generator for calling. Supplied in perfect
order, 55/~ each.

CENTRE ZERO [MICROAMMETERS.
Basic movement 500-0-500 microamp, scaled
150-0-150 voles. 2'/4in. scale, flush mount-
ing, brand new and boxed, 25/-.

CAMBRIDGE UNIPIVOT GALVONO-
METERS. A few only of these instruments
stllf available at a fraction of original cost.
Specification:- F.5.D. 50-0-50 microamps, res.
50 ohms, 3in. mirror scale with knife edge
pointer. Dia 4in. depth 2in., supplied brand
new and tested in leather case, 79/6.

ADMIRALTY L.T. TRANSFORMERS. Input
230 volts 50 cycle. Output 5/0/5 volt, 5/0/5 volt
and 5/0/5 volt at 5 amps. This will give any vol-
tagen betwee 5 and 30 volts at 5 ampsin 5 volt
steps. 39/6 each.

CRYSTAL MICROPHONE INSERTS. |deal for
amplifiers, tape-recorders etc., 4/6 each.

DEAF AID UNITS.

Exceptional offer of brand
new deaf aid chassis com-
plete less only outside
bakelite case. These con-
tain three sub-miniature
valves,crystal mike, volume
and tone controls, etc.
Battery space on chassis
{221/, & 1'{,v.). Hundreds
of useful applications.
Price only 19/6.
Miniature earpieces to
match, 30 ohm, 3/6 each.
(sold separately aiso).
Leads 1/- extra.

METAL RECTIFIERS

12v. 1a. Fw. bg. 7/6. 12v. .2a. hw. t/6.
12v. 2a. Fw. bg. 11/3. 200v. 60ma. hw. 4/6.
12v. 4a. Fw. bg. 14/3. 250v. 80ma. hw. 7/6.
12v. 10a. Fw. bg. 32/6. 350v. 60ma, hw. 6/6.
24v. 4a. Fw. bg. 27/6. 250v. 250ma. hw. 1676,

CONTACT COOLED RECTIFIERS (smali).
125v. 80ma. hw. 4/3. 250v. 85ma. hw. 9/-.
250v. 50ma. hw. 7/6. 250v. 300ma. hw. 15/6.

250v. 75ma. Fw. bg. 12/6.

MARCONI BAND-iIl CRYSTAL CALI-
BRATORS. Frequency coverage 170/240
Mc/s directly calibrated. Accuracy .001%.

Supplied brand new in original transit case
with spare set of 5 valves and 5Mc/s crystal,
£5/19/6 each.

VALVE VOLTMETERS NO.2. Specifica-
tion:- A.C, 200/240 voits 50 cycle input. S A.C_
ranges, 1.5/5/15/50 and 150 volts. D.C.
readings can be made up to 300 voles. Input
impedance 50 megohm. Accuracy 1% at
50Mc/s and 5% at 200 Mc/s. All inscruments
are supplied as new in original transit cases,
£17/10/0 each.

Compl kit of parts with full Instructions,
€2/8/0. Power pack components 24/- extra.
Coilset only 15/-. Punched chassis only 3/9.

4in. 500 MICROAMMETERS. Brand new
4in. square type meters manufactured by
Taylor, calibrated 500 microamps. Supplied
in guaranteed perfect condition, 79/6 each.

HEAVY DUTY L.T. TRANSFORMERS. Input
230 volts_50 cycle. Output 17.75 volts 50 amps.
Brand new and boxed, T2/6 each.

MINATURE H.T. TRANSFORMERS. Input
220/240 volts. OQutput 20 volts 25ma. and 6.3
volts 1 amp., 10/¢ each.

INSTRUMENT POTENTIOMETERS.
Wirewound. Brand new american type,
10,000 ohms, 5!/in. dia., with bullt in correc-
tion plate, 22/6 each. Brand new Colvern
type, 3/.in dia. 50,000 or 100,000 ohms,
accuracy .5%, 10/6 each.

R. 1185, RECEIVERS. Avallable still in perfect
condition, £6/19/6. A.C. mains power pack and
audlo output stage, 79/6.

ADMIRALTY TRANSFORMER
GAINS. All 230 volt 50 cycle input.
Type a. OQutput 4 volt 14 amp, and 6.3 volt
1.5 amp. 10/6.

Type b. Output 2500 volts 5ma, 14/6.

Type c. Output 500-0-500 volts 200ma, and
4 volt 3amp, 22/6. .

Type d. Output 1500 volts 330ma., 52/6.

BAR-

CHOKES. Collins potted type, 8 henry 100ma.,
8/6; Minature Parmeko C core type, 4 henry
22.5ma., 4/~; Admiralty type 10 henry 275 ma., 10/6.

MIDGET REVERSIBLE MOTORS. For. opera-
tion on 6,12 or 24 volts. Size: 2in.X 13/;in. Ideal
for model makers, 8/- each.

BATTERY CHARGER TRANSFORMERS.
All types 200{250 volt mains input.

a. Output 3.5, 9 and 17 volts, 4 amps, 16/6.

b. Qutput 3.5, 9 and 17 volts, 2 amps, 14/3.

€. Output 9 or 15 volts 1 amp, 9/9.

H.R.O. 6 YOLT VIBRATOR UNITS, Out-
put 165 voles 85ma., and 6.3 volts 3 amps. 6X5S
rectifier. choke and condenser smoothed. Supplied
in perfect condition complete with black crackel
case, 29/6.

HOURS OF BUSINESS : —9 am.—6 p.m.
Thursday 1 p.m. Open all day Saturday.
PLEASE PRINT NAME AND ADRESS CLEARLY,
ALSO INCLUDE POSTAGE OR CARRIAGE ON
ALL ITEMS.
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30c.p.s.—750c.p.s. 750 c.p.s. —15,000 .p.s. An opportunity
_— D 15 watts O _— -
you must not miss

Audiom 60 (12-in.} in 172 Axiom Axiom 101 in baffle

Enclosure (172 ALR,U.) 12-in, x 18-in.
hear

a»

i5 watts
30 c.p.s.—15,000 e.p.s.

] O

Axiom 50 Mk [ Axiom 172 Enclosure (172 A.R.U.)

-

12 watts

20 c.p.s. to 20,000 ¢.p.s.

for

é

Two Axiom 80 (9§-in.) D Axiom 280 Enclosure 1280 A.R.U.)

750 c.p.s.—15,000 c.p.s. O O 30 €.p.s. —750 .p.s. yo u rse If LI I ]

20 watts

>

Axiom 102 in baffle 12-in.x |8-in. D Audiom 70 (12-in.} in
: Axiom 172 Enclosure
(172 A.R.U)

GOODMANS LOU DSPEAKERS

in the

AXIOM ENCLOSURES

incorporating the Acoustical Resistance Unit

AT THE LONDON AUDIO FAIR
WASHINGTON HOTEL, CURZON STREET, LONDON
APRIL 13 14 15, 1956

The A.R.U. marks a significant step forward in the design of loudspeaker
enclosures. The inclusion of the A.R.U. in a cabinet design enables the same
performance to be obtained in a volume only two-thirds that of the bass reflex chamber
for the same loudspeaker.

@ Post the coupon below for full details.

e e e e e i e S S

GOOdmans GOODMANS INDUSTRIES, LTD, AXIOM WORKS, WEMBLEY, MIDDLESEX

Please send full details of the products appearing in this advertisement

GOODMANS INDUSTRIES, LTD.
AXIOM WORKS. WEMBLEY, MIDQX.
Telephone : WEMbley 1200

Z
3
|
|
i
l
|
1
H
l
|
i

Address. ... - - B . W S

.............. . WW/3[56
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Leading edge of pulse disployed on 0.02 usec/cm sweep
shows clean response of the Type 541 with the Type 53 /54K
Plug-In Unit.

Noise generated by a 1-megohm carbon-film resistor with
45 v dc applied, displayed on 2 msec/cm sweep of the
Type 541 with the Type 53/54E Plug-1n Unit ot 50 uv/cm
sensitivity,

No longer do you require a highly specialized
oscilloscope for your high-speed pulse applications.
These applications are now capably handled with an
oscilloscope that has general-purpose qualifications,
too... the Tektronix Type 541.

The Type 541, although priced lower than special-
ized instruments, combines an extremely wide sweep
range and the inherent characteristics of the high-
speed oscilloscope with a flexibility possible only
through interchangeable plug-in preamplifiers. You
can apply the Type 541 to all ordinary and many
unusual tasks with complete confidence. In the many
areas covered by this versatile instrument your time
and amplitude measurements will be accurate, your
waveform displays will be true.

GENERAL-PURPOSE

Marcn, 1956

DC=-to=-30MC

Oscilloscope refains

utility

NEED SWEEP DELAY? The. Tektronix Type
545 offers flexible sweep delay in addition to all

the characteristics of the Type 541. Delay is accu-
rately calibrated from 1 psec to 0.1 sec—can be
operated in the conventional manner, or triggered
for jitter-free display.

Vertical - amplifier characteristics. With
the Type 53/54K Plug-in Preamplifier, fre-
quency respanse is dc to 30 me, risetime is
12 millimicrasecands. Sensitivity is 0.05 v/cm
10 20 v/cm in 9 calibrated steps. Input capaci-
‘tance is 20 puf direct, 8 puf with 10x prabe.

Triggering facilities. Amplitude-level selec-
tion, automatic triggering, and high - fre-
quency sync in addition to all standard trig-
gering modes.

Sweep characteristics. Linear .sweeps .from
0.02 psec/cm to 12 sec/cm (600,000,000-t0-1
ratic), with 24 calibrated steps from 0.1
usec/cm to 5 sec/cm. 5x magnifier is accu-
rate on all ranges.

Display characteristics. Full 4-cm by 10-ecm
linear display, 10-kv accelerating potential,
writing rate af 250 cm/ psec.

Versatility. Available plug-in units provide
far low-level dc differential and micro-sen- Unit
sitive application in oddition to fast-rise
applications. Plug-in units covering many
other applications are ready for praduction.

Represented in Great Britain by
LIVINGSTON LABORATORIES

Retcar Street, London N. 19
Archway 6251

*Type 541 — $1145 (£441)
*Type 545 — $1450 (£558)
plus price of desired plug-in units

*Type 53/54K Fast-Rise Plug-in

$125 (£48)

Prices f.o.b. Portland
(Beaverton), Oregon
*Plus duty if applicable,

Tektronix, Inc.

P. 0. Box 831D, Portland 7, Oregon, U.S.A. o CYpress 2-2611 - Cahle: TEKTRONIX
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Special ELECTRONIC APPARATUS
for Industry and Government Departments

'y;:—_—_“—— ‘ This specially adapted Special equipment such as this is regularly being
12-channel electro- developed and produced by Ediswan for Industry
encephalograph was and Government Departments.

g supplied by Ediswan Ediswan Engineers have wide experience and they

\7 ) ( for electro-medical are backed by first-class drawing offices and

\1

T recording in conjunc-  factories accustomed to working to the appropriate
tion with the “ man-  Government specifications.
carrying ’ centrifuge  Enquiries for this type of equipment will receive
at the R.A.F. Institute of Aviation Medicine. careful attention.

EDISWAN _

R AD DIV

W Y

Tl
I T

[ ]
TS
¥ 18
)
*»
et
y-

AL

THE EDISON SWAN ELECTRIC COMPANY LTD., 155 Charing Cross Road, London, W.C.2
Telephone: Gerrard 8660 Member of the A.E.I. Group of Companies Telegrams: Ediswan, Westcent, London
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¢ Standard telecommu.nication
systems serve society on land,
at sea, and in the air.
realm of aviation, ‘“Standard’
radio equipment flies in many
of the world’s leading
aireraft, including the
Vickers Viscount illustrated above

ommunications

Q.

®e ¢ ¢ ©6 o ©°

by

%One of the largest telecommunication
engineering organisations in the British
Commonwealth Standard Telcphones and Cables
Limited is engaged in the research, develop-
ment, manufacture and installation of all types
of communication and control systems.
Concerned with every aspect of telecommuni-
cations engineering, the Company is in an
unrivalled position to undertake, within its own
organisation, the co-ordinated systems-planning
of complete communication projects involving
inter-dependent systems of various types.

¢Standard’ productions include :—
pQ

Telecommunication Line Transmission
Equipment

Radio Broadcasting Equipment

Radio Communication Equipment

Air Radio Navigational Aids

Supervisory and Remote Control Systems

Railway Communication Apparatus

Railway Control Equipments

Telephone Cable

Sound-Reinforcement Systems

Public and Private Telephone Systems

@ Strondard Telephores and Cables Limited

TELECOMMUNICATION ENGINEERS

CONNAUGHT HOUSE . ALDWYCH . LONDON W.C. 2 . ENGLAND
CAIRO - COLOMBO - DUBLIN - JOHANNESBURG - KARACHI - NEW DELHI - SALISBURY
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. Suppressor

Choke

Cores

WinreLEss WORLD
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Integral terminations at both ends ensure a wide-

field of application for these cores in the
construction of self-resonant chokes for TV inter-
ference suppression. Indeed, this is an

outstanding design feature for many types of R/F

Literature and sample cores

coils ahd chokes required in small light-
weight equipment. High internal resistance means

that the shunting effect on the coil is
negligible. The range of materials and termina-
tions is such that most fréquencies,

particularly Band III, are adequately covered.

are readily availabk to Design Engineers on request. ( Ple s sey-J

THE PLESSEY COMPANY LIMITED. CHEMICAL & METALLURGICAL DIVISION. WOOD BURCOTE WAY, TOWCESTER, NORTHANTS.

TEL: TOWCESTER 52
@ rcCa
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“ YOUCANRELYONUS ” —

Stockists of all Radio and Electronic components for
manufacturers, laboratories, Educational authorities,
and the amateur.

SPECIAL OFFER
WE HAVE ACQUIRED A LIMITED NUMBER OF THE FOLLOWING NEW INDUCTION
MOTORS :
] RATING AT SYNCHRONOUS SPEED OF 1,500 RPM — 220/230 V. 50 ¢/s
L PH CAPACITOR 1/80 H.P. CONT. RATING AT 1,425 R.P.M. COMMERCIAL USE

1/8 th H.P.
SIZE 4 1/4" DIAM. SHAFT 1 3/8'" x 5/16"
PRICE COMPLETE WITH CONDENSER 55/—
R .4

MULLARD 510 AMPLIFIER AND G.E.C. 912 AMPLIFIER —ALL PARTS STOCKED
AND AVAILABLE ON H.P.
@
INCLUDING ELCOM, BULGIN, TCC, HUNTS, DENCO ETC.
DETAILED LISTS ON ABOVE AVAILABLE
ALL AVO, TAYLOR, INSTRUMENTS FROM STOCK.
NEW CATALOGUE AVAILABLE 21 d. STAMP.

RAp1o SErvICING COMPANY

82, SOUTH EALIMG ROAD, LONDON, W5, Telephone : EAL. 5737

Next to South Faling Tube (TURN LEFT) 9 to 6 p.m, Wed 1 o’cloc.

BUILD THE JASON “ARGONAUT” M.W./F.M. TUNER.

FOLLOWING THE SUCCESS OF OUR
F.M. TUNER KIT, WE NOW INTRODUCE
THIS SUPER-SENSITIVE MW/FM TUNER.
THE SWITCHING AND WIRING ARE
SIMPLE, BUT PERFORMANCE HAS NOT
BEEN SACRIFICED. THERE IS SPACE ON
THE CHASSIS FOR POWER PACK AND.
OUTFUT STAGE. THE BUILDING IN-
STRUCTIONS ARE APPEARING IN
MARCH AND APRIL ‘ RADIO CONS-
TRUCTOR® AND WILL BE AVAILABLE
AS A REPRINT.

DIAL ASSEMBLY, WITH CHASSIS FLYWHEEL TUNING,
JACKSON BROS 4 GANG CONDENSER, GLASS SCALE CAL-
IBRATED, WITH STATION NAMES ON BOTH BANDS £ 3-18-0.

ALL COILS INCLUDING RATIO DETECTOR, MW COILS AND TWIN IF'S. ... ....coiui... £ 8-11-9.
AVAILABLE FROM OUR USUAL STOCKISTS INCLUDING CLYNE RADIO, HOME RADIO OF MITCHAM, SMITH'S
EDGWARE ROAD ETC. APPROX. TOTAL COST TO BUILD. ..o £ 16-0-0.

THE JASON MOTOR & ELECTRCNIC C°
328 Cricklewood Lane
LONDON NW2  —  Telephone SPE. 7050
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LOUDSPEAKER SPECIALISTS
FOR OVER 30 YEARS

-:a :L—A -
CE[ES"ON (l(ola (Celestion Led.
IOV

v

(Rola Gele Sfi on Lf,(l FERRY WORKS, THAMES DITTON, SURREY, SNGLAND

TELEPHONE : EMBERBROCK 3402/6
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Your problem

/.

7/}
//_//' New types of valves and television tubes are
// continually being introduced, but each new type adds
7/ to your replacement problem.

By using Ediswan Mazda on every possible occasion
you gain three advantages.

I Quality Leading Setmakers fit Ediswan Mazda.
Their reliability is known throughout the trade.

2 Service Ediswan’s valve Servicc Depot at
Brimsdown is organised on modern ‘‘flow production”
lines to give speedy service on all valves returned
under guarantee. Cathode Ray Tube Service Depots
in strategic centres throughout the country minimise
delay on Television servicing.

3 Stocks Every Ediswan Office ( in all) carries
stocks of valves and tubes. Your requirements can
normally be supplied from local stock.

N

Most reliable sets are fitted with

EDISWAN

MAZDA
s VALVES ‘& ALUMINIZED TELEVISION TUBES

THE EDISON SWAN ELECTRIC CO. LTD. 155 Chating Cross Road, London, W.C.2 and Branches
Telephone: Gerrard 8660 - Member of the A.E.I. Group of Companies - Telegrams: Ediswan, Westcent, London

3
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SALFORD ELECTRICAL INSTRUMENTS LTD., SALFORD 3 LANCS

London Office: MAGNET HOUSE, KINGSWAY, W.C.2 TEMple Bar 4669
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND
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Model 1058
Singie Beam
Oscillograph

Designed for laboratory use, this
new oscillograph provides
a Y amplifier with a very useful
frequency characteristic extending from
d.c. to 6 Mc/s. The display is presented on a new post deflection accelerator
tube at an amplitude of not less tham 6 cm over the stated frequency band. The
maximum stnsitivity of the channel is 0.25 V/cm and calibration is
effected by means of the aceurate test voltage provided. The time base of the
instrument can be switched to fire repetitively from a trigger pulse of either
sign derived from the Y amplifier signal or externally. A special refinement,
of interest to the Television Engineeer, is the provision for triggering from the
Frame or Line sync. pulse in a 1 volt D.A.P. (positive) composite video signal.
Five calibrated time base ranges are provided giving spot velocities from 30 cm/sec to
1.5 ¢m/microsec. An X amplifier with a maximum sensitivity of 0.5 V/em
and bandwidth 20 ¢/s—250 ke/s ( —509,) is included and allows time base expansion,
continuously variable, of up to five times. Time measurement is by calibrated
shift control. The instrument operates from 100—130 or 200-—250 volt mains supplies.

Z

V- Write for illustrated leaflet to :— =

| COSSOR INSTRUMENTS LIMITED \i

(Dept. 1) COSSOR HOUSE - HIGHBURY GROVE - LONOON - N.5
TELEPHONE: CANonbury 1234 (33 lines)
TELEGRAMS: COSSOR, NORPHONE, LONOON
CABLES: COSSOR, LONDOR
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% 25 WATTS UNDISTORTED
OUTPUT

v INFINITE DAMPING FAGTOR

% PLUG-IN PICKUP
COMPENSATORS

PRICE

40 cns

COMPLETE

Nt

WiRELESS WORLD

OF YOUR

HIGH FIDELITY

SYSTEM

POWER AMPLIFIER

26 db. negative feedback and
an output from 2-160,000 C.p.S.
® A combination of negative
and positive feedback raises
the damping factor of the
amplifier to infinity, thereby
ensuring full control of loud-
speaker speech coil move-
ment, @ Output transformer
specially designed to meet
exacting specification of ampli-
fier © Amplifier can be
controlled from distances up
to 20 ft (6m). Cathode follower
output from remote control
unit minimises cable losses.

REMOTE CONTROL UNIT

Smooth, highly flexible controls
and facilities for record player,
tape recorder, microphone and
radio tuner inputs @® 5 types of
plug-in compensators available to
match all known types of pick-up
©® Four switched inputs and a
choice of four record replay
characteristics for U.S. COL. L.P.,
R.I.A.A. or EUR. L.P,, U.S. 78,
or EUR 78 @ Continuously
variable lift and cut controls for
bass and treble with clearly marked
level positions @ Treble filter
control gives three sharp cut-off
frequencies and an unrestricted
response position.

27

i Provost rower ampuriEr . .... HF25
‘ Proctor remore controL uniT HF25A

Pye Corporation of America,

Pye (Ireland) Ltd.,

[
Pye Radio & Television (Pty.) Ltd.,

Pye Pty. Ltd.,

270 Park Avenue, New York. Dublin, Eire. Johannesburg, South Africa. Melbourne, Australia.
Pye (New Zealand) Ltd., Pye (Canada) Lud., Pye Limited, Pye Limited,
Auckland, New Zealand. Ajax, Canada. Tucuman 829, Buenos Aires. Mexico Cizy.

PAAYRE LIMITED

o CAMBRIDGE

. ENGLAND
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Ceramics

ANOTHER BATCH OF THE FINEST
QUALITY CERAMIC INSULATORS .

A SERVICE WHICH TT HAVE DEVELOPED
AFTER YEARS OF CONTINUOUS EXHAUSTIVE
RESEARCH.

THESE TT INSULATORS PLAY AN
IMPORTANT R