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. two input signals displayed for direct compari- 
son and their characteristics accurately measured 
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 psec, 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 F.sec /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. 
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Post Deflection Acceleration gives a brighter 
display at low repetition rates. 
R. C. Probe ensures that only negligible damping 
is imposed on high impedance circuits. (This 
probe is also available to users of the Mark 1 

model.) 
Improved Triggering Circuit starts the time base 
with the minimum delay from either positive or 
negative signals of only 11V 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. Chorlton 5366. Newcastle: Electricals Ltd., Tel. 2P517. 

London: Mullard Equipment Division, Tel. CHA 8421. 

Mullard SPECIALISED ELECTRONIC EQUIPMENT 

MOLLARD LIMITED, EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, .C.2 
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Slowing Down Television 
ANTI -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 
effect on the sales of domestic sound and vision 
broadcast receivers. But, though it has had 
less publicity, the reduction in capital expendi- 
ture 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 be 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 
d__.irable for transmission 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 
exhibition 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 
activities. 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 
them 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 been 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 he 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. 

; EXPLANATION TO OUR READERS 

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

Arrangements for the present issue, which 
has had to be printed in France, were inevitably 
difficult and complicated. We offer our sincere 
apologies to those who may have been incon- 
venienced by the long delay 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 ht low) are 
exhibiting at this year's exhibition of components, valves 
and test gear organized by the Radio and Electronic 
Component Manufacturers' Federation. It will again - 
be held at Grosvenor House, Park Lane, London, W.1, 
and will be open daily from April 10th to 12th at 

A.B. Metal Products 
A.K. Fans 
Advance Components 
Aerialite 
Aero Research 
Allan Radio 
Anglo- American Vulcanized Fibre 
Antiference 
Automctic Coil Winder 
8.1. Collenders Cables 
Bakelite 
Belling and Lee 
Bird, Sydney S. 
Bray, Ceo 
British Communications and Elec- 

tronics 
British Electric Resistance 
British Moulded Plastics 
British Physical Laboratories 
Bulgin 
Butlers 
Carr Fastener 
Clarke and Co. I Manchester> 
Collaro 
Colvern 
Connollys (Blackleyl 
Cosmocord 
Creators 
Daly Condensers 
Darwins 
Dawe Instruments 
De La Rue 
Diamond H. Switches 
Dubilier 
Duratube and Wire 
Edison Swan 
Egen Electric 
Electro Acoustic Industries 
Electra-Methods 
Electronic Components 
Electronic Engineering 
Electrothermal Engineering 
English Electric 
Enthoven Solders 
Erg Industrial Corp. 
Erie Resistor 
Ever Ready 
Ferranti 
Film Industries 
Fine Wires 
Fortiphone 

10.0 a.m. It hill close at 6.0 on the 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 " 
industries, research and the Services, on aprlication to 
the R E.C.M.F., 21, Tothill Street, London, W.1. 

G.E C, 
Garrard 
Goldring 
Goodmans 
Gresham Transformers 
Guest, Keen and Nettlefolds 
Haddon Transformers 
Hallam, Sleigh and Cheston 
Hassett and Harper 
Hellermann 
Henley's 
Hunt (Capacitarsi 
Igranic 
Imhof 
Insulating 'Components and Materials 
Jackson Bros. 
J. Beam Aerials 
Labgear 
Lcngley 
Linton and Hirst 
Lion Electronic Developments 
London Electrical Mfg.Co. 
London Electric Wire Co. 
Long and Humbly 
Lustraphone 
Magnetic and Electrical Alloys 
Mallory Batteries 
Marconi Instruments 
Morrison and Catherall 
McMurdo Instrument Co. 
Measuring Instrument )'Pullin( 
Mica and Micanite Supplies 
Micanite and Insulators 
Minnesota Mining and Mfg.Co. 
Morgonite Resistors 
Mullard 
Multico re Solders 
Murex 
Mycclex and T.I M. 
Neill and Co., James 
N.S F. 

Oliver Pell Control 
Pbinton 
Pormeko 
Partridge 
Permanoid 
Plonnair 
Plessey 
Pye 
Radio Instruments 

BOOKS RECEIVED 
Colour Television Standards by Donald C. link. 

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.C.4. 

Reproducing Equipment for Fine- groove Records 
by G. V. Buckley, A.M.I.E.E., W. R. Hawkins, Grad. 
I.E.E., H. J. Houlgate, A.M.I.E.E. and J.N.B. Percy, 
M.Sc., A.M.I.Mech.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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Reliance Electrical Wire Co. 
Reproducers and Amplifiers 
Rola Cetestion 
Ross, Courtney and Co. 
S.T.C. 
Salford Electrical Instruments 
Salter, Geo. 
Sankey, Joseph 
Scott, Ceo. L. 
Simmonds Aerocessories 
Sims, F.D. 
Spoor Engineering Co. 
Stability Radio Components 
Standard Insulator Co. 
Static Condenser Co. 
Steatite and Porcelain Products 
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 Ca. 
Telephone Mfg. Co. 
Telerection 
Thermo -Plastics 
Truvox 
Tucker Eyelet Co. 
Tufnol 
United Insulator Co. 
Vactite Wire Co. 
Vitavox 
Wolter Instruments 
Wondleside Cable Works 
Wego Condenser Co. 
Welwyn Electrical Laboratories 
Westinghouse 
Weymouth Rodio Mfg. Co. 
Whiteley Electrical Radio Co. 
Wiggin and 'Co., Henry 
Wimbledon Engineering Co. 
Wingrove and Rogers 
Wireless Telephone Co. 
Wireless World and Wireless Engineer 
Woden Transformer Co. 
Wolsey Television 
Wright and Weaire 
Zenith Electric Co. 

including sound filin projectors. Pp. 176 + VII; Figs. 
109. Price 21s. George Newnes, Ltd., Southampton 
Street, London, W.C.2. 

Electrical Interference by A.P. Hall, Grad.I.E.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 corles 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 
available in this country with details of replacement 
styli and their cost. Pp. 34. Price 3s. A.C. Farnell, 
Ltd., 15 Park Place, Leeds, 1. 

WIRELESS WORLD, MARCH 1956 



RLD 
WIRELESS 
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. 

1951 1955 

Valves 1.69 2.49 
Cathode -ray tubes 1.61 1.17 
Communication and navigation gear 1.65 1.54 
Sets, components and parts of 

valves and e.r. tubes 2.97 7.89 

£7.95M 113.09M 

Amateur 7 -Mc /s Band 

AS from March 1st amateur operation in the 
40 -metre band in the U.K. is limited to 7.0- 
7.15 Mc /s. The first 100 kc /s is now exclusively 
for amateur use and the remaining 50 kc /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 Mc /s 
is kept exclusively for amateurs. If this is forth- 
coming then amateurs will have gained consider- 
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Organizational, Personal and 
Industrial Notes 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 
Armstrong 
Collaro 
Cosmocord 
Decca 
E.M.I. 
Garrards 
G.E.C. 
Goldring 
Goodmans 
Grampian 
GramophoneRecordReview 
Grundig 
H.M.V. 
Leak 
Lowther 
Lustraphone 
M.S.S. Recording 
Mullard 
Pamphonic 
Philips 

Plessey 
Pye 
Record News 
Reslosound 
Rogers Devlopment 
Rola Celestion 
R.C.A. Photophone 
Simon 
Specto 
Sugden 
Tannoy 
The Gramophone 
Thermionic 
Trix 
Truvox 
Vitavox 
Wharfedale 
Whiteley 
Wireless World and 
Wireless Engineer 
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 stili 
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 thw 
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 Mc /s) with 
vertical polarization. 
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PERSONALITIES 
Professor G.W.O. Howe, D.Sc., LL.D., M.I.E.E., 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 I.E.E. 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 Electrical 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 I.E.E. " 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 communication 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. Burrell 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, continue to be available to E.M.I. for he 
has been appointed group -recording technical liaiso' 
officer and will cover all technical matters common 
to E.M.I. 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 E.M.I. in 1927. 

L. C. leaky, B.S ., M.I.E.E , chief cf the Te'evi =ion 
Research Group at the Marconi Research Laboratories, 
has been elected a Fellow of the American Institute of 
Radio Engineers for his "leadership and pers3nal . 
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. ,testy 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. 

rr )°. G. \V. O. ttO\\-I 
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E. J. EMERY D. 11. FISHER 

E. J. Emery, M.Brit.I.R.E., managing director of 
E.M.I. Sales and Service Limited, has been appointed 
a director on the main board 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 E.M.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 be?n 
responsible for the design and production engineering of 
television receivers, he was for three years with E.M.I. 
Engineering Development working on defence projects 
and television development. 

Dr. Harry F. O1roa, the well -known American and r, 
engineer who is director of the Acoustical and Electro- 
mechanical Research Laboratory of RCA Laboratories. 
Princeton, New Jersey, has received an award from the 
Engineers' Club of Philadelphia for his invent:on 
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 adviser in the signals 
directorate at the War Office, who was appointed O.B.E. 
He was seconded to the War Office from the G.P.O. 

D. P. B. Heave, B.Sc. (Eng.), M.I.E.E., who has been 
wit'i 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 Radia 
laboratories and technical staff since the formation of 
the company in 1932. 

After five years with the English Electric Company 
as chief television engineer, D. W. Heightman, M. Brit. 
I.R.E., has resigned to join Radio Rentals Limited as 
chief engineer to the group. Prior to joining English 
Electric, he was on the board of Denco (Clacton) 
Limited which he formed in 1938. Mr. Heightman, who 
has from time to time contributed articles on propagation 
to Wireless P/orld, was in 1951 awarded the Cler..- 
Maxwell premium by the Brit. I.R.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 Lnperial College, both 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., A.M.I.E.E., and John 
H. Westcott, B.Sc.. Ph.D., A.M.I.E.E. Dr. Lamb, who 
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 t. 

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. J. 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 
i,ola. \Ir. Tyrrell will continue to control design and 
manufacture and Mr. Page the sales organization. 

E. H. Cooke -Yarborough, A.M.I.E.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.E.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. Ven de Velde, wbo 
relinquished his position as 
-enior executive of the 
Marconi International 
Marine Communication 
Co. last autumn, but was 
retained as a consultant, 
died in January whilst on 
a tour of the company'.? 
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 
wire'ess officer to the Can- 
adian Air Force. In 
1919 he joined Marconi's. 
of which he became gene- 
ral manager in 1935. A 
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year later he was also appointed managing director of 
Marconi Marine. As president of the International 
Maritime Radio Committee (C I.R.M.) he was well 
known in international circ'es as well as in this country, 
as was evidenced by the large congregation at the 
memorial service in Chelmsford cathedral. 

Dr. Greenleaf 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 purchase 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 
receivers and radiogramophones. 

I.T.A. Yorkshire.- The P.M.G. has announced that 
the I.T,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 clear 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.I.R.- 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 to 
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 to 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 I.E.E. It will be held at the Institution 
front 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 I.E.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 front 

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.I. for the 
concert. 

The now well -known test card of G9AED has been 
radiated by Belling and Lee from the site of the 
Lancashire I.T.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 Br 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 (Br) 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 total of 
14,248,380. The increase in the number of television 
licences in the United Kingdom during the past ten 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 Française 
des Ingénieurs Techniciens du Vide, it will be held at 
the Conservatoire National des Arts et Métiers, 292, rue 
Saint -Martin, Paris -III'. 

C.I.R.M. 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 the 
manufacturing side of the Solartron Group. 

At an exhibition of instruments staged at the Hotel 
Russell, London. by the Solartraa 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 U.K. 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 giv, n 
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 

IT 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 the 
earthed -emitter connection have the form sketched in 
Fig. 1, in which is also shown a load line through the 
operating point V,I,. The load line joins the two points 
E, and I and represents a resistance of value R,, = E; /I. 
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 he swung from V, to zero on the one hand and to 
E, on the other. In doing this, the current swings from 
1,. 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 Rr, = E, /I = 2V,./21,. = 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,I /8 = 4V,I,,8 = V,l,. /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 negatie 
feedback at d.c. to avoid all possibility of trouble, 
especially in an output stage. It is often desirable, 
particularly in experimental equipment, to inclu.]e 
sufficient resistance in circuit to prevent any possibility 
of the ratings being exceeded. 

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

of the transistor. This means that the resistance 
included must not he less than 

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 same. 
Therefore, the d.c. resistance should not be 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 
V, = E, - I,R; that is, the collector voltage is the 
supply voltage minus the voltage drop in the resistance. 
So P, = I,E, - I,2R. 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 
I',.,, = E,2 /4R. 

\Ve 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,2 /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 0072 transistor for which 
P,,, = 45 mW, V,,, = 13 V and 1,.,, = 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 = 11851. To avoid power over- 
load, the included resistance must not be under 
169/0.18 = 935 Q. If operation is to be at 13 V, 
therefore, the 935 -0 value must be adopted. 

In such a case, the mean voltage would be 6.5 V on 
the collector and the current 45/6.5 = 6.92 mA, and 
the peak current would be 13.84 mA. The optimum 
load would be 6.5/6.92 = 0.935 kJ>. 

If the battery were reduced to 3 V_, the safety 
resistances would become 3/0.11 = 27.2 S2 to prevent 
current overload and 9/0.18 = 50 52 to prevent power 
overload. The operating voltage is 1.5 V and the current 
is 30 mA and the required load is 50 OE 

If the battery is reduced further to 1.5 V, the safety 
resistance for current overload drops to 13.6 S2 and for 
power overload to 2.25/0.18 = 12.5 S2. 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 -52 resistor, the operating voltage will be 0.75 V 

and the current 55 mA, so the dissipation will be only 
41.2 mW and the output power will be proportionately 
reduced. The optimum load will be 13.5 [L 

Fig. I. Typical transistor characteristics. 
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Left: - Fig. Earthed -base transistor with safely 
resistance in the collector circuit. 
Right : - Fig. 3. Here the safety resistance is in the 
emitter circuit. 

It is interesting to notice how the optimum load varies 
with the battery voltage. It changes from 13.6 S2 at 
1.5 V to 935 L2 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 i2 
out of a total of 140 S2 required and so it was necessary 
to add only 90 E2. 

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 iispensed 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, one can design the 
collector- emitter circuit with reasonable accuracy for 
many applications. 

Having got so far, the feed resistor for the base must 
he 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 E0R2. 

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 R2. 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 the sum of the 
base and collector currents and so the value of the 
resistor could be reduced slightly. The hase 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 û and R_ = 9 kû and a collector load having 
a d.c. resistance of 50 O. With an 0072 transistor and 
E, = 4.4 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 R2 would be 3.32 V, making 
the base current 3.32/9 = 0.37 mA. 
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Left: - Fig. 4. Early stage transistor circuit with base - 
feed resistance connected to the collector. 
Right:- Fig. 5. Circuit of Fig. 4 modified to prevent 
a.c. feedback. 

Fig. G. Circuit of Fig. 5 with input resistance of 
following istage. 

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 4.4 V, the input power is 
52.8 mW. The loss in the resistance is 0.14 X 0.0122 
= 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 be 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 
0071, the coupling resistance R, can often be about 
10 kû. 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 kû 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, R1 turned out to be 350 kû. 

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 kit it causes 
little loss of amplification but, when it is small, it may 
be necessary to decouple as shown in Fig. 5. Here R5 
is divided into two parts with a decoupling capacitor 
C,; 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, = 4.4 V, R, = 4.7 kf2, for which I, 

0.47 mA. The proper value for R,, turned out to he 
47 kû and this was split as R, = 22 1(0, R, = 25 kf2 

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 p,,, 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 21,1 all in parallel, say Rn,. The peak 
transistor current is equal to the mean current and is 

say. The voltage across the load is i,RL and so 
the input current to the transistor is i,,, 
We must have, therefore 

i,: = in, p,,, /R,, 

Let the combined value of R R,, and p,,, be R' so 
R, = R,R' /(R,, -{- R'), then 

is = i,,, p, (R, -}- R') /R,R' 
We have also i, = E, /2R, and from these two equa. 

tions we can find R,. It is 
E, 

R,; = R' E 1 

2 i,, P' n 

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, = 4.4 V, i,,, = 0.3 mA, p,,, = 3 k[I, R,, = 9 kS2 
and R, = 22 k53, what is the proper value of R. and 
what must be the transistor current in Fig. 6? 

R' comprises 3, 9 and 22 k52 in parallel and so is 
2.05 kS2. Then 

4.4 
R, = 2.05 1 1 = 2.94kí2 

2X0.3X3 
Therefore i, = 4.4/5.88 = 0.75 mA. 

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

I.T.A. Midlands Stalle 
REGULAR programme transmissions began on 17th 
February from the new I.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 ere.lit goes t.. 
the main contractors for the mast and aerial i \lareoni's 

fireless 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 

Ceps tal drive, pulse and waoefOrin generating units of 
the Midlands I.T.A . ttansmitier being sel up by Pye 
engineers. 

the 5 kW modulated driver stages with an el!, t is, 
radiated power of 60 kW from the high -gain aerial. 
When the 20 kW final amplifier has completed its trial 
period the power will he increased to 200 kW (e.r.p.) 
which will make the I.T.A. Midlands station one of the 
most powerful Band III transmitters in the world. 

The low profile of the station buildings contrasts with 
the 450 -ft aerial mast of the 1.T.A. s lotion at hints, 
Stags. 
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Front view of the complete receiver, showing the setting- 
up controls on the small panel. Ths cabinet is small 
enough to po through an average living -room door. 

Fig. 1. Block schematic of the complete receiver, with 
black blocks indicating the circuits concerned with 
chrominance information: 
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Experimental 
By H. A. FAIRHURST * 

WHEN 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, a3 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 2.6573125 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-ma3k 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 and 
to a lesser degree the three -tube projection 

method, rather too cumbersome. There was like- 
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- 

_? Murphy Radio. This article is based on a lecture given 
recently by the author to the Television Society. 

+ "Experimental Colour Television ", Journal of the 
Television Society, April -June, 1954. 
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Colour Receiver 
DESIGNED FOR RECEIVING " BRITISH N.T.S.C." TEST TRANSMISSIONS 

mission without faults which could be avoided b5 
the use of the best monochrome technique. Thu.; 
the basic design included vision a.g.c., flywheel 
line synchronisation and sufficient sensitivity to 
enable the colour signalls to be viewed under 
fringe conditions. 

It is beyond the scope of this article to go in... 
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 relate 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 bands.t 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 li'i 
timebase. A.G.C. is provided for both sound ami 
vision, and up to this point one might say that 
the receiver is very like a (le 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, it will be seen that in the chro- 
minance amplifier a certain amount of chro- 
minance information has been deliberately 
sacrificed in order to obtain greater stability of 
operation and freedom from drift of colour 
values during a programme. It could be argued 
that in an experimental 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 be used in the 

t "Colour Television Standards ", Wireless World, 
August, 1955. 
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In /4:.s inferior view of the receiver !I, d.lt'j -:iac ruble 
in Fig. 2 (next page ran be seen urranyed in a roil. 

laboratory but often 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 I. F. Amplifier 

Dismissing the tuner and sound receiver as 
being normal and commencing with the vision 
i.f. 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 iustice 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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Fig. 2. Vision and sound receiving circuits, showing where the sound and chrominance signals are taken off 
and also the arrangement of the "bifllar -T" traps in the vision channel. 

amplify these frequencies without serious atten- 
uation. 

At the same time the sound carrier must he 
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 only 
0.84 Mc /s, a relatively low frequency, it is much 
more visible than the normal sound carrier is on 
the brightness channel. Hence the attenuation 
required in the vision i.f. 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 Mc is 
through the i.f. amplifier is the requirement that 
nothing goes wrong with the phase of the signal 
over the band occupied by 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 thte 
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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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 required 
amount of phase correction, and so the i.f. 

Fig. 1. The ehro- 
mivanre am, pli /lev 
and ehrontinance 
demodulators. 

FROM DETECTOR -s--1 I 

FROM 

CHROM A.G.C. 

AND 
COLOUR KILLER 

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 sub- 
earner 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. 

B-Y 

+HT. 

+HT. 

TO 
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Fig. .5. The burst gale 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 
greater receiver stability can be obtained by the 
deliberate sacrifice of colour bandwidth. 

At the transmitter the red. green and blue 
signals from the camera (R, G and B) are trans- 
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 " I 

and " Q ", shifted in phase by 33° from the 
originals. This transformation of the signal ;s 
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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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 
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 into 
the question, which has been dealt 
with very thoroughly in the litera- 
ture,** it can now be seen that 
because of thi's 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 i 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 wrss 
therefore to decide between demodulation along 
the " I " 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 Iii - 

route followed, and it will be seen from the cir- 
cuit diagram that the demodulation is extreme , 

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 ;n 
principle to do this is to apply the Y signal 11 
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 necessary. 
with their possibilities of drift in gain during a 
programme - drifts which would have to 5e 
kept down to a very low level. 

Chrominance AmplifiSr 
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 

(Continued on p. 117.) 

** G.G. Gouriet. "An Introduction to Colour Tele- 
vision", Norman Price Publications. Also "Trans- 
mitting Colour Infornmation ", 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 oscillatiot, 
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 
colour receiver is a reference 
oscillator synchronising cir- 
cuit. Here there is a large 
fund of published work to be 
drawn upon 1- 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, i.e. the colour burst 
consists of only 9 cycles of 
2.6578125 Mc /s once every 
line and none during the frame 
pulse. Also it must be re- 
membered that if the reference 
oscillator changes phase by 

tt Proc. I.R.E. Convention Record 
Part 4, pp. 3 -17, Jan., 1954. 2nd. 
Colour .Issue, pp. 106 -133. 
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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 use 
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.f.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 
to 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 + 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 

* ** Proc. I.R.E. 2nd Colour Issue, pp. 106 -133 and 
288 -299. 
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Fig. G. The reference oscillator is formed by the pentode section of the PCFSU 
while the controlling reactance valve is the triode part. On the right are circuits 
giving three outputs with plusse displacements suitable for the chrominance 
demodulators. 
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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 to 
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 colour 
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 he 
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 i.f. 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 
5.2 Mc /s is effected in a double triode. The cascode- 
pentode amplifier and triode mixer are followed by tvvo 
5.2 -Mc /s i.f. stages and together they provide a high 
i.f. amplification at a low noise level. This portion of 
the receiver can he used independently if required and 

Eddystone 150 -500.1íc /s communications receiver, Model 
7701'. 
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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 latter using a Foster -Seeley discriminator and the 
former a crystal diode. The circuit includes an a.nl. 
noise -limiter, "S" meter, two a.f. amplifiers and a small 
output pentode (6AM5) with negative feedback. The 
output transformer is tapped for 2.5 -ü and 600 -û output 
loads. The h.t. for all oscillators and the r.f. 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 10µV 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 161 X 15 X Kin, the weight is 60 lb and 
the price is between £250 and £300. The makers aro 
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 he 
interested in the "Novosonic" high -quality installation 
recently introduced by Philips. It comprises a special 
record- changer, a 15 -watt amplifier and a three -unit 
loudspeaker system. 
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.4 visual lone control indicator in the form of a variable 
response curve is incorporated in the ÁG9000 amplifier, 
which forms part of the Philips "Novosoi ie" sonml 
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, 
12) "constant velocity", (3) "presence", in which 
reduced bass and a lift in the region of 4 kc/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 centre, 
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 c /s, can be disposed at will 

to make the best use of the acoustic qualities of the 

listening room. 
The complete installation costs £184 16s line. 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) 
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on mechum and fixed tuning (1500 metres) for the long - 

wave Light Programme. 
The circuit employs eight transistors and the se- 

quence is as fo'lows: frequency changer, oscillator, two 

i.f. stages (315 kc /s) with a.g.c. on the first, detector. 
driver and two power output transistors in Class B push - 

pull. Total consumption is 35mA at 6V (from four 112 

cells+. A ferrite rod aerial is used for radio pick -up 

and the loudspeaker is a 6M X 4M 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 180 In, 185 to 550 m and 1,200 to 

2,000 m. Provision is macle 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 superbets. 

The makers are Pilot Radio, Ltd., Park Royal Road, 

London, N.W.10. 

Versatile Pickup Arm 
AN improved version of the 13.J. pickup arm, to be 

known as the "Super 90 ". has been developed by 

.J,ija.stable couolerun'ights and calibrated pedestal slide 
in the B.J. "Super 90" pickup arm. 

Borne -Jones and Company Limited, Magnum House, 

Borough High Street, London, S.E.1. 
In reviewing the original model (IV.IE'. 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 pedestal, which 
must 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 

6146(a) should be reversed i.e. cathode joined to the 

anode of the EF37 integrator valve. 

119 



LOW MiGH 

YOLUME BASS lA£BtY 

4 
1 6 

R 
1 

% 1 
4 ! 

3 ,£ 8, i2 2. d2 

-03- k:.. -33_ . -3 
A 

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. .t. Complete circuit diagram of amplifier. External hoards on the Wearite Type ell " Tapedeck". 

IVIAGNETIC 

Control panel showing level indi- 
cator, main switch, pilot lamp. 
high and low -level inputs and the 
volante and tone controlo. 

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 portability. 
Throughout the development work something 

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 

connections are marked to correspond with the terminal 

]2C 
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TAPE AMPLIFIER B 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, notably 
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 Wright & Weaire Type 
977, and any possibility of reflected resonances 
is damped by R1,,, R3, 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.) Rt ensures that Tl is properly loaded at 
all frequencies. The output from T1 is taken 
to the grid of VI via input 1, which automati- 
cally disconnects T1 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 C5, R. shunted 
by C7, R7, 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 C7, R7 should 
not be in use on "Record," but it will be found 
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Resistors 

R, 
R. 
R, 
R, 
R, 
Ra 
R, 
R8 

R 
R, 
R,, 
R 
R,,, 
R,, 
R1 
R, 
R 
R,N 

R,,, 

R_ro R 
R. 

R_, 

R_5 
R, 
R.; 
Rze 
Roo 

Roo 

R, 
R22 

R 
R 
Ra R 
Roo 

R, 
R4 
R4, 

100 ka2. high -stability 5% 
1 M<_2, high -stability 5% 
100 kSl 
470 kû 
1 kS2, high -stability 10% 
47 kS2 
100 ki.2 
47 k52 
2.2 kS2, high -stability 10% 
250 kS2, high -stability 5% 
1.5 MS2, high -stability 10% 
250 kt1 
33 kû2 
1 MS1 
2.2 kS2 
4752 
100 kt2 -87142 (See text) 
100 k02 (See text) 
47 kQ 
15052 
47 S2 
4.7 kt2 
47 52 
4.7 kû 
680 kS2 
680 k52 
47 kL2 
47 k52 
1 kS2, 3 watt 
33 kS2 
220 f2 

47 kS2 Il S2 or 100 k 

l 47 k52 wire -wound pot. 
10 MS2 
100 k52 
100 k52 
500 52, 10 watt 
4.7 kI2, 2 watt 
130 S2, 4 watt 
1 kI2 
15 0, 10 watt 

LIST OF COMPONENTS 

R,_ 1 kI2 
R,,, 47 kS2 
All resistors watt, 20% 
except where otherwise stated. 

Capacitors 

C, 

C2 

C 
C, 
Cs 
C 
C, 
Ce 

C 

C 
C,;, 

C14 

C 
C,,, 

C,e 
C,,, 

C,,, 
C,, 
C.... 

C 
C.,., 

C25 

Ce 
C; 

C_ 
C, 
Co 
C, 
C, 
C, 
C5, 
C,., 
C3G 

C; 

3000 pF 
50 µF 
0.05 1tF 
0.05 ttF 
500 pF 
16 µF 
3000 pF 
25µF 
0.05 ttF 
0.05 µF 
500 pF 
3000 pF 
1000 pF 
0.01 ttF 
50 ttF 
500 pF 
16 µF 
220 pF (see 
0.05µF 
0.05 µF 
16 µF 
5000 pF 
5000 pF 
25 pf 
0.25 pF 
1000 pF 
16 µF 
0.25 µF 
16 µF 
0.05 µF 
3000 pF 
0.1 µF 
5000 pF 
0.05 µF 
5000 pF 
0.05 (IF 
1000 pF 

text) 

Co, 50 µF 
C 50 µF 
Potentiometers 
Pl 500 kI2, log. 
P2 2 MS2, log. 
P3 2 MS2, log. 
P4 1 MS2, linear 
P5 10 k52, wire -wound, linear 
P6 100 kf2, log. 

Valves 
V1 EF86 
V2 EF86 
V3 ECC83 
V4 EL84 
V5 EL84 
V6 EL90 or EL34 
V7 ECC83 or ECC35 
V8 EZ81 

Transformers and Coils 
Tl: Wright and Weaire, Type 

977. 
T2: Output transformer; Pri. 

7.600 (_2 anode -to- anode; 
Sec. 1, 15 S2; Sec. 2 as 
required. (Wynall Trans- 
formers Ltd., Retreat 
Road, Richmond, Surrey. 
Type WG1536 or Type 
WÁ219.) 

T3: Wright and Weaire, Type 
579. 

T4: Maine transformer. Pri. 
(as required), screened; 
Secs. 310 -0- 310 V, 
120 mA; 6.3 V, 3A 
centre -tapped; 0 - 5 - 
6.3 V, 21A. 

Meter 

0 - 1 mA scaled 0 - 10, with 
overload mark at 7'. (Sifam, 
Type M202). 
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