
EDITORIAL COMMENT 

TRUER THAN THE TRUTH 
As is shown in the article " Seeing and Hearing" in this issue, the mere 
avoidance of distortion, hitherto one of the main objects of the com­
munications engineer, is by no means the end of the story. As Dr. 
Colin Cherry, the author, points out, the classical and mechanistic 
approach to the problem often ignores the real purpose of a communi­
cation system, which is to transmit information from person to person. 
Human beings cannot be modified to fit them into a communications 
chain; obviously the alternative is to modify the characteristics of the 
chain to suit their psychological needs. 

The idea that art (which may be crudely defined as faking) can 
improve on nature (represented by fidelity of the transmitted signal) 
is not new. Long before the days of "hi-fi" Rudolf Pfenniger 
produced " caricature " sound effects which certainly succeeded in 
evoking the desired reactions in the listener's mind much more effec­
tively than the most perfectly reproduced natural sounds. A good 
caricature is often truer than the truth. Corresponding improvements 
are possible in the visual transmission of information. For example, 
F. H. Brittain recently showed at an I.E.E. discussion meeting that a 
desired piece of information could be much more efficiently conveyed 
by a sketch in a few bold lines than by a highly detailed photograph. 
The sketch could have been transmitted recognizably by the Baird 
30-line television system with a bandwidth of a few kcjs; the photo­
graph, with all its redundant information, would need many Me f s. 

ELECTRONICS UP TO DATE 
Ordinary English words sometimes change their meanings drastically, 
but usually such changes take many years-even centuries. The tech­
nical terms with which Wireless World and its readers are concerned 
may change much more rapidly. It now seems that the meaning of 
the word" electronics" is undergoing one of those quick changes. 

A year or two ago, everything was simple enough. Among the less 
pedantic practitioners of the art, electronics was defined roughly as 
'' radio-like techniques and devices, especially valves, applied to non­
communication purposes." In more academic circles the accepted 
definition was the one originally put forward by the American Insti­
tute of Electrical Engineers and recently given world-wide currency in 
revised form in the 1956 International Electrotechnical Vocabulary : 
" That branch of science and technology which deals with the conduc­
tion of electricity in a vacuum, a gas and in semi-conductors, and with 
the utilization of devices based on tliese phenomena." According to 
that definition radio technology should rationally have been regarded as 
merely a branch of electronics, but there was a widespread conspiracy 
-or tacit understanding-to keep the two apart. 

The sharp distinction commonly drawn between "radio " and 
" electronics," irrational though it was, may have served a useful pur­
pose in the days when electronic devices for non-communication pur­
poses were novelties. Now, most components and many techniques 
are freely interchangeable between the communications and non-com­
munication branches of electronics; many of the practitioners are 
equally at home in either. 
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Transistors • IR Television 
POINTERS AT THE TELEVISION SOCIETY'S EXHIBITION 

THE .ultimate aim of a transistorized television set gives either a plain video signal (of 7 V peak-to-peak 
does not seem quite so remote, now that radio- maximum) or a video-modulated r.f. carrier (of 
frequency and power transistors are coming on to 50 mV r.m.s.) at a frequency of 56.75 Mcjs (Channel 
the market-though it will be some time before the 3). The r.f. carrier is produced in a section contain­
necessary types for amplification at v.h.f. become ing two transistors with alpha cut-off frequencies of 
available. Some evidence of progress in this direc- at least 30 Mcjs, and is crystal-controlled to maintain 
tion was to be seen at the recent Television Society's frequency stability. The remaining 39 transistors 
exhibition held in London. G.E.C., for example, are divided between 21 types with an /coo of 500kc/s 
were showing an experimental television receiver in and 18 types with an f coo of 5 Mcjs. The actual 
which both the line and frame timebase oscillators pattern produced by the generator is a black-on­
were transistorized and also the respective sync white graticule, plus the normal synchronizing wave­
separators. Moreover, a power transistor was used form. It has a fixed number of horizontal bars, 
for the frame output stage. while the number of vertical bars can be varied. 

Fig. 1 shows the transistorized part of the circuit. As can be seen from Fig. 2 the construction takes 
V1 is the line sync separator and V2 the frame sync full advantage of the smallness of the transistors by 
separator and clipper, both of these transistors being using a number of printed circuit panels, which can 
experimental p-n-p types. The line timebase, V3, be removed individually for servicing. The first 
is an n-p-n transistor arranged in a blocking oscilla- panel carries a master video oscillator and mains 
tor circuit. It gives a positive-going sawtooth wave- locking circuit, the second a frequency divider chain, 
form of about 45 V peak-to-peak which is used to the third the sync waveform generators, while the 
drive the thermionic-valve line output stage. The fourth produces the complete video signal and the 
frame timebase, V4, is also a blocking oscillator cir-.-. fifth generates the modulated r.f. signal. Power is 
cuit, and it drives the frame output stage V6 through supplied by 13.5-V dry batteries and the total con­
a buffer amplifier· V5-all these transistors being sumption is only 650 mW. The weight of the 
experimental p-n-p types. With a supply tension instrument, including batteries, is 4t lb. 
of 30 V, the total consumption of the transistorized The other transistorized test instrument on show 
section is approximately 160 rnA. was a wobbulator, giving an r.f. output of 0.1 V in 

Although no transistors are available in this the television i.f. range of 31-41 Mcjs. Developed 
country for amplification at v.h.f., at least some by Philco, it uses the well-known surface-barrier 
appear to · be working satisfactorily as oscillators at transistor for the r.f. oscillator (actually a Hartley 
these frequencies-as was evident from two pieces circuit). The frequency of the oscillator is swept 
of experimental test gear at the Show. The Ferguson through the required range by a triangular waveform, 
transistorized pattern generator illustrated in Fig. 2 which varies the permeability of a ferrite rod core 
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Fig. I. Transistorized section of te/evison receiver shown by G.E..C. Note the use of an n-p-n transisto·r for V3 
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Fig. 2. Five printed-circuit boards are used in the 
Ferguson transistorized pattern generator, which measures 
only 7tin x x 4!in 

in the oscillator coil. A multivibrator u sing two 
OC71 transistors provides the basic waveform for 
synchronizing the external oscilloscope and the tri­
angular waveform generator (which also has two 
OC71s). T he sweep waveform is then amplified in 
a push-pull stage using two OC72s, which feeds an 
energizing coil wound on the ferrite rod. This par­
ticular unit works from a 4.5-V torch battery, draw­
ing a total current of 110 rnA. 

Another test instrument, but for testing the tran­
sistors themselves, was shown by Mullard. This 
enables measurements of rx and l eo to be made and 
gives an indication of collector turnover voltage over 
wide ranges of collector current and voltage. Details 
have already been given in our February, 1957, issue, 
page 80. 

A good many of the operations performed in tele­
vision circuits are essentially switching operations, 
and Ediswan were demonstrating the typical 
behaviour of the transistor in this type of work (for 
which it was originally developed, of course). By 
means of a · pulse generator, an oscilloscope and 
several transistors of different cut-off frequencies, it 
was shown that the ultimate transient response 
depends on f co: and on the magnitude and direction 
of the current input. Storage of current carriers in the 
base region limits the speed at which a transistor 
switching circuit can be turned off, and if the tran­
sistor is driven into collector-current saturation in 
order to improve the rise time, this delay in turn­
ing off is prolonged. Best results were, of course, 
obtained with an r.f. transistor of high cut-off 
frequency. 

A bibliography, covering published and some unpub.., 
lished material, on printed circuits and allied techniques 
has been issued by the Television Society. It contains 
468 references-classified and cross referenced-with 
an author index. The Society has also issued a second 
supplement to the bibliography of colour television 
published in 1954. It covers material published up to 
last August. Both bibliographies were prepared by Mrs. 
K. Bourton, Librarian at Ultra Electric, and cost 2s 6d 
each. 
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AUDIO rAIR 
List of Exhibitors 

WITH one or two exceptions all the exhibitors (see 
below) at the Audio Fair (April 12th-15th) will have 
demonstration rooms as well as stands in the main hall 
of the Waldorf Hotel, Aldwych, London, W.C.2. The 
Fair is open daily from 11 to 9. 

Tickets for individual days are available from the 
editorial office of Wireless World. Applications must be 
accompanied by a stamped addressed envelope. 

Acoustical 
Armstrong 
Beam-Echo 
Brenell Engineering 
Champion 
Chapman (Reproducers) 
Collaro 
Cosmocord 
Decca 
Dulci 
D ynatron 
E.M.I. 
Electric Audio Reproducers 
G .E.C. 
G arrard 
Goldring 
G oodmans 
Gramophone R ecord Review 
Grampian 
Grundig 
H.M.V. 
Hi-Fi News 
Leak, H. J. 
Lowther 
L ustra phone 
M.S .S. 

Mullard 
Pam phonic 
Pilot 
Philips 
Plessey 
Pye 
R.C.A. Gt. Britain 
R.G.D. 
Reslosound 
Rogers Development 
Rola Celestion 
Simon 
Sound Sales 
Specto 
Sugden 
T anney 
The Gramophone 
Trix Electrical 
Thermionic Products 
Truvox 
Vita vox 
Vortexion 
Wharfedale 

Wireless World 
Wright and Weaire 

Awal'ds to Technical Wl'ilel's 
AS reported in last month's issue, the Radio Industry 
Council has awarded five 25-guinea technical writing 
premiums for 1956. The scheme, which is to be con­
tinued for the present year, aims at encouraging 
members of the industry and others to write more freely 
about their work; it is described in a leaflet obtainable 
from the Council. The 1956 premiums were presented 
at a luncheon in London on March 14th. In the photo­
graph, F. S. Mockford (Chairman, Radio Communica­
tion and Electronic Engineering Association) is seen 
presenting premiums to F. H. Brittain (centre) and 
D. M. Leakey (left). 

Working in collaboration, they wrote the article 
" Two-Channel Stereophonic Sound Systems," pub­
lished in Wireless World for May and July, 1956. Both 
authors are in the General Electric Company's Research 
Laboratories at Wembley. 
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WORILD OF 
WIRELESS 

Components Progress 
A SIX-FOLD increase in the production of com­
ponents during the past ten years is recorded in the 
24th annual report of the Radio and Electronic 
Component Manufacturers' Federation. During the 
same period the volume of exports has increased 
over seven times and the value considerably more. 
The demand for components by the domestic 
receiver industry, which at one time during the 
period absorbed about 60%, has gradually decreased. 
It now takes only 40% of the output. 

Although, as will be seen from the table, the 
domestic receiver field still absorbs more components 
than any other section of the industry, the value of 
those used in capital equipment is higher. 

1 
____________ 

1 
__ v_a_lu_e_(_£_M_) I Quantity (M) 

Domestic receivers .. . 21.5 600 
Capital equipment ... 25.0 450 
Direct exports ... 16.0 275 
Sound reproducing gear 6.0 100 
Retail sales 10.5 
Other 2.0 } 75 

81.0 1,500 

The 1956/57 report, which opens with a lengthy 
review of the country's industrial position in general 
and the radio industry in particufar, provides a very 
full survey of trends-both technical and economic 
-in the components industry. 

The Federation, which has so successfully organ­
ized its own exhibition during the past years, stresses 
that the question of exhibition policy is one for the 
whole industry-" there is no exhibition at present 
which is representative of the industry as a whole." 
Although during the current year there will be at 
least t.en shows representing various interests in 
the radio and electronics field "not one major exhi­
bition, can justifiably be regarded as demonstrating 
the full magnitude, or as upholding the true prestige, 
of the industry." 

Oscillator Radiation Limits 
AN improved method of measuring oscillator radia­
tion from television and v.h.f. sound receivers, 
evolved by the International Electrotechnical Com­
mission, has been adopted by B.R.E.M.A. in place 
of: the method put forward in 1954. At the same 
time the , permi'ssible limits of radiation in micro­
volts/metre have been reviewed and new recom­
mendations have been made for frequencies between 
30 and 250 Mcjs. 

The total free-space radiation is measured at 3 
metres by a comparatively simple procedure, using 
apparatus which can, for example, be set up on a 
flat roof. The method and the limits (which are also 
applicable to radiation at i.f. harmonic frequencies) 
will probably be incorporated in a revised version of 
BS905 due out later this year. Meanwhile, details 
can be obtained from B.R.E.M.A. at 59, Russell 
Square, London, W.C.l. 
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Organizational, Personal and 

Industrial Notes and News 

Servicing Technicians' Association? 
WHEN the Radio Trades Examination Board was 
formed in 1942 the stated aim was "the promotion 
of ahigh standard of skill'and efficiency in the tech­
nique and work of persons employed or otherwise 
engaged as radio mechanics, technicians and trades­
men in the radio and allied trades." Having estab­
lished a sound basis for the certification of 
technicians and craftsmen in the domestic sound 
and television field, the Board has considered the 
desirability of extending its work into "the growing 
field of electronic application." 

Suggestions have been made that the Board, which 
comprises representatives of the R.I.C., Brit.I.R.E., 
R. T.R.A., and Scottish Radio Retailers' Associa­
tion, might encourage the formation of an associa­
tion to provide, if required, the means of introducing 
candidates to prospective employers and to arrange 
meetings to enable successful candidates to keep 
abreast of new techniques in servicing and main­
tenance. The possibilities are, in fact, being 
examined. 

International Recording Contest 
TWO entries from England won awards in the 
recent Fifth International Recording Contest for the/ 
best amateur sound recording judged in Paris. 
G. Holmes Tolley, of Evesham, Worcs., won the 
first prize of 250 Swiss francs (presented by Radio 
Basle, Switzerland) in the Actuality Category with 
his recording of a Rumanian Folk Dance. The 
recording was made during the 1956 Annual Festival 
of Dancing at Stratford-on-Avon. The equipment 
used was an E.M.I. midget battery-operated tape 
recorder with a Lustraphone baton-type moving­
coil microphone. The second award ,for a U.K. 
entry was in the same category and was won by 
Leslie Murray. 

Over 400 entries were received, of which 115 
were from France, with other entries from Denmark, 
Belgium, Germany, Spain, Austria, Chile, Holland 
and a few from Great Britain. Until last year's 
contest no entries at all had been received from 
amateur recordists in this country. 

"Trader Year Book" 
CONDENSED specifications of over 250 current 
commercial television receivers and all the 1956/7 
sound receivers, lists of television and sound i.fs, 
diagrams of base connections of over 300 valves, 
and directories of trade names and addresses are 
among the features included in the 1957 edition of 
the " Wireless and Electrical Trader Year Book." 
The value of the Year Book, which is now estab­
lished as the vade mecum of the radio engineer, tech­
nician and trader, has been considerably increased 
by separating the radio matter from the electrical 
information. It costs 12s 6d. 
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Servicing Technicians'' Association ? 
WHEN the Radio Trades Examination Board was 
formed in 1942 the stated aim was "the promotion 
of a high standard of skill and efficiency in the tech- 
nique and work of persons employed or otherwise 
engaged as radio mechanics, technicians and trades- 
men in the radio and allied trades." Having estab- 
lished a sound basis for the certification of 
technicians and craftsmen in the domestic sound 
and television field, the Board has considered the 
desirability of extending its work into " the growing 
field of electronic application." 

Suggestions have been made that the Board, which 
comprises representatives of the R.I.C., Brit.LR.E., 
R.T.R.A., and Scottish Radio Retailers' Associa- 
tion, might encourage the formation of an associa- 
tion to provide, if required, the means of introducing 
candidates to prospective employers and to arrange 
meetings to enable successful candidates to keep 
abreast of new techniques in servicing and main- 
tenance. The possibilities are, in fact, being 
examined. 

International Recording Contest 
TWO entries from England won awards in the 
recent Fifth International Recording Contest for the 
best amateur sound recording judged in Paris. 
G. Holmes Tolley, of Evesham, Worcs., won the 
first prize of 250 Swiss francs (presented by Radio 
Basle, Switzerland) in the Actuality Category with 
his recording of a Rumanian Folk Dance. The 
recording was made during the 1956 Annual Festival 
of Dancing at Stratford-on-Avon. The equipment 
used was an E.M.I, midget battery-operated tape 
recorder with a Lustraphone baton-type moving- 
coil microphone. The second award -for a U.K. 
entry was in the same category and was won by 
Leslie Murray. 

Over 400 entries were received, of which 115 
were from France, with other entries from Denmark, 
Belgium, Germany, Spain, Austria, Chile, Holland 
and a few from Great Britain. Until last year's 
contest no entries at all had been received from 
amateur recordists in this country. 

" Trader Year Book " 
CONDENSED specifications of over 250 current 
commercial television receivers and all the 1956P 
sound receivers, lists of television and sound i.fs, 
diagrams of base connections of over 300 valves, 
and directories of trade names and addresses are 
among the features included in the 1957 edition of 
the " Wireless and Electrical Trader Year Book." 
The value of the Year Book, which is now estab- 
lished as the vade mecum of the radio engineer, tech- 
nician and trader, has been considerably increased 
by separating the radio matter from the electrical 
information. It costs 12s 6d. 
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P ERSONALITIES 
As already announceci Professor Balthazar van der. 

D.Phys., retired at the end of the year from the pos1t1on 
of director of the International Radio Consultative Com­
mittee (C.C.I.R.), which he had held since its formation 
in 1948. Dr. van der Pol, who was born in Utrecht in 
1889, spent three years in· this country during the first 
world war, studying under Fleming at London Uni­
versity, and J. Thomso:OJ. at Cambridge. From 1922 
until his appointment with the C.C.I.R. he was director 
of research at Philips, Eindhoven. In a tribute to his 
work in international fields, the Journal of the Inter­
national Telecommunication Union emphasizes that "as 
a man of science he could conceive of no frontiers . . . 
as an international official he systematically overlooked 
the nationality of the technical experts he had occasion 
to meet and treated them exclusively as scientists and 
engineers with whom ideas and information could be 
exchanged." In 1952 he was awarded the Valdemar 
Poulsen gold medal by the Danish Academy of Technical 
Sciences for his theoretical and practical work on the 
propagation of radio waves. 

Sir Robert Renwick, Bt., K .B.E., has resigned from 
the presidency_ of the Radio and Electronic Component 
Manufacturers' Federation to which he was appointed 
in 1947, and !s succeeded by Major L. H. Peter, A.F.C., 
M.C., M .I.E .E. Sir Robert, who is a director of a 
number of companies, including Associated Electrical 
Industries, was controller of communications equipment 
at the Ministry of Aircraft Production during the war. 
He has been president of the Radar Association since 
1955. Major Peter is chief development engineer of 
Westinghouse Brake & Signal Company. 

F. Langford-Smith, B.Sc., B.E., well known as editor 
of " Radio Designers' Handbook," has left his native 
Australia, and has joined the English Electric Valve 
Company, Chelmsford, as editor in charge of its tech­
nical publications. He had been with Amalgamated 
Wireless (Australasia) since 1932 and was for some time 
engineer in charge of the company's valve laboratory. 
Mr. Langford-Smith, who graduated at Sydney Univers­
ity, was in this country from 1928 to 1932, initially with 
Metro-Vick, and subsequently as valve development 
engineer with Cosmos lamp works. 

Dudley Saward, O.B.E., has been appointed managing 
director of Texas Instruments, Ltd., the recently 
formed U .K . subsidiary of the U .S. organization Texas 
Instruments, Inc. New . works and offices are being 
erected for the British Company in Kempston Road, 
Bedford. Mr. Saward was chief radar officer to the 
Commander-in-Chief, R.A.F. Bomber Command, during 
part of the war, and was appointed O.B.E. for his part 
in the development and application of radar navigational 
and blind bombing devices. He was for some time 
after the war controller of navigation and telecommuni­
cations for British European Airways. He is 44. 

Two new posts have been created in Marconi's aero­
nautical division. That of deputy chief air radio 
engineer (development) will be filled by G. P. Parker, 
A.M.I.E.E., and that of deputy chief air radio engineer 
(projects) by J. H. Gill. Mr. Parker will be responsible 
for the airborne and ground development group of the 
division, and Mr. Gill for airborne and ground installa­
tion projects. Both will be responsible to Dr. B. J. 
O'Kane, the company's chief air radio engineer. 

R. D. Phillips, technical manager at 20th Century 
Electronics until 1952, when he went to Ferranti's on 
colour television tube research, has rejoined the com­
pany as senior engineer in charge of 'prototype develop­
ment and production engineering of cathode-ray tubes. 

R. J, Hayes, has joined Piezo, Ltd., of 26, 
St. Albans Road, Watford, Herts, manufacturers of 
quartz crystals. He has retired from the Board of 
frade where he was for many years a senior executive 
m the Export Promotion Department. 
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W. 0 . P. Jones, B.Sc.(.'gng.), A.M.I.E.E., recently 
appointed assistant superintendent of the Ele-ctronics 
Department of the Metropolitan-Vickers Electrical 
Company, has been manufacturing engineer in the 
department since 1953. He ,joined the company as a 
college apprentice in 1939. 

0. H. Davie, M.I.E.E., who has been with Cossor 
for the past 18 years, -has been appointed to the board 
of Cossor Instruments, Ltd., as technical director. He 
contributed to the development of the original Cossor 
double-beam oscilloscope. 

OUR AUTHORS 
D r. Colin Cherry, reader in telecommunications at 

Imperial College, is engaged in research -in experimental 
psychology in communications, and in an article on 
page 164 discusses the importance of this subject in tele­
communication engineering. Dr. Cherry, who graduated 
at the Northampton Polytechnic in 1936 whilst a re­
search student at the G.E.C. Research Laboratories, later 
joined the Laboratories' scientific staff and during the 
war was attached to T.R.E. for radar research. He 
joined the staff of Imperial College in 1947, and was 
appointed to his present position as Henry Mark Pease 
reader in telecommunications in 1949. 

R. F . Hansford, joint author of the article on -the 
choice of wavelengths for radar in this issue; studied 
communication engineering at the Portsmouth Municipal 
College and during ihe 
war was at the Admiralty 
Signal and Radar Estab­
lishment developing navi­
gational radar gear. After 
the war he was in the 
research department of 
the Sperry Gyroscope Co., 
and while there was 
responsible for the design 
and installation of the 
pioneering harbour radar 
at Liverpool. In 1952 he 
joined Decca Radar, to 
take charge of its newly 
formed radar applications 
division. He is a founder 
member of the Institute of 
Navigation and was for a 
number of years its tech­
nical secretary. His . co-author, R. Collis, was a 
meteorologist in the Royal Navy before joining Decca 
as a meteorological specialist. 

Dr. H. R. L. Lamont; contributor of "Colour TV 
on Tape," is European Technical Representative for the 
Radio Corporation of America, which he joined in 1953. 
A graduate of Glasgow University, he was on the staff 
of the G.E.C. Research Laboratories at Wembley from 
1939 to 1950, engaged in research on microwave tubes 
and . circuits and on propagation of centimetre and milli­
metre waves. Prior to joining R.C.A. he was for three 
years at the Royal Technical College, Glasgow, as senior 
lecturer in electronics. 

Captain F. J. Wylie was among the delegates to the 
recent Maritime V.H.F. Radiotelephone Conference at 
The Hague, an d he reviews the findings in an. article in 
this issue. He attended the Conference as director of 
the Radio Advisory Service (Chamber of Shipping 
and Liverpool Steam Ship Owners' Association), 
which he founded a year after his retirement from the 
Royal Navy in 1947. Throughout his naval career he 
was closely associated with wireless, having successively 
been fleet wireless officer (Mediterranean), officer-in­
charge of wireless del?artment of H.M. 
Signal School, deputy d1rector s1gnal department, 
Admiralty, and director of radio equipment, Admiralty. 
Captain Wylie edited "The Use of Radar at Sea" pub­
lished by the Institute of Navigation in 1952. 
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ity, was in this country from 1928 to 1932, initially with 
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Dudley Saward, O.B.E., has been appointed managing 
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Instruments, Inc. New works and offices are being 
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part of the war, and was appointed O.B.E. for his part 
in the development and application of radar navigational 
and blind bombing devices. He was for some time 
after the war controller of navigation and telecommuni- 
cations for British European Airways. He is 44. 

Two new posts have been created in Marconi's aero- 
nautical division. That of deputy chief air radio 
engineer (development) will be filled by G. P. Parker, 
A,M.I.E.E., and that of deputy chief air radio engineer 
(projects) by J. H. Gill. Mr. Parker will be responsible 
for the airborne and ground development group of the 
division, and Mr. Gill for airborne and ground installa- 
tion projects. Both will be responsible to Dr. B. J. 
O'Kane, the company's chief air radio engineer. 

R. D. Phillips, technical manager at 20th Century 
Electronics until 1952, when he went to Ferranti's on 
colour television tube research, has rejoined the com- 
pany as senior engineer in charge of prototype develop- 
ment and production engineering of cathode-ray tubes. 

R. J. Hayes, M.B.E., has joined Piezo, Ltd., of 26, 
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Department of the Metropolitan-Vickers Electrical 
Company, has been manufacturing engineer in the 
department since 1953. He joined the company as a 
college apprentice in 1939. 
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for the past 18 years, has been appointed to the board 
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contributed to the development of the original Cossor 
double-beam oscilloscope. 
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communication engineering. Dr. Cherry, who graduated 
at the Northampton Polytechnic in 1936 whilst a re- 
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1939 to 1950, engaged in research on microwave tubes 
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metre waves. Prior to joining R.C.A. he was for three 
years at the Royal Technical College, Glasgow, as senior 
lecturer in electronics. 

Captain F. J. Wylie was among the delegates to the 
recent Maritime V.H.F. Radiotelephone Conference at 
The Hague, and he reviews the findings in an article in 
this issue. He attended the Conference as director of 
the Radio Advisory Service (Chamber of Shipping 
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W. Ian Heath, who, with G. R. Woodville, gives 
design data for a 50-watt amplifier in this issue, joined 
the Research Laboratories of the G.E.C. in 1939, and 
until 1946 was concerned with valve circuitry. He is 
now working with F. H. Brittain in the acoustics section 
of the Laboratories. G. R. Woodville joined the 
technical staff of the M-0 Valve Company in 1935, after 
service with several other firms in the industry. He has 
been principally with circuit applications of 
valves. 

B. G. Martindill, author of the article on variable 
attenuators, joined Wolsey Television, of which he is 
general manager and chief designer, in 1950. For the 
previous five years he had been in charge of meter pro­
duction with Automatic Coil Winder and Electrical 
Equipment Company. 

John R. Greenwood, who in an article in the last issue 
described a method of indicating sound and picture in­
tensities on a single cathode-ray tube, graduated in 
electrical engineering in 1951 at Leeds University. After 
completing National Service in the signals branch of the 
R.A.F. he was with the Bristol Aeroplane Company 
for a shorL while, working on the development of elec­
tronic measuring instruments. In 1954 he joined the 
B.B.C. and after gaining practical experience in sound 
studio engineering transferred to the Engineering Train­
ing Department. 

IN BRIEF 
January's increase of 187,088 brought the total num­

ber of television licences in the United Kingdom to 
6,757,185. The number of domestic sound licences at 
the end of the month was 7,405,273 and those for car 
radio 303,318 . . There were, therefore, 14,465,776 broad­
cast receiving licences current in the United Kingdom 
at the end .of January. -

Some thirty papers are being presented at the "Elec­
tronics in Automation" Convention to be held by the 
British Instit.ution of Radio Engineers at Cambridge 
University from June 27th to July 1st. The six sections 
will cover office machinery and information processing, 
machine tool control, chemical and other processes, 
simulators, automation in the electronics industry, and 
automatic measurement and inspection. During the 
convention the third Clerk Maxwell Memorial Lecture 
will be delivered by Professor Sir Lawrence Bragg. He 
will · speak on the diffraction of short electro-magnetic 
waves. 

Scottish I.T.A.-Since March 1st test transmissions 
with an effective radiated power of 1 kW have been 
radiated from a pilot transmitter on the site of the I.T.A. 
station at Black Hill, Lanarks., between Airdrie and 
Bathgate. The station is operating in Channel 10 
(vision 199.75 Mc/s, sound . l96.25 Mc/s) on which the 
permanent station will begin operation on August 31st. 
The transmissions are vertically polarized. 

For the ninth successive year the London and Home 
Counties Regional Advisory Council for higher tech­
nological education has prepared a summary of applied 

in electrical engineering (including radio and 
electronics) in progress in univers,ity colleges and tech­
nical colleges in the region. The list, copies of which 
are available from the Council at Tavistock House South, 
Tavistock Square, London, W.C.1, is issued in the hope 
of stimulating industrial interest in the research being 
undertaken in the colleges. 

Price Reduction.-Due to reductions in the world 
price of elemental selenium and to improved manufac­
turing methods employed by Standard Telephones and 
Cables, they have been able to reduce the selling price 
of SenTerCel spindle-mounted rectifiers by as much as 
25 per cent. 

A private exhibition of r.f. miniature cables and con­
nectors is being held by Transradio, Ltd., at the Wash­
ington Hotel, Curzon Street, London, W.1, from April 
8th to 11th. 
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Our publishers have issued the 6th edition of "Tele­
vision Explained" which, within its 184 pages gives a 
non-mathematical presentation of technical information 
on domestic receiving equipment. W. E. Miller, the 
original author, was unable to undertake the extensive 
revision required, and E. A. W. Spreadbury, associate 
editor of Wireless and Electrical Trader, has undertaken 
the task. Several chapters have been · rewritten, and a 
number of new chapters added to bring the book into 
line with modern television practice. The price is 12s 6d. 

Facsimile Weather Charts.-Muirhead Mufax chart 
recorder, described in our April, 1954 issue, is being 
exhibited at the Science Museum, South Kensington, 
for .the next few months. It can be seen in operation 
during the daily transmissions of weather charts from 
the Dunstable meteorological station at 12.10 and 16.50. 

A new science film Mirror in the Sky, presented by 
Mullard, Ltd. and the _Educational Foundati'on for 
Visual Aids gives an account of the work of Sir Edward 
Appleton on the ionosphere. It is intended both to 
excite the interest of the young with a view to encourag..: 
ing them to take up a scientific career and as an instruc­
ional film for those already spedalizing in science. 

British National Radio School, which moved to Bristol 
during the war, has returned to its original premises at 
66, Addiscornbe Road, Croydon, Surrey. (Tel.: Addis­
combe 3341). 

An evening refresher course for radio and television 
technicians is being arranged for the summer term (May 
1st to July 3rd) at the Wesley Institute, Wesley Road, 
.Stonebridge, London, N.W.10. (Fee lOs.) 

FROM ABROAD 
An international symposium on the Physical Problems 

of Colour Television will be held in Paris from July 2nd 
to 6th under the sponsorship of the International Union 
of Pure . and Applied Physics, the Socit!te Franc;:aise des 
Radioelt!ctriciens, and the Societe Franc;:aise des / In­
genieurs et Techniciens du Vide. The will 
come under four- main headings : properties and be­
haviour of the human eye in colour television; image 
analysis and restitutiop.; assessment and measurement of 
picture quality; and coding procedures for transmission 
of colour signals. Particulars are obtainable from the 
secretary1 Colloque International sur les Problemes de 
la Telev1sion en Couleurs, Conservatoire National des 
Arts et Metiers, 292, rue Saint-Martin, Paris 3e. 

We have received from Fairchild Publications, of New 
York, a copy of "Electronic News," a weekly news­
paper devoted exclusively to the electronics industry. 
Specimen copies of the 24-page paper, which covers 
technical and commercial matters throughout the world, 
are obtainable from the London branch of pub­
lishers, 16, Berkeley Street, London. W.l. 

Technical Co-operation.-At the invitation of the 
Finnish broadcasting organization an informal meeting 
was held in Helsinki in February between representa­
tives of the International Broadcasting . Organization 
(O.I.R.), which has its technical centre in Prague, and 
the European Broadcasting Union (E.B.U.), which has 
.its technical centre in Brussels. The object of the 

meeting was to discuss the pos• 
sibilities of extending the 
technical co-operation between 
the two organizations. 

MEMORIAL STAMP for the 
centena-ry of the birth of 
Heinrich Hertz (February 22nd, 
1857) issued in one denomina· 
tion, I 0 Pf., by the German 
Post Office. It will be on sale 
until the end of August. 
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revision required, and E. A. W. Spreadbury, associate 
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recorder, described in our April, 1954 issue, is being 
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for the next few months. It can be seen in operation 
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An evening refresher course for radio and television 
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come under four main headings; properties and be- 
haviour of the human eye in colour television; image 
analysis and restitution; assessment and measurement of 
picture quality; and coding procedures for transmission 
of colour signals. Particulars are obtainable from the 
secretary, Colloque International sur les Problemes de 
la Television en Couleurs, Conservatoire National des 
Arts et Metiers, 292, rue Saint-Martin, Paris 3e. 

We have received from Fairchild Publications, of New 
York, a copy of "Electronic News," a weekly news- 
paper devoted exclusively to the electronics industry. 
Specimen copies of the 24-page paper, which covers 
technical and commercial matters throughout the world, 
are obtainable from the London branch of the pub- 
lishers, 16, Berkeley Street, London, W.l. 

Technical Co-operation.—At the invitation of the 
Finnish broadcasting organization an informal meeting 
was held in Helsinki in February between representa- 
tives of the International Broadcasting Organization 
(O.I.R.), which has its technical centre in Prague, and 
the European Broadcasting Union (E.B.U.), which has 
its technical centre in Brussels. The object of the 

meeting was to discuss the pos- 
  sibilities of extending the 

J technical co-operation between 
Mm jHH| i the two organizations. 

, i jA Sf tlP j centenary of the birth of 
; jHSL ' | Heinrich Hertz (February 22nd, 

BjV spr£iri?'.!& =j 1857) issued in one denomina- 
; i tion, 10 Pf., by the German 

iJB 3 Post Office. It will be on sale 
until the end of August. 
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BUSINESS NOTES 
The Hartley Baird group of companies-which 

includes the manufacturers of Baird and Ambassador 
receivers and tape recorders, Hartley Electro­

motives whose products include magnetic recorders, 
Duratube & Wire, Tenaplas, and three . electrical 
appliance companies-has been acquired by Camp Bird, 
Ltd. They already control a number 9f other electrical 
and electronics companies, including E-V, Ltd., manu­
facturers of gramophone styli, and Hampton & Sons, 
radio and electrical retailers. 

20th Century Electronics, Ltd., have signed a five­
year agreement with Compagnie Generale de Tele­
graphie Sans Fil, under which the French company will 

designs and patents of 20th Century. Similar licens­
mg agreements have been signed with companies in the 
Netherlands, Belgium, Germany and Switzerland, the 
main interest being in multi-gun cathode-ray tubes and 
gieger tubes. 

. Decca Navigator Company, Ltd., has acquired the 
nghts for the United Kingdom and certain other 
countries of the electronic self-steering device for ships­
the Arkas Automatic Pilot. 

. A P?rtable oscilloscope and recording oscillographs 
(mcludmg a portable model) made by Siemens & Halske, 
of Germany, are distributed in this country by W. Wyke­
ham & Co., 17-19, Cockspur Street, London, S.W.l. A 
number of radio components, including small tubular 
tantalum electrolytic capacitors, made by the Siemens­
Halske organization, are marketed in this country by 
R. H. Cole (Overseas), Ltd., 2, Caxton Street, West­
minster, London, S.W.l. 

(\ recent order for twenty Marconi radio compasses 
brmgs the total to over 600 which the company has 
installed in Vickers Viscount aircraft. These automatic 
?irectio!l finders (Type AD.7092) are generally installed 
m duphcate. 

V.H.F. radio ... telephone equipment has been installed 
by Marconi's at the Wath-on-Dearne shunting yard in 
the eastern region of British Railways. Each of the five 
diesel engines is fitted with a 3-5-watt set, and 5-watt 
transmitter I receivers are installed in the two signal 
boxes. 

Marconi Marine announce that they supplied or 
received orders for radio equipment for 35 of the 39 
trawlers built in United Kingdom yards during 1956 
for British owners. 

. Decca airfield control radar (Type 424)) which pro­
vides both talk-down facilities and airport supervision 
in one unit, has been ordered by Skyways, Ltd., for 
installation at Lympne Airport, Kent. 

All the television equipment for the I.T.A. studios in 
Glasgow and a complete three-camera television O.B. 

are being supplied by ,ye. The studio equipment 
mcludes four cameras and ancillary control equipment, 
three film scanners and twenty-one monitors. 

O!ders for over 40 radio-telephone transmitter­
receivers (Type AM104) have been received from the 
Flintshire and Norwich County Councils by Hudson 
Electronic Devices, Ltd. The AM104 is an amplitude 
modulated IS-watt set. 

With the opening of its new factory at Lawrence 
House, Breakspear Road, Ruislip, Middlesex the 
Electronic Production Company has increased 
turing capacity, its specialities being coil winding, eye­
letting, sub-assemblies and the manufacture of interfer­

suppressors. 

Closed-circuit television equipment, including Nera 
large screen monitors ( 48-in by 36-in), is available on 
hire from P.A.M., Ltd., Merrow Siding, Guildford, 
Surrey. 

WIRELESS WORLD, APRIL 1957 

Panda Radio Company, of Castleton, Nr. Rochdale, 
have opened a London showroom and office at Autavia 
House, Redcliffe Gardens, Kensington, S.W.lO. (Tel. : 

0906.) G. R. Hamilton-Walker (G3LND) is 
m charge. 

The industrial division of Amplivox, Ltd., is being 
enlarged and the company has appointed R. Steven, 
B.Sc., as manager. He was formerly sales manager of 
Painton & Co. 

OVERSEAS TRADE 
January Exports.-Aftcr breaking records in 1956 

with exports worth more than £40M (a 20 % increase 
on the previous year), overseas sales of British radio 
and electronic equipment in January were over £3.2M 
-nearly 10 % more than· in January last year. 

Poznan Fair.-At the time of going to press eight 
radio and electronics firms had taken space in the 
British section of the International Trade Fair being 
held in Poznan, Poland, from June 9th to 23rd. They 
are Acoustical Mfg., Cinema Television, Kelvin-Hughes, 
Marconi's, Pye, Redifon, Siemens-Ediswan and Solar­
tron. Other manufacturers may wish to avail themselves 
of the opportunity being given by the Board of Trade 
for literature to be available at the official enquiry stand. 
Literature, which should be in Polish, must be sent 
direct to United Kingdom Official Trade Enquiry Stand, 
British Section, Trade Fair, Poznan, Poland, to arrive 
about June 1st. 

S.R.E. for India.-A combined speech reinforcement 
and bi-lingual interpretation system has been installed 
by Tannoy in the Upper and Lower Legislative 
Chambers of the Government of Mysore, in Bangalore, 
India. In all about 170 microphones and a similar 
number of low-intensity speakers are installed. Head­
phones are provided for the interpretation system. A 
main control panel, similar to those in the Houses of 
Parliament, Westminster, is provided. · 

A quarter-million pounds' worth of radio and tele­
vision equipment-from transistors to transmitters­
was shown by Pye at the recent Leipzig Fair. 

A variety of equipment, including transmitters, re­
ceivers, direction finders frequency measuring gear, 
is required for a monitoring station in Burma. Manu­
facturers interested in the enquiry can obtain a list of 
equipment required from the Special Register Informa­
tion Service, B.o.T., Lacon House, Theobalds Road, 
London, W.C.l. (Ref. ESB/3902/57.) 

Recording Equipment.-Miles Reproducer Co., Inc., 
of 812, Broadway, New York 3, who manufacture a 
portable recorder, microphones and amplifiers, are seek-

. ing U .K. supplies of components and accessories. A 
representative will be visiting this country in a few 
months, and interested firms are advised to write direct 
to J. M. Kuhlik at the above address. 

Frequency-modulated v.h.f. radio-telephone equip­
ment is being supplied by Automatic Telephone & 
Electric Company to the five transatlantic liners operated 
by the Holland-America line, and for . installation at the 
Hook of Holland. It is understood that a chain of 
coastal v.h.f. stations is being planned by the Nether­
lands Government. 

A complete television station for operation it: Band 
III on Eastern European standards-625 lines with a 
vision bandwidth of 6 Mc/s-has been .ordered from 
Marconi's by the Polish broadcasting authority. The 
station, which will be built at Katowice, will be 
equipped with two 7.5-kW vision transmitters, two 
2-kW sound transmitters and two combining units each 
feeding the outptits of a vision and sound transmitter 
to half the 16-stack aerial. The vision e.r.p. will be of 
the ordex of 200 kW. Studio equipment, film scanners 
and test gear is also being supplied. 
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and bi-lingual interpretation system has been installed 
by Tannoy in the Upper and Lower Legislative 
Chambers of the Government of Mysore, in Bangalore, 
India. In all about 170 microphones and a similar 
number of low-intensity speakers are installed. Head- 
phones are provided for the interpretation system. A 
main control panel, similar to those in the Houses of 
Parliament, Westminster, is provided. 

A quarter-million pounds' worth of radio and tele- 
vision equipment—from transistors to transmitters 
was shown by Pye at the recent Leipzig Fair. 

A variety of equipment, including transmitters, re- 
ceivers, direction finders and frequency measuring gear, 
is required for a monitoring station in Burma. Manu- 
facturers interested in the enquiry can obtain a list of 
equipment required from the Special Register Informa- 
tion Service, B.o.T., Lacon House, Theobalds Road, 
London, W.C.I. (Ref. ESB/3902/57.) 

Recording Equipment.—Miles Reproducer Co., Inc., 
of 812, Broadway, New York 3, who manufacture a 
portable recorder, microphones and amplifiers, are seek- 
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representative will be visiting this country in a few 
months, and interested firms are advised to write direct 
to J. M. Kuhlik at the above address. 

Frequency-modulated v.h.f. radio-telephone equip- 
ment is being supplied by Automatic Telephone & 
Electric Company to the five transatlantic liners operated 
by the Holland-America line, and for installation at the 
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vision bandwidth of 6 Mc/s—has been ordered from 
Marconi's by the Polish broadcasting authority. The 
station, which will be built at Katowice, will be 
equipped with two 7.5-kW vision transmitters, two 
2-kW sound transmitters and two combining units each 
feeding the outputs of a vision and sound transmitter 
to half the 16-stack aerial. The vision e.r.p. will be of 
the ordei of 200 kW. Studio equipment, film scanners 
and test gear is also being supplied. 

157 

F 



Design for 0 50-WATT AMPLIFIER 
THE NEW G.E.C. "88-50" USING KT88 OUTPUT VALVES 

By W. IAN H £ATH*, and G. R. WOOD VlLLft 

FOR many years the KT66 valve has been regarded 
oy many as the hall-mark of a high-quality amplifier 
whether "home made" or commercially manufac­
tured. With a total anode-plus-screen dissipation 
of 28 watts, when operated with cathode bias, its 
power output, in push-pull pairs, ranges from the 
12 watts of the original "Williamson" amplifier, to 
32 watts when used in an "ultra-linear" output 
stage. 

The new KT88 is a pentode with a higher anode­
dissipation of 40 watts, and a higher 

mutual conductance of 11 mA/V. With this valve 
it is therefore possible to build amplifiers having 
higher power oi\tputs suitable for public-address 
equipment and high-quality sound reproduction in 
general. Due to the lower anode impedance of the 
new valve, its higher power output is obtained with­
out increasing the h.t. voltage requirements beyond 
the limits of normally available components. For 
example if plugged into a KT66 "ultra-linear" out­
put stage giving 32 watts, a pair of the new KT88 
valves will give 40 watts with a corresponding increase 
in drive voltage. Thirty watts output is obtainable 
with a h.t. line voltage of only 375 volts, instead of 
425 volts for the KT66. 

The maximum power obtainable from a pair of 
KT88s with cathode bias is slightly over 50 watts 
with a h.t. line voltage of 500 volts. This article 
gives .details of the design and construction of a 
50-watt power amplifier using KT88s. A new pre­
amplifier suitable for use with this amplifier will 
be described later. 

OCTAL 
SOCKET 
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The two units have been designed to offer an 
improved performance and range of controls com­
pared with previous designs, yet they include no 
complicated networks or unusual components, and 
are comparatively economical to construct. They 
will reproduce from radio tuner, any magnetic (or 
crystal) gramophone pickup, microphone, or direct 
from a magnetic tape replay head. A rotary switch 
selects the input circuit required and at the same 
time adjusts the sensitivity and frequency correction 
for tape or disc recordings. The pre-amplifier is 
separate from the power amplifier to which it is 
connected by a flexible cable; its controls are similar 
in function to those on the G.E.C. "912" amplifier, 
but the operation of the treble slope and " presence " 
controls has been improved, and a rumble filter is 
incorporated. 

Power Amplifier.-The circuit of the power am­
plifier is shown in Fig. 1. It contains a pair of 
KT88s connected in an "ultra-linear" output stage, 
a push-pull low-impedance double-triode driver 
stage using a B329, and a high-gain B339 first stage 
incorporating phase splitting. Overall feedback of 
-22 dB is used, and the input sensitivity is about 

0.5 V r.m.s. to give full output power. The 500-volt 
h.t. supply is provided by a U52, and the electrolytic 
smoothing condensers are protected by the use of 
a thermistor against excessive voltage during the 
warming-up period. 

The " ultra-linear " connection for output tetrodes 
* Research Laboratories of the General Electric Co., Ltd. 
t The M.O. Valve Co., Ltd. 
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Fig. I. Complete circuit diagram of main amplifier. Resistors are rated at i watt unless otherwise stated. 
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oesun . 50-WATT AMPLIFIER 

THE NEW G.E.C. " 88-50 " USING KT88 OUTPUT VALVES 

By W. IAN HEATH*, B.5c.(Eng.). and G. R. WOODVILLEj 
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h.t. supply is provided by a U52, and the electrolytic 
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and pentodes has become popular during the past 
two years. As will be seen from Fig. 1, it resembles 
the triode connection except that the screen grids 
are tapped down the primary winding of the output 
transformer and the signal voltage on each screen 
is only 20 per cent to 40 per cent of the signal 
voltage in the corresponding anode:j:. Its advantages 
are that it gives a maximum power output at least 
equal to that obtained from the pentode connection, 
with distortion similar to or less than that for the 
triode connection, which gives less than half the 
power output. For equal power output, the distor­
tion from an " ultra-linear " output stage is about 
half that for a triode stage using the same valves. 
T he "ultra-linear" connection also provides a low 
output impedance, roughly equal to the load, and 
a good damping factor is, therefore, easily obtain­
able when feedback is applied. A push-pull output 
transformer is required which has each half primary 
tapped 40 per cent (turns ratio) from the h.t. end. 
Leakage and inductance requirements are discussed 
later. 

T he use of a push-pull pair of triodes for the 
driver stage was chosen 
so that the output stag·e 
would be symmetrically 
driven, and that no un.,. 
balanced operation would 
occur even at the onset 
of grid current in the 
output v a 1 v e s during 
overload. The removal 
of the phase splitter to an 
earlier stage ensures that 
the time constants in the 
grid circuits of the output valves are the same. The 
B329 is used in this stage because it has a low 
anode impedance, about 10,000 ohms. With this 
low value of driver impedance the phase shift due 
to the input capacity of the output stage is relegated 
to frequencies above 50 kc/s, and this, combined 
with the symmetry of the circuit, greatly assists in 
ensuring freedom from·h.f. instability when feedback 
is applied overall. . 

A high-gain first stage (B339) is used to prov1de 
good balance in the phase-splitting circuit, and also 
adequate overall sensitivity after feedback is applied: 
the phase-splitter circuit used is one in which the 
input to the grid of the second or inverter triode 
is automatically balanced against its stage gain. This 
circuit gives a push-pull output from the two anodes 
of the B339, and as the amplifier is truly push-pull 
from this stage through to the output transformer 
little h.t. smoothing is required, with a correspond­
ing economy in components. 

Balancing Circuits.-The push-pull output from 
the B339 stage is balanced to about 2 per cent, a 
high-gain stage being an advantage here. This 
balance is improved slightly by the use of an un­
bypassed common bias resistor in the cathode cir­
cuit of the B329 driven stage. This degree of bal­
ance is very satisfactory for many purposes, and 
with dose-tolerance cathode bias resistors the KT88 
valves used in designing the prototype amplifier 
have given a consistently symmetrical output volt­
age waveform when driven up to full power output 
when the peaks just .show " flattening " due to the 

• :j: Ei.ther ratio is satisfactory, but with 40% .screen tappings it 1s easter to design an output transformer g1vmg freedom from instability at very high frequencie s. 
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onset of grid current. However, it has been found 
on amplifiers of this type with unmatched output 
valves that minimum distortion is obtained when 
the push-pull drive is adjusted so that both output 
valves reach the onset of grid current simultaneously 
as the drive voltage is increased. 

Where facilities are available, and it is desired to 
make this adjustment, alteration of the balance of 
the push-pull drive is obtainable by relative adjust­
ment of the two anode loads of the B329, and 
accordingly a pre-set variable wire-wound potentio­
meter R 3 9 is shown in Fig. 1 incorporated as part 
of the anode loads circuit. The waveform of the 
voltage across the . secondary of the output trans­
former can be observed on a cathode-ray oscillo­
scope connected across a dummy load resistance, and 
R 39 should be adjusted so that with a sinusoidal 

General view of "88-50" amplifier with (left) its com­
plementary pre-amplifier, to be described later. 

input voltage of suitable value the output waveform 
shows similar " flattening " on both positive and 
negative peaks. Although judged visually, this ad­
justment can be made with more than sufficient 
accuracy, provided the input waveform is free of 
second harmonic distortion. To avoid phase effects 
a frequency is chosen between 200 and 2,000 c/ s. 

Stabiliziug Circuits.- When feedback is to be 
applied over ·an amplifier it is desirable that it is 
truly "negative" feedback over the whole frequency 
range that will be fed to the amplifier. At frequen­
cies outside this range the feedback should be either 
" negative " or inoperative. If this is not so, the 
final frequency response of the amplifier will show 
peaks. Further increase of feedback, or in border­
line cases certain types of input signal, will produce 
oscillation at these "peak " frequencies. Even if 
oscillation does not occur the amplifier will ." ring " 
at these frequencies; that is, when an input signal 
containing the "peak " frequencies is interrupted 
the output from the amplifier will not cease as 
abruptly as the input, the " peak " frequencies per­
sisting with a more gradually decaying amplitude. 
The " peak" frequencies usually occur at very low 
or very high frequencies, and are due to phase shifts 
in the intervalve coupling circuits and in the output 
transformer itself. 

The low-frequency peak occurs only when feed­
back is applied, and is due to the combined phase 
shift of the intervalve coupling capacitors in con­
junction with the associated grid leaks, together with 
the phase shift of the output transformer's primary 
inductance in conjunction with the load and valve 

· impedances. The peak in amplification commonly 
occurs well below 20 cfs and often results in low-

159 

and pentodes has become popular during the past 
two years. As will be seen from Fig. I, it resembles 
the triode connection except that the screen grids 
are tapped down the primary winding of the output 
transformer and the signal voltage on each screen 
is only 20 per cent to 40 per cent of the signal 
voltage in the corresponding anode:):. Its advantages 
are that it gives a maximum power output at least 
equal to that obtained from the pentode connection, 
with distortion similar to or less than that for the 
triode connection, which gives less than half the 
power output. For equal power output, the distor- 
tion from an " ultra-linear" output stage is about 
half that for a triode stage using the same valves. 
The " ultra-linear" connection also provides a low 
output impedance, roughly equal to the load, and 
a good damping factor is, therefore, easily obtain- 
able when feedback is applied. A push-pull output 
transformer is required which has each half primary 
tapped 40 per cent (turns ratio) from the h.t. end. 
Leakage and inductance requirements are discussed 
later. 

The use of a push-pull pair of triodes for the 
driver stage was chosen 
so that the output stage 
would be symmetrically 
driven, and that no un- 
balanced operation would 
occur even at the onset 

output valves during JfcJBftjWi 
overload. The removal "V 
of the phase splitter to an . 
earlier stage ensures that 
the time constants in the 
grid circuits of the output valves are the same. The 
B329 is used in this stage because it has a low 
anode impedance, about 10,000 ohms. With this 
low value of driver impedance the phase shift due 
to the input capacity of the output stage is relegated 
to frequencies above 50kc/s, and this, combined 
with the symmetry of the circuit, greatly assists in 
ensuring freedom from h.f. instability when feedback 
is applied overall. 

A high-gain first stage (B339) is used to provide 
good balance in the phase-splitting circuit, and also 
adequate overall sensitivity after feedback is applied: 
the phase-splitter circuit used is one in which the 
input to the grid of the second or inverter triode 
is automatically balanced against its stage gain. This 
circuit gives a push-pull output from the two anodes 
of the B339, and as the amplifier is truly push-pull 
from this stage through to the output transformer 
little h.t. smoothing is required, with a correspond- 
ing economy in components. 

Balancing Circuits.—The push-pull output from 
the B339 stage is balanced to about 2 per cent, a 
high-gain stage being an advantage here. This 
balance is improved slightly by the use of an un- 
bypassed common bias resistor in the cathode cir- 
cuit of the B329 driven stage. This degree of bal- 
ance is very satisfactory for many purposes, and 
with close-tolerance cathode bias resistors the KT88 
valves used in designing the prototype amplifier 
have given a consistently symmetrical output volt- 
age waveform when driven up to full power output 
when the peaks just show " flattening " due to the 

t Either ratio w satisfactory, but with 40% screen tappings it 
\t to design an output transformer giving freedom from instability at very high frequencies. 
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onset of grid current. However, it has been found 
on amplifiers of this type with unmatched output 
valves that minimum distortion is obtained when 
the push-pull drive is adjusted so that both output 
valves reach the onset of grid current simultaneously 
as the drive voltage is increased. 

Where facilities are available, and it is desired to 
make this adjustment, alteration of the balance of 
the push-pull drive is obtainable by relative adjust- 
ment of the two anode loads of the B329, and 
accordingly a pre-set variable wire-wound potentio- 
meter R,, is shown in Fig. 1 incorporated as part 
of the anode loads circuit. The waveform of the 
voltage across the secondary of the output trans- 
former can be observed on a cathode-ray oscillo- 
scope connected across a dummy load resistance, and 
R.,9 should be adjusted so that with a sinusoidal 

General view of "88-50" amplifier with (left) its com- 
plementary pre-amplifier, to be described later. 

input voltage of suitable value the output waveform 
shows similar "flattening" on both positive and 
negative peaks. Although judged visually, this ad- 
justment can be made with more than sufficient 
accuracy, provided the input waveform is free of 
second harmonic distortion. To avoid phase effects 
a frequency is chosen between 200 and 2,000 c/s. 

Stabilizing Circuits.—When feedback is to be 
applied over an amplifier it is desirable that it is 
truly " negative " feedback over the whole frequency 
range that will be fed to the amplifier. At frequen- 
cies outside this range the feedback should be either 
"negative" or inoperative. If this is not so, the 
final frequency response of the amplifier will show 
peaks. Further increase of feedback, or in border- 
line cases certain types of input signal, will produce 
oscillation at these "peak" frequencies. Even if 
oscillation does not occur the amplifier will " ring" 
at these frequencies; that is, when an input signal 
containing the "peak" frequencies is interrupted 
the output from the amplifier will not cease as 
abruptly as the input, the " peak " frequencies per- 
sisting with a more gradually decaying amplitude. 
The " peak" frequencies usually occur at very low 
or very high frequencies, and are due to phase shifts 
in the intervalve coupling circuits and in the output 
transformer itself. 

The low-frequency peak occurs only when feed- 
back is applied, and is due to the combined phase 
shift of the intervalve coupling capacitors in con- 
junction with the associated grid leaks, together with 
the phase shift of the output transformer's primary 
inductance in conjunction with the load and valve 
impedances. The peak in amplification commonly 
occurs well below 20 c/s and often results in low- 



frequency instability (" motor-boating ") when a 
pre-amplifier is connected to the same h.t. power 
supply. The effect is reduced if the several phase 
shifts are arranged to occur at differing frequencies, 
for example in the circuit of Fig. 1, large coupling 
capacitors are used so that phase shift due to them 
will occur at frequencies lower than that due to the 
output transformer. 

Complete or nearly complete avoidance of a low­
frequency peak can best be obtained by reducing 
the gain of the amplifier before feedback is applied 
at the frequency at which the peak is expected, 
without introducing additional phase shift at this 
frequency. If a flat frequency response is required 
down to this frequency, then the reduction in gain 
should approximately equal the feedback to be 
applied. This is achieved by inserting a small coup­
ling condenser shunted by a high resistor, so that 
with the following grid leak the gain is reduced as 
the signal frequency is lowered until at the very 
low frequencies where a peak is expected the gain 
is reduced by a substantially resistive potential 
divider with very little phase shift. For a 20 dB 
(10:1) gain reduction .the shunt resistance should be 
ten times the grid leak. The capacitor should be 
sufficiently small to have an impedance at the very 
low frequencies equal to or higher than the shunt 
resistance. 

As the " 88-50" amplifier is push-pull throughout 
such a circuit has to be incorporated on each side, 
and on one side, in Fig. 1, this consists of C1 shunted 
by R 14 and followed by grid leak R 16 with C 8, 

R 15 and R 17 on the other. The valves chosen will 
give low-frequency stability with any output trans­
former capable of delivering the full power output 
down to 40 cIs. An advantage of the inclusion of 
this type of stabilizing circuit is that there is no ten­
dency for the amplifier to "motor-boat " when the 
pre-amplifier is connected to the same h.t. line. 
The smoothing used in the pre-amplifier supply is 
therefore economically chosen solely to give suffi­
cient ripple reduction. 

At the high frequencies peaks may be detected in 
the response of most amplifiers when this is 
measured up to 100 kc/s or 200 kc/s before feed­
back is applied. These peaks are due to resonances 
in the output transformer, the most important of 
which is the series resonance of the primary leak­
age inductance with the primary winding capaci­
tance. This is commonly the cause of the " first " 
peak, i.e., of lowest frequency. The response usu­
ally shows a general downward trend, and this is 
due to the total shunt capacities, including Miller 
effect, across each anode load in the amplifier. When 
feedback is applied the combined phase shifts due 
to shunt capacities and leakage inductance cause 
the peaks in the response to be exaggerated, and 
often rise above the mid-frequency level. 

With the output transformers used in designing 
the prototype " 88-50 " amplifier the leakage induc­
tances between the several windings were low, as 
described later, and the "first" high-frequency 
peak was detected about 100 kc/s. Accordh1gly a 
stabilizing circuit, similar in principle to that used 
at the low frequencies, is incorporated. This con­
sists of a shunt capacitor connected across the anode 
impedance of the first valve, with a series resistance 
to limit its shunting effect to about 20 dB (10:1) 
and minimize phase shift at frequencies above 
50 kc/s. In Fig. 1 this circuit consists of C5 with 
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R 12 in series, and on the other side of the amplifier 
C 6 with R 13 in series. These values are sufficient 
to give stability when the amplifier is loaded capa­
citively, and to reduce "ringing" on a square wave 
input (10 kc/s repetition rate) to only about 10 per 
cent overshoot on a resistive load, and even less on 
an inductive load. 

The use of condensers for improving stability 
across any portion of the output transformer is not 
recommended in presence of the above stabilizing 
circuits, and was found merely to lower the resonant 
frequency, which was undesirable, and in some cases 
increased overshoot. The use of such condensers 
depends on individual transformer design, and is not 
suitable in this context. No reactances giving phase 
correction are included in the feedback network itself 
(R11 and R4) because the correct choice of reactance 
is critically dependent on the type of load and output 
transformer used. For example overshoot, or actual 
instability, using a given transformer and dummy 
load resistance can be greatly reduced by shunting 
the feedback resistance R 11 by a critically chosen 
value of capacitance, but this will be found to worsen 
stability on a reactive load such as a loudspeaker. 
This behaviour is common to all feedback amplifiers, 
and the stabilizing circuits here incorporated within 
the amplifier itself give satisfactory results with a 
wide variety of loads, and with the several trans­
formers used in testing the prototype. 

Greater stability could be obtained with inferior 
output transformers by altering the capacitances in 
the stabilizing circuits so that the level frequency 
response of the amplifier, before feedback is applied, 
is further restricted. The level frequency response 
at high and low frequencies will be restored when 
negative feedback is applied, but the amount of feed­
back (difference in gain with and without feedback) 
will be so reduced that the overall harmonic distortion 
at high and low frequencies will be considerably 
higher than at mid-frequencies. In addition the valve 
preceding the stabilizing circuits handles a higher 
signal voltage at high and low frequencies, and extra 
distortion may occur here as well as the distortion 
inherent in using a poorer output transformer. 

The stabilizing circuits shown in Fig. 1 are incor­
porated in as early a stage as possible, so that only 
one valve precedes them within the feedback chain. 
The components' values have been found satisfactory 
for use with a typical "minimum" transformer, but 
are primarily intended for use wi-th a transformer 
of the type described below. The reduction of feed­
back at 40 cjs and at 10 kc/s amotints to some 6 dB 
less than the -22 dB feedback at mid-frequencies. 

Output Transformer.-The output transformer 
used for the first prototype amplifier was the type 
W0866, made by R. F. Gilson, Ltd. Although 
originally intended for operation with valves of lower 
power output, it gives a very good account of itself 
with the KT88 from 40c/s to 20,000c/s. Another 
transformer tried with excellent results was the 
Savage Type 4Nl. For its extra size and cost this 
would deliver the " full power " output down to a 
lower frequency than the W0866 . . 

The requirements for an "ultra-linear " trans­
former to be used with feedback are adequate 
primary inductance and low leakage inductances 
between primary and secondary (as normally con­
nected), between each half primary, and between 
each half primary (anode-tapping) and the associated 
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frequency instability (" motor-boating") when a 
pre-amplifier is connected to the same h.t. power 
supply. The effect is reduced if the several phase 
shifts are arranged to occur at differing frequencies, 
for example in the circuit of Fig. 1, large coupling 
capacitors are used so that phase shift due to them 
will occur at frequencies lower than that due to the 
output transformer. 

Complete or nearly complete avoidance of a low- 
frequency peak can best be obtained by reducing 
the gain of the amplifier before feedback is applied 
at the frequency at which the peak is expected, 
without introducing additional phase shift at this 
frequency. If a fiat frequency response is required 
down to this frequency, then the reduction in gain 
should approximately equal the feedback to be 
applied. This is achieved by inserting a small coup- 
ling condenser shunted by a high resistor, so that 
with the following grid leak the gain is reduced as 
the signal frequency is lowered until at the very 
low frequencies where a peak is expected the gain 
is reduced by a substantially resistive potential 
divider with very little phase shift. For a 20 dB 
(10:1) gain reduction the shunt resistance should be 
ten times the grid leak. The capacitor should be 
sufficiently small to have an impedance at the very 
low frequencies equal to or higher than the shunt 
resistance. 

As the " 88-50 " amplifier is push-pull throughout 
such a circuit has to be incorporated on each side, 
and on one side, in Fig. 1, this consists of C, shunted 
by Rii and followed by grid leak R16 with C8, 
R15 and R,7 on the other. The valves chosen will 
give low-frequency stability with any output trans- 
former capable of delivering the full power output 
down to 40 c/s. An advantage of the inclusion of 
this type of stabilizing circuit is that there is no ten- 
dency for the amplifier to " motor-boat" when the 
pre-amplifier is connected to the same h.t. line. 
The smoothing used in the pre-amplifier supply is 
therefore economically chosen solely to give suffi- 
cient ripple reduction. 

At the high frequencies peaks may be detected in 
the response of most amplifiers when this is 
measured up to lOOkc/s or 200kc/s before feed- 
back is applied. These peaks are due to resonances 
in the output transformer, the most important of 
which is the series resonance of the primary leak- 
age inductance with the primary winding capaci- 
tance. This is commonly the cause of the "first" 
peak, i.e., of lowest frequency. The response usu- 
ally shows a general downward trend, and this is 
due to the total shunt capacities, including Miller 
effect, across each anode load in the amplifier. When 
feedback is applied the combined phase shifts due 
to shunt capacities and leakage inductance cause 
the peaks in the response to be exaggerated, and 
often rise above the mid-frequency level. 

With the output transformers used in designing 
the prototype " 88-50 " amplifier the leakage induc- 
tances between the several windings were low, as 
described later, and the "first" high-frequency 
peak was detected about lOOkc/s. Accordingly a 
stabilizing circuit, similar in principle to that used 
at the low frequencies, is incorporated. This con- 
sists of a shunt capacitor connected across the anode 
impedance of the first valve, with a series resistance 
to limit its shunting effect to about 20 dB (10:1) 
and minimize phase shift at frequencies above 
50kc/s. In Fig. 1 this circuit consists of C5 with 

Rl2 in series, and on the other side of the amplifier 
C6 with R,, in series. These values are sufficient 
to give stability when the amplifier is loaded capa- 
citively, and to reduce " ringing " on a square wave 
input (lOkc/s repetition rate) to only about 10 per 
cent overshoot on a resistive load, and even less on 
an inductive load. 

The use of condensers for improving stability 
across any portion of the output transformer is not 
recommended in presence of the above stabilizing 
circuits, and was found merely to lower the resonant 
frequency, which was undesirable, and in some cases 
increased overshoot. The use of such condensers 
depends on individual transformer design, and is not 
suitable in this context. No reactances giving phase 
correction are included in the feedback network itself 
(R,, and RJ because the correct choice of reactance 
is critically dependent on the type of load and output 
transformer used. For example overshoot, or actual 
instability, using a given transformer and dummy 
load resistance can be greatly reduced by shunting 
the feedback resistance Ru by a critically chosen 
value of capacitance, but this will be found to worsen 
stabihty on a reactive load such as a loudspeaker. 
This behaviour is common to all feedback amplifiers, 
and the stabilizing circuits here incorporated within 
the amplifier itself give satisfactory results with a 
wide variety of loads, and with the several trans- 
formers used in testing the prototype. 

Greater stability could be obtained with inferior 
output transformers by altering the capacitances in 
the stabilizing circuits so that the level frequency 
response of the amplifier, before feedback is applied, 
is further restricted. The level frequency response 
at high and low frequencies will be restored when 
negative feedback is applied, but the amount of feed- 
back (difference in gain with and without feedback) 
will be so reduced that the overall harmonic distortion 
at high and low frequencies will be considerably 
higher than at mid-frequencies. In addition the valve 
preceding the stabilizing circuits handles a higher 
signal voltage at high and low frequencies, and extra 
distortion may occur here as well as the distortion 
inherent in using a poorer output transformer. 

The stabilizing circuits shown in Fig. 1 are incor- 
porated in as early a stage as possible, so that only 
one valve precedes them within the feedback chain. 
The components' values have been found satisfactory 
for use with a typical " minimum " transformer, but 
are primarily intended for use with a transformer 
of the type described below. The reduction of feed- 
back at 40c/s and at lOkc/s amounts to some 6dB 
less than the -22dB feedback at mid-frequencies. 

Output Transformer.—The output transformer 
used for the first prototype amplifier was the type 
WO866, made by R. F. Gilson, Ltd. Although 
originally intended for operation with valves of lower 
power output, it gives a very good account of itself 
with the KT88 from 40 c/s to 20,000 c/s. Another 
transformer tried with excellent results was the 
Savage Type 4N1. For its extra size and cost this 
would deliver the "full power" output down to a 
lower frequency than the WO866. 

The requirements for an " ultra-linear" trans- 
former to be used with feedback are adequate 
primary inductance and low leakage inductances 
between primary and secondary (as normally con- 
nected), between each half primary, and between 
each half primary (anode-tapping) and the associated 
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screen tapping. The primary winding capacitance 
must also be low enough to relegate the lowest high­
frequency resonance to the region where a reasonable 
stabilizing has reduced the gain of the ampli­
fier without appreciable phase shift. 

Both the transformers mentioned measure­
ments of all five leakage inductances less than 6 mH, 
and a high-frequency resonance in circuit operation 
above lOOkc/s. The W0866 achieves this by the 
use of gain-oriented silicon iron, with moderate 
sectionalization of the windings, and the 4Nl achieves 
similar figures with a larger core of normal silicon 
iron by more sectionalization of the windings. 

Construction.- The accompanying photograph 
shows the underside of the power amplifier chassis. 
The prototype was constructed on a chassis measur­
ing 14in x 9in x 3in. The mains transformer was of 
ordinary silicon iron, but the choke and output 
transformer were of grain-oriented silicon iron and 
were therefore comparatively small. A slightly larger 
chassis would be needed if larger transformers were 
used, but the same layout must be used, and the 
transformers positioned as in the top view of the 
amplifier. Because of the high h.t. voltages it is 
advisable to mount the transformers "tags down "; 
the elongated holes required can easily be cut with a 
valve hole-cutter and file. 

The heater wiring should be laid in first, with 
twisted twin wires laid along the bend of the chassis. 
T he valveholders are oriented to avoid the heater 
wires crossing the grid wiring. The second heater 
supply to the octal pre-amplifier socket connection 
should also be laid in. Both supplies must have a 
centre-tap earthed to chassis, or an artificial centre­
tap using two equal resistances, as shown. An earth 
point should be chosen next the first valve B339, and 
a "star" tag bolted down with a serrated washer to 

ensure good contact. T his will be the one earth 
point to whkh all grid, anode, and intervalve coup­
ling circuits must be connected by insulated wiring. 
The signal input (pin 8 on the octal socket) should 
be wired as directly as possible to the grid of the 
first valve; the earth (pin 1 on the octal) connected 
to the " star " earth tag, and the grid leak connected. 
The cathode bypass condenser with feedback resis­
tance R 4 in series should be connect,ed between the 
cathode pin and the " star" earth tag using the 
smallest total loop area of wiring possible, and keep­
ing the cathode circuit as close to the grid input lead 
as possible. The cathode bypass condenser of the 
second half of the B339 should be wired in an equally 
compact fashion. The grid of this valve is fed from 
the phase-splitting network connected between the 
two anodes, and this should be wired as compactly 
as possible consistent with good mechanical location 
of the components. 

The tagboard is used for all the smaller com­
ponents, but the larger coupling condensers and the 
later cathode bypass condensers are mounted by 
standard clips on the side of the chassis. Except for 
C 14 the clips "earth" the condenser cases, which 
thus provide screening. For ease of servicing almost 
no wiring is beneath the tagboard. 

Wiring should be continued by working through 
the amplifier, keeping grid and anode wiring as short 
and as separated as possible, while " dead" wiring 
such as h. t. leads returning to a smoothing con­
denser, or cathode bias resistors which are bypassed, 
may be longer to "fit in." Stopper resistors Rm R20, 

Rw R26 , R29, and R3 0 are included to kill instability 
at radio frequencies, and must be wired closely on 
the valveholders with very short leads. "Stoppers" 
are unnecessary in the grids of the B339. 

The earth connecting point associated with each 

Underside of chassis showing layout of principal components. 
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screen tapping. The primary winding capacitance 
must also be low enough to relegate the lowest high- 
frequency resonance to the region where a reasonable 
stabilizing circuit has reduced the gain of the ampli- 
fier without appreciable phase shift. 

Both the transformers mentioned gave measure- 
ments of all five leakage inductances less than 6 mH, 
and a high-frequency resonance in circuit operation 
above 100 kc/s. The W0866 achieves this by the 
use of gain-oriented silicon iron, with moderate 
sectionalization of the windings, and the 4N1 achieves 
similar figures with a larger core of normal silicon 
iron by more sectionalization of the windings. 

Construction.—The accompanying photograph 
shows the underside of the power amplifier chassis. 
The prototype was constructed on a chassis measur- 
ing _14inx9inx 3in. The mains transformer was of 
ordinary silicon iron, but the choke and output 
transformer were of grain-oriented silicon iron and 
were therefore comparatively small. A slightly larger 
chassis would be needed if larger transformers were 
used, but the same layout must be used, and the 
transformers positioned as in the top view of the 
amplifier. Because of the high h.t. voltages it is 
advisable to mount the transformers " tags down 
the elongated holes required can easily be cut with a 
valve hole-cutter and file. 

The heater wiring should be laid in first, with 
twisted twin wires laid along the bend of the chassis. 
The valveholders are oriented to avoid the heater 
wires crossing the grid wiring. The second heater 
supply to the octal pre-amplifier socket connection 
should also be laid in. Both supplies must have a 
centre-tap earthed to chassis, or an artificial centre- 
tap using two equal resistances, as shown. An earth 
point should be chosen next the first valve B339, and 
a " star " tag bolted down with a serrated washer to 

ensure good contact. This will be the one earth 
point to which all grid, anode, and intervalve coup- 
ling circuits must be connected by insulated wiring. 
The signal input (pin 8 on the octal socket) should 
be wired as directly as possible to the grid of the 
first valve; the earth (pin 1 on the octal) connected 
to the " star " earth tag, and the grid leak connected. 
The cathode bypass condenser with feedback resis- 
tance R,, in series should be connected between the 
cathode pin and the " star" earth tag using the 
smallest total loop area of wiring possible, and keep- 
ing the cathode circuit as close to the grid input lead 
as possible. The cathode bypass condenser of the 
second half of the B339 should be wired in an equally 
compact fashion. The grid of this valve is fed from 
the phase-splitting network connected between the 
two anodes, and this should be wired as compactly 
as possible consistent with good mechanical location 
of the components. 

The tagboard is used for all the smaller com- 
ponents, but the larger coupling condensers and the 
later cathode bypass condensers are mounted by 
standard clips on the side of the chassis. Except for 
0,4 the clips "earth" the condenser cases, which 
thus provide screening. For ease of servicing almost 
no wiring is beneath the tagboard. 

Wiring should be continued by working through 
the amplifier, keeping grid and anode wiring as short 
and as separated as possible, while "dead" wiring 
such as h.t. leads returning to a smoothing con- 
denser, or cathode bias resistors which are bypassed, 
may be longer to "fit in." Stopper resistors R19, R20, 
R25, R36, R29, and R,,, are included to kill instability 
at radio frequencies, and must be wired closely on 
the valveholders with very short leads. " Stoppers " 
are unnecessary in the grids of the B339. 

The earth connecting point associated with each 

Underside of chassis showing layout of principal components. 
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valve should be insulated, and connected back to the 
insulated earth point of the preceding valve, and so 
to the original " star " earth tag. The earthed side 
of the secondary of the output transformer should 
also be returned to this tag as this is part of the 
feedback circuit. An exception may be made of the 
h.t. supply earth, and the heater supply centre tap 
earths, which can be connected to any convenient 
points in the chassis. 

The mains transformer is as remote as possible 
from the input to discourage hum, and its orienta­
tion should be noted. The output transformer is of 
necessity nearer the input, and the "live" anode and 
screen wiring to it should be bound together and 
laid carefully away from the tagboard and other 
components. 

Using the precautions outlined above the "strip" 
layout of this amplifier gives the greatest separation 
of input and output and the least potential " teething 
troubles." 

Connecting the Feedback.-When completed and 
checked, a dummy resistance · load should be con­
nected, and first switched on with the feedback dis­
connected by an open circuit at R 11• If the voltages 
measured across the cathode bias resistors approxi­
mate to those shown in Fig. 1 (some voltmeters will 
give a lower reading) a test signal may then be con­
nected to the input of about 100mV, and a loud­
speaker tapped across the dummy load. If an audio 
oscillator is not available, a gramophone pickup 
having. a high output, such as a crystal type, can be 
connected to the input via a temporary volume 
control. An extra resistance of about 47 kD should 
be connected in series with R11 • 

With the test signal audible, the feedback should 
be connected, and a note made of whether the out­
put is increased or decreased. If the feedback 
increases the output the connections to the output 
transformer . must be reversed. If the feedback 
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decreases the output then the connections are correct, 
and the feedback may be permanently connected 
with the extra resistance removed. This method 
removes the risk of oscillation and possible damage 
to the output valves and transformer. 

Performance.-The maximum power output of an 
R-C coupled amplifier such as that described here 
may be conservatively defined as the maximum 
obtainable without driving the output valves to grid 
current. This criterion is easily checked on a 
cathode-ray oscilloscope, the onset of grid current 
being observed as peak clipping, the input being 
reduced just to avoid this. The measurements des­
cribed below use this method of determining 
maximum power output. 

Fig. 2 shows the maximum power output, measured 
across various values of dummy load resistance on 
the secondary of the W0866 transformer. An output 
of 50 watts is obtained in the load with an equiva­
lent anode-to-anode load of 5,000 ohms, which corres­
ponds with this transformer to a load resistance of 
10.7 ohms. These conditions were used for sub­
sequent tests. 

It should be noted that values of anode-to-anode 
load below 4,000 ohms give increased distortion and 
are not recommended. The W0866 transformer has 
a ratio which gives a primary load of 7,000 ohms for 
a 15-ohm secondary load, and satisfactory operation 
can be obtained when operating into one 15-ohm 
loudspeaker giving about 40 watts maximum output, 
or into two 15-ohm loudspeakers connected in 
parallel giving about 60 watts at somewhat greater 
distortion. At frequencies above and below 500 cjs 
the impedance of a loudspeaker, or loudspeaker 
assembly, is usually greater than the nominal value, 
and the effective load is therefore higher. 

Fig. 3 shows the frequency response at a power 
output of about 1 watt into a load of 10.7 ohms. The 
level response with the absence of peaks over the 
whole frequency range from 10 cjs to 100 kc/s 
indicates that the stabilizing circuits are very satis­
factory with an output transformer having the 
characteristics described earlier. In consequence 
the amplifier is completely free of any tendency to 
parasitic oscillation under drive. The tendency for 
the response to fall below 10 c/s is typical of a 
stabilized amplifier with feedback, and greatly assists 
l.f. stability when a pre-amplifier is connected to the 
same h.t. supply. 

Fig. 4 shows that maximum power output is 
obtainable within 0.5 dB over the audio band from 
30 c / s to over 20 kc/s. Below 30 c / s this is limited 
by flux saturation phenomena in the output trans­
former, rather than by peak clipping in the output 
valves. At these low frequencies the power at which 
saturation occurs depends on the unbalanced d.c. in 
the transformer primary. This was 2 rnA in the 
amplifier under test with unpicked valves. The 
power output is maintained to well above 20 kc/s 
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Fig. 3. Frequency response of power 
amplifier measured at I watt 
output. 
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valve should be insulated, and connected back to the 
insulated earth point of the preceding valve, and so 
to the original " star " earth tag. The earthed side 
of the secondary of the output transformer should 
also be returned to this tag as this is part of the 
feedback circuit. An exception may be made of the 
h.t. supply earth, and the heater supply centre tap 
earths, which can be connected to any convenient 
points in the chassis. 

The mains transformer is as remote as possible 
from the input to discourage hum, and its orienta- 
tion should be noted. The output transformer is of 
necessity nearer the input, and the " live " anode and 
screen wiring to it should be bound together and 
laid carefully away from the tagboard and other 
components. 

Using the precautions outlined above the " strip " 
layout of this amplifier gives the greatest separation 
of input and output and the least potential " teething 
troubles." 

Connecting the Feedback.—When completed and 
checked, a dummy resistance load should be con- 
nected, and first switched on with the feedback dis- 
connected by an open circuit at R,,. If the voltages 
measured across the cathode bias resistors approxi- 
mate to those shown in Fig. 1 (some voltmeters will 
give a lower reading) a test signal may then be con- 
nected to the input of about 100 mV, and a loud- 
speaker tapped across the dummy load. If an audio 
oscillator is not available, a gramophone pickup 
having a high output, such as a crystal type, can be 
connected to the input via a temporary volume 
control. An extra resistance of about 47kn should 
be connected in series with Ru- 

With the test signal audible, the feedback should 
be connected, and a note made of whether the out- 
put is increased or decreased. If the feedback 
increases the output the connections to the output 
transformer must be reversed. If the feedback 

Fig. 2. Maximum power output of KT88 output stage 
delivered to load on secondary of transformer (Gilson 
W0866), at 500 c/s. 

decreases the output then the connections are correct, 
and the feedback may be permanently connected 
with the extra resistance removed. This method 
removes the risk of oscillation and possible damage 
to the output valves and transformer. 

Performance.—The maximum power output of an 
R-C coupled amplifier such as that described here 
may be conservatively defined as the maximum 
obtainable without driving the output valves to grid 
current. This criterion is easily checked on a 
cathode-ray oscilloscope, the onset of grid current 
being observed as peak clipping, the input being 
reduced just to avoid this. The measurements des- 
cribed below use this method of determining 
maximum power output. 

Fig. 2 shows the maximum power output, measured 
across various values of dummy load resistance on 
the secondary of the WO866 transformer. An output 
of 50 watts is obtained in the load with an equiva- 
lent anode-to-anode load of 5,000 ohms, which corres- 
ponds with this transformer to a load resistance of 
10.7 ohms. These conditions were used for sub- 
sequent tests. 

It should be noted that values of anode-to-anode 
load below 4,000 ohms give increased distortion and 
are not recommended. The WO866 transformer has 
a ratio which gives a primary load of 7,000 ohms for 
a 15-ohm secondary load, and satisfactory operation 
can be obtained when operating into one 15-ohm 
loudspeaker giving about 40 watts maximum output, 
or into two 15-ohm loudspeakers connected in 
parallel giving about 60 watts at somewhat greater 
distortion. At frequencies above and below 500 c/s 
the impedance of a loudspeaker, or loudspeaker 
assembly, is usually greater than the nominal value, 
and the effective load is therefore higher. 

Fig. 3 shows the frequency response at a power 
output of about 1 watt into a load of 10.7 ohms. The 
level response with the absence of peaks over the 
whole frequency range from 10 c/s to lOOkc/s 
indicates that the stabilizing circuits are very satis- 
factory with an output transformer having the 
characteristics described earlier. In consequence 
the amplifier is completely free of any tendency to 
parasitic oscillation under drive. The tendency for 
the response to fall below 10 c/s is typical of a 
stabilized amplifier with feedback, and greatly assists 
l.f. stability when a pre-amplifier is connected to the 
same h.t. supply. 

Fig. 4 shows that maximum power output is 
obtainable within 0.5 dB over the audio band from 
30 c/s to over 20kc/s. Below 30 c/s this is limited 
by flux saturation phenomena in the output trans- 
former, rather than by peak clipping in the output 
valves. At these low frequencies the power at which 
saturation occurs depends on the unbalanced d.c. in 
the transformer primary. This was 2 mA in the 
amplifier under test with unpicked valves. The 
power output is maintained to well above 20kc/s 

Fig. 3. Frequency response of power 
amplifier measured at I watt 
output. 
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because of the low 
leakage inductances and 
lack of r e s o n a n c e s 
below 100 kc Is in the 
output transformer. 

Fig. 4 also shows the 
distortion at maximum 
power, and this is less 
than 0.1 % of the fun­
damental for both 2nd 
and 3rd h a r m on i c s 
at 500 cIs. The in­
creases at 100 cjs and 
5,000 cIs are due to 
the reduction of effec­
tive feedback at high 
and low frequencies 
because of the stabiliz­
ing circuits, but this is 
a small price to pay for 
the dean performance 
r e s u 1 t i n g from good 
stability. The harmonic 
distortion was measured 

Fig. 4. Maximum available power at different frequencies, and distortion at maximum 
power output. Transformer: Gilson W0866. Load /0.7 ohms, equivalent to 5,000 ohms 
anode-anode. 

up to 15 kc/s, and listening tests confirmed the merit 
of the results shown. 

The maximum power output is obtained with an 
input drive of 0.5 volts r.m.s., and the hum level is 
-73 dB with the input open circuited, or better than 
- 90 dB with the input short circuited. The feed-
back is -22 dB at 500 cjs with the components 
shown and a 10.7-ohm secondary (24 volts output). 
For use with load impedances other than this the 
feedback resistance R 11 (4.700 ohms) should be 

altered in proportion to the resulting output voltage. 
The authors wish to record their thanks to their 

colleague D. ·M. Leakey for his considerable help and 
advice during the design of this amplifier. 

Useful References 
" Stabilizing Feedback Amplifiers," l'homas Roddam, 

Wireless World, March, 1951. 
"UL Output Transformers," D. M. Leakey and R. B 

Gilson, Wireless World, Jan., 1956. 

ITALIAN TELEVISION DEVELOPMENT 
RAPID GROWTH OF THE NETWORK 

WHEN the Italian broadcasting authority, Radiotele­
vizione Italiana, has completed its chain of 98 television 
stations in two or three months' time, Italy will have 
one station to every 1,220 square miles against the 
United States' one to 6,144. 

At the end of December there were 24 main stations 
and 40 satellites, or relays, but by the end of June there 
will be three more main stations and a further 31 
satellites, making 98 in all. When the chain is com­
pleted each station will serve an average of 480,000 
people; in the United States the ratio of population to 
stations is 341,000 to one. 

Despite the considerable growth of the network in 
the past twelve months the number of licensed receivers 
was only a little over 300,000 at the end of December 
-about 5,000 to each station then in use. In the 
country there is an average of 357,400 sets for each 
television station, and in the United States (where at 
the end of the year there were some 500 stations) about 
84,600 per station. 

As will be seen from the sketch map, radio links 
are provided between the main stations, but the satel­
lites, which have transmitters rated at from 5 to 50 
watts, rely on direct reception from a main transmitter 
for re-broadcasting. The majority of these satellites 
are unattended, are equipped with duplicate trans­
mitters, and are automatically switched on and off by 
pre-set time switches. Many of them serve a com­
paratively small population in enclosed valleys. 
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Radio links are provided between the main stations. 
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because of the low 
leakage inductances and 
lack of resonances 
below lOOkc/s in the 
output transformer. 

Fig. 4 also shows the 
distortion at maximum 
power, and this is less 
than 0.1% of the fun- 
damental for both 2nd 
and 3rd harmonics 
at 500 c/s. The in- 
creases at 100 c/s and 
5,000 c/s are due to 
the reduction of effec- 
tive feedback at high 
and low frequencies 
because of the stabiliz- 
ing circuits, but this is 
a small price to pay for 
the clean performance Fig. 4. Maximum available power at different frequencies, and distortion at maximum 
resulting from good power output. Transformer: Gilson W0866. Load 10.7 ohms, equivalent to S,000 ohms 
stability. The harmonic anode-anode. 
distortion was measured 
up to 15 kc/s, and listening tests confirmed the merit altered in proportion to the resulting output voltage, 
of the results shown. The authors wish to record their thanks to their 
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feedback resistance R, 1 (4.700 ohms) should be Gilson, Wireless World, Jan., 1956. 
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RAPID GROWTH OF THE NETWORK 

WHEN the Italian broadcasting authority, Radiotele- 
vizione Italiana, has completed its chain of 98 television 
stations in two or three months' time, Italy will have 
one station to every 1,220 square miles against the 
United States' one to 6,144. 

At the end of December there were 24 main stations 
and 40 satellites, or relays, but by the end of June there 
will be three more main stations and a further 31 
satellites, making 98 in all. When the chain is com- 
pleted each station will serve an average of 480,000 
people; in the United States the ratio of population to 
stations is 341,000 to one. 

Despite the considerable growth of the network in 
the past twelve months the number of licensed receivers 
was only a little over 300,000 at the end of December 
—about 5,000 to each station then in use. In the 
country there is an average of 357,400 sets for each 
television station, and in the United States (where at 
the end of the year there were some 500 stations) about 
84,600 per station. 

As will be seen from the sketch map, radio links 
are provided between the main stations, but the satel- 
lites, which have transmitters rated at from 5 to 50 
watts, rely on direct reception from a main transmitter 
for re-broadcasting. The majority of these satellites 
are unattended, are equipped with duplicate trans- 
mitters, and are automatically switched on and off by 
pre-set time switches. Many of them serve a com- 
paratively small population in enclosed valleys. 
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