
EDITORIAl. COMMENT 

INFORMATION THEORY AND BROADCASTING 

Broadcasting techniques are now pretty well established, both on the 
engineering and programme sides. But, all the same, it might be a 
worth-while New Year's resolution for broadcasters to decide upon a 
re-examination of these techniques in the light of information theory. 
That theory, it will be remembered, did not originally concern itself 
with the meaning of the message or symbols transmitted. Of recent 
years, however, there has been a growing tendency to widen the scope 
of the theory, even to the extent of trying to fit the human mind into 
its place as a link of calculable capacity in a chain of communication. 

There is already quite a formidable and highly esoteric literature on 
this widened aspect of information theory. "Formidable" seems to 

· be a singularly appropriate word in this context; any attempt directly 
to apply the principles enunciated to say, the improvement of broad
cast programme techniques, leads us into deep and turgid waters. But 
even an unsuccessful attempt may bring up useful ideas. 

For instance, the t:ate at which the human mind can assimilate infor
mation is always strictly limited, though it varies with the individual. 
This truism is brought out in an easily digestible form (though it must 
be admitted with no reference to information theory) in Professor 
Kapp's book* on technical writing. All the author's principles are 
applicable to some extent to the presentation of any kind of factual 
information (as opposed to imaginative writing or speaking) whether 
by the written or spoken word. The information in many broadcast 
talks seems to us to be presented at a rate that is far too high for the 
medium of communication. Some of them, indeed, can hardly be 
assimilated at a first reading when they are reprinted in The Listener, 
except perhaps by specialists. · 

What appears to be another fundamental misuse of broadcasting, 
·considered purely as a means of communication, is the employment of 
it for disseminating information of purely local interest. Surely that 
is a function that can be much better carried out by local newspapers. 
The inhabitant of, say, a small town is almost certain to waste a vast 
amount of time in waiting for news of happenings in his own little 
community-if it ever comes. And, taking the South-Eastern broad
casting region of England, what common denominator of local interest 
can be found to link a London suburb, a New Town, a cathedral city 
and a secluded village? 

This technically indefensible use of the radio medium for parish 
pump broadcasting, though representing an error of principle, is not 
highly significant in volume. On the wider issue, much of the 
philosophy behind the concept of regional programmes, to which the 
B.B.C. has long been devoted, seems to be based on an almost equally 
serious misconception of the proper use of the radio medium. For a 
small country like England, surely radio is essentially adapted to dis
tributing material of nation-wide interest. For example, a high pro
portion of listeners served on medium waves by the West Region must 
feel a much closer affinity with London than with the robust and rural 
West Country. 

* " The P~esentation of Technical Writing " by R. 0. Kapp. Constable. 
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Single-beam Colour · Tube 
0 NE of the main brakes on the development of 
colour television at present is the absence of a really 
cheap ,and simple colour display device that will 
make p6ssible a low-cost receiver. I_t is doubtful 
whether the well-known three-gun shadow-mask tube 
is the best basis for 'this. Not only do t,hree guns 
add to the expense of manufacture but they bring 
with them all the problems of registration (which are 
by no means solved in existing designs) and necessi
tate two extra wideband video output stages capable 
of providing about 100 volts swing and a stable black 
level. 

Fundamentally, what is required is a single electron 
gun controlled by a brighmess signal, and a screen 
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consisting of a mosaic of differently coloured phos
phor dots or strips, with some mechanism which 
ensures that the spot excites only appropriately 
coloured dots or strips depending on the colour 
signal. 

The Chromatron, or Lawrence tube, is one device 
that goes some way towards the ideal (see July, 
1953, issue, p. 329). Another, more recent, design 
is a single-beam tube developed by Philco in 
America which has hitherto been known by the code 
name "Apple." In this, as shown by the figure, the 
screen comprises a pattern of vertical phosphor strips 
arranged in the cyclic order R G B R G B, etc. 
There is no internal structure comparable with the 
shadow-mask in the three-gun tube or the colour
controlling grid in the Chromatron, but on the inside 
face of the aluminium film backing the phosphor 
strips there are strips of magnesium oxide which 
register with a particular one of the phosphor strips. 

The principle of operation here is that the incom
ing colour . information is switched to modulate the 
tube according to the position of the beam. In other 
words, when the beam is passing across the red phos
phor strip the red signal is switched to the electron 
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gun, when the beam is on the green strip the green 
sign;1l is switched on, and similarly with the blue 
strip. 

In order to do this, some means must be incor
porated for continuously giving information on the 
position of the beaJll across the screen. This is 
achieved by means of a "pilot " beam (travelling 
parallel with the normal " writing " beam) in con
junction with the magnesium oxide strips on the 
screen. Magnesium oxide has a higher secondary 
emission coefficient than the screen's aluminium 
backing, so that when the pilot beam crosses the 
strips it produces a greater secondary emission cur
rent than from the aluminium between; and a regu
lar pulsation is obtained. The secondary electrons 
are picked up by the conical collector electrode, 
which is at 30kV relative to the screen's 27kV. 

The pulsation of secondary emission current gen~ 
erates a signal at the screen, which is taken off 
capacitively by an external conductive coating. This 
waveform is known as an "indexing" signal and is 
combined with the colour signal to gate the writing 
beam at appropriate moments to produce the desired 
colours. 

In the absence of the colour signal the " Apple " 
tube produces a good black-arid-white picture, 
simply because the writing beam energizes all the 
phosphors equally as it passes over them in rapid 
succession. No critical adjustments are required as 
in the three-gun tube, where the three separate beams 
must be correctly aligned and matched to give satis
factory colour-and monochrome-reproduction. 

Tubes of this kind are known generally as "beam 
indexing " tubes. The main advantage claimed for 
the Philco version is that the task of maintaining 
tight tolerances is relegated to the manufacturing 
equipment rather than to the tube itself, where it 
would have to be faced every time a tube is made. 
Another important point is that no high-voltage 
power is wasted through interception or deflection of 
the beam by an electrode structure near the screen. 
Technicians in this country have, however, com
plained of a pattern of vertical dark lines on the pic
ture which results from the screen construction. Full 
details of the tube have been published in the 
September, 1956, issue of Proc. I.R.E. 

Tubeless Colour Television? 
LOOKING forward beyond the single-beam tube and 
the flat tube (described last month), many people believe 
that the ultimate colour display will be a " picture-on
the-wall" device utilizing some solid-state phenomenon 
such as electro-luminescence. This method of pro
ducing light from phosphors by directly applied poten
tials* is now being actively investigated, mainly for 
lighting purposes and image intensification, but there is 
no doubt that the research workers have their eyes wide 
open for possible applications in television. 

The problem of constructing such an electro-lumines
cent colour display was raised by a speaker at a recent 
Brit. I.R.E. lecture on the light amplifier given by Dr. 
T. B. Tomlinson of G.E.C. It has been discovered that 
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the light emitted froJ?l the phosphor. can b~ made. to 
hange colour with different frequencies._ of a.c. ex~Ita-
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said that the change with frequency coul~ only _be 
accomplished between g~een and blue, a~d m practice 
h method was only suitable for producmg an overall 
~o!our change in compl~te sheets _of phosphor. . 

He felt that a more likely solution would be a mosaic 
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for activating the ots separate y m sy?c romsm Wit 
the scanning process. A m~thod 'Yh.Ich has ~!ready 
been suggested involves a matnx consist~ng of. honzontal 
wires on one side of the scr~en and vertical ~Ires on ~e 
other Each phosphor dot IS placed at the mtersection 
point. of an x wire and a y wire and, in theory, can be 
activated separately by applying the appropriate voltage 
to these electrodes. Apart fr?m the elaborS:te and high
speed switching system reqmred for scannmg the mat
rix, one of the major difficulties, as Dr. Tomlinson 

pointed out, would be the inevitable stray cross-coupling 
between the electrodes. 

Earlier, the lecturer had demonstrated\....- electro
luminescent panels of different compositions giving blue, 
green and orange lights. A good red, he said, was very 
difficult to obtain chemically. Other problems to be 
overcome were the low light efficiency and slow response 
time of the phosphors to activation, but the efficiency 
in particular was being steadily improved. 

In discussing the light amplifier itself, Dr. Tomlinson 
thought that it might possibly be incorporated in the 
screens of conventional television cathode-ray tubes: 
This would make possible lower velocity electron beams 
and hence ·· tower e.h.t. voltages and reduced scanning 
power. However, one speaker who had seen an Ameri
can light amplifier in operation said that, although the 
amplification and picture quality were both good, there 
was a considerable time lag in response which would be 
a disadvantage on moving television images. 

*See April, 1955, issue, p . 153. 

Drilled-Ferrite Switching Circuit 
AN unusual form of construction for two-state switch
ing and computing circuits recently developed at the 
Radar Research Establishment consists of a block of 
ferrite with small holes drilled in it, with transistors 
mounted on top so that tl}eir leads pass directly through 
the holes. This has arisen from the need for switching 
circuits which are small, reliable and economical in 
operation. 

The idea of using small, square hysteresis-loop 
ferrite cores, with transistors to drive them from one 
state of remanent induction to the other, is becoming 
quite a well-known technique. Unfortunately it brings 
difficulties in manufacture in that the tiny cores-which 
are only 2mm across-require a great many . tUrrJ,s of 
fine wire to produce the necessary switching m.m.f. 
from the small transistor driving currents. 

The desirable simplification is a one-turn winding, 
but to attain this it would be necessary to have a core 
shaped like a thin-walled tube which would be capable 
of being switched by a low m.m.f. In the absence of 
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Fig. I. Construction of transistor,magnetic-cell two-state 
elements arranged as a shift register. 

such cores on the market, the nearest practical alter
native that can be switched by low currents is the 
" magnetic cell " or narro_w hole drilled in a block of 
ferrite. This principle was described by D. S. Ridler 
and R. Grimmond at the recent I.E.E. · Ferrites Con
vention (see December, 1956, issue, p.596), and the 
~.R.E. device was actually disdosed by G. H. Perry 
m a discussion following the paper. 

Fig. 1 shows diagrammatically the construction of a 
group of the transistor/magnetic-cell two-state elements 
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arranged as a shift register. The change of flux in 
each magnetic cell resulting from the switching action 
causes a current to be induced in a one-turn winding 
connected to the base of the aStSociated transistor. The 
amplified current change at the collector is then passed 
through a single-turn winding of the next magnetic cell, 
which accordingly changes its state and applies an 
induced current to the next transistor . . . and so on. 
The action is initiated by a third single-turn winding 
in each magnetic cell, which serves to introduce shift 
pulses for moving the pattern of 0 and 1 digits along 
the length of the register. 

The three pieces of 37 s.w.g. wire passing through 
each cell actually take the place of some 100 turns of 
47 s.w.g. that are necessary on a conventional ferrite 
core performing the same action. The only disad
vantage in using the magnetic cell is that it does not 
saturate. This means that the stored flux is largely 
dependent on the applied current, so that the two states 
are not so well defined and uncritical as in the ferrite 
toroidal core. 

Equi pmen ts based on the transistor I magnetic-core 
element already give something like a 3,000: 1 reduction 
in power consumption over valve circuits and about 
100: 1 reduction in size. · 

Student Exchange 
SINCE the foundation of the International Association 
for the Exchange of Students for Technical Experience 
in 1948, nearly 29,000 students from 22 countries have 
taken advantage of . the facilities provided by the 
Association whereby they can obtain pracucal experience 
abroad during the summer vacation. The 9th annual 
report records that in 1956 a total of 5,711 students went 
abroad under the scheme. By far the greatest number 
was from Germany (1,284) with Great Britain second 
(743). Sweden, who sent only 415 students abroad, 
received the greatest number (1,305) with Germany 
second (1,019). A total of 774 overseas students came 
to this country. 

Although the radio and electronics industry is not 
given a separate classification-it is included in electrical 
engineering-it is obvious from the lists of the parti
cipating companies and research organizations in this 
country and abroad that a large number of them are in 
this field. 

Details of the Association are obtainable from }. 
Newby, Imperial College, South Kensington, London, 
S.W.7. 
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Radio Shows 
WE HAVE often deplored the proliferation of ex
hibitions catering for radio and its electronics off
shoots. Will the situation be eased by the dates of 
some of the shows overlapping? 

The Radio Industry Council has announced that 
this year's National Radio Show, which will again 
be held at Earls Court, London, will be from August 
28th to September 7th with a preview for invited 
guests on the 27th. The static section of the 
S.B.A.C. Show at Farnborough, which has become 
the aeronautical radio exhibition, will be held from 
September 3rd to 9th with a preview on the 2nd. 

The exhibition at which the marine side of the 
radio industry is usually well represented-the 
Engineering, Marine and Welding Exhibition-over
laps the National Radio Show still further, for it 
opens at Olympia on August 29th for fifteen days. 

Audio Fair 
ALL but four of the fifty-one exhibitors who have 
taken space at this year's Audio Fair will have de
monstration rooms. The four-day fair will he held 
from April 12th to 15th, inclusive, at the Waldorf 
Hotel, Aldwych, London, W.C.2. 

It is being run by Audio Fairs, Ltd., a non-profit
making company on which the following serve "on 
a purely voluntary basis": . chairman, V. G. P. 
Weake (Pamphonic); vice-chairman, D. A. Lyons 
(Trix); M. L. Berry (Trix), L. H. Brooks (M.S.S.), 
J. W. Maunder (Vitavox), H. V. Slade (Garrard), 
G. E. Spark (M.S.S.), T. R. Threlfall (Goodmans). 

DOCTORS Bardeen, Shockley and Brattain (L to R), who 
jointly received the 1956 Nobel Physics Prize in Stockholm 
in December, photographed when they worked together on 
the development of the transistor at Bell Laboratories. 

Organizational, Personal and 

Industrial Notes and News 

G.E.C. Valve Policy 
A FEW months ago the trade name of " Osram " 
valves was changed to "G.E.C." This foreshadowed 
a change in policy resulting from the acquisition by 
the General Electric Company of the share in the 
Marconi-Osram Valve Company formerly held by 
E.M.I. 

In future, the M-0. Valve Company, which is now 
a wholly-owned subsidiary of G.E.C., will concern 
itself mainly with the manufacture of transmitting 
and special-purpose valves. Among the transmitting 
types will be klystrons, magnetrons, travelling wave 
tubes and backward wave oscillators, as well as 
valves for r.f. heaters. Receiving valves will include 
"reliable" and high-performance types in addition 
to audio amplifiers. Gas-filled valves such as thyra
trans and xenon rectifiers represent an important 
side of the company's activities. 

News in Morse 
IT is some months since we published a schedule 
of the transmissions of English news bulletins pre
pared by the overseas press division of the Central 
Office of Information. For the bulletins to North 
America and the Far East an R.T.T. (printing radio 
telegraph) link, employing frequency ... shift keying, 
is now used, and for a number of other areas the 
Hellschreiber method has taken the place of morse. 
There are, however, a number of areas for which 
morse is still used and below we give the latest 
schedule of these transmissions from Post Office 
stations. The morse speed varies from 22 to 28 
words a minute. 

Region Times (G.M.T.) Call Freq. 
(Mc/s) 

------
Distant Europe Monday 0200--0430} GIQ25 5.365 

Tues. to Sun. 0300-0530 

Middle East Monday 0200-0430} GBB33 13.595 
Tues. to Sun. 0300-{)530 

Caribbean Mon. and Fri. 1145-1215} GJB36 16.190 
Mon. to Fri. 1215- 1315 
Mon. to Fri. 1700-1830 GIB38 18.680 

South America Friday 2015-2130 GJN31 11.645 
Mon. to Sat. 0115-{)230 GIS27 7.780 

Africa Mon. to Fri. 0915-{)945 } GAY40 20.100 
Monday 2015-2100 

South East Asia Sunday 1915-2115 GAY27 7.447 
Mon. to Sat. 1715-1800 GAY33 13.665 
Mon. to Sat. 1815-2215 GAY27 7.447 
Mon. and Sat. 1600-1715 GAY33 13.665 

PER S 0 N ALIT IE S 

A.V-M. Raymond G. Hart, C.R, C.B.E., a member 
of Watson-Watt's Bawdsey team in 1936, has been 
appointed controller of engineering and equipment at 
the Air Ministry. In 1941 he went to the Air Ministry 
as deputy director of radar. He was subsequend7 con
cerned with the planning of the air signals m the 
invasion of Europe and became chief air signals 
officer at S.H.A.E.F. 
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Organizational, Personal and 

Industrial Notes and News 

Radio Shows 
WE HAVE often deplored the proliferation of ex- 
hibitions catering for radio and its electronics off- 
shoots. Will the situation be eased by the dates of 
some of the shows overlapping? 

The Radio Industry Council has announced that 
this year's National Radio Show, which will again 
be held at Earls Court, London, will be from August 
28th to September 7th with a preview for invited 
guests on the 27th. The static section of the 
S.B.A.C. Show at Farnborough, which has become 
the aeronautical radio exhibition, will be held from 
September 3rd to 9th with a preview on the 2nd. 

The exhibition at which the marine side of the 
radio industry is usually well represented—the 
Engineering, Marine and Welding Exhibition—over- 
laps the National Radio Show still further, for it 
opens at Olympia on August 29th for fifteen days. 
Audio Fair 
ALL but four of the fifty-one exhibitors who have 
taken space at this year's Audio Fair will have de- 
monstration rooms. The four-day fair will be held 
from April 12th to I5th, inclusive, at the Waldorf 
Hotel, Aldwych, London, W.C.2. 

It is being run by Audio Fairs, Ltd., a non-profit- 
making company on which the following serve " on 
a purely voluntary basis": chairman, V. G. P. 
Weake (Pamphonic); vice-chairman, D. A. Lyons 
(Trix); M. L. Berry (Trix), L. H. Brooks (M.S.S.), 
J. W. Maunder (Vitavox), H. V. Slade (Garrard), 
G. E. Spark (M.S.S.), T. R. Threlfall (Goodmans). 

G.E.C. Valve Policy 
A FEW months ago the trade name of "Osram" 
valves was changed to " G.E.C." This foreshadowed 
a change in policy resulting from the acquisition by 
the General Electric Company of the share in the 
Marconi-Osram Valve Company formerly held by 
E.M.I. . , 

In future, the M-O. Valve Company, which is now 
a wholly-owned subsidiary of G.E.C., will concern 
itself mainly with the manufacture of transmitting 
and special-purpose valves. Among the transmitting 
types will be klystrons, magnetrons, travelling wave 
tubes and backward wave oscillators, as well as 
valves for r.f. heaters. Receiving valves will include 
"reliable" and high-performance types in addition 
to audio amplifiers. Gas-filled valves such as thyra- 
trons and xenon rectifiers represent an important 
side of the company's activides. 

News in Morse 
IT is some months since we published a schedule 
of the transmissions of English news bulletins pre- 
pared by the overseas press division of the Central 
Office of Information. For the bulletins to North 
America and the Far East an R.T.T. (printing radio 
telegraph) link, employing frequency-shift keying, 
is now used, and for a number of other areas the 
Hellschreiber method has taken the place of morse. 
There are, however, a number of areas for which 
morse is still used and below we give the latest 
schedule of these transmissions from Post Office 
stations. The morse speed varies from 22 to 28 
words a minute. 

In 
Distant Europe Monday Tues. to Sun. 
Middle East Monday 

Tues. to Sun. 
Mon. and Fri. 
Mon. to Fri. 
Mon. to Fri. 
Friday 
Mon. to Sat. 
Mon. to Fri. 
Monday 

South America 

South East Asia I Sunday Mon. to Sat. 
Mon. to Sat. 
Mon. and Sat. 

0200-0430 
0300-0530 
0200-0430 
0300-0530 
1145-1215 
1215-1315 
1700-1830 
2015-2130 
0115-0230 
0915-0945 
2015-2100 
1915-2115 
1715-1800 
1815-2215 
1600-1715 

G1Q25 5.365 

GBB33 13.595 

GIB36 16,190 
G1B38 18.680 
GIN31 11.645 GIS27 7.780 

GAY40 20.100 

GAY27 7.447 
GAY33 13.665 

7.447 
GAY33 I 13,665 

DOCTORS Bardeen, Shcckley and Brattain (L to R), who 
jointly received the 1956 Nobel Physics Prize in Stockholm 
in December, photographed when they worked together on 
the development of the transistor at Bell Laboratories. 

PERSONALITIES 
A.V-M. Raymond G. Hart, C.B., C.B.E., a member 

of Watson-Watt's Bawdsey team in 1936, has been 
appointed controller of engineering and equipment at 
the Air Ministry. In 1941 he went to the Air Ministry 
as deputy director of radar. He was subsequendy con- 
cerned with the planning of the air signals m the 
invasion of Europe and became chief air signals 
officer at S.H.A.E.F. 
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Under the Departme;Ilt of Sci~ntific and Industrial 
R earch Act 1956, which came mto force on Novem
b es 7th, a n~w research council has been formed in 
fee of the former advisory council. Dr. H. W. 
M~lville, F.R.S., is secretary of the council, and among 
the eleven members are Professor P. M .. ~· Blackett, 
F.R.S., (Imperia~ CoD:ege) and Dr. Willis Jackson, 
F.R.S. (Metropohtan-VIckers). 

R. H. Tizard, B.A., A.M.I.E.E., who had been super
. t ndent of the Control Mechanisms and Electronics 
Di~ision of the Nati?nal_ Physical Laboratory, Tedding
ton, since its formation m 1954, recently left to take _up 
an appointment at the London School of Economics. 
He i:r succeeded by Dr. A. M. Uttley, who from 1940 
until his present appointment was at the Radar Re
search Establishment (previously T.R.E.), Malvern. 
During the war he was concerned with the design of 
a number of synthetic trainers, and more recently was 
largely responsible ~or . t~e functional desi~n of 
TREAC, the electromc digital computer used m the 
Physics Department of R.R.E. 

L A. Woodhead, director and general manager of 
Cos~or Instruments, Ltd.; is the new chairman of the 
Electrical and Electronics Section of the SCientific 
Instrument Manufacturers' Association. He joined the 
parent company, A. C. Cossor, Ltd., in 1930 and during 
the war was in charge of the final test and inspection of 
valves and c.r. tubes at a large shadow factory. 

William Cutshaw, B.Sc., Ph.D., recently left the Radar 
Research Establishment, where he specialized in the 
field of microwave optics and later in millimetre wave 
magnetron development, and has joined the laboratories 
of the National Bureau of Standards at Boulder, 
Colorado. Dr. Culshaw, who joined T.R.E. in 1942, is 
in the N.B.S . Microwave Physics Section. 

Dr. A. V. J. Martin, until recently editor of our 
French contemporary Television, has been appointed 
professor of electrical en~ineering at the C~rnegie 
Institute of Technology, Pmsburgh, Pennsylvama. 

L. S. Crutch, B.Sc., M.I.E.E., deputy chief engineer 
of Siemens Brothers and Company, which he joined in 
1931, is appointed a director of the company. He has 
specialized in the development of telecommunication 
systems, and was for some years assistant chief engineer 
of Siemens' telecommunications department. 

G. K. Nicholls, Assoc.I.E.E., has been appointed 
manager of the Cable and Wireless cable station and 
engineering school at Porthcurno, Cornwall, in succes
sion to C. J. V. Lawson, recently appointed deputy 
engineer-in-chief. 

I. C. I. Lamb, A.M.Brit.I.R.E., has been appointed 
engineer-in-charge of the recently opened I.T.A. station 
at Emley Moor, Yorks. Employed by the B.B.C. both 
before and immediately after the war, first as a main
tenance engineer at Daventry and later in the research 
department, he subsequently went to Pye, Ltd. Last 
February he joined the I.T.A. 

The announcement of the above appointment affords 
an opportunity to mention the engineers-in-charge of 
the first three l.T.A. stations. W. Woolfenden (Croy
don), after service as a R.A.F. radar officer, went into 
industry for a short while before joining the B.B.C. in 
1947. He has been with the I.T.A. since August 1955. 
N. G. Payne, A.M.I.E.E., was for 16 years on the main
tenance staff of the B.B.C. before being appointed to 
Lichfield last February. W. H. Jarvis, A.M.I.E.E. 
(Winter Hill), was a marine radio officer from 1918 
until 1935 when he joined th·e B.B.C. He was senior 
~aintenance engineer at Alexandra Palace before join
mg the I.T.A. last April . 
. W. F. Harkness, who in the early days of broadcast
mg formed Electrical Appliances, Ltd., selling Eureka 
transformers, and after service with Cassar's went to 
th~ U.S.A. in 1939, has now retired and returned to 
t~Is country. His address is 5, Dawson Place, London, 
W.2. 
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H. E. F. Taylor is the 
new secretary of the 
R a d i o Communication 
and Electronic Engineer
ing Association in suc
cession to Neill Christie. 
During the war Mr. 
Taylor was a lieutenant
colonel in the Royal 
Signals and was con
cerned m o s t 1 y with 
long distance telecom
munication projects. He 
has been a radio amateur 
for some 35 years and has 
operated in India with t~e 
call-sign VU2AT. H1s 
British call is G6HT. 

L. Essen, D.Sc., Ph.D., A.M.I.E.E., who joined the 
National Physical Laboratory in 1929 and has be~n 
concerned with precise microwave measurements? m 
particular with the measurement of frequency and time, 
has been promoted to senior principal scientifi,c ?fficer 
in the scientific civil service. Dr. Essen, who IS 48, 
recently developed a frequency standard, based on a 
resonance of the cresium atom. 

The B.B.C. has appointed G. K. Drake as engineer
in-charge of the television and v.h.f. sound broad:ast
ing station at Blaen Plwy, Wales, and B. M. Br~t~on 
as e-in-c of the Sandale, Cumberland, television 
station. Mr. Drake, who joined the Alexandra Palace 
television station in 1938, has been senior maintenance . 
engine·er at Wrotham, Kent, since 1949. Mr. Britton 
has been with the Corporation for 14 years. 

T. P. Lynott, A.M.I.E.E., has been appointed chief 
engineer to Gardners Radio Ltd., of Somerford, 
Christchurch, Hants. Since 1947 he has been at the 
Atomic Energy Research Establishment, Harwell, as 
transformer design engineer, having previously been 
first with G.E.C. and then the directorate of instru
ment production at the Ministry of Supply. Mr. 
Lynott, who is 42, is chairman of the subcommittee 
of the Radio Comoonents Standardization Committee 
of the Ministry of Supply dealing with transformers 
and chokes. 

W. Grant, contributor of the article on page 33, 
studied at the Royal Technical College, Glasgow, for 
his B.Sc. in electrical engineering. During the war he 
was commissioned Electrical and Mechanical Engineer 
in R.E.M.E. He has since been undertaking research 
and development work and is at present with J. Stone 

. and Company (Deptford). 

OBITUARY 

Air Commodore R. L. Phillips, C.B., C.B.E., who 
died on November 22nd at the age of 47, was asso
ciated with aeronautical radio for the major part of 
his career in the R.A.F. He had held the positions 
of Director of Radio and Director of Signals Policy 
at the Air Ministry. 

The death is announced by the Canadian Depart
ment of Transport of G. C. W. Browne, retired 
controller of telecommunications, at the age of 66. He 
went to Canada from Ireland in 1912 and entered the 
Canadian Government Radio Service two years later. 
Since his retirement last year Mr. Browne had been 
acting as consultant to the Fowler Commission on 
Broadcasting in Canada. 

George T. Clack, who for many years (until 1953) 
was honorary lecture secretary of the Television 
Society, died on November 17th at the age of 47. He 
had been with Bush Radio since 1939 where, as a 
senior laboratory engineer, he had been latterly 
primarily engaged on technical liaison work. 
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of Siemens Brothers and Company, which he joined in 
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of Siemens' telecommunications department. 
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department, he subsequently went to Pye, Ltd. Last 
February he joined the I.T.A. 

The announcement of the above appointment affords 
an opportunity to mention the engineers-in-charge of 
the first three I.T.A. stations. W. Woolfenden (Croy- 
don), after service as a R.A.F. radar officer, went into 
industry for a short while before joining the B.B.C. in 
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IN BRIEF 
Receiving Licences.-During October the number of 

television licences current in the U.K. increased by 
151,299, bringing the total to 6,291,072. The total 
number of broadcast receiving licences, including tho~e 
for television and 310,301 for car radio, was 14,419,741. 

Test transmissions from a 1-kW pilot transmitter will 
begin on March 1st from the site of the first Scottish 
I.T.A. station at Black Hill, Lanarks. The station will 
operate in Channel 10 (199.75 Mc/s vision and 
196.25 Mc/s sound) although the carriers will actually 
be offset by -19.5kc/s and -10.5kc/s, respectively. 

In preparation for the opening of the Scottish I.T.A. 
station at Black Hill, Lanarks., at the end of August, the 
prograii,lme contractors, Scottish Television, Ltd., are 
arranging a series of weekly exhibitions from February 
to June in the principal burghs to be served by the 
station. The Scottish Radio Retailers' Association is 
participating, and advice on the conversion of existing 
sets will be given to enquirers. 

Lichfield Increased Power.-By adding 20-kW 
amplifiers to both the sound and vision transmitters 
at Lichfield the e.r.p. of the I.T.A. station was increased 
on November 23rd to 200 kW. Duplicate sets of trans
mitters were previously operated in parallel to bring the 
e.r.p. up to 100 kW. The spare sound and vision trans
mitters are now being "kept as standbys in case of 
breakdown of the main equipment. All the transmitting 
equipment at Lichfield was designed and installed by 
Pye, Ltd. 

The B.B.C.'s eighth v.h.f. sound broadcasting station, 
Holme Moss, was brought into service on December 
lOth. It is radiating a three-programme service on 89.3, 
91.5 and 93.7 Mc/s with an e.r.p. of 120 kW. The six 
10-kW transmitters (two for each service) were installed 
by Marconi's. \ 

Four of the seven gold medals awarded to British 
manufacturers for goods displayed at the California 
State Fair, held in Sacramento in September, were 
won for radio and electronic equipment. Two of the 
medals went to Trix . Electrical for their Trixonic 
amplifier 800 and record player A720, one to Pye for 
their "Leadsman" echo sounder, and one to Fonadek 
for their telephone amplifier. The medals were pre
sented at a conference of the Dollar Exports Council by 
the Minister of Economic Affairs at the U.S. Embassy. 

Sea-going trials of Gee (the Cossor hyperbolic navi
gational aid) have shown that sea-level ranges up to 
200 nautical miles from coast chains can be relied upon. 
This was accomplished using the South Western chain 
which operates on a frequency around 25 Mc/s. The 
long range is attributed to tropospheric propagation. 

. Ferranti-Ekco Link.-Domestic radio and television 
receivers with the Ferranti trade mark will, in future, 
be marketed by a new company being formed by E. K. 
Cole, Ltd. 

The scope of this year's Radio Society of Great 
Britain exhibition is to be widened considerably and 
the title changed to Radio Hobbies Exhibition. It will 
be held in October at Seymour Hall, Seymour Place, 
London, W.1, and is again being organized by P. A. 
Thorogood (G4KD), who is chairman of the London 
u.h.f. group. 
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ev De:.F'OREST 

JUBILEE of the inver.tion of the triode valve by Dr. Lee 
de Forest is commemorated on this franking on a recent 
letter from the United States . . 

American Facts and Figures.-Dr. W. R. G. Baker, 
head of the General Electric Company's Electronics 
Park, at Syracuse, N.Y., in a review of the progress of 
the electronics industry, stated that one out of every 
forty jobs in the United States is in electronics, and that 
75% of these did not exist ten years ago. Moreover, 
whereas the electrical industry in the States approxi
mately doubles every ten years, the electronics in
dustry is doubling every five or six years. Dr. Baker 
forecast that the use of semi-conductor equipment will 
increase 100% in the U.S.A. during 1957. Incident
ally, during the past ten months the price of G.E. 
transistors has been reduced 35%. 

" W.E." Editorials.-For nearly 30 years Professor 
G. W. 0 . Howe contributed editorials to our sister 
journal Wireless Engineer (now Electronic & Radio 
Engineer) . An index to these contributions, including 
chronological, author and subject indexes, was com-

. piled by Dr. A. J. Small, of the Departrllent of Ele~
trical Engineering at Gla-sgow University, some two years 
ago. An addendum bringing it up to date has now been 
prepared, and this, together with the original index 
(covering the period January, 1926, to March, 1955, the 
last of his regular editorials) is obtainable from Dr. Small, 
price Ss. 

The Ra.dio Trades Examination Board has issued a 
reminder that the closing dates for entries for this year's 
Servicing Certificate Examinations are January 15th for 
television and February 1st for sound receivers. Forms 
and regulations for the examinations, which will be held 
in May, are obtainable from the R.T.E.B., 9, Bedford 
Square, London, W.C.l. 

D anish TV.- The information regarding D enmark 
included in · the E.B.U. television map on page 605- of 
the December issue was incomplete. Three trans
mitters have been in use for the past eight months
Copenhagen (5 kW), Fyn, near Odense (5 kW) and 
Aarhus (2.5 kW). 

"Audio-Frequency Response Measurements."-The 
equipment described under this heading in our 
December, 1956, issue was developed by the staff of 
Grundig (Great Britain), Ltd., in the company's 
laboratories. 

Two nine-week courses on digital computers and on 
colour television will be held at the Southall Technical 
College, Middlesex, on Wednesday evenings, beginning 
January 16th. An eight-week course on experimental 
servomechanisms will also be held on Wednesday even
ings, beginning February 6th. The fee for each course 
is £1. 

A radio and television maintenance and servicing 
course will again be held during the spring term· at the 
Wesley Institute, Wesley Road, London, N.W.10, on 
Monday evenings, beginning January 7th. (Fee £1.) 

Transistors.-An evening course of eight lectures on 
transistor physics and transistor applications commences 
on Thursday, Febr~ary 7th, at the South-East London 
Technical College, Lewisham Way, London, S.E.4. 
(Fee £1.) 

Eight lectures covering the theory and practice of 
electronic instruments used in chemical analysis will be 
given at Battersea Polytechnic, Battersea Park Road, 
London, S.W.ll, on successive Wednesday evenings 
commencing February 6th. (Fee £1.) 

Most of the courses set out above deal with the 
technology of electronic communication. But, before 
information can be communicated, whatever the 
means, it must be clothed in words. To find the best 
words for the job becomes more and more difficult as 
the complexity of life increases. Managements of firms 
are realizing to an increasing extent that clear presenta
tion of information, technical and otherwise, by their 
employees is important. Courses of instruction in 
various aspects of this subject are offered by Osmond 
Turner Mead Associat·es, of 3, Gower Street, London, 
W.C.l. A booklet describing the courses is issued. 
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IN BRIEF 
Receiving Licences.—During October the number of 

television licences current in the U.K. increased by 
151,299, bringing the total to 6,291,072. The total 
number of broadcast receiving licences, including those 
for television and 310,301 for car radio, was 14,419,741. 

Test transmissions from a 1-kW pilot transmitter will 
begin on March 1st from the site of the first Scottish 
I.T.A. station at Black Hill, Lanarks. The station will 
operate in Channel 10 (199.75 Mc/s vision and 
196 25 Mc/s sound) although the carriers will actually 
be offset by -19.5kc/s and -10.5 kc/s, respectively. 

In preparation for the opening of the Scottish I.T.A. 
station at Black Hill, Lanarks., at the end of August, the 
programme contractors, Scottish Television, Ltd., are 
arranging a series of weekly exhibitions from February 
to June in the principal burghs to be served by the 
station. The Scottish Radio Retailers' Association is 
participating, and advice on the conversion of existing 
sets will be given to enquirers. 

Lichfield Increased Power.—By adding 2q-kW 
amplifiers to both the sound and vision transmitters 
at Lichfield the e.r.p. of the I.T.A. station was increased 
on November 23rd to 200 kW. Duplicate sets of trans- 
mitters were previously operated in parallel to bring the 
e.r.p. up to 100 kW. The spare sound and vision trans- 
mitters are now being kept as standbys in case of 
breakdown of the main equipment. All the nansmitting 
equipment at Lichfield was designed and installed by 
Pye, Ltd. 

The B.B.C.'s eighth v.h.f. sound broadcasting station. 
Holme Moss, was brought into service on December 
10th. It is radiating a three-programme service on 89.3, 
91.5 and 93.7 Mc/s with an e.r.p. of 120 kW. The six 
10-kW transmitters (two for each service) were installed 
by Marconi's. v 

Four of the seven gold medals awarded to British 
manufacturers for goods displayed at the California 
State Fair, held in Sacramento in September, were 
won for radio and electronic equipment. Two of the 
medals went to Trix Electrical for their Trixonic 
amplifier 800 and record player A720, one to Pye for 
^eir "Leadsman" echo sounder, and one to Fonadek 
for their telephone amplifier. The medals were pre- 
sented at a conference of the Dollar Exports Council by 
the Minister of Economic Affairs at the U.S. Embassy. 

Sea-going trials of Gee (the Cossor hyperbolic navi- 
gational aid) have shown that sea-level ranges up to 
200 nautical miles from coast chains can be relied upon. 
This was accomplished using the South Western chain 
which operates on a frequency around 25 Mc/s. The 
long range is attributed to tropospheric propagation. 

Ferranti-Ekco Link.—Domestic radio and television 
receivers with the Ferranti trade mark will, in future, 
be marketed by a new company being formed by E. K. 
Cole, Ltd. 

The scope of this year's Radio Society of Great 
Britain exhibition is to be widened considerably and 
the title changed to Radio Hobbies Exhibition. It will 
be held in October at Seymour Hall, Seymour Place, 
London, W.I, and is again being organized by P. A. 
Thorogood (G4I<D), who is chairman of the London 
u.h.f. group. 

o t O* Fi C C T 

JUBILEE of the invention of the triode valve by Dr. Lee 
de Forest is commemorated on this franking on a recent 
letter from the United States., 

American Facts and Figures.—Dr. W. R. G. Baker, 
head of the General Electric Company's Electronics 
Park, at Syracuse, N.Y., in a review of the progress of 
the electronics industry, stated that one out of every 
forty jobs in the United States is in electronics, and that 
75% of these did not exist ten years ago. Moreover, 
whereas the electrical industry in the States approid- 
mately doubles every ten years, the electronics in- 
dustry is doubling every five or six years. Dr. Baker 
forecast that the use of semi-conductor equipment will 
increase 100% in the U.S.A. during 1957. Incident- 
ally, during the past ten months the price of G.E. 
transistors has been reduced 35%. 

" W.E." Editorials.—For nearly 30 years Professor 
G. W. O. Howe contributed editorials to our sister 
journal Wireless Engineer (now Electronic & Radio 
Engineer). An index to these contributions, including 
chronological, author and subject indexes, was com- 
piled by Dr. A. J. Small, of the Department of Elec- 
trical Engineering at Glasgow University, some two years 
ago. An addendum bringing it up to date has now been 
prepared, and this, together with the original index 
(covering the period January, 1926, to March, 1955, the 
last of his regular editorials) is obtainable from Dr. Small, 
price 5s. 

The Radio Trades Examination Board has issued a 
reminder that the closing dates for entries for this year's 
Servicing Certificate Examinations are January 15th for 
television and February 1st for sound receivers. Forms 
and regulations for the examinations, which will be held 
in May, are obtainable from the R.T.E.B., 9, Bedford 
Square, London, W.C.I. 

Danish TV.—The information regarding Denmark 
included in the E.B.U. television map on page 605 of 
the December issue was incomplete. Three trans- 
mitters have been in use for the past eight months— 
Copenhagen (5 kW), Fyn, near Odense (5 kW) and 
Aarhus (2.5 kW). 

" Audio-Frequency Response Measurements."—The 
equipment described under this heading in our 
December, 1956, issue was developed by the staff of 
Grundig (Great Britain), Ltd., in the company's 
laboratories. 

Two nine-week courses on digital computers and on 
colour television will be held at the Southall Technical 
College, Middlesex, on Wednesday evenings, beginning 
January 16th. An eight-week course on experimental 
servomechanisms will also be held on Wednesday even- 
ings, beginning February 6th. The fee for each course 
is £1. 

A radio and television maintenance and servicing 
course will again be held during the spring term' at the 
Wesley Institute, Wesley Road, London, N.W.10, on 
Monday evenings, beginning January 7th. (Fee £1.) 

Transistors.—An evening course of eight lectures on 
transistor physics and transistor applications commences 
on Thursday, February 7th, at the South-East London 
Technical College, Lewisham Way, London, S.E.4. 
(Fee £1.) 

Eight lectures covering the theory and practice of 
electronic instruments used in chemical analysis will be 
given at Battersea Polytechnic, Battersea Park Road, 
London, S.W.ll, on successive Wednesday evenings 
commencing February 6th. (Fee £1.) 

Most of the com-ses set out above deal with the 
technology of electronic communication. But, before 
information can be communicated, whatever the 
means, it must be clothed in words. To find the best 
words for the job becomes more and more difficult as 
the complexity of life increases. Managements of firms 
are realizing to an increasing extent that clear presenta- 
tion of information, technical and otherwise, by their 
employees is important. Courses of instruction in 
various aspects of this subject are offered by Osmond 
Turner Mead Associates, of 3, Gower Street, London, 
W.C.I. A booklet describing the courses is issued. 
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BUSINESS NOTES 
Vision and sound transmitt~rs for the I.T.A. Sol!-th 

Wales station are to be supplied by Pye. The eqmp
ment will be simila~ to that installed at Lichfie~d-
20-kW vision transmitter and 5-kW sound transmitter 
with 5- and 1.25~kW standby equipment. 

In the annual report of the ~olartron group of com
panies it is recorded that sales mcreased from £152,300 
in 1954 to £758,000 during the year ended last June. 
During the same period the staff has grown from 240 
to 550, the average. age being 33. A joint company 
(Industrial AutomatiOn Developments, Ltd.) has been 
formed by the Solartron Electronic Group, Ltd., and 
Scribbans-Kemp, Ltd., for research and development 
of automation in the food processing industries. 

With the installation of Pye industrial television 
equipment at the airways terminal at Victoria, London, 
the announcer is both seen and heard. Pye industrial 
television equipment has also been installed by a firm 
of stockbrokers at the London Stock Exchange. It con
veys by line to the company's offices a quarter of a mile 
away details of the constantly changing stocks and 
shares listed on the " board." 

Within a few weeks of its announcement · Decca true 
motion radar (TM 46) had been ordered for over one 
hundred vessels. Orders for all types of Decca marine 
radar now total more than six thousand-an increase of 
one thousand in about eight months. 

A tour of U.K. ports is being undertaken by a demon
stration caravan equipped with Kelvin Hughes marine 
gear, including the new Type 14 radar which has a 
slotted waveguide aerial. In January and February 
demonstrations will be given mainly in Northern Irish, 
Scottish and Welsh ports. 

An order for the supply of fifty 10-watt f.m. mobile 
transmitter-receivers has been placed with Marconi's by 
the Metropolitan Police. Up to seven crystal-controlled 
channels are available within a 0.5 Me/ s section of the 
70 to 100-Mc/s band. 

A further fifty lifeboats of the Royal National Life
boat Institution, making one hundr·ed in all, are to be 
equipped with v.h.f. radio-telephone equipment by 
British Communications Corporation, Ltd. ' 

The sales and service division of F. C. Robinson and 
Partners, at 122, Seymour Grove, Old Trafford, Man
chester, 16 (Tel. : Chorlton 5366), will in future operate 
under the title of McKellen Automation, Ltd. The 
change does not affect the manufacturing operations at 
Cheadle of F. C. Robinson and Partners, gf which 
F. P. McKellen (managing director of McKellen Auto
mation) has been general manager for some years. 

The sole manufacturing rights in Great Britain for 
the Bradford loudspeaker enclosure (of American origin) 
have been secured by John Lionnet & Company who 
havt: recently mov·ed from the City to the West End. 
Their new address is 17, Charing Cross Road, London, 
W.C.2. (Tel.: Trafalgar 5575.) 

An American patent (No. 254567), in addition to 
British patent No. 689695, has been granted to Lustra
phone . for their noise-cancelling microphone (Type 
VC52). 

Two members of Mullard Overseas, Ltd., have joined 
Mullard South Africa (Pty.), Ltd. They are T. W. 
Hogg, a commercial executive of the radio divi-sion, and 
R. E .. Collins, of the electronic tube division, who is to 
orgamze a technical service department. 

A kit of relay parts comprising seven coils (500 ohms 
to 20 K ohms) and a variety of contact banks has been 
produced by Stevenage Relays, Ltd., associates of W. H. 
Sanders (Electronics), Ltd. 

A la.rge-screen television receiver without loudspeaker 
~ut With headphones for individual patients has been 
mstalled by Hadley Telephone & Sound Systems, Ltd., 
at the Royal Orthopredic Hospital, Birmingham. 
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Lithgow Electronics, Ltd., sole representatives in th:! 
U.K. and Eire for the products of the Hewlett-Packard 
Company, of Palo Alto, California, have moved from 
Harrow to 198/200, Bath Road, Slough. (Tel.: Slough 
21292). At their new office facilities are provided for 
demonstrating such H.P. equipment as electronic 
counters, signal generators, arid oscilloscopes. 

With the opening of Mullard's new headquarters at 
Mullard House, Torrington Place, London, W.C.l 
(Tel. : Langham 6633), the various departments of the 
organization which have been in a number of separate 
buildings will be under one roof. 

OVERSEAS TRADE 
Equipment for the provision of direct radio-telephone 

links between the islands of San Miguel and Terceira, 
and between Terceira and Faial, in the Azores group, is 
,to be supplied by Marconi's. Initially the links will 
carry seven speech channels and six voice-frequency tele
graph channels. . 

Electronic control equipment is being supplied by 
E.M.I. Electronics, Ltd., for an automatic conveyor 
system being installed by Geo. W. King, Ltd., of 
Stevenage, Herts., in the body-painting plant of a new 
Simca car factory at Poissy, France. 

Solartron Incorporated has been formed to distri
bute and sell in the United States electronic equipment 
produced by the Solartron group in this country. 

European Office.-Plessey International, ·Ltd., have 
opened an office at Singe! 160, Amsterdam C, for the 
supervision of Plessey's interests in northern and central 
Europe. 

This year's · International Liege Fair, Belgium, will 
be held from April 27th to May 12th. Details of space 
available in the electronic section are obtainable from 
the U.K. representative, R. C. Liebman, 178, Fleet 
Street, London, E.C.4. 

In order to overcome the delay caused by the recent 
New York dock strike Birmingham Sound Reproducers, 
Ltd., chartered planes to carry regular deliveries of 
record changers to the United States. American re
ceiver manufacturers, who purchas·e $100,000 worth of 
B.S.R. equipment a week, volunteered to help defray the 
extra cost involved. 

EASE OF CONTROL i·s the keynote of the whole installation 
at the two television studios at Riverside, Hammersmith, 
recently brought into use by the B.B.C. This is especially 
true of the lighting which is remotely controlled from 
positions adjacent to the sound, vision and production 
control rooms. Facilities for electronic effects, such as 
inlay and overlay, are al~o provided. Marconi camera 
control equipment is shown here. 
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veys by line to the company's offices a quarter of a mile 
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chester, 16 (Tel.: Chorlton 5366), will in future operate 
under the title of McKellen Automation, Ltd. The 
change does not affect the manufacturing operations at 
Cheadle of F. G. Robinson and Partners, of which 
F. P. McKellen (managing director of McKellen Auto- 
mation) has been general manager for some years. 

The sole manufacturing rights in Great Britain for 
the Bradford loudspeaker enclosure (of American origin) 
have been secured by John Lionnet & Company who 
have recently moved from the City to the West End. 
Their new address is 17, Charing Cross Road, London, 
W.C.2. (Tel.: Trafalgar 5575.) 

An American patent (No. 254567), in addition to 
British patent No. 689695, has been granted to Lustra- 
phone for their noise-cancelling microphone (Type 
VC52). 

Two members of Mullard Overseas, Ltd., have joined 
Mullard South Africa (Pty.), Ltd. They are T. W. 
Hogg, a commercial executive of the radio division, and 
R. E. Collins, of the electronic tube division, who is to 
organize a technical service department. 

A kit of relay parts comprising seven coils (500 ohms 
to 20 K ohms) and a variety of contact banks has been 
produced by Stevenage Relays, Ltd., associates of W. H. 
Sanders (Electronics), Ltd. 

A large-screen television receiver without loudspeaker 
but with headphones for individual patients has been 
installed by Hadley Telephone & Sound Systems, Ltd., 
at the Royal Orthopaedic Hospital, Birmingham. 
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Lithgow Electronics, Ltd., sole representatives in the 
U.K. and Eire for the products of the Hewlett-Packard 
Company, of Palo Alto, California, have moved from 
Harrow to 198/200, Bath Road, Slough. (Tel.: Slough 
21292). At their new office facilities are provided for 
demonstrating such H.P. equipment as electronic 
counters, signal generators, and oscilloscopes. 

With the opening of Milliard's new headquarters at 
Mullard House, Torrington Place, London, W.C.I 
(Tel.: Langham 6633), the various departments of the 
organization which have been in a number of separate 
buildings will be under one roof. 

OVERSEAS TRADE 
Equipment for the provision of direct radio-telephone 

links between the islands of San Miguel and Terceira, 
and between Terceira and Faial, in the Azores group, is 
/to be supplied by Marconi's. Initially the links will 
carry seven speech channels and six voice-frequency tele- 
graph channels. 

Electronic control equipment is being supplied by 
E.M.I. Electronics, Ltd., for an automatic conveyor 
system being installed by Geo. W. King, Ltd., of 
Stevenage, Herts., in the body-painting plant of a new 
Simca car factory at Poissy, France. 

Solartron Incorporated has been formed to distri- 
bute and sell in the United States electronic equipment 
produced by the Solartron group in this country. 

European Office.—Plessey International, Ltd., have 
opened an office at Singel 160, Amsterdam C, for the 
supervision of Plessey's interests in northern and central 
Europe. 

This year's International Liege Fair, Belgium, will 
be held from April 27th to May 12th. Details of space 
available in the electronic section are obtainable from 
the U.K. representative, R. C. Liebman, 178, Fleet 
Street, London, E.C.4. 

In order to overcome the delay caused by the recent 
New York dock strike Birmingham Sound Reproducers, 
Ltd., chartered planes to carry regular deliveries of 
record changers to the United States. American re- 
ceiver manufacturers, who purchase $100,000 worth of 
B.S.R. equipment a week, volunteered to help defray the 
extra cost involved. 

EASE OF CONTROL is the keynote of the whole installation 
at the two television studios at Riverside, Hammersmith, 
recently brought into use by the B.B.C. This is especially 
true of the lighting which is remotely controlled from 
positions adjacent to the sound, vision and production 
control rooms. Facilities for electronic effects, such as 
inlay and overlay, are also provided. Marconi camera 
control equipment is shown here. 



Limiters and Discriminators 
1-Wide or Narrow Bandwidth · Basic Equivalent Circuits : 

By G. G. JOHNSTONE, BSc.* 

WE shall begin by considering the bandwidth 
required in a discriminator, more especially in view 
of the arguments put forward by Prof. Arguimbau 
arid his colleagues in favour of wide-band discrimina
tors. 

If two f.m. signals interfere, they may be on the 
same carrier frequency (i.e., co-channel) or on 
nearby carrier frequencies (i.e., adjacent channel). 
Briefly Arguimbau maintains that in the presence 
of co-channel or adjacent-channel interference, the 
interfering- signal will produce unwanted audio 
output even when the difference between the 
frequencies of wanted and unwanted signals is above 
the audible limit. The two signals add together to 
produce a composite signal which varies in ampli
tude and frequency according to the relative magni
tudes and frequencies of the two signals. This is 

Fig. I. Vector diagram 
of wanted signal (I) 
and interfering signal 

~--.1....:....--:;t-_;;;_---___,'-------t A (a) with a sma II fre
quency difference. 

shown in the vector diagram of Fig. 1, where the 
ratio · of the amplitude of the unwanted signal to 
that of the wanted signal is a : 1. The wanted
signal vector is assumed stationary and the unwanted-

. signal vector rotates at a relative angular frequency 
wd, which corresponds to the difference fd between 
the frequencies of the two signals. 

The magnitude of the resultant, R, varies between 
(1 + a) and (1 - a); this amplitude modulation 
can be removed by limiting and need not concern 
us further. The phase displacement (¢)of the result
ant swings between the limits indicated by the 
dotted lines in Fig. 1. The phase displacement 
can be calculated and, since the instantaneous 
frequency shift is equal tp 1 /27T times the rate of 
change· of phase angle, i.e.,f = w;27T and·w = d¢/dt 
we can determine the frequency shift at any instant. 
The calculation is straightforward, but rather long, 
and it is sufficient for our purpose to note that the 
interfering frequency-modulated signal has the 
form shown in Fig. 2. The peaks at ex occur when 
the vectors are in line as at A in Fig. 1; the 
peaks at {3 occur when the vectors have the position 
B in Fig. 1. The peak value of the frequency shift 
at ex is given by afdl(l +a) and at f3 by afd/(1 -a). 
Thus as the ratio of unwanted signal amplitude 
approaches that of the wartted signal a approaches 1 

* B.B.C. Engineering Training Department. 
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The Round-Travis Discriminator 

and the peak shift {3 becomes very large. The positive
going and negative-going excursions of the wave
form of Fig. 2 have a different form but the areas 
included between the curves and the horizontal 
axis are equal, the mean resultant frequency shift 
is zero and there is no d.c. component in the output 
of the discriminator, provided that the discnminator 
is linear over the range of frequency excursion. 

The period qf the wave of Fig. 2 is 1/fd and, if 
the frequencies of the two signals differ by more 
than the highest audio frequency, there will be no 
audible output under the steady state conditions 
postulated. If the frequency difference is less than 
the highest audible frequency, there is a heterodyne · 
whistle; this is true whether the discriminator 
is " wide-band " or not. 

To carry the argument further, suppose the 
difference between the frequencies of the two 
signals exceeds the highest audible frequency and the 
discriminator is narrow band. As the unwanted
signal amplitude approaches that of the wanted 
signal the ratio a tends to unity and the peak fre
quency shifts become progressively larger, tending 
to a limit of fd /2 in one direction and infinity in the 
other~ We shall concentrate on the peak at f3 because 
this is always greater than that at ex. For an idealized 
narrow-band discriminator characteristic of the 
type shown in Fig. 3, the peaks at {3 are " clipped" 
as shown in Fig. 4. The areas under the positive-

TIME 
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td 

Fig. 2. Form of frequency modulation produced as a result 
of the conditions shown in Fig. I. 

Fig. 3. Idealized narrow-band discriminator character
istic. 
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shown in the vector diagram of Fig. 1, where the 
ratio of the amplitude of the unwanted signal to 
that of the wanted signal is a : 1. The wanted- 
signal vector is assumed stationary and the unwanted- 
signal vector rotates at a relative angular frequency 
ma, which corresponds to the difference fd between 
the frequencies of the two signals. 
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(1 + a) and (1 — a); this amplitude modulation 
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we can determine the frequency shift at any instant. 
The calculation is straightforward, but rather long, 
and it is sufficient for our purpose to note that the 
interfering frequency-modulated signal has the 
form shown in Fig. 2. The peaks at a occur when 
the vectors are in line as at A in Fig. 1; the 
peaks at p occur when the vectors have the position 
B in Fig. 1. The peak value of the frequency shift 
at a is given by afd/(l + a) and at /3 by afd/(l — a). 
Thus as the ratio of unwanted signal amplitude 
approaches that of the wanted signal a approaches 1 
* B.B.C. Engineering Training Department. 

and the peak shift p becomes very large. The positive- 
going and negative-going excursions of the wave- 
form of Fig. 2 have a different form but the areas 
included between the curves and the horizontal 
axis are equal, the mean resultant frequency shift 
is zero and there is no d.c. component in the output 
of the discriminator, provided that the discriminator 
is linear over the range of frequency excursion. 

The period of the wave of Fig. 2 is \jfd and, if 
the frequencies of the two signals differ by more 
than the highest audio frequency, there will be no 
audible output under the steady state conditions 
postulated. If the frequency difference is less than 
the highest audible frequency, there is a heterodyne 
whistle; this is true whether the discriminator 
is " wide-band " or not. 

To carry the argument further, suppose the 
difference between the frequencies of the two 
signals exceeds the highest audible frequency and the 
discriminator is narrow band. As the unwanted- 
signal amplitude approaches that of the wanted 
signal the ratio a tends to unity and the peak fre- 
quency shifts become progressively larger, tending 
to a limit of fd/2 in one direction and infinity in the 
other. We shall concentrate on the peak at p because 
this is always greater than that at a. For an idealized 
narrow-band discriminator characteristic of the 
type shown in Fig. 3, the peaks at p are " clipped " 
as shown in Fig. 4. The areas under the positive- 
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! A GREAT deal has been written about the performance of various types of limiter and discriminator for use in f.m. i 
·! receivers, but much of this information is contradictory and the choice of a limiter and discriminator for a particular ! 
! application may appear difficult, particularly to the newcomer to the subject. It is the purpose of this and subsequent ! 

1 articles to discuss the performance of the basic types of limiter and discriminator in an attempt to clarify the subject. i 
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! The discriminators to be discussed fall into six classes: (I) the Round-Travis (2) the Foster-Seeley discriminator i 
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Fig. 4. Clipping of the frequency peaks by the characteris
tic of Fig. 3 results in a displacement of the average 
frequency. 

going and negative-going portions of the waves are 
now no longer equal. There is a shift in the average 
frequency and a d.c. component in the output from 
the discriminator; it is shown in dotted lines in Fig. 
4. If now the unwanted signal is modulated, its 
frequency swings about the mean value and the 
difference between the frequencies ot the two 
signals alters correspondingly. The waveform of 
Fig. 2 now becomes that shown in Fig. 5(a); for 
comparison the graph of the frequency difference is 
shown at Fig. 5(b ). If now the waveform of Fig. 5(a) 
is " clipped " as indicated by the dotted line, the 
d.c. component has superimposed " blips " as 
shown in Fig. 5(c). These have the same repetition 
rate as the modulating signal, and have components 
at multiples of the modulating-signal frequency. 
This represents cross-modulation between the two 
received signals · accompanied by distortion. With a 
"wide-band" discriminator there is no clipping 
and this effect does not occur. 

We may summarize the conclusions of the previous 
paragraphs as follows. In receiving co-channel 
signals some interference is inevitable because the 
difference between the frequencies of the two 
signals must, for part of the time, lie within the 
audio frequency range; this effect occurs whatever 
type of discriminator is employed. The peak hetero
dyne output is given by afd/(1 - a) which decreases 
rapidly as a falls below unity and the stronger 
signal rapidly " swamps " the weaker as the ratio 
of the amplitudes of the signals a departs from 
unity; this is, of course, the well-known " capture " 
effect. 

For signals on adjacent channels the difference 
between the frequencies of two carriers is always 
greater than the highest audible frequency; there is 
no cross-modulation if a wide-band discriminator 
is employed. This is illustrated in Fig. 6 which 
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Fig. 5. (a) Waveform when the unwanted signal is 
modulated by a sine wave. The frequency difference is 
shown in (b), and the distortion product due to clipping 
is shown at (c). 

Fig. 6. Interference between stgnals on adjacent cha me/s 
as a function of discriminator bandwidth. 
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A GREAT deal has been written about the performance of various types of limiter and discriminator for use in f.m. 
receivers, but much of this information is contradictory and the choice of a limiter and discriminator for a particular 
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at multiples of the modulating-signal frequency. 
This represents cross-modulation between the two 
received signals accompanied by distortion. With a 
"wide-band" discriminator there is no clipping 
and this effect does not occur. 

We may summarize the conclusions of the previous 
paragraphs as follows. In receiving co-channel 
signals some interference is inevitable because the 
difference between the frequencies of the two 
signals must, for part of the time, lie within the 
audio frequency range; this effect occurs whatever 
type of discriminator is employed. The peak hetero- 
dyne output is given by afd/(l — a) which decreases 
rapidly as a falls below unity and the stronger 
signal rapidly " swamps " the weaker as the ratio 
of the amplitudes of the signals a departs fro1^ 
unity; this is, of course, the well-known " capture " 
effect. 

For signals on adjacent channels the difference 
between the frequencies of two carriers is always 
greater than the highest audible frequency; there is 
no cross-modulation if a wide-band discriminator 
is employed. This is illustrated in Fig. 6 which 
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shows that for an infinite bandwidth only the 
stronger signal is received even if its amplitude is 
only slightly greater than thn of the other; but as 
the bandwidth is m-ade smaller, the ratio of signal 
strengths for which interference is experienced 
becomes greater. 

The behaviour of a discriminator toward ignition 
interference can be deduced by similar arguments. 

~~, 
~--INTERFERENCE 

SIGNAL ( b) 

TIME 

(a) 

Fig. 7. (a) Waveform of i.f. output due to · a pulse of 
inte ·f ~ rence and (b) vector relationship of signal and 
interference. 
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Fig. 8. Frequency shift 
(and hence discriminator 
outp:1t) due to inter
feren :e of the form of 
Fig. 7(a). 
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Fig. 9_. Signalfnoise ratio with impulsive interference for 
· (a) w1de-band and (b) narrow-band discriminators. 

Fig. 10. Unidirectional 
double pulse produced 
in the · discriminator 
output in some cases 
when the interfering 
pulse amplitude exceeds 
that of the carrier. 
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Fig. II. When the 
interference -pulse coin
cides with a peak of 
modulation, - clipping 
may remove part of the 
pulse and increase 
noise .. 

The waveform of a pulse of interference is modified 
in the i.f. amplifier to a shape similar to that shown 
in Fig. 7(a). The shape of this pulse varies little 
with the source of the interference, but depends 
almost entirely upon the charactedstics of the 
i.f. amplifier itself. The duration of the pulse is 
very short, approximately 7 microseconds for an 
i.f. bandwidth of 200 kc/s. The figure shows the 
envelope, which modulates a " carrier " at the centre 
trequency of the i.f. amplifier, which we shall 
assume equal to the signal carrier frequency. The 
signal carrier and interference carriers may have 
any phase angle with respect to each other, because 
tl·e exact moment of incidence of the interference 
pulse is fortuitous. Thus the signal and interrerence 
carriers add as shown in Fig. 7(b ); the phase angl~ 
between the carrier vectors cp has been arbitrarily 
selected. The interference signal vector grows and 
decays as shown in Fig. 7(a). Consequently, if the 
ratio of peak interference envelope to the peak carrier 
is small, the phase angle of the resultant follows a 
wave similar in shape to that shown in Fig. 7(a). 
The rate of change of phase angle, and hence the 
frequency shift then follow a curve of the type 
shown in Fig. 8. When the number of tuned circuits 
preceding the limiter exceeds four, the maximum 
value of the frequency shift due to the inteife-ring 
signal is given approximately by 4aF where a is 
the ratio of the peak value of the interfering signal 
to that of the carrier, and F is the bandwidth 
measured between 3-dB , points. The audible 
noise output is proportional to the net area under 
the frequency-shift envelope, and hence to a. 
However, the area under the positive-going excur
sion is nearly equal to that under the negative
going excursion and the net area is small. The 
spectrum of this output rises linearly with frequency, 
and the output has the sound of a " click." If a 
succession of constant-amplitude impulses are 

_presented to the receiver, the magnitude of the 
output pulses varies with the relative phase angle 
between the carrier and the interfering signal at the 
occurrence of each impulse. If the amplitude of the 
interference signal is less than that of the carrier, a is 
less than unity and the signal-to-noise ratio falls 
linearly with a, as shown in curve (a) of Fig. 9. If 
the amplitude of the interfering signal exceeds that 
of the carrier, a is greater than unity and a new 
mechanism comes into play by which some of the 
output-signals have the form of sharp spil,es, each 
pulse of ignition interference producing two spikes 
of the same polarity,~ as shown in Fig. 10. The net 
area beneath the curve is now no longer small. The 
spectrum of this waveform is level over the a.f. band 
and the output has the sound of a " pop." For such 
high-amplitude interfering signals, as the amplitude 
of the interfering signal is increased the signal-to
noise ratio falls abruptly and thea levels off as shown 
in curve (a) of Fig. 9. 

Consider the effect of reducing the discriminator 
bandwidth on impulsive interference of this type. 
If a is less than unity, and the signal is at one extreme 
of its frequency swing, one of the peaks due to 
impulsive interference in the discriminator output 
signal may be clipped as shown in Fig. 11. The net 
area increases and the signal-to-noise ratio is poorer 
than for a wide-band discriminator as shown in 
Fig. 9 curve (b). On the other hand, in the region 
where a is greater than unity, a reduction in dis
criminator bandwidth causes the amplitude of the 
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in the i.f. amplifier to a shape similar to that shown 
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decays as shown in Fig. 7(a). Consequently, if the 
ratio of peak interference envelope to the peak carrier 
is small, the phase angle of the resultant follows a 
wave similar in shape to that shown in Fig. 7(a). 
The rate of change of phase angle, and hence the 
frequency shift then follow a curve of the type 
shown in Fig. 8. When the number of timed circuits 
preceding the limiter exceeds four, the maximum 
value of the frequency shift due to the interfering 
signal is given approximately by iaF where a is 
the ratio of the peak value of the interfering signal 
to that of the carrier, and F is the bandwidth 
measured between 3-dB points. The audible 
noise output is proportional to the net area under 
the frequency-shift envelope, and hence to a. 
However, the area under the positive-going excur- 
sion is nearly equal to that under the negative- 
going excursion and the net area is small. The 
spectrum of this output rises linearly with frequency, 
and the output has the sound of a " click." If a 
succession of constant-amplitude impulses are 
presented to the receiver, the magnitude of the 
output pulses varies with the relative phase angle 
between the carrier and the interfering signal at the 
occurrence of each impulse. If the amphtude of the 
interference signal is less than that of the carrier, a is 
less than unity and the signal-to-noise ratio falls 
linearly with a, as shown in curve (a) of Fig. 9. If 
the amplitude of the interfering signal exceeds that 
of the carrier, a is greater than unity and a new 
mechanism comes into play by which some of the 
output-signals have the form of sharp spikes, each 
pulse of ignition interference producing two spikes 
of the same polarity," as shown in Fig. 10. The net 
area beneath the curve is now no longer small. The 
spectrum of this waveform is level over the a.f. band 
and the output has the sound of a " pop." For such 
high-amplitude interfering signals, as the amplitude 
of the interfering signal is increased the signal-to- 
noise ratio falls abruptly and then levels off as shown 
in curve (a) of Fig. 9. 

Consider the effect of reducing the discriminator 
bandwidth on impulsive interference of this type. 
If a is less than unity, and the signal is at one extreme 
of its frequency swing, one of the peaks due to 
impulsive interference in the discriminator output 
signal may be clipped as shown in Fig. 11. The net 
area increases and the signal-to-noise ratio is poorer 
than for a wide-band discriminator as shown in 
Fig. 9 curve (b). On the other hand, in the region 
where a is greater than unity, a reduction in dis- 
criminator bandwidth causes the amplitude of the 
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spikes (Fig. 10) to be 
reduced and the signal
to-noise ratio is better 
than for a wide-band 
discriminator. Thus for 
impulsive interference a 
narrow-band discrimina
tor is an advantage because 
the worsening of the 
signal-to-noise ratio in 
the region where this Tatio 
is good in exchange for 
an improvement in the 
area where it is bad is in 
general desirable. Thus 
we may summarize the 
conclusions so far reached 
as follows: 

(1) . If the principal 
source of interference is 
co-channel and adjacent 
channel, a wide-band 
discriminator is best. 

(2) If the principal 
source of interference is 
of the impulsive type; a 
narrow-band discrimina
tor is best. 

In this country co
channel and adjacent 
channel interference 
would not appear to 
present a serious problem, 
and hence ignition inter
ference may be the 
principal type of inter
ference to be overcome. 
In U .S.A . , however, 
ignition interference is 

· probably less troublesome 
than co- channel and 
adjacent-channel inter
fe r e n ce . Thus it 
woui d appear that 

Fig. 12. The basic phase
difference discriminator 
transformer (a) may be 
represented by either of the 
equivalent circuits (b) or (c). 
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British and American practice in discriminator 
bandwidth may tend to diverge, with a tendency in 
Britain to use narrow bandwidth discriminators. 

We shall now consider the performance of dis
criminators in detail and in the subsequent discussion 

·we shall make extensive use of one or other of two 
equivalent circuit diagrams for the phase-difference 
discriminator transformer, Fig. 12(a), used in the 
Foster-Seeley discriminator and the ratio detector. 
These equivalent diagrams are shown in Figs. 12 (b) 
and (c), and their derivation is given in the Appendix. 
Depending on the constants of the original circuit 
only one of the two equivalents is physically realiz
able. The equivalent circuit for one special case 
reduces to two tuned circuits fed with equal currents, 
and resonant at frequencies equally displaced from 
the centre frequency of the transformer from which 
they are derived. Thus the Foster-Seeley and 
Round-Travis circuits shown in Fig. 13 have identical 
performances. This circuit transformation simplifies 
the analysis of the Foster-Seeley discriminator and 
the rat io detector and we shall analyse the per
formance of the Round-Travis circuit in detail in 
order to extend the results to the Foster-Seeley and 
ratio detector circuits. 

Round- Travis Circuit. In this discriminator two 
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Fig. 14. Dependance of shape of discriminator character
is'ic on the value of x1• 

+H.T 

SOpF 

SOpF 

A F 

._.....;::;;._ _ ___...,__ ____________ ...... _ -H.T. 

Fig. 15. Basic practical Round-Travis circuit. 

tuned circuits are employed, one tuned to a frequency 
slightly above the centre frequency and the other 
tuned to a frequency an equal interval below the 
centre frequency. This circuit has appeared in a wide 
variety of forms, the variations being principally in 
the method of applying the signals to the two circuits. 
We shall consider the circuit in its general form, 
where the driving stage is represented by a constant 
current generator. as shown in Fig. 13. 

We can write the response of a tuned circuit, 
comprising L, C, and R in parallel as 

1 1 1 . c 
- =- +- +Jw 
Z R fwL 

In the frequency range near resonance ( w 0) we can 
write w as ( w0 + dw ), where dw is small compared 
with w 0 • Using this substitution we can make the 
approximation that 

1 1 . 1 .dw 1 
- = - + 2JdwC = - + 2;-
Z R R w 0 w 0L 

::= (1 + 2jd~ . ~)/R 
w 0 w 0L 

If we let x = 2Qdw/ w0, where Q is R/ w 0L, then 
Z = R/(1 + ix) 

in which x is a variable directly proportional to the 
frequency shift. 

If one tuned circuit is tuned above the centre 
frequency and displaced by an amount x = x1 and 
the other is tuned below and displaced by an amount 
x = - x1 we can represent the impedance of the two 
circuits at any frequency in the neighbourhood of the 

12 

centre frequency by Z1 = R/[1 + j(x - x1)] arid 
Z 2 = R/ [1 - j(x + x1)] respectively. 

The two diodes rectify the voltages developed 
across each tuned circuit independently, as shown in 
Fig. 15, and for 100% rectification efficiency, the 
output voltage is equal to the difference between the 
peak values of the voltage developed across each 
tuned circuit. If I is the peak value of the input 
current the output voltage is given by 

E = IR[{1 + (x - x 1)2}-! -{1 + (x + x 1)2}- t] 
A family of curves for various values of xH is shown 
in Fig. 14. These are the output-voltage frequency
shift curves for the discriminator, and ideally should 
have a linear region about the centre frequency. As 
shown in Fig. 14, for small values of x1 the char
acteristic has continuous curvature and small peak 
separation. Larger values of x1 give better linearity 
and greater peak separation, but above a critical 
value of x 1 the characteristic develops a kink near the 
centre frequency. Thus there would appear to be 
an optimum value of x1• 

The expression for E given above can be expanded 
as a series in ascending powers of x. The expansion 
is symmetrical about x = 0, and contains odd powers 
of x only. We can thus write 

E = a1x + a3x 3 + a5x5 ... 
The first term represents the required output, i.e., 
an output varying linearly-with frequency shift. The 
other terms indicate non-linearity, producing har
monic distortion and intermodulation in the output. 
This distortion can be minimized by making a 3/ a 1, 

a5/au etc., as small as possible. 
The evaluation of aH a 3, a 5 in terms of x1 is 

straightforward but tedious. The values of the first 
three coefficients are: 

a1 = 2x1(1 + x1 2)- ~ 
a 3 = xl(2x1

2 
- 3)(1 + x1

2
) -~ 

a5 = !xt(8x1
4 - 40x/ + 15)(1 + x1

2
) -¥ 

From these expressions we have 
a3/a1 = i(2X1

2 
- 3)/(1 + x 1

2
) 

and 
as/a1 = i(8x1

4 
- 40x1

2+ 15)/(1 + x1
2

)
2 

To minimize distortion, we can choose the value of 

APPENDIX 
THE derivation of the equivalent circuit for a 
phase difference discriminator transformer, Fig. A 
on the opposite page, is obtained by the successive 
manipulation of the portions enclosed by dotted 
lines. In Fig. B, the secondary circuit comprising 
L8 , C8 , R8 is transferred to the primary side of 
the "ideal" transformer Tl; this transformer has a 
centre-tapped secondary, providing the two voltages 
of opposite polarity in series with the primary volt
age. In Fig. C, the " T " network is converted to 
"11" form. In Fig. Dl the terminations of the 
" 11 " network are made equal. If the terminations 
are made equal to the secondary components, 
the sequence follows through Figs. Dl to HI, 
and if to the primary components through Figs. 
D2 to H2. 

In Fig. E, the " 11 " network is trans!C(ted to a 
lattice by means of Bartlett's Bisection Theorem. 
Figs. F show Figs. E re-drawn. Figs. G show 
Figs. F re-arranged by the introduction of trans
former T2, also of 1 : 1 · 1 ratio. Figs. H are Figs. 
G with transformers Tl and T2 combined into 
transformer T3. Figs. J show Figs. H re-drawn. 

The derivation of these equivalent circuits is 
an extension of the treatment due to H. Marko 
(Frequenz, January, 1952). 
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fig. 15. Basic practical Round-Travis circuit. 
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We shall consider the circuit in its general form, 
where the driving stage is represented by a constant 
current generator, as shown in Fig. 13. 

We can write the response of a tuned circuit, 
comprising L, C, and R in parallel as 

^ ^ + Ar- + iwC Z R ; cuL 
In the frequency range near resonance (to0) we can 
write w as (u)0 + dai), where dw is small compared 
with oi0. Using this substitution we can make the 
approximation that 

11 . ^ 1 1 - = R + 2;dftjC - r + 2;- • 

= (1+^ * )r 
\ ">0 (OQL./ 

If we let * = 2Qda)/ai0, where Q is R/ai„L, then 
Z = R/(I + ix) 

in which x is a variable directly proportional to the 
frequency shift. 

If one tuned circuit is tuned above the centre 
frequency and displaced by an amount x = xx and 
the other is tuned below and displaced by an amount 
x = — *! we can represent the impedance of the two 
circuits at any frequency in the neighbourhood of the 

centre frequency by 2,^ = R/[l + j{x — x,)] and 
Z2 = R/[l —j{x + X!)] respectively. 

The two diodes rectify the voltages developed 
across each tuned circuit independently, as shown in 
Fig. 15, and for 100% rectification efficiency, the 
output voltage is equal to the difference between the 
peak values of the voltage developed across each 
tuned circuit. If I is the peak value of the input 
current the output voltage is given by 

E = IR[{1 + Cx - x^l-Ml + (x + x,)2}-^ 
A family of curves for various values of x,, is shown 
in Fig. 14. These are the output-voltage frequency- 
shift curves for the discriminator, and ideally should 
have a linear region about the centre frequency. As 
shown in Fig. 14, for small values of Xj the char- 
acteristic has continuous curvature and small peak 
separation. Larger values of x, give better linearity 
and greater peak separation, but above a critical 
value of x, the characteristic develops a kink near the 
centre frequency. Thus there would appear to be 
an optimum value of x,. 

The expression for E given above can be expanded 
as a series in ascending powers of x. The expansion 
is symmetrical about x = 0, and contains odd powers 
of x only. We can thus write 

E = ^x + asx
3 + a^x" . . . 

The first term represents the required output, i.e., 
an output varying linearly with frequency shift. The 
other terms indicate non-linearity, producing har- 
monic distortion and intermodulation in the output. 
This distortion can be minimized by making aja,, 
a-Jax, etc., as small as possible. 

The evaluation of al, a3, a5 in terms of x, is 
straightforward but tedious. The values of the first 
three coefficients are; 

a! = 2x^1 + Xj2)-! 
a3 = x1(2x1

2 — 3)(1 + Xj2) -I 
a5 - Ix/Sx,4 - 40X,2 + 15X1 + x,2) "V 

From these expressions we have 
a 3/a, = i(2x1

2 — 3)/(l + x,2) 
and 

a,/a, = KSx,4 - 40x1
2+15)/(l + x,2)2 

To minimize distortion, we can choose the value of 

APPENDIX 
THE derivation of the equivalent circuit for a 
phase difference discriminator transformer, Fig. A 
on the opposite page, is obtained by the successive 
manipulation of the portions enclosed by dotted 
lines. In Fig. B; the secondary circuit comprising 
Lg, Q, Rs is transferred to the primary side of 
the " ideal" transformer Tl; this transformer has a 
centre-tapped secondary, providing the two voltages 
of opposite polarity in series with the primary volt- 
age. In Fig, C, the " T " network is converted to 
"it" form. In Fig. D1 the terminations of the 
" tt " network are made equal. If the terminations 
are made equal to the secondary components, 
the sequence follows through Figs. D1 to HI, 
and if to the primary components through Figs. 
D2 to H2. 

In Fig. E, the " v " network is translated to a 
lattice by means of Bartlett's Bisection Theorem. 
Figs. F show Figs. E re-drawn. Figs. G show 
Figs, F re-arranged by the introduction of trans- 
former T2, also of 1:1 • 1 ratio. Figs. H are Figs. 
G with transformers Tl and T2 combined into 
transformer T3. Figs. J show Figs. H re-drawn. 

The derivation of these equivalent circuits is 
an extension of the treatment due to H. Marko 
(Prequenz, January, 1952). 
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x1 which makes one of these ratios zero; it is usual to 
make a 3 = 0, because this is the dominant distortion
producing term for values of x less than unity. This 
gives x1 = v'1.5, and the expression for output 
voltage becomes 

E = IR(0.62x - 0.055x 5 • • .) 

For this value of x 13 the useful extent of the char
acteristic is limited to values of x of less than unity. 
This is illustrated in the calculation below where it 
is shown that the distortion rises steeply for greater 
values of x. 

To evaluate the distortion likely to be obtained 
with this circuit arrangement, we shall consider an 
input signal frequency-modulated by a signal of 
frequency fa to a maximum swing of fs kcjs on each 
side of the centre frequency. The value of x corres
ponding to fs is represented by X 8 and is given by 
X8 = 2Qfs/f 0 • Substituting the value X8COSwat 
for x in the expression above gives. 

E = IR (0.62x8 coswat - 0.055x8
5 wat ..• ) 

We can expand cos 5 wat by means of the identity 
cos 5 8 = -ft (cos 5 8 + 5 cos3 8.+ 10 cos 8) 

which gives 
E = I R[0.62x8 coswat - 0.0034x8

5 (cos 5 wat + 
5cos3wat + 10 cos wat)] 

= IR [(0.62X8 - 0.034x8 
5) COSwat -

0.017x8 
5 cos 3 wat - 0.0034 x/ cos 5 wat)] 

The amplitude of the fundamental-frequency 
component is less for an ideal characteristic but the 
reduction is small and will be ignored, the values of 
Xs being limited to approximately unity. The 
percentage of third-harmonic distortion is then given 

0.017 X 100 
by · x8 

4, and the percentage of fifth 
0.62 

harmonic is one-fifth of this figure. For Xs = 1, there 
is 2. 7 per cent third-harmonic and 0.54 per cent 
fifth-harmonic distortion. The magnitude of the 
harmonic distortion is proportional to X8 4, and thus 
falls rapidly if a lower value of x8 is considered. Thus 
reduced distortion can be obtained by using a lower 
value of x8 , but this in turn means a smaller output at 
the fundamental frequency. 

With a broadcast signal, the frequency deviation is 
fixed at 75 kc/s. If it is desired to operate the dis
criminator with 75 kc/s corresponding to x8 = 1, the 
parameters of the circuit are determined by the 
relationship x = 2Q df//0 • With dj = 75 kc/s at 
x = I, and a centre frequency (/0) of 10.7 Mc/s, the 
value of Q is 71. The resonant frequencies of the 
two tuned circuits are given by 10.7 (1±yi.5/I42) 
Mcjs, i.e., 10.7 Mcjs ± 92 kc/s. Such a discriminator 
would have very little margin to allow for oscillator
frequency drift and mis-tuning and ~- value x8 = 1 
corresponding to 100 kc/s would be better. The 
circuit parameters are then Q = 53 with the resonant 
peaks at 10.7 Mc js ± 123 kc/s. For such a dis
criminator at 75 kc/s deviation the third harmonic 
distortion is 0.84 per cent and the fifth harmonic 
O.I7 per cent. If we assume that the two tuned cir
cuits each employ a capacitor of 50 pF, the dynamic 
resistance, R = Q/ wC of the circuits is approximately 
53 x 300 = 16 kn. The input current, I, is the 
peak value of the fundamental-frequency component 
in the output of the preceding limiter stage; a 
typical value is I rnA. The peak audio output is 
given by 0.62 IR x8 and in the example chosen, 
x8 for 75 kc/s deviation is 0.75, giving a peak audio 
output of approximately 7.5 volts. The inductance 
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required to resonate at 10.7 Mc/s with 50 pF is 
4.45 JLH; final adjustment of the resonant frequencies 
of the two circuits is made by means of dust-iron 
cores in the inductor formers. To secure the correct 
value of Q, the usual procedure is to design the coils 
for a higher value of Q than required and add damping 
resistors. The diode detectors provide part of this 
damping equivalent approximately to R 1/2, where 
R1 is the value of each diode load resistor. The basic 
practical circuit is shown in Fig. 15; coupling wind
ings to the two inductors are employed to isolate 
the tuned circuits from the h .t. supply. In practice, 
additional precautions are necessary to eliminate 
the effect of the primary circuit capacitance. 

The Round-Travis circuit offers no real protection 
against amplitude modulation. The audio output is 
proportional to Ix, where I is the input current, 
and xis a measure of the frequency shift. If there is 
amplitude modulation the magnitude of I varies, 
but if x = 0, i.e., if the signal is at the centre frequency 
there is no output due to a.m. For any other value 
of x, i.e., if the signal is mistuned or frequency
modulated, there is an output due to the amplitude 
modulation. Because the output is proportional to 
Ix the a.m. and f.m. signals are multiplied together 
and there is complete cross modulation. Thus a 
circuit of this type must be preceded by a limiter 
stage. 

(To be continued.) 
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Residual Magnetism in Recording Heads 
MOST tape recorders incorporate a long-time-constant 
smoothing circuit in the h.t. supply to the bias oscillator 
to ensure that the h.f. current in the record/ replay head 
dies away slowly when the instrument is switched off. 
This is necessary because any "d.c. " component of 
remanent magnetism in the head is known to cause an 
increase in background noise from the tape. 

Unfortunately, the amplitude of h.f. bias for best 
results from the point of view of either low distortion or 
high recording level is much less than is necessary to 
drive the core to a state of magnetic saturation, so that 
if by any mischance the magnetic state is carried beyond 
the maximum represented by the bias the head will not 
be automatically demagnetized. 

Fortunately, the head can easily be demagnetized by 
bringing up a strong (saturating) external alternating 
field and then removing it slowly. This field can con
veniently be provided by a smail 50-c/ s transformer 
with an air gap arranged to coincide with the gap in 
the recording head, but it is not too easy to devise suit
able means with conventional components, due to the 
smallness and inaccessiblity of most recording heads. 

Wright and Weaire have ·recently developed a 
" defluxer " for this purpose in which projecting poles 
are arranged to give easy contact with the face of the 
record/playback head. The transformer is housed in a 
cylindrical case which falls conveniently to hand, and a 
press-button switch is provided for operation. 

The "de-fluxer," which can also be used for selective 
erasure when editing tape records, costs £2 lOs. 
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xl which makes one of these ratios zero; it is usual to 
make c3 = 0, because this is the dominant distortion- 
producing term for values of x less than unity. This 
gives xL = VI-5, and the expression for output 
voltage becomes 

E = IR(0.62x - 0.055x5 . . .) 
For this value of xu the useful extent of the char- 
acteristic is limited to values of x of less than unity. 
This is illustrated in the calculation below where it 
is shown that the distortion rises steeply for greater 
values of x. 

To evaluate the distortion likely to be obtained 
with this circuit arrangement, we shall consider an 
input signal frequency-modulated by a signal of 
frequency fa to a maximum swing of /. kc/s on each 
side of the centre frequency. The value of x corres- 
ponding to fs is represented by xs and is given by 
xs = 2QfJf0. Substituting the value xxosu^r 
for x in the expression above gives, 

E = IR (0.62xs cosa)at — 0.055x/coat . . .) 
We can expand cos5coat by means of the identity 

cos5 B = -k (cos5 6+5 cos3 6 + 10 cos 6) 
which gives 

E = I R[0.62xs cos wat — 0.0034x,5 (cos5wat + 
ScosSw^t +10 cos ainr)] 

= IR [(0.62xs — 0.034xs
5) cosojat — 

0.017x55 cos 3 cjoat - 0.0034 x/ cos+v)] 
The amplitude of the fundamental-frequency 

component is less for an ideal characteristic but the 
reduction is small and will be ignored, the values of 
xs being limited to approximately unity. The 
percentage of third-harmonic distortion is then given 

0.017 X 100 . . . „ . 
by  —^ x.4, and the percentage of fifth 0.62 
harmonic is one-fifth of this figure. For xs = 1, there 
is 2.7 per cent third-harmonic and 0.54 per cent 
fifth-harmonic distortion. The magnitude of the 
harmonic distortion is proportional to xs

4, and thus 
falls rapidly if a lower value of xs is considered. Thus 
reduced distortion can be obtained by using a lower 
value of xs, but this in turn means a smaller output at 
the fundamental frequency. 

With a broadcast signal, the frequency deviation is 
fixed at 75 kc/s. If it is desired to operate the dis- 
criminator with 75 kc/s corresponding to xs = 1, the 
parameters of the circuit are determined by the 
relationship x = 2Q df/f0. With df = 75 kc/s at 
x = 1, and a centre frequency (/0) of 10.7 Mc/s, the 
value of Q is 71. The resonant frequencies of the 
two tuned circuits are given by 10.7 (1+-^1.5/142) 
Mc/s, i.e., 10.7 Mc/s + 92 kc/s. Such a discriminator 
would have very little margin to allow for oscillator- 
frequency drift and mis-tuning and a value xs = 1 
corresponding to 100 kc/s would be better. The 
circuit parameters are then Q = 53 with the resonant 
peaks at 10.7 Mc/s + 123 kc/s. For such a dis- 
criminator at 75 kc/s deviation the third harmonic 
distortion is 0.84 per cent and the fifth harmonic 
0.17 per cent. If we assume that the two tuned cir- 
cuits each employ a capacitor of 50 pF, the dynamic 
resistance, R = Q/coC of the circuits is approximately 
53 X 300 = 16 kn. The input current, I, is the 
peak value of the fundamental-frequency component 
in the output of the preceding limiter stage; a 
typical value is 1 mA. The peak audio output is 
given by 0.62 IR xs and in the example chosen, 
xs for 75 kc/s deviation is 0.75, giving a peak audio 
output of approximately 7.5 volts. The inductance 

required to resonate at 10.7 Mc/s with 50 pF is 
4.45 ftH; final adjustment of the resonant frequencies 
of the two circuits is made by means of dust-iron 
cores in the inductor formers. To secure the correct 
value of Q, the usual procedure is to design the coils 
for a higher value of Q than required and add damping 
resistors. The diode detectors provide part of this 
damping equivalent approximately to Ri/2, where 
Rj is the value of each diode load resistor. The basic 
practical circuit is shown in Fig. 15; coupling wind- 
ings to the two inductors are employed to isolate 
the tuned circuits from the h.t. supply. In practice, 
additional precautions are necessary to eliminate 
the effect of the primary circuit capacitance. 

The Round-Travis circuit offers no real protection 
against amplitude modulation. The audio output is 
proportional to Ix, where I is the input current, 
and x is a measure of the frequency shift. If there is 
amplitude modulation the magnitude of I varies, 
but if x = 0, i.e., if the signal is at the centre frequency 
there is no output due to a.m. For any other value 
of x, i.e., if the signal is mistuned or frequency- 
modulated, there is an output due to the amplitude 
modulation. Because the output is proportional to 
Ix the a.m. and f.m. signals are multiplied together 
and there is complete cross modulation. Thus a 
circuit of this type must be preceded by a limiter 
stage. 

(To be continued.) 
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Residual Magnetism in Recording Heads 
MOST tape recorders incorporate a long-time-constant 
smoothing circuit in the h.t. supply to the bias oscillator 
to ensure that the h.f. current in the record/replay head 
dies away slowly when the instrument is switched off. 
This is necessary because any " d.c." component of 
remanent magnetism in the head is known to cause an 
increase in background noise from the tape. 

Unfortunately, the amplitude of h.f. bias for best 
results from the point of view of either low distortion or 
high recording level is much less than is necessary to 
drive the core to a state of magnetic saturation, so that 
if by any mischance the magnetic state is carried beyond 
the maximum represented by the bias the head will not 
be automatically demagnetized. 

Fortunately, the head can easily be demagnetized by 
bringing up a strong (saturating) external alternating 
field and then removing it slowly. This field can con- 
veniently be provided by a small 50-c/s transformer 
with an air gap arranged to coincide with the gap in 
the recording head, but it is not too easy to devise suit- 
able means with conventional components, due to the 
smallness and inaccessiblity of most recording heads. 

Wright and Weaire have recently developed a 
" defluxer " for this purpose in which projecting poles 
are arranged to give easy contact with the face of the 
record/playback head. The transformer is housed in a 
cylindrical case which falls conveniently to hand, and a 
press-button switch is provided for operation. 

The "de-fluxer," wluch can also be used for selective 
erasure when editing tape records, costs £2 10s. 
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Portable Transistor Superhet 
Home, Light and Third 

With Currently Available Junction· Types 

WHEN it was discovered that Standard Telephones 
& Cables were in quantity production of a 500-kc/s 
junction transistor, it occurred to the author that if 
one of these could be made to oscillate up to 750 kcjs, 
then a medium- and long-wave superhet could be 
designed along the lines of the American '' cigar 
case" portables. These vary in size from 6in x 4in 
X 2in to Sin X 3!in X 1 !in. 

The S.T.C. type TS3 transistors show a serious 
loss of gain above 450 kc/s, but if a low intermediate 
frequency of 275 kc/s is used, then sufficient gain 
can be obtained to drive the output stages. Thete is 
no problem about low-frequency amplification at 
10 kc/s, and the 50 milliwatts required for normal 
room listening is within their power rating. 

First attempts to make an oscillator of any 
frequency using some of the circuits described in 
American literature were disappointing. None of 
the six transistors available showed the slightest 
inclination to oscillate with the tuned circuit included 
in its emitter lead. 

At last it was decided to revert to valve techniques, 
and a good beefy feedback winding was provided 
from the (output) collector to the oscillatory circuit. 
The last-mentioned had a direct (a.c.) connection 
back to the (input) base, and because the base has a 
rather low . impedance this connection was tapped 
about t from the bottom. There was an immediate 
improvement, and oscillations were detected (a 
sound broadcast receiver does a good job as a wave
meter) . Apart from altering the feedback tap on the 
oscillator coil so that it was just oscillating strongly 
enough at the high-frequency end of the band, and, 
of course, trimming off turns so that it covered the 
right frequency, no major alter~tion has been made 
to the circuit, which is shown in Fig. 2. 

Variol:s tapping points were provided on the coil 
at 20, 40 and 60 turns, and it was 
found that all the six transistors 
provided could be made to oscil
late up to 750 kc/s by increasing 
the feedback (more turns), and 
two of them above 750 kc/s. The 
better one of these two was ear
marked 'for use in the receiver. 

It is a good idea to build this 
oscillator on a tagboard and 
·establish that it is functioning 
correctly and giving the right 
fre9.uency coverage, rather than 
bwld the set " all in one go," 
because the parts used are small 
and difficult to alter in confined 
spaces. 

By W. WOODS-HILL* 

275-kc/s i.f., will give the receiver a frequency range 
on medium waves from 330 + 275 = 605 kc/s to 
720 + 275 = 995 kc/s. This includes the Third 
Programme at 640 kc/s, and the Home Service 
(Brookmans Park) at 900 kc/s. 

Notice that this local oscillator is producing the 
275-kc/s i.f. by oscillating below instead of above 
the signal as in the more conventional superhets. 
This will introduce a slight complication in the 
tracking arrangements-but a complicatiort that is 
well worth while when it is realized that little selection 
of transistors is needed. In point of fact it is the 
fundamental reason why a superhet receiver covering 
most of the medium-wave band can be built using 
low-frequency currently available transistors. . 

The frequency changer is a quite straightforward 
stage consisting of a common (earthed) emitter 
amplifying stage (Fig. 1), where the signal at the 
aerial coupling winding is applied to the base, along 
with a small amount of r.f. from the local oscillator 
picked up by returning the bottom of the coupling 
winding to earth via two turns (L 3) wound round 
the earthy end of the oscillator coil. 

Aerial Design 

The ferrite aerial needs some explanation because 
it contributes greatly to overcoming the trouble in 
tracking. 

Very roughly it can be said that the amount of 
signal picked up by a ferrite aerial is proportional to 
the bulk of ferrite enclosed by the tuning coil. That 
is to say, for maximum signal strength measured 
at the coupling coil the correct number of turns to 
resonate with the · tuning capacitor should be loosely 

*The British Tabulating Machine Company. 
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Fig. / . Frequency changer circuit, showing 
input from oscillator. 

Fig. 2. Oscillator circuit with 
output to frequency changer. 
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Portable Transistor Superhet 

Home, Light and Third 

With Currently Available Junction Types By W. WOODS-HILL* 

HEN it was discovered that Standard Telephones 
& Cables were in quantity production of a 500-kc/s 
junction transistor, it occurred to the author that if 
one of these could be made to oscillate up to 750 kc/s, 
then a medium- and long-wave superhet could be 
designed along the lines of the American " cigar 
case " portables. These vary in size from 6in X 4in 
x2in to Sin x 3|in x liin. 

The S.T.C. type TS3 transistors show a serious 
loss of gain above 450 kc/s, but if a low intermediate 
frequency of 275 kc/s is used, then sufficient gain 
can be obtained to drive the output stages. There is 
no problem about low-frequency amplification at 
10 kc/s, and the 50 milhwatts required for normal 
room listening is within their power rating. 

First attempts to make an oscillator of any 
frequency using some of the circuits described in 
American literature were disappointing. None of 
the six transistors available showed the slightest 
inclination to oscillate with the tuned circuit included 
in its emitter lead. 

At last it was decided to revert to valve techniques, 
and a good beefy feedback winding was provided 
from the (output) collector to the oscillatory circuit. 
The last-mentioned had a direct (a.c.) connection 
back to the (input) base, and because the base has a 
rather low impedance this connection was tapped 
about 3 from the bottom. There was an immediate 
improvement, and oscillations were detected (a 
sound broadcast receiver does a good job as a wave- 
meter). Apart from altering the feedback tap on the 
oscillator coil so that it was just oscillating strongly 
enough at the high-frequency end of the band, and, 
of course, trimming off turns so that it covered the 
right frequency, no major alteration has been made 
to the circuit, which is shown in Fig. 2. 

Variors tapping points were provided on the coil 
at 20,40 and 60 turns, and it was 
found that all the six transistors 
provided could be made to oscil- 
late up to 750 kc/s by increasing 
the feedback (more turns), and aerial 
two of them above 750 kc/s. The  I 470kJl| 
better one of these two was ear- | 
marked for use in the receiver. J - | 

It is a good idea to build this  g chmF 
oscillator on a tagboard and g II  
establish that it is functioning fr— 
correctly and giving the right coupling 
frequency coverage, rather than C0IL 

build the set "all in one go," 
because the parts used are small ( 
and difficult to alter in confined )   
spaces. 3? 1 

The coil winding data in the — 

table will give a frequency varia- 
tion from 720 kc/s to 330 kc/s. Fig. /. Frequency 
This coverage, when used with a input from oscillat 

275-kc/s i.f., will give the receiver a frequency range 
on medium waves from 330 + 275 = 605 kc/s to 
720 + 275 = 995 kc/s. This includes the Third 
Programme at 640 kc/s, and the Home Service 
(Brookmans Park) at 900 kc/s. 

Notice that this local oscillator is producing the 
275-kc/s i.f. by oscillating below instead of above 
the signal as in the more conventional superhets. 
This will introduce a slight complication in the 
tracking arrangements—but a complication that is 
well worth while when it is reahzed that little selection 
of transistors is needed. In point of fact it is the 
fundamental reason why a superhet receiver covering 
most of the medium-wave band can be built using 
low-frequency currently available transistors. 

The frequency changer is a quite straightforward 
stage consisting of a common (earthed) emitter 
amphfying stage (Fig. 1), where the signal at the 
aerial coupling winding is applied to the base, along 
with a small amount of r.f. from the local oscillator 
picked up by returning the bottom of the coupling 
winding to earth via two turns (L3) wound round 
the earthy end of the oscillator coil. 

Aerial Design 

The ferrite aerial needs some explanation because 
it contributes greatly to overcoming the trouble in 
tracking. 

Very roughly it can be said that the amount of 
signal picked up by a ferrite aerial is proportional to 
the bulk of ferrite enclosed by the tuning coil. That 
is to say, for maximum signal strength measured 
at the coupling coil the correct number of turns to 
resonate with the tuning capacitor should be loosely 

*The British Tabulating Machine Company. 

L « 1 TURNS 

TO OSCILLATOR TO FREQUENCY CHANGER 

Fig. /. Frequency changer circuit, showing 
input from oscillator. 

Fig. 2. Oscillator circuit with 
output to frequency changer. 
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