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Elecironics on Show

THERE is general agreement that the Instruments,
Electronics and Automation Exhibition held recently
in London was a success. The organization was
good, attendances wete high without causing con-
gestion, and the concurrent technical conference,
both in the quality of its co-ordinating papers and the
liveliness of the subsequent discussions, was far from
being a mere token function.

Most of the visitors, including a significant
number from overseas, were clearly interested pro-
fessionally in the details of the products exhibited
by manufacturers, and it was noticeable that many
standholders seemed fully occupied in making
entries in their order books.

Against this background the few members of the
general public who had been inveigled into paying
their half-crowns for admission by the “popular
attractions * billed outside the hall, were rather
conspicuous in their bewilderment as they searched
for the equivalent of the bearded lady and the three-
card trick. We are aware that exhibition organizers
are inclined to measure success by the size of the
“gate” but we question their wisdom in trying to
increase it by posters more appropriate to the fair-
ground.

The facts of electronics and automation have
already been too much overlaid by fantasy in the
popular press and it is to be hoped that in future
exhibitions they will be allowed to speak for them-
selves. This they can well do, more often than not
in a way which appeals alike to layman and profes-
sional. If a census had been taken of the crowds
surrounding the demonstrations of ultrasonic
cléaning and drilling, or of the remote handling
gear for radioactive materials, as many Ph.D.s would
have been found as schoolboys.

It was gratifying to see a number of organized:
visits by parties of sixth-form scholars and juhior
technical school students. Through their eyes, some
of the computers and control systems must have
appeared, as they often do to us, to be of discourag-
ing complexity. More might be done to show that
the most complex systems are elaborations of funda-
mentally simple ideas, of which they may already
have some inkling, or which they can reasonably
expect to grasp after a little quiet study.

Many potentially valuable recruits to the elec-
tronic profession must have been lost at exhibitions
of this kind through a lack of confidence in their
ability ever to hold their own in what must appear
t© be such a high plane of intellectual endeavour.
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Would it not be a good idea to arrange more demon-
strations of the fact that there is plenty of work to.
be done by young people like themselves? It should
not be difficult to stage a replica of a corner of a
laboratory or drawing office, staffed by apprentices or
junior technicians working on real problems of the
kind that contribute directly to the production of a
piece of commercial equipment.

In this age of technological expansion, not the
least important functions of an exhibition should
be to foster the enthusiasm of the younger genera-
tion and to bring into perspective the notions of
the adult “layman.” (In this category must be
placed at least one clergyman whom we saw making,
a purposeful stand-to-stand tour of the exhibits.)

This important work cannot always be safely
entrusted to the sales department, which is generally

‘responsible for staffing the exhibition stand, and

we commend the tact of those firms who conduct
their sales compaigns in inner offices and who regard
the time of senior technical staff as well spent in
taking turns as “front men” on the stand. They
alone are capable of handling effectively the search-
ing enquiries of potential customers and of dealing
sympathetically with what, to less experienced
minds, may seem to be the naive questions of the
younger generation. Taking the longer view, the
latter may be by far the more important, for at an
impressionable age a thread of memory may be
established which in time may result in the recruit-
ment to the firm of a fully qualified technician ready
to begin the most productive years of his career.

Can We Help?

NOT long ago three London functions, each draw-
ing its supporters from the same group of people,
were held on the same date. This contretemps
prompts us to offer, and by wider use to improve,
our services to organizers of meetings, conferences,
dinners, etc., as a “clearing house.” On the occasion
referred to, it was unfortunate that one of the
organizations had consulted us before fixing this
particular meeting, and had in fact altered the date
to avoid embarrassment to another, only to find
ultimately that they clashed with a third, of which,
at that time, we had no knowledge.

With more functions than available dates, it is
impossible to avoid some overlapping, but Wireless
World will be happy to use its offices to minimize
the number of special functions with similar interests
arranged for a particular date.
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Horizontal versus Vertical

SUBJECTIVE FACTORS INFLUENCING THE CHOICE OF

THE balance between horizontal and vertical reso-
lution in picture reproduction is once again a topic
of conversation, and in view of its impact on the
choice of future monochrome and colour television
standards, it would perhaps be as well to state clearly
exactly what is known about the subject and how
much is still a matter of conjecture.

The problem resolves itself into two parts which
can be put in the form of questions:—

The first is “ What is the best compromise between
vertical and horizontal resolution for picture repro-
duction that will satisfy the average observer? ”

The second is “What is the best choice of tele-
vision scanning standards for any given bandwidth
to achieve this? ” This involves such factors as the
number of lines, the question of interlacing, the use
of spot-wobble and, in the case of colour television,
the choice of chrominance bandwith and the
effects of crosstalk if the chrominance information is
carried to any extent inside the luminance channel.

To deal with the first question, there seems to be
no doubt that when picture sharpness is being con-
sidered, the most desirable choice is equality of reso-
lution in horizontal, vertical and any other directions
for a “structureless  type of picture. The “equality ”
under discussion is the degree of sharpness in the
various directions. A photographic reproduction of
any normal type would be representative of a “ struc-
tureless ” type of image, as it is composed of a
random arrangement of grains which show no regular
pattern. 'The centre of the field of a normal photo-
graphic image is equally sharp in all directions. On
the other hand, in a television picture there is a
definite structure of a most unsymmetrical kind due
to the scanning lines. In this case there seems to
be no simple method of measuring equality of sharp-
ness in various directions, particularly vertically and
horizontally.

It has been common practice for many years to
assess sharpness by means of “resolution charts.”
Unfortunately, these have recently been shown by
photographic research workers to be most mislead-
ing. Test objects consisting of alternate black and
white lines of equal width have been used for these
measurements and a “lines per mm > figure repre-
sents the closest spacing which the photographic
process is capable of resolving. The interesting
point which has emerged is that two photographic
processes, for example, can have a “lines per mm”
rating in the ratio of 2:1 or more, and the process
with the lower rating, i.e., lower resolving power, can
produce an apparently sharper picture. In this par-
ticular example the two processes would use widely
differing photographic emulsions, having different
degrees of contrast, tone range, etc., which indepen-
dently affect apparent sharpness. Resolution charts
are not always misleading, however, and with the
same or closely similar processes they are capable of
giving reliable comparative readings.  'That is to say,
sharpness would increase with resolving power
measured by a resolution chart, other things being
equal. With a picture containing “structure,” how-

304

ever, particularly if such “structure” has a strong
bias in one direction, such as the scanning lines of a
television picture, then the use of resolution charts
to compare sharpness in two directions must be con-
sidered with very great caution.

The reasons for asserting that sharpness should
preferably be equal in all directions are as follows : —

There does not appear to be any evidence to sug-
gest that human vision is significantly preferentially
astigmatic on the average. According to an eminent
eye specialist consulted by the author, 70% of
“normal ” people are entirely free of any astigma-
tism. Of the remainder there is a slight preponder-
ance with higher acuity in the horizontal rather than
the vertical direction. In prescribing spectacles for
correcting astigmatism, it is the usual practice to
equalize the resolving power in all directions. The
results of tests carried out by N. R. Phelp and the
author on teams of observers have shown no serious
preferential astigmatism. The average showed a 6%
greater horizontal acuity compared with vertical,
From this it may be concluded that if there is in
fact any greater resolving power in the horizontal
direction, it is sufficiently small to have no effect.
The difference in acuity would have to be of the
order of 25% to be worth considering when choosing
television standards. -

The objects which we look at in an average scene
are not in themselves less sharp in one direction than
in another. One would expect the average observer
by force of habit to be most content with a repro-
duction which is equally sharp in all directions.

From our knowledge of the mechanism of human
vision, therefore, there does not seem to be anything
very unsymmetrical about it which would encourage
the idea that in picture reproduction there is any
preference for a greater degree of sharpness in one
direction than in another.

Stereoscopic Viewpoint

There is one interesting angle on the situation
which has been suggested to the author by a pro-
fessor of optics. In stereoscopic vision, part of the
information which the brain uses in assessing depth
in a scene is provided by the difference between the
left and right eye images. Due to the horizontal
arrangement of the two eyes, the assessment of depth
by this method must obviously use information given
only by the vertical edges of objects. Horizontal
edges will produce no difference in the two images
which can be made use of by the brain. The infor-
mation conveyed by the difference between the
images in the twe eyes is of course only a part of
the whole appraisal of depth, which includes com-
parison of the sizes of objects, parallax and the infor-
mation given by the focusing of the lens of the eye.
However, if there was any requirement for prefer-
entially sharper vertical edges in a reproduction, due
to this possibility, it would more properly apply to a
stereoscopic (“3-D”) picture than to a two-dimen-
sional one such as we are at present considering.
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FUTURE TELEVISION STANDARDS

The most important single piece of experimental
evidence available in favour of equality of vertical
and horizontal picture sharpness is that given in the
classic paper by M. W. Baldwin Jnr., of Bell Tele-
phone Laboratories, published in 1940V, Baldwin
conducted a series of observer tests, using an accur-
ately controllable film projector as his picture source.
The picture was capable of being defocused
selectively in the vertical and horizontal directions by
calibrated cylindrical lens elements attached to the
main projection lens. The observers were asked to
state their preference for pictures projected under
different conditions. A “just noticeable difference ”
in picture quality was called a “liminal” unit.
Fig. 5 from Baldwin’s paper is reproduced here.
This shows that for different standards of absolute
sharpness his observer team in every case scored the
highest number of “liminal” units for the pictures
in which the sharpness was equal in both directions.

Each of Baldwin’s curves represents a constant-
area picture element. As the diagrams underneath
the curves show, the picture element changes from
tall and thin to short and fat, passing through the
symmetrical equal resolution stage in the middle
of the diagram. The area of the element remains
constant for a given curve, corresponding approxi-
mately to a constant bandwidth television picture
with different numbers of lines. The results as they
stand of course do not apply directly to television
pictures since Baldwin’s pictures were “structure-
less ” in the sense already referred to. His results
provide overwhelming evidence that with structure-
less moving pictures the average observer prefers
equal vertical and horizontal sharpness rather than
an increase in one to the detriment of the other.

To sum up the evidence relating to the first ques-
tion, then, there appear to be no data available to
support a theory that an increase in sharpness is
more acceptable or more desirable in one direction
than another in structureless picture reproduction.

We come now to the second question—* What is
the best choice of television scanning standards for
any given bandwidth? ” This can be reframed more
precisely in the form “ What is the optimum number
of lines for a television system with a given video
bandwidth? ”

There have been a large number of publications
dealing with the resolving power of television sys-
tems, beginning with the pioneer work of Mertz and
Gray at Bell Telephone Labs®), and Engstrom at
R.CA.® The classical approach has been to con-
sider the television picture as composed of individual

picture points or picture elements. The number of .

elements in the height of the picture was originally
taken as the number of lines displayed in the picture.
The number of elements in the width of the picture
Is usually taken as twice the number of cycles of the
maximum video frequency which can be displayed
along each line of the picture.

Neglecting the effect of line structure, it is reason-
able to suppose as a first assumption that picture
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sharpness would be closely related to the number of
picture elements in the picture, and that the ratio of
vertical to horizontal sharpness would be related to
the number of picture elements per unit length in
these two directions. Taking our present 405-line
standard as an example, the number of picture
elements in the height of the picture would work out
at 377, allowing for 79% vertical blanking time. 'The
maximum video bandwidth is 3 Mc/s and the line
scanning frequency is 405 x 25= 10,125 per second,

. . 2x3x10° .
giving Toins = 593 picture elements per com-
¢l
plete line. This gives 499 picture elements in the

width of the picture, allowing for 15% horizontal
blanking time. Taking a picture of 3 units ‘high
and 4 units wide, the number of picture elements
per unit length in the two directions works out as
377/3=126 per unit length vertically and 499/4 =125
per unit length horizontally. These two values are
virtually the same, and it is not difficult to see,
therefore, why a bandwidth of 3 Mc/s was chosen
for the 405-line system in 1935 when it was
originally proposed. Since then, however, it has
become clear that owing to the unsymmetrical
structure in the picture due to the horizontal
scanning lines, this method of equating the vertical
and horizontal sharpness is not valid. The inter-
lacing of the two frames is a further complication.

The fact that a television picture is broken up
for the purpose of transmission into a series of
scanning lines has the effect of “quantizing” the
vertical information in the picture. As Mertz and
Gray showed, this results in the generation of
“spurious patterns” as limiting resolution is
approached, then the nett result is that the vertical
resolution attainable with a regularly spaced series
of quantized picture elements of this kind is much

* Sylvania-Thorn Colour Television Laboratories.
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less than the number of elements would suggest.

Such a picture, of course, reduces to a sequentially

As already mentioned, when the separate elements o scanned picture with half the number of effective

are interlaced in two successive frames and
displayed on a cathode-ray screen which has insuffi-
cient afterglow to eliminate such effects as line-
crawling and interline flicker, then some further
reduction in vertical sharpness occurs.

The ratio of the “effective” number of picture
elements to the actual number of television lines
displayed has been estimated by various investiga-
tors in the last 20 years. Values lying between
0.53 and 0.85 have been proposed. This ratio is
popularly known as the “Kell factor” as a tribute
to Ray Kell of R.C.A., who did much of the original
work ), Baldwin, in his paper, quotes five published
values for the Kell factor lying between the above
limits and having an average value of 0.71. He
himself obtained the value of 0.70 for a sequentially
scanned television picture. Some recent work of
the author’s indicates a value much nearer the
lowest figure quoted above (0.53) for interlaced
scanning systems.

The horizontal structure of a television picture,
i.e,, along the lines, is practically negligible even if
a fully corrected low-pass filter is used to give a
sharp cut to the video frequency spectrum. The
effective number of picture points in the horizontal
direction, therefore, can generally be taken to be
that given by the method used in the 405-line
example already quoted. Taking a Kell factor of
0.7, the video bandwidth required for equal vertical
and horizontal resolution of a 405-line system would
be 0.7 x 3.0 Mc/s = 2.1 Mc/s.

The general formula relating video bandwidth and
number of lines for equal sharpness in the vertical
and horizontal directions is as follows, where k is
the Kell factor, v is the percentage vertical blanking,
h is the percentage horizontal blanking, N is the
number of lines, f is the video bandwith in mega-
cycles per second, p is the picture frequency per
second, and the picture ratio is 4 X 3:—

%E(lhg_%ﬁﬂi(lhi)
3 100/ — 4pN 100

o F e Y __h_)
or: f=6.67 10 pkN(l 100)/(1 o

If v is taken as 7%, h as 15%, and k as 0.7, then
according to this formula, for the Continental 625-
line television system with a picture frequency of
25 per second, the bandwidth for equal vertical and
horizontal resolution is 5.0 Mc/s. For the American
525-line, 30-pictures-per-second system, a similar
calculation gives 4.2 Mc/s. The actual values incor-
porated in the respective standards are, of course, 5.0
and 4.0 Mc/s. The standards were, in fact, chosen
so as to give, as nearly as possible, equal reso-
lution in the two directions, with the informa-
tion then available®, If, however, the Kell factor
is nearer to 0.5, then the bandwidths for equal reso-
lution in both directions on the 405-, 525- and 625-
line systems would work out to be in the region
of 1.5, 3.0 and 3.5 Mc/s respectively. The corre-
sponding bandwidths for the French 819-line system
are 8.5Mc/s (k=0.7) and 6.0 Mc/s (k=0.5). The
video channel allocation is 10.5 Mc/s.

Assuming that a Kell factor of 0.7 is correct for
a sequentially scanned television picture, then half
this value (0.35) would be correct for a 2-to-1 inter-
laced picture which completely fails to interlace.
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scanning lines. If this assumption is correct then
it is important to note that a Kell factor in the
region of 0.5 does not indicate that there is no
advantage in interlacing, but, in fact, shows an im-
provement of nearly 50% over the completely
“ paired ” scan.

M. W. Baldwin states, and the diagram repro-
duced here clearly shows, that for the high
definition pictures it is quite safe to deviate from
the optimum symmetrical resolution condition (sym-
metrical picture element) by a fairly large amount.
Baldwin suggests that it is tolerable to go to a
picture element which is a 2-to-1 rectangle in either
direction. This would mean, for example, that if
the video bandwidth of a 625-line system is adjusted
to give equal vertical and horizontal resolution, then
the number of lines could be increased to 625X 4/ 2=
880 or reduced to 625/ 2=440 without noticeable
comment on picture sharpness from the observer.
As already emphasized, however, these data were
obtained with a structureless picture source and the
suggestion that a reduction to 440 lines would be
tolerable with this bandwidth would have to be
taken with a considerable degree of caution, owing
to the effect of the increased “lininess” in the
picture.

To sum up the discussion of the second question,
then, it would seem that the British 405-line
standard was originally chosen to give an equal
number of picture elements per unit length in the
vertical and horizontal directions, the vertical figure
being based on one picture point per scanning line.
It is now more generally accepted that owing to
the “quantizing ” of the information in the vertical
direction by the scanning lines, the effective sharp-
ness in this direction is considerably reduced by a
factor known as the Kell factor. It was on the basis
of a Kell factor of approximately 0.7 that the
American 525-line and the C.C.LLR. 625-line stand-
ards were chosen. On this reckoning our 405-line
system has an excess of horizontal sharpness of
about 50% over the vertical.

Some recent experiments of the author’s suggest
an even lower value for the Kell factor, and further-
more, that observers of television pictures exhibit
pronounced “line resistance.” By this is meant that
if they are offered an increase in video bandwidth
for a given line and field rate, they will not take
advantage of it once the symmetrical sharpness con-
dition has been passed. These two results inde-
pendently suggest that for the given bandwidths,
all existing standards of television, and especially
our own, would profit by an increase in the number
of lines.
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R.L Club.—Membership of the Radio Industries Club
increased last year by 55 bringing the total to 940.
At the annual general meeting on May 28th Vice-
Admiral J. W. S. Dorling, director of the Radio Indus-
try Council, was elected president of the Club in
succession to E. K. Cole.

Radio Industries Ball will be held at Grosvenor
House, Park Lane, London, W.1, on August 30th.

Next year’s Physical Society Exhibition has been
fixed for March 24th to 27th in the Royal Horticul-
tural Society’s Halls, London, S.W.1.

Brit.LR.E.—In our note on the armorial bearings
granted to the Institution (see page 224, May) we
referred to Earl Mountbatten as vice-president of the
Institution. Lord Mountbatten has been vice-patron
since 1950 having previously held the offices of vice-
president and president.

Radio Controlled Models.—The annual contests for
radio controlled models, organized by the International
Radio Controlled Models Society, will be held in the
Midlands on August 4th, 5th and 6th. The contests
for model aircraft and land vehicles are being held at
Wellesbourne Aerodrome, near Stratford-on-Avon, and
those for boats at Valley Pool, Bournville, Birmingham.
Entry forms and copies of the rules are obtainable from
H. Croucher, 27, St. John’s Road, Sparkhill, Birming-
ham, 11.

Technical Teachers. — “ Industry must be
willing to accept, and indeed to encourage and assist,
the transfer to full-time teaching work of experienced
‘staff it can ill afford to lose . . .. It must become
commonplace for individuals to move from industrial
to teaching employment and vice versa.” This is one
of the main recommendations for improving the sup-
ply and training of technical college teachers given in a
report of a committee set up in 1956 by the Minister
of Education, under the chairmanship of Dr. Willis
Jackson. The report, “ The Supply and Training of
Teachers for Technical Colleges ” (H.M.S.0.), costs 4s.

Plastics materials in one form or another are being
used to an ever-increasing extent in the radio and
electronics industry, and many of these applications
will be seen at the British Plastics Exhibition which
opens at Olympia on July 10th. Free tickets for ad-
mission to the Convention, which is being held in con-
junction with the Exhibition, are obtainable from British
Plastics, Dorset House, Stamford Street, London, S.E.1.
Admission to the Exhibition costs 2s 6d.

Trade Ambassadors.—Business men on overseas
visits are frequently invited to talk on U.K. industry
and commerce in general. They may, therefore, like
to know that a number of booklets dealing with Britain
and the Commonwealth are being issued by the Central
Office of Information,

Nottingham Audio Fair.—Approximately 6,000 people
visited the Audio Fair sponsored by Alex Owen, Ltd.,
at Queen’s Hall, Nottingham, from May 26th to 28th.
Thirty-two firms exhibited and the B.B.C. provided
demonstrations of v.h.f. reception,

“ Opportunities in Electronics,” a 28-page brochure,
issued by Mullard’s, shows the science graduate and
student what the company has to offer in the field of
electronics.

Catalogues Wanted.—The librarian of the College of
Technology, Gosta Green, Birmingham, 4, invites manu-
facturers to send catalogues for inclusion in the College
library. .

It is proposed to start a radio club in the Northfield
Secondary School, Aberdeen, and offers of unwanted
components, however obsolete, will be gratefully
received by G. D. Pearson, principal teacher of science
at the school. ’
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Automation and Computation.—As a result of the
meetings between representatives of the Institutions of
Civil, Mechanical and Electrical Engineers earlier this
year, a “ Conference on Automation and Computation ”
has been set up to provide liaison between interested
organizations. The consortium, at present comprising
some twenty organizations, will be organized in three
groups of societies covering (a) engineering applications
of automation techniques, (b) development and applica-
tions of computers, automatic controls and program-
ming techniques, and (c) sociological and economic
aspects.  All societies interested in automation may
apply for membership of the appropriate group to the
I.E.E., Savoy Place, London, W.C.2.

Women’s Engineering Society is organizing a con-
ference on “Careers for Girls in Engineering” at the
Coventry Training College for the week-end, July
13th/14th, to which representatives of industry,
schools, training colleges and the Youth Employment
Service are invited. Among the speakers will be Dr,
Willis Jackson (director of research and education,
Metropolitan-Vickers) and Mrs. R. West (electronic
development engineer, G.E.C., Coventry). The Con-
ference fee is £2 17s 6d and application forms are
obtainable from The Women’s Engineering Society,
26, Victoria Street, London, S.W.1.

Institution of Electronics is holding a meeting in
the Beveridge Hall, Senate House, University of Lon-
don, W.C.1, at 6.0 on July 5th, when Dr. P. B. Fell-
gett and B. V. Somes-Charlton will speak on television
in astronomy. The annual exhibition and convention
organized by the Northern Division of the Institution
will be held at the College of Science and Technology,
Manchester, from July 11th to 17th. Complimentary
tickets for the London meeting and the exhibition are
obtainable from W. Birtwistle, 78, Shaw Road, Roch-
dale, Lancs.

Radio Astronomy.—The British Astronomical Asso-
ciation has recently formed a Radio Physics Section to
deal with the problems of radio astronomy and elec-
tronic devices for amateur astronomers. The secretary
is J. C. Codling, of 35, London Road, St. Albans, Herts.

Inaugural meeting of the Institute of Automation was
held at the Junior Institute of Engineers, Westminster,
on May 11th. Information is obtainable from the
secretary, A. L. Jackson, 118, Westwood Park, London,
S.E.23.

Educational wallchart, entitled * Classification of
Electronic Tubes,” is available from Mullard free of
charge to lecturers and teachers at schools and training
establishments. Tt covers both high-vacuum and gas-
filled valves and tubes, and includes thermionic, cold
cathode, photo and pool cathode emission. It is obtain-
able from Mullard Educational Service, Mullard House,
Torrington Place, London, W.C.1.

FROM ABROAD

Cybernetics.—As a result of the International Con-
gress of Cybernetics held at Namur, Belgium, last
year, the International Association of Cybernetics was
established in January and now has over 1,000 mem-
bers from 26 countries. Dr. W. Grey Walter, director
of the Department of Physiology at the Burden
Neurological Institute, Bristol, is a member of the
board of directors. Plans are being made to hold the
second International Congress of Cybernetics in Sep-
tember, 1958. Particulars of the Association are
obtainable from the secretariat, 13, rue Basse-Marcelle,
Namur, Belgium. )

Reception reports on test transmissions from
Geneva are invited by the International Committee
of the Red Cross. The broadcasts are being radiated
on 7.21 Mc/s on June 25th, 27th, and 29th at 0730,
1300, 1630 and 2200 (B.S.T.). Report forms are ob-
tainable from the British Red Cross Society, 14, Gros-
venor Crescent, London, S.W.1.

WIRELESS WoORLD, JuLy 1957

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

Multi-Valve Cathode Follower

I. Methods of Approaching the Ideal Buffer Stage Performance

By J. G. THOMASON, B.sc.

THE single-valve cathode follower in its basic
form is shown in Fig. 1. The input terminal is the
triode grid and the output is taken from the cathode.
The main features of the circuit are as follows.

(a) Low output impedance (100 to 1,000 ohms).
(b) High input impedance (grid-to-cathode leakage
path impedance increased 5 to 50 times approx.).
Absence of Miller effect.

(¢) Almost unity gain (0.8 to 0.98 approx.).

. (d) The quiescent output voltage, i.e. input connected
to earth, is within a few volts of earth potential
(2 to 20 volts positive approx.).

+ (&) Level fre-
quency response
from zero to
several Mc/s.

(f) Good linearity
and independence
of change in valve
characteristics (5
to 50 times reduc-
tion in amplitude
distortion  com-
pared with the
same valve opera-
R ting as amplifier).

(¢) Fluctuations
arising from
changes in the
value of the line
voltages appear in
the output in con-
siderably reduced magnitude (5 to 50 times less).
(k) Extreme simplicity, and economy in components.

The numerical values given above cover the range
from small receiving valves to output valves of up to
about 15 watts anode dissipation.

The cathode follower characteristics differ from
those of the same triode connected as a conventional
amplifying stage due to the inherent negative feed-
back introduced by the presence of the cathode
load resistor. The amplifying properties of the valve
itself are not affected by changing the load resistor
from the anode circuit to the cathode circuit, all
changes in overall characteristics are due to the
feedback. This may be illustrated by comparing
Figs. 2 and 3 with Fig. 1. In Fig. 2 the valve
is shown connected as a simple amplifying stage,
neglecting biasing and decoupling arrangements.

The input voltage is obtained from a transformer
giving, say, a low frequency sine-wave of 1V
ram.s. Then, typically, the anode voltage waveform
would be a sine-wave of 30 V r.m.s. with a phase
reversal with respect to the input. In Fig. 3 the
load resistor has been moved to the cathode circuit
but the transformer is still used to feed the 1V
r.m.s. input berween grid and cathode, exactly as it
did in the circuit of Fig. 2. In the circuit of Fig. 3
the output will still be a sine-wave of 30 V r.m.s—

INPUT

OUTPUT

[—

Fig. 1.
circuit,

Basic cathode follower
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there is, of course, no feedback and the triode is noz
being used as a cathode follower. There is, however,
no phase-reversal with the circuit in Fig. 3.

Comparison of Figs. 1 and 3 shows that in the
cathode follower (Fig. 1) the valve grid-cathode
voltage is not the same as the input voltage but is
equal to the input voltage minus the output voltage.
This means that there is 1009, negative feedback,

The cathode follower properties may readily be
derived from the characteristics of the conventional
triode amplifier using the basic feedback formule,
The important factor in a feedback system is the
loop gain, i.e. the total gain of the forward circuit
(amplifier without feedback), cascaded with the
feedback circuit. In the cathode follower, the for~
ward circuit gain is m, the triode stage gain with load
resistor R. As there is 100% negative feedback, the
loop gain is also given by m. The usual formula
for stage gain gives,

Rr
lg{" gl o)

ra
where r, is the valve anode a.c. resistance, and Em
is the mutual conductance.

The change in overall gain when a feedback con-
nection is made is found using the parameter a+
loop gain), sometimes called the feedback factor.
The overall gain G with feedback is obtained by
dividing the forward gain by the feedback factor,

m ==

m
Titm @
Using equation (1), G may be expressed
R
G= —M .. .. ..
T DRTr, @

where p is the valve amplification factor, (equal to
8nT.)- The 12AX7 high-p triode, for example,
when worked with a 330 kQ load, from a 300-volt
line, is found to give a stage gain of about 65, and
using this value for s, equation (2) gives the overall
gain G = 65/(1 +
65) ~ 0.985. A
+ medium-p  valve
such as the 12AT7
R would give, say, m
OUTPUT = 30 and there-
fore G ~ 0.967.
A  power valve
such as the PX4
might have m =3
and therefore G
= 0.75.
The type of
feedback inherent
in the cathode

&

T

Fig. 2. Amplifying stage with anode load.
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Circuits

One of the most important applications of the cathode follower is as a buffer stage to prevent loading of a
high-impedance circuit by a cascaded low-impedance circuit.
some of the more exacting applications (e.g. analogue computers) to determine the overall gain with higher accuracy, to
remove the d.c. bias between input and output and to alleviate drift due to valve ageing and supply voltage changes.

The basic cathode follower must be elaborated for

follower connection is classified as series voltage
negative feedback. The series connection implies
that the output voltage appears in series with the
input voltage, causing the input impedance to be
increased in magnitude by the feedback factor. The
voltage feedback connection implies that the output
impedance will be reduced in magnitude by the feed-
back factor. The simple triode stage shown in Fig. 2
has an output impedance R’ given by

Rr,

.. 4

TR @

The output impedance R” of the cathode follower is

found by dividing R’ by the feedback factor (1-+-m).

Using the formula for m given in (1), R” may be
yritten

R =

R’ Rr,
R” = = 4 .. G
1 +m R +r, + g.Rr, ©)
The formulz for R’ and R” may be expressed:
1 1 1
== = + — .. . .. .. (6
R” R + tg ©
1 1 1
— = + = . .. .. @
andR// R + ra + gm ( )

In this form the formule show how, in the case of
the simple triode stage the output impedance is
effectively made up from the anode impedance and
load impedance in parallel and that with the feedback
connection, a further impedance of 1/g,, also appears
in parallel. Usually 1/g,, is much smaller than R
and r,, normally 100 to 1,000 ochms compared with
several kilohms, so that (5) may usually be approxi-
mated by:—

RIM . e e ®

8m

The fraction of the input admittance due to grid-
cathode resistance and stray capacitance is reduced by
the series negative feedback connection, again by the
factor (1 + loop gain). In the 12AX7, for example,
the input capacitance as a normal triode stage might
be composed of anode-grid capacitance 1.7 pF and
cathode-grid capacitance 1.6 pF. Multiplying the
anode-grid capacitance by (1 + stage gain) to allow
for the Miller effect, assuming a stage gain of 65, the
total input capacitance works out to 113.8 pF.

As a cathode follower the total effective input
capacitance works out to be 1.72(4) pF, due to the
absence of the Miller effect and the reduction by a
factor 66 of the cathode-grid capacitance. Of course,
wiring capacitance, say 5 pF, should be added to
both figures.

The increase in cathode-grid resistance can be
swamped by the stray resistances in parallel, e.g.,
anode-grid and grid-earth valve-base leakages, if
poor quality components are used.

These properties are seen to make the cathode
follower well suited for use as a  buffer * stage, i.e.,

WIRELESS WoORLD, JuLY 1957
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Fig. 3. Amplifying stage with cathode load.

a stage used between two circuits solely to prevent
either from being influenced by the other. The
simplest case is to prevent a low impedance circuit
from imposing an unacceptable load on a high
impedance circuit. An example of this application
is the use of a cathode follower as an oscilloscope
probe. A small probe unit containing the cathode
follower is placed as close as possible to the point
where it is desired to connect the oscilloscope. The
increased input impedance enables the capacitive
load on the circuit under test to be kept down to
about 10 pF instead of the 200 pF capacitance of the
aver: ge oscilloscope circuitry. Similarly, the output
lead from the cathode follower to the oscilloscope is
fed by too low an impedance for capacitive pick-up
to be serious. Sometimes it is convenient to screen
this lead and the extra screen capacitance may be
charged up by the cathode follower without affecting
the loading caused by the probe or the frequency
response.

In precision circuits, however, the residual
imperfections of the cathode follower compared with
an ideal buffer stage are important and circuits have
been developed which are based on the simple
cathode follower but which are superior in one or
more properties.

The ideal buffer stage would have the following
characteristics
(a) Zero output impedance. -

(b) Infinite input impedance.

(c) Unity gain.

(d) Zero quiescent voltage.

(e) Level response at all frequencies.

(f) Perfect linearity.

(g) Signal handling capacity* at least equal to the
largest signal level in the system.

In the cathode follower, negative feedback is used

* Signal handling capacity is defined here as the maximum useful
current change which the valve can be made to give—the upper limit
being defined by the reaching of some arbitrary value of grid current
and the lower limit by the reaching of some value of mutual con-
ductance which is an arbitrary fraction below the mid-cycle value.
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to change the valve amplifier properties towards
achieving those of the ideal buffer stage. Apart from
the limitations due to finite feedback factor, however,
the basic cathode follower also suffers from drift
(slow change of contact potential*) and has only the
signal handling capacity of the same triode con-
nected as a simple amplifying stage.

In certain circuit work, including particularly the
analogue computer field, the departures of cathode
follower characteristics from those of an ideal buffer
stage can sometimes rule out the application of the
basic triode cathode follower shown in Fig. 1. In
the case where buffer stages are needed between each
of many cascaded circuits, particularly with operation
down to zero frequency (z.f.), the cumulative drift
and quiescent voltage shift are often more trouble-
some than the overall attenuation. For example
consider 10 cascaded cathode followers, each using
half of the 12AT7 valve, connected as in Fig. 1,
with load resistors of 68 kQ, drawing 4.4 mA from
positive and negative lines of + 300 V and — 300 V
respectively. The individual gains will be about 0.967
(m = 30) and the voltage shifts about 4V, giving

* Contact potential may conveniently be visualized as the voltage
produced by a fictitious generator in series with the grid of an ideal
valve. Infact, the d.c. component of the contact potential is a property
of the space charge and the random fluctuations are due to physical
and chemical changes occurring at the surface of the cathode.

+ 300V Left: Fig. 4. Cathode
follower circuit modi-
fied to give zero
quiescent output
voltage.

]
INPUT ol
T Vai2am7
14'4-7mA

OUTPUT
ov
68k
Below: Fig. 5. D.C.
bootstrap cathode
—-300V follower.

——[——+500v
+300V

INPUT
oV

0 OUTPUT

s-mAl 47kl

~300V

312

overall values of 0.71 and 40 V respectively. The
output drift will be 10 times that of a single valve
(about 0.25 V per valve per 109 change in heater
voltage).

It is worth mentioning in passing that there is 3
very economical modification to the cathode follower
which avoids the quiescent voltage difference between
input and output. The load resistor R in Fig. 1 may
be divided into two parts, as shown in Fig. 4, where
the upper resistor is arranged to drop exactly the same
voltage as the valve grid bias (equal to the quiescent
output voltage). The output is now taken from the
junction of the resistors, and by adjusting the value
of the upper resistor the cathode follower may be
set up with quiescent input and output voltages
equal. The output impedance is increased with this
modification to the circuit, by an amount approxi-
mately equal to the value of the upper resistor. The

value usually happens to be aboutg—tn ohms and the

output impedance may be said to have been approxi-
mately doubled by the modification. It is seen that
there is also a further slight loss in overall gain due
to the potentiometer formed by the two load resistors,

With a.c. working it is often convenient to feed the
cathode follower grid via a capacitor and return a
grid leak to this resistor junction. There is now very
little feedback at z.f. and the load current is not
accurately set by the feedback as in the circuit of
Fig. 1. The quiescent valve current will set itself
to the same value as that in a triode voltage amplifier
with the upper resistor used for cathode bias and the
lower resistor as a conventional anode load. With
the grid leak, for a.c. working, it is usual to dispense
with the negative line, since quiescent voltages will
be of no importance.

Elaboration of the Single Valve Cathode
Follower.

The single valve cathode follower shown in Fig, 1
may be made to give an improved performance if a
pentode is substituted for the triode. In general,
a pentode may be made to give a higher stage gain
than a triode of the same power rating, and this in-
creased forward circuit gain means a relatively
higher loop gain, giving a higher feedback factor and
therefore enhanced negative feedback properties.

Direct substitution of a pentode for the triode in
Fig. 1 would necessitate strapping of the anode and
screen and therefore give triode characteristics,
It is necessary to provide a constant voltage difference
between screen and cathode, as with anode load
operation, since the pentode depends on this con-
dition for its characteristics. This means that changes
in cathode voltage must be superposed on the quies-
cent screen voltage.

Circuits where voltage changes on one valve
electrode are superposed on the steady voltage at
another are known as ““ bootstrap > circuits and an
example of a d.c. bootstrap pentode cathode follower
is shown in Fig, 5. The neon tube is fed with 2 mA
from a high-voltage positive line and it is seen that
this neon holds the screen 150 V more positive than
the cathode for all working values of cathode voltage,
say —150 V to 4150 V. Disadvantages of the circuit,
apart from increased power consumption and number
of components, are the increased capacitive load on
the cathode and enforced reduction in value of load
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+300VY
-0 OUTPUT
<
$-4mA 1 56kl
-300V
Fig. 6. A.C. bootstrap cathode follower.
+
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Fig. 7. Constant-current cathode follower.

resistance to allow for the neon tube current, re-
sulting in a lower value of m.

An a.c. version of the circuit is shown in Fig. 6,
where the capacitor C holds the cathode-screen vol-
tage substantially constant for times short com-
pared with CR, where R, is the differential screen-
cathode resistance and screen decoupling resistance
in parallel. For a value of C equal to 0.1 «F in the
circuit of Fig. 6, pentode operation could be assumed
for frequencies down to about 200 c/s. Both these
bootstrap circuits give a loop gain of about 150.
The signal handling capacity of both circuits is now
equal to that of the same valve working as a conven-
tional single-stage pentode voltage amplifier, this
being, in general, larger than that of a triode of similar
power rating.

The way in which signal handling capacity is
determined may be visualized by considering the
circuit of Fig. 1. As the input voltage rises, the
cathode voltage follows, the difference between the
two automatically decreasing by just the right
amount to turn on the extra valve current due to the

WiRELESS WoORLD, JuLY 1957

increased voltage across the load resistor., However®
the valve is being asked to pass more current with
less anode-cathode voltage, and it is seen that at a
certain limiting positive input voltage, the valve will
need to draw grid current in order to turn on the
required cathode current. Similarly, for negative
input voltages the valve is asked to pass less current
with an increased anode-cathode voltage. This
means that the working point on the mutual charac-
teristic will be forced into the low-current, low-slope
region, giving reduced valve gain and therefore
reduced feedback.

One way in which the signal handling capacity
may be increased is to make the valve current constant
over the working cycle. This is conveniently
achieved by replacing the load resistor by a pentode
as shown in Fig. 7. Typical pentode anode charac-
teristics show that the pentode V2 passes a current
determined mainly by the line voltages and the value
of the screen decoupling resistor R;. Changes in the
cathode follower output voltage, i.e., the pentode
anode voltage, have little effect on the current. The
resistor R, provides cathode bias and the screen is
conveniently supplied from earth as shown. The
limit of positive excursion is made higher since no
increase in current is required when V1 anode-
cathode voltage is reduced and the limit of negative
excursion is usually set by ¢ bottoming” in V2.

This circuit also gives a higher loop gain compared
with the resistor load since the triode V1 works with a
load equal to the high differential anode impedance
of the pentode V2, so that the stage gain m closely
approaches the amplification factor p. If a bootstrap-
connected pentode were used for V1, a stage gain
of about half the pentode p could be realized, e.g.,
about 3,000 for the 6AM6. A two-pentode circuit
of this type with a.c. bootstrap decoupling is fre-
quently used in cathode-ray tube monitor probes
with the advantage that the constant load current
gives a constant output rate with fast negative edges
at all voltages within the working excursion,

(To be continued)

Textbook on Polythene

SINCE the early days of the war when the first samples
of polythene made such a significant contribution to the
success of our airborne radar equipment, the production
of this unique plastic has risen from a few hundred to
well over half a million tons per annum, and a vast in-
dustry has been established on the basis of its mechani-
cal as well as its electrical properties.

A comprehensive treatise with contributions from no
fewer than 38 specialists in the many branches of its
chemistry, manufacture and fabrication has been com-
piled under the joint editorship of A. Renfrew (I.C.I.)
and Phillip Morgan (British Plastics), and is likely to
remain the standard work of reference for very many
years to come,

Much useful information is given on the effects of
antioxidants and other additive materials on the dielectric
properties and of recent developments in the modification
of properties by halogans and by irradiation. The
sections on moulding, extrusion, coating and film pro-
duction form an invaluable guide to the feasibility of
new applications of this versatile polymer.

“ Polythene—The Technology and Uses of Ethylene
Polymers ” is obtainable from our publishers, Iliffe and
Sons, Ltd., price 126s (postage 1s 9d).
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“88-30” PRE-AMPLIFIER

Completing the Design for a 50-Watt Amplifier

W. lan HEATH,* B.Sc.(Eng.) and D. M. LEAKY,* B.Sc.(Eng.)

THIS pre-amplifier for the ¢ 88-50" mains
amplifier described in the April issue is intended
to offer full playback facilities from any known
programme source and yet utilize circuits which
are basically simple and economic. It will operate
directly from a gramophone pickup, a high-impe-
dance magnetic tape replay head, a high-impedance
microphone or a radio tuner. A selector switch
which enables any of these sources to be chosen

also automatically alters the input sensitivity and
frequency response compensation to that required
for each type of input. This enables the different
inputs to be selected and played without immedi-
ate alterations to the remaining knobs which are
intended to give convenient control of balance and
frequency range to suit listening conditions and
programme quality. A rumble filter is incorporated
which attenuates unwanted motor rumble below
30c/s and removes the risk of overloading the

* Research Laboratories of the General Electric Co., Ltd. power amplifier and loudspeakers due to this cause.
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The pre-amplifier is designed to give an output of
0.5 volt r.m.s. for maximum signal level, and this
corresponds to the input required by the *“ 88-50
ower amplifier to give maximum power output.
H.T. and l.t. supplies are derived from the power
amplifier, and connection is via octal plugs and
sockets with a multi-core cable.

The design utilizes negative feedback to keep
parmonic distortion low. All the controls use
simple resistance-capacitance circuits incorporated
either between stages or in the negative feedback
loops, and the wiring is not unduly complicated.
Apart from the equalizing of initially differing
programme sources by means of the selector switch,
the use of continuously variable controls for ‘¢ Bass,”
“ Presence,” and ¢ Treble Slope’ helps circuit
simplification and also removes the bullying effect
that switches have on the listener when he is try:ng
to adjust a programme to suit a particular place or
occasion.

Input Selector Circuit. The first stage of the
basic pre-amplifier uses a Z729 valve (V2 in Fig. 1),

Turn-over
Sen- | Input Frequency
sitiv- | Resis-
ityt | tance | Bass Treble
Boost | Cut
1. Radio .. .. | 02V | 470kQ| None| None
2. 78 rp.m. records | 14mV 50kQ | 400c/s | 6kc/s
3. British micro-
groove .. | 10mV 50kQ | 500c/s | 3ke/s
4. American Stan-
dard .. .. | 12mV | 50kQ| 600c/s | 2kc/s
5. Tape (7}in/sec) 4mV | 220kQ | 1.5kc/s| —
6. Microphone
(high impedance)| 1mV | 1.1IMQ(None None

advantage of maintaining the harmonic distortion
in the valve at a low level. Between these two
extremes any sensitivity can be obtained, and for
use with a magnetic gramophone pickup, for example,
the necessary frequency response correction to

obtain a ‘‘flat > response can be

obtained by means of a suitable

400V APPROX, resistance-capacitance network in

25mA

1%%o0v s()a
3

the feedback loop, provided the
overall correction required is less
than the gain of the valve (40dB).

The input selector switch asso-
ciated with this valve (V2) con-
nects the grid to any of the input
sockets, via a suitable network,
and simultaneously inserts an
appropriate network in the feed-
back loop between anode and grid.
For example, for microphone no
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feedback is used, and the input
resistance consists of Ryin paral-
lel with the grid leak R;;. For
radio the gain is reduced by
negative feedback provided by
R,, and R},, and the input resist-
ance is R,;.

The other positions of the
switch provide the frequency re-
sponse corrections necessary
when playing from disc or tape
recordings, and from all the input
sources a ‘‘flat” response of

:; R42
2lokf

VWV

AAAA

Vs
Y28329
R R (
mo’?ﬁ !og?ﬂ 0-9(592“}'
R 3.5
$15
680 k(L i
“TREBLE
£} SLope™ ¢ [ir,
24 d ﬂ
—_— pOPF ;r Sk
)'d Csh
Cas C2 20
Taz0eF 'L 47pF é%ie
f?ﬁ
\\ \\ Rys

_____ . N S G PTG

“TREBLE SELECTOR'

150kf}

roughly similar level is therefore
obtained at the volume control
which follows this stage.

> iu
To ,°7>o

connected as a pentode. This valve was chosen
because its freedom from both hum and microphony
are essential to obtain a good signal-to-noise ratio.
0 keep circuit noise low the cathode current is
low, and a voltage gain of about 100 (40dB) is
obtained. This is sufficient to give without feed-
back a sensitivity at the grid of ImV, which is
ldeal for use with a high-impedance microphone
Such as a diaphragm-operated crystal type, or for
Use with a moving-coil microphone and a suitable
hput transformer. For larger input voltages,
Such as from a radio tuner, the sensitivity can be
Teduced by negative feedback, and this has the
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The prototype pre-amplifier
shown here has six input posi-
tions, The play-back character-
istics chosen were considered to
be the most useful half-dozen for general use, but
alterations and additions are obviously possible where
requirements are different. In clockwise order of
rotation the bass and treble turn-over points are
shown in the accompanying table, which also gives
for each switch position the sensitivity and input
resistance at the input socket.

Tape Compensation. In the tape position the
grid of the Z729 pentode is connected to a tape head
amplifier consisting of a Z729, triode connected
(V1). This gives the best signal-to-noise ratio

TInput for 0.5 volts r.m.s. output from pre-amplifier.
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possible, and raises the signal level to a sufficient
level to drive the correction stage, V2.

If tape is not to be played the tape head amplifier
can be omitted and the spare position on the selector
switch used for another record characteristic, or
for a low-impedance microphone. In the latter
case a screened microphone input transformer can be
matlmnted in the position previously occupied by the
valve.

The tape replay characteristic assumes the recom-
mendation that tape should be replayed with a time-
constant of 100 usec for 7} in/sec, and that all treble
losses in recording have been compensated by
pre-emphasis.t This constitutes a bass boost below
1,500 c/s, see Fig. 4, and is obtained by C, and
R,; in the feedback loop. If tape is to be played
at other speeds, then these components must be
altered as follows:—

Tape Time- C, Ry,
Speed Constant
3% in/sec 200 psec 1,000 pF 0.22MQ
15 in/sec 35 usec 150-220 pF | 0.22MQ

These values could be inserted in other switch posi-
tions if more positions are available. The bass
boost inherent in these replay characteristics is
necessary because the recordings are made with a
‘¢ constant current ’’ characteristic, i.e., with a high
resistance in series with the recording head, so as
to produce a constant flux-density characteristic
in the tape. It will be noticed that the replay
characteristic levels off at a frequency dependent
on tape-speed, and this serves to maintain the treble
response.

The use of additional treble boost when replaying
to compensate for tape losses is undesirable in so
far as it makes tape hiss more audible. However,
some treble boost on playback is recommended
where a poor treble response is due to the playback
head itself, and this can be obtained by shunting
R; by a capacitor C;, of not more than 100 pF
for a tape speed of 7% in/sec. The effect of this is
shown by the dotted curve in Fig. 4. A limiting
resistor R,, in series with C;, is desirable of about
100k Q.

Disc Compensation. The three disc record
replay characteristics chosen, see Fig. 4, are the
American Standard for both microgroove and
78 r.p.m. discs, the British microgroove characteristic
which is tending to be displaced by the American,
and a compromise 78 r.p.m. characteristic suitable
for most European shellac discs, but most resembling
the “ffrr” characteristic used by Decca and
Brunswick. Only those people possessing 78 r.p.m.
discs of earlier origin would desire a second 78 r.p.m.
switch position giving bass boost from a lower fre-
quency such as 250 c/s.

The bass boost correction for discs is obtained
in a similar way to the tape correction, e.g., for
American Standard it is obtained by means of
C; and R,,, while the necessary treble roll-off is
obtained by C,. The limiting resistance R,; is
inserted to promote freedom from instability at
very high frequecies. In the prototype amplifier

4+See Amendment No. 1, July 1954, to B.S. 1968: 1953.

316

it was not found necessary to incorporate limitin
resistors in the other compensating circuits. The
resistor R,, is connected across Cg to avoid ¢ clicks »
when switching, but it also limits the bass boost
correction. If fuller compensation is requireq
between 30 c/s and 60 c/s the value of Ry should be
doubled.

The corrections provided here for disc reproduc.
tion are intended for use with any pickup giving
an output voltage proportional to recorded velocity,
This includes all moving-coil and moving-iron (so
called “‘ variable reluctance >’) types, and the input
resistance and sensitivity have been chosen to be
suitable for any of the well-known makes with maxi-
mum outputs from 10 mV to 50 mV. The input
network must be modified however where a pickup
is to be used whose output voltage is not proportional
to recorded velocity. = A crystal pickup is the most
common example of this type. It has been found
that a very smooth frequency response can be ob-
tained, extending as far as the usual high-frequency
peak, if a crystal pickup is connected to an input
resistance which is lower than that normally recom-
mended, and the resulting frequency response, which
can be made to resemble closely a “ velocity”
characteristic, is corrected as if a magnetic pickup
were being used.

An example is shown in Fig. 5, where the output
from a sample Collaro Studio ‘‘ P ** crystal cartridge
is plotted against frequency using a test record with
a British microgroove characteristic. The response
with a 1-MQ load approximates to a ‘‘ flat” res-
ponse, and is that which is normally used. The
response with 0.1 MQ shows a fall in bass due to
the internal capacitance of the crystal unit, and the
resulting curve bears a close resemblance to the
British microgroove characteristic which is shown
dotted. The exact *“ fit” of these curves depends
on the original response of the pickup, but 0.1 MQ
is the most suitable value for several other comparable
cartridges. Therefore, with a suitable alteration to
the input network, incorporating attenuation of the
high output voltage, a crystal pickup can be connected
to the pre-amplifier and the corrections associated
with the selector switch used as with magnetic
pickups. The circuit diagram, Fig. 1, shows an
alternative input network, inset (b), enabling crystal
pickups of this type to be connected, for example
the Collaro Studio ““P.” Inset (c) is suitable for
a crystal pickup which has a less pronounced treble
peak, the Studio transcription cartridge. Inset
(a) is for magnetic pickups having a maximum output

‘greater than 50 mV; note that maximum output is

here defined as that given by a recorded velocity of
about 7 cmy/sec, and corresponds to sections of high
modulation on an average disc.

Bass and “ Presence *’ Controls. The remainder
of the pre-amplifier, including all the tone”
controls, has been economically designed around one
double triode. Following the volume control, which
is a logarithmic type for smooth control, is the first
half (V3) of a B329 valve. This low gain valve is
used as a simple triode amplifier without feedback
as this circuit arrangement was found to give the
best compromise between distortion and signal-to-
noise ratio. It drives a 10: 1 (20 dB) potentiometer
circuit consisting basically of R,y and Ry, in whi
are incorporated the ‘“bass” and ¢ presenceé
(Continued on page 317)

”
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wired after mounting. The overall dimensions of the
basic chassis are 14in X 5in X 2 in, with the control
knobs spaced 2% in apart. The edges on both top and
bottom are flanged, to a minimum width of }in,
so that flat detachable cover plates 14in X 5in may
be screwed on. In the model photographed hank
bushes tapped 6 B.A. were inserted in the flanges,
but self-tapping screws could be used. The spacing
of the valves and condensers along the rear panel is
not critical, but 2 in between centres is suitable,
leaving 3 in between either end of the chassis and the
nearest valve centre line. At the input end this 3 in
space has to accommodate the four co-axial input
sockets. At the output end a chassis-mounting octal
plug is accommodated.

The prototype chassis was constructed with the
rear and two ends in one piece of 16 s.w.g. aluminium,
and the front section containing the controls was
separately made and screwed on. The front escut-
cheon panel was made separately to mount only
on the control bushes, and was slightly larger
than the amplifier, 15in X 3in.

The 13-in tag board contained 44 pairs of tags of
which 374 were required. It was mounted to leave a
space of 2 in from the front and 1} in from the rear.
The tag board is mounted on a U-section channel
4 in X %in which is bolted to each end panel. A
wider tag board, while having no advantages, would
necessitate a corresponding increase in the 5-inch
dimension of the chassis.

The control switches and potentiometers should be
mounted on the front. The ¢ input selector ™ is a
2-pole, 6-position switch, each pole being on a
separate wafer for ease of wiring and separation of the
circuits. More positions may be included if desired,
and a correspondingly greater number of tag board
spaces allocated. For easy wiring this switch should
be mounted with the slider tag of each wafer next
the bottom cover plate. A “ spare” insulated tag
should be provided on the rear wafer for use as an
earth post. The ““ Treble Selector” is a 3-pole, 3=
position switch on a single wafer. )

The B9A valve holders and h.t. smoothing con-
densers should be mounted on the rear, together
with the input sockets. These were television aerial
input sockets because of their complete screening,
and low contact resistance. Jacks may be used where
easier plugging is desired, but care must be taken to
see that the plugs are of a completely screened all-

RUMBLE FILTER
[+]

Fig. 2. Frequency response of com-
a3 plete amplifier with ** Input Selec-
-10 tor *’ on ‘‘Radio,”" with effect of
-20 / ** Bass *’ and *‘ Presence "’ controls.
/ ** Treble Selector”’ at ‘““ 0.”

1o

metal construction, to avoid hum pick-up, and that
all contact surfaces are clean because the contact
pressure is low, and oxidation has been found to
cause rectification and distortion of the signal. Valve
holders should give a reliable pin contact, and should
be of a material that will not give internal tracking
on high resistance circuits, e.g., polythene or ceramic
rather than a ‘“ loaded *’ plastic. The valve holders
and the octal supply plug should be mounted with the
heater pins, 4 and 5, nearest the lower flange of the
rear panel.

Wiring, The heater wiring should be completed
first. This should be wired in a tightly twisted pair
from the octal supply plug, pins 4 and 5, and layed
inside the lower flange of the chassis, ‘“looping in »
at each valve holder beginning with the B329,
V3/V4, and ending with the tape head amplifier,
V1. By this means the wiring to the early stages, V1
and V2, carries only the current to those valves,
and this reduces the hum field due to the heater
wiring to a minimum. The diversion of the twisted
wiring at each valve holder must be kept as short as
possible, the valve holder tags being used as junction
posts to which the ““go” and ‘ return > wires are
paired together as much as possible. No escutcheon
lamp is included in the prototype, and this has
enabled all heater wiring to be kept well away from
the remainder of the circuit. If a lamp is to be in~
cluded, it must be wired with a tightly twisted pair
directly to the octal supply pins, the wiring must be
well separated from the earlier stages, and should
preferably be external to the chassis. Neither side
of the heater supply is earthed to the pre-amplifier
chassis, a centre tap earth being provided near the
transformer in the power amplifier.

One earth tag should be screwed to the chassis at
the microphone input socket which is the lowest of
the three at the end of the rear panel. This is the
only chassis connection, apart from the h.t. smooth-
ing capacitors which need not be insulated from their
mountings, but must in any case have their negative
tags wired as in Fig. 1. The above earth tag will be
found convenient for the insulated braiding of the
screened lead which connects the microphone socket
to the selector switch, and the tag is also spaced by
the length of one resistor R, from the tape head input
socket which is mounted close to the tape head
amplifier V1.

The circuit diagram, Fig. 1, indicates how the
earthing and other critical wiring is arranged, and
this should be closely adhered to. The wiring round
V1 should be completed first. The input signal is
applied between grid and cathode via the grid stopper
R2 and cathode bypass capacitor C,; respectively,
and it is important that these two components should
be positioned with a very small loop area between
them. This will minimize the injection of hum from
stray a.c. magnetic fields, such as from a nearby

mains transformer. Accord-

l I l ingly R, must be wired direct

I e m)’( from the input socket to the

5 bt 3 % L 35 grid, pin 9, and C, direct
B 0 T from the earth tag to the
HALF-WAY[| _— 1] = L] cathode pin 3. The grid

-5 ___LEL‘____ - e f—] '°’|° leak, R,, is wired compactly
—10p— 9% TR MIN. between the input socket and
=15 =T o 1 the earth tag, to which the
20 | THTTT [ cathode bias resistor Rs
20 50 100 500 1Lpoo 5000 20000  should also be connected.
FREQUENCY (cfa) The centre of the valve
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holder with the “ earthy”

pin 2 should be connected by

an insulated wire to the earth

tag, and the negative tag of

]

]
1=
1<

the h.t. smoothing capacitor
C,s5 Csyy should be similarly

earthed by an insulated wire

close to the chassis even if

the capacitor case is clamped

to chassis. The anode load
R, is connected direct to C,,,

and the coupling capacitor
C, to the fifth rear tag on
the tag board. For minimum
circuit noise it is essential
that R, R,, R, and R, should
be of the high-stability type,
and C, must be of a type

—2" (b).

5,000

Flg 3. Effect of ““ Treble Slope ** control with ‘‘ Treble Selector *'

20,000
FREQUENCY (c/s)

1,000 5,000 20,000

““

—/ "’ (a), and

having low leakage current.
The wiring of the selec-

™S

tor switch and V2 should 0

NP

l4p

now be undertaken. The

layout of components will

TA”"N?D

be clear from the circuit

I/ /

>1009F _]

and photographs, but a des-
cription of the earthing

)
=

78"

/

X

-
Cso=o —

arrangements will be given. BRITISH

CROGROOVE

I~

A/}
/

A short length of screened

I 75,, —

lead should be wired to the

microphone input socket and

its earth tag, and the other —40

n 5-‘!,-\—\-

N ~
4-3%
114

end of this connected to the 20

sixth contact of the selector
switch (rear wafer). The
braiding should be connected
to a ““spare” insulated tag
on the wafer (not connected to the switch frame),
and this will act as the sole earthing point of all the
input networks. To this earth point is connected
the insulated braiding of a second length of screened
cable, the inner of which is connected via C; to the
slider of the rear wafer. This cable terminates at the
grid, pin 9, of V2, and the insulated braiding carries
earth continuity to the ‘‘ earthy ” pin 2 of this valve.
The cathode bypass, C, and resistor R,, are soldered
compactly across the valve holder between pins 8
and 2 thus giving a very small grid-cathode loop
area. This is indicated in the circuit diagram.

The output from V2 is via C; to the sixteenth
rear tag on the board, and the earthing wire of Cyg,
C,, is connected to the seventeenth rear tag. From
tags 16 and 17 a short screened lead is taken to the
volume control, and from the slider of this a longer
screened lead terminates at the grid pin 7 of V3
(B329). The braiding is connected to the “ earthy >
pin and the *‘ earth line > of all the ‘ tone > control
circuits is connected solely to this pin, as also is the
octal output plug, pin 8.

The earthing system described above gives con-
tinuity from the one chassis connection at the input
sockets, via the braiding of screened lead wherever
this is used, to the output socket. As the chassis
is not used for earth continuity large loop areas
between any signal “live” lead and earth are
avoided, and hum pick-up from stray a.c. fields is
reduced. In the early stages the use of screened
lead wherever possible reduces loop area to zero,
and where “‘open ” wiring is unavoidable, as in the

“input selector switch, the close proximity of the

50
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Fig. 4. Disc and tape replay characteristics.

earth circuit reduces loop area to a minimum.
Only by this means can hum induced electro~
magnetically be kept to a minimum, because the
enclosure of the circuit by the chassis has no effect
on this, although the chassis does provide the neces-
sary electrostatic screening of the “ live ” portlons
of the circuit,

Performance and Operation. The performance
of the pre-amplifier is shown in Figs. 2,3and4. The
steep fall in frequency response below 30 c/s shown
in Fig. 2 is due to the rumble filter, and the effect
of this applies to all inputs.

The ‘“ Bass >’ control (Fig. 2) increases or reduces
the bass at frequencies below 300 c/s, and should be
used when the ¢ volume control *’ is set to reproduce
speech or music at a level which is unnatural com-
pared with the original. For example, speech re-
produced above its natural level will sound too
heavy in the bass, and the “‘ bass loudness >’ should
be reduced to restore naturalness. Further reduction
of bass is often necessary for public address purposes
to improve intelligibility. Music, on the other hand,
when reproduced at a level producing less than the
original loudness- at the ear, sounds lacking in bass
and the ‘“ bass loudness” should be increased to
restore a more normal balance.

The ¢ Presence > control (Fig. 2) alters the level
of all frequencies above about 1,500 c/s. It there-
fore alters the balance between high and low fre-
quencies; an increase in ‘‘ Presence *’ giving a more
forward incisive quality as if moving the listener
nearer to the orchestra or voice. A decrease appesrs
to move the listener farther away, and approximates

319

www americanradiohistorv com


www.americanradiohistory.com

'° [TT]
X O = = Fig. 5. ** Vel * ch
0 ig. 5. *“ Velocity ** characteristic
4B _g — \ obtained from a crystal pickup,
the Collaro Studio “‘P’’ by using a
-0 o * e Joad of 0.1 MQL. Velocity character-
15 oW istic of record (British micro-
—20 groove) is shown dotted.
20 50 100 500 1,000 5,000 20,000

FREQUENCY (c/s)

to the effect of sitting at the back of a concert or
dance hall.

The two treble controls are intended to be used
together for the control of distortion or deficiencies
in the programme material above 6 kc/s or 3 ke/s.
The ¢ Treble Slope > control operates above either
of these two frequencies depending on whether the
“ Treble Selector >’ is switched to —1 or —2 respec-
tively. A maximum attenuation slope approaching
12 dB. per octave is available at one end of the
« Treble Slope” control, this changing smoothly
through a substantially ¢ flat” response to a boost
at the other end of nominally 6 dB per octave.
The 6 kc/s position is useful for correcting reproduc-
tion from tape or microgroove disc recordings.
The 3 kc/s position is useful for 78 r.p.m. shellac
discs or tape at 3% in/sec.

If the  Treble Selector > is switched to “ flat,”
a level response is obtained and the  Treble Slope ”
control is rendered inoperative.

The component values have been chosen so that
if the pointers on the knobs are arranged symmetric-
ally with respect to the maximum and minimum
positions, then with all knobs vertical, i.e., half-way
round, a flat response is obtained. This arrange-
ment can be seen in the photograph of the front
panel, Fig. 1 of the previous article, and forms a
convenient reference for using the controls. With
the ¢ Treble Slope” vertical slight treble cut is
obtained as soon as the  Treble Selector * is moved
off the * flat” position.

The power amplifier already described requires
0.5 volts r.m.s. input to drive it to its maximum
power output of 50 watts. The pre-amplifier will
deliver this voltage, 0.5 volt, at a harmonic distortion
comparable with that of the power amplifier. This
level of distortion does not deteriorate with variation
of the controls, given a programme of reasonably
normal balance, and this is assured by the “‘ Input
Selector *’ circuits. To avoid a distortion contri-
bution from the stage V2 before the volume control,
all input levels must be adjusted so that full power
(50 watts) is not obtained until the volume control
is beyond the half-way (vertical) position. This
means that an increase of input level nearly 20 dB
above the minimum can be accepted without addi-
tional distortion.

The pre-amplifier derives its power supplies from
the “88-50 >’ power amplifier, and the smoothing
in the h.t. supply is chosen to be the minimum
required for ripple attenuation, so as to give as high
an h.t. line voltage in the pre-amplifier as possible.
No h.t. decoupling, additional to the above, is
required for stability because the stabilization circuits
in the power amplifier, together with its pure
push-pull driver circuit, contribute greatly to its
freedom from instability at very low frequencies.

The signal-to-noise ratio of the complete amplifier,
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relative to 50 watts, is —76 dB, with the volume at
minimum and controls ‘“ flat >’ (vertical). With the
input sockets short-circuited and the volume control
at maximum the following signal-to-noise ratios
were measured on the prototype: radio, —69 dB;
American Standard disc replay, —63 dB; tape replay,
—52 dB; microphone, —55 dB. To achieve these
figures when the amplifier is installed in a cabinet
all input cables should be of the screened variety,
and care must be taken to avoid placing the pre-
amplifier too near mains transformers, gramophone
motors, etc., and mains supply leads within the
cabinet should everywhere be in the form of a
twisted pair.

The chassis of the pre-amplifier must not be
metallically connected to the chassis of the power
amplifier, except via the octal plugs, because the
resulting loop would introduce hum. This means
that where a metal cabinet is to be used, the front
escutcheon panel of the pre-amplifier must be of
insulating material. If this is not possible, the
input sockets and earth tag (see Fig. 1) must be
insulated from the chassis, which must then be
separately connected to the power amplifier chassis
by a spare pin on the octal plug. It is usually
necessary to ““ earth >’ the installation, and to avoid
loops this must be at one point only, the third pin
on the mains supply being suitable in most cases.

ADDENDUM

In the previous article dealing with the “ 88-50 7
power amplifier, the balance of the push-pull out-
put from the B339 stage is stated to be about 2%.
To achieve this it is necessary for the 1 Megohm
resistors R, and R, to be equal, and close tolerance
values must therefore be used. More nearly
perfect balance is obtainable if R, is about 2% higher
in value than Rg, and where a comparison meter is
available these two resistors can be selected from the
available stock, the actual value being unimportant.
A good compromise would be to use 5% tolerance
for these two resistors, and to use the one of higher
value as R,.

Apart from the use of 5% tolerance for R, and
R,, the above precautions are unnecessary in ampli-
fiers incorporating the balance control, Rg,.

NEW MEMORY CIRCUIT

THIS uses a multi-mode oscillator such that when about
five cycles of one of the modes is injected it continues
to oscillate in that mode. The theoretical conditions
for stable oscillators of this type are discussed by L. R.
de Gopegui in Revista de Cienca Aplicada, Vol. 10, No. 5
(in Spanish), Practical oscillators include a quartz delay
line with 350 modes. When more than nine modes are
available operation can be in the decimal system. An
experimental travelling wave tube model operating at
34kMc/s offers a much reduced “writing in* tme.
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Colour TV in U.S.A. & ccmrerrosc mee

RECORD OF ACHIEVEMENT SO FAR

IN the U.S. colour television came at a time when
black-and-white television was booming, and hence what
might have been regarded as a normal rate of develop-
ment has tended to look slow and has even, in some
quarters, been labelled as “a failure.” It is hoped that
this factual status report will bring the matter into per-
spective and show that colour is making good progress.

Sets Sold. During the first quarter of 1957 the
number of installations made was more than double that
of the corresponding period of 1956. The number of
dealers now selling colour sets is more than twice what
it was in 1956, and they experience no difficulty in
handling the sets with their available personnel. About
150,000 sets have been sold altogether since the large-
screen models were introduced in the autumn of 1955.
Demonstrations in homes are resulting in sales in as
many as three out of four cases in some areas—proving
that those who see colour TV like it.

Programmes. Colour set buying has been stimulated
by the ever-expanding schedule of network colour pro-
gramming. The National Broadcasting Company has
increased its evening colour schedule by 500 per cent
over the last year. The networks are now offering close
to 100 hours of colour every month, with many major
programmes being transmitted during prime time.
During the month of May, as a special colour drive,
viewers in the Mid-West area had a chance to see 230
hours of colour programming, with an average of 7%
hours a day. More than half of America’s 490 TV
stations are now able to broadcast in colour, and about
96 per cent of all television homes lie within range of
colour programmes. The majority of these stations rely
on network programming. NBC and CBS each have
about 140 affiliated stations equipped and transmitting
network colour, which number represents an increase of
about 30% compared with a year ago. In addition over
100 of these stations are equipped for some form of local
colour broadcasting (slide and film) and 35 stations have
colour cameras to originate live colour programmes.
Viewers can tune-in to as much as three hours of colour
on some evenings, with at léast one major colour trans-
mission every night of the week.

Receiver Prices. The price of colour receivers is
usually cited as one of the main reasons for the slower
rate of growth of colour television, but this is not borne
out by the facts. A table model set can be bought today
for $495, which compares quite favourably with the prices
of black-and-white sets at the time when large volume
sales started to grow. Because banks are willing to
extend easier credit terms for the purchase of a colour
set, the payments work out almost the same as for a
black-and-white set—about 50 cents per day. Accord-
ing to a study by a Philadelphia bank, 90% of the
present colour set buyers are people with a salary range
of $80 to $90 per week. This indicates that colour
is definitely not priced beyond the average family’s
reach. Relating these figures to British incomes in terms
of cost of living, it means that colour sets are being
bought by people who in this country would be earning
£13 to £15 per week.

There has already been a price reduction of fully 50%
in the last 2} years—half the period that occurred for
black-and-white sets. Colour sets are more expensive
for two reasons. First, the colour picture tube is more
costly, and second, the set requires additional and more
Precise circuitry to deal with the colour signals. The only
picture tube so far in mass production is the three-gun
shadow mask tube. Despite reports that cheaper picture
tubes are nearing- development, tube engineers
see nothing even on the horizon which would make the
Present shadow mask tube obsolete. There are thus

WIRELESS WORLD, JuLy 1957

Criticisms on economic and technical grounds of

colour television, as we know it today, have

been freely ventilated in this journal. In this

article arguments are put forward in refutation
of some widely held opinions.

no prospects in sight for further price reductions. In
fact, the outlook generally is for price increases due to
the rising cost of labour and materials.

Adjustment and Servicing. With regard to servicing
of colour sets, it can be only malicious humour and a
lively imagination which refers to the need for an M.L.T.
engineer to adjust and service every set installed. A
recent survey shows nine out of every ten colour set
owners fully satisfied with the performance and effective-
ness of their sets. Less than 3% indicated any dis-
satisfaction because of too many service calls. Statistics
show that in the first three months, a black-and-white
set requires an average of two service calls, while for
colour sets the average has worked out at 21 calls,
including in both cases the initial installation call. Thus
there is no sensible difference in installing and servicing
black-and-white or colour sets. Actually the cost of
maintenance per dollar invested is lower for colour sets
than for black-and-white. The comprehensive service
charge in the U.K. for a 17in black-and-white set is
about £17 per year, ie., approximately 20% of the
initial cost of the receiver. In the U.S. the comprehen-
sive service charge for a 21in colour set is $99.50, again
20% of the initial cost. Expert colour servicing is avail-
able, since during the past three years more than 105,000
service technicians have attended “colour clinics” con-
ducted by a travelling team of RCA service training
personnel in over 250 cities and towns.

There are no difficulties in adjusting the two extra
controls of a modern colour set. The set is tuned in
the usual way to give a good black-and-white picture.
It then requires only a simple adjustment of the
“colour” knob to obtain the degree of colour desired.
Adjustment of the “hue” knob produces the shading
and flesh tones which are most pleasing to the eye.
That is all there is to it, and in many households small
children have learned to adjust the sets without difficulty.

The Future. Within the technical standards adopted
by the Federal Communications Commission any
manufacturer can design a colour TV system. How-
ever, the only such system in use in the U.S. today is
the compatible colour system developed by RCA. It
has been suggested by people who should know better
that this system was planned basically for use with the
3-gun shadow mask tube. The fact is that any other
type of tube could be used if it were efficient and
economical enough to do the job, but there is no indica-
tion of any such tubes being ready for production for
at least several years. Neither has there been any evi-
dence that such tubes would simplify set design. When
and if they do become available, there will be no need
to change the form of the signal. This was recom-
mended by the N.T.S.C., and took into account the vital
need for radio spectrum conservation by making more
complete use of the existing TV channel bandwidth to
add the desired colour information.

In America colour TV is proving that it can provide
a greater and more interesting service to the public and
develop into a profitable business for broadcasters, manu-
facturers, distributors and dealers, and a rewarding
medium for advertisers. Nothing can stop the continued
progress of colour TV, and there is surely no longer any
basis for the “colour blindness ” which seems to prevail
in Britain today.

*RCA Great Britain Ltd.
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Superconductivity

A Cold Outlook for Computers

lN the issue before last, while discussing the time
constants of inductive circuits, I mentioned that the
only way an inductor could be freed from resistance
was by reducing its temperature to nearly 273°C
below zero, “which” I went on to remark
“js inconvenient.” At the time, this was intended
to be one of those masterly understatements which
are among the few things for which we British are
still famed. It is a striking example of the speed
with which applied science moves on that before
the words were even set up in type they had begun
to seem almost an exaggeration. I had not bar-
gained for this year’s Physical Society’s Exhibition,

at which it was demonstrated to all and sundry that

not only is liquid nitrogen handled as nonchalantly
as water but even liquid helium can be transferred
from store to a suitable flask as easily as beer from
a barrel. According to information freely distri-
buted, the N.P.L. is prepared to lay on supplies of
liquid helium by the litre to anyone interested. It
would hardly surprise me if, by the time these words
- were in print, someone had got on to the idea of
avoiding duplication of transport, by arranging for
it to be delivered with the milk.

The point, however, is not so much that now we
shall all be able to amuse our guests by making
a little bar magnet jump up and float over a lead
dish without support, for I suspect—though nothing
so sordid was actually mentioned in connection with
the N.P.L. offer—that this is not yet part of the
Health Service, and money may have to be. paid.
What probably has more long-term significance is
the news about the cryotron, given in a technical
note on p. 232 of the May issue.

Even the proverbial schoolboy will have no diffi-
culty in interpreting “tron” as “a valve, especially
one of the fancier kinds.” Whatever objections
the ancient Greeks might be inclined to lodge
against this, they would surely have to admit that
“cryo” (from Krios=cold) was apt. For the cryo-
tron can’t begin to work until the temperature is
in the region of —269°C. This i1s. so far
outside the realm of normal experience for most of
us that we may need a little time to get used to the
idea. So let us run over the main points about
temperature, and low temperature in particular.

In general conversation no clear distinction is
drawn between heat and temperature. But in scien-
tific usage they are analogous to charge and voltage,
or quantity of water and level. Heat is a form of
energy, and if it is imparted to a body, the tem-
perature of that body rises. The amount it rises
depends on the thermal capacity of the body, just
as the voltage set up across a capacitor by putting
a given charge into it depends on the capacitance.

Increase of temperature is recognized by various
effects such as expansion of the body and its change
of state from solid to liquid and from liquid to gas,
and often by chemical changes. Because the body—
any body—consists of atoms, these effects are all
due to increasing the energy of the atoms. In
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general, the energy imparted to atoms is stored as
movement and arrangement of the parts—the
nucleus and surrounding electrons. The highest
energy positions of the electrons are those farthest
from the nucleus, and the more energetic the move-
ments the greater the tendency for the atoms to
to fly apart. Without going into details, one can
imagine how these tendencies in the invisibly small
structure of a material may well account for the
various things we can see happening to it in bulk.

Absolute Zero Temperature

Conversely, withdrawing heat reduces the energy of
the atoms, so it is natural to suppose that if all
the energy were withdrawn the temperature could
go no lower, and that point might aptly be called
“absolute zero.” Presumably everything would be
solid and there would be no chemical activity, and
therefore no possibility of life. A long time ago
it was decided from scientific evidence that this
absolute zero was at —273° (—273.16° to be more
exact) on the centrigrade (or Celsius) scale (=

—460°F). This is the obvious logical zero point
for a scientific temperature scale. For instance,
z
B
w
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w o w W
wa =0 =z
&2 g gE
w ad aZf
Q [&] u
- 400
WATER BOILS - 100
- 200
L 350
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Fig. |. Comparison of three temperature scales, showing
some of the more important ‘‘ milestones.”
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internally generated circuit noise is proportional to
the temperature above absolute zero, or (as it is
called) absolute temperature. It is expressed in
degrees the same size as centigrade degrees, so to
convert a temperature on the centigrade scale to
the absolute scale just add 273°. To distinguish
temperatures reckoned from absolute zero from
those reckoned from centigrade zero the letter K
(for Kelvin) is substituted for C. So ice melts at
273°K and water boils at 373°K (at normal atmos-
pheric pressure). Fig. 1 shows some other points
on the temperature scales.

Since absolute zero was established, there has
been intense competition among scientists to get
there. Or, rather, as near it as possible; for, like
a perfect vacuum, it can be approached but not
reached. I don’t know the very latest figure, but
0.001°K was attained a year or two ago, and
0.000001°K was reckoned to be practicable in the
not teo distant future. Looking at Fig. 1, and think-
ing that such an elaborate machine as the domestic
“fridge” is needed to drop the very little way
from room temperature to just below water freezing
point, you may well wonder how such an enormous
depth of temperature is reached. Clearly, the lower
one goes the more difficult it gets, for the surround-
ings become relatively hotter. Solid air in an
ordinary room is like the proverbial snowflake in
hell.

The full story, of course, is a long one; but the
basis for most of it is the fact that when a gas
expands it does work and therefore loses energy, so
its temperature drops. This can be felt when one
lets down the pressure of an over-inflated tyre by
opening the valve. The coldness of the blast of
air is the converse of the warmth the pump acquires
when it is used to compress air into the tyre.

By compressing air to something of the order
of 200 atmospheres, cooling it by air that has already
been greatly cooled by expansion, and then allowing
the cooled high-pressure air to expand, a propor-
tion is liquefied. Liquid air can then be used to
bring hydrogen to the point where it can be lique-
fied by a similar technique; and hydrogen in turn
can be used as the starting point for liquefying
helium. Or the whole thing may be done in two
stages. It is now quite commercial

At the liquid helium stage everything else is solid,
so to go lower an entirely different technique is
necessary. 'The principle employed is that when
certain magnetizable salts (such as iron ammonium
alum) are magnetized they generate heat. This is
removed by contact with liquid helium; contact is
then broken, and the magnetizing field is cut off.
Heat is used up in the process, and as the salt can-
not get it from its surroundings it drops in tem-
perature.

Unexpected Behaviour

One of the most interesting things about explor-
ation of low temperatures has been seecing whether
things turned out as expected. It was expected that
one by one all gases would liquefy and then solidify,
and that was just what happened. (Except that in
order to solidify helium it is necessary to apply
at least 25 atmospheres pressure.) The thing we
are concerned about just now. however, is electrical
resistance, and from the start it was realized that
that would not be straightforward. Whereas the
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low resistance of metals becomes even lower as
they are made colder, the moderate resistance of
carbon and the higher resistances of semi-conductors
and insulators increase. Various theories were put
forward to account for this, and had to be modified
or abandoned as the curves were plotted to lower
and lower temperatures.

Even metals showed strange anomalies; copper for
example (Fig. 2) decreases steadily to about one-
tenth of its resistance at 0°C; then at about 50°K
the rate of fall-off greatly increases, and at 15°K it
is down to about one three-hundredth. All the
curves for metals, however, seemed down to that
point to be heading steadily towards some very
small value—possibly even zero—at 0°K. An ex-
perimenter, baffied in his efforts to lower the tem-
perature any farther, might have been tempted to
dot in his curves accordingly. There was no
theoretical reason for expecting otherwise,

But in 1911 Kamerlingh Onnes, obtaining experi-
mental data on the low-temperature resistance of
mercury wire, made the astonishing discovery that at
4.15°K the resistance suddenly disappeared alto-
gether, as in Fig. 3. He thereby provided a classic
example of how wrong one can be to guess the last
little bit. .

This state of having no resistance is called super-
conductivity, and the temperature at which it comes
into force is the transition temperature. The transi-
tion temperatures of 21 metals and numerous alloys
have been found, extending from about 17°K down-
wards. One might reasonably expect the most con-
ductive metals—silver, copper and gold—to be
among the first to turn superconductive. So far
from fulfilling this expectation, however, not one of
them has become superconductive at all, even down
at 0.05°K. On the contrary, with almost human per-
versity the curve for copper (Fig. 2) suddenly
reverses and ends with a turn-up. Some other
metals level off to a constant low resistance.

These are only a few of many examples of how
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Fig. 4. The idea of lines of force being elastic transversely
helps one to visualize why a bar magnet floats above a
superconducting lead bowl, which has zero magnetic per-
meability.

everything about electrical resistance seems to go
completely haywire at very low temperatures. It is
difficult enough to make atomic theory cover all the
facts about resistance even at other temperatures.
A very few specialists claim to have low-temperature
resistance theories*, but I must ask to be excused
from expounding them. Most people, I am sure,
will be prepared to let theories pass, so long as prac-
tical benefits are obtainable. Before going on to
them, however, we ought to consider some of the
implications of zero resistance.

My reference to superconductivity in the May
issue was by way of pointing out that although the
charge could be retained on a capacitor while
switching it from one circuit to another—by simply
open-circuiting it—the current couldn’t be kept
flowing for long in an inductor at ordinary tempera-
tures by short-circuiting it (which is the “dual”
counterpart of the open-circuited capacitor), because
that didn’t reduce its resistance to anything like zero.
But at liquid helium temperatures it is common-
place. The best-known thing about Onnes was that
he kept current flowing in a lead ring without any
e.m.f., not just for the time required to switch it, but
for days. In a more recent experiment at the
Massachusetts Institute of Technology a current of
hundreds of amps in such a ring was still going
strong after two years! Since the time constant of
an inductive circuit is L/R, making R=0 raises it
to infinity.

When considering skin effect in the November
1953 issue we reached the conclusion that the ten-
dency for current to flow at the surface rather than
the core of a conductor shows itself at a lower fre-
quency the lower the resistance of the conductor.
The logical conclusion is that with zero resistance
skin effect appears at zero frequency. And that is
in fact so. Even d.c. is found to be all within a few
millionths of a centimetre of the surface. It follows
too that high-frequency currents in superconductors
are subject to super-skin-effect. Notwithstanding
this, at 10 Mc/s the resistance still seems to be
zero. But at 1,000 Mc/s there is appreciable
resistance.,

Another feature of superconductivity, known as
‘he Meissner effect, is that the metal becomes per-

* See for example two books:
¢ Superconductivity,” by D. Shoenberg (Cambridge University

Press, 1952).
* Superfluids ** Vol. 1, by F. London (Chapman & Hall, 1950).
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fectly diamagnetic; that is to say its permeability is
zero, so no magnetic flux can pass through it. Just
as a magnet attracts substances which have a per-
meability greater than 1 and which therefore in-
crease the total magnetic flux, it repels substances
with a permeability less than 1, which unless removed
would reduce the amount of flux. Hence the
success of the floating magnet experiment. Those
who find the idea of elastic lines of force helpful will
no doubt picture them forcing the magnet up from
the superconductor, as in Fig. 4.

This absence of magnetic flux in a superconductor
ties up with the absence of current in its interior.
In an ordinary conductor, the interior parts of the
current give rise to some magnetic flux within the
conductor.

A neat experiment for demonstrating the effect is
to wind a copper coil toroidally around a lead
cylinder, as in Fig. 5. Above the transition tempera-
ture for lead, current passed through the coil sets up
magnetic flux around the cylinder; in other words,
the coil is inductive, and a galvanometer connected
in a secondary winding shows the usual inductive
“ kick” when current is switched on and off. If,
while current is flowing, the lead is rendered super-
conductive, the expulsion of flux from it causes a
“kick,” just as if the current had been switched off.
Then, when the current is switched off there is no
kick, for the coil is already non-inductive. One way
of detecting transition to and from superconductivity
is to note the sudden change in inductance of a coil,
or in mutual inductance between coils placed at
opposite sides of the tube containing the liquid
helium superconductifier.

Practical Applications

There are lots of other entertaining things about
superconductivity, but it is time to get down to the
practical benefits, if any. Even with all the modern
conveniences mentioned at the beginning, it may be
felt that such benefits will have to be good if they
are to justify the trouble of maintaining tempera-
tures within a few degrees of absolute zero.

One attractive prospect is the near-elimination of
circuit noise, for it is noise that sets the limit to use-
ful amplification. However, it is not worth while
going to much trouble to eliminate circuit noise so
long as valve noise carries on regardless. Obviously
valve heaters and liquid helium are not going to work
well together. But what about transistors? They
like to be kept cool! No doubt, but the semi-con-
ductors of which they are composed increase greatly
in resistance, while noise is not reduced; so the net
result is unhelpful.

Another imaginable benefit is the raising of tuned-
circuit Q to wunheard-of figures. It has been
reported that by abolishing resistance by supercon-
ductivity, Qs of the order of 10,000,000 have been
observed. But who wants them? There are more
convenient methods, such as crystals or positive
feedback, for getting all the sharpness of resonance
one can use.

What about making an electrical generator small
enough to go into a flask of liquid helium but
(because of its zero resistance) giving unlimited
current output? That certainly would be economic-
ally worth while even if low-temperature techniques
were more difficult than they now are. But an
obvious snag is that a miniature generator would be
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limited in the mechanical torque that could be
applied without something giving way. A less
obvious snag is that another low-temperature
phenomenon steps in and strictly limits the amount
of current’that can be passed through the supercon-
ductors. The current inevitably creates a magnetic
field, and if the field is strong enough it destroys the
superconductivity, so that is that. This was strik-
ingly demonstrated in an experiment with supercon-
ducting tin (which has a transition temperature of
3.73°K) which suddenly melted (505°K) when the
current flowing through it exceeded the critical
amount and its resistance was restored.

Although this magnetic effect squashes the pocket
power-station idea, it opens up promising new possi-
bilities. Fig. 6 shows how the transition temperature
of lead, for example, is lowered by magnetic field.
At 4.2°K (the boiling point of helium) a fairly strong
field (about 550 gauss) is needed to destroy the
superconductivity. But at 7° only about 40 gauss
is needed, so a comparatively small current flowing
through a coil around a lead wire can control a large
current flowing through the wire. This is the basis
of the cryotron.

In so far as “tron” suggests the proportional
kind of control that is a feature of most other
devices so designated, it is misleading, for the curve
in Fig. 6 is a clear-cut and abrupt boundary between
resistance and no-resistance. So the cryotron is most
closely akin to the ordinary on-off relay. Another
point of resemblance is that when “on” it can pass

current either way, and (again unlike other “trons™) -

it depends only on the strength and not the direction
of the control current. But it has two practical
advantages over the electro-magnetic relay: it is
far smaller; and the controlling coil can have zero
resistance, so requires no power.

These qualities are outstandingly valuable in digi-
tal computers, which consist mainly of vast quanti-
ties of on-off relays. We have all seen the impressive
bulk, cost and power consumption of the major

F Fig. 5. Toroidal coil wound
on a lead core; the coil
suddenly becomes non-
inductive when the lead
becomes superconductive.
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computers; if all that could be reduced to about
one cubic foot and run on half a watt total (which
is what we are told can be done by using cryotrons)
the auxiliary low-temperature gear should more than
pay its way.

The piece of wire whose superconductivity is
switched on and off by the control coil is called the
gate, and Fig. 6 shows that lead is not a very suitable
metal for it. The simplest way of maintaining a
given low temperature is by means of a liquid that
boils at that temperature. The only liquid that
boils within the superconductivity range is helium,

800
—~
v
2 N g4 \
. . S 600 . :
Fig. 7. Fieldtempera- T I Np
ture superconductivity I !
curves for tantalum & 400 |
and niobium—the two £ Ta\|i
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so in practice one can work at any temperature so
long as it is 4.2°K! At that temperature an undesir-
ably large control current is needed to cut off the
superconductivity of lead. Tantalum, though expen-
sive, is much more convenient, because its transition
temperature starts at 4.4°K, as shown in Fig. 7.

Something to Nothing

Cryotrons described by the inventor* consist of one
inch of 0.009-in (about 34 s.w.g.) bare tantalum
wire surrounded by a single layer of 0.003-in (about
44% s.w.g.) insulated niobium wire as control coil.
The rather discriminating choice of niobium was
presumably on the ground of its exceptionally high
transition temperature (see Fig. 7) which ensures
that it is superconducting all the time. As regards
this, I suppose lead would be good enough, but
trying to handle it in the form of 44i-gauge insu-
lated wire might make it more expensive even than
niobium !

At first thought it might seem that the resistance of
an inch of wire at sucha low temperature (being only
a small fraction of its resistance at ordinary tempera-
ture) was already so low that switching it to zero
by cutting off current through the control coil
wouldn’t make much difference—certainly not to
be compared with the change made by parting the
contacts of an ordinary relay. But a second thought
should reveal that the two things are quite com-
parable, one being in fact the “dual ” of the other.
Passing control current through an ordinary relay
reduces the current flowing via its contacts from
something to nothing. Cutting off control current
through a cryotron reduces the voltage across its
gate element from something to nothing. No matter
how low the resistance of a cryotron gate when
control current is on, a superconducting gate in
parallel with it is an infinite shunt which will
prevent any current flowing through the first.

A very simple example of this is a circuit con-

* “The Cryotron—a Superconductive Computer Component,”
by D. A. Buck. Proc. I.R.E., April 1956, p. 482.
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Transistor Circuit Symbols

By E. H. COOKE-YARBOROUGH,* M.A, M.LEE.

FOR several years the symbols used to represent
transistors in circuit diagrams have been subject to
a good deal of discussion. “Cathode Ray” has
therefore performed a valuable servicel in pointing
out the need to use transistor circuit symbols which
distinguish between point-contact and junction
transistors, and in tabulating the various symbols
which have been used to make this distinction.
There is a further, and perhaps even more compel-
ling, reason for ensuring that this distinction is clearly
made. Probably the most important difference
between the two kinds of transistor is a purely elec-

Fig. I. (da) G.B.B Chap-
lin’s symbol for a p-n-p
transistor; (b) * Cathode
Ray's " proposed symbol
(inverted).

() ‘(b)

trical one: while the emitter current gain of a junc-
tion transistor is normally less than one, that of a
point-contact transistor normally exceeds one. Thus
the phase relationship between the emitter and base
currents of a junction transistor is opposite to that
of a point-contact transistor. The action of many
transistor circuits cannot therefore be readily under-
stood unless the diagram shows clearly which type
of transistor is used.

“Cathode Ray?” rejects the junction transistor
symbol proposed by Chaplin,# which has been in
general use at Harwell for some years, but he sup-
ports a symbol (illustrated in Fig. 3 of his article)
which differs from Chaplin’s symbol for a p-n-p
junction transistor (Fig. 1(a)) only in three respects.
The first is that of polarity, and if for the moment
we avoid this question by turning “ Cathode Ray’s”
symbol the same way up as Chaplin’s, we have
Fig. 1(b).

The only significant differences are now the angle
at- which the emitter and collector leads join the
base and the use of a circle to enclose the symbol.
These two differences are relatively minor; the
reasons for joining the emitter and collector leads
to the base at an angle of 45° are, first, to prevent
possible visual confusion, which might result if
emitter and collector appear to lie on a continuous
straight line, and second, to provide a link with the
point-contact symbol, where the emitter and collec-
tor also join the base at an angle of 45°. The circle
can easily be left to individual choice. When the
circuit is simple and the transistor symbol is boldly
drawn the circle appears to be superfluous, but if
the circuit is complex, containing many transistors,
and the symbols are therefore small, the circle is
undoubtedly helpful.

If one accepts these small concessions to indivi-

* Atomic Energy Research Establishment, Harwell.
1‘“ Cathode Ray,” Wireless World, pg 194-198, April 1957.
G. B. B. Chaplin, Proc. I.B.E. Part B, p. 738, Nov. 1935,
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dualism, none of which is likely to lead to ambiguity
or misunderstanding, then Chaplin’s p-n-p symbol
and that advocated by “Cathode Ray” amount to
practically the same thing (except for polarity).
There is already considerable support for the use
of a junction transistor symbol of this sort. Such a
symbol is in use by at least one University depart-
ment, by at least one large industrial organization,
and by at least three Government research establish-
ments. Moreover, all but one of the papers pre-
sented last year at the I.LE.E. Computer Convention
used junction transistor symbols of this sort.

Turning now to the question of distinguishing
between a transistor with an n-type base and one
with a p-type base, reversal of the direction of the
emitter arrow does not by itself appear to provide
an obvious enough distinction. This view is sup-
ported by the circuit diagram on page 152 of the
issue in which “Cathode Ray’s” article appears.
Here the single n-p-n transistor is quite hard to
recognise, despite the fact that the caption draws
attention to it. Some more obvious distinction
therefore seems desirable, and that used by Chaplin,
which is shown in the symbol of Fig. 2, appears
to be logical. Even if, to save trouble, the n-type
base is represented by a thin line as in “Cathode
Ray’s” Fig. 3 (a), it should not be too difficult to
make the base an open rectangle when a p-type
base is being represented.

This brings us to the question of the polarity
convention used in circuit diagrams. As “Cathode
Ray ” points out, this has, in valve circuits, nearly
always been “ positive above the earth line, negative
below.” “Cathode Ray” seems uncertain whether
the same convention should be used in transistor

Fig. 2. Chaplin’s symbol for an n-p-n
transistor.

circuits, and puts forward the often-heard argument
that a “negative up” convention makes it easier
to draw attention to parallels between valve circuits
and transistor circuits. !

True, the teaching of transistor circuits is simpli~
fied if the similarities between these and valve
circuits are brought out, but is it right to choose a
polarity convention which deliberately sets out to
obscure a most important difference between valves
and p-n-p transistors? This will only lead to
greater difficulties later on. Admittedly in truly
linear circuits we do not have to worry much about
polarities, but when we come to consider class-B
amplifiers or the effects of overloading in an
amplifier, we begin wondering whether a positive
base voltage will increase or decrease collector
current, and here the trouble starts.

In pulse circuits we are in worse trouble still, for
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such diagrams often include sketches of waveforms.
If a circuit diagram is made “negative up,” what
convention is to be used for the waveforms? If
these are made “ negative up ” also, we must reverse
the connections of our oscilloscopes and many of
us must reverse some connections in our minds!
One even encounters transistor pulse circuit
diagrams, using a “negative up ® convention, which
include waveform diagrams whose polarity is not
indicated, but which turns out on inspection to be
“positive up.” Presumably it is possible to school
oneself to correlate “ positive up ” waveforms with
a “negative up” circuit diagram, but are such
mental gymnastics really necessary? Can it be said
that they help the student? When p-n-p and n-p-n
transistors are mixed, the last shred of justification
for a “mnegative up” convention disappears.

It does seem, therefore, that there is a strong
case for keeping to the “negative down™ polarity
convention already established with valve circuits
and accepting the fact that the newcomer to tran-
sistor circuits may at first be a little shocked by
seeing the earth line at the top of the diagram and
the rest of the circuit “underground.” As “Cathode

Ray” suggests, this blow can be softened by re-
ferring initially to n-p-n transistors.

Last, but not least, we must consider the current
recommendations of the British Standards Institu-
tion. So far as the polarity convention is concerned,
there already exists a B.S.I. recommendation for
“positive up, negative down.” With regard to
symbols, the writer is in no position to speak for
the B.S.I. but it is not difficult to see why the
“ point-contact ” symbol is at present recommended
for both types of transistor. To quote from a letter
written by the late L. H. Bainbridge-Bell, “B.S.I.
exists to standardize usage and not to invent
symbols.” Now “usage” is determined ultimately
not by committees but by everybody concerned with
transistor circuits. Already many people are using
junction transistor symbols like those of Fig. 1. We
need not worry too much about the odd details,
but if enough people subscribe to the view that
a symbol of this sort is the right one for junction
transistors and that circuit diagrams should be
drawn “negative down,” then this can quickly
become “usage,” to the ultimate advantage of ail
who work with transistor circuits.
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Guide to 1.G.Y., by members of the British Committee.
Covers research projects of the International Geo-
physical Year, including rockets and the satellite pro-
gramme, and suggestions for simple observational work
(non-radio). Pp. 48; Figs 22. Price 2s 6d. Methuen
and Co., Ltd., 36, Essex Street, London, W.C.2.

Semi-conductors: Their Theory and Practice, by G.
Goudet and C. Mealeau. Covers theoretical quantum
mechanical aspects and electric current in solids; proper-
ties, preparation and measurement of semi-conductors
(including thermistors); and characteristics and applica-
tions of semi-conductor diodes, triodes and tetrodes of
various types. Pp. 316; Figs. 146. Price 105s. Mac-
donald and Evans, Ltd., 8, John Street, London, W.C.1.

Year Book of the Physical Society, 1956. Includes
texts of the principal special lectures delivered before
the Society, e.g., 32nd Duddell Medal Address, “ Some
Recollections of the Early History of the Travelling
Wave Tube,” by R. Kompfner. Pp. 76. Price 10s 6d
by post. The Physical Society, 1, Lowther Gardens,
Prince Consort Road, London, S.W.7.

A V.HF./UHF. Field Strength Recording Receiver -

Using Post-detector Selectivity, by R. V. Harvey, B,Sc.,
G. F. Newell, AM.I.LEEE,, and ]. G. Spencer. B.B.C. En-
gineering Monograph No. 6 describes measuring
equipment, and discusses gain in signal-to-noise ratio
obtained by using this type of circuit. Pp. 26; Figs. 19.

Engineering Training in the B.B.C., by K. R. Sturley,
Ph.D., M.ILE.E.” B.B.C. Engineering Monograph No. 11
describes organization, types of training and facilities
available. Pp. 24; Figs. 9.

An Improved “Roving Eye,” by T. Worswick, M.Sc.,
AM.IE.E, and G. W. H. Larkby. B.B.C. Engineering
Monograph No. 12 gives full details of cameras, radio
equipment and vehicle in this second design; and also
includes a new method of providing * in-shot” warning
for television operators. Pp. 20; Figs. 11.

The above B.B.C. Monographs are each priced 5s, and
can be obtained from B.B.C. Publications, 35, Maryle-
bone High Street, London, W.1.

Introduction to Printed Circuits, by R. L. Swiggett.
Describes construction, components, assembly and ser-
vicing of various basic types of printed circuit. Pp. 98;
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Figs. 83. Price 21s. Chapman and Hall, Ltd., 37, Essex
Street, London, W.C.2.

Uber die Anwendung von Ferriten zur Amplituden-
modulation von Mikrowellen, by M. Santesmases,
D.Sc.Tech. Monograph No. 24, from the Zurich Insti-
tute for High Frequency Techniques, investigates the
application of ferrites to modulation at X-band with
special reference t0 modulation quality and shielding
by the waveguide. Pp. 43; Figs. 26. Price 5.20 Fr.
(Swiss). Leeman, 20 Arbenstrasse, Zurich 8.

Hi Fi Yearbook, edited by M. Henslow. 1957 edition
of this book has comprehensive set of articles together
with brief specifications and many illustrations of com-
mercial equipment in a directory of manufacturers. Pp.
208. Price 10s. 6d. Miles Henslow Publications, Ltd.,
99, Mortimer Street, London, W.1.

Transistors: Circuits and Servicing, by B. R. A, Bet-
tridge, A.M.BritILR.E. Explains the working and cir-
cuit uses of transistors with emphasis on servicing
problems. Pp. 23; Figs. 11. Price 2s 6d. Trader
Publishing Co., Ltd., Dorset House, Stamford Street,
London, S.E.1.

The Instrument Directory and Buyer’s Guide. 1957
edition covers all types (including electronic) of industrial
instruments. Pp. 244. Price 10s. United Trade Press,
Ltd., 9, Gough Square, London, E.C.4.

Metal Industry Handbook and Directory. 1957 edition
covers metal and alloy properties, general data and
tables and various directories. Pp. 566. Price 15s.
Iliffe and Sons, Ltd., Dorset House, Stamford Street,
London, S.E.1.

The Radio Amateur’s Handbook, 1957 edition; by the
technical staff of the A.R.R.L. Comprehensive manual
for the radio amateur, explaining basic radio principles,
current operating procedure, layout of stations and
design and construction of aerials and equipment for
amateur bands. Pp. 608, including 32 pp. of tabulated
valve and transistor data; over 1,350 illustrations. Ob-
tainable from The Modern Book Co., 19-23, Praed
Street, London, W.2, or from the R.S.G.B., New Ruskin
House, Little Russell Street, London, W.C.l; price
32s 6d (34s by post).

WIRELESS WORLD, JuLy 1957

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

the acoustic coupling between the
probes and the specimen under test.
The other is the use of electronic
“gates” to select defects above a
given amplitude, and to select, when
required, different strata of the
material for detailed inspection. The
output can be applied either to a

recorder or to an automatic alarm.

An Intruder Alarm developed by
Cinema-Television, Ltd., works on
acoustic principles and has many
advantages over trip wires or infra-
red beams. An electrostatic loud-
speaker establishes a standing wave
pattern in the air of the room and a

microphone is set some distance
away near one of the vibrational
nodes. The entry of a person any-
where in the room disturbs the
standing wave pattern and so in-
creases the output from the micro-
phone, which can be arranged to set
off an alarm.

Two Unusual Aspects seen at this Year’s N.P.L. Open Day

NORMALLY thermal noise in re-
sistors is a limiting factor of per-
formance to be circumvented as far
as possible. It was therefore sur-
prising to find deliberate use being
made of such noise in temperature
measurement at one of the exhibits
shown at the recent open day of the
National Physical Laboratory. Two
very thin platinum-rhodium wires
of about 2,000 ohms resistance are
used as noise sources, one being at
a standard, and the other at the un-
known temperature. The mnoise
voltages for each of these (propor-
tional to their absolute temperature)
are connected in rapid succession by
a vibrating switch to a high-gain
amplifier. The larger signal passes
through a precision attenuator and
the final voltage difference between
the two signals is stored in con-
densers and displayed on a cathode-
ray tube. The attenuator is adjusted
until the fluctuating difference is
small. This difference is then read
a large number of times, and from
the relative frequency of the various
individual readings the mean can be
determined. It is hoped by this
method to obtain an accuracy some-
what greater than the standard gas
thermometer at temperatures around
and above 1,000° C.

“Free Grid’s” miniature mag-
netron transmitter mentioned in last
month’s issue (p. 302) does not seem
to be so absurdly beyond the
bounds of possibility when we con-
sider another N.P.L. exhibit, the
“dimple arc” microwave source*
which consumes only one or two
watts at six volts, This source is
based on a very short (probably less
than 10x long) mercury discharge
arc, which is obtained by striking
a normal vacuum arc between a
liquid mercury cathode and a vertical
thin tungsten wire anode. If this
wire is thin enough to become red-
hot when the arc is started, and is
carefully lowered towards the cathode
pool, its tip makes a dimple in the
liquid surface. The arc immediately
transfers to within this dimple which
is kept in being by vapour evolution
from the cathode spot. The very
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short arc is obtained by careful
adjustment of the penetration of the
wire below the free mercury surface,
and of its temperature (by varying
the arc current). This arc is a

copious emitter of microwave noise
extending at least from S-band
(around 3,000 Mc/s) to beyond Q-
band (around 36,000 Mc/s). The
noise probably arises from inherent
instability in the cathode electron
emission. More puzzling are the
larger peaks of noise also observed
at various frequencies, which may
give of the order of 3 mW power.

* See letter by K. D. Froome in Nature
for February 2nd, 1957.

Pickup Alignment Protractor

TO keep the distortion introduced
by pickup tracking error to an accept-
ably low figure only small amounts
of this error up to a few degrees can
be tolerated. The B-J protractor
enables the tracking error to be
measured at any radius on the record.
It is based on a 1925 design by
Wilson.

The instructions are simple to
follow but care must be taken over
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the measurement. For instance,
some play of the stylus in the seating
provided is possible. This can lead
to some uncertainty in the measured
tracking error up to between about
1 and 1% degrees at the outer and
inner record grooves respectively.
By carefully centralizing the stylus in
the seating, or taking the mean of the
two extremes, it is not difficult to
eliminate this error.

This tracking error measurement
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provides a check on a possible cause
of distortion. The method of
measurement suggests a less obvious
way in which such error can creep
in. It assumes that the needle -axis
is at right angles to that of the outer
shell. Where a cartridge is fixed to
this shell through slots to allow play
for positioning this may not be exactly
so, and a corresponding error may
be introduced. A similar error may
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also arise due to inaccurately shaped
cartridges or shells. In at least one
pickup the cartridge is actually deli-
berately misaligned with the outer
shell to provide the necessary offset,
and so an equal allowance would
have to be made in measuring the
tracking error of this pickup.

This protractor is manufactured by
Burne-Jones and Co., Ltd., Sunning-
dale Road, Cheam, Surrey, and costs
7s.
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Portable Transi

2—CIRCUIT DETAILS

By S. W. AMOS*, B.Sc.(Hons.), AM.LE.E,

THE circuit of a portable transistor superhetero-
dyne receiver was discussed in general terms in last
month’s issue and in this article is examined in detail.
The circuit is given in full in Fig. 1 and at first
sight may appear complicated, but much of the
circuitry is required as a protection against thermal
runaway. Protective circuits are important in equip-
ment incorporating transistors and their basic prin-
ciples will be considered first,

The collector current of a transistor depends not
only on the operating voltages but also on the tem-
perature of the junction, increase in temperature
causing an increase in collector current. If no pre-
cautions are taken, any increase in collector current
whether due to a rise in ambient temperature or to a
change in operating conditions can cause an increase
in collector dissipation which raises the collector
temperature, so increasing collector current still
further. In this way a regenerative rise in tempera-
ture can occur and, if not checked, can cause damage
or even destruction of the transistor.

In a class-A stage the dissipation at the collector
is a maximum when there is no input signal, If the

collector current can be stabilized against changes in-

ambient temperature under quiescent conditions
there can be no danger of thermal runaway when
* B.B.C. Engineering Training Department,

FERRITE

stor Receiver

A SENSITIVE SUPERHETERODYNE
CIRCUIT INCORPORATING R.F.
TRANSISTORS

signals are applied because the collector dissipation
then falls, Stabilization of the collector current
can be achieved by the potential divider circuit illus-
trated in Fig. 2. The base of the transistor is given a
particular voltage from the junction point of a
potential divider R; R, connected across the battery
supply. The emitter is connected to the positive
terminal of the supply by a resistor Ry which is by-
passed by the capacitor C, to avoid feedback and
consequent reduction in gain. Under normal
operating conditions the emitter of a transistor is
usually positive with respect to the base by a small
voltage such as 0.1 or 0.2 volt. Thus the voltage
across R, is slightly smaller than that across R,.
Provided the potential at the base is constant, the
collector current cannot increase, for any tendency
to do so results in a decrease of the base-emitter
voltage which in turn tends to decrease collector
current. The stabilization achieved by this circuit
therefore depends on the steadiness of the base
potential. If the transistor did not require an input’
(bias) current the base potential would depend
entirely on the battery voltage and the ratio of R,
to R, and stabilization would be perfect. However the
transistor does take a base current which passes
through R, and therefore affects the base potential.
However, if the base current is small compared with

ROD Ro
G R, wf
Ly Fa20pF 6 8kQL R Ry
. 201
e 1500
Ry
1w 150kl
T souf
" 38 | 4
IFeoi 1F.coIL LF ol
2 0
1 g 1
C,  100pF MAX OFFo 0kt T
500;F MAK. L r fwam g & E e
\ 1w - _—
T 14 c 2 0FF L, L
2L, ;! F ) LA S o
e s10pF ¢ Tooorf| 4 c
7R F 100pF HAX u':F :oapnF
. ¢
"vn —1 Co boil § R L \\67 | Cis A P _[— Ro  Pu h]_ﬁu
22k, Tg.}F PSRl $005F Wax. PO Iuf [[N18 ‘““FT 476l 47001 Tu'r,.F
) FREQUENCY ) )
CHANGER ¥ LF. 2 LE
Fig. I. Complete circuit diagram of portable transistor superheterodyne receiver.
340 WIRELESS WORLD, JuLy 1957

www americanradiohistorv com


www.americanradiohistory.com

the steady current flowing through R, and R, from
the battery supply, the base potential is not greatly
affected by the base current and stabilization is
good. It is common practice to make the potential-
divider current approximately ten times the base
current; this gives good stabilization and the current
taken by the potential divider from the battery is
usuallv less than one-third of the transistor collector
current and is negligible. This is the type of circuit
used to stabilize the collector current of the frequency
changer, second i.f. amplifier and driver stages in
the receiver,

The component values required in this type of
stabilizing circuit can be calculated in the following
way. Suppose the collector current is to be stabilized
at 1 mA and the current gain of the transistor is 50.
The base current is approximately 1/50 mA, i.e.
20 pA and the current taken by the potential divider
from the battery should not be less than 200 pA
to give effective stabilization. If the battery supply is
4.5 V the total resistance (R, + R,) of the potential
divider must be 4.5/(200 x 10-%) = 225 kQ. A
suitable value for the emitter resistor R, is 500 ohms,
and, with a collector current of 1 mA, the emitter
potential will be ~0.5 V with respect to the positive
terminal of the supply. If we neglect the potentiai
difference between base and emitter to obtain an
approximate answer, the base potential must also be
—0.5 V and, to give this the voltage drop across R;
must be 4 V. The current in R, is 220 xA (made up
of 200 pA for the divider chain and 20 pA for the
base of the tramsistor) and R, is thus given by
4/(220 x 10-% = 18 kQ, R, is thus 22.5 kO~
18kQ = 4.5kQ, :

The problem of protecting a class-B amplifier
(used in the output stage) against thermal runaway is
different. In the absence of an input signal the col-
lector current is small and the heat generated at the
collector is- low. It increases, however, as the input
signal is made larger and such a stage needs protec-
tion not only against ambient temperature increases
but also against rise of temperature due to increase
in the amplitude of the input signal. The heat
generated at the collector is a maximum when the
output power is approximately 0.4 of the maximum
rated value for the transistors, This is an output
power level likely to be encountered frequently in
practice. '

Protection can be provided in two ways, one

R|7 RII
3300 3300

SIGNAL
INPUT

o ® © +

Fig. 2. Potentiometer method of stabilizing the collector
current of a transistor amplifier.

mechanical and the other electrical. The mechanical
method is to clamp the body of the transistors against
a mass of metal having a large thermal capacity
and whose temperature cannot therefore change
rapidly; a practical method of achieving this
is suggested later. Electrically protection can be
provided by using the potential divider method
just described. Even though the mean collector
current of a class-B stage is not constant (as it is
in a class-A stage) this circuit can still be used
provided the emitter resistance is kept small enough
to permit collector currents to rise to 100 mA on
peak signals. By using both these methods, effec-
tive protection is achieved against thermal runaway
due to increase in ambient temperature and to
increase in collector dissipation in normal opera-
tion. These advantages are not achieved, how-
ever, without cost. The use of an external emitter
resistance slightly reduces the maximum power
output available from the class-B stage but an
output of nearly 300 mW can still be obtained
at ambient temperatures below 35°C. The in-
clusion of the resistor reduces the collector-to-
collector optimum load resistance to 180 ohms
and increases the input current necessary for maxi-
mum output, necessitating a collector current of
3 mA in the driver stage.

We shall now examine the circuit of the receiver
in detail stage by stage, begir_ming at the output.
The potential divider R, Ry; is part of the circuit

protecting against thermal run-
away and also provides the base
Lw bias necessary to secure a qui-

Rl’ 'RI!
33k

— '
E}f—"“ escent current of 2 mA in each
MW

of the output transistors. The
. for the output transistors flow

Cig Rar
1oL

= Ris
Toaor 3 10k
F

signal-frequency input currents

mg,ir“ in Ry and, to prevent undue
loss of signal, this resistor must

be small. If it is too small,
however, the current taken by
the potential divider R,Rys
becomes excessive and in the
compromise adopted R, is
made 120 ohms. To give the
desired quie cent collector cur-

el

ul
Rig
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Rll ’
25 fL

rents R,, raust be 3,3k Q and the
potential divider has a drain of

1

nearly 2 mA from the battery

(LYW
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supply. The network R,,C,,
across the primary winding of
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the output transformer is included to improve

the output waveform at the high audio frequencies.

The driver stage is conventional, the potential
divider R,,Ry; and emitter resistor R,, being chosen
to give a collector current of 3 mA. The reason for
the decoupling circuit R,;,C,, feeding the potential
divider is interesting. This and the decoupling
networks R;4Cy;, R,,C,, in earlier stages, are neces-
sary to minimize harmonic distortion caused by
audio harmonics generated in the output stage and
fed back to earlier af. and pre-detector stages.
Each output transistor handles one half of each
cycle of input signal; thus the collector current
of the output stage includes two pulses for each
cycle of input signal. In other words the collector
current has a strong second-harmonic component
of the signal frequency. This generates across the
internal resistance of the battery a voltage which
amplitude-modulates the supply to the earlier
stages of the receiver, causing harmonic distortion.
Even with a new battery the internal resistance is
sufficient to cause noticeable distortion and for
an old battery the distortion can be severe. The
decoupling networks are necessary to minimize
distortion due to this cause.

Automatic Gain Control

The first a.f. stage is coupled to the diode detec-
tor by the volume control and coupling capacitor
which are arranged to transmit the d.c. component
of the diode output to the a.f. stage. This transis-
tor has no source of bias and, in the absence of a
signal from the detector, is normally near cut-off,
the collector potential being at — 4.5 volts with respect
to earth. When a signal is tuned-in the negative-
going d.c. output of the diode causes the collector
current of the transistor to increase and it then
amplifies normally. Although this gives a measure
of inter-station . quieting it was adopted merely for
simplicity. The increase in collector current causes
the collector potential to fall from the quiescent
value. This potential is used as a source of a.g.c.
bias by the first i.f. amplifier; thus the first a.f.
amplifier acts as a d.c. amplifier for the a.g.c. bias.
The emitter of the a.g.c.-controlled if. stage is
connected to a potential divider across the battery
supply which gives an emitter potential of — 1 volt
approximately. In the absence of a signal the base
potential is negative with respect to the emitter
potential and the transistor has a collector current
nearly 1 mA but when a signal is tuned in the
base potential approaches that of the emitter. It
cannot equal that of the emitter for if it did so
the transistor would be cut off and there would
be no if. output. Thus the collector potential of
the first a.f. stage cannot fall below —1 volt. There
is no need for d.c. stabilization because the collec-
tor load of 3.3kQ limits the collector current to a
value of just over 1 mA which gives little collector
dissipation.

Af. feedback is derived from the secondary
winding of the output transformer and is injected
into the emitter circuit of the first a.f. stage. This
feedback is necessary not only to improve the
linearity of the a.f. amplifier but also to level
the frequency response. The output resistance of the
class-B stage is greater than the optimum load and
in the absence of feedback the amplifier has a rising

high~frequency response similar to that obtained
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from a pentode driving a loudspeaker, The emitter
resistor of the first a.f. stage must be small for
even a value of 20 ohms can cause a noticeable
reduction in gain due to current feedback. A value
of 4.7 ohms is used. The series resistor R,, deter.
mines the overall feedback fraction and the value
of this resistor must be chosen with care. To minj.
mize distortion the feedback fraction should be as
large as possible but there are two a.f. transformers
within the feedback loop and, when more than 5
particular value of feedback is used, the amplifier
goes unstable, usually generating supersonic oscil-
lations. It is therefore desirable to use the lowest
value of R,; which gives no danger of instability,
The determination of the minimum usable valie
should be made on a strong signal because this gives
maximum gain from the first a.f, stage. If deter-
minations are made on a weak signal the amplifier
may go unstable when a strong signal is tuned in,
For the particular transistors and transformers
used in the author’s receiver a value of R,; of 1.8 kO
gave complete stability but if different components
are used a larger value of R,; may be necessary to
avoid instability. Alternatively it may be possible
to use a smaller value of R,, without instability,
The input resistance of a common-emitter trans-
istor amplifier is low (approximately 1 kQ) and the
design of a preceding detector stage, if capacitively
coupled to the amplifier, is particularly difficul,
For low distortion operation of a diode detector
the ratio of the a.c. resistance of the load to its d.c,
resistance should be as high as possible. This
requires that the diode load should be small com-
pared with the input resistance of the following
amplifier. When this is as low as 1 kQ the diode
load should ideally be so small to minimize distortion
that the diode efficiency is very poor and design of
the preceding i.f. coil difficult. Performance can be
improved by making the diode load into the volume
control for this reduces distortion for all settings
except the maximum. However these difficulties
can be minimized by d.c. coupling the diode load
to the following amplifier and such a coupling is
necessary in this receiver to give amplified a.g.c.
In fact the diode load used has a value of 10 kQ
but the a.c. load is larger than the d.c. load over most
of the range of the volume control. This is possible
partly because of the d.c. coupling and partly because
of the negative feedback which increases the a.c.
resistance of the first a.f. stage but leaves its d.c.
resistance unaffected. A diode load of 10 kQ gives
reasonable diode efficiency and also gives increased
gain compared with that of a circuit using a lower
load because the step-down ratio required in the pre-
ceding i.f. transformer does not have to be so gre .

LF. Transformers

In the first part of this article it was explained
that the if. tuned circuits must be designed as
matching transformers and must have high Q values.
Pot-type, dust-iron cores were chosen becaus: these
readily give the required Q values and in addition
give unity coupling between the windings which
greatly simplifies calculation of the number of
turns required. By using a tuned (secondary)
winding of 9/45 "Litz wire a Q of nearly 300 is
obtainable at 465 kc/s. To resonate with 200 pF, 99
turns are required but silk-covered Litz wire fully
(Continued on page 343)
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EACH
40 TURNS 9/45LITZ
(SECONDARY)

10 TURNS 325.wg, ENAM.

/ (TERTIARY)

25 TURNS 40 s.wg. ENAM.
(PRIMARY)

19 TURNS 9445 LITZ
(SECONDARY)

w——t—TUNING PLUG

(<~ POT-TYPE
DUST-IRON CORE

Fig. 3. Winding details of fourth i.f. coil.

occupies all the sections of the former leaving no
_room for the primary and tertiary windings. However
by using 9/45 Litz wire without silk coveringt
all three windings can be accommodated without
difficulty.

The size of the primary and tertiary windings
can be calculated in the following manner. The
dynamic resistance of the tuned winding is given
by Q/2#fC and substituting Q = 300, f = 465
ke/s and C = 200 pF gives nearly 480 kQ.
To give the desired working Q of 100 this is reduced
to 1/3zd i.e., 160 kQ by the damping due to the
preceding and following transistors. This is achieved
by arranging for the damping due to each of these
two sources to amount to 480 kQ across the secondary
winding. This also ensures that the tumns ratio of
primary to tertiary windings gives correct impedance
matching between the output of one transistor and
the input of the next. Now the output resistance
of the r.f. transistors in the common-emitter arrange-
ment is approximately 30kQ and thus the turns
ratio between primary and secondary windings must
be 1/(480/30): 1, i.e. 4: 1. The secondary winding
has 99 turns and thus the primary must have 25.
The damping due to the detector is taken as one half
the diode load, i.e., 5 kQ and the turns ratio between
secondary ‘and tertiary windings is 4/(480/5): 1,
i.e., approximately 10:1. The tertiary winding
thus requires 10 turns. The primary winding is
of 40 s.w.g. enamelled copper wire and the tertiary
is 32 s.w.g. enamelled copper wire although the
gauge is unimportant provided the winding can be
accommodated on the former. The winding arrange-
ment used is illustrated in Fig. 3 which shows how
the primary and tertiary windings are wound over
.lhe end of the tuned secondary winding. It is
essential that this end of the secondary winding
should be earthed. If this precaution is not observed
the i.f, coil will show litte evidenee of resonance and
the working Q value will be very low. Full details
of the fourth and other i.f. coils are given at the end
of this article. The inductance of the secondary
coil tan be adjusted by movement of a slug at the
- cantre of the core but the range of adjustment is
limited and, even though close-tolerance capacitors
may be used across the secondary windings, it
sometimes happens that the circuit cannot be brought
to resonance at 465 kc/s by adjustment of the slug.

t Supplied in this instance by H. L. Smith & Co. Lad., 287 Edgware
Road, Londoen, W.2.
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This can be remedied by adjusting the number of
secondary turns but it is easier to adjust the tuning
capacitance instead. If the capacitance has 10 be
increased it is usually sufficient to add 10 pF or
20 pF in parallel with the 200 pF capacitor; if the
capacitance needs to be decreased a 2,000 pF
capacitor can be connected in series with the 200 pF
capacitor. The need for capacitance correction is
probably connected with the neutralizing circuit.

The collector current of the second i.f. amplifier
is stabilized at 1 mA by the potential divider method
and the circuit is neutralized by the capacitor Cs
connected between the tertiary winding of the final
i.f. coil and the base of the transistor. Neutralization
is desirable to eliminate the positive feedback which
otherwise occurs via the base-collector capacitance.
Because the input resistance of the transistor is so
low this capacitance may not cause oscillation, but
it may affect the symmetry of the i.f. response curve.
To offset this internal feedback the neutralizing
capacitor must be fed from a source at which if.
signals are in anti-phase to those at the collector.’
Thus the connections to the primary and tertiary
windings of the fourth i.f. coil must be such that
there is phase opposition between the signals at the
non-earthy ends. The sense of the windings can
usually be found by experiment, - If connection of
the neutralizing capacitor gives increased gain or
oscillation the cannections to primary or tertiary
windings should be reversed. The value of the
neutralizing capacitor can be calculated simply from
the ratio of the primary to the tertiary windings
and the collector-base capacitance. If the turns
ratio were -1:1 the neutralizing capacitor should
be equal to the collector-base capacitance, say 12 pF.
There is, however, a step-down ratio of 2.5:1
and the capacitor should hence by 2.5x12=30 pF.
The value is not critical and a fixed capacitor of
this value has proved satisfactory.

First LF. Amplifier

The circuit of the first i.f. amplifier differs from
that of the second because it is controlled from the
a.g.c. line. The value of the resistor Ry should be
such that the collector current of the i.f. transistor,
in the absence of a signal, is approximately 0.7 mA.
If it is made more than this, say 1 mA, automatic
gain control is not so effective. The value of the
resistor is probably best determined empirically,
but it can be calculated in the following manner.
If the current gain of the if. transistor is 35, the
base current for 0.7 mA collectar current is 201A.
In the absence of a signal the voltage across Rg
is 3.0 volts, the base being slightly negative with
respect to the emitter potential, say —1 volt and the
other end at the decoupled supply voltage for the
first i.f, stage say —4 volts, The value of the resistor
is thus 3/(20 X 10-%)=150kQ. C,, is included to
reduce the amplitude of a.f. signals applied to the
base from the first a.f. stage. The i.f. coil coupling
the first to the second i.f. amplifier has primary and
secondary windings similar to those of the fourth
coil but the tertiary winding has only 4 turns; this
is necessary because the input resistance of the second
i.f. stage is much lower than that of the detector.
Thus the value of the neutralizing capacitor for
the first i.f. stage is 12x25/4 = 75pF. A 68 pF
component has proved satisfactory. It is, of course,
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again necessary to obtain a phase reversal between
signals at the collector of the first i.f. amplifier and
the base of the second i.f. amplifier to secure neutral-
ization. These phase relationships also enter into
the negative feedback circuit.

As mentioned in the previous article negative
feedback is applied over the final i.f. stage in order
to obtain a bandpass characteristic from the third
and fourth i,f. coils. The signals at the collector and
base of a common-emitter amplifier are in antiphase
and such feedback could be achieved very simply by
connecting a resistor between the collector and the
base of the second i.f, amplifier, However the base
circuit is of low resistance and, to obtain the feedback
required, the resistor would need to be so small
that it would constitute a serious shunt of the col-
lector circuit. In place of the base circuit of the
second i.f. amplifier we can use the collector circuit
of the first i.f. amplifier and here the resistance level
is higher—about 10kQ, The feedback resistor
cannot, however, be connected directly between the
two collectors because the signals at these two points
are in phase, due to one phase reversal between the
primary and tertiary windings of the i.f, coil and
another between base and collector in the second i.f.
amplifier. Instead, the feedback resistor is connected
between the collector of the first i.f. amplifier and the
tertiary winding of the final i.f, coil, which gives the
required phase relationship. The value of the feed-
back resistor can be determined experimentally
using an oscillator and wobbulator to display the i.f.
response curve or can be calculated in the following
way. :

The maximum gain theoretically obtainable from
the if. transistors is 36 dB (about 60). Because of
the finite Q values of the i.f. coils this is reduced
by 4dB to 32 dB (40). This is the gain measured
between two points of equal resistance such as
between collector and collector. Between the collector
of the first i.f. stage and the tertiary winding of the
second i.f. stage the gain is 40/2.5, i.e. 16. To give
6 dB loss (which corresponds to critical coupling)
the step-down ratio of the feedback potentiometer
must be equal to the reciprocal of this, i.e. 1/16.
The collector circuit has a resistance of 10 kQ and
the feedback resistor Rg should be 160 k Q.

Frequency Changer

The bandpass filter between the frequency changer
snd the first if. amplifier is composed of two if.
coils similar to that used between the first and second
i.f. amplifiers. Although the first coil does not need a
tertiary winding and the second does not need a
primary winding these windings are nevertheless
included to avoid the necessity for four different
types of i.f, coil. The two coils forming the bandpass
filter are each damped by one transistor only and,
if nothing were done about this, the working Q would
be 150; moreover the Q of the second i.f. coil would
rise to nearly 300 in the presence of a large a.g.c.
voltage which removes the damping due to the input
of the first i.f. stage. Artificial damping is therefore
employed to reduce the working Q values to 100
and this takes the form of 30 kQ resistors R, and R;
connected across the primary windings. Top-end
capacitance coupling is employed in the bandpass
filter and a capacitor of 2.7 pF is suitable.

The frequency changer is a single transistor operat-
ing as a combined oscillator and mixer. Optimum
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conversion gain occurs with a collector current of
0.7 mA and the potentiometer method is used to
stabilize the current at this value. The input signal
is applied to the base as-in other stages of the receiver
and oscillation is obtained by coupling the collector
to the emitter circuit. A small induetor is included
in the collector circuit and another is included in the
emitter circuit. Both inductors are unity coupled
to a Litz-wound tuned oscillator coil in another
dust~iron, pot-type core. For a tuning capacitor of
500 pF maximum capacitance the number of turns
required to cover the medium waveband is 39,
With a transistor having a high cut-off frequency such
as 8 Mc/s the circuit will oscillate when the emitter
coil has only two and the collector coil only five turns,
but to permit the use of transistors with lower cut-
off frequencies the emitter coil should preferably
have three and the collector coil seven turns as given
in the coil data. ' )

When the receiver is switched to long waves a 500-
pF fixed capacitor C, is connected in parallel with the
oscillator winding to give oscillation at 665 ke/s.
Although the medium-wave performance is not
materially affected by using an oscillator coil of
solid wire the use of Litz wire brings about a signifi-
cant improvement in long-wave performance.

Input Circuit

The input resistance of the frequency changer is
approximately 1 kQ and a small winding is used to
couple the medium-wave tuning coil on the ferrite
rod to the base input. 50 turns of 9/45 Litz wire
are used for the tuned winding which is wound on a
paper sleeve free to slide along the ferrite rod.
The position of the coil is located during alignment
to give an inductance of approximately 160 xH.
The Q is nearly 300 and the dynamic resistance at
1 Mc/s is 300 kQ. To match this to a 1 kQ load re-

quires a turns ratio of 4/(300/1) : 1, i.e. 17 : 1. If we
assume unity coupling between tuned and coupling
windings the latter should have 50/17, i.e. three turns.
Experiments with different numbers of turns for the
coupling winding confirmed that three turns gives
maximum input to the frequency changer. The three
turns are wound directly over the earthy end of the
tuned winding. It was found that the trimmer
capacitors C, and Cy; must be of larger capacitance
than in a valve receiver and maximum values of 100
pF are desirable This is presumably because the
signal-frequency and oscillator windings are “free?”,
ie. have no transistor input capacitances directly
across them.

The long-wave signal-frequency winding consists
of 200 turns of 40 s.w.g. enamelled copper wire
close-wound on a paper sleeve mounted on the ferrite
rod at the end opposite to that carrying the medium-
wave coil. This is tuned by a 220-pF fixed capacitor
C; and resonance is obtained by sliding the coil
along the rod. The number of turns on L, and L,
are so chosen that resonance occurs when the two
windings are near the ends of the rod, thus minimizing
coupling between them. In practice the inductance
of the long-wave coil is approximately 3 mH and the
Q approximately 100. At 200 kc/s the dynamic
resistance is 400 kQ and the matching transformer
coupling this winding to the frequency changer needs
a turns ratio of 20 : 1. The coupling coil thus con-~
sists of ten turns wound directly over the earthy end
of the tuned winding. Full details of both ferrite-
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COIL DATA

Ist, 2nd and 3rd i.f. coils

Core and former: Neosid type 10D

Secondary winding: 99 turns of 9/45 Litz wire without
silk covering, 40 turns in first slot, 40 turns in second
slot and 19 turns in third slot. .

Primary winding: 25 turns of 40 s.w.g. enamelled copper
wire wound in third slot on top of secondary winding.

Tertiary winding: Four turns of 32s.w.g. enamelled copper
wire wound in third slot on top of primary winding.

4th i.f. coil. As above except that tertiary winding is ten
turns of 32 s.w.g. enamelled copper wire.

Oscillator coil

Core and former: Neosid type 10D

Tuned winding: 39 turns of 9/45 Litz wire silk covered
wound with 20 turns in first slot and 19 in second slot.

Collector winding: seven turns of 32 s.w.g. enamelled
copper wire wound in third slot.

Emitter winding: three turns of 32 s.w.g. enamelled copper
wire wound in third slot on top of collector winding.

Medium-wave signal-frequency Coil .

Tuned winding: 50 turns of 9/45 Litz wire silk covered
close wound on paper sleeve on ferrite rod.

Coupling winding: three turns of 32 s.w.g. enamelled
copper wire close-wound over earthy end of tuned
winding.

Long-wave signal-frequency Coil

Tuned winding: 200 turns of 40 s.w.g. enamelled copper
wire close-wound on paper sleeve on ferrite rod.

Coupling winding: ten turns of 32 s.w.g. enamelled copper
wire close-wound over earthy end of tuned winding.

FERRITE ROD
8in long. 3/8in diameter. Mullard type FX 1247.

TRANSFORMERS

Class-B input  Belclere type KS-1cYQ-43
R.F. Gilson type WO 929/6

Class-B output Belclere type KS-O0cYQ-21
R.F. Gilson type WO 930/6

TRANSISTORS Ediswan = Brimar G.E.C.
Frequency changer XA 102 TK20A

1.F. amplifiers XA 101  TK20A

Detector CGI12E

First a.f. amplifier XB 102 TS2

Driver XB 103 TS3 GET 3
Output XCc1o1 TJ2 GET 3

MINIATURE ELECTROLYTIC CAPACITORS

0.1-pF  50-volt working T.C.C. type CE68DA
8-uF 6-volt working T.C.C. type CE69A

50-uF  12-volt working T.C.C. type CE59BE

100-pF 6-volt working T.C.C. type CE59AE

fod windings are given at the end of the article.

In choosing a loudspeaker for a receiver of this
type, as in so many radio problems, a compromise
solution must be accepted. A 12in  diameter
loudspeaker adequately baffled and supplied with a
300-mW peak input can produce more than sufficient
volume to fill a small living room. However, such a
loudspeaker can scarcely be used in a portable receiver
and a smaller model must be used in practice.
Some tests carried out by the author suggest that a
5in diameter loudspeaker is a suitable size for such
a receiver. It can be accommodated easily in a
cabinet measuring 9in X 6in X 4in, such as is re-
quired to hold the horizontal 8in ferrite rod and
the battery. Such a loudspeaker can provide reasori-
able volume, and the reproduction does not suffer
from such an obvious lack of bass as that from smaller
models.

No mechanical details of the receiver are given
because it is probable that constructors may prefer
to adopt a physical layout to suit any cabinet that
they may have, but the following suggestions for
mechanical design may be useful. A convenient
method of construction is to mount all components,
including the ferrite rod and loudspeaker, on a
panel of insulating material which is itself mounted
vertically in the cabinet near the front. The com-
ponents should be secuted to the rear of the panel
to permit convenient adjustment of dust-iron
slugs, trimming capacitors and ferrite-rod windings
when the panel is in position. A number of tag
strips on the panel provide terminations for coil
windings and mountings for components and tran-
sistors. Some screening may be necessary between
the if. coils to prevent instability, particularly if
the coils are close together; small earthed metal
plates between the coils are usually effective in
preventing such instability. The ferrite rod should
be mounted horizontally near the top of the sheet,
as far as possible from conducting objects such as
the loudspeaker, and can be supported in two rub-
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ber grommets which should be placed at some
distance from the ends of the rod so that they do
not prevent the coils L; and L, being moved along
the rod during alignment of the receiver. The
grommets can be clamped to the panel by U-shaped
wires which fit in the grooves but do not form
closed loops around the ferrite rod. The ferrite
rod should not be close to the i.f. coils or the detec-
tor circuit otherwise there is a danger of if.
instability.

Heat Dissipation

It was mentioned earlier that precautions  to
prevent rapid changes in output transistor tem-
perature are desirable and that the mechanical
design of the receiver can be arranged to achieve
this. The output transistors can be mounted on
a small sheet of 16-gauge aluminium clamped to
the paxolin sheet, being push fits in holes drilled
in the plate and the paxolin. The metal plate can
be secured to the panel by the bolts which hold the
class-B input and output transformers in position.
In this way the transistors can be placed in thermal
contact with a mass of metal having sufficient
thermal inertia (product of mass and specific heat)
to prevent rapid changes in transistor temperature.
The circuit includes a number of capacitors of
50-pF capacitance but these need only be rated '
at 6 volts and miniature electrolytic components
are available specifically manufactured for use in
equipment using transistors. There are also very
small 0.1-pF, 50-volt electrolytic capacitors. Type
numbers of these are given at the end of the article.

The receiver should be aligned in its cabinet
and the procedure is as follows. Connect the output
of an a.m. signal generator across L, switch the
receiver to medium waves and set the generator
to give a modulated output at 465 ke/s. Adjust
the if. coils to give maximum output from the
receiver working all the time with a very small

345

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

LETTERS TO THE EDITOR

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

““ Off the Record”

FOR 30 years or so I have been studying Wireless
World and endeavouring to improve my standards of
domestic reproduction thereby; and for some time now
my ears, even with the merciful filtering of the falling
top response of age, have convinced me that the present
L.P. disc is not a suitable medium for the repeated
reproduction of a piece of good music. Having learnt
in the last two issues of your journal some of the
reasons why, I am disconcerted to read in your June
editorial that we should, after all, be well satisfied.

This leader seems to waver a little towards the end;
for the sake of a valuable emotional experience we can,
you aver, accept even a severe degree of harmonic dis-
tortion.* 'This may well be true for one or two hearings,
but after a few repeats severe harmonic distortion
becomes like a raging toothache, destructive of all
pleasure and enjoyment. To record Toscanini’s Eroica
was a service to posterity, but it has not, in my opinion,
resulted in something that the average music lover can
continue to play with any enjoyment.

We all owe the gramophone companies a great deal for
the cultural standards they have maintained, but much
of the gramophone Press these days suggests a mutual
admiration society; if W.W. join the chorus the improve-
ment necessary for our happiness may be needlessly
delayed.

Tape quality appears to be comparable to that of a
good f.m. broadcast, whilst this latter is beyond question
much superior to that of the disc. Here surely is a
challenge that the gramophone must meet.

Felixstowe. L. E. SMITH.

[* We did not advocate the voluntary acceptance of audible
distortion; our point was that in some circumstances it introduces
no incongruity and passes unnoticed.—ED,]

WHILE it may sometimes be desirable to “edit”
orchestral and choral performances for recording pur-
poses, Mr. Salter’s suggestion, recorded in your report
last month of the National Gramophone Conference,
that it is legitimate to use the volume control to fade
a choir in a manner incapable of performance by any
existing choir is surely appalling; once such practices are
established, where will they end?

If this is reasonable, it is equally so, for instance, to
adjust tape speed and choir tempo so that the sopranos
appear to produce an impossibly high note, or use the
tone controls to produce from an orchestra sounds that
no instrument ever created; there is no limit to the ways
in which such practices can spread.

Already, I understand, top notes sung by someone else
have been dubbed into performances by popular but
fading singers. Such records may be interesting stunts,
but their artistic level is that of the Dogs’ Chorus.

Richmond. BARRY J. DAVIS.

Television Coverage

A I:.OGICAL method of dealing with the situation com-
plained of by T. Payne in your June issue is the use
of a wired method of distribution.
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Television relay systems employing carrier technique
and “amplified aerial” networks enable many
thousands of licence-holders to obtain satisfactory view-
ing in areas where B.B.C. and I.T.A, field strengths are
low, by reason of their distance from the transmitters
and the shadow effect of high ground. Correspondingly,
in towns where field strengths are high, a master receiv-
ing station with carefully designed aerial arrays can
eliminate reflections and can feed satisfactory signals
over a cable network to subscribers® homes.

In addition to the reason already mentioned, wired

" distribution will surely achieve increasing importance

owing to the lack of channels in the TV frequency
spectrum. Already in Southern England we experience
interference with I.T.A. transmissions on channel 9 by
the Winter Hill transmitter, which is also, of course,
on .channel 9. The problem is not likely to become
easier and one can therefore envisage the time when
many programmes will be transmitted over long-distance
cable links to central amplifier stations in all the larger
towns and then distributed by means of wired systems.
Portslade-by-Sea, Sussex. D. C. BOND.

Colour Television

REGARDING reports of the disappointingly slow
development of colour television in U.S.A., I would like
to make the following comments.

I have seen colour transmissions during the last few
months in Chicago and New York, and although tech-
nically the pictures were reasonably good, one is left
with a vague impression of something lacking. During
a visit to station WNBQ in Chicago I spoke to a few
people who were watching a colour programme and
their reactions, to put it mildly, were far from
enthusiastic.’

In order to test a theory I had regarding this inexplic-
able lack of interest by the general public, I made the
following experiment. A number of friends were invited
to see some home movies in colour then in black and
white. The size of the projected picture was then
varied at intervals from about one foot in width to six
feet. I then asked each viewer: “What would be the
minimum size of picture that you would tolerate for
ordinary home viewing? ” The results were interesting.
With black and white film the answers ranged from one
to two feet, while with colour, the answers were from
three to four feet. This might indicate the key to the
problem of general apathy to colour television. It would
seem that a larger screen is the answer.

Now, in U.S.A, and Canada, about 90 per cent of

‘receivers are 2l-inch with the 24- and 29-inch screens

slowly pulling up. I suggest that the sales of colour
receivers will start climbing rapidly if and when screens
of 30 to 40 inches, or even larger, can be used.

I disagree completely with the contention that the
high price is ‘a deterring factor. On the contrary I
believe that sales would start shooting up even if the
price was as high as three times that of the black and
white receiver. SIDNEY GOULD.

Montreal.
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RANDOM RADIATIONS

By * DIALLIST"

Higher and Higher?

TO MY way of thinking, at any rate,
the future of sound broadcasting
doesn’t lie on the long or the medium
waves, Some people hold that sound
broadcasting hasn’t much of a future
anyhow, believing that it will even-
tually be entirely superseded by tele-
vision. But I can’t agree with that,
for some things such as concerts are
probably more pleasing if they’re
heard without being seen as well—
unless of course you have a profes-
sional interest and want to watch the
conductor and the technique of the
players. I've an idea that sound
broadcasting will go on for a long
time to come and that f.m. services
on Band II, or on even higher fre-
quencies will gradually replace most
of the present long- and medium-
wave a.m. systems. Both of these
bands are subject to atmospheric in-
terference and are so badly over-
crowded that mutual interference
between stations is rife. Worst of
all, the very narrow channels which
must of necessity be used make really
high quality out of the question.

What of TV?
What I feel about television is that
it too should begin to look to the
higher frequencies of Bands IV and
V. When the Television Committee
produced its report towards the end

of the war one of its recommenda-
tions was, if you remember, that
efforts should be made to develop a
system of the order of 1,000 lines, the
present 405-line system being carried
on as well for some years. Why
shouldn’t we do that by continuing
the B.B.C. and I.T.A. services as they
are and by gradually building up ser-
vices at least as good as the French
with its 819 lines on the higher fre-
quencies? The cost should not be
enormous, for the same programmes
could be sent out by both the 405-
line and the 1000-line (let’s call it
that for convenience) services. If
1000-line cameras were used in all
studios, conversion to 405 lines for
the Band I and Band III services
could be made by the methods now
used for the Eurovision programmes.
No receivers would be rendered ob-
solete and the purchase of 1000-line
sets would be purely a matter of
choice.

The Interference Problem

Then there’s the business of inter-
ference, which in many places is now
so severe that there’s little pleasure
in viewing. Would not that caused
by motor vehicle ignition systems
and by electrically driven machinery
be less troublesome on the higher
frequencies? And interference
radiated by other receivers? The
greater field-strengths for the higher
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frequencies tolerated in the standards
accepted by both British and Ameri-
can set manufacturers suggest that
it would be reduced. And there are
two other interference problems
associated with Band I. The first is
that of mutual interference between
stations at a considerable distance
from one another: Norwich disturbs
the Liége pictures, unless its power
is kept quite low, and viewers living
on or near the south and south-west
coasts know what a nuisance the Caen
station can be. These may be
“freak ” effects due to sunspot ac-
tivity; we shall know in a few years
time as the maximum period is left
behind. But there’s nothing freakish
about the second bit of bother, pat-
termng caused by f.m. sound trans-
missions from the same aerial mast,
The use of much higher frequencies
for television should mean shorter
ranges and} therefore less risk of
interstation interference and I’ve an
idea that it should be possible to
eliminate the patterning mentioned
by the very careful choice of each
station’s TV frequencies.

Measuring by Wireless
aves

THE degree of accuracy with which
distances can be measured by radar,
by the Tellurometer and other
methods making use of radio waves,
must depend, when you come to
think of it, on two things. You must
know the precise speed of radio waves
through air and you must be able to
time a particular journey that they
make correctly to a tiny fraction of
a microsecond. The speed of radio
and light waves has been investigated
many times, but no two investiga-
tions have so far produced exactly
the same answer. The differences
are minute; still they are differences
and T am tempted to wonder whether
the speed does in fact remain always
fixed and unchanging. With modern
apparatus times can be measured
with an accuracy better than 107°
second. Then even if there is a
minute variation in the speed of wire-
less waves and a similarly minute
error in the timing, surveyors and
geographers can now pin-point posi-
tions to within a few centimetres at
the very outside. But do things on
the surface of this earth of ours stay

WIRELESS WoORLD, JuLy 1957


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

UNBIASED

Horseless-Carriage TV

I FULLY agree with “Diallist’s”
complaint (June issue) about the dif-
ficulties of viewing in comfort because
of the insufficient height of the
screen in a console TV set, I tried
to solve this problem years ago by
building my own set into a disused
grandfather clock case, the screen
being where the dial is normally.

The screen was then. much too
high but I corrected this by buying a
couple of dentist’s chairs for Mrs.
Free Grid and myself. These enabled
us to tilt ourselves into a comfortable
viewing position, However, Mrs.
Free Grid took a strong dislike to
this arrangement, as sitting in the
dreaded chair brought painful
memories to her which became un-
bearably realistic whenever a screech-
ing soprano appeared on the screen.

The truth of the matter is that both
< Diallist ” and I have failed to realize
that TV is now emerging from its
“horseless carriage” era. Console
and table receivers have served their
purpose and it is time that we con-
signed them to the dustbin. TV sets
—and sound-radio ones too—must
go to the wall; in other words they
must be built-in.

For rooms in the smaller type of
house this is a necessity, while even
in the largest rooms it is a great con-
venience. It may be objected that
TV tubes are too long, and that my
idea would mean that the tail of the
tube would stick out of the wall into
the adjoining room. Even if that
were so, of course, it could at least
be used as a support for a picture
but in actual fact the full-size tube
is on its way out. The set of the
future will be of the projection type
using a miniature c.r.t. Thus the
set and its tube will be built into
one wall of the room and the screen
in the opposite wall, the beam being
shot above the heads of the viewers.

Viewing in comfort
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For sound broadcasting, a built-in
set would be ideal as the loudspeaker
could do double duty, the two sides
of the diaphram feeding the pro-
gramme into rooms on both sides of
the wall, which would act as a per-
fect baffle.

The Radiotherm

IN the March issue. 1 mentioned
that I was thinking of discarding
my electric blanket in favour of the
electronic-cooking  technique  of
keeping myself warm in bed.

I really thought I was on to some-
thing entirely original, but I have
received a very interesting letter
from a medical pundit of Ports-
mouth, who tells me that there is
nothing new in my idea of torso
toasting by electronic means. His
own experience of it dates back to
the early part of the war. I am
reminded, too, that the correct name
of the apparatus used is radiotherm
and not torsothermer, as I suggested.

I dare say many of you have heard
of the treatment of certain diseases
of the central nervous system by
means of an artificial fever, In 1917
it was done by injecting the patient
with malaria, but later an electric-
ally heated cabinet was used to raise
the patient’s temperature. Eventu-
ally electronic means were used, the
patient’s temperature being raised by
induction of r.f. currents in his body,
care being taken not to devil his
kidneys or parboil his pancreas.

Whether he intended to do so or
not, my medical correspondent has
put me off the whole business, and I
shall stick to my electric blanket.

Decibel Dousing

FROM time to time I have pro-
tested in these columns about the
reprehensible practice of the B.B.C.
of switching over from a quiet item
like “Mrs, Dale’s Diary” to Sousa
in full blast without any apparent
effort on the part of the control-room
engineer to even things out.

If we adjust our volume control
so that Mrs. Dale’s voice is at a
pleasant conversational level we are
nearly blasted out of our seats when
Sousa is let loose on us. Then, hav-
ing jumped up and softened Sousa
the announcer is barely audible
when he tells us about the next item.
Whenever I have protes however,
I have been assailed on all sides by
those readers of W.W. who are music
They point out that the
B.B.C. control-room is right and I
am wrong, for in real life Mrs. Dale
cannot and does not compete with
Sousa in the decibel stakes.

I am perfectly well aware that I
am a musical Philistine but there are
many millions like me and it is
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shameful that we should have to be
sacrificed to make a Roman holiday
for music lovers. Fortunately I have
found the ideal way out of the diffi-
culty whereby we can all get what
we want rather than what the B.B.C,
thinks is good for us.

My idea is based on the American
technique, already described in these
columns, whereby certain transmit-
ters radiate a special muting signal on
another frequency when they are
broadcasting interlarded advertise-
ments, which even some Americans
find irritating. This signal is picked
up by all receivers fitted with the
necessary extra apparatus and used
to mute the loudspeaker until the
advertiser’s announcement is ended.

The B.B.C. could easily radiate a
similar signal which, by suitable
arrangements in the sets of us Philis-
tines, could be used to turn down
the wick of our receivers, and so re-
duce Sousa and his sound-barrier-
breaking brass to Mrs. Dale’s level,
Can you see any snags in my decibel
dousing idea?

Radio Fluologist

CAN any of you tell me why a
chimney sweep always seems to des-
cribe himself on his signboard as a
practical chimney sweep. The O.E.D.
tells me that one of the subsidiary
meanings of the word practical is best
illustrated in the sentence * practical
politics is to do what you can and not
what you ought.”

I can hardly believe, however, that
the synthetic negroes who sweep our
chimneys read the O.E.D. or have
anything in common with Oxford.
On the contrary, one of them who
has appeared in the news recently is
obviously a Cambridge man as he is
an outstanding scion of science. He
has shown this by equipping himself
with mobile radio. His wife operates
the H.Q. transmitter and he is able
to receive his late orders without
returning home.

I naturally suppose that in addition
to the main apparatus in his van he
carries a battery-operated transmitter-
receiver strapped to his person for
use when actually at work as he is
then in a unique position to employ
a really efficient aerial. Obviously he
could have his rods specially made
as a concentric feeder. These
rods would pass through the operat-
ing brush and continue on to a simple
rod aerial sticking out of the chimney.

Thus he is really entitled to call
himself a practical chimney sweep in
the fundamental sense of the word.
But does he do so? Not on your
life, for he describes himself by the
new horror-word “fluologist ” as do
many of those who, unjike himself,
have adopted the new vacuum-cleaner
method of ¢leaning our chimneys.
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