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VALVES, TUBES £ CIRCUITS
15. VALVES FOR V.H.F. TELEVISION RECEPTION

The 'advent of television transmissions in the ﬁ-equency range of 174 to 216 Mc/s (Band III) will mean that reccivers must be capable
of receiving signals radiated at these frequencies in addition to those already transmitted in the range 41 to 68 Mc/s (Band I).

Receptlon of signals at the higher freq involves ch in the input and frequency changer stages of present-day superheterodyne
receiver designs. To meet these requirements the Mullard * World Series ” of television valves has been augmented by the intro-
duction of two new types:—

PCC84—Double triode for use as a cascode amplifier in V.H.F. input stages.
PCF80—Triode pentode for use in frequency-changer stages.

As with most of the other * World Series ”* valves, these new types use the BIA (noval) miniature nine-pin base, have heaters suitable
for inclusion in a 300 mA series chain, and can operate with a receiver h.t. supply of 180 volts.

PCC84. The double triode is designed for use as a cascode
amplifier, i.e. one triode section operates as a neutralised
grounded-cathode amplifier and the other section as a
grounded-grid amplifier. The two sections are then con-
nected in series across the h.t. supply, the anode of the
first section having a direct connection to the cathode of the
second section. The cascode arrangement results in a low
noise level for the input stage being achieved in the first
section, combined with hlgh gain resulting from use of the
grounded-grid connection in the second section.

PCF80. The triode pentode, having separate electrode sys-
tems for triode and pentode sections, is used in the frequency
changer stage. The triode section, connected as a local
oscillator, is in a Colpitts circuit. The oscillaror voltage
and the input signal from the PCC84 are mixed either in-
dnctively or capacitively on the control grid of tne pentode
section. This section functions as the mixer stage, its
performance depending considerably upon the choice of
circuit components to give optimum values of conversion
conductance and input damping,

The accompanymg functional diagram illustrates the basic mode of operation of these valves when used in the
‘“front-end ™ circuit of a television receiver for use in Bands I and IIL
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ANM. versus F. M. : End of a Controversy

INTEREST in proposals for the setting up of a
v.h.f. broadcasting system may be stimulated by
the announcement, made in Parliament on
February 18th, that the Postmaster-General has
accepted the recommendation of the Television
Advisory Committee that frequency modulation
should be used. Acceptance of this recommenda-
tion was accompanied by a statement that B.B.C.
proposals for making a start on an initial group of
stations are now under discussion with the Corpora-
tion and “further developments will be considered
in due course.”

This somewhat lukewarm acceptance of the
T.A.C’s Report* is perhaps on a par with the
slightly unenthusiastic nature of the Report itself,
which has provoked surprisingly little comment in
radio circles since it was published on January 18th.
The Report starts off on a rather doleful note by
saying that the introduction of v.h.f. broadcasting
is an “unwelcome complication.” In addition to
the question of modulation alrcady mentioned, the
main recommendations are that the service should
be conducted in the band 88-95 Mc/s and that a
start should be made on a fairly large scale. The
Committee points out the radio industry should be
given encouragement to embark on the production
of suitable receivers in reasonable volume. This
recommendation, if accepted, is a matter for some
satisfaction, and is in welcome contrast to the
Government’s proposals for starting competitive
television on a severely restricted basis.

It should be added that the Committee’s recom-
mendations apply either to a scheme designed to
give national coverage of three programmes or to
a network of stations planned to give merely “a
substantial reinforcement ” of the services at present
provided by the B.B.C. on long and medium waves.

A lengthy report from the Technical Sub-Com-
mittee is appended to the document, and in it the
relative merits of frequency and amplitude modula-
tion are discussed from the point of view both ol
transmission and reception. As the main point at

* Second Report of the Television Advisory Committee, HM.S.0 1s
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issue has now been finally decided by the P.M.G.’s
acceptance of the Committee’s recommendation,
there is little value in commenting on these argu-
ments in detail. Considerable stress is laid on the
greater capital and upkeep cost of a.m. transmitters,
and also on the economics of receivers for the two
modulation systems. The conclusions reached are,
however, simple and straightforward: *“The a.m.
wide-band system has specific disadvantages and
no advantages relative to the f.m. system. For the
a.m. narrow-band system the only advantage is a
possible saving in the frequency spectrum required.”

Perhaps the most interesting part of the Tech-
nical Sub-Committee’s report, now that the a.m./
f.m. issue is settled, is that dealing with some of
the details of f.m. receiver and convertor design.
We are pleased to sce a recommendation (which is
endorsed by B.R.EM.A.) that standards of good
practice should be set up from the start in order to
minimize harmful radiation from v.h.f. broadcast
receivers. These problems should be studied jointly
by the Post Office and Industry.

In general, the discussion on f.m. is based on the
acceptance of the almost universal standards of a
maximum deviation of +75 kc/s and a modulation
bandwidth of 15 kc/s.

Just as the Report opens on a rather doleful note,
it ends in similar vein. There is a minority state-
ment signed by C. O. Stanley, who considers that
adequate attention has not been given by his col-
leagues to the broader questions of fundamental
policy. Mr. Stanley says v.hf. broadcasting has
been a failure in practically every country in which
it has been introduced, and casts strong doubts on
its advantages in gencral. He also makes a point
of the “incompatibility ” of f.m., as recommended
for the new service, with a.m. as used for all exist-
ing broadcast sound, and which, presumably, will
be used for the proposed competitive television ser-
vice. This last is a provocative point, and in this
matter at least Mr. Stanley will probably find some
supporters among those who believe that television
and sound broadcasting may ultimately be merged
into a more-or-less integrated service.
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EDWIN H.

The following appreciation of Major Armstrong,
whose tragic death is recorded on page 124, has
been received from Capt. H. J. Round, who has
been responsible for many radio developments in
parallel fields.

The tragic death of Armstrong has given a sincere
shock to all his friends, many of whom are on this
side of the Atlantic.

The writer first met him in 1917 during the later
stages of the war when he was a Major in the U.S.
forces then going into Europe, and the friendship
then established has been maintained throughout the
years.

I had the good fortune to be given a very early
demonstration of his superheterodyne in the Paris
laboratory he had established, and, as the world
knows, this basic invention was followed first by
super-regeneration and in 1935 by wide-band fre-
quency modulation.

This, as with some of his other inventions, involved
him in very prolonged and expensive litigation, a good
deal of which his closest acquaintances thought could
have been avoided. However, the intensity with
which he attacked technical problems he also applied
to his legal problems and therc is not much doubt
in my mind that this double load clouded his very
great intellect in the end.

Since those carly years I have met him a few times
and have been in constant correspondence with him,
and 1 am happy to think that only a year ago I was
able to spend considerable time with him in New
York. A sentence of Armstrong’s own in his recent
paper on “The Spirit of Discovery,” in which he
culogizes the work of Marconi, I think applies very

ARMSTRONG

well to Armstrong himself: “TIt is seldom that a
man makes two basic discoveries. When a man makes
three, his attitude towards problems and his method
of work merit close analysis and study.” Armstrong
should go down in American history as one of her
great sons, worthy to be classed with Edison, Bell and
Westinghouse.

INTERFERENCE LIMITS

THE publication by the British Standards Institu-
tion of a revision of the Standard specifying the limits
of radio interference is of particular interest in view
of the announcement that the two committees
appointed to advise the P.M.G. on interference from
small electric motors and refrigerators have now sub-
mitted their reports and, too, that he hopes shortly to
lay regulations before Parliament.

The revised BS 800:1954* now covers Band 1 in
addition to the long- and medium-wave bands. The
limits of magnitude of noise voltages measured from
cach line terminal to earth are laid down as 750 pV
(40-70 Mc/s) and 1,500 1V (200-1,605 ke/s) and the
limits of noise ficlds at a distance of 10 metres are
50 nV/m and 100 »V/m for the respective frequency
ranges. Measuring apparatus and methods of measur-
ing are specified in BS 727:1954, which has been
revised and now covers the range 150kc/s to
150 Mc/s. ’

**¢ Limits of Radio Interference,” price 4s.
+ ¢ Characteristics and Pprformancc of Apparatus for Measurement
of Radio Interference,” pri.e 4s.

LTMp

THERE was some mild controversy in our corres-
pondence columns last year over the question of radio
interference from electric lamps. The writers of most
of the letters contended that radiation was restricted
to vacuum lamps, but others stated that trouble was
also caused by gas-filled types.

The facts seem to be that neither kind is entirely
free of blame, though the vacuum lamp is by far the
most serious source of trouble, as it can radiate inter-
ference throughout its life and when in apparently
perfect condition. Radiation from the gas-filled lamp,

INTERFERENCE

on the other hand, usually occurs when the bulb is
coming to the end of its life, and is produced by arc-
ing across a minute break in the filament.

So far as television receivers are concerned, inter-
ference from vacuum lamps is generally of the nature
shown in the accompanying illustrations (by -john
Cura). The double line of interference, as in the
middle picture, is perhaps the most typical, though
the single line on the left is not uncommon. The
right-hand picture is an enlargement which shows (at
top) the broken nature of a typical interference line.

Characteristic interference patterns produced on a television receiver by a nearby 60-watt vacuum (traction type) lamp.
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V.H.F. FREQUENCY ALLOCATION (UNITED KINGDOM)

27-5-1300 Mc/s (LOGARITHMIC SCALE)
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Squandered V.

H.E. Channels

IWhy There is a Lack of Space for Television and Mlobile

Radio Developments

iT has been suggested in these columns and else-
where that the administration of radio frequencies in
this country is not working satisfactorily. The situa-
tion which has come to light as a result of the pressure
for frequencies in Band 3 for additional television
services is certainly disturbing and this article has been
written in an attempt to clarify as far as possible in
a short article what has become a very complicated
situation.

The block allocation of the very high frequencies in
the United Kingdom is shown at the head of this
article and, in conjunction with the diagram, the fol-
lowing three points should be noted: —

1. The “single programme” service of the B.B.C.
operating in the band 40-68 Mc/s has room for five
405-line TV channels. This block is probably more
than adequate for nation-wide coverage with one pro-
gramme.

2. The desire for competitive television in this
country no doubt stems greatly from the example to be
found in the U.S.A. where most large cities have a
choice of two or three programmes and where New
York has six and Los Angeles seven programmes, all
operating on the immediately practicable frequencics
below 216 Mc/s.

3. If the total frequency spectrum available below
216 Mc/s to sound and TV broadcasting in the U.S.A.
(a total bandwith of 92 Mc/s) were currently available
in Britain, there would be no difficulty in providing
multi-programme TV. It would, in fact, be rather
easier, since a British TV channel requires only
S Mc/s as against the American 6 Mc/s.

Why is it that instead of a total of 92 Mc/s, as in
the United States, probably something less than

WIRELESS WORLD, MARCH 1954

By J. R. BRINKLEY?

10 Mc/s can be found in this country for the imme-
diate expansion of television? The answer is, that
unlike the U.S.A. and most of the rest of Europe, the
U.K. did not reserve adequate frequencies for tele-
vision at the last International Conference (Atlantic
City, 1947) and that subsequently, some of the fre-
quencies which were reserved for television have been
given to or taken by other services. Under the
Atlantic City agreement, the world is divided into
three regions and the U.K. and Europe are in Region
1. The Region 1 allocations to broadcasting (below
216 Mc/s) are 41-68 Mc/s, 87.5-100 Mc/s and 174-
216 Mc/s—a total of 81.5 Mc/s. If these bands were
available in the U.K., they would be adequate for im-
mediate broadcasting requirements.

Of these three bands, however, it is now apparent
that only the “B.B.C.” block (Band 1) is available
intact. There are two reasons for this: first, Atlantic
City footnotes inserted by the British delegation which
allocated parts of them to other services, and second,
subsequent “national” allocations made in this
country to other services. As a result, frequencies
have been “lost” on the 87.5-100 Mc/s band to the
police and fire services (95-100 Mc/s). Further fre-
quencies have been “lost™ in the 174-216 Mc/s to
mobile and “fixed” services (174-184 Mc/s) and, in
the band 200-216 Mc/s, to aeronautical navigation ser-
vices (Distance Measuring Equipment—DME).
Since the band 87.5-95 Mc/s is intended for sound
v.h.f. broadcasting, the outcome of all this is that the
only frequencies at present available for TV expansion
lie between 184 and 200 Mc/s. But it is important to

* Pye Telecommunications, l.ad.
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note that when guard bands and other factors are con-
sidered, even this small band is probably not available
intact.

We shall now examine the “intruding” services to
see how they got where they are.

Aecronautical Navigation Services—200-216 Mc/s
The authority for operating these services is drawn
from footnote 89 to the Atlantic City agreement which
states—*“ In the U.K. DME will be operated on the
band 200-235 Mc/s until such time as world stan-
dardization (of DME) on 1,000 Mc/s has been accom-
plished.” This footnote precludes the use of TV in
this band since it is obviously incompatible with
DME. On the other hand, continental Europe plans
TV stations in this band authorized by the agree-
ment, which would make 200-Mc/s DME unworkable
in the U.K. It will be observed in passing that world
standardization of DME on 1,000 Mc/s was an even
more remote possibility in 1947 than it is at this
moment.

It is unfortunate, therefore, that these frequencies
were earmarked for a service which is prejudiced by
Continental TV planning, and yet at the same time
could only be used by British TV stations by closing
down such services and ignoring the Atlantic City
provisions. (Footnote 87 states categorically—*the
band 200-216 Mc/s is allocated for the aeronautical
radio navigation service.”)

Fixed Services—174-200 Mc/s.—These are point-
to-point G.P.O.-type telephone links (e.g., between
islands in the Channel Isles). International authority
for them is obtained under footnote No. 87 which
states “In the U.K., the band 174-200 Mc/s is also
allocated for the fixed service.” This footnote was not
very realistic since with anything but exclusive band
allocations, the planning of broadcasting services will
prove unnecessarily difficult.

Mobile Services—174-184 Mc/s.—The occupiers of
these frequencies include mobile services operated by
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Fig. 1. This diagram shows the increase of wanted signal
level required to restore the signal-to-noise ratio after the
Alexandra Palace TV transmitter has been switched on.
The out-of-band radiation was measured at 4 miles from the
television station.
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ambulances, railways, the Press, industrial users,
clectricity, gas and oil undertakings and the majority
of radio taxi services. These services have been
operating in this band since 1948-9. Such services
were first allocated frequencies in the 70-Mc/s band,
but in 1948 the G.P.O. made it known to manufac-
turers that all future allocations would be in the
156-184-Mc/s band which would be the “permanent
and secure band for such services.” This was a great
embarrassment at the time since no suitable apparatus
or valves were available for these frequencies. After
12 months development, fitting in the new band began
and has been proceceding ever since. It was not
realized, and the G.P.O. did not point out, that this
allocation was not in accordance with Atlantic City.
The recent official statement by the Postmaster-
General that these frequencies will be cleared for TV
has created a situation in which manufacturers and
users, who have invested heavily in this band, have
lost confidence in all official statements regarding the
allocation of mobile frequencies. Their confidence
will only be restored by adequate compensation for
loss of frequencies and capital investments and
written Government undertakings giving long-term
security in any new arrangements made for them.

One of the outstanding shortcomings of the Atlantic
City agreement and most of the subsequent planning
provisions is that virtually no account is taken of guard
bands. Thus, for example, in continental Europe
one country may operate mobile stations up to the
limits of the International allocation; for example, up
to 174 Mc/s, and an adjacent country may operate TV
down to 174 Mc/s. In the border areas, the two types
of transmission will experience serious mutual inter-
ference, but both countries will be operating within
their rights. A very substantial guard band will be
required to obviate such interference, but no agreed
assessment exists as to the extent of such guard bands
or as to how their provision will be shared between
the adjacent services.

This problem is equally important within the
borders of any one country. In the U.K. it has a most
significant bearing on the present Band 3 problems.
The interference suffered will be two-way. It will be
caused to the mobile service because as can be seen
from Fig. 1, TV transmitters radiate appreciable
power several megacycles beyond their allocated
channels. Likewise, interference will be caused to the
TV service because of the very poor selectivity em-
ployed in most TV receivers. An example of sound

Mc/s

Fig. 2. Comparisons of the selectivity of different receivers.
A, sound channel of typical television receiver; B, German
domestic v.h.f. receiver; C, typical mobile v.h.f. receiver.
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FREQUENCY OF INTERFERING SIGNAL RELATIVE TO VISION CARRIER

Fig. 3.. Estimated interference from mobile services to TV receivers.
television receiver and frequency separation from the vision carrier for various conditions of interference.
and B (30uV) are for interference just sufficient to cause picture tearing,

discernible interference.
are for the TV signal levels shown in brackets.

Curves E (170uV) and F (254V) are for just audible interference on the sound channel.
Scales are added to relate the interference input to distance in yards between

The curves show the input of interference needed at the
Curves A (300.V)
while C (300uY) and D (30uV) are for just
The curves

the TV aerial and the aerial of a mobile transmitter (1) and a fixed transmitter (2), in both cases for a power of I5W.

channel selectivity characteristics is shown on Fig. 2.
Television receivers have so far been designed with-
out any serious attention being paid to providing
adjacent-channel selectivity, and the effect of this is
shown in Fig. 3, in which interference to a TV
receiver from a mobile transmitter is estimated for
various ranges,

This article is not necessarily a plea for adopting
American methods of frequency allocation which have
their own shortcomings and are being currently
criticised. It is to be noted, however, that the present
U.S. methods have made multi-programme TV widely
available in that country, while “frequency shortage ”
is making it more than difficult in this country. Direct
comparisons are not easy, but the U.S. achievement
does not appear to have been at the expense of mobile
radio development. There are estimated to be more
than 300,000 radio equipped mobiles operating in the
U.S. as against fewer than 10,000 in the U.K.

In America, the Federal Communications Commis-
sion has been able to publish a great deal of documen-
tation on the subject of frequencies, much of which is
well conceived. It is specific in matters of policy and
detail in a way in which it is of the greatest possible
value to manufacturers and operators alike. No such
documentation is available in this country.

It is suggested that three preliminary steps are
necessary to put frequency allocation on a sound basis.
First, there must be a clear legal basis for frequency
allocation. The only existing legislation relating to
frequencies is the Wireless Telegraphy Act. This
gives the P.M.G. the widest possible powers relating
to the establishment of transmitting stations. But it
has been stated that the P.M.G. does not regard him-
self as responsible for “overall” frequency allocation
which is carried out by an * Inter-departmental Com-
mittee.” This vital function is, therefore, apparently
carried out by an anonymous committee for which

WIRELESS WORLD, MARCH 1954

the writer can discover no legislative authority. Such
an arrangement is not likely, in the writer’s opinion,
to produce the best results.

Secondly, there must be a clear declared policy in
matters relating to frequency allocation. As an initial
step in establishing a policy, the Governmenr must
make up its mind whether or not it intends to stand by
the international frequency agreements to which it is
signatory.

Thirdly, there must be adequate independent
machinery to administer the policy laid down in an
equitable manner. The writer suggests that the
American F.C.C. is by far the most advanced example
of such machinery to be found anywhere in the world
to-day.

C“Introduction to Valves

MOST radio textbooks either take it for granted that
the reader knows all about valves or deal with the subject
rather sketchily. On the other hand, books written about
valves specifically are often too highbrow and specialized,
not to mention expensive. Where, then, is the radio man
with only a nodding acquaintance of the subject to get
the sort of information he wants? The answer is to be
found in “ Introduction to Valves” by R. W. Hallows,
M.A.Cantab., M.LLE.E,, and H. K. Milward, B.Sc.Lond.,
AM.LEE. This is a comparatively small book, but a
careful selection of material has ensured that its 152 pages
and 107 illustrations provide just the right kind of infor-
mation for everyday radio work.

An important feature of the book is that it explains the
operation of the valves in typical circuits—they are not
just left in mid-air, so to speak. Beginning with an
exposition of fundamental principles, there are chapters
on diodes as rectifiers and detectors; triodes; tetrodes and
pentodes; multiple-grid valves for frequency changing;
power-output valves; and valves for v.h.f. and e.h.f.

The book can be obtained from any bookseller, price
8s 6d, or direct from our publishers at 9s by post.
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Cathode Follower Oscillator

Using RC Networks with a Voltage Step-up

By THOMAS RODDAM

lN an article in last month’s issue I described
an oscillator circuit in which the valve was connected
as a cathode follower. The valve in this circuit really
uses a cathode follower, too, with a sufficiently high
cathode load for the negative feedback to dominate
the system completely. The circuit was analysed as a
particular circuit, bur it was mentioned that it could
be regarded as a member of a class of oscillators,
those using over-balanced rejector circuits. In fact
I had overlooked one variant, which is not a rejector
circuit at all, so that the classification becomes just
that of a cathode-follower oscillator. Most of these
use only resistances and capacitances {or inductances),
although last month’s variant included all three types
of element, and it is of some interest to survey the
properties of the group as a whole.

The feature of the cathode-follower oscillators
which makes them especially interesting is that most
of them use a resistance-capacitance network to give
a voltage step-up. When we think of an RC network
we always see ourselves carrying out a lot of voltage
divider calculations, and getting out less than we put

Oeq
Tv, v,-v,? A VZT
p—C
Fig. 1. The basic
feedback amplifier or
oscillator consists of
the amplifier A and
the feedback B.
1v, B vz1
1 3
Fig. 2. A passive o— 0
quadripole with two
input terminals, 1,2 Vi Vo
and two output ter-
minals, 3,4. © 0
P4 4
V,.'
-’ -7 5
) A . Fig. 3. If terminals
2 and 4 have an

internal connection in

Fig. 2, the system can

be drawn like this.
A The input terminals
are still 1,2, but the
output can be taken
N ' from 3,2 or 3,1.
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in: it isn’t necessarily so, however, and the way in
which these circuits provide the step-up is so simple
that it seems incredible that no one should have
spotted it before 1947.* We need a step-up, of course,
if we want to use a cathode follower, because we can
never get quite as much at the cathode as we put in at
the grid. The step-up need not be very large.

First of all, let us look at the basic feedback oscilla-
tor. This is one way of looking at the general idea
of an oscillator, a way which happens to be very
convenient for purposes of analysis. The circuit is
shown in Fig. 1 and it looks, indeed is, just our old
friend the feedback amplifier. As you will remember,
the basic equations for this take the form :

V, =~ A(V,—-Vy
V, B V-:
soV,(1 t AB) = AV,
. A
V, 14 AB

These are the equations in the form most convenient
for amplifier working, with no minus signs to think
about : some people prefer to put in a minus sign
in the appropriate place, and with the gain as m =

# (1 — pB). It boils down to the same thing in the
end.
As you can see, if A8 = — 1, the gain will be infinite,

so that if we close the input terminals through a
finite but very small resistance, the noise in this
resistance will still be amplified up to the overload
point of the circuit. In fact, it will oscillate, and that
bit about noise was just to show how the oscillation
starts. A practical oscillator will always have Ag =
-— k, where £ > 1, with very low level conditions,
and the amplitude of oscillation will grow until
something in the circuit alters A or 8 to reduce A8 to
unity. It is perfectly possible for such a circuit, with
— AB > 1, to be stable, and amplifiers which are
*¢ conditionally stable » have in fact been used. One of
the advantages of the feedback amplifier approach to
oscillator theory is that it helps to clarify the behaviour
in these special cases, which are often associated with
‘“ mode jumping >’ and other awkwardnesses.

The other way of treating oscillators is to lump
some components with the valve into a package which
gives a negative resistance across two terminals.
Transistors, with their built-in positive feedback, are
easily considered in this way. Again we have two
boxes, but the way the elements are split between
them is different. The final answer must, of course,
be exactly the same.

It will be clear that the problem which confronts
us in designing a cathode-follower oscillator is that of
obtaining a suitable network for the 8 box, remember-

* * An RC Circuit Giving Over-Un‘ty Gain ", C.L. Longmi,e. Tele-
Tech, April 1947
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© 3

| o— ——i—

0 4

2 O—

Fig. 4.  Resistance-
capacitance  circuit
used in the phase-
shift oscillator.

Fig. 5. Vector dia-
gram for the voltages
in Fig. 4.

ing that in the box marked A we have a gain of about
0.9 — 0.95 and no phase shift.

Let us consider the ““ passive quadripole *’ shown in
Fig. 2. Just a box, with four terminals, of which two
are called inputs (1, 2) and two called output (3, 4),
looking unpleasantly like the introduction to some
heavy mathematics. We can simplify matters by
joining 2 and 4 together, becausc all the systems we
want to discuss actually have got an internal conncc-
tion here, which we usually think of as earth. This is
the trap into which we must not fall. Let us re-draw
the circuit in a more non-committal form (Fig. 3).
The voltage arrows now run clockwise between each
pair of terminals, and a new one, V., has been dotted
in. When we apply a voltage V,, across the input
terminals 1, 2, we can now say that we get an output
of V,, across 3, 4 in Fig. 2, or outputs of V,,
(= — V,, of Fig. 2) across 2, 3 in Fig. 3 or an output
of V,, across 3, | in Fig. 3. Quite clearly we must
have V,, = —(V,, + V,,), and looking at Fig. 2
again this means V., =
Vi, — Vi,

Suppose that the netwerk
inside the box in Fig. 2

produces a loss of » times, 3

is particularly easy to analyse. At one frequency each
RC section produces 60 degrees phase shift, so that the
vector diagram shown in Fig. 5 is obtained, with V,,
the voltage across R,, equal to one-half V,, and
rotated 60 degrees. The following RC circuits each
divide the voltage by 2, giving V., = — V.,

As we have already shown, V,; = (1 4 n) V,.,
where 7 is here equal to ). Redrawing the circuit in
the way shown in Fig. 6(a) we have a rather odd-looking
network which provides a step-up ratio of 9 : 8 although
it uses only resistance and capacitance clements.
The network shown in Fig. 6(b) is the step-up version
of the other phase-shift oscillator circuit, the one with
the C’s and R’s interchanged, but this time it has been
arranged rather differently to bring out two features
of the circuit, the common connection at one side
of the capacitances and the d.c. path on the output
side.

These two circuits are often constructed with equal
values of C’s and R’s, and the output voltage from the
basic network is then only 129 times the input.
This means that when twisted round we get only
30/29 times the input, which is very tight indeed for
use with a cathode follower. There are various com-
promise solutions, all of which are inconvenient
in one way or another.

Choice of Circuit

If we want to make the collection of diagrams more
impressive, we can consider the 4-stage RC networks
and also the corresponding 3- and 4-stage RL net-
works. There is a great dcal of tedious algebra already
published about these networks. Some of it can be
replaced by common scnse : for example, it nceds no
mathematics to see that the arrangement of Fig. 6(b)
lets harmonics through easily, while if it were an
RL network the harmonics would be attenuated. It
needs no algebra to show that the input impedance of
the Fig. 6(b) nctwork is more than R,, and in the

with a phase shift of 180 S
degrees. Then we

R
shall RI Rz
have V,,=—n V., when
n, of course, is a proper V,
fraction. Obviously V., = €,

(1 4 n) V,.,. We can con- ¢

Vv

i

sider terminals 1, 2 as oS
input, and 1, 3 as output,
and we have got a step-up
of 1:(1 + n) in this net-

)

work, which we thought Fig. 6. The circuit of Fig.
was just attenuating and 3,1, as in (b).
shifting phase. .

So far we have been dis- Fig. 7.

cussing the rather depress-
ing ‘‘passive quadripole”
but it may make things
rather clearer if we consider |

a specific circuit. The cir- o——d
cuit shown in Fig. 4 is the
onc we associate with the
phase-shift oscillator. The
limiting case of this net-
work is when C,R, = C,R,
= C4R; and R, < R, ¥

(v)

4 can be redrawn either as in (a) or, if we take the output across

The parallel-T on the left transforms to that on the right in its step-up form.

R,, and this limiting form

WIRELESS WORLD, MARCH 1954

107

www americanradiohistorv com


www.americanradiohistory.com

limiting graded case is 2R; (R, +j7v3R,). In a
practical design this input impedance will be part of
the cathode load of the cathode follower, and the value
of R, must, therefore, be high enough to provide
the proper gain conditions.

The networks we have been considering so far have
been phase-shift networks with some attenuation,
but the attenuation has been of the smoothly falling
kind : monotonic, the mathematicians call it. The
only condition is that the network must be complicated
enough to give more than 180 degrees phase shift.

Fig. 8. Another way of drawing the transformed parallel-T circuit, and (right),

a vector diagram of the network voltages.

Fig. 9. Four-phase step-up network giving a measured

gain of 1.67 at 640 ¢ s. R, — 10042, R, = 1k, Ry = S0kQ,

C, — 2.5uF, C; = 0.254F, Cy — 0.005,F,
Cln2
o 1t —

CI mR

We must now turn to the other sort of RC network,
of which the parallel-T is the most familiar example.
This network, in its basic form and its twisted round
form, is shown in Fig. 7. We could write down the
network equations and find out what happens: the
answer, in the particular case, when R, R, = C,/C,
m-~oc, and R,y;R, — C;C, = n — 0.41, gives a
step-up of 1.207 under zero phase conditions. A
simpler way of sceing what happens is to draw the
network in the form shown in Fig. 8 and build up a
vector diagram on the assumption that the R,C, arm
does not load the rest of the network
atall. This is, of course, exactly what
the algebraists have done in taking
m —> oo. The resulting vector-diagram
is shown in Fig. 9. and gives a clear
indication of how the voltage step-up
occurs.

You can have a busy time extending
Fig. 8 too, and Fig. 9 (Wireless
Engineer Jan. 1953, Fig. 6, p.21) shows
how Bacon and Salmon have done
this. Their network, with the values
shown, was calculated to give a step-
up of 1.98 times, and actually gave
1.68 times at 640 c s.

Just as the parallel-T network gives,
in its twisted-round form, a desirable
step-up, so does the series-m, its dual.
As you would cxpect, the serics-x
gives a current step-up, but by work-
ing it back to front the wanted voltage
step-up is obtained. A large collection
of these arrangements is given by S. C. Dunn in
Wireless Engincer Jan. 1953 (Figs. 2 3), from which
Fig. 10 has been taken (2e, 3e Joc. cit.).

It is, I think, unnecessary to add the two variants
of the bridged-T LCR circuit to this figure: the
relationship between bridged-T and parallel-T is well
known, and the advantage of the bridged-T, the very
much higher Q, is another of those things which can
be regarded as self-evident.

The circuit of Fig. 10 is obviously a very useful one
for oscillators. The basic oscillator circuit is shown in
Fig. 11, from which you can sce that there is a con-
venient capacitance C/n?, across the grid-earth circuit
to absorb some of the valve capacitances, and a d.c.
path back for the grid to enable the bias conditions
to be fixed. The resistance R, is rather inconvenient,
because if it is large enough to make the cathode fol-
lower work properly it will upset the bias conditions.
One way out of this difficulty is to replace R, by a
transformer, the solution adopted in the oscillator
described last month. The other easy way out is to
split the bottom resistance R into two parts, R, and
R,, which in parallel equal R, but are connected as in
Fig. 11(b) to lift the grid positive. Provided that the
supply voltage is sufficiently high, this arrangement
should be very stable indeed because of the very large
amount of d.c. feedback applied to the valve in
such a way as to keep the cathode current constant.

C./n m?R

Fig. 10. The series-m network
on the left can be twisted round
to give the step-up network on

¢/, the right. This form is especially
l mR 1 a convenient for use with valve
C C/n P circuits.
O T T O [ —)
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These oscillators which
use the balanced type of
network must not be con-

fused with the parallel-T
oscillators which are already
well known. The common
form of the parallel-T
network applies negative
fcedback through the
parallel-T, and some posi-
tive feedback through a
scparate resistive network.
Thenegative feedbackkeeps

vV

theamplifierfrom oscillating _L
except at the frequency at =

which  the network is

balanced. Here the only (2)
feedback is through the
network, which does not
operate atthenormal balance
point, but at what may be
termed a special over-balanced point.

There is not much more to be said about these
oscillator circuits, unless we scttle down to calculate
particular values. A great deal of the analysis has
alrcady been published by Dunn, and anyone who
wishes to study the matter in more detail is recom-
mended to refer to his paper and to the references

Fig. 11,

CLUB

Birmingham.—The March 5th meeting of the Slade Badin
Society will be held at the Imperial Hotel, Temple Street,
Birmingham, at 7.30, when a film-illustrated talk on valve
manufacture will be given by a representative of Mullard’s.
Sec.: C. N. Smart, 110, Woolmore Road, Erdington, Bir-
mingham, 23.

Brighton.—Meetings of the Brighton and District Radio
Club continue to be beld at the Eagle Inn, Gloucester Road.
Brighton, every Tuesday at 7.30. The club transmitter
(G3EVE) is on the air on the second Tuesday of each month
on 80 metres using both 'phone and c.w.  Sec.: T. J. Hugget,
15, Waverley Crescent. Brighton.

Cleckheaton.—" Crystal Microphones and Pickups ” is the
subject of the talk by N. G Newman, of Rothermel, Ltd,, to
be given at the meeting of the Spen Valley and District Radio
and Television Society on March 24th.  Mectings are held on
alternate Wednesdavs at 7.30 at the club headquarters
in the Temperance Hall, Cleckheaton. Sec.: N. Pride, 100,
Raikes Lane, Birstall, Nr. Leeds.

Romford.—* Television Interference  and  T'ransmitter
Design ” is the subject of the talk to be given by Louis Varney,
A.M.ILEE. (G5RV). to members of the Romford and District
Ar-ateur Radio Society on March 30th. Meetings are held
each Tuesdav at 8.15 at R.A.F.A. House, 18, Carlton Road,
Romford. Sec.: N. Miller, 10, Rom Crescent, Romford.

S.E. London.—Meetings of the Clifton Amateur Radio
Society (G3GHN) are held every Friduy evening at the
society’s headquarters, 225, New Cross Road, S.E.14. Sec.:
C. H. Bullivant (G3DIQC), 25, St. Fillans Road, Catford, S.E.6.

Southend.—At the meeting of the Southend and District
Radio Society on March 19th, G. T. Peck, of Ernest Turners,
High Wycombe, will speak on the radio control of models.
‘The socicty meets at the Municipal College Laboratories,
Queens Road, Southend-on-Sea, on alternate Fridays. Morse
and theory classes are again being held at 27, Park Road, on
‘I'uesdays and Thursdays at 8.0. Sec.: J. H. Barrance, 49,
Swanage Road, Southend-on-Sea.

Wellingborough.—A 1alk on television acrials will be given
by J. W. Hobley at the March 18th meeting of the Welling-
borough and District Radio and Television Society. The club
meets each Thursday at 7.30 at the C.W.S., Silver Street,
Wellingborough. Sec.: R. ]J. Henty, 6B, Silver Street, Welling-
borough.
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(v)

(a) Basic oscillator derived from the circuit of Fig. 10, together with, (b) a
modification, R, and R, replacing R, to get suitable bias conditions.

given at the end of it.  This paper also discusses the
use of the system under non-oscillatory conditions,
as a selective amplifier. Feedback amplifiers incorp-
orating RC networks are extremely useful for very low
frequencies, where high values of Q cannot be
obtained easily with LC networks, but this is outside
the scope of this article.

NEWS

Wolverhampton .imateur Radio Society recently moved to
new headquarters at Stockwell End, Tettenhall, where the
club transmitter (G8TA) is being installed. The club meets
fortnightly on Mondays with morse classes on the alternate
Mondays.  Sec.: H. Porter (G2YM), Applegarth, 221, Park
l.ane, Wolverhampton.

QRP.—Readers interested in the low-power operation of
transmitters, whether it be for communication or the control
of models, are invited bv the QRP Research Society to send
for details of membership and a specimen copy of the Society's
journal.  Contests for both transmitters and short-wave
listeners are held throughout the vear and a QRP ne: is
organized each Sunday at 2.30 on 1.9 Mc/s. Sec.: J. White-
};cad, The Retreat, 92, Rydens Avenue. Walton-on-Thames,
Surrey.

Radio Control.—At the meeting of the Birmingham group
of the International Radio Controlled Models Society on
March 6th at 2.30 at the International Centre, Suffolk Street,
Birmingham, J. Merrick will speak on *“ A Reliable Receiver.”
A demonstration of a radio-controlled mode! land vehicle
will be given by R. F. Stock at the meeting of the London
group on March 14th at 2.0 at the Horseshoe Hotel, Totten-
ham Court Road, London, W.1. Sec.: C. H. Lindsey, 55,
Tenison Road, Cambridge.

Standard Valve Symbols

ADDITIONAL symbols for electronic tubes and
valves, including gas switches, are given in Supplement
No. 3 (1953) to B. S. 530:1948 (Graphical Symbols for
Telecommunications). The basic electrode symbols are
given, together with examples of their assembly to repre-
sent complete valves. The emphasis is on cold-cathode
discharge valves and many of the symbols are unfamiliar
ones. Travelling-wave valves, cavity magnetrons, velocity-
modulation valves and photo-voltaic cells are included, as
well as TR ceils or gas switches. The Supplement is
issued by the British Standards Institution, 2, Park St.,
London, W.1, price 2s 6d.
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Measurement of Harmonice

Distortion

Self-contained Direct-reading Instrument for

Works Testing and Servicing

By T. D.

NUMEROUS articles have been written on the
general aspects of audio distortion, its detection, and
cure, but these notes are intended to cover the
specifically practical problem of measuring distortion on
a mass production flow-line, and objectively assessing
distortion in a service department handling audio
equipments. Many methods of distortion measure-
ments are already available, but on examination they
were all found to require skill and time to give accurate
results, whereas what was wanted was a direct-reading
instrument capable of giving accurate repeatable
measurements with unskilled labour.

This type of measurement is becoming of great
importance in the manufacture of tape recorders,
where it is usual to set the maximum recording level
to correspond to a definite amount of distortion,
which is a compromise between dynamic range and
quality. The increasing emphasis on fidelity in
amplifiers makes it necessary to check quickly perfor-
mance figures of output against distortion to verify
that the equipment meets the published specification.

In this article it is proposed to deal only with
harmonic distortion, that is to say harmonics produced
in the output of a system when a single frequency
is applied to it: normally the amount of harmonics
produced will depend upon the input signal and
hence it mav often be necessary to plot a curve relating
input to distortion in the
output. The distortion
factor of a periodic voltage
is the ratio of the total

CONWAY,®

B.Sc.(Eng.). A.C.GL, AMLEE.

harmonic is dominant and of chief interest, as it is
in push-pull amplifiers. In Class A triodcs the second
harmonic is dominant, and in pentodes all harmonics
up to the fifth are usually significant.

When the percentage of total distortion is small
(i.e., less than 10 per cent), it may be more simply
expressed as the square root of the sum of the squares
of the individual harmonic percentages. The calcu-
lated error of such a simplification is less than one
part in two hundred,

i.e., Dygrar= V(ko)*~ (ky)'+ where k,=
percentage 2nd harmonic, k;= percentage 3rd
harmonic, etc.

In order to make a comprehensive assessment of
distortion on a picce of equipment, measurements
should be carried out over the whole of the working
frequency range, due regard being paid to neglect
those harmonics which lie outside the audible range.
The test procedure is lengthy and considerable skill
is needed to give the correct results. A simple system
should be usable by unskilled labour, involve no
calculation or charts, and preferably be direct
reading.

Since we are more concerned here with the testing
of distortion, the first simplification to suggest itself
is the use of a single frequency, and to provide that
frequency with the distortion-measuring circuit in a

Fig. I Colpitts oscillator and cathode follower with less than 0.25 per cent distortion.

r.m.s. voltage of the har-
monics (i.e., the square root
of the sum of their squares)
to the total r.m.s. voltage.
When this figure is multi-
plied by 100 it gives what
is known as the percentage
of total harmonic distortion,
or more simply percentage
of total distortion.

In some cases where we
know that a certain har-
monic is more pronounced
than others we may con-
sider only its ratio to the
total r.m.s. voltage, and this
we will call the percentage
of second or third, etc.,
harmonic distortion. In
tape recorders the third

-0

{}—o output

-0

*Grundig (Gt. Britain) Lid.
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single self-contained unit. The next problem is to
decide which individual harmonics are of interest,
or alternatively whether the total harmonic distortion
1s to be measured. For our particular problems a
frequency of 1,000 c’s was chosen, and it was decided
to provide facilitics for measuring either the percen-
tage of total distortion of that of third harmonic
distortion.

As explained previously a true measurement of
total distortion involves the r.m.s. summation of all
harmonics, and this can only be carried out by using
either a thermal instrument, square-law valve volt-
meter or a suitable dynamometer. For practical
purposes these all have to be ruled out, and it was
decided to carry out some tests on a ** 1-milliamp *’
full-wave bridge instrument rectifier, in conjunction
with a 100-microamp meter. First, it was found
that the superimposition of 10 per cent of second or
third harmonic on the fundamental only affected
the reading by less than 41 per cent as its phase was
changed, hence as an indicator of the r.m.s. value of
a distorted wave it is sufficiently accurate.  Secondly,
5 volts of 2,000 ¢s and 5 volts of 3,000 cis fed
together gave a deflection of 6.8 volts, which is within
reasonable limits of the calculated value of 7.07;
again phase variation between the two can cause a

In the Grundig Type TGS distortion meter, controls
associated with the 1,00J-c s oscillator are on the
left and those for range selection and calibration
on the right.

from the original signal the phase relation-
ship on any equipment should be constant.

An equipment was developed on the above
lines, provision being made to measure up
to 10 per cent of third or total harmonic
distortion by direct reading, for a 1,000-c s
oscillator of low harmonic content having an
output continuously variable up to 10 volts,
and for the accommodation of inputs
between 10 millivolts and 100 volts.

Oscillator Unit. The oscillator needs
to be stable in operation and to have as
low a harmonic content as possible. A Colpitts
circuit was chosen and arranged as an electron-
coupled oscillator to buffer the tuned circuit, with a
tuned anode to reduce the output of harmonics. In
order to maintain the minimum of harmonic content
the amplitude of such an oscillator must be closely
controlled, and as a first approach the h.t. supply
was regulated by a neon type stabilizer. Next some
attempts were made to limit the amplitude by negative
feedback, but although this produced excellent results,
satisfactory starting could not be guaranteed.

Finally a germanium diode was used between the
anode of the oscillator and the cathode via a variable
feed resistor which gave perfect control of amplitude.
When oscillation starts the diode acts as a higl
impedance across the tuned circuit, biased by the
cathode-to-earth voltage, and does not conduct.
As the amplitude of oscillation increases the diode
begins to conduct and increases the cathode potential
of the oscillator, thus automatically controlling its
amplitude. A high-impedance d.c. return for this
current is provided by a second diode.

The final arrangement as shown in Fig. 1 was
extremely stable and had a harmonic content of less
than | per cent. A cathode follower was used for
the output stage to give complete isolation and to

difference, but since all harmonics will be generated provide a simple form of output attenuator. Since
Fig. 2. A three-section filter, with toroidally wound inductances, is used to suppress the fundamental.
INPUT
o—f
RI
S
<
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Underside of
chassis showing
toroidal filter
coils under RC
sub-assemblies.

a trace of second harmonic was introduced by the
cathode follower, a simple acceptor circuit was added
across the cathode load, bringing the total distortion
content of the output down to less than } per cent.

Distortion Measuring Unit. The design of
filter units is greatly simplified by the use of low-
impedance values, and this in turn limits the dangers
of stray pick-up and removes the necessity for shield-
ing. For the inductances toroidal windings were
used, since high Q’s can be readily obtained and the
stray field is virtually negligible.

To remove the fundamental 1,000 c/s a three-section
m-derived high-pass filter was employed, fed from
a cathode follower input of approximately 200 ohms
output impedance. Attenuating ranges were fitted
both in the grid and cathode circuits so that a range
of inputs between 100 millivolts and 100 volts could
be accommodated.

The general circuit layout is shown in Fig. 2.
In the central position (2) the signal passes straight
from cathode follower input via a 10/1 attenuator
to the output stage which has a full-wave bridge
rectifier meter in its anode circuit. In the final
arrangement an additional RC-coupled stage was
added before the output valve in order to give sufficient
gain to work at inputs down to 100 millivoits. A
conventional ¢ 1-milliamp ** full-wave bridge rectifier
is employed with a 100-microamp movement meter.
The incoming wave is adjusted by the input control
R, to give full-scale deflection of the meter, and the
instrument is now °‘‘calibrated” to measure the
distortion of the incoming signal.

To measure the third harmonic percentage the
switch is placed in position 1 when the signal passes
first through the high-pass filter which attenuates
the fundamental by 40 db. At the same time, since
the 10/1 attenuator is now out of circuit, the gain
has been increased by that amount and the full-scale
deflection of the meter corresponds to only 10 per
cent of the original signal. The cathode of the output
valve, V4, now introduces two inductances L, and
L, and a condenser C,. Lg and Cg are tuned to
2,000 c¢/s and introduce very considerable negative
feedback at this frequency, thereby eliminating the
second harmonic from the output. At 3,000 c/s
the L,-C, combination is capacitive, and L; is there-
fore added in series to resonate with it and give virtually

112

zero impedance : thus the third harmonic is amplified
with low loss. In practice the amplifier gain is
fractionally increased in the switching to make up the
loss, which is about 2 db. All higher harmonics
i.e., fourth, fifth, etc., suffer considerable attenuation
due to negative feedback, and the output is the per-
centage of third harmonic distortion, the fuli-scale
reading being 10 per cent.

For the measurement of percentage total harmonic
distortion the switch is placed in position 3, when
the 1,000-c/s fundamental is removed as before,
but all harmonics are amplified equally and summated
into the rectifier meter.

Mechanical Construction and Layout. The
simplicity of the switching arrangements permits
an casy and symmetrical layout of the front panel, as
may be seen in Fig. 3. On the left is the oscillator
unit with its output control and multiplier, and on
the right the attenuator and input control to the
distortion measuring unit. In the centre is a spring
loaded switch, normally resting in the second position,
for selection of the distortion measurement.

A normal folded chassis is employed, and, to
avoid the necessity for special screening, the toroidal
coils are placed underneath the chassis and clamped
by the various tag panels ; this form of coil is used
throughout the equipment. The oscillator second
harmonic rejector alone was screened.

Two double triodes ECC81 (12AT7) are used to
provide the two cathode followers and the two RC
stages ; an EF86 is employed as oscillator with a
150B2 to stabilize its h.t. supply. No further h.t.
stabilization was found necessary, but since the h.t.
supply is derived from a full-wave bridge metal
rectifier, a relay was added with its coil in series with
the two cathode follower anodes. This normally
shorts out the sensitive meter and prevents the series
of bumps which occur as the valves warm up: it is
also a useful transit protection.,

Performance. Two of these instruments have
been in continuous use for six months for setting
the programme level meters of tape recorders. An
endless tape is employed and recording is made at a
standard input level and adjusted to correspond to
maximum indicated recording level. It is immediately
played back through the distortion meter. The
programme level meter is successively adjusted till
the required value of distortion is obtained, and it is
found that with semi-skilled operators the whole
of the adjustment and measurement may be completed
in some two to three minutes.

For measuring distortion on audio amplifiers
readings may be obtained immediately and quickly
over a wide range of inputs; it is only necessary to
adjust the input attenuators to full-scale deflection
and then turn the switch for a direct reading. In
conjunction with an output power meter a curve of
distortion against output watts may be readily obtained.

The overall accuracy obtained on third harmonic
measurement is --0.3 per cent distortion and on total
harmonic distortion measurement --0.5 per cent
distortion. These figures relate to the full scale of
10 per cent and are better on the lower half of the
scale. Allowance can be made for the oscillator dis-
tortion if required, but since this is normally less than
I per cent for all measurements over half scale it may
be neglected.

The author wishes to thank Mr. O. E. Dzierzynski
for his assistance in carrying out the experimental
work involved in developing this equipment.
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Electronic Analogue Computing

Survey of Modern Technigues

SO much has been written recently aoout the truly
wondertul achievements in the field of digital com-
puting that there has been a tendency to forget about
analogue computers and to overlook the progress they
have bcen making. Indeed there are those who would
say that the analogue computer is outdated and
dispute the need to improve it further. It is hoped in
this article to show that the nced still exists, and
further that the digital computcr as it stands, in spite
of its undoubted supecriority in many cases, still has
a long way to go before it can surpass the analoguc
device in all applications.

A useful distinction between the two classes of
computer may be drawn by
referring to analogue instru-
ments on the one hand and
digital muachines on the other.
The instrument handles con-
tinuously varying quantities,
but to an accuracy limited by
the attainable perfection of
its manufacture : this is not
easily made hetter than about
one part in 10,000. The
machine handles numbers expressed in finite digital
form and is thus incapable of handling continuously
variable quantities, but within this restriction is
theoretically capable of any required finite degrce of
accuracy ; in practice, accuracies of one part in a
million are being achicved with machincs of the size
now available.

From what has been said, it will be clear generally
that if problems of an essentially arithmetic nature are
posed, and exact answers required, the digital machine
is called for, but that if continuously variable quantities
are to b dealt with the analogue device is more suit-
able. The precise nature of the difference between the
two classes of computer will be evident if we consider
the way in which the digital machine handles its
input data. First of all, it samples its data at par-
ticular instants of time. Sccondly, at each sample, it
recognizes only a finite number of magnitude levels,
i.e., it quantizes cach sample of the data. In digital
computer programming, it is good practice to try to
equalize the crrors due to sampling and quantizing.
In the analogue instrument, the counterparts of
quantizing and sampling crrors are respectively the
imperfections in the computing components, or the
static errors, and the finite response times of the
computing servos, or the dynamic errors.  Again,
thke best design requires these errors to be of equal
magnitude.

Optimum balancing of the computing crrors is not
the only factor to be taken into account, however,
in the choice of a compuring system. 1t is sometimes
essential for a natural time scale to be used in the
computation, {or example in certain classes of simulator.

In a simulator the system to be studied is repre-
sented by the circuits of the instrument, and the

M.Se.

WIRELESS WORLD, MARCH 1954

By
RAYMOND B.

M.LELE,

behaviour of these circuits is studied under representa-
tive working conditions. A natural time scale is
essential when actual components are to be inscrted,
as is done somectimes to allow a check on their per-
formance during design. These component tcsts may
be carried out not vnly under rcpresentative circuit
performance conditions but also under representative
opcrating conditions of temperature, humidity, vibra-
tion and the like. [t is also possible to reproduce
the conditions under which a human operator is
included in the servo loop.

In problems of any degree of complexity, where
operation in natural time scale is desired, digital
computers are sometimes too
slow. Since limitation in
speed of response is a charac-
teristic of digital computers
that is not always appreci-
ated, it may be of interest to
illustrate it by means of an
example. In some work on
the behaviour of a controlled
missile, a problem was posed
which involved the time de-
pendence of the missile’s position 2nd attitude in space,
as well as the behaviour of certain important parts of
the control system. A simplified mathematical
description of the problem involved over twenty
first-order simultancous differential equations, and
these were solved on the Manchester University
digital computer using a step-by-ster method of
integration in which the step interval was adjusted
according to the shortest time constant of interest in
cach part of the solution.

It was found that, in a range of interest where a time
interval of an cighth of a sccond was adequate, investi-
gation of cach ten seconds of the solution took just
over an hour of computing time, i.c., the ratio of
machine time to natural time was about 40. In another
range, where step intervals of 1 32 second were used,
the ratio workced out to 1,800. Time ratios of this order
of magnitude appcar to be typical for problems of this
degree of complexity. In many cases, as in the
cxample given, such a change of time scale is unim-
portant because the time is available, but in other
cases, as we have seen in connection with the simulator,
operation in the natural time scale is often essential.
In some applications, where the analoguc simulator
or computer is used purcly for design purposes and
high accuracy is not the primary requirement, it is
convenient to arrange for the computer time scale
to be much less than natural and to display the response
of the system to a repetitive square wave on the
screen of a cathode ray tube. The results of any
changes in system paramcters may then be obscrved
directly with consequent saving of a grcat deal of the
designer’s time.

QUARMBY*

* Ferranti. Ltd
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‘In othcr problems where the data provided are con-
tinuous and high accuracy answers are required con-
tinuously, either in the natural time scale or faster
than this, neither the digital nor the analogue computer
may be capable of dealing with the situation adequately.
It is evident that there is a need for faster digital
machines, of the order of 100 to 1,000 times faster
than the present Manchester machine, and also a need
for electronic analogue devices of 100 to 1,000 times
the accuracy at present attainable. 1t may be that the
solution will lie in the development of a machine using
a combination of both computing techniques.

D.C. Amplifier Networks

Most of the accurate analogue computing being
carried out in this country at the present time is done
on electro-mechanical analogue computing instru-
ments which use techniques developed during the
war for anti-aircraft predictors and component
production facilities set up at that time. While
computers of this type have been considerably im-
proved in recent years, a new and interesting field
is now being opened up by the use of all-electronic
devices, which require no moving parts.

In these electronic techniques the basic computing
procedures of scale changing, adding, subtracting,
integrating and differentiating may be carried out by
d.c. amplifier networks, as shown in Fig. 1. Though
balanced amplifiers have some advantages, mainly
in reduced h.t. smoothing demands, a form of d.c.

amplifier often used is the unbalanced one shown
in Fig. 2. It is a three-stage amplifier with resistive
interstage coupling ; the odd number of stages ensures
an overall sign reversal and permits feedback, while
the direct coupling between stages permits operation
at frequencies down to zero. As the overall gain of
such a three-stage amplifier may be several tens of
thousands, a small grid-to-cathode input potential
suffices to produce the full output. In this case, the
amplifier gain is about 50,000 and the output varies
over a range of 150 volts, so that the required grid-
to-cathode voltage variation is only -3 millivolts.
Thus, in the normal operating state the input grid
may be considered as being at ecarth potential.

A circuit incorporating a d.c. amplifier of this type
which can be used either for scale changing or for
sign reversing is shown in Fig. 1(a). The input
voltage, E,, is applied to the input grid through a
resistor, R,. Neglecting the feedback resistor, R,,
for the time being, it will be seen that since the input
grid is virtually at earth potential the input current,
I,, is given by Ohm’s law as:

I, = input current = input_vo l_taie_ —»E—'

input resistance R,

This flow of current drives the input grid (Fig. 2)
positive in potential and the amplifier responds by
driving the output anode voltage down. Considering
now the action of the feedback resistor, R,, it is evident
that it draws from the input a current of magnitude
I,=Eq/R, and that this current increases until it

E

0.C.
AMPLIFIER

when theamplifier setties
down to steady state
operation. Equating the
expressions for the cur-
rents I, and I, gives:
(El/Rl)‘+‘(El)/Ro) =0
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differentiation.
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D.C. amplifiers used for (a) sign reversing, (b) summation, (c) integration and (d)

l Since a large current

may be taken from the
output without causing
a drop in the output
(d) voltage, these amplifiers
are often used as buffer
stages between high out-
put-impedance circuits
and their loads.

If two input resistors
are provided, as shown
in Fig. 1(b), then the
current drawn off from
the grid through the
feedback resistor equals
the sum of the input
currents, i.e., the output
voltage is equal to minus
the sum of the input
voltages. The accuracy
of the summation de-

0.C.
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+

190V 300V

Tr .
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Fig. 2. Unbalanced d.c. amplifier suitable for circuits such as
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pends, of course, on the
accuracy with which the

those in Fig. I. resistors can be matched;
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Left: Fig. 3.  Four d.c.
amplifiers arranged as a
differential analyser.

OUTPUT

Below: Fig. 4. Electronic
function generator in which
the required function of
the input voltage is repre-
sented by the profile of a

high stability wire-wound resistors are normally used.
Subtraction is achieved by the addition of a voltage of
opposite polarity.

Incorporating a capacitor in the feedback loop in
place of the resistor, as shown in Fig. 1(c), converts
the arrangement into an integrator.  Since the current
passed by the capacitor is proportional to the rate
of change of the voltage across it, we have

E\/R,+CdEy/di=0 or E,= —(1/CR,\E,dt
Polythene capacitors are usually employed because
of their high leakage resistance.

With the capacitor in the input, as shown in Fig. 1(d),
the arrangement becomes a differentiating circuit,
and E,=—CR,dE,/dt. One drawback to differen-
tiating amplifiers is their tendency to accentuate any
irregularities in the input voltage. When a computer
is being set up for the solution of a differential equa-
tion, however, it is always possible to rearrange this
in the form of an integral equation. The solution
then allows the use of integrators in place of differ-
entiators.

Differential Analyser

An arrangement of four d.c. amplifiers for solving
a_second-order differential equation is shown in
Fig. 3. The equation solved is:

Ad?y/dt*+Bdy/dt+ Cy = f(t)

and its solution is a time function, y(t), representing
the response of a system with two energy storage
components, A and C, and an energy dissipating com-
ponent, B, to a forcing function of time, f(t). When
the system is linear, A, B and C are constant and this
is assumed in this case.

The first amplifier is connected for summing and the
quantity dy/di* is assumed to exist at its output.
This is then fed to the second amplifier, connected
as an integrator, in which —dy/dt is evaluated. The
third amplifier is also an integrator and gives y.
In the first amplifier, d%/dt* is evaluated by summing
the three terms (B/A)dy/dt, (C'A)y and —f{1), the
various proportions in which they are summed being
obtained by a suitable choice of the input resistors.
The fourth amplifier is needed to give a sign reversal
to the quantity —dy/dt. Initital conditions, repres-
enting the levels in the two energy stores, are set into
the two integrators before the forcing function is
applied. This forcing function is sometimes just a
step function ; at other times, however, a repetitive
solution is required and then a continuous square
wave is applied. This enables the solution for y
to be presented as a steady trace on a cathode ray tube
provided the frequency of the square wave is high
enough to avoid flicker.

Usually it is convenient for the repetition {requency
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to be that of the mains. The time scale will then be
chosen to allow the whole output transient to occur
in less than 1/50th second, and also to allow enough
time for the flyback and reset of initial conditions.

If a plot of the response is required, inaccuracies
are introduced in trying to obtain this from the
cathode ray tube screen directly. it is better to use
a pen recorder, in which the accuracy is comparable
with that of the computing network and in which the
paper drive mechanism can have a greater speed
constancy than the cathode ray tube time base. One
way of doing this is by sampling the output waveform
with a pulse of repetition frequency slightly different
from the 50 c/s, so obtaining from each successive
transient a portion slightly displaced from the last.
The pen recorder, being unresponsive to frequencies
as high as 50 c’s, will draw a smoothed version of the
required response, though taking the whole of a beat
period to do so.

Function Generators

With the aid of a multiplying device, or a non-linear
function generator, it is possible to solve more com-
plicated equations in which the coefficients A, B and C
are no longer constants but functions of time. The
circuits used do not differ radically from that of Fig. 3,
and the method of getting the answer is very similar.
The same cannot be said of the analytical solutions,
as the modified equations are much more difficult to
solve than the linear.

An all-electronic non-linear function generator
developed recently is shown in Fig. 4. 1t consists of
an opaque mask, having a profile representing the
required function, placed on the screen of a cathode
ray tube. A photocell receives light from the fluo-
rescent spot on the screen when this is not obscured
by the mask, and the output of this photocell controls
the voltage applied to the vertical deflecting plates,
through an amplifier. The input voltage is applied
to the horizontal deflecting plates and.causes the spot
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to move horizontally. A

a

bias voltage 1is applied
through the amplifier to the
vertical deflecting plates
in such a sense as to cause
the spot to rise until it
reaches the edge of the
mask. As the spot becomes
unmasked, the photocell in-

AMPLIFIER

-
INPUT
VOLTAGE

E; —E

put to the amplifier opposes
the bias increasingly until
the amplifier output attains
a value at which the spot is prevented from rising
further. The spot is thus forced to follow the mask
profile, and the required function of the input voltage
is generated at the output terminals of the amplifier.
This device has been used in an aerial simulator to
represent the functional relationship between aerial
gain and offset angle, and can be used to simulate
any empirical relationship of this kind.

Arrangements of biased diodes allow the representa-
tion of various non-linear saturation characteristics,
such as occur in the the simulation of mechanical
systems. Fig 5 (a) shows two diodes arranged to limit
the output of an amplifier and the full lines in Fig. 5(b)
show the resulting output characteristic. Diode V,
conducts when the output voltage, E,, exceeds the bias
voltage, E,, so E, corresponds to the maximum value
of E, which can be passed. Conversely, V, conducts
when E, is less than E,, so this voltage corresponds to
the minimum value of E,. The circuit thus gives a
characteristic typical of a system with position, rate or
torque limits.

When a characteristic representing friction torque
as a function of speed is to be generated, a circuit
similar to that in Fig. 5(a) is used, but without the
feedback connection to the amplifier input. The
amplifier then drives its output to the limiting value
for any slight departure of its input voltage from zero,
in either the positive or negative direction. The
resulting characteristic, which is of the desired form,
is shown dotted in Fig. 5(b).

A dead zone often exists in mechanical instruments
and this may be represented, in a computer, by the
arrangement of Fig. 6(a). If the input signal 8, is
positive, it must exceed + E for the diode V, to
conduct or, if negative, be less than — E for the
diode V, to conduct. A positive or negative threshold
of value E is thus introduced into the output 4, as
shown in Fig. 6(b).

The inclusion of a capacitor at the output, as shown
in Fig. 7(a), somewhat modifies the behaviour of the
circuit. The diode V, now conducts when 6, —#,>E,
and V, when 8,—8,< — E. This results in the
characteristic of Fig. 7(b), which represents the
backlash in a system of gears. 1f a limiter is combined
with this arrangement a hysteresis characteristic
results.

Approximating Characteristics

The method may be extended to the approximation
of any non-lincar function to within specified limits
of accuracy by a number of straight-line sections,
provided the slope of the characteristic remains of the
same sign throughout. If the slope of the required
function varies in sign then the characteristic is
obtainzd as the sum of a number of simpler char-
acteristics. A  high-speed electronic differential
analyser at the University of Bologna has function
generaters of this type which permit any function to

11é

(2)

(b)

Fig. 5. Arrangement of biased diodes to simulate a mech-
anical system with limits on displacement, rate or torque.
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Fig. 6. Biased diodes simulating a dead zone in a mech-
anical system, as shown by —E to E in (D).

BUTPUT
VOLTAGE

el

| NPUT
VOLTAGE

(a) (b)

Fig. 7. Including a capacitor in the Fig. 6 circuit modifies
the characteristic to represent backlash in a system of gears.

be set up as a combination of ten connected line
sections whose slope and length can be adjusted
independently.

An application of the method is shown in Fig. 8.
At low input voltages, when the diodes are all biased
off, the circuit acts as a simple potential divider, but
as the input voltage increases the diodes become
conducting one after the other and make the effective
potential divider ratio progressively less. With the
circuit values and bias voltages shown, the arrangement
gives a logarithmic law over a wide range, and this
particular circuit has been used as an attenuator for
compressing voltages from one to 1,000 volts, so
allowing the voltage values in both low- and high-level
regions of the signal to be read on a meter to the
same percentage accuracy.

A good dcal of attention has been given recently
to the development of fast multipliers. Some work
has been done on improving the speeds of response
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of clectromcchanical devices, but purely clectronic
devices are more common.

One form of electronic multiplier uses a cathode
ray tube and photocells, as shown in Fig. 9. There
are the usual vertical and horizontal deflection plates
in the neck of the tube and a coil is fitted round the
tube in the vicinity of the horizontal deflection plates.
One of the input voltages, V,, is applied to this coil
and produces a magnetic field along the axis of the
tube of magnitude proportional to V,. So long as
the electron beam is undeflected, the electron beam
current acts in the same direction as this magnetic
field and does not interact with it. When, however,
the second voltage, V,, is applied to the vertical
deflection plates it imparts a vertical velocity to the
clectron beam so that the beam current now has a
component in the vertical direction of magnitude
proportional to V,. This component of the beam
current interacts with the axial magnetic field and
produces a force on the electron beam, in the horizontal
sense, of magnitude proportional to the product V,V,.

The tube face is divided by a vertically placed knife
edge having a photocell on either side. This enables
any horizontal deflection of the beam to be detected
as a difference signal, which is amplified and applied
to the horizontal deflection plates in a restoring sense.
The resultant behaviour of the system is to produce
a voltage across the horizontal deflection plates
proportional to the product of the two input voltages.

In another clectronic multiplier, the mark space
ratio of a repetitive square wave is made to depend
on one voltage, and its peak-to-peak amplitude on

width and adequate suppression of side lobes. Since
high accuracy is not demanded, an electronic com-
puter may be used, and the computed radiation
patterns presented on the screen of a cathode ray
tube. This allows the designer to see at once the
effect of changing any design parameter and speeds
up what is essentially a trial and error process.

Synthetic Radiation Pattern

The voltage which produces the synthetic radiatiol
pattern on the c.r.t. screen is an analogue of what
would be measured by a field-strength measuring set
moving in a circle round the real aerial array. In the
real array the waves emitted from the elements would
combine to produce various maxima and minima
which would be detected by the revolving measuring
set. The same effect is obtained in the computer by
combining a number of 450-ke¢;s r.f. carriers, corre-
sponding to the emissions from the elements, after
modulating their respective amplitudes and phases in
different ways corresponding both to the amplitudes
and phases of the currents fed to them, and to the
transmission lags between them and the rotating
measuring set. Thus at various points on the modu-
lating cycle the resultant carrier output goes through
maxima and minima analogous to the maxima and
minima detected by the measuring set at correspond-
ing points on its circle of rotation. Fig. 10(a) shows the
apparatus for simulating the contribution of a single
element, while (b) shows the combining and dis-
play system.

another. The detected and smoothed output then In order to obtain a continuous presentation of the
varies as the product of the inputs. A multiplier ~maxima and minima on the c.r.t. screen the modulating
100 k(L
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Fig. 8.

may also be made from function generators arranged
to give square law responses. If two such generators
arc arranged to evaluate (A-: B)? and (A - B)?, their
difference, when scaled down by a factor of four, is
equal to the product AB.

Large computing assemblics, being expensive, are
rarely justified when suited only to the solution of a
special problem. The exceptions to this rule are
when the problem has to be solved quickly, as in an
anti-aircraft predictor, or frequently, in which case
substantial savings in computing effort may rapidly
outweigh the initial cost. An example in this latter
class is the aerial radiation pattern computer con-
structed recently at the Telephone Manufacturing
Company

Aerial array design involves computing a great
variety of radiation patterns until one of suitable form
is found, which has the right compromise between
the conflicting requirements of narrow main lobe
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Circuit used for compressing an input voltage range to a logarithmic scale.
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Fig. 9. Electronic multiplier using a cathode ray tube

and two photo-cells.
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Fig. 10. Aerial radiation pattern computer with (a) appara-
tus for simulating contribution of a single element, and
(b) combining and display system.

cycle is chosen to be 60c;s and the time base is
synchronized with this frequency. (This being
equivalent to a rotation of the hypothetical measuring
set round the array sixty times in every second.)
Thus, with the azimuth angle represented along the
time basc and the combined carriers applied to the
Y plates, the radiation pattern is presented in rectangu-
lar co-ordinates. Manual adjustment of the amplitudes
and phases of the 450-kc/s carriers gives the effect of

similar adjustments to the currents in the elements of
the real array, while alteration of the amplitudes and
phases of the 60-c/s modulating signals gives the
effect of changing the positions of these elements.

Very often the problem to be solved does not justify
the building of such a large special-purpose computer.
In this event it is sometimes possible to arrange for
the problem to be solved on a general-purpose com-
puter, which can be used in the solution of a large
variety of problems and so be more economical.
General-purpose electronic analogue computers have
been built at the National Physical Laboratory,
Teddington, and also, at the Royal Aircraft Establish-
ment, Farnborough.

The N.P.L. computer is intended mainly for use in
the design of servo systems and comprises exponential
time delays, pure time delay or distance velocity lag,
balanced d.c. amplifiers, mixers, integrators, square-
wave and pulse generator working at 1,600 c/s, phase
advancers, resonant circuits, and an on-off controller.
Combinations of these elements allow most types of
servo to be studied.

By contrast, the R.A.E. computer is arranged as a
differential analyser, similar to those discussed
previously but more complex. It comprises 16 inte-
grators, 15 summing amplifiers, 12 curve followers or
function generators, 15 multipliers, and 30 units for
scaling and inserting initial conditions. The multi-
pliers are of the variable mark/space ratio type
previously described ; all the other units are based on
unbalanced d.c. amplifiers.

One very large use of differential analysers of this
type is in the solution of flutter and vibration problems
in airframe design. Since the data on which designers
work are very rarely accurate to better than a few
per cent, highly accurate computers are out of place,
and the purely electronic type with repetmve solutions
presented on the screen of a cathode tube is ideal.
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transmission, etc. Pp. 136 with numecrous illustrations.
Price 8 6d. Edited and published by O. Lund
Johansen, English edition distributed by W. Dawson and
Sons, Cannon House, Macklin Street, London, W.C.2.

118

hl VI‘ L4 hl
CEIVED
RECE )

Electrical Engineering Progress Series, Editor M. G.
Say, Ph.D., M.Sc.,, M.LE.E. Collections of articles on
recent developments by specialist contributors.

Cathode Ray Tubes. Radar, television, instrument
and camera tubes. Pp. 216+ vii; Figs. 113. Price 25s.
Rotating Amplifiers. Amplidyne, Metadyne Magni-
con and Magnavolt machines and their applications.
Pp. 1254 vii; Figs. 74. Price 17s 6d
Electrical Earthing and Accident Prevention.

Current practice in domestic, industrial, mining and

ship installations. Pp. 248+ viii; Figs. 116. Price 25s.

The above three books are published by George
Newnes, Tower House, Southampton Street, London,
w.C.2.

Mechanism of Economic Systems, by Arnold Tustin,
M.Sc.,, M.LE.E. Application of control system engineer-
ing methods, fcedback and stabilization, to the problems
of economic fluctuations. Pp. 161; Figs. 57. DPrice 25s.
W. Heinemann, 99, Great Russell Street, London, W.C.1.

Technique de la Télévision, by A. V. ]J. Martin,
A.M.Brit..LR.E. Outline of television receciving technique
with special reference to Continental standards. Pp. 295;
Figs. 358. Société des Editions Radio, 9 Rue ]acob,
Paris 6.

Gears for Small Mechanisms, by W. O. Davis. Theory
and practice of designing small gears for instruments,
clocks and automatic control mechanisms. Pp. 157+ix;
Figs. 76. Price 25s. N.A.G. Press, 226, Latymer Court,
Hammersmith, London, W.6.
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Surface-Barrier
Transistors

New Technique for Making

High-frequency Function Types

ARTICLES in this journal have already described
the point transistor and the junction transistor:
variants, like the analogue transistor which is now
reported to be approaching the practical stage, have
not passed unnoticed. It is a feature of both these
basic types of transistor that they are all of the a-b-a
type, the junction transistors cither n-p-n or p-n-p,
and the point transistors actually having small areas
of p-germanium under the points, so that internally
they arc p-n-p systems.

The technological problems of constructing the
germanium sandwich are, like the problem of getting
the jam into the doughnut, extremely difficult. The
central layer must, like the jam, be extremely thin and
methods used so far have not been very successful in
achieving the required uniformity except for relatively
thick base layers, with the corresponding limitation to
low frequency operation.

A new type of junction transistor has now been
announced by Philco in America, in which many of
the difficulties are overcome. In some ways this new
transistor reminds us of the coaxial point transistor
described by Kock and Wallace'. The coaxial tran-
sistor consisted of a disc of germanium one-eighth
of an iach in diameter
and 0.02in thick, in the
faces of which two concave
depressions were ground.
The point contacts were
applied coaxially, one fit-
ting in cach hollow. It
seemed quite a good idea,
but no more has been
heard of it. The surface-
barrier transistor is also
made from a small plate of
germanium, cut from a
single crystal of n-ger-
manium and  initally
0.05x0.10in in area and
0.006in thick. Since the
cutting operation damages
the crystal structure, the
small blanks are etched to
a thickness of 0.003in, and
a nickel contact tab is then
soldered to one end.

This slab of germanium
is still far too thick, and
the working section must

L
COLLECTORE
-0NADIA

¢ Elect. Engng., N.Y. March 1949.
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be reduced in thickness. Here we meet Part T of
the new invention. Jet electrolytic etching is used to
dissolve away some of the germanium. Fig. 1 shows
how two jets are played on opposite sides of the
germanium blank from glass nozzles about 0.005in
in diameter. The jets are a solution of an indium
salt, and a current of about 1.5 mA is passed along
the jets and through the germanium, the circuit being
closed through the nickel tab. Light must fall on the
jet-germanium junction during the etching process,
because the current is flowing through the back
resistance of the jet-germanium diode, and it turns
out that the effect of these combined conditions is to
make the window flatten out as it gets thinner. This
helps to give good high-frequency performance.

A hole is first drilled right through, to find out how
long it takes on the particular blank being processed.
Then the blank is moved, and the etching process
carried out, stopping when calculations show it must
have left a window about 0.0002in thick. This takes
rather under two minutes.

The current through the jet-germanium diode is
now reversed, so that the system becomes an clectro-
plating unit. Indium is deposited on the surface of
the germanium, and the layer is built up to give an
electrode thickness of 0.0005in. Wires are fastened
to these two electrodes and the unit is mounted and
sealed. The etched wafer is shown in Fig. 2, and the
method of mounting in Fig, 3.

There is no forming action, no heating to produce

z
3
=
T M
ELECTROLYTE —= ’ &~ ELECTROLYTE
JET STREAM

Above : Fig. I.  Etching of ger-
manium wafer by jets of electrolyte,

Left: Fig. 2. Fhotomicrograph of
section of etched wafer. The white
areas show the relative sizes of the
: indium electrodes.

Below : Fig. 3. Experimental
mounting for surface transistor.

EMITTER & COLLECTOR
LEADS

~—
~ ACTIVE REGION
GERMANIUM
BLANK 1
BASE TAB
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Fig. 4. Earthed-emitter characteristic of
the surface-barrier transistor.

Fig. 5. Circuit of video amplifier using
surface-barrier transistors.
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diffusion. Here we see the fundamental
difference between the transistor which
results from this method of manufac-
ture and the transistors we have en-
countered before. The junction with
which we are concerned is that between
the germanium and the indium, at the
actual surface of the germanium. This
1s, of course, much more clearly defined
than the n-p junction in cither a grown
type or a diffused type of junction unit.

A typical set of characteristics is

Ve= -0.5V and I.= -2rA is quite satisfactory.
Amplifiers giving a power gain of 18db at 30 Mc/s and
using only a 3-volt supply have been made. The
values of x cut-off published for 10 units range from
36 to 49 Mc/s, and the values of * from 0.905 to 0.962.

The circuit shown in Fig. 5 shows a video amplifier
having a gain of 28db and a bandwidth of 9 Mc/s.
It will be noticed that the collector supply is only
-3 volts. The alternative junction tetrodes, which also
have good high-frequency characteristics, require
much high supply voltages, usually over 15 volts.

The surface-barrier transistor appears to be a stage
nearer the solution of the problem of reproducible
high-frequency transistors.

Acknowledgments. Figs. 1, 2 and 3 are based on
Figs. 1, 3 and 4 of *Electrochemical Techniques for
Fabrication of Surface-Barrier Transistors,” by J. W.
Tiley and R. A. Williams, Proc. I.R.E., Dec., 1953,
p. 1706; Fig. 4 on Fig. 4 of “ Principles of the Surface-
Barrier Transistor,” by W. E. Bradley, Proc. I.R.E.,
Dec., 1953, p. 1702; and Fig. 5 on Fig. 2 of “ Circuit
Applications of Surface-Barrier Transistors,” by J. B.
Angell and A. P. Keiper, Proc. I.LR.E., Dec., 1953,
p. 1709.
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shown in Fig. 4. These are measured
using the base current as paramcter.
It can easily be seen that for very small
signal working the point Ic= —0.06mA,

COMMERCIAL

‘fubular Ceramic Capacitors for handling high pulse
voltages (up to 5kV peak) in radar and television. Technical
bulletin No. 43, Series 2, from The Telegraph Condenser
Company (Radio Division), North Acton, London, W.3.

Radio Books to be published in the first half of 1954 in-
cluded in a spring list from Sir Isaac Pitman & Sons, Parker
Street, London, W.C.2.

Eddystone shori-wave components and accessories for
transmitting and receiving described in a 28-page catalogue,
with illustrations and technical data, from Stratton and Co.,
Alvechurch Road, West Heath, Birmingham, 31.

Connectors for coaxial and balanced twin cables for general-
purpose use, including television. Also, details of special
microwave, v.h.f. and miniature types. Leaflets from Trans-
radio, 138A, Cromwell Road. London, S.W.7.

Portable Electric Gramophones with Collaro pickups and
motors (or record-changers). ange of four types described
in a leaflet from Electric Audio Reproducers, 17, Little St.
Leonards, Mortlake, London, S.W.14.

Resistance Boxes, calibrating potentiometers, Wheatstone
and plug bridges, resistance standards and other measuring
instruments listed on a leaflet from the Croydon Precision
Instrument Company, 116, Windmill Road, Croydon, Surrey.

Tape Recorder with Truvox tape deck. crystal microphone

120

+ 15V

-3V -3V -

+ 15V

LETERATURE
“ 4 4 I IA

and 10-in elliptical loudspeaker. Specification on a leaflet from
Unitelex (London), Deptford Bridge, London, S.E.8.

Instrument Cases of welded steel construction and chassis
to fit (also in aluminium). Range of sizes given on leaflets
from Phillips & Bonson, Pond Works, 8, Millficlds Road,
Hackney, London, E.5.

Television Aerial Qutlet Boxes.—Instructions for wiring ex-
tensions to other rooms given on a leaflet from Aerialite,
Castle Works, Stalybridge. Cheshire.

U.H.F. Turret Attenuator (0-3.000 Mc/s) with six tubular
pads which, in turn, are brought in line with the coaxial
input and output sockets. Characteristic impedance is 50!}
and attenuation steps can be from 0.1db o 60db. Full
description on a leaflet from Stoddart Aircraft Radio Com-
pany, 6644, Santa Monica Boulevard, Hollywood, 38, Cali-
fornia, U.S.A.

“ Transistor Research Bulletin,” a new publication cover'ng
progress in the field of transistors, crystal diodes and other
semi-conductor devices. The December, 1953, issue contains
information about developments in Germany and a semi-
conductor bibliography. From National Scientific Laboratories,
%JO!O. Massachusetts Avenue, N.W. Washington, 6, D.C,,

J.S.A.
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Transistorized Megohmmeter

Compact Two-range Instrument Using a Transistor E.I1.T'. Generator

By P. B. HELSDON. AM.Brit.LR.E.

THE small size and low power consumption of
a transistor e.h.t. gencrator makes the electrostatic
type of megohmmeter an attractive proposition.
The complete unit to be described measures 6in X
4in 4 3in and operates from a small hearing-aid type
battery. There are two ranges, 3 to 1,500 megohms
and 35 to 22,000 megohms.

In principle, the electrostatic megohmmeter is the
dual of the well known milliochmmeter or bonding
meter. The basic circuit of the bonding meter is
shown in Fig. 1. Its dual in Fig. 2 is the basis of
the clectrostatic megohmmeter. The constant voltage
source cquals the full-scale deflection (f.s.d.) of the
meter. The voltmeter is connected across the stan-
dard resistor and is calibrated in terms of the unknown
resistance. To measure very high resistances the
meter must be electrostatic.

Electrostatic meters have a modified square law of
deflection, so that greater sensitivity is obtained near
full-scale reading. With the arrangement of Fig. 2,
large values of the unknown give low voltage reading.
But when the standard and unknown are interchanged
as in Fig. 3, large values of the unknown give readings
near full scale, so that the meter is used to best
advantage. In practice the meter is switched accord-
ing to the range in use. Onec is used for unknowns
less than the standard and the other for those greater.
The meter reads half-scale voltage on each range
when the unknown cquals the standard.

In theory, the value of the standard can be as high
as desired, but in practice it is limited by considera-
tions of leakage. Meters can be obtained with leakage
resistance greater than onc million megohms, so
that with care and a suitable standard, resistances of
this order can be measured. The 750-volt electro-
static meter used by the writer is of war surplus stock
and unfortunately has a leakage of 1,750 megohms.
This value has been measured on several different
occasions and is assumed to be fairly stable. For
the standard resistor (R.;p) a value of 25) megohms
is used.

Source Impedance

Power requirements are modest. Allowing for the
leakage, the low range requires up to 3.4 pA at 750 V
and the high range up to 3.25 pA at 815 V. Regula-
tion must be such that the effective source impedance
obtained is small compared with the standard. No
serious attempt has been made to analyse the regula-
tiny properties of the e.h.t. generator. Mecasure-
ment shows the effective source impedance to be
14 MQ.

After adding elements for leakage and source
impedance the circuit of Fig. 2 becomes as shown in

WIRELESS WORLD, MaAkrcu 1954

HIGH

ON/OFF
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" ADJ. ZERO
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Polythene-insulated leads and wander-plug switching are
employed. The meter is of the electrostatic type.

o=

7 ;

CONSTANT [

L R’SYD

e,
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f ’ RSYD
R R, = ———
§ '

Fig. 1. Basic circuit of milliohmmeter.

o

I v Revo
CONSTANT V

l Ry

o

Rx = Rgyp (TY‘ -')

Fig. 2. Basic circuit of electrostatic megohmmeter (Rx < Ryrp)

o—
1 RS\'D R
CONSTANT V Ry = _-\-/_—s—l"l

v Rx v
o

Fig. 3. Circuit of Fig. 2 altered to give readings near full-
scale deflection when Ry >-Ryy),
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Fig. 4, with an effective standarl resistance (1,750
and 250 in parallel) of 220 M Q.

So when v=100, Ry =1,526 M} ; and when v="740,
Ry=3 Mu.

The same procedure changes Fig. 3 into Fig. 5.
Applying Thévenin’s theorem, the complex resistance
network seen from the Ry terminals can be reduced
to a single (standard) resistance of approximately
228 ohms, in series with a1 open-circuit generator
voltage of 750.

From the formula in Fig. 5, when v— 100, Ry= 35
M{); and when v=740, R, =22,800 M.,

Oscillator Circuit

A battery driven transistor oscillator with a step-up
transformer to a selenium rectifier system is used to
supply the high voltage. In this oscillator circuit
the transistor acts more like an astable switch, rather
than as an amplifier with positive feedback. This
triggering mode of oscillation is desirable since the
collector dissipation is low, both during the conducting
and non-conducting parts of the cycle. During the
transition, however, the dissipation is high, so the
switch should be as fast as possible. The Class
“C” mode of operation would seem desirable for
high efficiency, but every attempt at this failed because
of “squegging.”” The peak instantaneous collector
dissipation under * squegging’ conditions is very
high and soon damages the transistor. Satisfactory
results are obtained when Class “ B> operation is
adopted.

The switching capabilities of a transistor can be

demonstrated by the circuit of Fig. 6. The ohm-
t4 MO
v 250M0
800V Ry = 220(22 —1)-14Mn
1,750 M0} Rx
.

Fig. 4. Practical equivalent circuit of Fig. 2 for low resistance
range.

14 M0}
o— A'A %
1750 M) 250M0
_ 8
860V Ry= ™ M0
v
v Ry
.-
OHMMETER Aboye: Fig. 5. Practical
[—| equivalent circuit of Fig.
o\ oJVIRTUAL NEGATIVE 3 for high resistance
L= (“red“) range.
Left: Fig. 6. Circuit for
skil demonstrating the func-
j T tion of a transistor as a
bistable switch.
122

meter should have an internal 9-V battery and a half-
scale reading of about 5,000 ohms. If the bias
resistor has the right value the collector-emitter
resistance indicated with base floating can be either
high or lew.

If the base is momentarily connected to the emitter,
the transistor triggers to high resistance (off), but
if the base is momentarily connected to the collector
the transistor triggers to low resistance (on.) This
constitutes a bistable switch. A pair of headphones
added as in Fig. 7 makes a simple astable switch.

A better oscillator circuit is shown in Fig. 8. The
base bias resistance R, should be increased until
oscillations just start and then the emitter series
resistance R, adjusted for maximum output. The
tap on the inductor should be about } of the total down
from the base.

The transistor can be regarded as a switch which
connects the tuned circuit to the battery throughout
each negative half cycle. The peak-to-peak voltage
developed across the tuned circuit is then twice the
battery voltage. The collector has to withstand this
double battery voltage at the peak of the non-con-
ducting half cycle. As 33V seems a safe peak collector
voltage, the battery must be limited to 16}V.

In practice the 16} V to the transistor is obtained
from a 30-V battery (Type B105) through a decoupled
series resistance. This resistance is provided by a fixed
safety resistor and a variable resistor ganged to the
on-off switch. The variable resistor compensates for
battery ageing and gives a precise control of the
e.h.t. voltage. In addition it reduces the current to a
low value before switching off, so that dangerous
inductive surges are avoided. The complete circuit
is shown in Fig. 9.

The oscillator is sometimes reluctant to start in cold
weather. A transistor, unlike a valve, has no gain at
zero bias. The emitter is biased only by the small
collector leakage current passing through the base
bias resistor R,. When the crystal is cold this current
is small, due to the negative coefficient of resistance
with temperature of high-purity germanium. After
switching on, the collector current slowly rises as the
crystal warms up. Seconds or even minutes may pass
before the circuit bursts into oscillation. Quick
starting can be obtained by connecting a fixed resistor
of about 39 k(2 from collector to base. This is wasteful
of current and also loads the tuned circuit. The method
adopted is to connect this resistance by way of a push-
button starting switch. Lightly loaded oscillators can
be made to start by suitably phasing the switching-on
surge, but the rectifier load in the present case initially
constitutes a virtual short circuit on the tuned circuit
and prevents * kick »’ starting.

Auto Transformer Design

To obtain 830 volts d.c. from the peak-to-peak
rectifier system, the inductance must be made into an
auto transformer with a step-up ratio of 830 33 = 25/1
approx. The battery voltage adds in series giving
the required total output of 860 volts on no load.

The auto transformer is wound on a four-section
polystyrene former with a small pair of *“ Ferroxcube ”’
E cores (FX 1105/A4) un-gapped. A total of 1250
turns of 42 s.w.g. vinyl acetal enamelled grade M
(medium thickness) wire is tapped at 5 turns for the
emitter and 50 turns for the battery positive. Total
inductance is 4.25 H with a Q of 50 at the self-resonant
frequency of 32 kc/s. The extra stray capacitance of
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HIGH-RESISTANCE
PHONES

Fig. 7. High resistance headphones in the
base circuit demonstrate the astable switching
function of the transistor.

RECTIFIERS — 4 I 2 - 500MQL
iy —— RESISTORS IN
3 PARALLEL
AUTO-
3V
TRANSFORMER B ol

HOME MADE ——— =
TRANSISTOR -

— |0k£} pPOT
ON /OFF

Fig. 8. Sine-wave oscillator using the astable switching
circuit.

the rectifier system reduces the frequency of oscillation
to about 20 ke/s. The waveform is a distorted sine
wave on which is superimposed damped oscillations
at a higher frequency. These high-frequency ripples
are produced during the switching transitions and are
caused by the several leakage inductances resonating
with stray capacitance. It is important to keep leakage
inductance to a minimum, so that the switching
transients do not over-dissipate the collector.

Reduced Current Consumption

A large percentage of the power loss is due to
collector-to-base leakage within the transistor. The
low current consumption of 2.2 mA was obtained
by forming a transistor to an I,., (collector current for
zero emitter current) of 0.6 mA at 30 volts. The
average commercial
point-contact transistor
has an 1., of 1 to 2 mA
at E. = 30 volts.

The complete unit is

Underside showing single hearing-aid battery and general arrangement
of components.

able resistor to give f.s.d. on the meter. Infinity
on the high range is sect by separating the test
leads and adjusting the variable resistor to f.s.d. as
before.

The meter has a hign internal impedance and no
shock can be felt when handling the test leads.

One inconvenience is the time taken to measure
large low-leakage capacitors. For example, a 1-uF
capacitor takes over 15 minutes to test. This time
could be reduced to about 1 minute by temporarily
short-circuiting the standard resistance. Once a
large capacitor is charged, however, it is highly
dangerous and should be carefully discharged after
testing.

The transistor megohmmeter appears to be quite
reliable. One has been in use for three months, at the
time of writing, without any loss of efficiency or
output, even after transport by bicycle on several
occasions.

The e.h.t. generator itself has several applications
apart from the megohmmeter ; it could supply e.h.t.
for Geiger-Muller radiation counters, image-con-
vertor tubes, flash-tubes or small cathode-ray tubes,
to name a few.

Fig. 9. Complete circuit diagram of two-range megohmmeter with transistor e.h.t. generator.
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A

contained in a wooden
box with high-grade in-
sulation where necessary.
The polythene test leads
are brought out to croc-
odile clips to avoid the
use of terminals. Meter
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WORLD OF WIRELESS

Death of Major Armstrong
Radio Fuse Awards
More Band 1 Stations

F.M. Broadeasting in U.S.

RADIO INSTALLATION on the floating
whaling factory * Abraham Larsen '’
which is the headquarters vessel for a
whaling fleet operating in the Antarctic.
The equipment was supplied by Redifon.

F. M, Pioneer’s Death

WITH REGRET we record the death in tragic cir-
cumstances in New York on February 1st of Major Edwin
H. Armstrong, the f.m. pioncer. Born in December, 1890,
Edwin Armstrong graduated in electrical engincering from
Columbia University at the age of 23 and had worked
there ever since, becoming Professor of Electrical Engin-
cering in 1934.

Professor Armstrong will be remembered not only for
his work on f.m. but for his earlier work on the regenera-
tive and super-regenerative receiving circuits and also the
principle of the super-heterodyne. He contributed a letter
on the significance of regeneration to our January issue.
His latest work was concerned with a multiplex system of
f.m. transmission, a brief description of which will be
found elsewhere in this issue.

More Radio Fuse Awards

IN ADDITION to the £20,000 awarded by the
Ministry of Supply to Pye, Lid., for the development
during the war of the proximity fuse and the No. 19 tank
set (sce our January issue), recommendations of awards
to seven claimants have becn made by the Royal Com-
mission on Awards to Inventors. Four of the claimants—
H. Cobden-Turner, G. M. Tomlin and L. Rollin, all of
Salford Electrical Instruments, Ltd., and W. H. B. Lord,
late of that company—have been awarded jointly
£11,500. Individual awards have also been made to
A. Stratton (£2,000), N. Coles (£750) and G. A. Whitfield
(£750), who are at R.A.E., Farnborough.

New TV Stations

AMENDED PLANS for the completion of the
B.B.C.’s single-programme chain of television stations were
recently announced by the Assistant P.M.G. in the Housc.
Whereas it was originally planned for eight of the twenty
stations to go into Band 3, six of them will now be
accommodated in Band 1, although this is contrary to the
plan drawn up at Stockholm.

The two channels in Band 3 (186-191 and 191-196
Mc/s) to be made available for television will now be
used for the proposed competitive stations. Channel 9
(191-196 Mc/s) will be assigned to London.

The six B.B.C. stations referred to above will be at, or
near, Norwich, Dover, Inverness, Londonderry, Towyn
and Carlisle They will each use horizontal polarization.
The site for the Norwich station, where it is hoped to
have a temporary 0.5-kW transmitter working within
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twelve months, 1s at Tacolneston, some 10 miles south
west of the city.

A temporary station is also to be brought into service
this year at Redmoss to serve Aberdeen until the perma-
nent transmitter is installed at Core Hill.

The much-debated North Hessary Tor site for the
Devon-Cornwall television transmitter has now bcen
approved by the Minister of Housing. This 5-kW
station will operate in Channel 2.

Mobile Radio

A WRIT has been served on the Post Office by the
Colchester engineering firm, Davey, Paxman & Company,
alleging that the fees collected for licences for the opera-
tion of their mobile radio transmitters are not lawfully
chargeable. They also claim that some of the conditions
regarding frequencies and power, etc., laid down in the
licence, are contrary to the provisions of the Wireless
Telegraphy Act.

The outcome of the action will be of interest to all civil
users of mobile radio.

Whither F.M. Broadcasting?

IN AMERICA, the home of f.m. broadcasting, there
are indications that all is not well in the f.m. camp.
member of the Federal Communications Commission
recently stated that *“if the broadcast industry does not
take some steps to increase the utilization of the f.m.
frequencies ” he had no hesitancy in saying that in the
public interest he would have difficulty in retaining the
whole of the 88-108-Mc/s band for f.m. broadcasting
should the Commission be asked to make use of part of
it to relieve congestion in other services.

According to the latest returns available from the
F.C.C., the number of f.m. broadcasting stations has
decreased from some 750 to 560 during the past four years.

Radio Exports Up

A RECORD YEAR for radio exports was reported in
the Board of Trade returns for 1953. The total value
of exports of radio equipment of all kinds was £25,761,818,
compared with the 1952 figure of £24,495,950.

The contributions by the four sections of the industry
are given below in £M, together with (in parentheses)
the 1952 figure:—

Transmitters and radio navigational aids .. ..... 1L001 (7.963)
Components and sound reproducing equipment .. 9.042 (8.481)
Domestic TeCEIVErs ...... ... .....eoeeee enoons 3.517 §4.435)
Valves and cathode-ray tubes .................. 2.200 (3.615)
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PERSONALITIES

H. O, Sampson, who has been appointed head of technical
operations, B.B.C. Television Studios, joined the Alexandra
Palace staff in 1936 and remained there until the television
service was suspended at the outbreak of the war. During
the war he served at several of the Corporation's high-power
transmitting stations and with the London Recording Unit.
He returned to the television service in 1946.

.. Eric E, Jones, who was for some vears in charge of the
I'elecommunications Division of the Philips group of com-
panies in this country and has, since 1949, becen commercial
manager of Savage and Parsons, Ltd., recording equipment
manufacturers of Watford, has taken over the direction of
the commercial activities of the Solartron Electronic group
of companies.

In our note in the last issue recording the appointment
of Rear-Admiral (L) C. P. Clarke, C.B,, D.S.0., R.N. (ret.),
as a Knight Commander of the British Empire (K.B.E.) in
the New Year Honours, we omitted to mention his position
at the Admiralty and his radio associations. At present
director of the Naval Electrical Department, Rear-Admiral
Clarke has been a vice-president of the Brit.l.R.E. since
Qctober, 1952,

Hugo Gernsback, editor of our New York contemporary
Radio-Electronics, has been appointed Officer of the Oaken
Crown by H.R.H. The Grand Duchess Charlotte of Luxem-
bourg: The award was made to Mr. Gernsback, who was
born in Luxembourg, *“for his meritorious service to science.”

OUR AUTHORS

. J. R. Brinkley, who has been technical director of Pye
Telecommunications, Ltd., since 1949, writes on the problems
of frequency planning on page 103 of this issue. He received
his early technical training in the Telepnone Department of
the Post Office, and after a year as inspector in the Engineer-
in-Chief's Office went to the Radio Branch at Dollis Hill
in 1939, He was later seconded to the Home Office, where

he was responsible for the development of police v.h.f. radio
systems and in particular for the introduction of the multi-
carrier mobile radio svstem

T. D. CONWAY

J. R. BRINKLEY

T. David Conway, author of the article on the measure-
ment of harmonic distortion, has been chief engineer of
Grundig (Gt. Britain), Ltd., since its formation in 1952. He
joined Grundig from the Ministry of Supply. where he had
been an instrument engineer for two vears. Throughout the
war he was with Ultra Electric as a radar engineer and from
1945 to 1947 he was concerned with the development and
testing of ceramic and mica condensers at the United Insulator
Company’s works. Mr. Conway was with Standard Tele-
phones and Cables as a factory valve cngineer from 1947-1950.

R. B. Quarmby, contributor of the analogue computing
article in this issue, became a probationary college apprentice
at Metropolitan Vickers in 1936. A vear later he went to
Manchester University, where he graduated in 1940, and then
spent some time on extra-mural rescarch on the properties
of polythene dielectrics, etc., for the Ministry of Supply.
Wartime work at the Royal Military College of Science was
followed by a vear's lectureship in electrical engineering and
clectronics at the University of Capetown and in 1950 he
joined the staff of Ferranti, Ltd., where he has been working
on the design and construction of analogue computers and
simulators for use in the design of guided weapons.
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D. H. C. Scholes, who contributes an article on frequencv-
shift radio telegraphy in this issue, has been with the Plessey
Company since 1946, wherc he is now chief engineer and
sales’ manager of the Telecommunications Division. For a
short while at the beginning of the war he worked at the
Royal Aircraft Establishment, Farnborough; then, in 1941,
joined the Royal Navy as an air engineering officer and was
engaged in various theatres of war on cngineering duties
concerned with airborne radio and radar equipment, Lt. Cdr.
Scholes was at the Admiralty for a year after the war. For
seven years before his war service he was with the Marconi
Company,

IN BRIEF

Broadcast Receiving Licences current in the United King-
dom at the end of December totalled 13,268,270, including
2,956,846 for television and 206,348 for car radio sets. The
month’s increase in television licences was 110,619.

French Components Show.—Thc annual Paris exhibition
of radio components, valves, accessories and measuring
equipment will be held in the Parc des Expositions, Port de
Versailles, from March 12th to 16th.

A course on Point-to-Point Radio Services, which is open
to overseas senior planning and operating cngineers and
telecommunications administrators, is being conducted in
London from June 27th to July 10th by the British Council
in_conjunction with the Engineering Department of the Post
Office. Information on the course, for which there is a
limited number of vacancies, can be obtained from overseas
offices of the British Council, or from 65, Davies Street,
London, W.1. The fee is £38.

Quick Work.—At the time of the Comet airliner crash near
Elba, Pyve engincers were developing a new underwater tele-
vision camera for operation at a depth of 500 fathoms.
Although the equipment had hardly gone beyond the drawing-
board stage, the camera, in a case for operation at the
estimated depth of the Comet (some 40 fathoms), was ready
within six days. It was then learned that the wreck was
probably 100 fathoms below the surface. A new case was
designed and completed within seven davs and flown to Italy
for use by the Admiralty in the search for the wreck,

Bronze Medallist.—The City and Guilds’ Bronze Medal for
the best student in Great Britain in the 1953 Intermediate
Radio Servicing Examination has been awarded to John
McCubbin, a Glaswegian, who is employed by James Anderson
& Son (Glasgow), Ltd. He is a fourth-year student at Allan
Glen's Further Education Centre, Glasgow, studying for the
R.T.E.B. final certificate.

F.M, for Marine V.H.F.—On the question of the proposed
change to f.m. for international maritime mobile radio ser-
vices, the Radio Communication and Electronic Engineering
Association states in its annual report that it has advised the
Post Office that the majority of its members favour the change
provided there are suitable safcguards to minimize dislocation
of services, especially during the changeover.

R.C.E.E.A. Council.—The following member-firms of the
Radio Communication and Elecironic Engineering Association
were elected to the Council of the organization for 1954 (the
names of the companics’ representatives are given in
parentheses) : BUT.-H. (V. M. Roberts)., Dec~y Ry i--
(C. H. T. Johnson), EALL (S. J. Preston), G.E.C. (M. M.
Macqueen), Kelvin & Hughes (C. G. White), Marconi’s
(F. S. Mockford), Metrovick (L. H. ]. Phillips). Mullard
(T. E. Goldup), Murphy (K. S. Davies), Plessey (P. D. Can-
ning), Redifon (B. St. J. Sadler) and S.T.C. (L. T. Hinton).
C. G. White, general sales manager and director of Kelvin
Hughes (Marine), L.td.,, who has been vice-chairman of the
Association for the past two vears, has been elected chairman
in succession to T. E. Goldup.

INDUSTRIAL NEWS

Moroccan Television.—The first television station in North
Africa, established by a private company at Casablanca, has
been equipped with Pye, a camera chain, telecine camera and
vision and sound transmitters. The station operates on the
French 819-line standards.

Hi-Fi Agencies.—Enquiries from Hollywood and Hong Kong
to act as representatives of U.K. manufacturers of high-fidelity
sound recording and reproducing equipment have been
received through the Export Services Branch of the Board
of Trade. Interested firms should write direct to Gordon
Agencies, 1506, North-Western Avenue, Hollywood 27, U.S.A.,
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and Scientific Service Company, 447, Alexandra House, Hong
Kong. The Board of Trade, Lacon House, Theobalds Road,
London, W.C.1, should also be notified, quoting references
ESB/1614/54 (Hollywood) and ESB/1897/54 (Hong Kong).
An enquiry has also been received from Long Island, New
York, for the agency for a tape recorder. The firm concerned
is Rek-O-Kut Company, Inc., 38-01, Queens Boulevard, Long
Island Citv 1, New York. The B.o.T. reference is
ESB/1103/54.

A contract for the supply of a quantity of airfield control
radar equipment has been awarded to Decca Radar by the
Ministry of Supply. The equipment, which is the air-trans-
portable version of the Decca 424 described in our November
issue, will be used by the R.A.F.

*“‘The Ship of the Year,” as the new P. & O. liner
Arcadia was described at her launching last May, is being
fitted with radio communication and navigational equipment
by the Marconi Marine Company. In addition, a compre-
hensive sound-reproducing system, including 156 loudspeakers
fed by seven power amplifiers, each having an output of
60 watts, has been installed. Four sources of programmes—
microphones, broadcast receiver, wire recorder and record
player—are available and switching permits selected groups
of loudspeakers to be fed simultancously from the Jour
separate sources,

Sounda amplitving equipment provided by Hadley Sound
Equipments, Lid.,, of Smethwick, Birmingham, has been
installed in the Roman Catholic cathedral in Calabar, Southern
Nigeria.

W. F. Randail. B.Sc.Eng.), M.LE.E.. director of the
Telegraph Construction and Maintenance Company, is on a
two months’ visit to the company’s branches and representa-
tives in the Far East and Australasia.

New premises have been opened by the G.E.C. at Magnet
House, Mincing Lane, Blackburn. The depot is cquipped
for the supplv and servicing of the company's radio and
television equipment.

British Insulated Callender’s Construction Company, manu-
facturers of radio masts and the like, recently moved to 30,
Leicester Square, London, W.C.2 (Tel.: Trafalgar 7777). The
central administrative offices of the parent company, British
Insulated Callender’s Cables, remain at 21, Bloomsbury Street,
London, W.C.1 (Tel.: Museum 1600).

Goldring Manufacturing Company (Gt. Britain), Ltd., is the
name of the company recently formed to conduct the business
of Erwin Scharf, manufacturer of the Goldring pickup, and
associated concerns ‘The company will operate from the
present address: 49-51a, de Beauvoir Road. Kingsland Road,
London, N.1 (Tel.: Clissold 3434).

Excel Sound Services, Ltd., tape-recorder and amplifier
manufacturers, of Shipley, Yorks, have moved to Celsonic
:‘(;331% Garficld Avenue, Bradford, 8, Yorks (Tel.: Bradford

MEETINGS

Institution of Electrical Engineers

Radio Section.—'* A Study of some of the Properties of
Matter affecting Valve Reliability ” by E. A. O'Donnell Roberts,
M.Sc., Ph.D., on March 10th.

* Colour Television™ by C. J. Hirsch on March 22nd.

Both the Radio Section meetings will be held at 5.30 at
Savoy Place. London, W.C.2.

Cambridge Radio Group.— Computing Machines” by T.
Kilburn, M.A., Ph.D., at 8.15 on March 9th at the Cavendish
Laboratory, Cambridge.

Mersey and North Wales Centre.—Faraday Lecture * Electro-
Heat and Prosperity ” by O. W, Humphreys, B.Sc., at 6.45 on
March 25th at the Philharmonic Hall, Liverpool.

North-Eastern Radio and Measurements Group.—* A Study
of some of the Properties of Matter affecting Valve Reliability ™
by E. A. O'Donnell Roberts, M.Sc., Ph.D., at 6.15 on March
15th at King's College, Newcastle-upon-Tyne.

North-Western Centre.—Faraday Lecture * Electro-Heat and
Prosperity ” by O. W. Humphreys, B.Sc., at 7.30 on March
23rd at the Free Trade Hall, Manchester.

North-Western Radio Group.—* Distributed Amplifiers ” by
W. S. Percival, B.Sc., at 6.30 on March 17th at the Engineers’
Club, Albart Square, Manchester.

North Lancashire  Sub-Centre.-—* Some Aspects of the
Design of V.H.F. Mobile Radio Systems” by E. P. Fairbairn,
B.Sc., at 7.15 on March 10th at the N.W. Electricity Board,
North Road, Lancaster.

South-East Scotland Sub-Centre.—" Some Aspects of the
Design of V.H.F. Mobile Radio Systems” by E. P. Fairbairn,
B.Sc., at 7.0 on March 16th at the Heriot-Watt College,
Edinburgh.
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South Midland Radio Group.—** Some Aspects of the Design
of V.H.F. Mobile Radio Systems” by E. P. Fairbairn, B.Sc.,
at 6.0 on March 22nd at the James Watt Memorial Institute,
Great Charles Street, Birmingham.

Southern Centre.—* Technigal Arrangements for the Sound
and T'elevision Broadcasts of the Coronation Ceremonies™ at
6.30 on March 3rd at the S.E.E.B. Headquarters, Hove, bv
W. S. Proctor, M. J. L. Pulling, M.A,, and F. Williams, B.Sc.

* Demonstrations of Synthetic Speech” by W. Lawrence,
M.A, and R. A. Eades, B.Sc., at 6,30 on March Sth at the
South Dorset Technical College, Weymouth.

Western Centre.—** T'elemetcring for System Operation™ by
R. H. Dunn, B.Sc., and C. H. Chambers at 6.0 on March 8th
at the Electricity Offices, Colston Avenue, Bristol,

South-Western  Sub-Centre.—" Colour Television: Some
Subjective and Objective Aspicts of Colour Rendering” by
G. T. Winch at 3.0 on March 10th at the Rougement Hotel,
Exeter.

Oxford District.-—* Modern Trends in Television” by G. G.
Gouriet, B.Sc., at 7.0 on March 17th at the Southern Elec-
tricity Board, 37, George Street, Oxford.

London Students’ Section~—Visit to G.P.O. Research Station,
Dollis Hill, N.W.2, at 2.15 on March 3rd.

* Metallic Resistance at High Frequency” by A. D. Stevens
at 7.0 on March 3rd at the Public Library, Chelmsford.

“Servo Mechanisms ™ by Capt. R. A, Middleton, R.EME,,
at 7.0 on March 30th at the Drill Hall, 185, London Road,
Chelmsford.

British Institution of Radio Engineers

London Section.-— Radio Astronomy” by R. Hanbury
Brown (Jodrell Bank Experimental Station) at 6.30 on March
31st at the London School of Hygiene and Tropical Medicine,
Keppel Street, London, W.C.1.

Scortish Section—* T'he Accustic Design and Measurement
of Buildings™ by H. C. Watson (Newall’s Insulation Co.) at
7.0 on March 1ith at the Institution of Engineers and Ship-
builders, 39 Elmbank Crescent, Glasgow, C.2, and at 7.0 on
March 12th in the Department of Natural Philosophy, The
University, Edinburgh.

North-Western Section—* Colour Television™ by G. B.
Townsend (G.E.C. Research Laboratories) at 7.0 on March 11th
at the College of Technology, Manchester.

West Midlands Section.—"* Industrial Applications of Elec-
tronic Instruments” by A. G. Wray, M.A., (Marconi Instru-
ments) at 7.15 on March 23rd at the Wolverhampton and
Staffordshire Technical College, Wulfruna Street, Wolver-
hampton.

British Sound Recording Association

London.—" High Quaiity Microphones: The Assessment of
Performance” by D. E. L. Shorter, B.Sc., at 7.0 on March
19th at the Royal Society of Arts, John Adam Street, London,
w.C.2

:’H;:r;chcsrcr Centre.—* Disc Recording with special reference
to Long Playing” by A, R. Sugden at 7.30 on March 15th at
the Engineers’ Club, Albert Square, Manchester.

Television Society

London.—* Trick Effects in "Television Production™ by D. R.
Campbell (B.B.C.) on March 12th

“ An Industrial Television Channel” by R. ]. Boddy and
C. D. Cardner (E.M.I.) on March 25th.

Both the London meetings of the Television Society will
be held at 7.0 at the Cinematograph Exhibitors' Association,
164, Shaftesbury Avenue, London, W.C.2.

Leicester Centre.—" Transistors and Other Crystal Valves ”
by D. D. Jones (G.E.C. Research Labs.) at 7.0 on March 29th
in Room 45, The College of Art and Technology, The
Newarkes, Leicester.

Institution of Electronics

North-Western Branch.—** Semi-conductors”* by R. Cooper.
Ph.D., M.Sc.. (Liverpool University), at 7.0 on March 6th
in the Revnolds Hall, College of Technology, Manchester.

Radio Socicty of Great Britain

“ ¢ Trustworthy’ Valves and Their Manufacture™ by G. P.
Thwaites, B.Sc.(Eng.), at 6.30 on March 26th at the L.LEE..
Savoy Place, London. W.C.2.

Engineers’ Guild

Merropolitan Branch.—* Television Broadcasting and the
Engineer ” by M. { L. Pulling, M.A,, (B.B.C.) at 6.0 on March
4th at Caxton Hall, Westminster, S,\W.1.

Institution of Production Engineers

Liverpool.—* Induction Hardening™ by R. H. Barfield,
D.Sc., at 7.30 on March 24th at the Adelphi Hotel, Lime
Street. Liverpool.
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LETTERS TO

THE EDITOR

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

Regenerative Single-Transistor Receiver

WE read with great interest the article on transistor
recewving circuits by B. R. Bettridge in your January issue,
having been experimenting in the same field with the
GETT for some time. We cannot add to his useful
information on 2-stage circuits for local station loud-
speaker reception, but some of your readers who may be
able to afford only one of these treasures to begin with,
and are interested in getting the greatest sensitivity with
a single stage, may find Mr. Bettridge's warning against
positive feedback in the base circuit unduly discouraging.
With the circuit shown in the accompanying diagram,
controllable bias and r.f. feedback are combined, and the
daqger qf destructive oscillation is avoided by the limiting
resistor in the emitter circuit.

In operation with a very poor “tree aerial ” the circuit
brings in continental stations at good signal strength, once
you get used to co-ordinating the three variable controls.
Moreover, with patient resolution of carriers, in which the
variable base resistance is critical, many American stations
can be received at stable listening volume. New York
and New Orleans are particularly easy; both are in what
seemns to be the most favourable frequency band, around
_870kc/s, though others between 600 and 1,200kc/s come
in well; talks and plays can be comfortably followed
between 2 and 3 am. The total consumption is only
18 mW.

Youngsters who have the patience to experiment with
transistors in this way may thus get a taste of the thrills
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which two of your carliest readers recall, sitting up at
night with one of the wonder sets of the period to get
the first whisper from across the Atlantic.
W. GREY WALTER, KARL WALTER.
Bristol, 9.

Symbols

THE syvmbol for the current source in the technical
literature 1s usually chosen to be an arrow as shown at (a)
in the accompanying diagram. 1 would suggest that the
symbol (b) should be adopted, this being more logical
as well as exactly analogous to the symbol for a voltage
source commonly used and shown at (c).

The ideal constant-current generator is assumed to have
no shunt admittance, just as the ideal constant-voliage
generator has no series impedance. In practical circuits
internal shunt admittance and internal series impedance
appear connected in their appropriate places. For example,
the equivalent circuit for a transistor shown at (b) can
casily be correlated with that at (¢). There is the additional
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advantage that the current source appears connected to the
rest of the circuit which is not the case with the arrow
symbol of (a).

In this connection, it is felt that the introduction of new
symbols for the triode transistor is rather superfluous,
bearing in mind that the symbol originally introduced by
W. Shockley and shown at (d) is quite adequate.

F. OAKES.

Ferguson Radio Corporation,

Enfield, Middx.

= C.R. Tube Safety?”

THE articie in your January issue considers the im-
portance of correctly choosing the time constants associated
with the cathode and grid of a television tube in order to
prevent the bias going positive immediately after the
receiver is switched on or off. I cannot however,
altogether agree with W. Tusting’s approach to this
matter. In modern television receivers in which the e.h.t.
potential for the tube is derived from an overwind on the
line transformer and no e.h.t. bleeder resistor is used, the
time constants in question are normally chosen so that
the tube passes beam current immediately after switch-off.
This ensures that the e.h.t. smoothing capacitor is dis-
charged via the tube whilst the time bases are collapsing.
If in a receiver which has a permanent magnet focussing
unit the grid potential of the tube decays more quickly
than thar of the cathode, the tube will be biased off im-
mediately the set is switched off. Then as both potentials
approach zero the cathode may still be emitting and a
bright focused spot will appear at the centre of the
screen. To obviate this possibility many receiver de-
signers prefer to arranee the grid and cathode circuit time
constants so that the tube bias decreases immediately after
the set is switched off.

However, if in meeting this requircment or because of
some other circuit condition there is a danger of the tube
grid becoming positive with respect to the cathode, the
positive bias may be limited by means of a series grid
resistor. The value of this resistor will depend upon the
grid-cathode characteristic of the tube in the positive grid
region and the extent to which the source of bias voltage
travels positively. In gencral a resistor of 22k will
serve to limit the positive grid excursion to +1 volt, a
value which is generally accepted by tube manufacturers
as being allowable for a short period immediately after
switch-off. The general circuit arrangement is shown in
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the accompanying diagram, the time constant C1R1 serv-

ing to hold the grid volitage up to ensure that the eh.t.

capacitor is discharged through the tube. The grid limiting

resistor is R2. D. A. WARD.
Mullard, Lid., London, W.C.2.

“ Weathering of Polythene™

I HAVE read with interest the short note in your
December issue (page 570) which is a preas of a Ministry
of Supply docummt “ Reports on Plastics in the Tropics :
2—Polythene.”

Neither your note nor the report itself brings out the
point that the addition of 0.1 per cent of carbon black
is intended only to provide idcntification of the cores and
is not intended to provide protection against ultra-violet
light. The approved practice, for this use, established over
a number of years, is to include 2 per cent of carbon black
of suitable grade and well dispersed in the polythene.
This material would be found to possess resistance against
the effect of ultra-violet light adequate for commercial
use and immeasurably superior to most natural or synthetic
cable materials. The addition of this quantity of carbon
black does, of course, impair the initial power factor of the
material at all frequencies, but it will be found that the
power factor is quite stable on exposure to tropical sun-
shine. Observation of power factor during the course of
testing is valuable as a sensitive mecthod of revealing
physical or chemical changes in the material.

Our tests indicate that the power factor of polythene
with 2 per cent carbon black is not higher than 30 x 10—4
at frequencies up to 3000 Mc/s. except in the band
3-15 Mc/s. where it rises to a maximum of about 65 x 10—4
at 5 Mc/s. The commonest application where polythene
is exposed to sunlight is when used as a cable sheath and
here the power-factor is rarely of direct interest.

It would perhaps be unwise to deduce firm estimates
of the life of this material from accelerated ageing tests, but
it may be mentioned that exposure tests in India for
periods which have so far attained four years have failed
to reveal any change whatsoever in its electrical or
physical properties.

One further characteristic of polythene is its resistance
to oxidation and this matter is not considered in great
detail in the Ministry of Supply report. The anti-
oxidant most generally used with polythene is not well
suited to continued operation at high temperatures on
account of its volatility. However, other suitable anti-
oxidants are available for use where the polythene is to
be used as a black cable sheath exposed to tropical sun.

In view of your conclusion in the penultimate paragraph
that polythene cables are unsuitable for desert conditions,
1 should be grateful if you would give this contrary
opinion adequate publicity.

Although the work reported in the M.o.S. document is
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extremely valuable and no doubt correct in its facts, it
was realized in many quarters that it was open to mis-
understanding, and representations have alrcady been
made to the Department concerned.
R. C. MILDNER.
The Telegraph Construction and Maintenance Co.,
London, S.E.10.

* Measuring Non-linearity ™

IN my article in the February Wireless World 1 find that
Appen lix 1 is full of mistakes which I overlooked because
the final equation (5) gives a correct numerical answer.
For my gross carelessness in this matter 1 hope readers
will accept my apology. The equations in Appendix 1
should read as tollows :—

(e, — v) Ry (@, — )Ry 4 (o )Ry .. (1)
e Ar, . .. .. .. R )
(3 — (4 v9)Ry'R 7 (1 - 2Ry R) .. 3
T, () + ) 2A + RR; - R :\R,) o9
z, — (@ + o)l - 3'A) . )]
R, R(A . 1) (A-2). 5 .. (6)

Tne above equation (6) also appcars in the main text as
equation (3). Fortunately, these mistakes do not effect the
body of the argument. There is also one¢ misprint in
Appendix 2—a redundant capital * I’ has been inserted
at the end of the last term in cquation (7).

Camberley, Surrey. 1>. C. PRESSEY

Short-wave Conditions
Predictions for March

THE full-line curves given here indicate the highest
frequencies likely to be usable at any time of the day or
night for reliable communications over four long-distance
paths from this country during March.

Broken-line curves give the highest frequencies that will
sustain a partial service throughout the same period.
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Frequency NShift Radio Telegraphy

Modifying Radio Equipment
for

Teleprinter  Operation

READERS have already been given a very adequate
introduction to this subject in an article by Thomas
Roddam,t and it will consequently be possible to
devote our present attention to considering in rather
more detail some of the problems and latest develop-
ments, particularly in connection with the receiving
end of the circuit.

The various techniques for f.s.k. (frequency shift
keying) reception scem to be surrounded by as much
controversy as the f.m.-am. question, and many
systems which seem theoretically sound are discredited
by at least a proportion of the practical results. The
whole question is complicated by the many factors
which enter into long-distance radio working, and it
is not possible with present experience to draw any
firm conclusions as to the best system. However, some
of the main advantages and shortcomings of the two
principal reception systems are fairly firmly established
and these will be discussed in the appropriate place.

Whatever system of resolving the teleprinter signal
is employed, it is now firmly established that while
for on-off c.w. operation, of either auto-morse or tele-
printer, triple space-diversity reception is desirable, in
the case of f.s k. triple diversity shows no improvement
over dual. It now appears that the most effective re-
ceiver is a dual diversity system where the channel
giving the poorer signal is completely suppressed. The
switching system should have a very rapid response
and should be operated by very small level differences
even during deep fades on both channels.

Teleprinter Characteristics

In discussing radio teleprinter systems, in radio pub-
lications gencrally little consideration is given to the
characteristics of the machine itself. The writer feels
that this is unfortunate, in that the whole design of
such systems is directed to the one end of producing a
signal which will enable the teleprinter to operate
without error. For this reason the electronics is inex-
tricably bound up with the peculiarities of the machine
itself, which must be understood before the problems
connected with the radio side can be appreciated. As
the teleprinter is a specialized machine it seems prob-
able that many readers, while knowledgeable in the
electronic field, may not be so well informed regard-
ing the teleprinter, and the writer asks the indulgence
of those skilled in the art during a brief digression on
the operation of the machine.

Operation of any key on the sending machine causes
it to produce a signal of varying polarity consisting of
marks and spaces lasting for 150 milliseconds. This
comprises a “start ” signal followed by a 100-msec.
period during which the polarity may be any combina-

* The Plessey Company.
1 ** Frequency Shift Keying '; Wireless World, November, 1948,

WIRELESS WORLD, MARCH 1954

By D. 1. €. SCHOLES*

tion of marks and spaces, the change-over from mark
to space (if any) taking place at 20-msec. intervals.
These five 20-msec. periods are the five units of the
*“five unit ” code, and each letter or symbol on the key-
board has a corresponding combination of marks and
spaces. The complete signal is terminated by a 30-
msec. “ stop ” signal of opposite polariiy to the “start”
signal. The purpose of the start and stop signals is to
control the mechanism of the receiving teleprinter.
The timing of the transmitted signals is controlled by
a closely speed-controlled motor. There are no pauses
between the signal elements and the transitions be-
tween mark and space are as nearly instantaneous as
the transit-time of the mechanisms and relays will
allow. The signal may, therefore, be regarded for all
practical purposes as a squarc wave.

Reception of a start signal causss the selecting
mechanism of the receiving teleprinter to be connscted
to a motor whose speed is regulated to within 0.5,
of that of the sending motor. The purpose of the
selecting mechanism is to investigate the position of
the receiving relay at intervals corresponding to the

F.S.K. transmitter drive unit, Model PYT, made by Plessey.
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middle of the five 20-msec. code elements to determine
whether the incoming signals are mark or space. As
each element is interrogated in turn the mechanism
in the machine is progressively set until finally the
type head is positioned and the letter is printed.

For reasons connected with the operation of the
machine which we need not go into here, the recziving
teleprinter needs 6 msec. of each code element to
carry out its interrogation, thus, in the case of charac-
ters involving changes between mark and space, the
change-over point cannot be advanced or retarded
more than 7 msec. without danger of wrong selection
and misprinting. Temporal displacement of the
change-over points is called telegraph distortion and is
expressed as the percentage of the 20-msec. element
length by which the change-over is early or late. The
maximum distortion the teleprinter will tolerate with-
out danger of misprinting is 35%.

Waveform Distortion

Bias distortion is another phenomenon which may
prove troublesome, and this arises when the receiving
relay is not driven symmetrically in both directions by
the incoming signal. Although bias distortion is not
particularly serious when the incoming signals are per-
fect steep-sided square waves, if the pulses are
rounded, sloped or otherwise distorted in transmission
(as they may well be in a long radio link) the effect of
bias distortion may be to alter the apparent time of
change-over with consequent telegraph distortion. In
“ single-current ” working such as on-off c.w. or single
tone m.c.w., where a d.c. bias of half the signal level
has to be introduced to polarize the receiving relay,
not only is half the signal wasted but, in the case of
varying signal strength, bias distortion arises if the
signal departs from twice the bias value (as it may do
with fading). Automatic bias control can mitigate this
effect but has practical difficulties. F.S.K., being a
truz “double-current” system in which signals are
sent equally for mark as for space, has considerable
advantages in this respect. It will further be seen
that as distortion of the shape of the signal is detri-
mental any system should have as its aim preservation
of the signal shape. F.S.K. being a c.w. double-
current system, furthers this end by making more
efficient use of the transmitted signal than either c.w.
on-off or single or two-tone m.c.w. It is further
thought that certain effects of the f.m. nature of the
signal have advantages in the presence of certain types
of fading.

Having reviewed the method of reception of the
radio signal and some of the problems connected with
the teleprinter, we can now pass on to consider the

Fig. 1.

o —

resolution of the teleprinter signal from the radio sig-
nal. Only the two main methods will be considered
here, these being the linear and non-linear discrimina-
tor systems, usually referred to as the “discriminator ”
and “two-filter ” methods.

In considering this phasc of the operation we must
bear in mind that we arc conveying intelligence by
varying a signal, whose frequency may be as high
as 30 Mc/s, by 850c¢/s or less. Consequently, fre-
quency stability is of more than secondary importance
whatever system of reception is used.

In the discriminator system, Fig. 1, the r.f. signal
is converted to a fairly low i.f. and passed through a
limiter to a linear discriminator of the conventional
f.m. type. The frequency-shifted signal will thus
produce at the discriminator output a d.c. signal of
positive or negative sign (polarized) which can be
passed through a low-pass filter and further amplifiers,
shaping circuits, etc., to the teleprinter. At first sight, it
would appear that provided the discriminator be made
with a sufficiently long linear characteristic, this sys-
tem should be very tolerant of frequency drift, but
in practice any drift causes a standing d.c. component
to appear at the discriminator output resulting in
bias distortion. Various methods of eliminating this
bias have been evolved but they all involve other diffi-
culties. The discriminator system is, however, much
more tolerant of varying values of shift than the two-
filter system and this is an advantage in some types of
service as shift values are not yet by any means
standardized.

The two-filter system, Fig. 2, involves the use of a
heterodyne oscillator at i.f. to produce an audio note
of 2,000 to 3,000c/s whose frequency depends
obviously on whether the transmitter is sending mark
or space.

This audio signal is passed through a bandpass filter
and limiters to two further filters tuned to the mark
and space frequencies respectively. The outputs of
these filters are rectified, filtered and dealt with as
before to produce the polarized d.c. signal for the
teleprinter. With the two-filter system in the case
of small drifts the bias distortion per cycle of drift
is very much lower than with the discriminator system.
As long as the mark and space frequencies stay within
the pass-bands of their respective filters there will be
virtually no bias distortion. However, as these filters
should for other considerations be made as narrow
as possible it could be that the discriminator method
would produce some signal from a carrier which had
drifted too far to work with the two-filter system,
but for many commercial applications, where accuracy
is all-important, this might be a doubtful advantage.

Simplified diagram of a f.s.k. dual-diversity discriminator receiving system.
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It appears, therefore, that while the discriminator sys-
tem may produce polarized signals under worse con-
ditions than the other, the bias distortion in such cir-
cumstances would probably be excessive and at lower
values of drift there is reason to belicve that the two-
filter system would produce lower distortion.

Work has been done in connection with both sys-
tems on the application of a.f.c. (automatic frequency
control) and automatic bias adjustment at various
points in the system but in the present congested
condition of the short-wave bands, there is always
a grave danger of the a.f.c. locking on to a strong
interfering signal and causing a complete breakdown
of communication.

It will be appreciated that in f.s.k. systems, the effects
of level changes at the receiving aerial are less im-
portant than with some other systems since the con-
tinuous carrier simplifies a.g.c. problems and the
ability to use a.f. or if. limiters further helps to
reduce the effects of fading.

Holding Signal

A further feature which has to be introduced into
the telegraph converter arises from the arrangement
whereby the sending teleprinter, when not sending
traffic, transmits a continuous mark signal. This
prevents the receiving machine from being operated
by noise and also after a continuous mark has bcen
received for a given time the motor of the receiving
machine is stopped until a further start signal is
received. Because an interruption of the carrier would
result in the mark signal not being received, with a
consequent chance of the receiving machine being
started by noise, it is usual to incorporate in a radio
teleprinter system a “mark-hold” device which auto-
matically produces a mark signal locally at a fixed time
after the last space pulse, in the absence of any further
signal.

It is not proposed to deal in detail with transmit-
ting systems as these were covered at some length in
the article by Roddam already referred to. Two
points arc worth noting, however; first, that compared
with the c.w. on-off system f.s.k. is much less likely
to distort the signal elements in the transmitter. In
the casc of c.w. on-off (which is for all practical pur-
poses a 100% square wave amplitude modulation) the
keying, being usually carricd out in an early stage,
may be subject to considerable distortion by the suc-
ceeding non-lincar amplifiers. As there is a constant
level of carrier in f.s.k., this trouble is avoided. The
seccond point to be noted is that it is most important
that the transition between mark and space be as
smooth as possible; an abrupt and discontinuous
change between mark and space will give rise to
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Schematic diagram of a two-filter dual-diversity f.s.k. system.

spurious radiations and other undesirable effects.

Now to consider the question of frequency stability
in relation to practical conditions. First, the com-
paratively small clear space allocated to each radio
telegraph circuit makes it essential, no matter what
system of telegraph conversion is used, to
have the highest selectivity in the receiver com-
patible with conveying the intelligence. (In the
case of an 850-c/s shift the bandwidth cannor
safely be much less than 1,500c¢/s). The skirts of
the i.f. response curve should be as steep as possible.
With such selectivities the stability of both transmit-
ter and receiver must be high and crystal control of
the transmitter and of the receiver change-frequency
oscillator is really essential if the system is not to
fail by simple inability to convey any signal at all.

Stability of shift must next be considered. If the
mark and space frequencies drift in opposite direction
by the same amount no bias distortion will be intro-
duced but if both drift in the same direction, or if
only one drifts (both of which cffects are more likely
in practice) bias distortion will be intrcduced, par-
ticularly in the discriminator system and in the two-
filter case excessive drift of any type may overstep
the pass-band of the filters.

It will be seen that a fairly high degree of frequency
stability at all points in the system is essential, but
if the station is to be continuously attended by a
skilled operator who can devote most of his attention
to a single radio channel it is possible (having made
sure that neither shift, carrier nor receiver c.f.o. fre-
quency are subject to violent and random changes)
to provide monitoring devices and fine controls so
that the operator may at all times keep the circuit
at peak efficiency. A drawback of this system is that
before a new circuit can be brought into service, some
time must be wasted in lining up before traffic can
be accepted as such a system cannot be adjusted in
the absence of a signal from the corresponding
transmitter.

Unattended Operation

For certain types of service (such as aeronautical)
the teleprinters may be located remotely from the
radio station and many circuits may be in use at
once under the control of operators whose accomplish-
ments do not in any case lie in the direction of
skilled adjustment of radio equipment. Similarly, it
may be necessary to make many changes of frequency
during a 24-hour period under circumstances which
allow no time to be wasted in preliminary lining up.
This problem has been the subject of some years’
investigation by the writer’s company in collaboration
with International Aeradio and it is now believed
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that field test data has been collected on a scale
sufficient to show that given stabilities of mean trans-
mitted carrier, shift and receiver change-frequency
oscillator and b.f.o. of the order of 1 part in 10" (which
is quite practicable) a system can be built which is
capable of virtually unattended operation and in
which new channels may be brought into use without
preliminary lining up. A typical receiving equipment
might have four dual-diversity channcls and any one
of four radio circuits can be selected remotely, but
it is only necessary in this account to describe one
channel.

A pair of receivers operating from spaced aerials
has its c.f.o. signal provided by a separate unit using
a temperature-controlled crystal oscillator in an oven
stabilized by a temperature-sensitive resistance
bridge.

B.F.O. signals to each receiver are supplied from
another temperature-controlled unit which has
alternative crystal-controlled and variable oscillators.
The stability of all the above crystal oscillators is
of the order of 1 part in 10° Alarm circuits on
all the ovens give warning should the temperature
control fail.

A.F. signals from both receivers arc passed to a
converter unit via an input band-pass filter whence
they pass through logarithmic amplifiers and limiters
to the mark and space filters. The outputs from
these filters are rectified and combined to produce
a low-level polarized d.c. signal.

The converter unit also accomplishes the diversity
switching. The signals from the reccivers are made
to operate an clectronic switching device which
selects the stronger of the two signals and suppresses
the other. The characteristics of the switch are such
that with the signals on both aerials subjected to
1 20-db fade the stronger signal is still selected as

-

long as there is a difference of 3db. The output
level of the converter is arranged to vary not more
than 1db for a 60-db change in input.

The converter output is fed to a keyer amplifier
unit where the signal is re-shaped and amplified to
a level sufficient to work three teleprinters. The
ability of the keyer amplifier to re-shape the signals
to some extent is an important factor in operation
under adverse conditions.

Various built-in test and measuring devices enable
the apparatus to be set up in the absence of a signal.
‘I'he variable b.f.o. facilities enable some degree of
compensation to be carried out under local-control
conditions when working against an unstable trans-
mitter, but full realization of the benefits of the pre-
cise frequency control system necessitates the use of
a very stable transmitting system and the drive
cquipment illustrated was designed to provide such
a facility although there are many transmitters already
in service of adequate performance.

The drive equipment uses h.f. oscillators and keyer
amplifiers identical with those already described, to-
gether with shifter units giving crystal control of
mean carrier and shift frequencies. These shifter
units enable a number of preset channel frequencies
to be selected by remote control and on each channel
the shift is automatically adjusted to allow for the
multiplication in use in the transmitter. A drive
guard unit ensures that power cannot be applied to
a transmitter unless drive is available. Warning
devices operate should any of the ovens fail.

Using the two cquipments described it is possible
to set up a communications system on a number
of frequencies between two points and to switch from
one channel to another as propagation conditions
dictate without any lining up or other attention and
without interruption of the service.

MOBILE

RADLO

Compact Sets Intended for Unskilled Operation

A RANGE of compact radio-telephone sets for use in
motor cars, taxi cabs and various kinds of commercial
vehicles and at the communicating fixed stations is now
made by Hudson Electronic Devices, Ltd., Appach Road,
London, S.W.2.

The sets are intended for unskilled operation and ease
of servicing. and work on fixed frequencies controlled by
close-tolerance quartz crystals in the band 60 to 185 Mc/s.
While the same basic-circuit is used throughout, slight

Hudson v.h.f. mobile radio-telephone installation.
power supply.
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The unit on the left is the

differences are found in the sets for the hich and the low
part of the band; for design purposes it is divided into
two parts, low covering 60 to 100 Mc/s and high 101 to
185 Mc/s. In general the high-band sets have one or
two valves more than the low,

Transmitters follow well-tried practice, using a crystal-
controlled oscillator and frequency multipliers 1o give the
working frequency and an r.f. power amplifier which is
normally anode modulated. The r.f. output is about 5
watts for mobile and 6 watts for fixed
sets.

Receivers are a little different to the
usual in that they employ a double
superheterodyne circuit with one oscil-
lator only. This s crystal stabilized
and different harmonics are selected for
the two frequency changers.

Installation costs of such equipment
must inevitably vary according to cir-
cumstances, but a typical mobile equip-
ment complete works out at about £85
and a fixed station at £120, plus cost
of aerial.

Alternative models are available for
f.m. or a.m. and for rotary generator
or vibrator operation.
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Focusing
Cathode Rays

THIS is really a continuation of last month's issue
(* Electron Optics ) on the principles of electric de-
flection and focusing. So first will come a summary
of the findings; then examples of how they are applied
in cathodé-ray tubes; and lastly something about
magnetic focusing.

Here, then, is the summary. Cathode rays are
streams of electrons in a vacuum. Each electron con-
forms very closely to Newton’s laws of motion; that
is to say, so long as it is not acted upon by any force
it stays where it is or moves at constant speed in a
straight line, and when a force acts on it in any direc-
tion it accelerates in that direction at a rate propor-
tional to the force. An electron is so light that the
force of gravity on it is negligible, but it responds
smartly to electric and magnetic fields. An electric
field is usually measured in volts per metre (or cm),
and an electron placed in such a field accelerates
positive-wards along the imaginary lines of electric
force. These lines are at right angles to the equi-
potential lines, i.e., lines joining all points at the same
potential. If the electric field is curved, or the clec-
tron already has some velocity in a different direction,
its track does not coincide with any line of force, but
bends in towards it as the acceieration in that direction
increases; just as a ball thrown out of a top-floor
window does not immediately follow the lines of
gravitational force downwards but curves gradually
towards that direction. Consequently an electron’s
track can be bent more sharply by a given electric
field when the electron is travelling slowly than when
it is fast. Its speed depends on the field strength
multiplied by the distance through which it has acted,
and this product is the total potential difference; if it
is denoted by V volts the speed reached by the electron
from a standing start is 593V kilometres per second.
The track of an electron in a given electric field pat-
tern can be calculated from these principles, but the
practical problem, which is the reversc—to find the
shapes and voltages of electrodes needed to produce a
field pattern that will make the electrons in a cathode
ray follow a desired pattern of tracks—is more diffi-
cult, and is largely a matter of cut and try. A help
towards visualizing the relationship between electric
field patterns and electron tracks is the analogy in
which electrons are represented by little balls, electric
field by gravity, intensity of field by gradient of the
surface along which the balls roll, p.d. by difference
in height, and equipotential lines by contour lines.

The problem in any cathode-ray tube is to persuade
the electrons, which tend to fly off in all directions by
mutual repulsion, to converge to a particular point
somewhere on the fluorescent screen. If they were
sent towards this point slowly, their mutual repulsion
would again have time to work and they could not be
crowded together to produce a sufficiently small and
intense spot. But if they are shot towards it at many

WIRELESS WORLD, MARcH 1954

How Electron Lenses are
Arranged in C.R. Tubes

By " CATHODE RAY”

thousands of miles per sccond they are there before
they have time to realize that they hate one another’s
faces. So that is why a high voltage is applied
between cathode and anode—which is sometimes very
appropriately called the accelerator.

The converging, or focusing, can be done by either
electric or magnetic fields, or of course both. In most
oscilloscope tubes focusing is done by electric fields.
In most television tubes it is done magnetically, but
there is a tendency now to revert to electric focusing
in order to save the cost of the magnet.

Before we tackle a complete c.r. tube it may help
to clarify our mental pictures if we review the simple
process of making a broad stream of marbles converge
towards a point.  Suppose they are being delivered
uniformly along the front AB in Fig. 1 and that we
want them to arrive at C. To get them moving in
that direction it is of course necessary to make the
surface slope down towards it. The speed they
develop (friction neglected) is 8v H, where H is the
total height in feet they lose in the process; this
formula is analogous to 593.'V for electrons. To
obtain, in addition, convergence towards C the obvious
method is to channel the slope into a sort of valley.
The marbles respond best to this treatment near the

Fig. |. Contour map
of a valley slope
(Fig. 2) for making
marbles  roll  from
ABto C. The numbers
attached to the con-
tour lines are in
inches above C level.
The other dotted lines
are the tracks of the
marbles: note that
by the time they
have reached the last
(zero) contour their
momentum  prevents
them from rolling
down exactly at right
angles to the con-
tour lines.

Fig. 2. Model, of which Fig. | is the contour map. An
electric field having equipotential lines of the same pattern
as the contour lines of the model would make electrons
follow similar tracks.
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start, before they have got up cnough speed for their
momentum to have much cffect. Once their tracks
have been directed towards C, it doesn’t matter if the
rest of the ground is flat. One procedure would be
to make a model as in Fig. 2 and vary the shape of
the channel until the balls actually did all arrive at
C. Fig. 1 could then be derived from it, as a contour
map of the model, the numbers on the contour lines
being “ inches above C level.” Note that at first the
tracks are almost at right angles to the contour, but
nearer the foot the marble’s momentum (neglected in
the similar diagram last month) makes them swing out
slightly.

Alternatively, if one were better at maths than at
modelling, the contour lines required to obtain the
converging tracks could be calculated and plotted as
in Fig. 1, and these contour lines used to form an
experimental model as in Fig. 2, by which the calcu-
lation could be checked. If now an electrode system
were designed to produce equipotential lines shaped
exactly like the contour lines in Fig. 1, electrons
released along AB ought to converge on C, provided
that their speed was sufficient for their mutual repul-
sion to be negligible. Of course the potentials of the
equipotential lines must be proportional to minus the
heights of the contours.

Gravity models have actually been used in the
practical development of clectron lenses, but a more
usual device is the electrolytic tank, mentioned last
month.

Typical Focusing System

Let us now follow the evolution of a typical electric
focusing system or lens in a c.r. tube. To show what
happens in the small holes through which the beam
passes it is necessary to draw these parts larger than
life, and if the whole tube were drawn on the same
scale—well, the Editor would disapprove! So the
diagrams that follow, which are longitudinal sections,
are not accurately to scale.

The first requirement in the vacuum tube is a
heated cathode, for emitting the electrons; and next,
an anode for accelerating them in the desired direc-
tion. If the anode were simply a plate, the electrons
would all crash into it and there would be no beam
to light up the screen.  So a hole is made in the centre
of the anode, as in Fig. 3. Removing this bit of metal
does not much affect the potential of the space it
leaves, for that space is surrounded by metal at the
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Fig. 3. Equipotential lines (dotted) and electron tracks
in a tube having only a cathode and perforated anode.
The space enclosed by the dotted boundary on the right
is supposed to be all at the same potential as the anode.
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Fig. 4.
(" grid ") at a slightly negative potential provides a
more highly concentrated and controllable electron beam.

The addition of a cylindrical control electrode

anode potential.  So electrons starting off from the
cathode scarcely notice the differcnce. As we saw
last month, the equipotential lines are closer together
where the lines of force diverge from a relatively small
electrode, which mecans that the eclectrical slope is
stecpest near the start, and the eclectrons accelerate
very rapidly.

Electrons right on the axis go clean through the
hole, for although the anode attraction becomes in-
creasingly sideways as they approach it, the sideways
pulls are equal all round and cancel out. Even elec-
trons slightly off the axis are travelling so fast by the
time they are near the hole that only those very close
to the edge would be deflected sufficiently to hit the
anode. In Fig. 3 a contour line has been drawn very
close to the anode to show how the field tends to
follow the shape of the anode into the hole. The
tendency for the electron tracks to be attracted towards
the lines of force at right-angles to this line is small,
and does little more than cause the beam that goes
through the hole 1o spread out slightly. To prevent
it from being spread out more by positive surround-
ings beyond the anode, or being repelled back to the
anode by negative surroundings, the space beyond the
anode is kept at or near anode potential so that the
clectrons that get through continue on in straight
lines.

An obvious disadvantage of the system so far is
that most of the electrons go to waste by colliding
with the anode, leaving only a feeble beam to light
the screen. One step towards remedying this is to
start the clectrons off on the right lines by making
them run the gauntlet of a negatively charged
cvlinder, as in Fig. 4. If this is made too negative it
ncutralizes the strong but distant attraction of the
anode and prevents any electrons from getting out, so
it serves the double purpose of beam-forming and
controlling the amount of beam current, and by
analogy with a valve (rather than any physical resem-
blance) is usually called the grid. One of its effects is
to focus the beam at a point just beyond where the
beam emerges from the grid. In a well-designed tube
the diameter of the beam at this point (called the
cross-over) is smaller than the emitting surface of the
cathode, so in effect the electrons are coming from a
close approximation to the ideal point source, to the
benefit of subsequent focusing.

If the screen were just bevond the anode the spot
of light would be little bigger than the hole in the
anode. But to leave room for deflecting the beam
over a reasonable area the screen has to be a consider-
able distance beyond the anode, and even if the hole
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ANODE 3

+ +++
Fig. 5. Although the addition of another disk anode at a
higher potential does not improve the focusing it is a step
towards an effective electron lens—Fig. 6.

CATHODE ANODE
0

were extremely small the beam would spread too much
10 give fine definition, and, moreover (having come
through such a small hole) it would be very weak. So
the hole is made relatively large and the wide beam
going through it is made to converge. The arrange-
ment that does this is the clectrons lens proper.
There are innumerable varieties, but many of them
comprise three anodes; in some, these anodes are kept
at progressively higher potentials; in others, the first
and third are highly positive and the second is less S0, Or
even at or near cathode potential. Fig. 5 shows the
sort of thing that would happen if the first and third
anodes were disks with relatively large holes and the
middle anode were omitted. The field between the
anodes would be fairly uniform and would accelerate
the beam but have little or no focusing effect.

Now put in a middle anode of cylindrical shape, as
in Fig. 6. The metal wall of the cvlinder short-circuits
the electric field, for obviously it is all at the same
potential, and so the equipotential lines are crowded
together at the edges of the cylinder but are free to
spread out in the centre. Remembering that the elec-
trons tend to take the shortest cut from one equipo-
tential line to another (but at the speed they are now
doing they only tend to do so) we see that this pattern
will make them converge. If it is found that the point
to which they converge is, say, short of the screen,
then by raising the potential of the middle anode some
of the equipotential lines are transferred from the con-
verging region to the diverging region, and the point
of convergence is pushed farther away from the lens.
This adjustment alone does not ensure that all rays
converge on the same point to give a sharp focus;
that depends to some extent on the voltages applied to
the other anodes, but mainly on the shapes of all the
anodes.

Reversing Potential Gradient

A system basically like that just described is quite
usual in oscilloscope tubes. The requirements for
television are more exacting, and in a recent design
there are four anodes : the first at only about + 250 Vv,
1o attract the electrons gently through the grid orifice;
the second and fourth forming a long cylinder with
one section removed; and the third, between them,
at about zero volts. The second and fourth are at
about +10,000 V. One important thing to note about
this and many other electric lenses is that the poten-
tial gradient reverses (in this example between the
second and third anodes). After having fallen rapidly
down a steep slope, the electrons have to go uphill
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for a short distance, like a switchback. If they strike
this upward slope head-on, at right angles to the equi-
potential lines, all that happens is that they are
decelerated. The final velocity corresponds to the net
difference of potential between start and finish. But if
they strike the upward slope at an angle, that angle
is increased by the slope (instead of being diminished,
as it would be if the slope were downward). One
can easily check this by rolling balls up a slope. Of
course, if the slope rises to a greater height than the
original starting point, it fails to clear the summit
and rolls back; but in the electron lens with the zero-
potential third anode this condition is avoided by
placing it so that it is largely screened by the 10 kV
anodes.

I 'hope that by the time of the next Radio Show
someone will have made a gravitational model for the
educational stand. A better method than messing
around with plaster of Paris is to mount a sheet of
rubber in a horizontal frame and clamp portions of it
(corresponding to sections of electrodes) at heights
representing the potentials of those electrodes. It
could be a simple matter for the heights to be vari-
able, showing the effects of focusing adjustments and
also of deflecting potentials, about which I have said
nothing, because their principle ought by now to be
obvious.

Of course, it must be realized that although such a
model is three-dimensional it represents the electric
field pattern in only two dimensions—a cross-section
of the electron lens, as in Figs. 1-6 here. The lens is
(or should be) symmetrical around its axis, so that the
same diagrams or models hold good for all longitudinal
sections. Equipotentials are always surfaces; it is only
in section that they appear as lines.

The reason why this three-dimensional situation
can be discussed on two-dimensional paper is that the
direction in which electrons are accelerated by an elec-
tric field is the same as the direction of the field (lines
of force). And the reason why the cffects of magnetic
fields are so much more difficult to visualize is that
the direction of acceleration is at right angles both to
the direction of the electron’s movement and the direc-
tion of the field, so cven when the problem is pre-
sented in its simplest form it still involves three dimen-
sions. And in a solemn session of the Institution of
Electrical Engineers I once heard one learned gentle-
man after another confess that visualizing anything in
three dimensions was quite a headache. (Viewers of
*“3D” films will doubtless heartily agree.) However,
it is a difficulty that is basic to electro-magnetism. In

CATHODE
0

ANODE 1 ANODE 3
+++

Fig. 6. An intermediate anode of cylindrical shape bends
the equibotential lines (which are actually sections of equi-
potential surfaces) as here, making the beam converge
to a point on the fluorescent screen.
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ordinary electrical engineering—dynamos, motors, €tc.
—the problem is often a little easier because the eclec-
trons are confined to conductors, which are usually
not free to move just anywhere. Electrons in a
vacuum are not so bound. Their gyrations under the
influence of combined electric and magnetic fields are
the mathematicians’ delight—but the non-mathema-
ticians’ despair.

However. Suppose we start with an electron gun
something like that shown in Fig. 4, but with a larger
hole, through which a slightly diverging beam of
electrons is shot at high speed towards the screen.
And suppose now that we wind a long coil around the
beam, as in Fig. 7, producing a magnetic field pointing
the same way as the electrons. What happens? To
those electrons right at the centre of the beam, along
its axis, nothing; for their path coincides exactly with
the axial magnetic line of force, so they do not cut
across the field, even slightly. So far as they are
concerned there might not be a field. But those that
are diverging do cut across the field, and so come
under the law that makes electric motors motor.
The appropriate memory-aider is the Left Hand Rule:
if the thumb and first two fingers are stuck out all at
right angles to one another, and the First finger is
pointed in the direction of the magnetic Flux, and the
seCond finger in the direction of the Current (which
is opposite to the direction of the electrons) across the
flux, the thuMb shows the direction in which the elec-
trons tend to Move because of the electromagnetic
force.

Cathode’s-eye View

Now in our c.r. tube the movement of the elec-
trons, in so far as it is straight down the tube, parallel
to its axis, is not across the flux at all, so merely
confuses the issue; the proper viewpoint for seeing the
movement across the flux without the axial movement
is from the cathode. So here, Fig. 8, is a cathode’s-
eye view of the electron beam. Electrons along the
axis remain at the centre all the time so do not appear
to be moving at all; all others appear to be radiating
outwards. Let us fix our attention on one particular
electron just leaving the cross-over and diverging to
the right. Since, for purposes of the left-hand rule,
that is equivalent to a current in the opposite direc-
tion, the second finger should point to the left. The
forefinger is pointing away, along the flux line, so
the thumb shows that the force acting on the electron
will make it accelerate downwards. If for simplicity
we assumed (what in a real tube is not likely to be
true) that the speed of divergence was constant, and
also (what is certainly not true) that the direction of

\'u
CATHODE |
T M:IGENLE;WC FOUSING
| /
GRID ANODE

Fig. 7. Section of electron gun, surrounded by a long
coll designed to produce a nearly uniform magnetic field
down the tube in the same direction as the electron beam.
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Fig. 8. Cathode’s-eye
view of the beam,
showing the effect of
the magnetic field on
an electron diverging
to the right.

DIRECTION OF
DIVERGENCE
OF ELECTRON

DIRECTION OF
ACCELERATION

Fig. 9. The divergent
paths of electrons, as
seen from the cathode,
are curled round into
circles by the magnetic
field. The time taken
to do a complete circle
is the same for ail
electrons, slow or fast.

acceleration continued to be downwards, then the
path of the electron would be a curve as shown
dotted. This is the same kind of curve as that traced
by a ball thrown horizontally, and for the same reason
—that the ball is given a constant speed horizontally,
combined with a steadily growing speed downwards.

In practice, during the first stage of the electron’s
flight, from cross-over to anode, it is not going at
uniform speed but is being accelerated by an electric
field; it is only from the anode onwards that its hori-
zontal motion is at constant speed. However, this
complication is largely offset by the fact that the
electromagnetic force causing the electron to acceler-
ate downward is proportional to the speed of the
electron as well as to the strength of the magnetic
field. The real complication is the second one—that
the downward acceleration doesn’t keep on being
downward. It is always at right angles to the elec-
tron, so directly the electron starts curving downward
as in Fig. 8 the magnetic acceleration veers round to
the leftwards. This makes the electron curve all the
quicker, which keeps the acceleration veering, and so
on. When the ordinary mind tries to follow the elec-
tron it is therefore likely to become very dizzy. Even
the chap who rather fancies his proficiency with the
calculus and tackles the thing mathematically may
quite possibly get himself into a mess.

But the situation is exactly similar to a very familiar
one—a weight being whirled round at the end of a
string, or, if you prefer, the earth revolving round
the sun. The weight, let us suppose, is given a
constant speed in a certain direction—say the original
direction of the electron in Fig. 8. But being
attached to the string it cannot go out in a straight line;
it goes round in a circle centred at the point where
the other end of the string is fixed. To keep it in
this orbit, the string has to exert a tensional force. This
force is obviously always at right angles to the direc-
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Fig. 10. In practice a short magnet is used, and the effect
on the electrons is more complicated.

Fig. 1. One effect of shortening the
magnet is to change the circles of
Fig. 9 into shapes more like this. The
final result can still be satisfactory,
and much more conveniently obtained.

tion the weight is going. And if the speed of the
weight is constant, so too is the force. Since these are
exactly the conditions that govern the movement of
the electron, it is reasonable to suppose (and it can be
confirmed mathematically) that the electron whirls
round in a circle.

Corkscrew Electron Tracks

All electrons have the same mass and charge, and
we are assuming that the magnetic field is the same
for all, so for a given speed they all experience the
same force. Actually, of course, the speeds with
which they cross the field are different; those only
just off the axis diverge much more slowly than those
on the outside of the beam. But if the equation for
centrifugal force is applied to weights that are all the
same, and force proportional to speed, it shows that
the time for one complete revolution is the same for
all, regardless of speed. The faster speeds are handi-
capped by having to take bigger circles. The same
applies to electrons. So after a certain time all elec-
trons that started off from the centre together,
whether fast or slow, have done one revolution and
arrive back on the axis again simultaneously. In the
meantime, of course, they have been travelling down
the tube, so the electron tracks are actually like a cork-
screw—or a helix, to be more scientific. Fig. 9 shows
one curl each of a few electron tracks as seen from the
cathode. The small circles are made by slowly
diverging electrons; the larger circles by the faster
ones.

Increasing the strength of the magnetic field in-
creases the centre-wards force on all the electrons, so
tightens their curls and reduces the time they take
to execute each complete turn. To get a well-focused
spot it is obvious that the strength of the magnet
must be adjusted so that one of the times when all the
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electrons meet again is the moment they reach the
fluorescent screen—which is a grand place for a
reunion; they all get beautifully lit up.

Obvious it may be, but quite unpractical. To keep
the electrons corkscrewing all the way to the screen it
would be necessary to maintain the uniform magnetic
field all the way there—a point that seems to have
been overlooked in some of the drawings I have seen,
purporting to explain magnetic focusing. Even to
provide a magnet as long as the one in Fig. 7, extend-
ing as far as where the tube begins to open out, is too
expensive and inconvenient, let alone one enveloping
the entire tube, screen and all! So in practice a
very short magnet is used, producing a curved field
pattern something like Fig. 10. If you have been
thinking that the theory of magnetic focusing has
already been complicated enough, even with our beau-
tifully uniform but quite unpractical field, you (and I)
may well quail at the prospect of having to trace pre-
cisely what happens to diverging electrons in a field
that varies rapidly both in strength and direction.
But the operative word is “ precisely.” We can make
a gucss at roughly what happens.

At first, before an electron gets into the magnetic
field, it is diverging quite happily in a straight line.
But before it has had time to go too far, at the com-
paratively slow speed of this first stage of the journey,
it finds itself going through the magnet ring, with a
strong magnetic pull making it wheel round sharply.
The magnet has been made of such a strength that
by the time the electron is beyond its influence it has
done an about-turn and is converging towards the
axis again, as in the view from the cathode in Fig.
11. It is now also shooting towards the screen at
really high speed, and, if everything has been done
right, hits it just as it (and all its mates that left the
cathode at the same moment) are on the axis again.
Of course this is assuming the beam is not being
deflected. If it is, then they meet elsewhere, but as
all are equally deflected they do meet.

But don’t ask me to produce a mechanical analogy
to demonstrate all this! The proof of the thing is on
your TV screen.

Awards for Technical VAuthors

THE Radio Industry Council’s premiums for technical
writers for the year 1953 are now announced; as will be
recalled, these awards are made with the object of
encouraging the publication of clearly written expositions
of British achievements in radio and electronics.

Premiums of 25 guineas each are awarded to the authors
of the following articles: —

“Spectrum Equalization,” by G. G. Gouriet (Wireless
Engineer, May).

“Triode Transformation Groups,” by A. W. Keen
(Wireless Engineer, October).

“ A Cylindrical Magnetron Ionization Gauge,” by A. H.
Beck and A. D. Brisbane (Vacuum, April).

“The Scanning Electron Microscope and the Electron-
Optical Examination of Surfaces,” by D. McMullan
(Electronic Engineering, February).

“A Linear Sweep Cathode-Ray Polarograph,” by H. M.
Davis and Miss J. E. Seaborn (Electronic Engineering,
August).

“Selective Calling for Radio-Telephone Systems,” by
J. R. Pollard (Electronic Engineering, December).
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Improved Radio Altimeter

Serve Principle Giving Greater Freedom From Noise

By A. BLOCIL* K. E. BUECKST and A. . HEATONZ

THE radio altimeter has now become quite a well-
known instrument for giving the pilot of an aircraft
an indication of his clearance height above the terrain.
Like many distance-measuring devices it works
on the echo or radar principle, only instead of pulses
it makes use of frequency modulation to obtain the
actual measurement. A frequency-modulated con-
tinuous wave is transmitted downwards from the air-
craft and is reflected back from the ground. By the
time it reaches the aircraft again the transmitter fre-
quency has changed, so there is a difference between
the frequency of the received wave and that of the
transmitted wave. This frequency difference is, of
course, proportional to the time delay experienced by
the returning wave, and so to the height of the air-
craft above ground, and in the instrument it is
obtained simply by heterodyning the two waves and
taking the resultant difference frequency.

A new instrument has now been designed which
works on this familiar principle but has improved
sensitivity. It will give a reliable indication of height
up to 5,000ft with an accuracy of +37, +5ft and
over all types of ground—including dry desert which
reflects only 3%, of the incident power. At the same
time the new instrument avoids certain complications,
such as range-switching, which were necessary in
previous designs. It uses a continuous-wave trans-
mission, the frequency of which is varied linearly with
time between 1,605 and 1,655 Mc/s.

One method of obtaining the greater sensitivity has
been by the use of the superheterodyne principle.
This achieves the required large amplification of the
received signal without introducing difficulties
brought about by microphonic noise created in the
amplifier by the vibration of the aircraft. The wave
returned from the ground may have an amplitude of
only one millionth or less of the amplitude of the
wave transmitted and may thus require an amplifica-
tion of 107 times in order to operate a robust indicator.

Instead of the returned wave being heterodyned
with the transmitted wave, it is heterodyned with an
auxiliary wave, the frequency of which is always
110 Mc/s higher than the transmitted wave. This
auxiliary frequency is created by mixing part of the
output of the transmitting oscillator with the output
of a 110-Mc/s oscillator and filtering out the desired
component. If the returned wave had been hetero-
dyned with the transmitted wave directly the resultant
beat frequency would have been an audio frequency.
Here, however, it is 110 Mc/s plus or minus this audio
frequency, which is, of course, quite low compared
with 110 Mc/s, so that for brevity we can still speak

« Research Laboratories, General Electric Company.
t Royal Aircraft Establishment.
$ Salford Electrical Instruments.
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Fig. 1. Simplified biock schematic illustrating the principle
of the altimeter.

SPEED CONTROL
VOLTAGE

Fig. 2. The cavity resonator of the transmitting oscillator,
showing the small rotating cap :c.tor vane.

CAPACITOR VANE
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of an intermediate frequency of 110 Mc/s. This inter-
mediate frequency is amplified about a thousand times
and then mixed with the outpu: of the auxiliary
110-Mc/s oscillator. As a result, beats are produced of
the same audio frequency as if the returned wave had
been heterodyned directly with the transmitted wave.
These beats arc subsequently amplified and sent to
an indicating mechanism, which will be described
below. The exact frequency of the 110-Mc/s oscil-
lator is immaterial, as long as it stays within the pass
band of the i.f. amplifier.

Additional protection against noise is obtained by
an application of the principles of servo mechanisms
to keep the bandwidth of the amplifier smaller than
it would be normally. In order to get a sufficiently
accurate indication of heights below 900ft the con-
stants of the altimeter are chosen so that for this
height a beat frequency of just 10 ke/s is produced.
Under the same conditions at 5,000ft a beat frequency
of over 50kc/s would be produced, so that an ampli-
fier of this bandwidth would be required, which would
pass five times as much noisc as an amplifier with a
bandwidth of only 10ke/s. In order to avoid this the
following schemc has been adopted. The frequency
variation of the transmitting oscillator is produced
by a rotating capacitor vane driven by a small motor.
Once a height of 900ft has been rcached, any further
increase in height is arranged to cause a reduction of
the voltage supplied to the driving motor, slowing
down the motor until a beat frequency of 10ke/s is
restored. Obviously, the amount of slowing down of
the motor is just as much a mcasure of the height
reached as is the frequency attained with constant
motor speed. The additional advantage of this scheme
is that from a height of 900ft upwards the beat frec-
quency produced is always 10kc/s, and it is possible
to make the audio amplificr most scnsitive to this
particular frequency. Thus the weaker signals, i.c.,
signals reccived at heights greater than 900it, get
maximum amplification.

Circuit Arrangement

Fig. 1 shows the layout of the instrument and the
rclation of its various parts. The transmitting oscil-
lator consists of a triode operating in a cavity resona-
tor (Fig. 2). This resonator is modulated through the
range 1,605-1,655 Mc/s by a small rotating capacitor
vane driven by a special d.c. motor. (In this motor
the spced of rotation is an accurate measure of the
voltage applied to the terminals of the motor, a
property required in the operation of the servo
mechanism.) The larger part of the oscillator output
is fed to the transmitting aerial. A small part is fed
to the valve mixer, where it is mixed with the output
of an auxiliary 110-Mc/s oscillator. This mixer valve,
a triode, also operates in a cavity resonator which is
of similar dimensions to the transmitting oscillator
c.vity and is always kept in tune with the required
frequency (110 Mc/s above the transmitter frequency)
by a rotating capacitor vane mounted on the same
shaft as the vanc of the transmitting cavity. The out-
put of this filter cavity is used as the “local oscilla-
tion” and is mixed with the received signal in the
ring mixer.

The ring mixer is a so-called balanced mixer, i.e.,
a type in which two mixing elements (here silicon
crystals) are opecrated simultaneously in such a way
that the cffect of any amplitude modulation of the
local oscillator frequency is cancelled in their com-
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Fig. 3. Principle of the ring mixer. The local oscillation
is fed to the crystals in phase while the returned signal is
fed to them 180 out of phase. The i.f. outputs from the
crystals are then in opposite phase and as they are combined
by subtraction any unwanted amblitude modulation of the
local oscillation is cancelled out.

Fig. 4. The ring mixer consists of a coaxial transmission line,

I.5 wavelengths long, formed into a circie. This is an

opened-up view.

bined output as far as possible (Figs. 3and 4). The out-
put of the ring mixer consists of a 110-Mc/s inter-
mediate frequency with a superimposed audio beat
corresponding to the height of the aircraft. This is
passed through an i.f. amplifier, which has a bandwidth
of 1.5 Mc/s, and then on to a detector where the audio
beat frequency is obtained. After amplification tie
audio beat goes to a counting circuit which produces
an output voltage proportional to the rate of the beat.

It has already been mentioned that the altimeter has
two different modes of operation: one, below 900ft,
where the modulating motor is run at constant speed
and the frequency ot the beats is taken a