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Flectronic

AMERICAN researches into the origins of our art,
reported recently in Tele-Tech, would suggest that
the word electronic is of far greater antiquity than
most of us think. It was undoubtedly used in The
Philosophical Magazine (London) of June, 1832, by
no less a person than Michael Faraday. But, rather
disappointingly, there can be little doubt that it was
a misprint for electrotonic, a word Faraday had used
clsewhere at the same time. Can we regard this as
an inspired printer’s error, or an augury of future
confusion? Everything was clear enough 60 years
ago, when Johnstone Stoney coined the word elec-
tron, with electronic as its adjectival form. The
confusion began much later when the noun elec-
tronics was formed, with a highly specialized mean-
ing. What precisely, is electronics?

If a public opinion poll were conducted to ascer-
tain the accepted definition of the noun electronics,
laymen would probably describe it hazily as *the
newest kind of electrical engineering, like that applied
to wireless and radar.” More technically informed
opinion would probably be sharply divided into two
groups. The definition of the majority would read
something like “radio-like methods and devices,
particularly valves, applied to non-communication
uses.” The more academic section would probably
offer, as nearly as they could remember, the definition
of the American Institution of Electrical Engineers,
which runs “Electronics is that branch of science
and technology which relates to the conduction of
electricity through gases or in vacuo.” There is all
the difference in the world between these definitions.
and in their diversity are all the seeds of confusion
and misunderstanding. Some of us are even inclined,
as a matter of expediency, to the dangerous practice
of applying the two definitions interchangeably.

There has lately been a feeling that the American
L.E.E.’s definition should be widened to embrace
many modern devices and techniques (notably semi-
conductors) that have come into use since the word
was coined. Expression was given to such ideas by
Professor W. L. Everitt, who went so far as to pro-
pose, in the American Proceedings of the I.R.E., that
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Confusion

clectronics should be redefined as “the science and
technology which deals primarily with the supple-
menting of man’s senses and his brain power by
devices which collect and process information,
transmit it to the point needed, and there cither
control machines or present the processed informa-
tion to human beings for their direct use.”

That definition is, to our mind, quite unsatisfac-
tory and we do not seem to be alone in that opinion.
B. E. Noltingk, writing in Proc. I.R.E. for May, says
“The proposed new definition of electronics is
altogether too wide. It is, in fact, almost synony-
mous with instrumentation, and if adopted, some new
word would be needed when it was required to dis-
tinguish between pneumatic instrumentation and
what is at present called electronic instrumentation.”
He goes on to propose that the only widening of the
old definition that is necessary concerns the state of
the electrons involved. “If, instead of limiting them
to flow through a gas, we include in elecfronics any
device in which electrons travel otherwise than along
normal conductors, then I maintain that the definition
has been brought up to date without stretching it
beyond current usage.”

It should be easy enough to write a precise
definition along the lines suggested by Mr. Noltingk
that would embrace those devices and techniques
that are at present on the fringe of electronics.

Flaswwloss Porformance

((ONGRATULATIONS have been showered on the
B.B.C. for the manner in which the Coronation broad-
casts were conducted, both on sound and vision.
The general public has already shown its appreciation
of the superlatively high standard maintained on the
“programme side ”: readers of this journal will no
doubt join with us in congratulating the engineering
division of the B.B.C. on what was probably the
greatest feat of operational skill in the whole history
of broadcasting. Elsewhere in this issue are described
some of the methods used so successfully on the
Corporation’s busiest day.
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Stereoscopic Television

Is 1t Practicable for Broadcasting?

THE film industry’s idea that three-dimensional
films will prove an effective answer to the growing
attractions of television has naturally made a lot of
people ask “why not three-dimensional television? ”
It seems reasonable to suppose that the stereoscopic
principles used in films could be applied to television,
and, indeed, a number of experimental stereoscopic
television systems have already been built and tried
out on closed circuits. There is no difficulty, in fact,
in getting stereoscopic television to work: the main
problem is in making it practicable for broadcasting
purposes—assuming, of course, that it is a desirable
thing to have in the first place. At the moment there
seems little chance that stereoscopic telcvision can be
made “compatible” with existing television systems,
and for that reason the B.B.C. is not very interested in
it. But there is some possibility that it can be made
practicable for any new television broadcasting ser-
vices that may be set up in the future.

Question of Bandwidth

As in colour tclevision, one of the main technical
problems is the bandwidth requirement. The basic
principle of stereoscopy is to present the spectator
with two separate views of the subject, a left-eye view
and a right-eye view, and in television this would
mean transmitting twice the normal amount of infor-
mation and so doubling the bandwidth. In future
television systems, of course, it may be possible to do
this. But if not, there is the alternative of transmit-
ting only. half of the information in each view so that
the bandwidth could remain unchanged. This would
reduce the definition of each view, but any subjective
loss to the spectator might be more than made up by
the subjective gain given by the three-dimensional
effect. From this point of view a stereoscopic system
might actually be more efficient than an ordinary sys-
tem in its utilization of bandwidth, for with ordinary
television our ability to perceive thrce dimensions is
entirely wasted on a picture which only has two
dimensions. We might as well look at the screen with
only one eye—and, in fact, some people actually get a
better impression of depth by using only one eye, per-
haps because this impression is based purely on the
relative sizes and clarity of focus of objects and is not
alfected by the other eve telling the brain that “it’s
all on a flat screen anyway.”

Probably the best-known method of achieving
stercoscopy in the cinema is by the use of optical
filters. The right-eye view and the left-eye view are
projected on to the screen through different filters,
either coloured or polarized, and the people in the
audience have to wear spectacles with corresponding
filters to separate them again. This principle has been
used in a number of closed-circuit industrial television
systems, but is not very suitable for broadcasting be-
cause of the inconvenience of having to wear spectacles
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all the time. The filters can be avoided by displaying
the two views side-by-side or in time sequence, but
again the spectator has to use some kind of viewing
device to separate them and this is just as inconvenient
as the spectacles.

Stereoscopy Without Spectacles

_ There are, however, three-dimensional film systems
in which the viewer does not have to wear spectacles,
and most of these are based on an ingenious principle
devised by Frederick Ives in 1902 for making and
viewing stereoscopic photographs. The left-eye view
and the right-eye view are separated for the specta-
tor by a mask containing a large number of thin
vertical slots which is placed just in front of the screen.
Fig. 1 illustrates the basic principle. When the
observer looks through a slot at the screen his right
eyc sces one small section of screen and his left eye
another section adjacent to it, and as long as the slot
1s narrow ¢nough the two eyes cannot possibly see the
same section. The complete system is shown in Fig.
2. The left-eye view and the right-eye view are pre-
sented together on the screen by being split into small
vertical sections and interlaced—as shown by the alter-
nating “L” and “R” sections across the screen. A
short distance in front is the slotted mask, and this is
arranged so that when the spectator looks through it
his left eye only sees the “L > sections and his right
eye the “R” scctions, on the principle explained in
Fig. 1. Each eye then integrates the thousands of
small sections it sees into a complete picture. There
are a number of positions round the screen where
conditions are right for viewing, and, in fact, quite a
large audience can be accommodated.

The process of getting the two views interlaced on
the screen in the first place is simply the reverse of the
viewing process—that is, to project them from differ-
ent angles on to the back of the screen through a
slotted mask. When the system is used for viewing
still stereoscopic photographs the two views have to
be interlaced on the same piece of film and this is again
done by a slotted mask, inside the camera.

Application to Television

“How, then, could this principle be applied to tele-
vision? The most obvious arrangement is shown in
Fig. 34. At the transmitting end the left-cye view and
the right-eye view are interlaced on a translucent
screen by means of a slotted mask. The composite
picture is then viewed by a camera and transmitted
to the screen of the receiver, where she two views
are separated by another slotted mask. This could
obviously be done with an existing television system
and no changes would have to be made either at
the transmitter or at the receiver. The system would
not be “compatible,” however, because the received
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picture seen without the mask would not be like an
ordinary television picturc but would have a rather
blurred appcarance.

Another possible method of interlacing the two
views at the transmitting end would be to make use
of the electronic interlacing already existing in the
television system.. In other words, in a complecte
picture period one view could be transmitted on the
first frame (the odd lines) and the other view on the
second frame (the even lines). This would neces-
sitate two synchronized cameras with an electronic
switch arranged to select their outputs alternately.
An advantage of the scheme is that it would avoid
the loss of light introduced by the slotted mask and
translucent screen at the transmitting end of Fig. 3.
It would, however, necessitate vertical scanning; and,
with the existing television standards, the viewer
would probably experience flicker, for each of his
cyes would reccive only 25 frames per second instead
of the usual 50 per second.

Apart from the problems of applying the Fig. 2
principle to television it has two inherent disadvan-
tages which go against it under any circumstances.
The first is that a spectator looking obliquely at the
screen from the side sees exactly the same three-
dimensional image as he would do from a central
position, when clearly he should from that position
get more of a side view, as in the live theatre. So
a change in viewing position does not produce the
appropriate change of aspect. The second drawback
is that between the viewing zones where the correct

SCREEN

SLOTTED
MASK
e b - 0BSERVER'S
iE - = EYES

] -

J

Fig. 1. Showing how each of the observer's eyes sees a
different part of the screen when they look through a slot
cut in a mask.

Right: Fig. 2. Stereoscopic viewing device. The viewers’
left eyes can only see the sections of the left-eye view
(marked L) on the screen, and their right eyes only the
sections of the right-eye view (marked R). The size of the
L and R sections and the slots has been greatly exaggerated
to show the principle clearly, and in practice a large number
of viewers can be accommodated behind and to the sides.
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Possible stereoscopic television system utilizing the principle illustrated in Fig. 2,

stercoscopic effect is obtained there are zoncs in
which the spectator gets an “inverted ™ stercoscopic
cffect, the right cye receiving the left-cye view and
the left eye the right-eye view. These “inverted”
zones are the same width as the others, so that when
the spectator moves about he sees the picture “jump-
ing in and out” all the time.

“ All-round >’ Viewing System

A system has been devised, however, which over-
comes these disadvantages, and recaders may have
seen somecthing like it used in shop windows for
advertising purposes—a three-dimensional photo-
graph which changes appropriately in aspect as one
moves around it. The photograph is produced by
moving a camera, with a slotted mask in {ront of the
film, around the subject in an arc, and the result is
a picturc composed of a series of vertical strips in
each of which the viewpoint changes gradually from
left to right. Thus the composite picture docs not
contain just two views, as in the Fig. 2 system, but
a multitude of views from various angles merging
into one another.

Fig. 4 shows what happens when this composite
picture is viewed through a slotted mask—and here
it has been assumed that the camera has been moved
not continuously, but in a series of six steps, each
position giving a slightly different view from the
next. As the spectator moves to the right the view
on the film becomes increasingly right-sided and as
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_ POSITION GIVING
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VIEW APPROPRIATE
TO VIEWER'S POSITION

Fig. 4. Principle of stereoscopic system in which the view
changes appropiately with the viewer's position.  Across each
vertical section of the composite picture the aspect progress-
ively changes from a right-side view to a left-side view
(indicated by R----L). In practice, the viewer looks
through a large number of slots at the same time, as in Fig. 2.

he moves to the left it becomes increasingly left-
sided—and all the time a difference is maintained
between the views. seen by the two eyes, so that he
gets the appropriate stereoscopic effect from all
positions. Actually there are still viewing zones in
which the spectator gets the “inverted ” stercoscopic
effect, but as can be seen from Fig. 4 these have a
very small angular width compared with the correct
viewing zones and are passed through so rapidly as to
be hardly noticeable.

A method of applying this optical principle to tele-

Suppressing Gramophone

vision has already been proposed by one worker.
Instead of the photographic camera moving around
the subject, this has six lens-systems, arranged in an
arc, which focus their respective views through
slotted masks on to a translucent screen. The screen
therefore displays a composite picture of six inter-
laced views. This is scanned from the other side by
a television camera and transmitted to the cr.t.
screen of the receiver, where a slotted mask is used
to give the stereoscopic effect as shown in Fig. 4.

Again the scheme could be operated with an exist-
ing television system, but would not be “compatible.”
Its worst drawback is that it reduces the definition
of the picture: the transmitted information is shared
between six interlaced views and consequently each
view has only one-sixth of the information that would
be present in an ordinary television picture. This
is the price that has to be paid for the advantage of
the “all round” stereoscopic effect. Another pro-
blem is that the total number of view-clements in
the composite picture could not be greater than the
horizontal definition of the television system, other-
wise they would not be reproduced at the receiving
end. On the British television system this means
that there could not be more than about 500 of them
and therefore (see Fig. 4) the slotted viewing mask
would only have about 85 vertical slots in it and
would appear as a very coarse grating.

Actually the slotted masks are not at all good
things to use in practice because they introduce a
considerable loss of light. The same job can be done
without loss of light, however, by lenticular screens
made of transparent plastic, and it is actually these
that are used 1n most of the three-dimensional shop-
window displays. The plastic sheet has one surface
pressed into extremely fine corrugations, and cach
corrugation constitutes a tiny lens which performs
the same function as a slot in the mask. Such
screens can be made very cheaply and would only
add a few shillings to the cost of television receivers.

Surface Noise

Points from a Lecture by D. T. N. Williamson

THE British Sound Recording Association’s con-
vention held at the Waldorf Hotel, London, W.C.2,
from 15th to 17th May, was opencd on the Friday
evening with a lecture by D. T. N. Williamson on
surface noise in gramophone reproduction, with par-
ticular reference to the impulsive type of noisc
associated with the dust particles adhering to plastic
long-playing discs.

Analysis of the time and frequency functions of a
typical pulse originating from this cause showed that
it could be distinguished from transients in the
recorded programme by the higher energy content of
its spectrum above, say, 20kc/s. By inserting a high-
pass filter with this cut-off, pulses could be segregated
and used to operate a gate circuit to remove the dis-
turbance from the a.f. channel.

In practice the start of the pulse is indistinguishable
from thermal noise and the peak of the energy burst in
the high-frequency channel must be used to operate
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the gate. It is thercfore necessary to delay the audio
signal as a whole by half the width of the pulse, i.c.,
up to about 150 usec. This could be achieved by a
low-pass delay filter of comparatively simple design,
with the result that the gate pulse straddled the noise
pulse and removed it, together with an equivalent
clement of the wanted programme.

Mr. Williamson stated that experience had shown
the ear to be tolerant of these abstractions, in indi-
vidual pulses up to 250 1sec in length, and cumula-
tively up to one tenth of the total duration of the
programme !

At the conclusion of the lecture the system was
demonstrated in opcration on a high-quality lp.
recording which had been specially marked to provide
an easily recognizable background. “Clicks” were
completely removed, but some further work is neces-
sary, and is in progress, to climinate a slight low-fre-
quency disturbance arising in the gating circuit.

WIRELESS WORLD, JuLy 1953

WWW americanradiohistorv com


www.americanradiohistory.com

Inexpensive Pickups on

Long-playing Records

By
RUSSELL,
Assoc. Brit. ILR.E.

Simple Compensating Circut for the Principal I1.F. Resonance

T HE reproduction of string tone from long-playing
records is often marred by what is perhaps best
described as “buzz.” This unnatural quality, some-
what reminiscent of a cloud of mosquitoes in flight,
is often ascribed to the methods used by the recording
company, but that this may not necessarily be truc
will be seen from the following investigation into a
particular case, involving the use of a popular
medium-priced pickup.

It is well known that due to the increased compli-
ance of the long-playing record material the high-
frequency resonances of the pickup are reduced in
frequency.m * Until recently it has not been pos-
sible to test pickups reliably under long-playing con-
ditions, as a test record was not available. This state
of affairs has now been remedied, and the results
produced by this record are shown in Fig. 1, after
compensation has been made for the recording
characteristic. Tt can be seen immediately that the
resonance is particularly vicious, and that it occurs
at a most unfortunate frequency. It is claimed, at
any rate by one recording company, that long-playing
discs are recorded up to 14 kc/s, and as the pickup
cuts off very rapidly after the resonant frequency has
been reached, it can be seen that a particularly wide
frequency band is lost. What is probably worse is
that the resonance gives an impression of good high-
frequency response, which in fact is not present. It
is suggested that here is the explanation of exagger-
ated string buzz, as well as such unfortunate noises as
the “puffing” of the flautist, reproduced out of all
proportion. Further, the resonance will amplify any
distortion in the recording.

The broken curves in Fig. 1 show the effects of the
usual top-cut control in a mid-way position and in
the full-cut position. From these curves it can be
scen that, with a pickup of this quality, the ordinary
commercial radiogram will not show this fault to any
marked extent, as the response would probably be
similar to onec or other of the broken lines in Fig. 1.
Even so, the reproduction is bound to sound rather
unnatural as the characteristic shows a “hole” in the
response occurring between 6 and 8 kc/s.

One cannot entirely blame the pickup manufac-
turers, as this is a very difficult problem to solve eco-
nomically. The response can be shifted to beyond
14 ke/s, at a price, and the price is not only that of the
pickup, but also of the amplifier. Pickups with a
resonance above 14kc/s are not only expensive to

'E. D. Parchment. * Microgroove Recording und Reproduction,
§. Brit, L.R.E. Vol. 12, No. 5, May, 1952, p. 275.

2§, Kelly. “ The Crystal Pickup with Special Reference to Long-
playing Records,” Fournal British Sound Recording Association, Vol.
3, No. 8, April, 1951, p. 174,
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make, but show a very great reluctance to deliver out-
puts beyond a few millivolts. This means more
amplification, which can be equally expensive to pro-
vide, if it is to be free from hum and noise.

The resonance could be raised to a higher fre-
quency by increasing the stylus pressure on the
record, but this is inadmissible because of its effect on
record wear.

The pickup discussed here was adjusted to 7.5
grams weight, and it became apparent that the only
satisfactory method of eliminating the resonance was
to introduce an equal and opposite resonance. It was
also obvious that the casiest way to do this would be
electrically rather than mechanically, and this meant
using a series-tuned circuit.

This might have been somewhat difficult in the
past, but was madec easy by the availability of Ferrox-
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Fig. 2 Photograph (full-
size) of Mullard Ferrox-
cube pot-core assembly,
Type Y25.
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cube pot-core assemblies. These are manufactured
by Mullard and are supplied as a complete assembly
including coil former. Unfortunately, no method of
fixing is provided and it must be left to the indi-
vidual user to decide on the best method of achieving
this. These assemblies are very neat and compact; a
good idea of their size and appearance can be gained
from Fig. 2. They possess a very high permeability
and a negligible external field. These characteristics
enable quite high inductances to be obtained with
comparatively small amounts of wire, and the virtual
absence of an external field means that they can be
used in low-level circuit positions, where it would be
hazardous to use any other type of winding.

The type used for this application is designated Y25
and has a winding area of 83 mm.” 52 turns are re-
quired for an inductance of 1 mH, and in order to
make the circuit easily tunable, an inductance of

500 mH was used, requiring 52+ 500= 1,144 turns of
40 s.w.g. enamelled copper wire. The tuning con-
denser 1s a Cyldon No. 26 mica compression trimmer,
2,500 pF maximum capacity.

Method of Connection

Handsome Q-factors can be obtained with these
Ferroxcube assemblies (of the order of 200 at 10 kc/s),
which are clearly not required here. It is inadvisable
to shunt the pickup directly, as this could cause severe
distortion in the region of resonance. Further, it is
necessary to shape the resonance curve of the tuned
circuit so that it is, as near as possible, a mirror image
of the pickup resonance curve, and this has been
achieved by using the tuned circuit as part of a fre-
quency-dependent potenual dividing network, as
shown in Fig. 3. This network is placed between the
pickup and the amplifier. It results in some loss of
gain which is unavoidable. Also shown in Fig. 3 is a
switch for disconnecting the filter when playing 78
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r.p.m. records. This method of switching results in
a similar loss of gain in the case of 78 r.p.m. records;
this was thought to be desirable as no violent change
m volume level occurs from the change-over.

Overall Response

The results obtained from the combination of
pickup and filter arec shown in Fig. 4 and it can be
seen that apart from a slight rise of some 2.5db at
7 ke/s, the response is substantially flat up to 8 ke/s.
after which it drops very steeply.  Nothing but a
better pickup can improve the response beyond this
point. After the filter had been inserted and tested,
one or two “bad” records were played through. The
worst of these, an early release, which before had ex-
hibited “buzzing” to a most objectionable extent,
sounded perfectly natural and somewhat more lifelike
than a good many more recent issues.

An interesting comment on the present state of the
art is that, at the moment, it is easier to obtain a good
high-frequency response with 78 r.p.m. records than
with the long-playing variety, but, of course, with an
accompaniment of needle scratch.

Short-wave Conditions
Predictions for July

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 July.

Broken-line curves give the highest frequencies that will
sustain a partial service throughout the same period.
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Audio Developments

New Products Shown at the A.P.A.E. and B.S.R.A. Exhibitions

STEADY if not spectacular progress in the design
of audio-frequency equipment is evident from a
survey of the commercial products shown at the
exhibitions organized recently in London by the
Association of Public Address Engineers (May 5 and 6)
and the British Sound Recording Association (May 16
and 17). Greatest activity in the immediate past
would seem to have been in the design of magnetic
tape recorders, though amplifiers and their control
units have also shown that design in this well-
established field is far from reaching stagnation.
There is evidence of activity in loudspeaker design,
particularly in line-source arrays for covering large
areas out of doors; and microphone, pickups and
other important accessories have all contributed food
for thought.

Microphones.—A new noise-cancelling microphone
(Model VC52) has been developed by Lustraphone
and is designed as a close-talking microphone for use
under high ambient noise conditions. It is stiffness-
controlled over the working range and is of small
dimensions compared with the wavelength of the
upper limit of frequency. Two factors contribute to
the high discrimination against noise, a polar diagram
with a high front-to-back ratio and a sensitivity which
falls off steeply with distance from the source. Its
small size permits a variety of mountings, one of
which is from an adjustable bracket attached to the
operator’s headphone set. Also new to the Lustra-
phone range is a ribbon microphone Model VR/53
with a frequency response up to 14,000 c/s.

Pickups.—An exhaustive investigation into the con-
ditions under which pickups are required to perform
when tracking long-playing records has been under-
taken by Cosmocord in collaboration with the Decca
Record Company and it has been established that
pickups may be called upon to respond to accelera-
tions as high at 2,000 times the acceleration due to
gravity at a frequency of 10,000c¢/s. Accordingly,
Cosmocord have produced for manufacturers an en-
tirely new range of “Hi-g” pickups and cartridges
which can be relied upon to track not only all exist-
ing Lp. records, but any which may be produced in
the future under the existing limitations of groove
spacing and high-frequency cut-off. This perform-
ance has been achieved without exceeding a weight of
10 gm on the stylus. In the Type HGP33-1 turnover
cartridge, which is typical of the series, an increase in
compliance of the movement has permitted the use of
a push-in sub-miniature stylus which can be replaced
without special tools. With a simple two-element RC
equalizing network a response flat from 50 to 13,000
¢/s is obtained with only a 5 db drop at 20,000 c/s.

The prototype of a new moving-iron pickup was
shown by A. R. Sugden with an armature mass of
10 milligrams and a high-frequency resonance of 15
to 20 ke/s when playing plastic long-playing or nitro-
cellulose direct recording discs.

Pre-amplifiers, Control and Feeder Units.—A ver-
satile “Master Control Unit” for microphone,
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recorded or radio inputs has been developed by the
Lowther Manufacturing Company. It employs three
ECCA40 valves and in addition to standard equalization
for the principal disc recording characteristics, has
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Above : ““ Truchord "’ Modet
50T amplifier-loudspeaker unit.

Right : Leak radio feeder unit,
Type VS, and portable com-
bined TL{12 amplifier and
control unit.

independent bass and treble controls giving con-
tinuously variable rise and fall up to 30db, and
separate variable-slope filters giving a “roll-off ” at
alternative fixed starting frequencies of 5, 7 and 9
kc/s. That the unit does perform according to speci-
fication was proved by a demonstration on the stand
using:an Industrial Electronics automatic cathode-ray
curve tracer, which showed that operation of the con-
trols was not accompanizd by any secondary disturb-
ances near the critical cut-off frequency. Not the
least interesting feature of this unir is the ingenious
parallel-line graduation of the front panel which serves
all the controls. A neat AM-FM tuner unit covering
85-100 Mc/s has also been added to the Lowther
range.

Designed for stable high-quality reproduction from
long-distance short-wave stations as well as medium-
wave stations, the new $6BS radio feeder unit made
by C. T. Chapman (Reproducers) has two stages at

Wharfedale reproducer with triple-unit loudspeaker system.
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Above :  Pamphonic
amplifier with

if. with switched tertiary windings giving bandwidths
of 5, 7 and 10kc/s. Delayed, amplified a.g.c. is
applied to the r.f. and frequency-changer stages as
well as to the two i.f. valves, and the chassis is fully
tropicalized.

Amplifiers.—The Type 915 amplifier recently in-
troduced by Pamphonic Reproducers has been
designed for research and measurement work as
well as for high-quality reproduction. It has a fre-
quency response of 15¢c/s to 150kc/s, +1db and the
distortion at the maximum output of 15 watts is
claimed to be 0.05 per cent at 1,000 ¢/s. Feedback
is designed to provide zero output impedance.

For high-quality p.a. applications G.E.C. have
introduced a 30-watt amplifier of robust design
(BCS2430) with tetrodes in Class ABI push-pull and
using a neon stabilizer for the screen feed resistance.
Three fader-connected inputs are provided as well
as the usual tone controls, and there is 3 test meter
with switching for all valve cathode currents. A
panel mounting version (BCS2430/2) of this ampli-
fier is available.

The Leak TL/12 amplifier and pre-amplifier con-
trol unit are now available as a combined portable
unit, suitable for p.a. work. This unit is illustrated
together with the VS radio tuner unit, which pro-
vides bandwidths of 6, 12 and 24 kc/s.

Rogers Developments have introduced a medium-
priced “RD Baby de Luxe Mark II” amplifier to
supersede their earlier “Baby ™ and “ Junior ” ampli-
fiers. It has a larger output transformer and more
conscrvatively rated h.t. supply. At 1,000 ¢/s har-
monic distortion is 0.25 per cent at 8 watts output, and
0.6 per cent at 12 watts. Hum and noise have been
reduced to —85 db referred to 8 watts.

An unusual amplifier-loudspeaker unit is now
available from Reproducers (Electronic), Itd., makers
of the “Truchord” record reproducer. It consists
of the main amplifier from this instrument together
with a 10-inch loudspeaker and forms a nucleus to
which the enthusiast can add auxiliary equipment of
his own choice.
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Left: Portable ver-
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W studio tape
e recorder, Type
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Right :  Therm-

ionic Products
multi-channel air-
port recorder.

Loudspeakers.—Developments in loudspeakers, as
exemplified by these two exhibitions were for the
most part confined to minor improvements in exist-
ing and already well-known units. Wharfedale, how-
ever, were showing a new wide-range reproducer in
which the frequency spectrum is divided between
three units.. A type W15/CS unit in a 9-cu ft vented
enclosure covers frequencies up to 800c¢/s. Above
this frequency, a “ Super 8/CS ” is fed from the half-
section crossover filter, and the extreme top is re-
inforced by a “Super 5” unit which is shunted across
the mid-frequency unit with a series capacitor to
restrict the input below 5kc/s. A volume control
is connected across the h.f. unit to provide a balance
suited to programme conditions.

The new “ Magneta-Decca Radiator ” produced by
the Magneta Time Company is a vertical line-source
column loudspeaker and has a radiation characteristic
designed to give reasonably uniform sound intensity
(84 phons) over an elliptical area approximately
250 x 180 yds at the front and 85 x 60 yds at the back,
with an input of 75 watts.

Gramophone Motors.—The new transcription-type
3-speed gramophone motor, Model 301, made by
Garrard is of the induction type driving a heavy stain-
less steel turntable through a friction drive. The
motor is fully floating on a spring suspension and its
power consumption is 16 watts. Speed fluctuation
(“wow ) is less than 0.2 per cent. An unusual feature
for a motor of this type is the provision of a speed
control over narrow limits, so that pitch can be
accurately adjusted when desired. A large-diameter
disc under the turntable forms an eddy-current brake
in conjunction with a small permanent magnet, the
position of which can be adjusted to vary the retarding
torque. Speed limits on 33%, 45 and 78 r.p.m.
(nominal) are 32.6-33.9, 44-46 and 76-80 r.p.m.
respectively.

Magnetic Tape Recorders.—The multi-channel air-
port recorder designed by Thermionic Products is an
outstanding example of an important application of
magnetic recording in air traffic communications. On
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Garrard Model 30! tran
scription turntable motor.

a 0.7in wide tape running at 3.75in/sec, fourteen
channels can be recorded simultaneously for four
hours on each reel of tape. Automatic switching is
provided to ensure continuity, and to transfer the
recording to the standby unit in the event of any
failure in the system. Coded time signals from an
electrically wouad spring clock are superimposed on
each channel so that the time of any message can be
established with accuracy.

In another sphere, the new EM.I. Type BTR/2
portable equipment is equally imposing. In perform-
ance it is the same as the studio version, which is
widely used by broadcasting and recording organiza-
tions, and gives a response at a tape speed of 15in/sec
level within +2db from 50 to 15,000¢/s.

The production by M.S.S. of a new tape mechanism
of their own design is an event of more than usual
interest. Basically it follows established practice for
high-quality machines designed for tape speeds of 7%
and 3in/sec and the performance figures quoted for
the higher speed are 60-10,000c/s+3db, <23 per
cent total harmonic distortion, “wow ” <0.2 per cent,
signal/noise ratio 50db. Several types of complete
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machine are available, including models designed to
work in conjunction with M.S.S. disc recorders for
transcription work. Variations from standard specifi-
cation which can be supplied to order include syn-
chronous drive motor, tape speeds of 7% and 15, or
% and 3%in/sec, automatic back spacing and reverse
drive for dictation purposes, and remote operation
with foot control.

The range of tape recorders made by C.J.R. Elec-
trical and Electronic Development, which incorporate
a special version of the Bradmatic tape desk, covers
every possible requirement for professional use. Three
half-track heads are standard in all models, enabling
the recording to be monitored while in progress. In
addition to the portable models a console (Type D6)
with a 10-watt push-pull amplifier and accommoda-
tion for 93-in diameter spools is available.

M.S.S. magnetic
tape recorder,
Type PMR/3.

Above :

Left :
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Truvox Mark Il
tape mechanism.

Right :
console tape recorder with
push-pull output stage.

British Ferrograph mag-
netic tape recorder, Type 2A.

British Ferrograph have produced a revised version
(Model 2A) of their well-established portable recorder
with synchronous capstan motor, endless loop cassette
attachment and facilities for superimposing com-
mentaries on previously recorded material. The new
machine accommodates 1,750-ft reels and is fitted with
a redesigned sustained-peak monitoring meter, giving
easily interpreted readings.

In addition to the portable “Reporter” tape
recorder with which Grundig (Great Britain) entered
the market, there is now a handsome console (700C).
As in the “Reporter ” control is by push buttons and
there is provision for inductive pickup from a tele-
phone instrument, as well as normal inputs from
microphone or radio. All Grundig instruments are
now sold with a 25-minute demonstration tape which
includes a variety of celebrity recordings. Possibly of
greater interest to the technically minded is the fact
that a test tape (TB53) with a range of standard fre-
quencies is also now available at 21s.

The redesigned Truvox Mark III tape mechanism
is now in production and is notable for the clean and
simple mechanical design. The capstan flywheel
bearing is exceptionally long and the main drive motor
is flexibly suspended.

In the “Tape-Riter” office dictating machine
(London Office Machines, Ltd.) the advantages of
standard }-in tape, from the point of view of quality
of reproduction, are exploited without incurring the
normal difficulties of threading and loading, by the
use of self-contained cartridges which, in addition to
supply and take-up reels, contain a tape footage
indicator.

A wide range of cinema-film edge coatings, as well
as 35mm and 16 mm film fully coated between per-
forations, are now available from the Minnesota
Mining and Manufacturing Company, who have also
produced an improved 0.25-inch tape (MC2-111)

(Continued on p. 305)

C.J.R. Electrical
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AUDIO DEVELOPMENTS

- Continued
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Grundig 700C console tape recorder with 4%-watt output.

which shows an improvement of 2 to 5db in sensi-
tivity and 6 db in maximum output.

Erasure of complete spools of tape in a 50-c/s alter-
nating field is often more effective and convenient than
erasure by a separate head at bias frequency, and
Leevers-Rich have for some time marketed an erasing
machine for this purpose. They now offer a modified
version with an extra field coil which will accommo-
date all spools from 31in up to the large single-sided
platter type as used by European broadcasters.

BOOKS RECEIVED

Monographs for Students. A series intended for general
reading in the first two years of a degree course, or for
students taking the Higher National Certificate in Applied
Physics.

“ Fundamentals of Thermometry ” by ]J. A. Hall, B.Sc,

A.RCS.,, DIC, FinstP. Pp. 48; Figs. 13.

« Practical Thermometry” by J. A. Hall, B.Sc,, AR.CS,

D.I.C., F.InstP. Pp. 51: Figs. 8.

“The Magnetic Circuit” by A. E. de Barr, B.Sc,

F.Inst.P.

“ Soft Magnetic Materials Used in Industry” by A. E.

de Barr, B.Sc, F.InstP. Pp. 62; Figs. 35.

Price 5s each. Published by the Institute of Physics, 47.
Belgrave Square, London, S.W.1.

Antennentechnik, by G. C. Oxley, AM.I.LEE,, and Alfred
Nowak, Dipl. Ing. Theoretical and practical aspects of aerial
design with special emphasis on dipoles for television and
arrays for short wave communication. Pp. 234; Figs. 257.
Fachbuchverlag Siegfried Schutz, Hanover, Germany.

Einfuhrung in die Theorie der Hochfrequenz-Bandfilter
by Richard Feldtkeller. Mathematical treatise on the design
of bandpass filters. Pp. 196; Figs. 95. DPrice DM 16. S.
Hirzel Verlag, Stuttgart, Germany.

Differential and Integral Calculus by Philip Franklin Ph.D.
Introductory treatise with numerous examples and exercises.
Pp. 641; Figs. 367. Price in U.K. 48s. McGraw-Hill Pub-
lishing Company, 95, Farringdon Strect, London, W.C.2.

TV Sweep Alignment Techniques by Art Liebscher. Ad-
justment and fault tracing with numerous c.r. oscillograms.
Pp. 123; Figs. 66. Price $2.10. John F. Rider, Publisher,
480, Canal Street, New York, 13
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PLASTICS

Radio Mouldings at the Olympia
Plastics Exhibition

AMONG the wide range of plastic materials and
mouldings shown at the recent Plastics Exhibition
organized by British Plastics at Olympia were many used
by the radio industry.

One of the most impressive exhibits was a giant
parabolic aerial refiector measuring 14 ft in diameter and
mtended for use in the 9- to 1l-cm waveband. It has
been produced by F. G. Miles, Ltd., of Shoreham-by-Sea
for the Cossor Mark VI airfield radar. Moulded in
phenolic asbestos, it 1s said to be non-corrosive and has
such a good strength-to-weight ratio that scanners of
this kind can be constructed in approximately half the
weight of an equivalent all-metal structure. The neces-
sary conducting surface is provided by spraying the con-
cave face with metal protected by a coating of paint.

The plastics production of E. K. Cole, Ltd, now
includes moulded mstrument knobs, various kinds of r.f.
and af. coil formers and some terminal and multi-plug
inserts. A black phenolic moulding is used for the r.f.
coil formers which take the form of small i-in and %-in
(approximately) diameter formers with fixing feet and
having internal threads for a dust-iron core.

A lesser-known activity of the G.E.C. is the production
of plastic mouldings of various kinds, many having radio
applications. These include valve bases, c.r. tube bases,
coil formers and complete radio cabinets.

Telcon plastics, mainly Telcothene, were well in
evidence, while Redifon and Radio Heaters demonstrated
sealing and welding of plastics by means of radio-frequency.

Printed circuitry as applied to the construction of an
Ardente hearing aid was shown by Lacrinoid Products,
the ctched foil process on a plastic base being employed.

Giant parabalic reflector moulded in phenolic-asbestos for
a Cossor airfield radar. The hole is for alignment purposes

during installation and is normally covered by a metal disc.
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MODERNIZING THE

Wireless World

(Concluded from p. 284 of the Fune Issue)

Television Receiver

Part 3.—Conslruction

A FEW changes are needed in the apparatus
associated with the time-bases, mainly in the power
unit and the focus-coil unit.

The power unit originally had an output of 480 V
but this is now too great. It is reduced to some
400 V by the simple expedient of omitting the 4-uF
reservoir capacitor. The circuit then works with a
choke input and provides a smoothed output of some
400 V which is dropped to 300V in the focus-coil
circuit. The arrangement is shown in Fig. 5. The
focus circuit is arranged to minimize the variation of
voltage drop across it with operation of the control and
is only possible because the total current of 200 mA
is over twice that needed by the focus coil. This coil
is the one of the original design but requires a higher
current because of the higher operating voltage of the
tube.

The details of this focus coil are given in Fig. 4
which is repeated from the original description since
this is now out of print. The type of focus coil
employed is in no way critical, however, and there are
suitable commercial types; as an alternative, per-
manent-magnet units are now available and would
normally be preferred because they are not subject to a
warming-up drift.

Some alteration to the values of R; and R, may be
needed in some cases, depending on the tube used, the
position of the focus coil and its design, for the range
of control afforded by R, is not large. Because the
resistance of the focus coil varies with temperature

there is inevitably a small change of focus when the
set has been in operation for some time.

The proper condition is to have the * cold ** and
“ hot »* settings of R, about equally on either side of
its mid-point and in some cases an adjustment to
R, and R, may be needed to achieve this and at the
same time to secure the output h.t. line of 300 V.
The value of R, governs the focus control setting. A
reduction in its value shunts more current away from
the coil and R, so that the slider of R; must be moved
towards the coil end to maintain focus. The value
of R, mainly governs the h.t. voltage and has little
effect on focus.

The values shown in Fig. 5, with R, zero, are suitable
for the G.E.C. 6075A tube and probably for most
other triode types. A tetrode gun, such as the Mullard
MW 31-16, however, calls for a smaller focus-coil
current. With such a tube its first anode should be
joined to the -+HT, point.

If a permanent magnet is used for focusing L;, R,
R,, R,, R, and C, are to be omitted and replaced by a
simple dropping resistor of 500-Q 25-W rating.

If a tube with an ion trap is used, an ion-trap magnet
suited to the tube must be employed and the tube-
maker’s recommendations as to type of magnet and
method of adjustment should be followed. Proper
adjustment is important not only to secure the best
results but because the tube may be damaged by
incorrect adjustment.

The magnet is normally placed over the tube so

Fig. 4. Details of a suitable focus coil are given here. The core tube is |4-in long to give a §-in air gap at the front end. The
spacing bars can be made from 5-in wire nails. The coil has a resistance of 1,000 ohms.
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that the arrow on it agrees with tiic
line marked on the tube base and
sufficiently forward for it to be in
front of the gun and over the trap.
The position is adjusted by sliding it
backwards and forwards,and rotating
it slightly, to give the brightest raster.
Initially, this must be done with a
very dim raster, but the final adjust-
ment can be done with one of normal
brightness.

The brightness-control circuit has
been altered slightly from the original
in that the values of the resistors
have been reduced to enable a wire-
wound potentiometer to be used.

One change only is needed in the
receiver unit and that only in the
superheterodyne model. Because of
the different supply voltage, R,, (the
oscillator feed resistor) should be
dropped from 100 kQ to 82 kQ.

The time-base circuit of Fig. 1 has
been put into practical form in two
different ways—one as a modification
to the existing time-base chassis of
the original receiver and the other as
a4 new design. In the former, both
chassis took the form of trays with
open tops and bottoms and cross
shelves for the valves. The open sides
were mounted to face each other with
a metal plate between them for

screening. The outer chassis, for the

line time base, was hinged at the bottom to open out-
wards, while the inner chassis was hinged at the back
so that the whole unit could be tilted on one corner
clear of everything else.

This form of construction proved very satisfactory,
but it was found that the frame time-base unit, which
remained always in a vertical position, was much less
convenient to work on than the line time-base chassis,
which opened out into a horizontal position. In the
new design, therefore, both chassis will open out
horizontally, one being hinged to the other as shown
in the photographs.

To minimize radiation, the line time-base must be
completely screened and this is achieved by using a

Here the frame time-base is shown together with the size of
its chassis and the position of its shelf.

Fig. 5. Circuit diagram of the power unit with focus and
brightness control connections. The output of the receiver
unit is taken directly to the cathode of the c.r. tube and
through a 10-kQ resistor to the frame time-base unit.
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TWO STRIPS BOBBIN
SURGICAL STICKY TAPE 1 0FF)
THROUGH INSIDE OF BOBBIN Hio
WITH ENDS TURNED OVER AT
EACH END ON QUTSIDE
OF END CHEEKS
END CHEEKS
(2 OFF)

Fig. 6. Details of the bobbins for the transformers T,
Tyand T,
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chassis with four closed sides. ILarge holes are cut in
top and bottom and covered with perforated zinc and
one whole side is made of this material. This is
essential to obtain adequate ventilation.

Ventilation holes are also provided in the top and
bottom of the frame chassis but are less essential, since
the whole of one side is normally open.

As in the previous design, the frame unit contains
the sync separator as well as the frame time-base, while
the line unit includes the e.h.t. supply. The perfor-
mance is not critically dependent on the layout.
Most details can be seen from the photographs.

Since R,; is at up to 2-kV peak with respect to the
chassis, its internal insulation is not relied upon and
it is mounted on the chassis by means of an insulating
bush. For the same reason it should be provided
with an insulating knob in case its spindle should
become live. This is actually unlikely, for the internal
insulation is quite good.

The metal rectifier D, is supported by an insulating
bracket, for although it has an insulated spindle, this
will withstand only 500 V or so and again the peak
potential may be up to 2 kV.

The coil L;, being wax-dipped, must be kept away
from anything hot.

It is essential that both ends of D, and anything
connected to it should have at least one-inch clearance
from anything else, including the chassis, and that
there should be no sharp points or edges on the metal
work. All the soldered joints here should be nicely
rounded blobs of solder. .Great care is needed to avoid
corona.

If it is found that the line synchronizing is poor
in that vertical lines are ragged, the trouble is almost
certainly due to corona, for the discharge results in
the time-base being tripped erratically. If the corona
versists when all sharp points have been buried in
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balls of solder an improvement can often be effected
by painting the relevant parts thickly with shellac
varnish. It is necessary to build up a very thick
layer by applying many coats and allowing it to dry
between them.

Corona occurs when the electric field in air is
excessive and it can be avoided only by reducing the
field strength below the critical value. For a given
voltage on a conductor this requires that the radius of
curvature be increased, hence the need for large smooth
blobs of solder. However, the field strength in air
can also be reduced by moving the air further from the
conductor, which is what is done by painting the
conductor with an insulating varnish.

If the time bases are built on the original chassis,
it is not possible to include the frame-output trans-
former on the chassis, but it is quite satisfactory to
mount it with R,, externally. The old line chassis
is also not big enough for everything. What was done
in a conversion, therefore, was to bolt on a new
extension at the back to take the multivibrator.

The various special components are fully described
in the drawings and, for the sake of completeness,
details of some of the original parts which are retained
are repeated here.

The three transformers, T, T,, and T, are wound
on formers of the same general form but different
sizes as shown in Fig. 6. The blocking-oscillator
transformer T, has a primary and secondary each of
3,000 turns of No. 40 enamelled wire with three layers
of thin paper between windings for insulation. The
coils are scramble wound. The core comprises a
16-inch stack of M. & E. No. 74 laminations, 0.014-inch
thick of Silcor 3 (or 1). The E and I parts are butted
together without a gap and the core is held by the
usual bent channel metal. A tag board is conveniently
screwed to this frame.

The frame output transformer T, has the secondary
for its inside winding and this comprises 350 turns of
No. 22 enamelled wire evenly layer wound with a
turn of waxed paper between layers. The winding
must be tight. There should be six layers of waxed
paper outside the secondary. The primary has
5,250 turns of No. 38 enamelled wire scramble-wound.
It is advisable to put on a turn of waxed paper about
every 1,000 turns.

Before winding, the end cheeks of the former should
be liberally provided with -3-inch holes to permit the
entry of wax in the subsequent impregnation.

The core comprises a 1-inch stack of M. & E. No.
93A Silcor 3, 0.014-inch laminations. The T and U
pieces arc assembled for a butt joint with a 0.003-inch
air gap. The core is clamped by four stout strips of
steel and 4-BA bolts which are long enough to provide
the mounting. They should be provided with rubber
grommets where they pass through the chassis so
that the mounting is somewhat resilient. Because of
the high magnetizing current, this transformer is
especially liable to produce an audible buzz. The
resilient mounting is desirable to prevent the chassis
from being set into vibration and acting as a sounding
board. The wax dip is necessary to prevent movement
of the windings.

The whole component, when finished, should be
immersed in melted paratfin wax at a temperature of
about 100-120°C and left there until all bubbling
ceases. This may require up to two hours. If a
thermometer is not available the wax can be melted
in a double saucepan. This will ensure that the
temperature does not exceed 100° C and if the water
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in the outer saucepan is kept boiling the wax tempera-
ture will not be very far below it.

When all bubbling has ceased, lift the transformer
out of the wax and allow it to drain. When the wax
on the outside starts to set, give it another quick dip.
Build up a thick exterior coating by a succession of
quick dips, each time allowing the wax to set before
re-immersing.

The line-linearity transformer T, has a winding of
1,000 turns of No. 36 enamelled wire tapped at 333
turns from the start. On the circuit, the start is
labelled 3, the tap 2 and the end 1 so that 666 turns
come between 1 and 2. It is scramble-wound. The
core is a l-inch stack of M. & E. No. 74, Silcor 3,
0.014-inch laminations, butt-jointed, without a gap.
The core is held by the usual bent channel metal.
The whole transformer must be insulated to withstand
2kV from the chassis. It must also be acoustically
insulated to prevent an audible magnetostriction
whistle. The two forms of insulation are obtained
together with sponge rubber.

The case is made of tinplate to the dimensions of
Fig. 7 with the joints soldered together. A flat bottom
plate is rivetted to the true bottom for mounting.
A rubber sponge measuring 2in X 5in X 3}inis cut
into two pieces 2in X 2}in X 3}in. Each of these
has a small piece dug out of the middle to take the
bobbin of the transformer but not the core. The
transformer is placed between the two pieces of
rubber with the leads coming out together. The
whole is then forced into the case, the leads are
passed through a grommet in the lid and the lid is
placed on and secured with a touch of solder.

The e.h.t. coil L, is wound on a cylinder of hard
wood of 1-inch diameter and 1%-inch long, Fig. 8(a).
One solder tag for the start of the winding is held to
the former by a wood screw close to one end. The other
end is drilled for two wood screws for mounting.

Drill two series of circumferential holes around the
former to take steel pins (such as lengths of knitting
needle) with a tight fit. The inside faces of the pins
are to be -inch apart and one of them J inch from

TAG BOARD

Fig.7. Details of the case for the line-
scan linearity-correcting transformer
are given here.

The line time-base chassis is the same
size as the frame time-base chassis,
The valves are mounted on a bracket,
as shown in this photograph.
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the end of the former. The rows of holes should be
# inch plus the thickness of the pin apart., There must
be 12 pins in each row.

The winding comprises 1,220 turns of No. 30
enamelled wire in 50 layers of approximately 26 turns
per layer. After one layer, give it a thin coat of shellac.
Then put in a cotton spacer by winding No. 36 sewing
cotton round pins as in Fig. 8(b) so that a thread of
cotton lies across the winding by each pair of pins.
Continue winding with cotton interleaved between all
layers and shellac each winding lightly as it is done.

It is important to fill each layer with wire irrespective
of the actual number of turns. If one layer is short,
the next layer will tend to push the cotton down.
Towards the end, the turns per layer will tend to
become fewer because of the pins pulling inwards by
the tension of the cotton.

When wound, attach a connecting lead to the end

"
! S
w0
(a) ‘:7;" (v)

Fig. 8. The former dimensions and coil position for the

e.h.t. coil are shown at (a) and the way in which the inter-
layer cotton is wound at (b).
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and tie off firmly on the outside of the winding. Leave
to dry.

Then quick dip in paraffin wax. Drain thoroughly
after each immersion at first so that the wax does not
penetrate between the layers to any extent. When the
sides are covered, build up the wax thinly. Then
immerse only the outside of the coil while rotating the
coil by its former to build up a tyre of wax about
$-in thick over the outer periphery.

An error occurred in Part 2 which must be corrected.
The value of C,; was given as 200 pF; it should be
50 pF.

LIST OF PARTS

C, 32 uF, 500 V, clectrolytic. Dubilier Type CT.
C. 50uF, 150 V. Dubilier Type BR.
C;, C, 8uF, 500 V. Dubilier Drilitic BR850.
R, See text.

R, 2.5 kQ, 5W (see text). Welwyn.

Ry 500Q, 5 W, Linear, wire-wound. Reliancc Type

T.W/1.
R, 1.2 kQ, 6 W (sce text). Welwyn.
R; 1kQ,3 W, Welwyn.
Rg 18 kQ, 6 W. Welwyn.
R, 10 kQ, 5 W, lincar, wirc-wound. Reliance Type
T.W./1.

(Resistor ratings are minimum ones).
V1, Vy IW4 500 (or GZ 32, but transformer must then have
5-V winding). Mullard.
T, Primary 200/250 V, Sccondaries 500-0-500 V,
250mA ; 4V,5A; 63V 8A. Partridge 4204 A,
L, 20 H, 250 mA, 185Q. Partridge 4204 B.

RF. SOLDERING
Petrol Tank Production by Radio Heating

A NEW radio-frequency plant designed and built by
Redifon for Vauxhall Motors enables all the fittings for a
petrol tank to be soldered on by one operator in under
one minute. Soldering by hand of such items as the tank
filler, drain plug, draw-off pipes, etc.,
may take up to 10 minutes by three or
four operators, according to the com-
plexity of the work. Thus a very con-
siderable saving in time and labour is
effected by this machine.

The sequence in production of the
petrol tank has been modified and the
parts mentioned arc soldered in position
before the tank is shaped on the bending
machine and the Redifon machine is
thus designed to handle flat sheets.

It is semi-automatic and the operator
merely loads a sheet on to the work
carriage, places the items to be soldered
in position, applies solder and flux and
initiates the movement of the carriage,
and hence the soldering cycle, into the
machine.

Lifting the sheet off the work carriage,
timing of the soldering and cooling cycles
and ejection of the finished plate is auto-
matic, but the operator can immediately
arrest all motion should it be necessary.

Redifon semi - automatic r.f. soldering
plant for motor vehicle petrol tank fittings.
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TELEVISION BANDWIDTH
COMPRESSION

IN one chapter of his new book on information theory,*
D. A. Bell puts forward an interesting suggestion for
reducing the bandwidth required by television trans-
missions. Instead of allowing the sidebands of the trans-
mission to straggle out across the frequency spectrum, it
should be possible, he says, to-interlace them all into a
tight bunch, occupying a very narrow band, by using
heterodyne oscillators to shift the various sideband fre-
quencies. This would be possible because the sideband
frequencies of a television transmission occur at harmonics
of the picture repetition frequency, so there are regular
gaps between them which could be occupied by the shifted
sidebands.

The interlacing process could only be carried so far
because movement in the television picture causes the
individual sideband frequencies to broaden out into bands,
and sufficient space would have to be allowed for this
“breathing in and out” In this respect, the schemec
amounts to a system of information coding which would
make the bandwidth requirement dependent more on the
rate of transmission of real information (changes in the
picture) than on just the maximum possible detail in a
static picture (represented by the 3-Mc/s chequer-board
pattern).

The chapter in which these ideas are discussed is con-
cerned with practical applications of information theory
in telecommunications, and as such will be the one of
most direct interest to radio people. The remaining six
chapters are mainly theoretical and deal with such topics
as the binary digit mcasure of information, the idea of
entropy, bandwidth and signalling speed, signal-to-noisc
ratio, coding and filtering. As a whole the book amounts
to a comprehensive summary of all the papers that have
been written on information theory, and is, in fact,
probably the first real book on the subject. The compila-
tion of information has been done very well and the author
has a clear and easy style, but the book is not intended
as an introduction for beginners, and is only recommended
to those who alrcady have some familiarity with the
subject.

* Information Theory and its Engineering Applications. By
D. A. Bell. M.A,, B.Sc. (Oxon), M.LLE.E. Pp. 138+ viii; Figs. 29.

Sir Isaac Pitman & Sons, Pitman House, Parker Street, Kingsway,
London, W.C.2.

Price 20s.
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TRANSISTORS

6.—Stabilizing the Working Pont

THE most important characteristic of modern
electronic circuits is designability. It was fun, in
the old days, to make a circuit work, by brute force
and classical scholarship. Fun, I must add, for the
designer who would set out to build a receiver, and
find he had produced the first all-electric mousetrap.
It was not such {un for the production and test
departments, or for the unfortunate customer. Many
organizations, indeed, inserted a buffer between the
experimental laboratory and the production drawing
office, just to be sure. This intermediate department
still remains, like the human appendix, although its
function has now passed away. The professional
circuit designer regards the experimental work as a
mere checking of his calculations and will usually
demand a lab re-check if therc is any disagreement.

This change in attitude is seen very clearly when
we look at some of the information which is being
published on transistors. It is easier to find out the
way in which the current amplification varies from
sample to sample than to find the distribution of
mutual conductance values for a common valve,
like the 6AK5. This is no doubt due partly to the
hatred all valve manufacturers have for engincers :
transistors at present arc being produced by engineers.

Since we must accept the variability of our
transistors, and since some of the variation depends
on the ambient temperature, we must be prepared
to design our circuits to take account of the tolerance
range. We have at our disposal two obvious tech-
niques, the usc of negative feedback to stabilize the
gain, and the incorporation of pre-set controls to
allow for basic differences between units. Quite
clearly, however, we cannot use the controls to deal
with the changes which occur during the warming
up period : less clearly, perhaps, there are changes
in the working conditions of amplifiers which cannot
be dealt with by negative feedback.

Measurements have been made which indicate
very clearly whar happens when a transistor is warmed
up and then allowed to cool. For the n-p-n transistor,
which is the most interesting in this connection, the
data does not seem to have been published, but some
indication of the cffects is given by Fig. 1, which
shows the variations of I, the collector current at
40 volts on the collector and zero current into the
emitter, and V,y, the collector voltage in the saturation
condition, with 1 mA emitter current and 2 maA collec-
tor current, for a point type transistor of Type 1693
(switching type). These measurements were taken
as the ambient temperature was raised to 85 deg. C and
then cooled again. It will be seen that I, is very sen-
sitive to changes in tempcrature. The same effect, on a
different scale, is obtained with the junction transistor.

Let us now look at the circuit of Fig. 2. The
resistors R, R, R,, are used to control the base,
emitter and collecror currents. The circuit is drawn
for a p-n-p junction transistor. It is reasonable to
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assume that the collector current is independent of
collector voltage : a glance at the junction transistor
characteristics given in Part 4 will confirm this for a
normal working point. The current amplification x
is assumed to be constant over the working range :
if it is not constant, we shall have distortion in the
output. The emitter-base voltage is taken as zero:
usually it will not exceed 0.1 volt.

If we now write down the equations for this circuit
and solve them to get the electrode currents, we
obtain :

R R «E
Io= [T, (1 322 4+ 2 *1 /|
g=ro R, R, Rajttl *
R, R}
R, R,;J
Ie (Ic = Ico) a
I, 1Em I, (1 — o)}/

We may follow R.F. Shea (Proc. I.R.E., November
1952, p. 1435) and obtain a * stability factor” S,
which is the «I /aI,, and is thus

'R, Rl,/[/l R, R, a]
R, R,/ \ R, R,

In a special case, which we discussed in Part 4,

S 1-

12

T,o IN MILLIAMPERES, OR V¢, 1N VOLTS ( AVERAGE )
I

TEMPERATURE  ( DEGREES C )

Fig. I. Variation of two critical parameters of a Type 1698
point transistor as it is heated to 85 deg C and allowed to
cool again.

Fig. 2. Basic cir- R,
cuit for operation of
a transistor from a
single battery.
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the values of R, and R, are infinite, so that S
1/(1 —«). With « in the neighbourhood of 0.95,
this makes S = 20.

Shea goes on to express I, in terms of S :(—

E =~

1 ST R, (S -1
and then points out that we usually want to specify
the working point in terms of I, and V,. Given E,
the available battery voltage and choosing a value for
S, the following equations are obtained for the
resistances.

2(E -V, —R,1)
. LT,
(L =S +x8) (I, — 1) 1,—SI,
R, =G=-D/ "= (E—V,—R], E |
R.': E (S - 1)/(10 -S Ico)

It must be noticed here that R, is the d.c. resistance
of the load, not the impedance. For a transformer-
coupled output the difference is very large, of course.

The power taken from the battery is

S—1

Quite obviously, the smaller we make S, the more
power we need from the battery. A particular example
taken by Shea shows that to make the working point
2} times as stable, the power consumption rises from
6 mW to 14.6 mW. These equations do enable the
designer to estimate what it costs him to stabilize his
working point, and what will happen if he does not
do so. For a n-p-n transistor the value of I,, can
be assumed to vary over a range of 10-100 nA, so
that an S-value of about 5 is the maximum for large
signal working.

Although the initial assumptions are more in error
for point transistors, the discussion above will usually
provide quite good guidance in estimating the effects
of temperature variations and the price to be paid

P-EI

for reducing these effects. It will also be clear to the
reader that the input signal can be applied to either
base or emitter, appropriate decoupling capacitors
being inserted to prevent alternating-current feed-
back.

A very interesting extension of the reasorung given
above has been used by D. E. Thomas in the design
of an oscillator. (Proc. LR.E., November 1952,
p. 1385). His oscillator consists essentially of the
circuit shown in Fig. 1 but with R, replaced by a
tuned transformer, the secondary winding of which is
connected in series with R;. Suppose that we do
not have resistances R, and R, in the circuit. The
collector current at zero emitter current is small, and
the emitter bias produced by the drop in the internal
base resistance is also, by the careful design of the
transistor, made small. At very low currents, the
current gamn, «, of the transistor may not be high
enough for oscillations to start. The addition of the
resistances R, and R; will, of course, bring the trans-
istor to a suitable working point, but if the oscillator
is to be a very low power device—Thomas has been
limited to 35 mW from a 6-volt battery—the designer
is placed in a quandary. If he uses a very small
resistance for R, to avoid getting too large a loss of
collector supply voltage when the circuit is oscillating,
in which case R; must also be small to give the
necessary bias, the Dbleeder network consumes an
excessive amount of power. If he limits the current
in the bleeder network to keep up the overall efficiency
he must use large resistance values, and then the
stability factor we have discussed above is large.

The solution was found in the use of a non-linear
resistance in the base as R,. When first switched on
the emitter resistance is high, but since the base
current is small the value of R, is also high and the
collector current divides almost equally between
emitter and base. As the collector current builds up,
the base current increases and the resistance in the
base falls from its initial value of the order of 700 ohms

to something around 100 ohms.
The differential resistance in the

base is lower still, so that the positive
feedback shifting of working point is
almost negligible. These two sta-
bility problems have been questions
of operation in the linear or quasi-
linear range. The non-linear circuits
considered in the last article can

CoI also benefit from stabilizing mod-
ifications. If you refer to Fig. 7 of
Part 5, you will see that when the
circuit is triggered, it runs up to a
very high value of emitter current,
and from the low slope of region 111
you can understand that the exact
e value of current is rather uncertain.

s

A
R, v,
—_— + - r— I
é cb2
anr 3
*V; 1y —
o tl _— A
+V,
~ o ——
I
-\/" I

Above : Fig. 3. The diode CDI produces
a steeper slope in region /.

Right: Fig. 4. Afurther steepening is produced in region Il by a second diode CD2.

312

A diode added at CDI, with a
suitable bias voltage applied through
Ry, will make the slope of region
IIT much steeper once the collector
current reaches a certain value.
Three possible settings are shown
in Fig. 3. The region III lines are
more clearly defined, but the slope
is still rather gradual. 'The circuit
of Fig. 4 shows a biased diode also
added in the base circuit. The feed-
ing resistors Ry and Ry, are chosen
to bring the diodes to a suitable
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TRIGGER O——f}

Fig. 5. The base diode in this circuit makes the trigger
voltage almost independent of the transistor variations.

E2]

low-impedance working current when they are ““ on
The diode in the collector limits the collector current
sharply, but the emitter current tends to rise. As a
result the voltage across the diode CD2 in the base
is reversed and the emitter characteristic is made
still steeper.

These two techniques for defining the peak current
have their equivalents for the collector and base
connections. Another problem with trigger circuits
is to maintain the peak turning point at a constant

voltage. The turning point at I, == 0 is at a voltage
, R,V
Vo = R, TR, - Vel
b Rla c0/ *¢c0

where V,, is the collector supply voltage and V
is the base-collector voltage at 2 mA collector current,
and the emitter open-circuited. The minimum value
of V,, is probably 40 volts. This gives

Vigo — Ry Vool(R, + Ry, — 500 Vo)

For the values considered previously, R, — 6.8 kQ
R, = 2.2k and V,, — 45 voits,
v - 6800 x 45
¢ 9000 — 500 V,,

If V.= 36 Vi, = — 34

Veo = 45 Vo - 22

V.o = 54 Vi = — 17
There is quite a large movement here. Can any-

thing be done to stabilize this point ? The answer is
again to use a diode, connected in the basec circuit as
shown in Fig. 5. This circuit is due to A. J. Rack,
of Bell Telephone Laboratories, and operates in the
following way. ' With zero emitter current the diode
is normally conducting. Consequently the resistance
in the base circuit is low and is actually about 200-300
ohms. This reduces V', to a value of
V.o = (200 % 45)/(2400 — 500 V )
If Vo= 36 V0 0.58
V. = 54 V.o - 0.37

The change in transistor characteristic which
moved the peak point 17 volts without the diode
moves it only 0.2V with the diode.

In operation the circuit will trigger as soon as the
algebraic sum of emitter and collector currents, which
flows into the base, exceeds the bias current through
the diode. The diode then becomes a high resistance.
The total voltage between collector and base then
becomes Vo, 4 V., and the emitter is biased to V, -+
V,. The load line shifts parallel to itself. This
arrangement also reduces the dissipation in the
“ off >’ condition.

These examples of the design problems involved
in the usc of transistors have been selected to indicate
the methods of analysis and the methods of solution
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which have proved valuable. Each application will
require individual examination, to determine which
solution is the best. For example, the stabilization
of the linecar amplifier working point is of vital im-
portance in the design of a stage giving maximum
output. There is no choice here at all. _ A low-level
stage, however, may be designed to operate at an
appropriately low current and collector voltage.
Low collector voltage and low emitter current appear
to be desirable if the best noise figure is to be obtained.
The price paid is in the stabilization, since the low-
level working point must be maintained accurately.
The alternative is to work out a higher-level working
point, and allow it to drift if changes in transistor
characteristics take place. It will usually be desirable
to make several test calculations to find where the
best working point will be.

The various stabilizing techniques described for
the trigger circuits will influence the time constants
of the monostable and astable actions. In particular,
the stecper slope of region II1 will tend to lengthen
the output pulses and make the astable circuit more
nearly a square-wave generator.

Just as we omit the cathode resistor, its decoupling,
the anode decoupling circuits and quite a lot of
other oddments when carrying out general valve
circuit investigations, so these stabilization processes
will often be omitted in general transistor circuit
studies. In any future circuit discussions thesec
basic elements will be assumed.

Acknowledgmenr. Fig 1 is based on Fig. 6 of
“ Variations of Transistor Parameters with Tem-
perature *’ by A. Coblenz and H. L. Owens, Proc.l.R.E.
Nov. 1952, p. 1473, and Fig. 2 is based on Fig. 1 of
“ Transistor Operation : Stabilization of Operating
Points,” by R. F. Shea, Proc.l.R.E. Nov. 1952,
p. 1435.

METER SHUNTS

Their Accurate Adjustment

I'HE VALUE OF SHUNT required to extend
the range of a milliammeter is easily calculated if
the resistance of the meter is known. Unfortunately,
it is not always known with sufficient accuracy ;
any uncertainty about the meter resistance produces
a roughly equal uncertainty about the current range
of the shunted meter.

1t is often difficult to measure the resistance of a
meter with sufficient accuracy. An a.c. method may
be inaccurate because of the inductance of the coil,
while a d.c. method may not be sufficiently sensitive
if the current in the meter is kept to a safe value.

When resistances other than that of the meter can
be measured accurately, or rather compared accurately
(for their actual values need not be known) it is
possible to adjust the resistance of a shunt very
accurately indeed by using the circuit shown in
the figure on the following page. This is a form of
bridge with the meter in one of the arms and a resist-
ance R, to limit the current to a safe value. A switch
S is connected in place of the usual galvanometer
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R
g Rz S ! Circuit used for
= adjusting a meter
t= shunt.
Rim
Rg o

and the shunt R, is adjusted so that the meter
deflection is unchanged by opening or closing the
switch.

Let the meter resistance be R,, and the current
needed in it for full-scale deflection be I,. It is
required to shunt the meter by R, so that when so
shunted the meter reads full scale for a total current 1I.
The current in R, js then I -1, and the proper value
of shunt is given by the well-known expression

R, 1
R, L,

In Fig. 1, the two resistances R, and R, arc chosen

so that

1

R, I 1
R, I,
There is no other restriction on their value, which
need not cven be known, but it is of some advantage
if they are considerably larger than R,, and R, for
the sensitivity of the meter indication is thereby
increased.
When the shunt has been adjusted to the proper
value
Rv.n Rl R'u Rl
R, R, R. - R,

The currents I,, and I have been sct up in the
proper ratio. When S is open, only I, flows through
the meter. When S is closed, I flows through the
shunted meter. If the deflection is the same this is
the required condition.

As an example of the procedure, suppose it is
desired to shunt a 1-mA, 100-Q meter for 10 mA
full-scale deflection, the figure of 100 Q for the meter

resistance being a nominal one only. Then
Rl R"l
10 -1=9
R, R,

The required shunt R, will be about 11 O and a
length of resistance wire giving about 15 Q should
be chosen to start with.

The resistors R, and R, must be chosen to be in
the ratio 9: 1 as accurately as possible. It is conven-
ient to make R,=100 Q and R, =900 Q but the exact
values are unimportant as long as the ratio is right.
It is convenient to operate with the meter at about
one-half scale, for which it takes 0.5 mA. The voltage
drop across R, and R,, is 0.5 (0.9 +0.1) 05V
so R; must drop about 1 V if a single dry cell is used
for E. The current in R, will be 5 mA, so it must be
200 Q and so this component must be a variable
resistor of, say, 400-500 Q maximum value.

When S is closed, the meter reading will drop if
R, is too low but increase if R, is too high. It is
desirable to start with too low a value of R, there-
fore, and to increase it until closing S does not alter
the meter reading. The method is quite sensitive,
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for it is usually possible to detect a flicker of the meter
needle which amounts to a deflection of only 0.1%
of full-scale and so it is possible to adjust the shunt
to the same order of accuracy.

While adjusting the shunt, care should be taken to
prevent it from becoming open-circuited. If it does
open, the meter current may exceed the full-scale
value. It will be greatly excessive if S is closed and
for safety, S should be a push-button type and only
operated when R; is in place. It may also be
excessive with S open if R, is large and, for safety’s
sake, it is a good plan to make R, and R, high enough
for R, to be dispensed with. This does not permit such
great freedom in the choice of values for R, and R,,
for R; must be about 2 E/I,, or some 3kQ for the
example considered. One could use, for instance,
R,=300 Q@ and R,-2,700 Q. The meter current
with S open would be 1.5/2.8-0.536 mA, which is
quite suitable.

Having in this way found the right value of shunt
for a given current ratio, one can measure the shunt
on any bridge and so obtain indirectly the value of
the meter resistance.

Extension Hearing Aid

DESIGNED to enable a deaf person to hear broadcast
(including television) sound in comfort without raising
the normal loudspeaker volume, the “ Adaphone” Type
M3 unit recently developed by the Multitone Electric
Company, 223-227, St. John Street, Clerkenwell,
London, E.C.1, is provided with an independent volume
control and a “hot-wire” volume compression circuit.
The latter is considered to be essential now that minia-
ture insert ecarpieces are available which reach the
threshold of pain (130db) for inputs of only 5mW, and
also because a large proportion of potential listeners with
“recruitment” deafness, benefit from this type of
response.

Complete isolation of the mains is ensured by a double-
wound transformer, and in cases where the output trans-
former sccondary on the set is not earthed, a 1:1
transformer can be supplied for installation inside the set
to make the extension leads themselves safe.

The price of the Type M3 unit is £5 15s complete with
earpiece and earmould. An alternative model without
a.v.C. is available at £4 19s. The 1:1 transformer, when
ncceessary, costs 10s 6d.

It has been suggested that as the response curve of the
carpiece is smooth, and the quality of reproduction is
acceptable also to persons with normal hearing, the
*“Adaphonc ” when used in conjunction with the normal
free sound field at some distance from the loudspeaker,
gives an interesting quasistereophonic effect.

“ Adaphone '’ Type M3 extension hearing aid.
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LETTERS TO

THE EDITOR

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

Two-band Television Reception

THE letter from W. T. Cocking in your June issue
was most timely. It has been the secret hope of those
who are closely concerned with the coming problems of
alternative television programmes that someone would
give voice to the misgivings felt by many of us in the
light of often uninformed comments in the lay press
about converters for existing television sets.

The problems of double conversion in a superhet tcle-
vision receiver, due to the various combinations of oscil-
lator frequencies and harmonics with consequent whistles,
may in fact prove so difficult that it might, in the event,
prove cheaper to make the converter slightly more com-
plex than that required for double conversion. An added
reason might well be that by so doing, one type of con-
verter could find a more widespread application. It is
therefore suggested that, rather than add to the con-
verter the requirement for conversion in both bands 1
and 3 or band 1 channel switching in the set, direct con-
version from band 3 to the sound and vision i.f.s might
be feasible. In this way it would only be necessary to
stop the receiver oscillator when using the converter, thus
considerably reducing the problem of oscillator harmonics
and radiation. This method might involve less modifica-
tion to the receiver itself.

Clearly, converters can and will be mass-produced but
the designers must be in possession of all the facts and
requirements before they can hope fully to assess the
problem and complete their designs.

Needless to say, as soon as such information becomes
available there will be heavy public demand in anticipa-
tion of the new service but it behoves designers and
makers alike not to be stampeded into premature release
of converters if they are not to pass on to the retail trade
and public many of the problems which should rightly
be solved by themsclves.

What surely is needed at this time is an authoritative
statement in the popular press setting out in. language
understandable to the layman just what is involved by
giving an indication of the cost of a converter and stress-
ing that an external aerial will be required and so forth.

Failing this, the present confused situation may well
become chaotic, doing disservice to public and industry

alike.
Richmond, Surrey. R. W. ADDIE.
A Matter of History

THOMAS RODDAM’S comparisons between the

development of the valve and the transistor were well
suited to the April issue. To the radio historian, there
is a remarkable similanty between their paths so far.

Most of the early audion valves went for use in long-
distance telephone circuits, leaving few for other appli-
cations. These valves, with a G,, of less than unity, gave
a gain of 6-12db. using 50V h.t. and the output power
was of the order of milliwatts. De Forest boasted a
gain of 120 times with three transformer coupled stages.
Every effort was to obtain increased gain. More than
one grid was tricd and every sort of connection. While
the use was confined to known (voice) frequencies, a
functional analysis similar to that now given for transistors
was adequate. [ can well imagine de Forest remarking
about his ultra-audion circuit, that “the base-emitter
capacitance plays an important part in the functioning of
the circuit.”

The use of the valve at r.f. (1913) produced instability
and damping resistors and “ reversed ” feedback were used
for control. Expansion of the theory came with increased
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development during the war (Hartley, Valauri, etc.). Only
after the war were valves available for general use. Inci-
dentally the early method of connecting a transformer was
in the h.t. negative end of the anode circuit. This was
not negative feedback but a cathode follower circuit was
given in 1924 (see Wireless World, Vol. XIV, p. 336).
The “diminisher ” circuit was also used at about this
time in a Marconi receiver having five tuned stages.
Huddersfield, Yorks. W. M. DALTON.

Broadcast Transmitter Distortion

ALTHOUGH 1 readily agree with and support the
arguments for the introduction of v.h.f. broadcasts, I do
not accept the contention that this is the only solution
to the problem of distorted transmissions. I am convinced
from many years of listening that the hidcous non-linearity
distortion on peaks that is often, but by no means always,
radiated is not simply the result of inevitable volume
compression. If so, why is it that superb quality is some-
times radiated from the Midland transmitter at Droitwich
during programmes that clearly require much compres-
sion, €.g., the broadcast of “ Die Fledermaus” in March?

Secondly, although in the past the quality of recorded
transmissions has called for severe criticism, this does cer-
tainly not apply invariably to-day. The quality of the
Jack Jackson records on Saturday nights is often splendid,
and better than many direct broadcasts.

Although it is impossible for a mere listener to ascertain
at which link in the chain of transmission distortion creeps
in, I am convinced that the worst emanates from the audio
network before the signal arrives at the final modulator.
If this were not the case quality would not vary but would
always be bad.

My view is that the B.B.C. could do far more than it
does to improve the standard of medium- and long-wave
transmissions, without adopting the dcfeatist policy of
assuming that nothing but v.h.f. will improve the situation.
In fact, untl the audio chain is beyond reproach v.h.(f.
will only emphasize non-lincarity distortion by extending
the high-frequency response. Television sound is not
always perfect!

With the advent of the high-fidelity reception now
attainable, more stringent and consistent control of broad-
cast quality is required. With some diffidence, and assum-
ing that no such post exists, may I suggest the appointment
of an enthusiastic engineer devoted to and responsible for
quality control alone. Future improvements in quality
arc in the hands of the B.B.C. and such an appointment
might go some way towards cffecting an improvement.

Wednesbury, Staffs. A. A. COTTERELL.

THE correspondence regarding B.B.C. transmitter dis-
tortion is interesting and, let us hope, profitable. One
thing seems to have been overlooked, however, namely,
distortion in the detector circuit.

As is well known, conventional diode and “infinite
impedance ” circuits will neatly clip the peaks of any
modulation exceeding a certain percentage. Such clipping
gives rise to a very objectionable form of distortion, par-
ticularly on wide-range reproducing equipment. Clipping
can take place at modulation levels as low as 80 per cent
with quite usual circuit values.

The writer has used for some time a circuit similar to
the “ No-compromise R.F. Tuner” described in the Oct.,
1952, issuc of Wireless World. It is because B.B.C. trans-
missions do not show the distortion complained of by
your correspondents, on his own equipment, the acoustic
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output of which extends well beyond 15 kc/s, that he
ventures to draw attention to the possibility of detector
distortion being the cause of complaint.

London, S.W.12. T. S. MARSHALL.

Lamp Interference

IT is likely that K. Robinson (your May issue) can
cure or alleviate his interference by placing a magnet
near the lamp. This indicates the electron origin of the
oscillation.

It is in fact fairly easy to get a standard 230-V lamp
to oscillate above 40 Mc/}; by connecting a suitable choke
in each lead. The ends of the filiment are then com-
parable to the grid and anode of a Barkhausen Kurz oscil-
lator. Used on d.c. the interference pattern is a series
of stationary bars, but a.c. gives a single bar and a
diathermy herringbone. The likely cause is f.m.

A 60-watt 230-V lamp can be used as a transmitter;
modulation can be applied by holding a magnetic earpiece
near enough or, in the cheaper type of bulb, by shouting
at it. The result is received on an f.m. receiver between
40 and 100 Mc/s.

An article by P. S. Rand in “CQ ” for July, 1952, gives
more information on this subject.

It is unwise to place a lamp on a TV sct—interference

is then quite likely.
Fraserburgh. A. Q. MORTON.

YOUR correspondents on this subject will be interested
in the April issue of Popular Science, which, on
page 133, gives an illustration of this tvpe of interference
under the heading “ Old Style Lamp: Obsolete Tungsten
Filament Can Do This.”

In the same article it was stated * Worcester, Mass., had
an epidemic of TV interference until the power company
offered to replace old-style tungsten-filament lamps with
the modern variety frce of charge. Some 150 of the old
lamps were turned in and complaints dropped to nil.”

Ratmalana, Ceylon. F. E. SIGGERS.

Amateur Allocations

UNDER the heading “ Amateur 2-Mc/s Band ” in your
June issue it is stated that amateurs have bcen granted
the use of the band 1800 kc/s-2000 kc/s instead of the band
1715 kc/s-1800 ke /s withdrawn from May 1.

Obviously the implication is that the authorities, in
generous mood, have given more than twice as much as
they have taken away. The unfortunate wording of this
report, which is undoubtedly published in all good faith,
could not present the position of the amateur on this band
more inaccurately, nor could it be more prejudicial to the
interests of the fraternity at the present time.

In fact, amateurs have had the use of the band 1715-
2000 kec/s on a non-interference basis for a number of
years, and it has now been reduced in width, therefore,
quite appreciably.  Some, at least, of the maritime stations
listed 1n your May issue, have been operating within the
same band hitherto, and as far as is known, cases of inter-
ference, if any, being caused by amateurs have bcen so
rare that their continued use of the band on these grounds
has never been in doubt.

The real significance of changes in the maritime list is
not apparent at first sight, but on analysis it will be found
that amateurs now have the use of about half-a-dozen spot
frequencies (subject to total sidebands of 1kc/s), and some
27 ke/s distributed (after allowing for 3 kc/s sidebands).
The frequencies at present covered by the Loran trans-
missions have not been included, but if this service is
reallocated a further 16 kc/s could become available. Few

316

conlinued

will care to disagree that the foregoing presents an entirely
different picture from that conveyed in the bald statement
that we have now a new band of 200 kc/s in width. Fur-
thermore, it has been hinted that we shall lose the band
altogether eventually, and there can be little doubt that
this will be the first of the m.f. bands to be axed com-
pletely so far as amateur activity is concerned.

The m.f. bands are the ones of primary interest to the
fraternity, and to summarize briefly the overall position it
may be stated that 3.5 Mc/s-3.8 Mc/s, which has always
been shared with other services, now carries so much traffic
that it is uscless to the majority of us. In the notorious
7-Mc/s region, 200 kc/s has already been taken for broad-
casting, and the remaining 100 kc/s, nominally exclusive
to amateurs, is being encroached upon by all and sundry
as circumstances, apparently, justify. The major long-
range band at 14 Mc/s now supports at least one high-
power commercial transmission, and may very well come
in for closer attention by such interests in the near future.

On the other hand a generous allocation was made
recently at 21 Mc/s, generous no doubt because nobody
clse wanted it, and because it is as useless for most pur-
poses as the 28-Mc/s band which has long since been
abandoned. The conclusion is, that whereas on paper we
have a few megacycles, in practice it is difficult to find
a few hundred kilocycles which we can use.

In encroaching upon your space, it is in the hope that
your journal may recollect the role of the amateur in the
field of radio communication, and enter this as a plea for
a new deal for those, and their heirs, who if by no other
right, have staked their claim to recognition in the form
of permanent and unmolested frequency allocations.

Buckhurst Hill, Essex. H. E. JAMES, G5]JM.

Are Symbols Overdone ?

THE correct use of standard letter symbols and abbre-
viations is a great convenience where space-saving is worth
while, such as in writing and in printed tables, abstracts,
diagrams, etc. It is, of course, essential to usc only stan-
dard symbols as given in B.S.I. publications: incorrect
or obsolcte symbols are never justified. Some symbols
are unfortunately still in use which are long obsolete; for
cxample, » has been replaced by Q for ohms for about
30 years. But the use of symbols by non-technical people
such as shorthand-typists, clerks, etc., can lead to con-
fusion which may be avoided by reading and speaking
symbols as words and not as letters.  Why should a iypist
be expected to learn all clectrical terms and symbols? She
won’t, anyway, unless very exceptional. The copy typist
has no difficulty: on typing from a written MS she types
as she reads, and in such cases as “uF” she can type
“uF” and add the tail of the “«” by hand. Should she
type “microfarad” as MFD, MF, mf, mFd, or introduce
any other incorrect symbol then she initiates possible con-
fusion which should be strongly discouraged. Storemen
and others, although not technically trained, have to handle
electrical equipment; some components being so small
that there is no room for the term in full, but only the
symbol or colour-coding. They therefore need to know
correct symbols, and colour-coding. A verbal request to
the storeman for a “50 M.A. choke” may be taken as
microamps or milliamps, since he will know that “ MA” is
often wrongly used in print for microamps or milliamps,
whereas it should mean megamp. But if he is correctly
told in words, such as * 50 milliamps,” then no error can
arise. Many shop windows and advertisements will be
secen with components and instruments marked 100 M/V,
50 MA, 200 mmf, etc.; often inconclusive without inspec-
tion of the component itself. Should we not therefore
do better to retain the use of symbols to ourselves, and
quote the terms in full to non-technical users who should
not be expected to know the symbols without the possi-

bility of error?
E. H. W. B.
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B.B.C.’s
Big Day

UNDOUBTEDLY the Coronation day broadcasts
were a real triumph for the B.B.C. Everyone who
looked-in or listened-in on June 2 was full of praise
for the excellent way in which this great opcration
was handled. In particular it was a triumph for the
special technique of outside broadcasting—the best
demonstration we have ever had of radio’s power to
convey all the excitement and actuality of a great event
at the very moment of its happening. Naturally, the
immediate reaction of most people was to the artistic
presentation of the programmes, but those in any way
connected with radio would be thinking at the same
time of the great complexity of the technical arrange-
ments which made it all possible.

Although television was undoubtedly the star per-
former on this occasion, sound broadcasting had really
the bigger job to do. The programme we heard at
home was only one of many that were put out to all
parts of the world. Altogether facilities had to be
provided for some ninety commentators along the
route of the procession and in Westminster Abbey—
and this does not include all the additional micro-
phones used for sound effects, of which some forty
were installed in the Abbey alone. Not only were
there all the B.B.C.’s home and overseas transmitters
to be served, but a number of foreign broadcasting
organizations as well, and at the same time arrange-
ments had to be made for supplying several newsreel
film companies, the television sound control room, the
sound reinforcement system in the Abbey and public
address loudspeakers along the route of the procession.
It was, of course, the Post Office who provided and
maintained all the lines necessary for this complicated
link-up, and a share of the credit must go to them for
the vital part they played in the whole operation.

Without going into details, the general plan of the
sound broadcasting arrangements was this. Micro-
phones were grouped at a number of important points
along the processional route (one group being in the
Abbey itself), and at each of these sites a temporary
control room was set up to house the associated control
gear and programme engineers. From these tem-
porary control rooms the microphone outputs intended
for transmission abroad were routed to a main control
room on the new Colonial Office site, while those for
the B.B.C. home transmitters were connected to another
main control room in Westminster Abbey. The
assembled programmes coming out of these two main
centres were then sent to Broadcasting House for
distribution to their various destinations, most of them
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(Screen photograph by john Cura)

going by way of B.B.C. and Post Office transmitters
and others by line to the Continent. It goes without
saying that there was a good deal of duplication of
equipment and circuits to guard against possible break-
downs, although in fact none of it actually proved to
be necessary.

The commentators were using lip ribbon micro-
phones, so they could work quite close to each other
without their speech interfering (about 4tt 6in apart)
and there was no necessity for sound-proof commen-
tary boxes. They wore headphones which could be
switched either to the home programme or to the pro-
grammes they themselves were handling. Each com-
mentator was associated with a particular control
engineer in the control room, and the engineer could
speak to him by telephone or give cues by means of
red and green signal lights.

The B.B.C. recording department was also very
much involved in the day’s proceedings. They made
recordings of the entire home programme, of the
ceremony from the Abbey, and of nearly forty over-
seas commentators, and at the same time handled items
coming in from all over the world for the evening pro-
gramme preceding the Queen’s speech. Altogether,
they used some 3,600 disks and about 85 miles of
magnetic tape on 192 reels.

And now for the television arrangements, which will
be described by the Superintendent Engineer of the
B.B.C’s television outside broadcasts department.

[elevision Arrangements

By T. H. BRIDGEWATER

APART from the sheer size of the operation—the
deployment of twenty-one cameras, five mobile control
rooms, three subsidiary control points, and so on—
the television broadcast of the Coronation ceremonies
presented a number of problems not usually met on
the simpler type of O.B. It was also made the occa-
sion to introduce several new technical refinements.

In the ordinary course of events, O.Bs originating
in the London area are routed into the distribution
network via the central control room at Alexandra
Palace. On this occasion, with five main sources to
be handled simultaneously, it was necessary to instal
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a temporary O.B. central control room in Broadcasting
House. The last-mentioned was chosen as being the
most convenient point into which to bring the Post
Office lines carrying vision and sound signals from the
five mobile control rooms disposed along the proces-
sional route (including, of course, the one at the
Abbey). This central point was able to preview the
pictures from all these sources and to switch them
at will into a single outgoing channel to Alexandra
Palace, whence they were distributed to the whole
television network in this country and on the
Continent.

All this imposed a heavy strain on the resources of
the Post Office Engineering Department who ably ex-
ploited all the available systems and techniques—video
on “balanced pair,” telephone pair and coaxial, and so
on—in order to meet this exceptional demand. This
they did to such effect that not only were there five
circuits in simultaneous use but also adequate reserves
for immediate use in the event of breakdown. The
Post Office also provided three other vision circuits
to carry the outputs from isolated cameras—on Buck-
ingham Palace roof, on the roof of Abbey House,
Tothill Street, and in the Annexe of Westminster
Abbey—to their nearest mobile control rooms.

Camera Positions

The positioning of cameras had to be carefully
worked out several months beforehand in conjunction
with the Ministry of Works and the Abbey architects,
and in relation to the claims of sound broadcasting,
newsreels, press and other interests at the several main
sites, particularly at the Victoria Memorial, the
Colonial Office and Westminster Abbey. The Abbey
presented exceptional problems, the selection of view-
points having to be reconciled with the needs of many
other parties and with the over-riding requirement
that the equipment be not only unobtrusive but, in
nearly all cases, out of sight. This led to compromises
and to some remarkably cramped and unhandy posi-
tions that imposed the severest discomfort and strain
on the operators at a time when they would have
wished for ease and freedom. For example, in three
of the positions the height of the operating box was

(1) Camera with zoom lens installed
over the West Door in Westminster
Abbey.  Because of the low roof the
viewfinder had to be taken off the camera
and placed on the floor.

(2) Temporary television control room
installed at Broadcasting House, where
the pictures from five mobile control
rooms were previeved and selected.

(3) Temporary control room for sound
broadcasting in Trafalgar Square. Each
controf position manned by an operator
was associated with one commentator,
and had a mixer for introducing sound
effects.
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only about three feet, so that, as will be seen from the
picture, the cameraman had not even the space to sit
upright, let alone stand.

Thne event saw the introduction of many more zoom
lenses and a total of five were in service. Two of
these were of the new Watson type with interchange-
able back elements, giving a choice of two 5:1 magni-
fication ranges—with angles of view of 3 deg to 15 deg
and 6 deg to 30 deg—while another, also a new design,
came from Taylor, Taylor and Hobson with a range
between 5 deg and 25 deg. The B.B.C. has encour-
aged the development of zoom lenses over a number
of years and camera technique is now reaping the
benefit of rescarch and design in this important field.
Viewers of the Coronation O.B. may have noticed the
smooth manner in which interesting features in the
subject were brought closer, or when the television
camera appeared to “catch up” again on somec part
of the procession that had already receded into the
distance.

Telephoto Lens

Another special lens, relatively new to television,
was the Dallmeyer 40in “double-folded ” telephoto.
This was in use at the Victoria Memorial position on a
camera facing Buckingham Palace, and since its hori-
zontal angle (in conjunction with an image orthicon
pick-up tube) is as little as 13 deg a very close view of
members of the Royal Family during their appearances
on the balcony could be obtained. An angle of this
order calls for extreme care in use as any slight shake
or vibration—even the cffect of a puff of wind—will
result in a greatly exaggerated movement of the image
on the screen.

Every effort was made to transmit the clearest
possible pictures and a noticeable enhancement of
definition came from the use of the new “derivative
cqualizers,” developed by the B.B.C’s Research
Department* and produced in sufficient quantity to
equip nearly all the cameras in use on June 2.
These equalizers work on the principle of adding to
the picture signal derivatives of itself obtained by
differentiating circuits, and provide a simple means of
adjusting and compensating optical and electrical
losses.

It was thought desirable to avoid the momentary
frame-slips which usually occur when switching
between vision sources or cameras whose wave-forms
are not triggered from the same pulse generators; the
number of such interruptions in the course of a long
broadcast would have been sufficient to be consider-
ably distracting. Accordingly the B.B.C.’s Designs
Department evolved a system of remotely locking
each of the eight pulse generators in use by means of
a master frequency sent by lines from the Broadcast-
ing House central control point. A phasing control in
series with the signal fed to each line permitted precise
frame phasing to an accuracy of a very small fraction
of one line; hence it was quite feasible to “cut” from
one picture source to another without any loss of
synchronism.

The relaying of the Coronation broadcast to France,
Holland and Western Germany was looked upon by
the B.B.C. as a project of the greatest importance and
the most careful preparations and tests were made
during the preceding six months. It was arranged
that the pictures would be the same as those provided

* < Spectrum Equalization ” by G. G. Gouriet; Wireless Engineer,

May, 1953.
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for our home audience, but commentaries in the
different languages would be superimposed on the
effects and ceremony. French commentators were
installed alongside the British at several of the main
camera positions and spoke through independent
microphones and circuits to a separate control point in
a studio at Broadcasting House, thence to Paris.

The vision signals reached their various Continental
destinations almost entirely by centimetre-wave links,
five of which were installed and operated between
London and Cassel (France) by Standard Telephones
and Cables, on behalf of the B.B.C. and Radio-
diffusion-Télévision Frangaise. A particularly im-
portant—indeed essential—feature was the use of
diversity reception on the cross-Channel link, in order
to overcome the fading which 1s such a well-known
and troublesome phenomenon on over-sea paths with
frequencies of 4,000 Mc/s or higher. From previous
experiments, S.T.C. had established the value of using
two receivers with their parabolic aerial dishes
mounted some fifteen feet apart in the vertical plane.
It has been found that when the signal at one receiver
is subject to fading, that of the other is steady; thus,
with both signals available, a fading-free signal can
always be obtained. This method amply justified
itself both during the tests preceding the Coronation
transmission and on Coronation day itself. There is
no doubt that this method will find applications in the
future, not only for any further links with the Con-
tinent but also for certain O.Bs within the British
Isles.

CORONATION NAVAL REVIEW

Another notable outside broadcasting event was the televising
of the Coronation naval review at Spithead by cameras on
board H.M.S. Eagle and H.M.S. Reclaim. The vision signal
was relayed by radio to a shore receiving station near
Portsmouth and then on to London. The cameras on board the
ships were synchronized with the apparatus on shore by means
of @ mains locking signal sent out to them on a Navy radio

channel (140 Mc/s). This picture shows how the assembled
ships appeared on the radar screen of the Marconi
Marine research and demonstration yacht Elettra Il
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Brighton ¢ Booster”

Technicians’ Association * Eleclronics Show

Television Interference

BRIGHTON VIEWERS whose receivers are tuned to
Alexandra Palace are experiencing severe interference from
sets receiving the local “ booster  station on Truleigh Hill
working on 56.75 Mc/s vision and 53.25 Mc/s sound.

The interference cither completely wipes out the picture
or produces the familiar * herring-bone ” pattern, and in
some cases gives rise to a heterodyne on the accompanying
sound transmission.

It is caused by superhet receivers having a vision i.f.
lying between 9 and 15 Mc/s and a sound if. between
5.5 and 11.5 Mc/s, with the local oscillator on the lower
frequency beat. When receiving the Brighton booster the
local oscillator in these receivers must be tuned between
41.75 and 47.75 Mc/s, which is within the pass band of any
television set tuncd to Alexandra Palace on 41.5 and
45 Mc/s.

Owing to the good signal from the booster many viewers
who have had their sets converted have not bothered to
replace the aerial. This means that with the aerial flatly
tuned over 41 to 48 Mc/s it is bound to radiate any locally
generated oscillations. ~Reports given at a specially
convened meeting of the Brighton and District Radio Club
show that a receiver radiating in this way on about 45 Mc/s
can cause scrious interference to A.P.-tuned sets within
a radius of about } mile.

Another aspect of the trouble is that amateurs within
the service area of Truleigh Hill are suffering quite bad
interference when working on the 2-metre waveband.

Catering for Technicians

BECAUSE tcchnicians  outnumber — “ professionally
qualified electrical engincers” by at least five to one the
ILE.E. has been considering for some time the possibility
of forming an organization to cater for the needs of this
important and growing scction of the industry. It has,
however, been recognized that to set up a single associa-
tion purporting to cater for the needs of all electrical
technicians would be ineffectual. The sub-division repre-
sented by the four specialized sections of the I.E.E.—radio,
supply, utilization and mecasurement—has, therefore, been
adopted in the Institution’s approach to the problem.

The work of the Study Committce on Associations for
Technicians set up by the I.EE. in 1950 has advanced
furthest in the “utilization” field, where the cxisting
Association of Supervising Electrical Engineers is con-
sidered to meet the need. In other fields work is con-
tinuing, and in the May issue of the Journal of the I.E.E.
it is reported that the policy is to act where possible in
collaboration with an existing body “having a substantial
technician membership ” and only where this is imprac-
ticable to consider stimulating the setting-up of an entirely
new body. It remains to be scen what will happen so far
as the radio technician is concerned.

Radio Production

THE CENSUS OF PRODUCTION for 1950*, cover-
ing inter alia radio and teleccommunications, details separ-
ately the information regarding private firms and Govern-
ment cstablishments. The number of radio firms in the
U.K. employing more than ten persons is given in the
report as 424, compared with 156 in 1935. Their gross
output was £136,523,000 in 1950, compared with

* “ Report on she Census of Production for 1950: Vo.4 Engineer-
ing, Shipbuilding and Elec rical Goods.” H.M.S$.0. 2s.
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TELEVISION RELAY—One of the
eleven Telefunken relay stations
used by Nordwestdeutscher
Rundfunk to link its chain of
five television transmitters.

£27,910,000 in 1935. The
number of opera-
tives (“manual wage
earners”) employed was
106,999, while the number
of administrative, technical
and clerical employees was
35,944,

There are 28 Government
establishments listed as em-
ploying 59,166 operatives
with an administrative-tech-
nical staff of 13,282.

Wired Broadcasting

THE USE of the telephone network to convey r.f. to
listeners is not new. Experiments were carried out in this
country and others before the last war, but it is interesting
to read, in the March issue of the Bulletin of the European
Broadcasting Union, of its development in Sweden. Ten
years ago the Swedish broadcasting authority (Radiotjiinst)
recommended that the distribution of its programmes over
wires should be a normal auxiliary to their radiation.

The system has provision for distributing three separate
programmes on different channels in the long-wave broad-
casting band, although at present only one is being trans-
mitted on 164 kc/s. A signal of only a few microvolts is
required at the subscriber’s connection, ahd it is claimed
that there is little risk of interference of any sort. The
low power of the transmitters (6mW), the low impedance
of the telephone circuits, and the fact that they are
balanced to earth make it impossible to detect any radiated
signal at distances of much more than 20 metres. Filters
are provided to prevent mutual interference between radio
and tclephone.

The r.f. signals are fed into the networks serving homes
within a radius of not more than 150 kilometres from the
transmitter. Amplifiers are installed at intervals varying
from 10 to 30 kilometres according to the attenuation of
the circuits and subscribers’ distribution amplificrs are
provided at all telephone exchanges in the network.

At present there are 15 networks in use serving some
50,000 subscribers, who pay an installation fee of 5 crowns
and the annual wireless licence fee of 15 crowns (approxi-
mately £1).

Electronics Exhibition

RESEARCH DISPLAYS and demonstrations by
universities, hospitals and the industry as well as exhibits
by more than 50 manufacturers are included in the plans
for the eighth annual Electronics Exhibition, organized by
the N.W. Branch of the Institution of Electronics, which
opens in Manchester for six days on July 15th.

During the exhibition, which will be held at the College
of Technology, Sackville Street, Manchester, 1, there will
be a programme of some 40 lectures dealing with a variety
of subjects from printed and potted circuits to electro-
medical equipment.

Among the demonstrations in the Research Section will
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be one showing the principles of colour television by
Ferranti, and another of electro-acoustics provided by
the B.S.R.A.

The exhibition catalogue (price 1s 6d) will be available
early in July from W. Birtwistle, 17, Blackwater Street,
Rochdale, Lancs, to whom applications (enclosing a
stamped addressed envelope) should be made for free
exhibition and lecture tickets. The exhibition opens on
the first day at noon and on subsequent days at 10 a.m.,
and cioses at 10 p.m. cach day except the 18th (7 p.m.)
and 21st (9 p.m.).

CORONATION HONOURS

Dr. E. C. Bullard, M.A,, F.R.S., who has been director of
the National Physical Laboratory since 1949 and was previously
professor of physics at Toronto University, is among the new
Knights Bachelor created by H.M. the Queen to mark her
Coronation.

F. 8. Barton, M.A,, B.Sc, M.LE.E., who is among the new
C.B.Es, has been Principal Director of Electronic Research
and Dcvplo]gment (Ministry of Supply) since 1951. He joined
the Radio Department of the Royal Aircraft Establishment st
Farnborough in 1922 and became deputy head of the depart-
ment in 1936. For five years (1941/46) he was chief radio
engincer for the British Air Commission (Washington).

F. C. McLean, B.Sc.. M.ILEE,, deputy chief engineer of the
B.B.C, is appointed C.B.E. in the Honours List. He was
already a Member of the Order. He has been with the B.B.C.
since 1936.

Among the new Officers of the Order of the British Empire
(O.B.E.) are: —

W. H. Grinsted, M.B.E,, F.C.G.1, M.LEE., chief tele-
communications engineer of Siemens Bros. & Co.

E. L. E. Pawley, M.Sc.(Eng.), M.ILE.E., who has been head
of the Enginecring Services Group of the B.B.C. for the past
18 months. He joined the Corporation in 1931.

W. R. Piggott, principal scientific officer at the D.S.LR.
Radio Research Station, Slough.

W. West, B.A,, M.ILEE,, staff engineer at the Post Office
Research Station.

H. J. H. Wassell, chief radar development engineer of
Marconi’s Wireless Telegraph Co., Ltd.

F.S. BARTON (C.B.E.)

F. C. McLEAN (C.B.E.)

Among the new Members of the Order of the British Empire
(M.B.E.) are:—

N. H. Aldersley, radio officer on the m.v. Australia Star
employed by Siemens Bros. & Co., Ltd.

W. G. Allen, senior experimental, officer, Directorate nf
Elecul'onics Research and Development (Air), Ministry of
Supply.

R. S. Bastin, who was until recently chief wireless officer in
the Gilbert and Ellice Islands.

R. T. Lakin, chief engineer of the Whiteley Electrical Radio
Co., Ltd., of Mansfield.

R. H. Linnell, superintendent of the B.T-H. Radar Factory
at Leicester.

E. E. Spillan, telecommunications technical officer in the
Ministry of Civil Aviation.

The British Empire Medal was awarded to W. T. J. Cox,
radar chain installation engineer, Marconi’s W.T. Co., and
L. W. Kyle, radio mechanic in the telecommunications section
of the Ministry of Civil Aviation.
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PERSONALITIES

H. Andrewes, O.B.E,, M.ILE.E,, B.Sc., A.C.G.1., who received
his technical training at the City and Guilds College and joined
the Dubilier Condenser Co. in 1945, has been appointed
technical sales executive of the company. During the last war
he served in the R.A.F. as signals officer and later as chief
radar officer, Base Air Force South East Asia, with the rank of
Wing Commander. While with Dubilier’s, he has been
responsible for the design, manufacture and installation of
test equipment for the .quality control of the company's
products.

A. E. Bennett, the new chief engineer in charge of the
Dubilier Condenser Company’s laboratory, joined the company
in 1926 as laboratory assistant. He received his college-works
training at Ferranti, Lid.,, Hollinwood, Lancs. In his new
position he will be responsible for the design and development
of the company’s products.

George J. McDonald,
B.Sc.(Hons.), AM.LEE.,
deputy technical manager
of the Marconi Inter-
national Marine Communi-
cation Co. since 1949, has
been appointed technical
manager. He graduated
from Glasgow University
and in 1935 joined
Marconi’s W.T. Company,
where he was engaged in
rescarch work on  d.f.
techniques. During the war
he was engaged on Naval
communications work, and
in 1949 transferred to the
Marconi Marine Company.

L. H. Bainbridge-Bell, long known as a stalwart campaigner
in the interests of ciear presentation of technical information
particularly in circuit diagrams, is retiring in August from the
Admiralty Signal and Radar Establishment which he joined in
1939. He hopes to continue his mission in other fields. It
will be recalled that he was granted an award by the Royal
Commission on Awards to Inventors for his contribution to
the development of radar.

K. Higginson, the well-known technical representative of
the Dubilier Condenser Co., Ltd., which he joined in 1934,
has retired. Betore joining Dubilier he was chief engineer
of Oliver Peli Control, Ltd. He hopes to be able to make
use of his wide knowledge of the radio industry as a con-
sultant for technical publicity. His address is 322, Richmond
Road, Kingston-on-Thames, Surrey (Tel.: Kingston 8072).

W. A. Scarr, M.A,, who was president of the Radio Socicty
of Great Britain during 1950 and 1951, has been elected an
honorary member of the Society. (There are only eight other
honorary members.) Mr. Scarr, who graduated from Cam-
bridge shortly after the 1914-18 war, is an educationist and
seven years ago joined the British Council as director of the
Students’ Department.

E. Morgan, who, as announced last month, has joined the
Plessey Co., was an assistant to and not, as stated, rhe super-
intendent engineer (rransmitters) in the B.B.C. E. F. Wheeler
holds this position.

OBITUARY

Brigadier John B. Hickman, C.B.E.,, M.C., M.A,, who was
managing director of British Telecommunications Research,
Ltd., and was on the boards of A.T. & E. (Bridgnorth), Ltd.,
Automatic Telephone & Electric Co., Ltd., and Hivac, Ltd.,
died suddenly on June 3rd at the age of 54. Throughout
his army career he was in radio and held many technical
administrative positions, including deputy chief inspector of
electrical and mechanical equipment (1941-44), deputy
director of signals {equipment) at the War Office (1944-45)
and Director of Telecommunications Research and Develop-
ment, Ministry of Supply, from 1945 until his retirement
from the army in 1949, when he joined B.T.R.

Alfred Weedon Hall, who has one of the team of engineers
who assisted C. S. Franklin in the development of the Marconi
short-wave beam system in the 1920s, died on May 22nd at
the age of 60. He joined Marconi’s W.T. Co. as a test-
room assistant in 1913, and after service in the Navy during
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the first world war returned to the company in 1919. He
was largely concerned with the design and installation of
short-wave transmitters until 1943, when he was lent to the
Admiralty for research work. Mr. Hall returned to Mar-
coni’s in 1946 and was latterly in charge of a technical liaison
section.

IN BRIEF

Broadcast Licences.—During April the number of television
licences in the U.K. increased by 60,891, making a total
of 2,203,343, There were 10,523,105 ““sound ™ licences and
186,338 for car radio sets current at the end of the month,
making a total of 12,912,786.

Transistor Standards.—Electrical specifications for transis-
tors, supplumemmg those covering physical standards which
have been in use for some months, have been drawn up for the
U.S. Services and the Joint Electron Tube Engineering Council
(America’s B.V.A.). According to a report in Llectronics,
transistors will be supplied with 2-in leads, which if not
required for solderimg direct into circuits may be cut and spaced
to fit standard 5-pin in-line sub-miniature valve holders. The
emitter and collector leads will occupy sockets one and five
and the base lead the socket next to the emitter.

Automatic Computmg —A summer school in programme
design for automatic digital computing machines will be held
in the University Mathematical Laboratory at Cambridge from
September 22nd to October 2nd. A detailed syllabus and form
of application for admission may be obtained from G. F.
Hickson, M.A., secretary of the Board of Extra-Mural Studies,
Stuart House, Cambridge, to whom the completed application
form should be returned by July 18th.

R.I. Chib.—At the 22nd annual general meeting of the
Radio Industries Club, Edward E. Rosen, chairman and
managing director of Ultra Electric, Ltd., was elected president
in succession to Lord Brabazon of Tara. The vice-presidents
are A. J. Dew, H. de A. Donisthorpe (G.E.C.), A. ]J. P. Hytch
(B.B.C.), and J. H. Williams (R.G.D.). The new chairman of
the committee is H. A. Curtis (R.T.R.A)) with R. F. Payne-
Gallwey (Erie) as vice-chairman. It was reported at the meet-
ing that the membership of the parent club (London) is now
794 and that there are six affiliated clubs in other parts of the
country.

Radio Secction of the L.E.E. continues to have the largest
membership of any of the four specialized sections of the
Institution and again held more meetings than any other
section during the last session (25). Of the Institution’s total
membership of 37,782 at the end of March, 4,811 were
members of the Radio Section.

Television Society Council.—The four vacancies on the
Council ot the Television Society have been filled by the
election of the following Fellows: L. S. Allard (G.E.C.
Research Laboratories), T. Kilvington (Post Office Radio
Research Branch), T. M. C. Lance (Cinema-Television) and
Dr. W. J. Thomas (Norwood Technical College).

South Coast Reception.—The permanent low-power (2 kW)
transmitter 1o provide improved reception of the B.B.C. Home
Service along the South Coast east of Beachy Head is to be
erected ncar Bexhill This transmitter will operate on
1,457 ke/s and will replace the low-powered temporary station
at Hastings towards the end of this year.

Egypt’s new air-cooled 100-kW s.w. transmitter at Abu
Zaabal, necar Cairo, which was supplied by Marconi’s, has
now been brought into service and operates on six frequencies.
A new Marconi 100 kW medium-wave transmitter (620 kc/s)
is in course of construction.

$.0.S.—Commenting on a recent criticism of the use of the
500-k¢/s frequency for both marine traffic and distress calls,
two writers in the Jowrnal des Télécommunications state that
the composition of the distress signal is such that it is recelved
through the most 1ntensc interference.  The writers add, * We,
in our many years’ ship and coast station experience in a part
of the world with very dense shxp traﬂic, never heard of a
single case of an S§.0.S.-signal ‘drowned’ in congested traffic
on 500 kc/s.”

Canadian Television Plans announced by the C.B.C. include
the expenditure of over $6M on new stations in Vancouver,
Winnipeg and Halifax (all of which are expected to be in opera-~

tion in the late autumn) and a second transmitter for Montreal,*®

It is also planned to extend the inter-city television relay net-
work which at present links Montreal, Ottawa and Toronto.
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U.S. Television Density.—A chart published in the May
issue of Electronics shows that, in 30 U.S. television areas in
which there are 22.3 million homes, there are 19.8 million
television scts. The figures, provided by the National Broad-
casting Companv, show that in these 30 areas television density
is about 899. In the other 46 areas listed, television density
is only 189%. Of the 1.9 million homes in New York rh{cre
were on January lIst slightly more than 1.8 million television
receivers.

Ship-shore R/T Services, operated by Cable and Wireless,
Ltd., are now available to ships in the vicinity of Lagos and
Sierra Leone, West Africa, and the company is also planning
to open a similar scrvice at Bathurst.

Short-Wave Listeners are invited by the International Short
Wave Club to send on a postcard the names of their three
favourite short-wave broadcasting stations and to state briefly
the reasons for their first choice. Entries for the competition
must be sent by July 31st to 1.S.W.C,, 100, Adams Gardens
Estate, London, S.E.16.

Amateur Show.—It is proposed by the Radio Society of
Great Britain to hold the seventh annual amateur radio ex-
hibition at the Royal Hotel, London, W.C.1, during the week
November 23rd to 28th.

Home Construction.—The interests of the radio and tele-
vision home constructor are catered for in the plans for the
second National Handicrafts and Hobbies Exhibition which
will be held at the Central Hall, Westminster, London, S.W.1,
from September 17th to 30th.

PUBLICATIONS

Limits and Tolerances.—A new Standard (B.S. 1916, Pt.
1:1953) giving limits and tolerances for engineering, which
are stated to be “sufficiently comprehensive to cover every
need from thc watchmaker at one end to the heavy industries
at the other,” has been issued by the British Standards
Institution. Thg telecommunications industry was among the
many represented on the investigating committees. Part Il
of the Standard will give guidance in the use of Part I,
which is available from the B.S.I., 24, Victoria Street, London,
S.W.1, price 10s.

Sccond-hand Prices.—Maximum allowances on second-hand
broadcast and television receivers purchased by the trade are
given in “Used Radio and Television Set Values” prepared
by the Radio and Television Retailers’ Association and pub-
Iished by the Trader Publishing Co., Dorset House, Stamford
Street, London, S.E.1. Manufacturers are listed alphabetically
and ine oldest broadcast receivers quoted are of 1941-1942
vintage. Older sets than those listed are stated to have no
commercial value. The allowances indicated for television
sets arc based on the need for a new cathode-ray tube to
be fitted. The 80-page book costs' 2s 9d, including postage.

“QRP” is the title of the monthly journal of the QRP
Research Society, which was formed in 1950 to foster interest
in low-power transmission. The Society is organizing a
monthly contest for transmitters and listeners. The operating
hours are from 1900-2100 each Sunday, and the frequency
band for July is 21 Mc/s. Details of the contest and mem-
bership ol the Society are obtainable from the Honorary
Secretary, J.  Whitehead, The Retreat, Rydens Avenue,
\Valton-on-Thames, Surrey. A. O. Milne (GZMI), vice-presi-
dent of the R.S.G.B., has been re-clected president of the
QRP Society for a sccond vear.

BUSINESS NOTES

Pye V.H.F. amplitude-modulated R/T equipment is being
supplied by Rees Mace Marine, Ltd., to the Norwegian ship-
ping authorities. Shore stations have already been installed
at Trondheim, Oslo and Drammen, and a number of craft
including 40 whaling vessels have been equipped.

Ground-to-Air V.H.F. transmitters, receivers and spares
worth $1.4M are to be supplied by the British General Electric
Co. to N.A.T.O. countries under a contract placed by the
United States Air Force in Europe.

Marconi International Marine Communication Co. has
opened a Service Depot at the Ferry Docks Pumping Station,
Dover. Inspector E. Trethewey, whose telephone number is
Dover 800 (ext. 79), is in charge of the Depot.

Oryx Electrical Laboratories announce that they have
appointed ANTEX (Anglo-Netherland Technical Exchange,
Ltd.), of 3, Tower Hill, London, E.C.3 (Tel.: Royal 4439), as
sole distributors of the Oryx sub-miniature soldering irons.
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The Ohmmeter

By W. TUSTING

Its Basic Characteristics

FOR the measurcment of resistance, the ohmmeter
is probably the most widely used instrument, although
it is rarely a highly accurate one. There are several
reasons for its popularity. In the first place, the
ohmmeter usually exists, not as a separate instrument,
but combined with a multi-range voltmeter and milli-
ammeter with the result that it is usually the cheapest
form of resistance-measuring apparatus. Secondly,
a continuity tester is an essential piece of test equip-
ment and the ohmmeter performs this function without
any detriment to its measuring ability. Thirdly, high
accuracy of measurement is not often necessary in
ordinary radio work so that its relative inaccuracy is
but little drawback.

1n spite of the fact that the ohmmeter is so widely
used and its main characteristics are generally known,
there does not seem to be such common appreciation
of its finer points. Nor is it always realized that there
are two basic forms of ohmmeter—the series and the
shunt types. The shunt ohmmeter is not a common
one, and all the ordinary onecs are series ohmmeters.

The basic circuit of the series ohmmeter is shown
in Fig. 1. A battery E, a meter M and a resistor R,
are connected in series with the resistance R, to be
measured. The current which flows is

E E 1 23 se (1)

" “R,+R, Ry  1+RJR,
If the current required for full-scale deflection (f.s.d.)

of the meter is I,,, this equation can bc written as
T, E 1 ds - o @
I, I,R, "1+ R,/R,

and if the values are so chosen that E = I, R, it

reduces further to

im 1 o m .. uw B
I, 1 +R,R,

This simple equation describes the law of the
scale of any series-type ohmmeter as long as it includes
only linear circuit clements. No matter how complex
the internal resistance network may be, and some are
quite complicated, it can be reduced to this form.

The left-hand side of equation (3) represents the
fraction of full scale by which the pointer is deflected
for any value of R, while the right-hand side
shows that the important factor which governs the
deflection is not the absolute value R, but its relation
to the internal resisiance Ry, When we say that
1,,/1,, represents the fractional deflection, we are
implicitly assuming that the deflection of the meter
needle is proportional to current. In practice, it
may not be precisely so, in which case the equation
really indicates resistance in terms of the current
scale of the meter. Using this equation, any current-
indicating meter can have a resistance scale marked off
directly from the current scale.

It can be scen that when R, is infinite, the current
is zero and the meter necdle is not deflected at all,
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whereas when R, is zero the current is 1,, and the
meter reads full scale. In a series ohmmeter, zero
resistance always corresponds to full-scale deflection
and infinite resistance to zero deflection. The resis-
tance scale reads from right to left and always covers
all possible resistance values.

When R, and Ry are equal, 7,,/I, — 1/2; the current
is one-half of the full-scale value. It is here that the
scale-reading accuracy is at its highest and it is only
in the neighbourhood of this point that any reasonable
accuracy is obtainable In practice, therefore, it is the
value of R, which sets the useful range of the instru-
ment and to change the range it is necessary to change
R;. This is not the only requirement, however, for
equation (3) holds only if E = I, R, so that if R,
is altered it is necessary also to change E/I,, by the
same amount. This can be done by altering the
battery voltage or the full-scale current of the meter
(as by shunting it) or by a combination of both.

The requirement that E = I, R, sets a very
definite limit to the resistance range obtainable in
practice. Cost and durability set a limit to the sensi-
tivity of the meter that can be used and this limit is
probably reached with a 100-zA meter movement.
Many ohmmeters have nothing better than a 1-mA
movement. Cost, size and weight limit the battery
voltage that can be used, but also it is generally
necessary to keep the voltage below the value at which
any noticeable shock is obtained when the R, terminals
are touched. These factors will usually limit the
battery to about 50 V.

With a 50-V battery and a 100-uA meter, the
maximum value of R, is 50/0.1 = 500 kQ. With a
1-mA meter it is 50 kQ. These correspond to mid-
scale values of R,. Good accuracy is maintained, as
will be seen later, for resistance values up to three
times Ry, moderate accuracy up to 10 times R, and
rough indications of value are obtainable up to some
50 times R,.

The lower limit of resistance with the series ohm-
meter iS set by the maximum current which can
convenicntly be supplied by the battery. Unless
exceptionally big cells are used this is usually around
150 mA. The smallest value of E is that of a single
cell, nominally 1.5V, so that the minimum value of
R, normally practicable is 1.5/0.15 == 10 Q. Below
the mid-scale value R;, good accuracy can be obtained
down to Ry/3, moderate accuracy to R,/10 and rough
indications to R;/50.

In general, therefore, the useful limits of a series

Ry Rx
——AMMN——0  O———m
Fig. I. Basic circuit
of series chmmeter. (= ) G‘bM
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ohmmeter extend from about 3 Q (the limit being set
by the battery current) to about 4 MQ (the limit
being set mainly by the meter sensitivity, but partly
by battery voltage).

By differentiating equation (3) with respect to R,
it is possible to find the relation between very small
changes of resistance 4R, and the consequent change
of current 4i7,,. This relation is

41, 4R, 1 . @
L. R, R R
R, R,

This has its maximum value when R, = R, and

then
Aty 1 JR,
I 14" R

To see what this means, suppose that it is possible
to read a small change of current Ji,, with a certain
degree of accuracy on a meter of I,, full-scale deflec-
tion. Then 4¢,,/1,, is the fractional change of current
and, for the same accuracy of reading, it is only possible
to read a fractional change of resistance four times
as great. For example, if the smallest change of current
that can be read on the meter is 1%, of full-scale, then
the smallest change of resistance that can be read
is 4%. It is necessary to distinguish between a
readable change and a detectable change ; the latter
may be only a tenth as great.

The relative reading accuracy at different parts of
the scale can be expressed as

4
2+ Ra:v Ry -+ Ry Rac

and this shows how the reading accuracy of the scale
varies relatively to the best position. If R /R, = 10
or 0.1, the relative accuracy is 4/12.1 & } times, which
is why, in the foregoing, a range of 0.1 to 10 times
mid-scale has been classed as of only moderate
accuracy. If R, /R; = 4/10 or 1/4/10, the relative
accuracy is 1/1.37 times and this is quite a small
decrease and is considered here to represent the
limit of range for good accuracy.

The reason for choosing the, at first sight, peculiar
value of 4/10 for the limits of each range is that it is
the natural limit when the ranges are in steps of 10,
which they must be if the same resistance scale is
to be used for all ranges with a simple multiplier.
R,/R; = 4/10 on one range then corresponds with
R,/Ry = 1/4/10 on the next higher range and it is
necessary to read outside the 4/10 limits only on the
highest and lowest ranges.

Effect of Battery Changes

Most practical difficulties with the ohmmeter arise
through the range-changing arrangements and through
the circuits which are needed to compensate for the
effect of changes in the battery. It is an unfortunate
fact that neither the internal e.m.f. of a battery nor
its internal resistance is a constant, but is liable to
change, not only during the life of the battery but
from one battery to another. It is necessary, therefore,
either to design the ohmmeter circuit so that these
variations causc negligible error or to provide com-
pensating adjustments so that their effect can be
corrected. It is here that various ohmmeters differ
most from each other.

The effect of a change of battery resistance is to
alter the value of Ry, for R, is the total internal resist-
ance of the ohmmeter viewed from the R, terminals.
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Fig. 2. Series ohmmeter with compensation for battery e.m.f.
variations by a shunt R..

Fig. 3. Ohmmeter with * constant-resistance *’ e.m.f. compen-
sator,

The effect thus depends on the magnitude of the change
of resistance relative to the proper value of R;. On
a high-resistance range, R; might be 500k and a
50-V battery of small cells might develop an internal
resistance of 2 kQ at the end of its life. 'The resulting
error is only 0.4% and by making the resistance
external to the battery 499 kQ and, taking the battery
as having a resistance of 1-+1k(, the error can be
made +4-0.29%,.

On a lower range of 50 kQ mid-scale there are two
alternative ways of obtaining the proper conditions.
One is to retain the 50-V battery and to shunt the
meter to take ten times the current. The battery
resistance is then ten times as important and, in the
example, the error due to it reaches -29;. The
alternative is to leave the meter unshunted but to
reduce the battery voltage to one-tenth, which also
reduces the battery resistance to one-tenth, and leaves
the resistance error at +0.2%. This is clearly the
better course. In practice, matters are likely to be
even better, because one would usually employ
larger cells for a low-voltage battery than for a high-
voltage one and the battery resistance is likely to be
relatively much less.

In order to make battery resistance a negligible
factor, it is necessary to use as sensitive a meter as
possible so that the current is a minimum and to use
a battery of as large-capacity cells as is practicable.
On the higher-resistance ranges, it is then usually
possible to ignore the battery resistance. On the
lower-resistance ranges, however, compensation is
nearly always needed. Such compensation is simple.
It is only necessary to choose the total resistance
lower than the required value of R, by the amount of
the maximum battery resistance and then to insert
in series a variable resistance of this same maximum
value. As the battery resistance increases, the
variable resistor is reduced by the same amount and
the total stays constant.

Compensation for changes of e.m f. is necessary on
all ranges and is more troublesome to arrange. It is
hardly practicable to arrange an adjustable source of
e.m.f. and what is done in practice is to alter the
sensitivity of the meter to suit the em.f. On any
range, the requirement is to have E/I, = R, and
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compensation for changes of E is obtained if I,, is
arranged to be proportional to E. The simplest way
of doing this is to have a variable shunt to the meter.

The circuit then takes the form shown in Fig. 2,
and the relevant equation analogous to equation (2)
is

g E 1 1 )
Im I"ZRT 1 RIII/IR 1 RT R
which reduces to equation (3)if E = I,,R(1 4+ R,, R,).

Here I,, is the meter current itself and is a fixed
unalterable quality, so that it is R, which is varied to
correct for changes of E; R, is, of course, the internal
resistance of the meter.

It is not practicable to vary R, continuously over
any range cxtending to infinity, so there is always
some finite value in shunt with the meter. .This
reduces the sensitivity and makes 7, greater than /,,.
Accordingly, the resistance range obtainable is
reduced.

A penalty which must be paid for having e.m.f.
compensation is a reduction of the maximum resist-
ance range and, with the simple shunt of Fig. 2, the
best that can be done is to have a range of about 809,
of that with the unshunted meter. This is actually
about the best that can be done by any method.

Adjustment of R, unfortunately affects the value of
R,, for R,, and R, together form an effective meter
of resistance R,,/(1 - R,,/R,) and of full-scale current
I, = L1 +R,/R,). The effective meter resistance
is thus R, 1,,/I,. Now I; must vary in proportion
to the battery voltage if R, is constant and so the
cffective meter resistance must vary in inverse pro-
portion to the voltage. The percentage variation of
effective meter resistance is thus the same as the
percentage variation of battery e.m.f. In practice,
the magnitude of the change of resistance will rarely
exceed about 100 €. It is quite negligible on high-
resistance ranges, but is a major factor on low-
resistance ranges.

Range Changing

The variations of resistance can be very greatly
reduced by using the form of compensation shown in
Fig. 3. Here, a potentiometer R, is used and arranged
so that one side of it acts in series with R, as a variable
shunt, while the other side puts resistance in series
with R,,. There is an optimum position for the slider
on R, at which the resistance is a maximum and this
corresponds to an cqual division of the current 7,
between the two paths. Consequently, the two paths
are then of equal resistance and the total resistance
viewed from the slider 1s (R; -+ R, - R,,)/4. The
current 1; is twice z,. At other settings of the slider
the resistance falls, but only slightly for small changes
of ilﬁm'

The change of resistance is of the order of a quarter
or a fifth of that with the simple shunt of Fig. 2,
which is a considerable improvement. Unfortunately,
however, the ratio of 7, to 7,, is much larger, being
about 2 : 1 instead of some 1.2: 1. This means that
it restricts the maximum resistance range more.

For range changing, it is necessary at some stage
to shunt the meter or to do some equivalent thing.
With neither Fig. 2 nor Fig. 3 is a simple meter shunt
satisfactory. In Fig. 2, a meter shunt calls for a
change of value of R, and separate zero-adjusting
variable resistors are nceded for each range. As well
as taking up a lot of space, they become expensive.
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The same thing applies to Fig. 3 if the meter itself
is shunted unless, at the samc time, resistance is
inserted in series to keep the total resistance of the
effective meter constant. This is satisfactory, except
that the low-resistance ranges are limited by a high
effective meter resistance. An alternative is to shunt
not the meter itself but the whole meter plus compen-
sator. This would be ideal if the resistance were
truly constant but as it is not it makes the e.m.f.
adjustor vary somewhat from one range to another.

The most convenient arrangement depends on
circumstances and some commercial instruments use
one method of compensation for some ranges and
another for other ranges. Where the aim is to obtain
the widest possible resistance range, with especial
emphasis on high values, however, the arrangement
shown in Fig. 4 is one of the best, if not the best.
This is basically the circuit of Fig. 2 with the resist-
ances R, and R, added. The resistance R, is made so
large compared with R, and R,, together that their
variations arc swamped. Then R, is the shunt for
increasing the current on low ranges. R, is the
compensator for battery resistance and R, the com-
pensator for e.m.f. variations. If the resistor values
are precise and the same battery is used for all ranges,
the adjustments of R, and R, hold for all ranges.

The equation for this circuit is quite a simple onec
and is

i, E 1 1 1

I, LR, 1+R,R, 1+R/R, 1 RyR;©®
where R, = R + R,” +- R, + R,
R,'R, R._R.
R 12 . po R mA
2 R,/ +R,” 1 R,, IR

and R; is the battery resistance.

This circuit is so important that it is of interest
to consider the detailed design of an ohmmeter
embodying it. In spite of its basic simplicity, the
design is a little intricate and it is probably both
clearest and shortest to set out the steps rather in the
form of a drill. In the following the references are
to Fig. 4; values of current for any value of R, are
indicated there by 7, 7; and ,,,. Corresponding currents
for R, Oare 1, I, and I,

Step 1. Knowing I,, and R,,, which are characteris-
tics of the meter, compute the range of values required
for R, to compensate for variations in the e.m.f.
of the battery, bearing in mind that the current

I, is proportional to the e.m.f. The necessary
relation is
R, 1

K, Lo, =%
Example 1. Let I, = 100 xA, R,,

the e.m.f. per cell be 1.3V to 1.67 V.
Assume a minimum value for I,, which will occur

531.5 Q and

Ra R
—
1
Es
Fig. 4. Basic circuit of a practical ohmmeter with both resist-

ance and e.m.f. compensation; R and R. are altered to

change the range.
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when the e.m.f. is 1.3V per cell, of 1.11,,, When
the em.f. is 1.67 V per cell I, will be 1.11,, X 1.67/1.3
- 1.411,, (approx.).
At the lower current

531.5
i Q
R, 1—1 5315
At the higher current
531.5
R, = 1290 Q

(1.1x1.67/1.3) — 1

To employ standard components and ensure plenty
of coverage one could make R, a fixed resistor of 820
in series with a variable of 5kQ.

Step 2. At a nominal battery voltage of 1.5V
per cell and for a current I, roughly mid-way between
the limits of Step 1 decide on the highest resistance
range and maximum battery voltage. Also, choose
I, at a round figure to simplify calculation. (If
R,=0o0, I =1,)

Example 2. From example (1) I, = 1.251,, = 125 pA.
For a range in the neighbourhood of 400 kQ mid-scale
we might choose a 45-V battery, which would give
360 kQ. However, lower ranges will demand a
lower-voltage battery to avoid excessive current and
this can be connected in series with the 45-V battery
to give a higher voltage. With a little trial and error
it is found that a 45-V and a 6-V battery, giving 51 V
together, will allow a 400-k mid-scale range if the
current is changed to 127.5 pA.

Step 3. Recalculate Step 1 on the basis of the new
figures from Step 2.

Example 3. Since I,1s 127.5 pA at 1.5V, itis 127.5 X
1.67/1.5 at 1.67V and 1275 x 1.3/1.5 at 1.3 V.
The limits of R, are thus

531.5 531.5
— —— e £ m————— = Q

Re= 12m 16715 —1 ~ o415 2
R, - 531.5 _SBL5 o

1275 x 1315 —1  0.105
The previous values of 820 Q fixed and 5kQ
variable are still suitable.

Step 4. Compute the limits of R,, and R; in parallel
using the results of Step 3.

be one-tenth of the preceding one and the current
will be ten times as great but modified by any change
of battery voltage. Compute the ranges obtainable
in view of the increasing battery drain.

Example 5. The top range is 400 kQ mid-scale with
E =51V and I = 1275 yA. The next range will
be 40 kQ with E = 6 V, so the current will be 127.5 X
10 x 6/51 = 150 pA. Successive further ranges will
be 4kQ, 400 @ and 40 Q@ and will take 1.5 mA,
I15mA and 150 mA respectively. A lower range
still would have to be 4¢) and would take 1.5 A which
is out of the question.

Step 6. R,  should be as large as possible in order
that R, may be large compared with R, R /(R,,+R.).
Choose R,” for the lowest range so that R is zero
(i.e.; so that R,= R, — R, - Ry). Values of
R, for the other ranges, except the highest, follow at

once since each is ten times the preceding one. Tabu-
late the results.
Example 6. On the lowest range Ry — 40 Q. The

battery resistance is unlikely to exceed 20 Q, so that
if R =0, R,” =20 Q. Then for the other ranges
the figures are as in Table 1 but the value for range 1
cannot be inserted yet.

Step 7. The value of R 1s R, — R, — R; — R,
and, except for range 1 can be computed at once.

Step 8. On range 2 the battery current is 1 == E/R,
and I, is known from Step 2. Then I/I, = R;//R,".
Compute R/’, then R, by deducting R, R, /(R,, + R)).
Example 8. 1 — 6/40 = 0.15 mA; I, - 0.1275 mA,

SO
1 150 60
1, 1275 51
60 1200
g - ) Q
R,/= 20 x = 51 23.53 k

R, = 23,53 — 0.429 = 23.102 kQ.

Step 9. On range 1, R, is infinite and R,’= R,
so R for this range can now be found using the formula
of Step 7 and a mean value of battery resistance.
Example 9. Assume Ry 1--1KkQ then

R = 400 — 1 — 23.53 = 375.47kQ

Step 10. The current I is known for ranges 1 and

Example 4. 2 It increases ten times for each further range.
R,.R, 531.5 x 1267 _ Compute the values for all ranges, then I/I, and
R,IR, = T 17985 374.42 Q I/1, — 1. List the values.
R, R, 531.5 x 5061 Step 11. Compute R, from R, —= R,//(I/I, — 1).
R R T 55005 480.98 List the values
- : 2 . Example 11. For range 2 we have R, = 23.53 k()
The total change of resistance is 480.98 —374.42 1/I, — 1 = 9/51 so
106.56 . Therefore,
R,,R Ry = 232 5931 133.3kQ
= R 1; 427.7 + 53.28 Q : 9 ‘
== From the results of Table 1 the complete circuit
Step 5. For decade range steps, each range will diagram of Fig. 5 can be drawn with all values. In
TABLE 1.
B ' , I I
Ry E R, + Ry R, R I -1 R,
Range (k) ) (kQ) (k€) [019)) (mA) I, ] (kQ
1 | 400 51 141 23.53 375.47 0.1275 1 0
2 40 6 0.02 20 19.98 0.15 60/51 9/51 133.3
3 4 6 0.02 | 2 1.98 1.5 600/51 549/51 2.1857
4 0.4 6 0.02 0.2 0.18 15 6,000/51 5,949/51 0.2017
5 0.04 6 0.02 0.02 0 | 150 60,000/51 59,949/51 0.020017
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133-3x )

Ra R,
20 A Rx 23 k)
5 | sV 5 |
—O o—i|-4 [ S—
4 2 R ’ 4 2
3 N 3
375-47k Q) f \
S AAAAS a
19-98k ) ] J —
AW € >
ki 1-98k {) J 1004 A
oV = S AAAA >R 6 Rm
1800 ] 53150
A4 P ‘ <
F o

20:017Q
201700

fig. 5. Complete circuit Giagram of a 5-range series ohmmeter covering about 4Q to 4MQ.

its five ranges the ohmmeter covers 12.6 (2 to 1.26 M Q
with good accuracy, or 4 © to 4 M Q with moderate
accuracy. Outside this range it will give rough indica-
tions of resistance up to some 20 M Q.

If range 1 with the 45-V battery is omitted, the top
figures are all one-tenth. This would apply also to
a redesigned instrument using a 45-V battery but
with a 1-mA mcter movement.

If the resistor values are precise the zero adjust-
ments hold for all ranges except the top one, where,
as the battery is changed, a readjustmeni becomes
necessary. If they are not precise and a rcadjust-
ment of R, is made on each range this cancels the
e.m.f. error, but leaves an error due to the change of
R;. This can be quite small even for quite a large
change of zero adjustment between one range and the
next, depending on just where the error occurs.

It is necessary that the values of R, should be
especially accurate on ranges 4 and 5, for it is nccessary
that the e.m.f. compensation should hold accurately
between these two ranges. Then R, can be adjusted
on range 4 and R, on range 5 until the meter reads
zer) resistance on both ranges.

The procedure for zero adjustment on any range
except range 5 is to short-circuit the R terminals
and to adjust R, to zero ohms on the scale ; that is,
to full-scale current deflection. Except on ranges
4 and 5, the setting of the resistance compensator R,
has a negligible effect. Having adjusted R, on range 4,
adjust R, on range 5; readjust R, on range 4 and
then R, on range 5. Continue alternately until the
meter reads zero ohms when switched to either range.
Once R, has been so set it needs no further adjust-
ment until the battery resistance changes. However,
R, may need slight rcadjustment on other ranges
and will ncarly always need it on range 1. However,
after a readjustment of R; only, R, does not need
further altcration until the battery resistance changes.
R, need be adjusted only when it is found that there
is a change of zero between ranges 4 and 5.

It is now pertinent to enquire what sort of errors
are likely to exist and we shall assume that in every
case the instrument is properly zeroed for the range

Ru.R, :

d — s b 53.28 0
concerned. Now R, -+ R, varies by + > SO
R, varies by the same amount or 5328/23.530
0.225%,. In addition, there is the tolerance on R;
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itself. If this is 4 1%, the variation of R, is 4~ 0.231
kQ. The total variation of R,” is thus 0.284 k{,
giving an error of | 284/23.53 = 4- 1.29,.

On range 1, with 4 1% resistors, the possible
variations are -~ 1kQ for the battery, - 3.7547 kQ
for R, and + 0.284 kQ for R,’, a total of 5.04 kQ in
400 kQ. The error is thus + 1.269%.

Accuracy

On other ranges, R;” and R, come in parallel and
errors have two different effects. If the errors are
of the same magnitude and sign the current division
ratio is unaffected, but R, is in error by the same
percentage. If the errors arc of the same magnitude
but of opposite sign the current division ratio is
affected but R,’ is altered very little when R, and R/’
are of similar magnitude. A change in the current
division ratio does not affect the accuracy appreciably
but merely calls for a different adjustment of R, to
correct for it.

Let x be the fractional tolerance on R,’, y that on
R, and z that on R,’, then

R/YA+ xR, (1 £ 3) 3

R+ 8 = R LD T Rl £
whence
SR/ (1 %) = xR, (1 £ 3)
R/ (1= x) + Ry (1 £ )
yR, 4 xR,
¥ R/+R,

The error = is always greatest when x and v are of
the same sign, so we need only consider this. In our
case, we have x = 0.012, y = 0.01. On range 2

0.01 x 23.53 + 0.012 x 133.3
25.53 + 133.3

and as R,” is 20 kQ this is an error of 0.233 kQ. The
error in R is -+ 0.1998 kQ and so the error in Ry is
0.433 kQ or 1.08%. On range 3, the error in R, is
about + 1.02%, so the total error in R; is just 2 shade
over 1%.

As R, falls in value, the effect of R,” becomes less
and less and the error in R,” becomes negligibly
different from the error in R, alone. Range 4 will
thus give 1% error, considered by itself.

0.01165

o
<&
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On range 5 conditions are different, for ranges
4 and 5 are adjusted together to compensate for battery
resistance. The e.m.f. adjustment is made on range
4 only, consequently a change in the current-division
ratio between the ranges leads to an incorrect value of
R, and so to a change of Ry. The worst case occurs
when the errors in R,” and R, are of opposite sign
on one range and the same sign on the other. The
current division ratio can then change by 2% (very
nearly) between ranges.

Assume now that on range 4 battery resistance is.
still negligible. R, may be 19% out and this leads to
a certain setting of the total current-division ratio
which is 1% different from the ideal value. This is
the overall ratio set by Ry, R;, R, and R,,. If R; is
high the current-division ratio is low and vice versa.
There are two possibilities. If Ry is high and the
dsvision ratio of R, and R,” is low the ratio of R,
and R,, becomes the corrcct one, but if the division
ratio of R, and R,” is 1% high also, the ratio of R,
and R,, becomes 29, low.

Now on range 5 any error in the ratio of R, and
R,, is carried over and if on this range the current-
division ratio of R, and R,’ is in error in the opposite
sense to that on range 4, it is an extra error. Thus,
if it is 1%, low, the total current division ratio becomes

%. Now on this range the value of R; is adjusted
with reference to the current-division ratio. It is
assumed to have been set correctly on range 4 to suit
the battery voltage, any error therefore leads to an
equal error in R, and may be as much as 39%.

Using -+ 19, tolerance resistors throughout the
electrical errors on ranges 1-4 should be less than

1.5% and not more than + 3% on range 5. The
error on range 5 can be greatly reduced if it can be
arranged that the errors in R, for ranges 4 and 5 are
of the same sign.

To these figures must be added the reading errors
of the meter used which depend mainly on the meter
itself—its length of scale, the fineness of graduation
of the scale, the pointer thickness, parallax and so
on. In addition, there are the calibration errors.
These can be small if the scale is calibrated directly
using close tolerance resistors, but if it is donec by
calculation from the current scale of the meter, the
accuracy of this current scale must be taken into
account. This is only + 1% over the upper regions
of the scale for the usual B.S.1. grade meter.

Even when considerable care is taken, it is doubtful

R, R,
——AAAA—
L Fig. 6. Basic circuit
E = Ry llm of shunt ohmmeter.
L g

R,+R,
Fig. 7. Multi-range RE
shunt ohmmeter. ] Q\bll”‘
Rz
328

Fig. 8. Idealized form Rz
of shunt ohmmeter fed

from a constant-current ;‘(’
source. 25 R
ﬂ m

whether an overall
-+ 59, is obtainable.

While the form of ohmmeter shown in Fig. 5 is
probably the one best suited to radio work, some
mention should be made of the shunt ohmmeter.
This has the basic circuit of Fig. 6 ; ignoring battery
and meter resistance for the time being, conditions
are arranged so that the meter reads full scale when
R, is infinite. This requires E — I,, (R, -+ R,). The
connection of R, then shunts some of the current
from the meter and reduces its reading. When R,
is zero, all the current is diverted and the meter
reads zero.

Like the series ohmmeter, the scale covers all
possible resistance values but it is reversed left to
right. Zero ohms correspond to zero current in
the meter and infinite ohms to full-scale current.
The basic cquation is

i-ln‘ _ ~—E - — 1
Im Im (Rl [ Rg) 1 RT/R;z:
= RiR/(R; + Ro).

The law of the scale is precisely the same as that
of the series ohmmeter but reversed left to right,
so all the earlier remarks about the recading accuracy
apply with equal force. The range is still set by the
value of Ry and the same definition of R, applies—
namely, it is the internal resistance of the instrument
viewed from the R, terminals.

However, Ry is always lower with a shunt ohmmeter
than with a series type. In Fig. 6 it is the value of
R, and R, in parallel and is a maximum when R, and
R, are equal. As a series ohmmeter, Ry would be
R, -+ R, = E/I,,. As a shunt ohmmeter, the maxi-
mum value of R, is (R, + R,)/4 = E/4I,,. For
the same battery and meter, the maximum resistance
range of a shunt ohmmeter is one-quarter of that of
a series ohmmeter.

Since the value of R, depends on R; and R, in
parallel bur the full-scale current I,, upon R, and R,
in series, it is possible to change R, and the mid-
scale range without affecting the zero adjustment in
any way. By using a tapped resistance for R; and R,
the range can be changed merely by varying the
position along it at which R, is connected, as shown
in Fig. 7. Unfortunately, the number of ranges
obtainable in this way is not very large unless the
battery voltage is high, for the minimum range is
that of the meter resistance. With a 50-V battery
and a 100-pA meter, R, + R, is 500kQ. The top
range is thus 125 kQ and lower ranges of 12.5 kQ and
1.25kQ are obtainable, but a range of 125 Q is not,
because it is less than the meter resistance of some
500 Q.

By shunting the meter, or using a less sensitive one,
the lower ranges can be extended indefinitely but at

accuracy of much better than

where R,

WIRELESS WORLD, JuLy 1953

WWW.americanradiohistorv.com


www.americanradiohistory.com

the expense of the beautifully simple switching of
Fig. 7. If the meter is shunted, R, and R, must be
changed also.

For low-resistance ranges, the resistance of the
meter R, becomes small compared with R; and the
ohmmeter tends to the limiting form of Fig. 8 where
a constant-current source supplies the current
I,(~ E/R,) and Ry~ R, +R,. To reduce the
range to one-tenth, R, + R,, is shunted by (R, +R,,)/9
and I, is increased to 10 1,,.

With a basic 100-uA mecter movement, R, + R,
might be 600 @ and this would be one mid-scale
range. By increasing the current to 1 mA and shunting
R, +R,,, a 60-0 range could be obtained. By
repeating the process, ranges of 6 @ for 10 mA,
0.6 Q for 100 mA and so on, could be obtained.

For a given low-resistance range the cuirent is
much lower than with the series ohmmeter. As
against this must be set the fact that the current
drain is continuous whercas in the scries ohmmeter

it flows only when R, is actually connected. If it
is used in the same manner as a series ohmmeter,
therefore, the current may well flow for hundreds,
or even thousands, of times as long as with the series
type. The initial advantage of a lower current may
thus be quite nullified ; in fact, the battery life may
be much shorter. -

For reasonable battery life with the shunt ohm-
meter one must acquire different habits and it is a
good plan to include a “‘ Press to Read” switch in
series with the battery. But it is inconvenient.

1t is largely because of this that the shunt ohmmeter
is so rarely used. It is not, therefore, proposed to
co into battery compensation in any great detail.
It is sufficient to say that resistance compensation is
usually unnecessary, for R, can usually be kept large
compared with changes in the battery resistance.
Compensation for variations of e.m.f. is necessary and
is probably best carried out by a potentiometer across
the battery.

COLOUR TELEVISION

AS an experiment in colour television, Pye Ltd.
installed cameras on the roof of a building over-
looking Parliament Square in order to televise a
part of the Coronation procession. Receivers were
installed at the Children’s Hospital, Great Ormond
Street, connected by a radio link operating at 575
Mc/s.

A demonstration was given on the previous day in
which two directly-viewed receivers were used to
give pictures of 16in by 12in and a projection set
to give a picture of 4ft by 3ft. Some trouble occurred
at times during the tests and was stated to be due to
rain in one of the transmitter units. Apart from this,
excellent pictures were seen, the definition and the
colour rendering both being good. Compared with
the directly-viewed pictures, the projected picture
appeared rather “washy,” however, probably becausc
of its lower brightness.

A frame-sequential system was used with 50 com-
plete pictures per second and 150 colour frames. At
the camera, a colour disc was used but at the receiver
colour tubes were employed for direct viewing. No
details of the projection system were given.

The colour tubes were of the Lawrence type and
were made by Chromatic Television Inc. of America.
The operating principle of these tubes has been pre-
viously described'. The screen is built up in strips
of three differently-coloured fluorescent materials, red,
green and blue. The strips are 0.015 in wide and
alternate in a regular sequence across the face of the
tube. Behind each red strip is a wire of 0.004in
diameter and behind cach blue strip is another similar
wire. All red wires are joined together and all blue
wires are similarly connected. A deflecting voltage
is applied in push-pull between the two sets of wires.

The tube has a single gun and focusing and scan-
ning are accomplished in the normal way. When the
colour-deflecting voltage is zero, the wires screen the
blue and red strips from the electron beam which
passes between them to fall on a green strip only.

i A Tz/e-TeclT, November 1951;E_1eczronfcs, N;Jvember and December
951.
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When the colour-deflecting voltage has the proper
value and one polarity, it deflects the electrons pass-
ing between the wires so that they fall on a blue strip.
Similarly, when the voltage has the opposite polarity
the deflection is in the opposite direction and the
clectrons land on a red strip.

In this type of tube a typical sequence of the colour
strips is Green, Blue, Green, Red, Green, Blue, Green,
Red, Green, Blue, etc., as shown in Fig. 1(a). When
both sets of rods are at the same potential the colour
deflection, which is subsidiary and is superimposed
on the ordinary scanning deflection as a “ wobble,”
is zero (b). When the red rods are positive and the
blue negative, the colour deflection is to the red (c)

Fig. 1. At (a) is shown a section through the colour screen
and colour-deflecting rods while in (b), (c) and (d) the path
of the beam between a pair of rods is sketched for the three
possible colour conditions.
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and when the red rods are negative and the blue posi-
tive it is to the blue (d).

Post-deflection acceleration is used sp that operation
at around 16kV can be secured without excessive
deflecting power. The colour deflection requires a
supply of about 300—400V and the total capacitance
of the grid wires is considerable. In its original form,
this resulted in the tube’s being only suitable for a
frame-sequential system where, because of the low
colour-repetition frequency, the necessary voltage
could be developed across the high capacitance with
the expenditure of quite small energy. It is stated,
however, that recent developments have made it
possible to reduce the deflecting power sufficiently to

render thc usc of the tubc practicable for other
systems.

Reproduction with this tube appears to be free from
the irritating momentary loss of colour frames on
moving the eyes which has been observed in repro-
ducers using a rotating disc. This is probably
because an effective overlap of the colour frames can
be obtained by arranging for the decay time of the
phosphors to be such that one colour frame is not
extinguished before its successor. This is impossible
with a disc.

The experiment demonstrated a considerable
advance in colour television in so far as the repro-
duction of the picture is concerned.
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Electronic organ designed by R. E. Winn and awarded the
President’s Trophy and the Wireless World Prize in the
amateur constructors’ competition.
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AMATEUR CONSTRUCTORYS
EXNIBITION

Prizewinners in this Year’s B.S.R.A. Competition

THE competition organized by the British Sound
Recording Association for the best amateur-con-
structed sound reproducing equipment paid tribute,
both in the variety and quality of the exhibits, to the
enthusiasm and skill of the Association’s “ Construc-
tors Circle,” which was formed recently to encourage
and instruct members who have an interest in design-
ing and building their own equipment.

The premier award went to R. E. Winn for a 5-
octave “electronic ” organ incorporating rotary electro-
magnetic generators, a wide range of harmonic filters
and an electro-acoustic synthetic reverberation device
in which a spiral steel wire was used as a delay line.
The judges also decided to award the Wireless World
prize for this exhibit, on the score of ingenuity in the
integration of several basic principles and for general
planning and design.

The Committee Prize went to H.
Silver for a studio-type magnetic
tape recorder of comprehensive speci-
fication and excellent finish. The
equipment is divided into three units.
The first consists of a Type B Ferro-
graph tape mechanism with three
leads, and the second is a combined
pre-amplifier and control unit for
mixing two microphones and a radio
input. It provides six alternative
response characteristics,and a change-
over switch permits aural comparison
between the incoming and the re-
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corded programmes. The third unit
comprises the main amplifiers and
power supplies.

Magnetic tape recording equipment
made by H. Silver and awarded the
Committee Prize.
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WAVES and AERIALS

The FEther as u

SOME people object to analogies. They will
probably object to that statement of mine too,
unless I put it more precisely and say that what
they object to is the use of analogies as a help in
explaining or understanding things. Their objection
is that an analogy docsn’t prove anything, and may
actually mislead. They would think it very wrong
of me to try to explain to a beginner what an clectric
current is by talking about water flowing through
pipes, because the fact that one can say some things
about water in pipes that are true about electric currents
in wires might lead him to suppose that if he cut the
wire the electricity would gush out. They no doubt
have such enlightened intellects that they can appre-
hend new things fully without
any such crude aids. If so they
are lueky, but have no right to
criticize poor morons like our-
selves who need some picture
in our minds to help us. In
any case I don’t think we need
bother any more about them. I
can think of at least one very precise and critical and
learned authority on electrical principles who does not
hesitate to use analogies.

One of the pleasures of life is finding something that
is a perfect fit. That is the basis of jigsaw puzzles,
of course. But a good analogy is better than a jigsaw
puzzle, because instead of being just an arbitrarily
cut outline it is part of a beautiful natural design.
Add to the pleasure of tracing such a design the
satisfaction of discovering that you have two or more
sets of relationships for very little more than the price
(in mental effort) of one, and it is not difficult to
understand why analogies are in demand. Provided
one is on guard against the risk of being misled by
pursuing them too far, they can be recommended.

By

Circuits in Space

Some time ago* I dealt with the analogy between
current, voltage, resistance, series, parallel, ectc,
on the one hand, and voltage, current, conductance,
parallel, series, etc., on the other. Having found a
relationship between one lot, you can straightaway
use it for the other, instead of having to learn it all
up as a separate subject. Not only does it save time
and effort; it is what the high-class writers call
more elegant, by which they mean that the method
is so neat that it gives pleasure even to think about.

If you read last month’s instalment, on radio waves,
I wonder if you noticed another and even more
interesting analogy. You remember I assumed that
most people know where they are with circuits but are
somewhat hazy about the mechanism of waves in
space. So I began with an electromagnet consisting

* ¢ Duals.” April 1952. p. 152.

WIRELESS WorLD, JuLy 1953

“CATHODE

Line
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of a loop of wire and a battery, which everyone can
understand more or less, and showed what would
follow from the basic laws of electricity if it were
dragged across the sky at high speed. The movement
of the magnetic field would cause an electric field,
which would drive a current causing the magnetic
field which would cause the electric field which . . .
and so on ad inf. At a sufficiently high speed—
299,792,000 metres per second, to be tolerably precise
—the two ficlds are mutually supporting, without
any circuital apparatus at all. Although one can
continue to think of waves of e.m.f. and (displacement)
curreat, it is better to grow out of this circuit-bound
point of view and think in terms of fields alone.
A butterfly emerging from its
static chrysalis probably shares
the same initial difficulty in
fecling at home in unrestricted
three-dimensional space, but it
is worth while. When that
freedom has been won, current
and voltage in a circuit can be
regarded as just a rather special casc of a general
field system.

Emerging from the chrysalis can be made less
painful by making full use of analogy. In finding the
strength of the magnetic field we started from the fact
that it is proportional to the current flowing around
the path of the field. But it also depends on the
path length of the field ; a long path necessitates more
current to maintain a given field strength. (Here,
of course, is an analogy with Ohm’s law that is worth
stopping a moment to consider. A long circuit path
necessitates more e.m.f. to maintain a given current.)
The magnetic field strength, denoted by H, is propor-
tional to the ampere-turns per unit length of field.
In the now superseded c.g.s. system of units the
unit of H—the oersted—is cqual to 0.4r times the
ampere-turns per centimetre length of magnetic
field path. The mk.s. system abolished the 0.4«
because it doesn’t make sense, and (in order to bring
volts, amps, etc., into itself) substituted metre
for centimetre. On the assumption that ‘ amperes ”’
means the total current around the magnetic field,
equal to amps per turn multiplied by number of
turns, the unit of H is now the amp per metre, which
makes much clearer the close relationship between
current in a circuit and magnetic field in space.

RAY™

“ Ohm’s Law >’ of the Ether

The same sort of relationship exists between electric
field and voltage ; the electric field (¢) is measured
in volts per metre. So the beginnings of an analogy
between circuit and space ought by now to be seen
looming through the mist. For current in amps,
substitute magnetic field in amps per metre ; for p.d.
in volts, substitute electric field in volts per metre.
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Since space is measured by distance, the appearance
of the “ per metre’ is quite natural. Now this is
where one begins to try the “fit” of the analogy,
to see where it leads. The simplest rclationship
between voltage and current is Ohm’s law ; the ratio
V/I in volts and amps gives the resistance of the
circuit in ohms—or the impedance, if a.c. If we
divide ¢ in volts per metre by H in amps per metre
the metres cancel out, so the result also has the dimen-
sions of an impedance in ohms. This idea is not
particularly helpful if the fields are caused wholly
or partly by circuits. Just as Ohm’s law wouldn’t
work if field ratios were brought into it, so the corres-
ponding law for fields makes no sense if currents and
voltages, which belong to circuits, are brought in.
The only situation in which fields depend exclusively
on one another is when they are travelling as waves,
and then the ratio ¢/H depends on what the waves
are travelling through. Last month we found that
in electromagnetic waves ¢ —vul, which in a one-metre
cube is the same as e—wvuH. We also found that
v=1/4/(ux). (v is the velocity of the waves, p the
permeability of space, and « the permittivity of space.)
Substituting this in the first we get

€ . I /ﬁ
H %7 Vi v«
In empty space, p=4#/107 and « is practically
L
C Ry (a)
L L L L L L

s ¢ C @ cT R
— 1 T [ T T71
{b)
Fig. I. The effect of shunting a small capacitance across a

resistance can be neutralized by a small series inductance,
so that the combination (a) is still equivalent to the
resistance R, except for a small phase delay between the
terminals and R,.  This can be repeated any number of
times (b), giving an approximation to a transmission line
with a * characteristic resistance’’ equal to R,.

Fig. 2. How a conducting sheet causes reflection of waves
by generating additional waves (shown dotted) that cancel
out in the original direction and add in the reverse
direction.

DIRECTION OF WAVES
—_—

METAL SHEET
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1/(367:< 10%) ; putting in these values, we then get:
47 <367 x 10°
/ E -’
W 107 1207 = 377

This is the ratio that the electric and magnetic field
strengths 1 waves through space must bear to one
another ; e=377H. It should not be taken to mean
that the eclectric field is 377 times as strong as the
magnetic field, for the actual figure depends on the
units. employed. The only proper way to compare
the two field strengths is to use a standard of reckoning
that is common to both, namely energy. When
that is done it is found that they are equal. The
meaning of the 377, if our analogy is a safe guide, is
the impedance of space to electromagnetic waves,
in ohms. We know already that ¢ and H are in
phase, so we conclude that this impedance, ¢H,
Is a resistance.

Waves Along a Line

The fact that the impedance of space is a resistance
may seem to be a flaw in the analogy, for a resistaice
in a circuit is an absorber of energy, and we know that
empty space absorbs none of the energy of waves
going through it. The analogy certainly does break
down at this point if waves through space are compared
with currents through ordinary circuits, but it can
be restored by making the comparison with waves along
a transmission line. This was my subject in July and
August 1950 ; I will just recall that the action of a
line also can be approached from the circuit point
of view, as in Fig. 1(a), where a resistance R, is
shunted by a small capacitance C. The reactance
of C can be neutralized by a small series inductance L,
and if the right value has been chosen the impedance
between the terminals is a resistance equal to R,
The process of adding C and L can be repeated indefin-
itely, as in Fig. 1(b), with the same result, that the
terminal impedance is equal to R,. An a.c. generator
connected to the terminals cannot tell whether it is
supplying R, directly or through a long chain of
reactances. The practical difference is that this
chain introduces a time lag. A transmission line or
cable is electrically equivalent to such a chain in which
the links are so small and so numerous as to be indis-
tinguishable. When the generator is connected to the
line terminals its power flows into the line, but it is
only after a time lag that it is absorbed in the actual
resistance R,. So although thec line looks to the
generator like a resistance because it takes away its
energy and gives none back, it does not itself actually
absorb any—bcing made up of reactance only, it
cannot—but simply passes it on to a real resistance.
It is exactly in this sense that space is and is not a
resistance,

R,, the so-called characteristic resistance of a line,
is well known to be equal to +/L/C, where L and C
are the inductance and capacitance per unit length.
We found that resistance to free waves is +/(u/x),
and it should give us no surprise to see that u 1s
analogous to L, and « to C, for of course the L and C
of lines and circuit parts are proportional to the u
and « of the space around. The analogy fits even
closer : if you were to calculate the capacitance between
plates with an area of onc square metre spaced one
metre apart (assuming uniform field in the space)
you would find it to be « farads, and as the « of space
(in m.k.s. units) is 1/(367 X 10°) the answer is 8.854pF.
So a way of expressing the value of «, (the « of space)
that brings out its significance is as 8.854pF per metre.
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Arguing along the same lines for p we would say that
for space it is 0.47x107% or 1.257uH per metre.
(Don’t be misled by the fact that p stands for both
permeability and “‘ micro ”—among other things!)

Air has almost exactly the same p and « as empty
space, sO its resistance to waves is almost the same.
But suppose we transmit waves through a block of
glass, whose p is the same as space but its « might be
six times as much. If so its ¢/H, being +/(p/«), works
out at 154 ohms. One would expect it to be lower
than for air because a capacitor with glass substituted
for air between the plates has a higher capacitance,
which means that its impedance is less.

On the other hand magnetic materials, with a high
u/« ratio, have a higher impedance, analogous to the
higher impedance of a coil when an iron core is fitted.

Another thing that depends on g and « is v, the
velocity of the waves. It is, in fact, equal to 1/4/(ux)
as we have found already. So when the waves come
to a block of the kind of glass just considered they
slow down to 1/4/6 of the speed, which is 122 million
metres or only about 76,600 miles per second. In-
creasing p also slows them, so presumably they
proceed through Ferroxcube at a mere crawl.

Since in this country at least the general public
still identify broadcasting stations by wavelength, it
may not be realized by everyone that the wavelength
of a given transmission is not fixed, like its frequency,*
but depends on what the waves are travelling through.
If a station broadcasts on 1 Mc/s it is bound to push
out one cycle every microsecond, but the distance
travelled by a wave during that time, which is the
wavelength, obviously depends on how fast it is
travelling. In space it is 300 metres, and that would
be the figure given in the Radio Times, but within
the block of glass the wavelength of the same trans-
mission would be only 123 metres. So that is another
argument for frequencies rather than wavelengths.

Of course the same thing applies to waves along
lines ; that is why the peaks of successive waves are
closer together along a cable with solid dielectric than
they would be along an air-spaced feeder.

And so one could pursue the analogy further and
learn a lot in the process. I recommend anyone who
wants to do so to study a paper by Dr. H. G. Booker,
“The Elements of Wave Propagation Using the
Impedance Concept,” published in the Journal of
the I.E.E., Part III, May 1947. In particular, it is
very enlightening to compare what happens when
radio waves come up against something or other with
what happens when waves travelling along a line
reach the impedance at the end. If the load impedance
is a resistance Ry, all the energy is absorbed, but if it
is anything else some at least is reflected. A pure
reactance, being unable to absorb any energy per-
manently, reflects everything.

How does a sheet of highly conducting metal appear
to a radio wave that comes up against it? Not as a
resistance presumably. The difference of potential
in the wave will cause currents in the sheet, and these
currents will cause corresponding magnetic fields
additional to those of the impinging wave. So the
sheet turns out to be analogous to an inductive
reactance. Actually the alternating currents in it
launch waves that cancel out the original waves in
the original direction and double them in the opposite

* The critical reader will point out that to an observer accelerating
towards or away from the sender the frequency is not fixed either, but
even when taking off in one’s spaceship the selectivity would have to
be rather excessive for serious mistuning to be experienced !

WIRELESS WORLD, JuLy 1933

Fig. 3. Simple repre-
sentation of a single-
turn frame aerial of
height h and width w,
showing how the net
em.f. generated
around it depends on a
phase difference in the
arriving waves.

direction, as in Fig. 2, so the net effect can reasonably
be called reflection. This is analogous to a transmission
line terminated by a short-circuit.

It may also remind us of the behaviour of the reflec-
tor in a television aerial, considered two months ago.
At least it reminds me of my intention to finish where
many radio waves finish—at the receiving aerial
The question that started off the last two instalments,
you may remember, was whether the signal in the
aerial was caused by the electric field or the magnetic
field in a radio wave, and the conclusion was that the
electrons in the aerial, whose movements are the signal
current, zre directly affected by the electric field,
but since the electric field in radiation (in contrast
to induced electric fields, close to the source) is
caused directly by the travelling magnetic field there
is no reason why—if it suits us—we should not leave
out the electric field stage and regard the signal as
being caused by the magnetic field. The calculation
can be done either way, and both are bound to give
the same answer. But don’t add them together !

Frame Aerials

Reception by a frame aerial is easier to understand
than by an open aerial. We sball assume that the
arriving waves are vertically polarized (i.e., electric
field vertical and magnetic field horizontal), and that
the aerial is # metres high and w metres wide and has
only one turn (Fig. 3). The results are applicable
to an N-turn aerial by multiplying by N.

Whichever field one happens to have in mind, the
horizontal parts of the aerial clearly make no direct
contribution. Each vertical part receives an e.m.f,
of ¢k volts, and if these are in phase they tend to drive
current round the aerial in opposite directions so
the net result is nil. The purpose of the horizontals
is to enable the two verticals to be placed where the
e.m.fs will not be in phase, so that there will be a
net e.m.f. available for causing current. No amount
of w is of any avail if the aerial is oriented so that the
verticals are equally distant from the sender; i.e,
if the aerial receives the waves broadside on. The
maximum difference in distance, equal of course
to w, is when the aerial is edge on, with the sender
in its plane. The difference in phase depends on the
ratio of w to A, the wavelength. The greatest difference
is when w is half A, as suggested by the waveform
underneath in Fig. 3, because then the e.m.fs received
by the verticals are 180° out of phase, so are exactly
in phase round the aerial, giving a total e.m.f. of
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 2¢h volts. But in practice w is almost invariably less
than A/2—usually much less—so the effective e.m.f.
is less. Anybody who wants a little exercise in
trigonometry will probably be able to prove that it is
2¢h sin (7w/A). The angle »w/X is in radians, and
as the sine of an angle in radians is almost equal to
the angle when it is small, “sin > can be omitted
when = is not more than about A/10; when this is
done the formula is 2¢hw=/), and we notice that hw
is simply the area of the aerial. For a given area, the
shape of the aerial makes no difference to the amount
of signal received; a circular one has the lowest
resistance, other things being equal, and a square
one has the lowest resistance of any rectangle. Notice
too that the signal received from a given strength of

field is proportional to 1/}, that is to say the frequency. -

Exactly the same results would be obtained by
calculating the e.m.f. generated around the aerial
by the periodic variations in magnetic flux passing
through it, but most people would probably find the
calculation a little harder. Obviously when the aerial
is broadside-on no flux passes through it. When it is
edge-on the maximum flux passes through it, but if
it were of uniform strength there would be no variations
and hence no signal ; the flux entering at the left
would be balanced by what was leaving at the right.
This agrees with our previous view of the matter, for
a uniform field means zero frequency. The field in
radio waves, however, is not uniform—if it were
they wouldn’t be waves ! Along the path of the wave
the field alternates, so if the rate at which flux is
entering the aerial from the left happens to be at
peak field strength, the rate of leaving from the right
must be less (assuming = is less than A/2), and there
is a net increase in linkage, generating an e.m.f.
round the aerial.

Current in the Aerial

What makes the frame aerial relatively easy to reckon
is that one can usually assume that the current is the
same all round it. There is some difference owing
to self-capacitance, but when the aerial dimensions
are small compared with the wavelength this should
not amount to much. But with an open aerial it is
quite different, for the return path is via capacitance
distributed all along its length, and one needs fairly
advanced mathematics to cope with this.

There is no difficulty at all in calculating the e.m.f.;
it is equal to eh, where h is the height measured
parallel to . To simplify matters we shall assume
that the aerial is parallel to ¢, so % is its actual height.
But the e.m.f. is of no practical interest if it does not
enable one to calculate the current it can yield at the
point where the aerial is connected to the receiver.
One can measure the impedance of the aerial (including
its connection to the receiver) at that point, but dividing
¢h (the received e.m.f.) by it gives a larger value of
current than one in fact obtains. When testing a
receiver the procedure is to connect the input through
an impedance equal to that of a typical aerial to a
signal generator capable of giving a known signal
e.m.f. This em.f. is less than the e.m.f. ¢ generated
in an aerial of the same impedance yielding the same
input to the receiver. One method of allowing for
this is to specify an effective height, #’, less than the
actual height %, which when multiplied by the electric
field strength ¢ gives the same value of e.m.f. as is
required from the signal generator. For some types
of aerial 2’ can be calculated. In a resonant half-
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wave dipole #'=0.632=0.63X/2 ; in most other types
it is less.

When I first began to think about reception by
an open aerial I ran into a difficulty. I was applying
the basic principle that if a piece of wire is in a varying
magnetic field it has generated in it an e.m.f. propor-
tional to the rate of variation. It happens if the wire
is near a coil carrying an alternating current. 1f
the peak value of current is kept constant while the
frequency is raised, the rate of field variation increases
in proportion to frequency and so the induced e.m.f.
increases with frequency. Now I knew that this does
not apply to an open aerial worked well below its
resonant frequency. Yet for a given peak value of
field, the rate of variation is proportional to frequency.

I first explained this apparent contradiction to
myself by saying that it was due to confusing the
generation of e.m.f. by a stationary but varying field
close to a circuit carrying a.c. with that by radiated
waves, where the variation is due to their moving
past the aerial. So even if a *“ d.c.”” radio wave were
possible, in which the strength of the magnetic field
did not vary at all, a steady e.m.f. would be generated
by its movement. And no doubt this view could be
substantiated by authorities, especially those who go
in for the flux-cutting idea, for is not this what is
happening ? But I cut myself off from that line of
retreat last month by pointing out that with flux-
cutting one could never be sure unless one knew
what was happening to the rest of the circuit. And
this is none too clear with an open aerial, where the
return path is through its capacitance spreading out
vaguely into the surrounding space. But by following
last month’s argument, using the idea of flying
electromagnets, it should be easier, for we saw that
the higher the frequency the shorter the wavelength
and the narrower the space each side of an aerial
or other fixed line to contain the flux linked therewith.
If this is still not clear the best thing is to think in
terms of the electric field, whose peak value we know
does not depend on frequency.

Of course, the current generated in an aerial by
waves of a given strength usually does vary with fre-
quency, but that is due to variations of impedance
with frequency, which is quite another matter.

RADIO IN WORLD WAR II

EVERYONE knows that wireless has profoundly
affected military strategy and tactics, though few have
more than vague ideas on precisely how it is used. Now,
for the first time, much detailed information has been pub-
lished on the application and organization of military radio
communication in the second World War. The book*
in which this appears deals with the whole field of signals
—including carrier pigeons—but naturally radio claims
most of the limelight. The author does not discuss the
technical design of Army sets, but does give the salient
features of most of the well-known types, and also touches
upon their relative performance.

The story of the Royal Corps of Signals in every theatre
of war is told, and there are general chapters on such
things as training, signal systems, Anglo-American co-
operation and co-operation with the other fighting ser-
vices. Apart from its historical value, the book is a
valuable source of information for all concerned with the
organization of communications on a big scale.

* ¢ The History of British Army Signals in the Second World
War.” By Major-General R. F. H. Nalder, C.B.,, O.B.E. Pp. 377.
Published by Royal Signals Institution. Obtainable from Gale and
Polden, Wellington Press, Aldershot. Price 17s 6d post free.
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Rational Plannin
Radio Channels

RADIO to-day is so diverse in its uses, and so
supremely important in its general utility to man-
kind, that it must constantly affect the life of
nearly every inhabitant of the earth. But for years
past it has been impossible to utilize it with maximum
efliciency. This is not so surprising when one con-
siders that frequency allocations among services have
not generally been made upon the basis of technical
knowledge of propagation, but largely upon methods
of expediency, and upon concepts which have long
sinceé been outmoded or shown to be false.

It is very desirable that such a valuable thing as
the radio spectrum be properly used, and its resources
taken care of in the same way as are those of other
natural assets. The authors of a recently published
book* compare its conservation with that of farm
lands, forest reserves, water power and mineral
wealth. Tt would appear to the present reviewer, how-
ever, that there is some difference betweesn the two
cases, for whereas all these assets are generally under
the direct control of the national governments who
set up the conserving authorities, the radio spectrum
is not. A closer comparison would scem to be that
of the conservation of the food fishes of the sea,
which, like the radio spectrum, are outside the
exclusive control of any one nation. Have we any
occasion to hope that when men have had so little
success in conserving the resources of the abounding,
but not inexhaustible, sea, they will be any more
successful in their usc of a more intangible thing like
the radio spectrum?

The authors of the book are fully aware of the
difficulties surrounding the project, but this does not
deter them in their work of formulating a conserva-
tion plan. Nor should it deter others from evincing
an interest in this vitally important work.

History of Frequency Allocation.—The use of the
radio spectrum has developed very gradually from
about the turn of the present century, its first em-
ployment being almost exclusively for ship-to-ship
and ship-to-shore communication. The frequency of
operation was determined largely by the dimensions
of the acrial systems, which, on board ship, were
limited. The Sccond International Conference in
1906 allocated frequencies suitable for ships on this
basis, among which were 600 metres (500 kc/s) as an
international calling and distress wave, for which
purpose it is still retained.

Larger acrial systems developed for point-to-point
communication led to the use of lower frequencies,
whilst improvements in apparatus, including the

* “ Radio Spectrum Conservation *’; a Report of the Joint Tech-
nical Advisory Committee of the Institution of Radio Engineers
and the Radio-Television Manufacturers’ Association of the U.S.A.
McGraw-Hill Book Company; price in U.K., 42s 6d.

WIKRELESS WORLD, JULY 1953

0l

A Book on the Conservation of

Our Natural Resources

introduction of the arc and the valve, made it possible
to extend the usable spectrum at the high frequency
end, so that in 1917, frequencies between 20 and
1500 kc/s were in use. The development of the valve
was followed by the introduction of radio-telephony
and by broadcasting. By 1922 long-distance com-
munication on frequencies between 2 and 25Mc/s
was opening up. The frequencies most suitable for
broadcasting were, however, already in use by the
ship services, so broadcasting had to operate in the
band 550-1500 kc/s, as the ships could not be moved
to other frequencies. In 1927 the useful part of the
spectrum was considered to extend to 25 Mc/s, but
the Fourth International Conference in that year
found certain services already established on the
higher frequencies and so could not adopt an idealized
allocation plan.

New  services—navigational aids, aeronautical
services, land mobile services, television and v.h.f.
broadcasting—rapidly came into being, and the older
ones expanded, and in 1938 the Sixth International
Conference attempted to deal with all their demands.
From 1939 to 1947 many advances took place, includ-
ing the development of radar and the use of frequen-
cies up to 10,000 Mc/s. H.F. broadcasting expanded
so much that when the Seventh Conference was held
in 1947 conditions in the h.f. bands were in a chaotic
state. The Provisional Frequency Board was set up
to prepare a master list of allocations, but this has
never been accepted owing to the disagreements
between the nations, and subsequent Conferences
have all failed to achieve their objects.

Summing up this situation it may be said that the
spectrum has become occupied with the radio
services as time went on almost always before there
was adequate knowledge of the behaviour of the
frequencies. In the early days it was the dimensions
of the aerials which determined the bands occupied,
then the limitations of equipment set the limits, and
latterly frequencies have had to be allocated largely
on the basis of avoiding those that were already in
use. The result is very far from ideal. But now that
the technical knowledge of propagation ol the various
frequencies is available it should be possible to correct
the past errors and to re-create the frequency
distribution structure on a properly engineered basis,

Propagation Characteristics.—A summary of the
propagation characteristics for the various radio
frequencies is then given. It occupies 107 pages and
forms by far the longest chapter in the book. Con-
sidering that the frequencies dealt with range from
10kc/s to 300,000 Mc/s (the extent of the spectrum
now considered usable for radio purposcs) it is not
surprising that even a summary of these facts occupies
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so much space. The behaviour of radio waves, and
the way they are affected by certain phenomena,
varies so greatly throughout this huge range of
frequencies that it is as if onc were dealing with a
totally different thing when one compares radio com-
munication at one end with that at the other. i

Notwithstanding that this is only a summary of
radio propagation facts it is pretty comprehensive.
Every known effect, variation and related phenomenon
seems to have been touched upon. Further compres-
sion of all this mass of information is impossible—
Nature does not permit it. Suffice it to say that in
the allocation of the frequencies of the radio spectrum
in an ideal way all this information nceds to be taken
into account, for only if this is done can the maximum
utility of those frequencies be expected. Even so 1t
must be borne in mind that the propagation
knowledge cannot even yet be regarded as being by
any means complete, for in certain parts of the spec-
trum, and notably at the extremely high-frequency
end, a great deal still remains to be learnt.

Ideal Allocations.—With all this propagation know-
ledge at their disposal the authors then approach the
problem of allocating the available frequencies on an
ideal basis, taking into account the present and pro-
spective needs, and current trends. It is assumed that
no radio services alrcady exist, and that the money
which has been spent and the knowledge gained are
now available to start a new radio industry. Also that
the world is peaccful and that all nations are ready to
co-operate in the work of making the most efficient
use of the spectrum, .so that it is not necessary (o
consider any military or political {actors.

The allocations of frequency bands are made accord-
ing to the services which would require to use them,
as follows.

Fixed Services.—This includes all services between
specified fixed points, except certain special services.
To-day there is often a multiplicity of circuits between
certain points, and it is proposed to combine numbers
of existing services into single ones, carrying all com-
munication between large centres. Modern informa-
tion theory indicates that therce are methods of convey-
ing more intelligence in a given band in a given time
than those at present in use. Super-high-frequency
relay stations are proposed, which could supply the
necessary bandwidth. Such a relay system, it is stated,
involving stations located within the radio horizon of
each other, could be built from New York to the
southern tip of South America, and from New York
through Alaska, across the Behring Strait into Asia,
Europe and Alrica, and via a chain of islands into
Australia, the greatest distance between stations being
about 90 miles. This system would be capable of
giving wide-band service to all major population
centres of the world. Taking all possibilities into con-
sideration, the ideal frequency allocations for fixed
services are 4.25-7 Mc/s, 9.5-12 Mc/s, 15-17 Mc/s, 21-
25 Mc/s, 2,500-8,000 Mc/s and 10,000-13,000 Mc/s.

Mobile Services.—These are the services between
fixed and mobile stations, and between mobile stations
themselves, and are divided into maritime, land and
aeronautical services. Radio is especially important
for mobile stations, because it is often the only type
of communication possible, and because communica-
tion is needed in the operation of mobile units for the
protection of life and property.

Integration of a number of the present mobile ser-
vices would lead to frequency economy, and a general
mobile network interconnected with a fixed network
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would provide much improved service. The mobile
service must have frequencies for medium and long-
distance communication, and frequencics between 2
and 25 Mc/s would be suitable for these purposes.
There must also be provision for short-distance com-
munication on land, on frequencies beginning at about
60 Mc/s, and for short-distance communication to
aircraft—near 1,000 Mc/s. A band near 60 Mc/s and
one near 800 Mc/s would take care of the different
propagation conditions for land-mobile stations over
average terrain and in built-up areas. The distress
wave, which has always been at 500 kc¢/s, would be at
2 Mc/s. The ideal allocations for the mobile service
are 2-4 Mc/s, 7.5-9.5 Mc/s, 12-14 Mc/s, 17-21 Mc/s,
54-100 Mc/s and 770-900 Mc/s.

Broadcast Services.—These are all the services in-
tended for reception by the general public, and do
not include services auxiliary to broadcasting (like
radio links) which receive allocations under the fixed
or mobile services. The frequency band for sound
broadcasting should be such as will cnsure a stable
signal over large areas, and this is best achieved by
ground-wave transmission on frequencies from 200-
1,000 k¢/s. V.H.F. transmissions on frequencies above
50 Mc/s are suitable for multiple-programme provi-
sion in large centres of population, with the Lf. trans-
mitters serving less populated districts. As to h.f.
“intcrnational ” broadcasting, the authors do not seem
to think much of it, describing it as an “inferior”
broadcast service, due to the mode of propagation in-
volved. However, to many people, such as to those
at sea or residing in undeveloped or remote countries,
it is often the only form of broadcasting available, a
fact which the authors recognize, but which they do
not appear to take account of. For, in fact, they pro-
pose to abolish h.f. broadcasting altogether, for the
following reasons:— the audience is limited and
specialized and it is thus uneconomic to attemtp to
improve their reception; under the peaceful conditions
assumed there would be no need for propaganda
broadcasts; the interchange of cultural programmes
could be better cflected over high-quality fixed cir-
cuits or by transcriptions and tape recordings; the
number of persons at sca is insufficient to justify a
large amount of h.f. space. Even tropical h.f. broad-
casting can often be bettered by that on 1.f.

Television services require wide bands and a stable
transmission medium, and provision is made for these
on frequencies above those subject to ionospheric
phenomena, with a band about 600 Mc/s wide to
accommodate multiple programmes. The ideal alloca-
tions for the broadcast services are 0.18-1.2 Mc/s
(sound), 100-700 Mc/s (television and sound) and 700-
720 Mc/s (sound).

Amateur Service—It may seem a trifle inconsistent
of the authors, after treating large numbers of present-
day broadcast listeners in so cavalier a fashion as to
deprive them of service altogether, to be prepared to
allocate any frequencics to the 100,000 or so people
throughout the world who use radio as a hobby. How-
cver, the authors deem it wise to encourage amateur
radio, and to make provision for wide-band as well as
narrow-band types of service, so as to allow for ex-
perimentation and investigation. In the ideal plan
there should be allocations for amateurs of a number
of frequency bands in harmonic relation where pos-
sible, the width of which would be determined by the
requircments of other services having priority.
Amateurs should also be allowed to usc the industrial,
scientific and medical bands, for the rather strange
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reason that they can often accomplish some communi-
cation even in the presence of severe interference. The
ideal allocations for amateurs are bands at 3.5, 7.0, 14,
28, 50, 720, 2,500, 5,000, 10,000, 20,000 and
30,000 Mc/s, which, considering the width of some of
these bands, seems, in a conservation scheme, to be
treating the amatcurs more than liberally.

Radiolocation and Navigational Services.—The
aeronautical services of the world are expanding
rapidly and are placing increasing reliance on radio
for navigation and traffic control. Instead, however,
of there being a number of different radio aids, as at
present, there should be developed a complete system,
and the acronautical aids required for overland flying
could all be provided in a single band centred on
1,000 Mc/s. In general, this takes account of the needs
of flying over land routes where control is from the
ground. For long-distance navigation over seas a
system using low frequencies should be used. Air-
borne radar should be operated in a band at
9,000 Mc/s. Because the aeronautical service depends
so much on radio for safety purposes and for naviga-
tion, and because the aircraft themselves are fast
changing in their requirements, about twice as much
spectrum space as is immediately needed should be
allocated, in order to permit development.

The maritime scrvices are considered to require a
long-distance navigational aid and a short-distance aid
for use in restricted waters where traffic is heavy. The
long-distance aid should be the same one which is
provided for long-distance aircraft over seas. Ship-
board radar should provide the short-distance require-
ment, in conjunction with suitably placed responders,
and, in some instances, with land-based radar. A
medium-range radiolocation or navigation system
might also be required in some areas.

Mobile units operating on land do not, at present,
require a navigational service, but small bands near
2,000kc/s and 900 Mc/s should be provided in case
such a need develops. The ideal allocations for the
radiolocation and navigational services are 0.12-0.18,
1.9-2.0, 900-1,900 and 8,300-9,600 Mc/s.

Special Services.—Examples of these are standard-
frequency services, meteorological scrvices and fixed
and mobile services for forestry and other conserva-
tion operations, all requiring special treatment
because of differences in their requirements from those
of other similar services. Then there are the
numerous applications for low-power “walkie-talkie ”
transmitters, etc. The standard-frequency service
requires frequencies throughout the h.tf. band, and
some similar frequencies are necessary for conservation
services. The bands 1-2.5 and 20-50 Mc/s are in the
frequency range where propagation changes from one
type to another, and, though subject to sky-wave inter-
ference at times, arce not particularly useful for sky-
wave communication. They could well be utilized for
various types of low-power special services. The band
10-120kc/s is considered useful for certain special
services intended for reception over wide areas, and a
further band is necessary at 1,900-2,400 Mc/s. But
there remain many special uses for radio which it is
impossible to consider in detail, and it is proposed that
these requirements be met in the special service bands
cither on a shared basis or by sub-allocation. The
ideal allocations for the special services are 0.01-0.12,
1.2-1.9, 25-50 and 1,900-2,400 Mc/s, with standard
frequency bands at 2.5, 5, 10, 15, 20 and 25 Mc/s.

Industrial, Scientific and Medical Uses.—These are
the services in which radiation is merely incidental, or,

WIRELESS WoRLD, JULY 1953

if intended, does not convey intelligence. Examples
are the use of radio for heating and for producing
other reactions in certain substances. A great deal ot
the radiation from such devices could be prevented
by suitable screening, and, since the devices do not
interferc with each other, many can work in very
narrow bands. Nevertheless, different frequency
bands are required for different types of operation.
There should therefore be a large number of bands
in harmonic relation below 100Mc/s and several
bands above 100 Mc/s.

Time to Change.—The authors point out that
changes in the present allocations will need to be nicely
timed; if they are made too soon mistakes may be
made, if too late it will be more difficult and costly to
have them made at all. Examples are given of the
well-established reluctance on the part of some users—
notably in the maritime field—to adopt technological
improvements even when the advantages of doing so
have been clearly demonstrated. Many services, it can
be shown, occupy parts of the spectrum not really
suitable to them, and the fact that they remain where
they are is largely duc to economic forces which resist
any change, and not to any technological limitations.
If, however, the use of radio is to be conducted on a
more realistic basis, so as to eliminate the present dis-
advantages and permit of rational development, allo-
cation changes will have to be made, tending towards
the substitution of the ideal for the present haphazard
allocation plan.

Dynamic Conservation.—The last chapter gives
some idca of steps which might be taken to accomplish
this change, and to bring the actual allocation in line
with the ideal.

For various recasons no fixed plan will mect the
case: there must be a programme of dynamic con-
servation, in which, upon sound technical and economic
principles, allocations are continually changed in
favour of newer and more valuable services, as the
older ones lessen in value. To this end it is neces-
sary to consider all the uses of radio as they affect
commerce, industry and the public welfare. A table
of these “end uses of radio” is then given, comprising
no fewer than 83 different uses to which radio is put,
and by considering things in these terms a clearer
view of exactly what is involved in the problem of
spectrum allocation may be obtained.

“The limit of spectrum occupancy occurs when all
portions of the spectrum are fully, continuously and
uniformly utilized and cach frequency assignment is
employed by many stations so arranged that their
service arcas arc adjacent but do not overlap.” That
is the definition of ideal occupancy given by the
authors, but complete occupancy can never be fully
realized for a variety of technical and economic
limitations.

Whilst some of these can be overcome, there will
always remain certain limitations set by Nature, or by
the facts of social organization which it cannot be
hoped to change. Technical and administrative
measures which may be adopted to implement conser-
vation should, above all, avoid hampering future
development.

The following measures should be taken: —

(1) New services should be granted experimental
assignments in all parts of the spectrum, but where it
is shown that the functions of a new service can be
performed by a non-radio service, non-radio services
should be used, unless the radio service possesses
overwhelming superiority.
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(2) Frequency tolerances should be as small as the
state of the art permits.

(3) Off-frequency operation and pirating should be
rigidly suppressed.

(4) The use of guard bands should be curtailed.

(5) The most efficient modulation systems should
be encouraged.

(6) Every method known for restricting the inter-
ference area of stations should be employed, such as
restriction of power, suppression of harmonics, use of
directional aerials, etc.

(7) Services established in unsuitable parts of the
spectrum should be transferred to other regions, and
outmoded services deleted.

(8) Time and geographical frequency sharing
should be made use of to a much greater extent than
at present, such as, for example, between military and
civilian services.

So much for technical considerations. The economic
factors affecting dynamic conservation are equally
numerous and important, but we shall not deal with
them here.

Several examples of prospective changes in alloca-
tions which illustrate the technical and economic
trends arc then given. But the main changes, it is
said, are likely to encounter resistance from those who
are required to make alterations in equipment or
operating procedures. But if they are shown to be
technically sound and to be of ultimate benefit, it is
in the public interest that they should be made. The
authors think that when this is recognized, and when
the changes are made so that undue financial hardship
is avoided, this resistance will disappear, and will, in
fact, be transformed into co-operation in the work of
radio spectrum conservation. T. W. B.

L]

Manufacturers’ Literature

Telecommunications Equipment; an illustrated booklet re-
viewing in general terms the radio and line telegraphic and
telephonic equipment developed by British Telecommunica-
tions Research, and describing briefly the company’s estab-
lishment at Taplow Court, Bucks.

Timers for opening or closing circuits at intervals up to
60 seconds; short descriptions in a leaflet from the Electrical
Remote Control Company, Elremco Works, East Industrial
Estate, Harlow New Town, Essex.

Television Receiver, type TUG34A; a console model with
a 14-in rectangular flat-faced tube described briefly in a leaflet
from Bush Radio, Power Road, London, W.4,

Galvanometers, pointer and reflecting types; brief descrip-
tions and specifications in an illustrated catalogue of various
scientific instruments from W. G. Pye & Co., Granta Works,
Cambridge.

A.C. Generator, driven by a petrol engine with a governor
and producing an output of 250-300W at 220-250V, 50-60 ¢/s,
and another of 12-15V d.c. for charging purposes. The
engine is self-starting and has interference suppression.
Specification on a leaflet from the Teddington Engineering
Company, 29-31, High Street, Teddington, Middlesex.

Transmitter Capacitors, ceramic, for low- and medivm-
power working, in disc, tubular, plate and pot form. A tech-
nical bulletin (No. 29) from The Telegraph Condenser
Company (Radio Division), North Acton, London, W.3. Also
a technical bulletin (No. 30) on Twin Mica Capacitors designed
as end plates of i.f. transformer assemblies.

Miniature H.T. Rectifiers, Types RM1, RM2 and RM3.
Ratings, dimensions and weights in a leaflet from Stapdard
Telephones and Cables, Rectifier Division, Warwick Road,
Boreham Wood, Herts.

A.C. Voltage Stabilizer, using a servo-mechanism and giving
an output voltage continuously variable between 200 and
240V with a regulation of within 1 per cent and an output
current of 0-10A. Described in a leaflet from Servomex
Controls, Crowborough Hill, Jarvis Brook, Sussex.
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leight of the Tonosphere

New Evidence from Audio-frequency Atmospherics

AT the annual conversazione of the Royal Society
on May 21st, more than a third of the exhibits were
concerned with radio and electronic subjects, and one
of these, arranged by L. R. O. Storey of the Cavendish
Laboratory, is likely to prove of far-reaching import-
ance in adding to our knowledge of the upper
atmosphere. )

Unlike most explorations into the ionosphere in
which radio transmitters and receivers are involved,
this latest research has been effected with no more
complicated apparatus than a 30-ft acrial connected
to an audio amplifier. Between aerial and amplifier
a cathode follower and coaxial cable is interpos;d,
presumably to enable the acrial to be erected in a site
free from mains and other interference, while a mag-
netic tape recorder at the output from the amplifier
preserves significant atmospherics for subsequent
analysis.

The bandwidth of the input to the amplifier is
restricted to 400-10,000¢c/s and the disturbances in-
vestigated take the form of audio-frequency electro-
magnetic whistles, descending smoothly in frequency
over periods up to 3 or 4 seconds in duration. The
whistles originate in lightning discharges, and under
favourable, i.e., stormy, conditions the output is
reminiscent of a Ludwig Koch recording of a flight of
widgeon. In some cases the whistles can be correlated
with “click” type atmospherics generated by local
discharges, and from the time intervals involved it is
deduced that part of the initial electromagnetic pulse
travels upwards through the ionosphere at vertig:al
incidence, is deflected to follow a path coincident with
the lines of force of the earth’s magnetic field, crosses
the equator at a height of about 7,000 miles, descends
through the ionosphere at a complementary latitude
in the southern hemisphere, is reflected from the
earth’s surface and retraces its original path, to be
heard at the point of origin as a long-drawn-out
whistle. The whistle starts at high pitch and descends
in frequency because the speed of propagation in the
ionized medium is greater for high than for low
frequencies. Thus the original pulse is analysed into
its component frequencies which are presented in
sequence to the observer. Lightning flashes originat-
ing in the southern hemisphere are heard in the
northern hemisphere as whistles which can be identi-
fied by their different frequency dispersion in time,
and by the absence of the initiating *click.”

The path length, and the consequent delay and
frequency dispersion, will depend on the latitude of
origin and at the equator no whistling atmospherics
should be heard. We understand that observations
are now being made to verify this prediction. An
upper limit of observation is set by the increasing
rarity of thunderstorms as the poles are approached.

This unexpected incursion of audio-frequency tech-
niques into the exploration of the ionosphere has
produced startling results and has already called for
a drastic revision of earlier estimates of the height
of the atmosphere. Full results have not yet been
published and until they are it is not profitable to
guess whether this high-altitude propagation is due
to an extension of atmospheric ionization processes
as we know them or to extra-terrestrial matter coming
under the influence of the earth’s field.
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Manufacturers Produets

NEW EQUIPMENT AND ACCESSORIES FOR RADIO AND ELECTRONICS

Lightweight Microphones

A RANGE of new lightweight
hand microphones, housed in a poly-
thene plastic case with thumb switch,
has been introduced by Lustraphone,
Ltd, St. Georges Works, Regents
Park Road, London, N.W.1. Type
HD/54 is fitted with the CI.51 mov-
ing-coil movement, and Types HC/
54 and HC2/54 have single- and
double-button carbon microphone
nserts.

The spring-loaded switch can be
connected in the microphone circuit
or used for rclay operation as a
shorting, opcning or changeover
switch.

Lifeboat Transmitter

FOR installation in ships’ lifcboats
not normally fitted with radio, Venner
Electronics, of Kingston By-Pass,
New Malden, Surrey, have produced
a small transmitter which automatic-
ally radiates SOS messages as long as
the handle of its hand-driven gener-
ator 1s kept turning. It transmits on
a fixed frequency of 2.182 Mc/s (the
maritime R/T distress frequency)
and has a range of 20 miles. The
circuit consists of an EF40 crystal-
controlled clectron-coupled oscillator
and an EL42 power amplifier, giving
an output of 1 W into the 8-ft aerial.

The hand-driven gencrator is a d.c.
dynamo with a 6-V l.t. winding and a
370-V  h.t. winding feeding out
through separate commutators. [t
has a slipping clutch which prevents
the voltage from rising too high and
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damaging the valves. This gener-
ator also drives a tone-wheel, for im-
posing a l-kc/s modulation note on
the transmission, and a code disc
carrying the SOS messages.

The transmitter is housed in a
water-tight metal case with lugs for
fixing to the underside of a thwart.
The generator handle folds in and
the aerial is stowed away in two sec-
tions when not i use, so the whole
equipment takes up very little room.
It actually measurcs 12in x 6in x 5in
and weighs 171b. We understand the
price is in the region of £30.

FElectronic Humudity
Control

THE affinity of very finc glass
fibre for moisture is cxploited in the
“Humicon » moisture measuring and
control instrument made by W. H.
Sanders (Electronics), Ltd., 48, Dover
Street, London, W.1. A cell formed
by two 6-inch diameter perforated
and rhodium-plated discs, separated
by a ceramic ring, contains the fibre,
and its resistance varies from 40k
to 100 MQ over the range of
humidity from 100 (o 42 per cent.
The instrument is suitable for use in
temperatures ranging from 0 to 90
degrees C

In the control unit, an a.c. ener-
gized bridge samples the ccll resist-
ance and the out-of-balance voltage
can be used 10 operate up to three
thyratron-controlled relays for auxi-
liary control apparatus.

The control unit works from 200-
250 V a.c. mains.

Above left: Lustraphone H 54 series light-
weight hand microphone.

Above: ‘“Humicon’’ glass-fibre humidity
detector and control relay unit.

Left : Venner Electronics lifeboat trans-
mitter, showing part of aerial.

|

|

Our policy is to specialise in sound
equipment. Sound problems are our
problems and we have been solving
them for over 25 years. For the
usual or unusual in sound amplifica-
tion install TRIX equipment. Infor-
mation and advice is always at your
disposal.

The UNICORN, model
H.21. A miniature ex-
ponentialhorntypespeaker
of novel design and con-

struction (prov. patent).
Ideal for noisy locations,
vehicles, etc. Handling

capacity approx. 5 watts,
impedance |5 ohms.

Model G7808
Moving Coil
Dynamic high
fidelity Micro-
phone. Excellent
frequencyresponse
betwecen 50 and
8,000 «cps with
freedom from
resonance, Also
high impedance
G7808/H.

Model U88S/P 20 watts AC/DC
Equipment. Comprises amplifier
unit, two 10in. loudspeakers,
moving coil mike, folding stand
and cables. Also supplied with
high-fidelity Ribbon microphene.

SERVICE IN SOUND BY

The TRIX ELECTRICAL CO.LTD.

1-5, MAPLE PLACE, TOTTENHAM CT ROAD,
LONDON, W.I. Phone: MUSeum 5817
Telegrams and Cables: TRIXADIO, WESDO, LONDON
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RANDOM RADIATIONY

By *DIALLIST”

Cut and Rolled

THERE ARE, as many readers will
know, two ways of manufac-
turing metal screws. The threads
may be cut by dies; or, they may
be rolled. Rolled-thread screws are
far cheaper to make and they serve
admirably for many purposes. One
of their virtues is that they vary
little in diameter from the standard
for any particular size. Cut-thread
screws, on the other hand, tend to
become larger in diameter as the
dies wear with long use and un-
scrupulous (or should one write un-
screwpulous?) producers may be
responsible for the utterance of many
naughty words by their victims as
these try to coax undersize nuts,
made with worn taps, on to over-
size screws, made with worn dies.
You've been one of the victims? So
have I! The moral is that it pays
to buy screws of reputable make.

They Bite Wires

Speaking generally, cut-thread
screws are to be preferred for pre-
cision work, particularly in the
smaller gauges. Rolled-thread screws
of sizes 6BA and above do all that is
needed for most ordinary jobs. But
there is one purpose for which they
should never be used—though far
too often they are. This is to clamp
wires inserted into screw-down
terminals. Take a close look at the
end of an average rolled-thread
screw, and you’ll see why. At the
tip there is a pronounced hollow,
surrounded by a narrow rim. That
rim is actually quite sharp and you
do not need to do much thinking
to realize the highly undesirable
results of turning it hard down on
to a softish copper wire. One does
occasionally come across cut-thread
screws with their ends tapered off to
fine points and these are just as un-
suitable for terminals, The good-
quality cut-thread screw has a
smooth, rounded tip; with it you can
tighten down hard enough to make
a good mechanical and electrical
contact, with no risk of cutting the
wire.

Stations’ Ups and Downs

MANY READERS have been kind
enough to write to me about
+hat curious phenomenon which I
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mentioned in the May number of
Wireless World; the reduction in
range from which many broadcast-
ing transmitters appear to suffer
after being on the air for a few years.
Of the many explanations suggested
I can refer to only a few in the
space allotted to these notes: (1)
“It was the stations near the top
of the broadcast band which came
in so strongly at great distances;
many of these are now working on
shorter wavelengths.” I'm afraid
that this won’t hold water, for some
of the most strongly received
medium-wave stations used channels
well below 300 metres: the original
2-kW Nuremberg was an outstanding
example. (2) “People are using
smaller, lower and less efficient re-
celving aerials nowadays.” Not all
of them by a long chalk; and in any
event most of us now command far
higher pre-detector  amplification
than we did 20 years ago. (3)
“ Many m.w. stations now use anti-
fading aerials, which cut down sky-
wave radiation.” True; but by no
means all of those whose signals have
disappeared are so equipped. (4)
“ Some Lw. stations now have direc-
tional aerials.”  Agreed; but how
many are directed away from this
country? Certainly that of Luxem-
bourg isn’t, or it wouldn’t attract
British sponsors. And speaking of
that particular station, do you recall

the Luxembourg Effect, once so
much in evidence? We don’t seem
to hear anything about it to-day.
All things considered, I'm afraid we
haven’t yet got a completely satisfy-
ing answer to the- question: Why
are so many broadcasting stations at
distances of 150 miles and more now
so much less strongly received than
once they were?

Persuasion No Use

THE PoOSTMASTER-GENERAL had
occasion to deplore recently the poor
response to the campaign to per-
suade people to have the ignition
systems of their cars fitted with
suppressors. Readers will not need
to be told that the response has
indeed been lamentable, though they
may not, perhaps, realize how great
the proportion of unsuppressed
vehicles remains. I am specially well
placed for making a check, for I live
on a road which carries compara-
tively little traffic; on the average not
more than 20 cars, motor cycles or
lorries pass the house in an hour.
Thus, I can see individual vehicles
approaching and can find out by
means of the Wrotham receiver,
tuned to the a.m. transmission,
whether any of them is a sheep or
a goat. Very few lorries or trades-
men’s delivery vans fail to create a
machine-gun rattle from the loud-
speaker. Private vehicles have a
rather better record, though most of
the older ones are either unsup-
pressed or ineffectively suppressed.
A curious point is that some car
manufacturers, at any rate, seem to
have decided that the letter of the
law is all that they need bother

e e e e e e
lsiticPP «WIRELESS WORLD™” PUBLICATIONS
TECHNICAL BOOKS Net By

Price Post
RADIO DESIGNER’S HANDBOQOOK. F. Langford-Smith,
B.Sc.,, B.E., I.R.E., A.M.L.E.E., A.M.L.E., 4th Edition 42/- 43/6
RADIO INTERFERENCE SUPPRESSION as Applled to Radio
and Television Reception. G. L. Stephens, A.M.I ... 10/6 10/11
SOUND RECORDING AND REPRODUCTION. J. W Godfrey
and S. W. Amos, B.Sc.. AAM.I.E.E., in collaboration with
the B.B.C. Engineering Division 30/- 30/8
MICROPHONES. By the Staff of the Engineering Trammg
Dept. B.B.C. ... 15'- 15/5
ADVANCED THEORY OF WAVEGUIDES L. Lewm 30,- 30/7
FOUNDATIONS OF WIRELESS. M. G. Scroggle, 8. Sc
M.I.E.E. 5th Edition 12,6 13/-
TELEVISION RECEIVING EQUIPMENT w. T Cockingl
M.L.LE.E. 3rd Edition . 18/- 18/8
SHORT-WAVE RADIO AND THE IONOSPHERE T W
Bennington. 2nd Edition . 10,6 10/10
THE WILLIAMSON AMPLIFIFR 2ud Edition D. T N
Williamson, 3,6 3,9
BASIC MATHEMATICS FOR RADIO STUDENTS. F. M.
Colebrook, B.Sc., D.L.C., A.C.G.I. 2nd Edition 10/6 10/10
A complete list of books is available on application.
Obtainable from all leading booksellers or from
ILIFFE & SONS LTD., Dorset House, Stamford Street, London, S.E.l.
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about; they will fit suppressors at the
appointed time but not before. A
friend who took delivery of a new
car a few weeks before this was
written drove it home and left the
engine ticking over while going in to
collect his wife. He found her curs-
ing the snowstorm on the TV screen!

Make ’Em St Up

Yowll never stop car ignition
interference by begging or persuad-
ing people to have suppressors
fitted. The only way is to make it
a punishable offence to own an un-
suppressed vehicle. The P.M.G.
said he didn’t want to make such a
regulation, because there was no way
of enforcing it. But, saving his
presence, there is. All police cars
nowadays are fitted with metre-wave
radio, which means that those using
a.m. could act as detectors of unsup-
pressed motor vehicles if the noise
limiter was switched out of circuit.
I'm not going to suggest for a
moment that large numbers of police
cars should be diverted from their
proper business and set to track
down vehicles that radiate interfer-
ence. No such thing would be
necessary. All that is required is a
regulation  outlawing  interfering
vehicles after a certain date and lay-
ing down fines, of say, £2 for the
first offence and £5 for the second.
Follow this up by giving wide pub-
licity to the fact that police cars can
detect unsuppressed vchicles and
there would be a stampede to have
suppressors fitted: you will recall
how wireless and television pirates
hasten to haul down the Jolly Roger
when the arrival of G.P.O. detector
vans is so much as rumoured.

Tailpiece

As I was writing these notes,
the telephone bell rang. The call
was from a friend who lives on one
of the main roads from London 1o
the South Coast, and a sad tale he
had to tell of television reception
during the Whitsun holidays. He
and his family had stayed at home
since they prefer to make outings
at less crowded times. They’d
get plenty of entertainment, they
thought, from the television set.
Alas for human hopes! There was
only one single hour in the whole
three days when interference from
car ignition systems did not blot out
the screen images. Isn’t it really
time, my Lord De La Warr, to pro-
tect your 2,250,000 television licence
holders by compelling motorists to
abate the nuisance by spending ten
minutes and a couple of shillings at
any garage?

WIRELESS WORLD, JuLy 1953

GUARANTEED LIFE TESTY

OF AT LEAST
25,000 OPERATIONS

MILLlONS of Bulgin Switches are still in constant ute in
all parts of the world and giving satisfactory serviceon
all types of equipment. Very brief reasonsarechown below.

LAMINATED CON-
STRUCTION OF FINEST
QUALITY BAKELITE.

METAL CLAD BODY OF

STEEL, HEAVILY COP-

PERED AND NICKEL-
PLATED FINISH.

Semi-Rotary model

30 YEARS OF SWITCH
MANUFACTURING
EXPERIENCE.

THE interior mechan-

ism embodies special
the
long experience in switch
For these

features, results of
manufacture.
reasons discerning Engin-
eers and Designers always
specify Bulgin Switches.
Various types are avail-
able for every purpose : a
small selection is shown
Detailed
installation drawings are

on this page.

available to Manufac-

turers on request.

Look for the Trade Mark

BULGIN

ENGLAND

None genuine without.

PRECISION PARTS, ALL
BEARING 1009, IN-
SPECTION.

HEAVILY SILVER-
PLATED CONTACTS FOR
LOW CONTACT RESIST-
ANCE AND EASY SOL-
DERING OPERATIONS.

Biased action model

Send for latest catalogue No. 191/WW. Price I[- post free.

REGD. TRADE MARK

MANUFACTURERS OF RADIO & ELECTRONIC COMPONENTS

A. F. BULGIN & CO. LTD., BYE-PASS RD., BARKING, ESSEX

Telephone : Rippleway 3474 (5 lines)

WwWWwWWwW.americanradiohistorv.com
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UNBIASED | sy vuer g

“Only Just”

THOSE OF YOU who are readers of
Punch may recall a humorous draw-
ing which appeared many years ago
showing a canny Scot complete with
kilt and tammy slowly and carefully
counting the change which the book-
ing clerk at the railway station had
just handed to him with his ticket.

Correct, but “only just *’

The irate clerk, observing him, asks
sarcastically and with some asperity
whether the change is not correct.
The canny Scot, looking up at him
with a reproving look, replies “only
just.”

I was reminded of this old story
when reading in Wireless World
(May, 1953) the obituary notice of the
late Andrew Gray who for a third of
a century, commencing in 1899, held
responsible positions on the engineer-
ing staff of our pioneer wireless com-
pany. The tribute to his memory
paid by W.W. starts off with the
seemingly innocuous statement that
“There were not many wireless engi-
neers in Queen Victoria’s days, and
still fewer who dated back to the
19th-century part of the reign.”

Like the Scotsman’s change, this
statement may be perfectly correct
but most certainly “only just”
correct. In fact, without having
looked up any statistics, I venture to
say that the statement may be in-
correct. I doubt if there were any
more wireless engineers in the 20th-
century part of Queen Victoria’s reign
than in that part of her reign in the
19th century.

The reason is simple. Queen
Victoria died at 6.30 p.m. on Tues-
day, January 22nd, 1901. Therefore,
the length of the 20th-century part
of her reign was obviously 21 days
and 181 hours, or, in other words,
just over three weeks. Therefore, to
make W.W.s statement true some
men must have become wireless engi-
neers during those three weeks.

342

Of course, it is quite true that
if only one electrical engineer had
started to specialize in wireless dur-
ing that period it would make the
statement strictly accurate. If, there-
fore, any reader knows of a man who,
not being a wireless engineer at mid-
night on December 31st, 1900, be-
came one before 6.30 p.m.on January
22nd, 1901, I am sure the Editor will
be glad to publish the information
if only to confound me. But I hope
no atternpt will be made by him or
readers to try and convince me
that the twentieth century began on
January 1st, 1900, or any similar
nonsense.

A.P. and C.P.

EVERYBODY KNOWS that the B.B.C.
has been negotiating for a piece of
land in the Crystal Palace area on
which to build the new high-power
London television station when the
Corporation’s lease of the Alexandra
Palace expires in three years time.
Even W.W. admits rather cautiously
in its news columns (May, 1953) that
it understands this to be the case. 1
can, however, scarcely believe that
the B.B.C. can be so foolish as to
relinquish the Alexandra Palace site,
for if they do, nothing is more cer-
tain than that one of the sponsored
television interests will quickly mop
up so valuable a site.

I do not mean, of course, that the
B.B.C. should not build its new
station on the Crystal Palace site: in
fact, I am all in favour of it. But
by 1956 we, in the London area at
any rate, will all be equipped with
tunable TV sets in order to get the
sponsored programmes as well as the
BB.C. one. We shall then un-
doubtedly be demanding a second

television programme from the
B.B.C. and the A.P. site, chosen with
such care in 1936, could hardly be
bettered for the second programme
transmitter. But even if the B.B.C.
is so shortsighted as not to heed my
words, I'm sure that sponsored tele-
vision will give us a programme from
there.

V.H.F. Further Vindicated

I HAVE from time to time pro-
tested against the B.B.C. forcing us
to jump to our volume controls when,
after a quiet talk has ended, they sud-
denly switch over to the crashing
crescendos of a brass band. I have
suggested many remedies, but the
Editor’s remarks in the May issue
about the Government’s apparently
cooling ardour for v.h.f. broadcasting
prompts me to advance yet another
strong reason for its immediate
adoption,

V.H.F. is obviously the ideal solu-
tion for this decibel disparity about
which I have complained. With the
much greater etheric elbow room in
the v.h.f. band it will be possible for
the B.B.C. to send quiet items like
talks and such-like from one trans-
mitter, and music and other noxious
noises from another.

Of course, the B.B.C. will require
twice the number of transmitters and
we shall all need to use two receivers
for every programme, but we shall be
able to adjust each set to the volume
level which best suits our depraved
tastes. Thus the musical highbrows
who object to such things as scale dis-
tortion will be able to have their way
and we uncouth Philistines who
couldn’t care less about scale dis-
tortion and the like will be able to
have ours.

Of course you always get a bit of distortion off centre

WwWWW.americanradiohistorv.com
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Produced in response to a demand for a
high sensitivity version of the world-
famous Universal AvoMeter, this model
incorporates the traditional design features
of its predecessors, so highly valued for
simplicity of operation and compact port-
ability.

It has a sensitivity of 20,000 ohms per volt
on all D.C. voltage ranges and 1,000 ohms
per volt on A.C. ranges from 100V.
upwards. A decibel scale is provided for
audio frequency tests. In addition, a
press button has been incorporated which
reverses the direction of current through
the moving coil, and thus obviates the
inconvenience of changing over test leads
when the current direction reverses. It
also simplifies the testing of potentials,
both positive and negative, about a
common reference point. A wide range of
resistance measurements can be made
using internal batteries, separate zero
adjustment being provided for each range.
It is of importance to note that this model

-incorporates the “AVO’’ automatic cut-out for
protection against inadvertent overloads.

D.C. VOLTAGE D.C. CURRENT A.C. VOLTAGE
2.5v.

S0uA 2.5v.
10V, 250uA. 10V,
25v. ImA. 25v

100V. 10mA. 100V.
250V. 100mA. 250V
1,000v. 1A, 1,000V.
2,500V. 10A. 2,500v

WiIRELESS WORLD

STANDNC I 15

A.C. CURRENT
100mA.

Size 84" - 73" x 44"
Weight 6flbs. (inciuding leads)

For your Valve Characteristic
Mefer or Valve Tester

Owing to the very large number of
valves which have been issu2d within
the last two years, no further amend-
ments will be Issued for the original
“ Avo " Yalve Testinz Manual. A
new, completely reavised and fully up-
to-date Valve Data Manual is now
available from the Company at 15/-
post free.

RESISTANCE
First indication 0.57).
Vuximum indication 20MC2.

0—2,000Q2 7 using
0—200.000¢) { internal
—20MQ | batteries.
fr using
0=—=200MQ < external
| batteries.

WINDER HOUSE « DOUGLAS STREET

THE AUTOMATIC COIL WINDER & ELECTRICA
+ LONDON S.wW.!

QUIPMENT CO. LTD.
Clphone ViCtoria 34035 i

A8/I
A
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TRUVOX
7799 9999

MARK I1I

These are the main features :—
1. Three motor drive. 7. Half-track working, and two Tape
2. “Drop-in” Tape loading. speeds of 7} inches per sccond, or

3. Push-button control, electrically and 3} inches per second.
mechanically interlocked.

4. Scparate push-button brake.
5. “ Fast-forward "’ and “fast-rewind”’ g wWith a suitable amplifier, the cquip-

8. Visual playing-time indicator.

without tape wear. ment covers a frequency range from g
6. Silent drive eliminating ““ wow *’ and 50-10,000 c.p.s. at 74 inches per
“flutter.” sccond.
[

e TRUVOX LIMITED
EXHIBITION GROUNDS - WEMBLEY - MIDDX

Telephone : Wembley 1212

Sole distributors to the Wholesale Trade for Rola and Celestion Speakers

www.americanradiohistorv.com
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ACTUAL SIZE

WIRELESS WORLD

Specially designed for your new portable
communications equipments.....

DIRECTLY-HEATED

NLY N A DN \\\\\\\M ANS w N\
\§ \&\%%&“I\% ag w%\§ §\\\§\
§ ¥ b oz‘,..- }\ £ Sl \i x \“‘\\“\

L ¥ \\\% PAURSALD W O \A\\& §§ . &&\\‘ ¥

Combining outstanding electrical performance with small size and
extremely low power consumption, this new Mullard range of battery
subminiatures offers special advantages in compact telecommunications
equipment of the “Hand talkie” and ‘“ Walkie talkie”

space, weight, and available battery power are limiting factors.

nature, where

With the exception of the DL70 R.F. output valve, these subminiatures
have filament current ratings of only 25 milliamperes; the DL70, despite
its power function, operates from the comparatively low filament current
of 110 milliamperes.

Brief technical details of the current range of Mullard battery sub-
Other
subminiatures, including R.F. output types that will operate with high

miniatures for communications equipment are given below.

efficiencies at frequencies of up to 500 Mc/s, are now under development

)

and details of these will be made available shortly.

Complete technical details, including characteristic curves, of both battery
and indirectly-heated subminiatures will be gladly supplied on request.

7

%

W

_

S Filament Va=Vg2 Vgl la lg2 &m
Type No. Description (V) (mA) V) ™) | ma)| (mA) | (majv)
A.F. pentode com-
DAF70 bined with slngle
diode - 1.25 25 67.5 0 1.0 | 0.25 0.44
DF72 R.F. pentode with
sharp cut-off 125 25 67.5 0 1.7 1 0.5 1.0
DF73 Variable-mu R.F.
pentode ... 1.25 25 67.5 o] 1.7 | 0.5 0.8
DL70 R.F. output pentode 1.25 110 150 —7.5 65| 1.4 1.5
(Vg2=90V)
DL75 Output pentode ... 1.25 25 90 —25 | 175} 04 0.85
T e e

CMul

==
[Mullard]

lar

S
MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2

ard
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'Multichannel
- Radiolelephonv,\

=

A major contribution toward the rapid establishment of
communications in overseas territories, the Pye-Ericsson
V.H.F. multiplex radio-telephone system has been fully

3 developed to provide reliable telephone links
T . . . .
S wherever wire and cable circuits are impractical
g { or, as is often the case, yneconomic.
T Al Standard carrier technique is retained and the
b, system will commend itself to administrations
\ gl N already combining speech channels for
A \‘\? R transmission over wire circuits.
! : \ .
— 3 / Designed and Manyfactured by
5 PYE LIMITED and
PO ~ ERICSSON TELEPHONES LTD.
M~
Enguiries may be addressed
to either company
s
\
| T &
7%
I 4 ‘a : Qp
K‘_Q/‘::—w”“* PYE LTD. ERICSSON TELEPHONES LTD. rd
Cambridge, 22, Lincoln’s Inn Fields,
England. London, W.C.2. England.
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. . . with safety in the hazardous enterprise FAULTLESS FLUXING PRESERVES THE VITAL LINK
of the deep sea trawler is its radio and |
radar equipment upon which safe navigation
depends. Thousands af soldered joints
contribute to the efficient functioning of
this delicate apparatus. One dry or H.R.
joint could mean the breakdown

Dry or H.R. joints are impossible with Superspeed for the flux is always
released in exactly the correct proportion. This faultless fluxing action is
achieved by the unique STELLATE core which gives six
points of rapid solder collapse. At soldering temperature
the activated rosin flux is released immediately for effec-
tive spreading and wetting. Superspeed is being used more
of a cir.cuit,.the destruction of the and nl::ore ing the produftionpof ll:-)adio and rﬁdar equip-
vital link, a perilous voyage. ment where faultless joints are essential.

“WHITE FLASH” AGTIVATED ROSIN-GORED SOLDER

u e’ s ee d for general electrical, electronic and telecommunication work and
all standard uses. A.1.D. and G.P.Q. approved. Complies with

M.0.S. Specification DTD 599. In all standard tinflead alioys, Cored and solid solder

10-22 s.w.g. Also available in a range of coloured cores, indispens- rings and solid soider
= able for simple intermediate and final inspection and circuit or washers supplied to cus-
eperator identification. Samplesof Superspeed and the comprehensive tomers’ specifications.

Superspeed booklet gladly sent on request. Technical advisers are
available for free consuitation.

wivorscrunso o e | NTH OVEN erovr

Marketed by Enthoven Solders Limited, Enthoven House, 89, Upper Thames Street, London, E.C.4. Tel. Mansion House 4;3%
r

NETH
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Did you build your

If s0, and you have a 9” or 12" set and now l

want to convert to big-screen viewing,
how better than by using an ‘ENGLISH
ELecTrIC’ 16" Tgo1 Metal C.R. tube.

To help you carry out the work our
leaflet EVI03A gives you the complete
line and frame scanning information
necessary, together with a suggested list
of required components.

And why a Toor—because it offers you
brilliance, long life, high safety factor, ease

own T/V receiver?

of handling and withal it is British made.

It is the tube specified by the de-
signers of the ‘Tele-King’ and ‘Magna-
view’ circuits and ‘Viewmaster’ conversion
circuit.

Brilliant black and white picture focus-
sing over entire screen area with excellent
contrast range; high optical quality glass
face plate; wide angle scanning (70°);
fitted ion trap; overall length 1744,

diameter 16".

ENGLISH ELECTRIC

BRITISH MADE LONG LIFE 16" T901 METAL C.R. TUBE

If you have any difficulty in obtasning supplies write to:

The ENGLISH ELECTRIC Company Limited, Television Department, Queens House, Kingsway, London, W.C.2.

JuLy, 1953
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WEARI{ITE

WIRELESS WORLD 7

VIBRATORS
&

UNITS

for Low voltage
D.C. operated
Electronic
Equipment

r HE range of Wearite/OAK vibrators
for car radios and mobile telecommunications
equipment has been especially designed for long
and dependable service, whatever the extremes of
climate.

The main structure is of steel and mica, so that
expansion at varying temperatures is uniform, the
base being sealed by the special Wearite process.
The main contacts are ground to extreme limits of
flatness and certain starting at the lightest of
pressures and voltages is obtained by the use of
non-tarnishable precious metal driving contacts.
The vibrator is acoustically and electrically shielded
by its sponge-rubber lined metal can.

A complete range—synchronous, non-synchro-
ncus and split-reed synchronous types—is available
for all makes of car radio and other mobile equipment.

Vibrapower Units are completely self-contained

VIBRAPOWER '

X

eV ' 8 R A‘TO RS
L Typeorarsiz

u,..- sng ypsn

o MCupganoY
(s;“ uecﬂ‘f""c) i

12 vol®s

..
WRignr o werlRE
T
LtonpoN

p assemblies for providing H.T. power

from a 6 or 12 volt D.C. source. They
mclude a tapped transformer for the selection of
output voltage, buffer capacitors and basic R.F.
filtering, and a Wearite/OAK vibrator of a type
depending on input voltage. Provision is made for
the earthed input pole to be connected to positive
or negative as required.

H.T. smoothing is not included and must be
externally connected, the value depending on the
efficiency desired. An input filter must also be used.

The units are completely screened and are
mounted on four rubber buffers to prevent possible
transmission of vibration to other equipment.
Full details of Wearite/OAK Vibrators and Vibra-
power Units are available on request.

* Wearite vibrators are manufactured under license of the Oak Manu-
Jacturing Co. of Chicago and are covered by various patents.

WRIGHT & WEAIRE LTD

138 SLOANE STREET + LONDON *+ SW1 + Telephone: SLOANE 2214/5
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The Tape Player itself is of
unit construction which en-
ables many special require-
ments and applications to be
met without undue modifica-
tion. The following features
can be provided to special
order:

Tape speeds 73" and 157 per
second, or 31" and 1}" per
second.
®
Synchronous drive maotor.

L]
operation or

control.

L]
Automatic back spacing and
reverse drive for dictation

purposes.
®
Cassette tape loading.
®

Rack mounted assembly.

Remote foot

z4 'ld

TAPE SPEEDS

TRACKS

PLAYING TIME
PER TRACK

SPOOLS
SENSE OF
SPOOLING
REWIND TIME

HEADS

TAPE
OPERATION

WIRELESS WORLD

7%” and 32" per second.
17 wide.

30 minutes at 74 per second.
60 minutes at 33" per second.

Number of tracks 2.

Standard 7° and 5% plastic or
metal.

From left to right with tape
coating inwards.

One minute for 1,200 fe. of
tape (approx.).

R.F. erase head. Record/
playback head off-set for
recording on upper track.

Provision on player unit for
additional monitoring head for
special applications.

Single control provides:
Record, Playback., Fast For-
ward, Cueing, Rewind.

To ensure additional safety
against accidental erase, an
additional record / playback
switch is provided on the
amplifier assembly. Power and
brake operation is by means of
a relay which will enable re-
mote operation to be provided
in special applications.

¢
4’0 s\

Jury, 1953

S

MAGNETIC
TAPE
RECORDER

| Type

®
rviR|3

“ from a pedigree line”

FREQUENCY
RESPONSE

DISTORTION
SIGNAL/NOISE
RATIO

INPUTS

OUTPUTS

wOw AND
FLUTTER

MAINS SUPPLY

DIMENSIONS

WEIGHT

its SPECIFICATION

At 73" per second 60-10,000
C.P.S. plus or minus 3 db.
At 31" per second 70-7,000
C.P.S. plus or minus 3 db.

Less than 24 9% total harmonic
distortion at normal operating
level.

Approximately 50 db. using
standard high output tape.

(1) Up to 50 ohms low level
—110 db. microphone input.
(2) High Z up to 100 K at lv.
unbalanced (radio input).

(1) 2% ohms at 3 watts to in-
ternal loudspeaker.

(2) 15 ochms at 3 watts for ex-
ternal speaker.

Total wow and flutter content
less than 2%.

200/250 v. 50 cycles 230 V.A.
Other volrages and frequencies
supplied to special order.

16” wide x 11" high x 18” deep

approx.

45 lbs.

M-S-S - RECORDING COMPANY LTD

LOSE * COLNBRDOK. » BUCKINGHAMSHIRE + TELEPHONE - .COLNBROOK 284
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SOLARTRON ANNOUNCE

The New
Phase Sensitive Voltmeter
Model VP.250

STAND No.I0G
British  Instrument
Industries Exhibition

June 30th-Fuly 11th

S
OLARTRON LABORATORY INSTRUMENTS LT,

= &7 ) "ASESENSITIVE voLrumerq
[@'"’“’M y Modei vp 250
¥ 2wt y'
S Sy ¥

EXTERNA(

REFERE NCe ADJUSTMENTS
N

DD

= REFERENGE Uoimpge

StoNaL

@@@

Note these features:

REFERENCE

% Simultancous display of reference and quadrature  “ quadrature ”” components of an applied test
signal components on 6in. centre zero meters  voltage, with respect to a given reference voltage.

calibrated in volts. Provided the latter is of sine wave form, the readings
% Seven half decade sensitivity ranges covering will not be affected by harmonics or spurious
15 mV.-15 volts full scale. {requencies.

% Constant 50 megohms input impedance for both An idcal instrument for the measurement of trans-
reference and signal channels. mission characteristics of amplifiers, networks,

transformers, high speed servo systems, etc.

Its resolved component presentation with harmonic
free response makes it a suitable detector for A.C.
Covering a frequency range of 20 ¢/s—20 Kc/s this  strain gauge systems or for any pick-up with an A.C.
instrument will measure the “in phase” and output.

¥ High accuracy not affected by harmonics in
signal under test.

Other Solartron Instruments

- ’—_—__——~‘\ Laborarory Amplifier Model AWS. 51A.
~ -~ Video Amplifier Model AWS. 52.
/ \ Wide Band Power Amplifier Model AWS. 53
S m T N Pulse Generator Modei OPS [0V A.
o ) . : ‘ : ‘ ) Wide Range Oscillator Model OS.101.
/ Regulated Power Suppir Model SRS.151.
\ e — Wide Band Attenuator Model AT.201.
" e e —— Twin Regulated Supply Mode! SRS.152.
T el Varipack Model SRS.153.

SOLARTRON LABORATORY INSTRUMENTS LTD.
22 HIGH STREET KINGSTON SURREY. TEL: KINGSTON 8981 PBX
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£

LEARN THE PRACTICAL WAY

A specially prepared set of radio parts from which we teach
you, in your own home, the working of fundamental
electronic circuits and bring you easily to the point when
you can construct and service a radio set. Whether you are
a student for an examination, starting a new hobby,
intent upon a career in industry, or running your own
business — this Course is intended for YOU — and may be
yours at a very moderate cost. Available on Easy Terms.
WE TEACH YOU : Busic Electronic Circuits (Amplifier.,
Oscillators, Power Units, eic.) Complete Radio
Receiver Testing & Servicing.

POST IMMEDIATELY FOR FREE DETAILS
T0: E.M.1. INSTITUTES, DEPT. 16X

Grove Park Road, Chiswick, London, W.4

*x Experimental )
Kits alsoform part =

of the following g
courses: Draughts-

manship, Carpen- l N S T1 T U T E S

Name. . — | e M e e try, Chemistry, Associated with
etc. COLUMBIA &

1.C.12 (His Master's Voice)

TRUVOX
G Boys Bs u lhuin/
EQUIPMENT M

Profitable P.A. business is built upon a reputation for reliability which can
only be based on the dependability of your equipment. That is why it pays
to use only TRUVOX, the reproducers that have had reliability built into
them for a quarter of a century.

|
I
|
|
S
Photography,
AQUFESS oo | Commercial Are, MARCONIPHONE H MV
|
i

TRUVOX PRESSURE
TYPE DRIVING UNITS

Senior and Junior models have a power handling TRUVOX REFLEX
capacity of 15 and 10 watts respectively and SPEAKERS

provide a substantially linear response from 175 Senior models give a substantially linear response
to 10,000 c.p.s. The Senior model is available ‘rom 250 te 8,000 c.p.s. with a peak handling
with built-in tropicalised multi-ratio transformer, capacity of 8 to 10 watts whilst Junior models
range from 350 to 8,000 c.p.s. with 6 to 8 watts
peak handling capacity. Either can be supplied
engineers. with built-in transformer Completely weather-
proofed and designed to withstand prolonged
exposure and vibration

1 noteworthy feature much appreciated by sound

For Full Details Write to .

ROLA CELESTION LTD., FerrY WORKS, SUMMER ROAD, THAMES DITTON, SURREY

'Phone: Emberbrook 3402-6.
Wholesale enquiries to—Truvox Ltd.. Exhibition Grounds, Wembley, Middx. (WEM 1212)

www.americanradiohistorv.com
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THE ELAC 'DUOMAG FOCALISER

SENSATIONAL NEW
ELAC T/V COMPONENT

The DUOMAG focaliser gives precision
beam focus and complets ficture posi-
tioning with minimum effect on
scan coils and ion trap asserrblies. It is
designed for use with magnetizally focused
tubes having 38 m/m diameter necks.

DUOMAG is a permanent magnet type
unit using two concentrically mounted
Sintered Oxide ring magne:s arranged
with oppcsed magnetic fields.

@ Minimum stray magnetic <jeld. Sym-
metrical, uniform and very low external field.

@ Magnets of high electrical resistivity
enable the unit to be placed in cloie proximity
to high efficiency scan coils.

@ All insulated construction—No risk of
high voltage shock.

@ Wide range picture shift.

RETAIL PRICES IN U.K.
Low Flux, 37/6 ; Med. Flux, 39/6 ; H gh Flux, 42/-.

ELECTRO ACOUSTIC INDUSTRIES LTD

STAMFORD WORKS. BROAD LANE TOTTENHAM, N IS TEL: STAmford Hill 5606-8

& g—
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For brilliant. high-fidelity sound recording
the (GRU“D](D 2-speed -tape recorder

USH button controls and magic-eye tuning. give you
complete mastery over the Grundig’s superb recording

and reproducing qualities. The 1,200 feet of tape
give you ONE HOUR of high-fidelity music record- AUNDIE
ing and play back. High speed rewind mechanism L
enables you to reproduce from (or record on) any
part of the tape in a few seconds. The same tape
can be used repeatedly, each new recording auto- I
matically erasing the previous one, or recordings
can be kept indefinitely. Sound frequency range : ]—
at 7lin. per second, 50-10,000 ¢/s., at 3iin. per . Price 80 gns
second, 50-6,000 c/s. G ““3 ;L :

1including condenser mike. H.P.
Terms available.

% Condenser microphone. THE

% Remote controls—hand or foot operated. “ fir _; , L
% Two-way telephone recorder—without _/I)(M7(

‘ alteration to handset. T00L TWO-SPEED TAPE . RECORDER
% As compact and portable as a suitcase. " Not only a revelation but a revolution

in tape recording!
GRUNDIG (GT. BRITAIN) LIMITED, KIDBROOKE PARK ROAD, LONDON, S.E.3.

St;f;;l::féase Recognised as the Most Reliable Valveholders

_p_\’l-: Ty

= é-l!
e e B7G Valveholders
Jor 2%"or 24" Valves Ak JSor 14" Valves . .
% are now available moulded in:—

Phenol Formaldehyde (8/ack).

Nylon loaded Phenol Formaldehyde
(Natural Brown).

Jor 1% Valves

P.T.F.E.

) o) ), o 0 o Wholesale Enquiries :—

paitigtict o~ CYRIL FRENCH
Anti-Micvophonic Base () A
":;\ ’ HOLDINGS LTD.
High St., Hampton Wick
Middlesex. KIN. 2240

Manufacturers’ Enquiries: THE McMURDO INSTRUMENT CO. LTD., VICTORIA WORKS, ASHTEAD. SURREY
ASHTEAD 3401

www.americanradiohistorv.com
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T is logical that an amplifier of excellent
l electronic design should also reflect similar
attention to detail in its mechanical design.
A typical example in the Q.U.A.D. amplifier
is the method of mounting the control unit
on a panel or in a cabinet. A cut-out is made
in the panel or cabinet, half an inch smaller
than the control panel dimensions (templet
provided). The back cover of the control
unit is removed and the unit inserted into the
cut-out from the front. Projecting lugs on the
back of the panel casting locate the control
panel symmetrically over the cut-out. The
cover is now replaced from the back and the
cover retaining screws bolt the complete
unit firmly in position. The panel or cabinet
may be any thickness from gin. up to lin.
No screws or other methods of fixing are visible
from the front—no edge finishing problems
are involved—the cabinet or panel is se-
curely fastened over the whole perimeter—
all desirable features of good design.

THE ACOUSTICAL
Q.U.A.D. AMPLIFIER

An amplifier capable of providing the closest approach to the
original sound yet achieved. Write for the Q.U.A.D. booklet
for full detailed specifications.

Complete in two units as illustrated. £ 3 5

WIRELESS WORLD

POINT OF DETAIL

(E=dcodsTical

MANUFACTURING COLTD
MUNTINGDON - HUNTS « TEL : 361

www americanradiohistorv.com
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Tl "4ERIAL e
c‘ completely fitted

FROM THE OUTSIDE

and READY FOR USE

7 /N FIVE MINUTES!
C 4 e 9
/ é A.UTEX cee Here is re-

volution in car aerials—a ONE hole fixing model that can be
installed FROM THE OUTSIDE. No longer nced you manoeuvre
under the scuttle or dashboard and work “by feel.”” Thanks
to a special split washer device, and positioning sleeve, the
acrial is self-locating, and firmly secured FROM THE OUTSIDE.
Can be mounted vertically or horizontally (or at any angle
in between) in any position on the car—on a flat or curved
surface. It is entirely free from rattle—duc to the special
packing glands which also ensure the smooth action of the
telescopic rod. Full details in leaflet No. N1/,

MODEL TCA 6236. With sturdy die-cast metal mounting three
secuion telescopic rod (extended 62in. closed 24in.) of high-grade brass.
All exposed parts heavily chromium plated. Fully weatherproofed
connections. Complete with 36in. low-loss co-axial polythene insulated

P.V.C. covered cable, fitted standard co-axial plug. PRICE 35/-
N T I F E R E N c MODEL TCA 6260 as above but with 60in. cable. PRICE 376
A L1 I T E D BICESTER ROAD, AYLESBURY, BUCKINGHAMSHIRE

IGRANIC
The Ace of Jacks & Jack Plugs !

Write today for fully illustrated Catalogue of

IGRANIC JACKS, PLUGS
RHEOSTATS
POTENTIOMETERS and
PRE-SET RESISTORS

Sole Distributors in the U.K. {o the Wholesale and

Retail Trade :
ROBSHAW BROTHERS LTD.
232/4 High Street 105 Commercial Road 4 Mount Sien
Rochester, Kent Bournemouth, Hants Tunbridge Wells, Kent
Chatham 3115 and 45405 Bournemouth $896/7/8 Tunbridge Wells 1668

< P
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ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 Telephone : LARkswood 4366/7/8

Modern in conception, design and performance,
the E.2., with its exceptionally wide range,
not only fulfils to-day’s needs of radio

and television, but anticipates the requirements

of tomorrow. More than ordinary care
has been used in screening and filtering. Asa W
result, stray field is less than 3uV. at 100 Mc|s.
@® Frequency accuracy of + 1%, extends
signall

generator

over the whole range. @ Output voltage 1, V. to
100mv. and approx. 1v. at full R.F. Socket.

@ Internal modulation; external modulation to 809
@ A.F. Output variable 0-50v. at 400c/s.
@ Size 13" X 101" x 8". @ Weight 17} lbs.

100 Kc/s ~100 Mc/s ON

ADVANCE TYPEE2
FUNDAMENTALS

o SN
m@% 5| ApvAnce |

F 100~ 300Kei

E2

H apua :
4 munuuzuﬂ"“’""

W_Jh

LTIBLIER
1 x00
vOLTAGE OUTPY] 2]

|

5 4
'l F g

Full Technical Details available in
Folder S/14/W

ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 Telephone : LARkswood 4366/7/8

WWW americanradiohistorv com
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This very popular versatile 12in. Single Cone Loudspeaker
can be used for a variety of applications where good quality
commercial reproduction is required with Audio Inputs
of up to 15 watts. Emphasis is laid on the robust construc-
tion that takes into account the conditions met with in
some P.A. applications.

The AUDIOM 60 is eminently suitable for general public
address use, e.g. Small Theatres, Dance Halls, Ice Rinks
and Amateur Cinema Installations. Other more specialised
applications include Bass Units in multi-speaker combina-
tions, Radiograms, Electronic Organs, Electric Guitars, or
Amplified String Instruments.

Naturally we can only list a few of the many uses, although
we are always pleased to give advice on specialised require-
ments.

Goodmans Heavy Duty Output Transformer type H.4 is
specifically recommended for use with this Loudspeaker.

o
AR
p W ©pestet (L

SPECIFICATION

Fundamental Resonance, 35 or 75 c’s. Voice
Coil Diameter, 1§in. Voice Coil Impedance,
15 ohms. Flux Density, 14,000 gauss.
Total Flux, 158,000 Aaxwells. Maximum
Power Handling, 15 watts peak A.C. Overall
Diameter, 124in.  Overall Depth, 7iin.
Baffle Hole Diameter, 11}in. Mounting
Holes, 4 holes fin. dia. equispaced on a
11§in. P.C.D. Nett weight, 12§ lbs. Finish,
Grey Rivelling Enamel.

GOODMANS INDUSTRIES LTD.,
Axiom Works, Wembly, Middx.

Telephon:: WEMbley 1200.

Telegrams : Goodaxiom, Wembley, Eng

Jury, 1953

THE GOLDRING
MAGNA CARTRIDGE

@ A magnetic Turnover Cartridge with

high output and cantilever styli.

@ Entirely new principle. (Pat. applied
for.)

@ Output comparable to crystal pick-
ups. *
@ Cantilever styli give minimum

record wear and eliminate needle-

talk.
@ Styli easily replaceable.
@ Smooth extended frequency

response on both standard and

L-P. records.

@ The ideal replacement Cartridge
for 3-speed record changers and
units.

Of special interest to the designer of

new equipment.

Write for full technical information to :—

ERWIN SCHART

49-51a, DE BEAUVOIR ROAD N.i
Telephone : Clissold 3434-5-6

FOR ONLY

298

THE
TELEVISION
& RADIO SERVICE
ENGINEERS’ MASTER TRIMMER KIT
@ | End Trimmer @ | Side Trimmer
@ | Yaxley Switch Contact Adjuster
® | Low Capacity Trimmer @ | Screwdriver
® | Set of Feeler Guages @ | Set of Six
Box Spanners from | to 8 B.A. @ | Set of
Four Spanners from O to 8 B.A.
in durable black crackle finish metal case.
Export Enquiries

invited J. & s. NEWMAN Ltd.

100 HAMPSTEAD RD., LONDON, N.W.1 Telephone: EUSton 5176/7
FAT TS T T L T e

www americanradiohistorv coitee e o oo
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The U.S.A_, ltaly, Venezuela, Thailand, Canada—these a-e somre ol the

ccuntries which have specit ed Marconi television equipman.
Equipment supplied In Canada, Montreal and Toronto already possess Marcor i television
includes: staxlios installed by the Tanadian Marconi Company. The new Marconi

Tmansmitter tor Ottawa is an important link in the telev sion chain

| planned by Canadian Broadcasting Corporation to span the entire
e Murconi Image Orthicon Cameras | country.

® S KW vision fransmitlers Marcom h.xgh ot medmrr} power tmnsmnter.s., and high R ae.rmls
| are installed in every one of the B.B.C.’s tclevision transmitter stations.
| e 3 kW sound transmitters

| ® High-gain acrial systems MA Rc o N I

® Associated monitoring and econtrol ’

equipment i g . . .
i . television transmitting equipment

— —_— ]
MARCONI'S WIRELESS TELEGRAPH COMPANY LTD - CHELMSFORD - ESSEX
At

wWwWw.americanradiohistorv.com
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RADIO COMMUNICATION
EQUIPMENT

o ot cn a ot o e WORED

G.E.C. radio equipment for H.F. and V.H.F.
communication has been developed with two
important advantages from the purchaser’s
point of view constantly in mind. Suit-
ability for the exact operational need and
reliability. These advantages are entirely
due to the long and valuable experience
ot the G.E.C. in all branches of radio en-
gineering. backed by its unique research
organisation.

Equipment is available for every kind of
radio communication requirement — police,
ambulance and fire services, aircraft, ship-
ping, etc. The general purpose receiver
shown here is the BRT400D, built to meet
the most exacting needs of commercial service in all parts
of the world, providing high grade telegraphy service and
quality reception for re-broadcast.

THE GENERAL ELECTRIC CO. LTD. OF ENGLAND

www americanradiohistorv com
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| Cold

HISTORICAL
ILLUSTRATIONS
BY CCURTESY
OF THE

BONES

. SCIENCE MUSEUM '
LONDON. '
; T, NAPIER'S a t 0 e

Devised in 1617 by

John Napier, a
Scottish nobleman,
as a mechanical means

of mu tiplication by addition. u e S

Modern

LEIBNITI'S i COUNTING * CALCULATING
STZPPED . SELECTING - SWITCHING

RECKONER

tnvented in 1634 by the
Germnan philosopher ard
incoporated in the eariest
praczicable calculating machines

ODHNER’S
WHEEL

~ pranciple first evolved by
Swezdish engineer about
4391 and still being applied
R sresent day mechanical
calculating machines

HIVAC
COLD CATHCLCE
TUBES
The most modern desices

for us2 in electronic
systerrs,

GREENHILL CRESCENT, HARROW-OM-THE-HILL
HIVAC Cold Cathode Tubes—Miniature and Subminiatere Valves— MIDDLESEX, ENGLAND

Electrometer Valves—Neon Indicator Lamips—Telephone Switchboard 5 . 3
Lamps—are used by the world's leading manufacturers. o . B iSpicto Phone: HARrow 2555 Cables : Hivac, Harrow
ame anra ™ 0O
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THE AUTOMATIC

COIL WINDER
WINDER HOUSE - DOUGLAS

& ELECTRICAL

UIPMENT CO. LTD.
LONDON $.W.1 L0/ ViCtoria 3404—9

STREET

www americanradiohistorv com
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ATTENUATORS - FADERS -
WIREWOUND POTENTIOMETERS - HIGH STABILITY CA3BON RBISTORS

WIREWOUND RESISTORS - PLUGS AND SOCKETE - TERMINALS
KNOBS DIALS AND POINTERS

HIGH STA3ILITY CARBON RESISTORS

3w, 3w iw, | wand 2w tyfes available at 1%, 2% or !% Resiszaice Tolerance.
Comglete range fully R.C.S.C. approved. For full details requzst Catalogue, Section E.

PAINTON

www americanradiohistorv com
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The LATEST and IMPROVED TAPE

For all popular tape recording machines

&
&
R

Specially wound on transparent perfectly balanced %
5 plastic spools which fit easily to all popular types of tape recorders.
& - g The advantages of FERROVOICE are now available to all.

& 4 FERROVOICE improves the performance of all recorders. It
provides twin-track recording of the highest standards of quality
and faithfulness. Tape wear and rotation noises are reduced to
the minimum.
FERROVOICE is the most modern and most efficient tape
available.
It brings to all tape recorders the highest standards of recording.
\x\\\\\\\\\“‘and reproduction.
Technical features: Super Calendered Kraft Paper—breaking strain
approximately 4 1b.—Tape width 0.247” + 0.001”. Medium coercivity—
ease of erasure—frequency response 50 ¢/s to 10 K¢/s at 74" per second.
Length of tape 1,200 ft. Spool 7” diameter.
NOTE THESE OUTSTANDING FEATURES

* TWIN-TRACK RECORDING WITH UNIFORM RESPONSE.
HIGH PLAY-BACK LEVEL AND LOW NOISE COMPONENT.
% LIGHTWEIGHT PRECISION BALANCED SPOOL.
% FERROVOICE SPOOLS KEEP WEAR, TEAR AND ROTATION
NOISE TO A MINIMUM.

FERROVOICE- 5

N
SN

MAGNETIC COATINGS LTD., 38 GROSVENOR GARDENS LONDON SWi1 ‘ghone: SLOane 9129
VITREOUS ENAMELLED WOUND RESISTORS — £XcELLenT
; by Y D

Labgear (Cambridge) Limited

£ 4
A T,

WILLOW PLACE, CAMBRI'DGE, ENGLAND
Telephone : CAMBRIDGE 2494 (2 lines) ~ Telegraphic Address : “ LABGEAR, CAMBRIDGE "

ALWAYS “FIT”

SUSPENSION DRAWER SLIDES, SUN and PLANET FRICTION ELIMINATORS and SHEAVES
Ask for Brochure and pages 47, 49 and 53

Engineers, Patentees and Sole Manufacturers,

AUTOSET (PRODUCTION) LTD. DEPT. “H”, STOUR STREET, BIRMINGHAM I8
Tel.: EDG. 1143/44 Please mention Wireless World ESTD. over 30 years

www.americanradiohistorv.com
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keep up—to-dat with MARCONI

We would like to draw the attention of all our frierds
to the new instrument catalogue. This handsomely
bound publication records the latest developments in
the communication and industrial fields — as have
our loose-leaf catalogues up to now. But techniques
advance as Marconi research progresses, and for

clarity’s sake all available data has been re-cast in

the new format. We hope this will prove even more
valuable to you than its predecessors.

If you are on our existing mailing list, you will
have your new Marconi Instruments catalogue this
month. But do jog our memory if, by chance, we
overlook you — we want every executive who really

needs one to have a copy.

MARCONI iNsTRUMENTS

SIGNAL GENERATORS - BRIDGES - Q METERS - OQUTPUT METERS - WAVE METERS
WAVE ANALYSERS BEAT FREQUENCY OSCILLATORS AND INDUSTRIAL ELECTRONIC INSTRUMENTS

MARCONI INSTRUMENTS LIMITED - ST. ALBANS - HERTFORDSHIRE

Midland Office : |9 The Parade, Leamington Spa. Northern Office : 30 Albion Street, Kingston - upon - Hull,
Export Office : Marconi House, Strand, London, W.C.2.

" BRITISH

STANDN? 9D

c.58
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POPULAR

\ r/

T.V. AERIAL

Available for all channels
and Horizontal for
Pontop Pike and Belfast.

| |

A very efficient aerial
at a highly competitive
price.

Quickly and easily assem-
bled and erected.

All the principal * Tele-
craft ’ features. .15 spac-
ing, 5ft. steel stand-off

arm. Complete in every
detail . . .

£4-3-6

There is a TELECRAFT AERIAL for every
contingency—indoors or out

Send for Descriptive Literature.

Quadrant Road, Thornton Heath, Surrey.
THOrnton Heath 1191-2-3

Depot Addresses :

NEWCASTLE-ON-TYNE. 55, Northumberland Street.
Telephone : Newcastle 22516.

BRISTOL. |4, Rose Street, Temple Way, Bristol, |
Telephone : 21230.

MANCHESTER. 172, London Road, Manchester.
Telephone : Ardwick 2734.

BIRMINGHAM. 75, Holyhead Road, Handsworth.
Telephone : North 6301 (Ext. 2).

CARDIFF. | & 2, Stuart Street, Cardiff.
Telephone : Cardiff 25955.

GLASGOW. 423, Clarkston Road, Glasgow, S.4.
Telephone : Merrylee 4326.

BOURNEMOUTH. Canford Chambers, St. Peter’s Road.
Telephone : 2282

PLYMOUTH. 25, William Street (City Centre)
Telephone : 4797.

DRIGHTON. 8IlA, Queens Road, Brighton.
Telephone : 28117.

MANUFACTURERS OF
AUTOMATIC AND HAND

COIL WINDING
MACHINES

ALSO STRIP WINDING

SOLE AGENTS ABROAD
K. G. Khosla & Co., 1 Original Road (Opp. Pahargan]j
Police Station), New Delhi 1, India.

Etabits Octave Houart, 14 Quai de L‘Industrie, Sclessin-
lez-Liege.

R. H. Cunningham, Pty., Ltd.. 118 Wattletree Road.
Armadale, S.E.3, Victoria, Austraiia.

Heftye & Frogg, Oslo, Norway, Storgaten, 15.
Technical & Industrial Services, P.0. Box 60, Claremont.
Cape Town.

YOUR ENQUIRIES ARE INVITED

ETA TOOL CO

(LEICESTER) LTD
29A WELFORD ROAD, LEICESTER

Phone 5386

POTTED AND
COMPOUND FILLED
TRANSFORMERS

AND CHOKES

made by Woden are the
answer when the call is
for transformers to
operate under exacting
industrial conditions,
coupled with adverse
c