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Our New Scope : Our New Price
FOR some long time we have been considering the

question of enlarging the scope of this journal, it'
having become abundantly evident that television

is only the most ocular development of a remarkable
new industry-that of Electron Engineering, which is
increasing in importance every day. It is quite impos-
sible to forecast the ultimate development of this indus-
try, but from the outline of its scope given in the article
overleaf, readers will gain some idea of the remark-
able possibilities. The desirability, and almost the
necessity, of enlarging our scope has been pressing
upon us, but if we hesitated to make a decisive change
in the policy of this journal, it was because we had
pioneered television from its earliest days when, in spite
of the resolution and enthusiasm of John Logie Baird
and a few others, it was regarded as a mere dream ;
and we take a very natural pride in having played our
part-a greater part than is generally known-in its
development.

However, with the coming of war, special considera-
tions have compelled the closing down of the only
British television transmitter and have brought to a
close " for the duration " any popular development,
although it would be quite wrong to assume that there
is not considerable activity behind the scenes; this acti-
vity, however, is not likely to be given an opportunity
of interesting the public yet awhile. On the other
hand, there is at the moment, and will continue to be,
intensive research into a dozen or more other branches
of the electronic science. Such research may well
bring about, and will almost certainly do so, an im-
mense number of practical applications the importance
of which can hardly be exaggerated.

Everybody knows that during the last war there was
a remarkable development in wireless ; remember, for
example, the electronic valve, known practically at the
time only to a relative few who were able, once hostili-
ties had ceased, to take advantage of their knowledge

and in a brief time give the world the then astonishing
radio broadcast.

There will be similar, and possibly as important,
although not necessarily such spectacular, develop-
ments in the near futuie in the immensely
wide and evergrowing field of applied elec-
tronics in modern engineering, and it does not need any
special argument on our part to demonstrate that there
is sound sense in our change of title and enlargement
of scope. We shall continue to chronicle as before all
important development in television and in short-wave
reception, although we should not be serving the public
interest in drawing marked attention to war -time
development in short-wave transmission.

We are not blind to some imperfections in the present
issue but readers will realise that we have had our share
of the troubles with which all businesses are afflicted
at the present time. From our editorial and business
staffs we have lost key -men, and there are all the minor
difficulties associated with the sudden coming of war.
Thus, while our first number of " Electronics and Tele-
vision " is consequently not quite typical, we hope to
make it more so as the months go by, and, in the mean-
time, judged by war -time standards, we hope readers
will agree that there is not much to grumble at.

Finally, our price ! With deep regret we are com-
pelled by circumstances to raise our price or-frankly
-to join the host of publications that have been sus-
pended or put out of existence during the past few
week. We beg readers to accept our word that in
raising our price to is. 6d. we have not sought in the
very least to take advantage of them, the position being
simply that the war -time difficulties relating both to
cost and revenue have left us no alternative. We shall
hope to carry the great majority of our readers with
us, and they may be sure that we shall strive month
by month to give them excellent value in up-to-date
news and information on all the subjects within our
new scope.

A
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THE FIELD OF ELECTRON ENGINEERING
-AN EXPLANATION

ELECTRON engineering is
the term implying the applica-
tion of electron theory to the

practice of modern engineering. The
term may be considered as distinct
from Electrical Engineering which
deals with the application of electri-
city in the widest possible sense. _

In electron engineering we are
dealing with the free electron and its
behaviour under various external
conditions and forces. The field is
wider than that of radio engineering,
which is mainly concerned with one of
the applications of the electron theory
to power engineering-in fact, elec-
tron engineering is the mean between
the radio branch and the power engi-
neering.

The Free
Electron

The basis of electron engineering is
the free electron. Why " free "
electron? Are not all electrons free?
The answer is that in the ordinary
electrical circuit their freedom is only
relative. We are all acquainted with
the theory of electron flow in conduc-
tors-the familiar Ohm's Law can be
calculated in terms of electrons per
second instead of the unit of current.
The electron moves in the substance
of the conductor according to well-
known laws ; the speed of movement
and the quantity passing per second
can both be controlled and the flow
can be diverted or reduced by alter-
ing the conducting paths.

At no time, however, is there any
tendency for the electrons to leave
the conductor under normal condi-
tions. They are at liberty to move
among the atoms of which the con-
ductor is composed, but the surround-
ing insulator (usually the air) presents
a barrier which they cannot pene-
trate. If a layer of air is interposed
in the conducting path the movement
of electrons stops and the circuit is
broken. The movement of the
electron in the ordinary electrical
circuit is not therefore unrestricted
and it may be considered as tied to
the conducting paths laid down for it.

Wider Field
of Action

As soon as the electron movement
is unhampered it becomes free in the
true sense and individual electrons
can leave the surface of the metal and

pass into the surrounding space. To
produce such a widening of their
field of action, conditions must be
different, and it is usually necessary
to remove the surrounding air,
partly or wholly, and to provide an
attractive force near the conductor to
persuade the electrons to leave. The
electron can further be stimulated to
leave the conductor by heating it, as
in hot cathode tubes.

Once liberated, the free electron
can be utilised in numerous ways. It
can be controlled by external fields
and amplify minute potentials as in
the case of the thermionic valve. It
can be used to produce other elec-
trons as in secondary emission tubes.

In a beam of free electrons we have
the basis of the most versatile of indi-
cating instruments-the cathode-ray
tube.

All these properties and uses of the
free electron are well known to radio
engineers and there are many uses to
which the engineering industry can
put the valve, photo -cell and cathode-
ray tube.

When the space into which the
electron moves is not a vacuum but
contains other gas atoms, a new
phenomenon is produced due to col-
lisions between the electrons and the
gas atoms. Ionisation, as it is
called, is responsible for another class
of thermionic devices : the gas -dis-
charge rectifier, the thyratron, or
grid controlled rectifier, and innum-
erable varieties of glow tubes for de-
corative or lighting purposes.
Electron
Production

In most cases the emission of elec-
trons from a conductor is assisted by
heat-the source of electrons is a
wire glowing red hot and coated with
special emissive substances. The
emission of electrons from cold metal
is sometimes used to produce ionisa-
tion, and this is referred to as "cold -
cathode " emission. The glow tubes
of Geissler, with their ornamental
shapes, are perhaps the oldest exam-
ples of cold cathode ion tubes, and
these tubes were the forerunners of
modern neon lighting. In the cate-
gory of cold -cathode tubes must be
included the photo -cell in which the
emission is brought about by the
action of light on specially sensi-
tive surfaces.

The science of electron engineering
therefore covers all the applications
of the free electron to industry-
whether in the thermionic valve, in
light relays, cathode-ray tubes, neon
lights or more complicated research
apparatus such as the cyclotron.

The heavy engineering industry is
now realising the immense possibili-
ties of electronic devices as an aid to
production and measurement. The
cathode-ray tube, in the past few
years has emerged from the research
laboratory and is now found in the
workshop as a convenient check on
all types of measurement. An
American paper has listed no less than
95 different applications of the tube,
each being particularly suited to
some problem in industry.

Photo -cells are found in factories
where counting and checking form
part of routine processes. They per-
form the work untiringly and without
the " human element " which so
often allows a flaw to pass.

Thyratrons are used to control
heavy currents with the greatest accu-
racy. Mercury vapour rectifiers are
among the most efficient power
transformers and require no super-
vision as does rotating machinery.

Many
Applications

Fresh applications are being found
for gas glow tubes. Their eclipse in
the war period is only temporary and
development in their application to
domestic lighting is still proceeding.

All these electronic devices are,
however, not infallible. They have
their " off periods " when obscure
faults develop, and they require occa-
sional servicing like a radio receiver.
The radio engineer comes into the
field of electronics with one advan-
tage-his experience in radio valve
circuits and applications.

By applying this experience to the
wider field and increasing his know-
ledge of the other applications of the
free electron he may treble his use-
fulness to the industry and be ready
to undertake work in a wider field
which at the present time is unfold-
ing itself.

OUR COVER ILLUSTRATION : This picture
shows part of the main output amplifier, in-
cluding the Marconi 14 Sw valve, of the Empire
short-wave station.
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NEW ELECTRONIC APPARATUS FOR DIAGNOSIS OF MENTAL DISEASES

ELECTRICAL ACTIVITY
IN THE

HUMAN BRAIN
THE intimate relationship be-

tween electricity and the func-
tions of the human body has

been known for a long time-in fact
since the time that Galvani demon-
strated his classical experiment on a
frog's leg. From this demonstra-
tion has arisen the whole investiga-
tion into the' forces which control our
" living and being," and as new dis-
coveries are made the similarity be-
tween the human organism and
modern electrical communication sys-
tems becomes more and more appar-
ent.

Every movement is undertaken in
response to a signal received or trans-
mitted from the brain, the nature and
characteristics of the signal being as
distinct as those of a telegraph code.
These code messages, transmitted by
means of the nerves, serve to actuate
the various muscles and co-ordinate
our movements to the finest degree of
precision. Damage to the nervous
network inevitably results in loss of
efficiency, although it may not be

This article describes an import-
ant application of the high -gain
amplifier to electro-physiological
research, and is reprinted from
the " A.E.I. News," the Journal
of Associated Electrical Indus-

tries, Ltd., by permission.

Fig. 1. The amplifier connected to the scalp by small
pad electrodes. There is no discomfort to the patient.

immediately apparent, but damage to
the main transmitting centre, the
brain, has such disastrous results
that an increasing amount of time
and money is being spent on the en-
deavour to find out the cause and
cure of such defects.

The latest aid to the diagnosis of
brain disease is an instrument which
goes by the name of the " electro-
encephalograph "-roughly speak-
ing an electrical brain -writer. Its
development followed on a discovery
by the German physiologist Berger,

Fig. 2. Recording pens on a paper chart give a continuous indication of cell activity in the
brain.

in 1929, that the cells composing the
brain were capable of developing an
electrical potential in a similar man-
ner to the potential developed in
muscular and nervous tissue.

Brain
Waves

Berger's " brain -waves '' were
looked on in the nature of a curiosity
for some time, mainly owing to the
lack of suitable precision apparatus
with which to record results ; and it
was not until the work of Adrian,
Matthews, and other physiological
experts showed that muscle and
nerve potential could be recorded ac-
curately that attention was turned to
Berger's work.

W. Grey Walter, a Cambridge
physiologist, has devoted several
years to the development of a suit-
able apparatus for recording the elec-
trical activity of the brain, and the
results of his work are now embodied
in the Ediswan electro-encephalo-
graph made under his direction.

To understand the results obtain-
able, it is necessary to remember that
the brain in a normal condition is the
seat of various minute electrical im-
pulses, almost in the nature of ran-
dom discharges between cells. These
potentials are only of the order of
10-5o microvolts, but can be detected
by means of electrodes placed on the
surface of the scalp.

In order to render these small
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Brain Wave Activity
changes in potential easily visible on
a record, enormous amplification is
required, and amplifiers having a
gain of 5-10 million have been con-
structed. The output from the am-
plifier is recorded by means of a cath-
ode-ray tube and photographic
paper, or by ink writing mechanism
using a continuous roll of paper.

The apparatus has three identical
high gain amplifiers connected to
three cathode-ray tubes. The reason
for the triple combination will be seen

complete re -wiring has had to be
carried out in some cases.

To minimise hum picked up from
the apparatus, high-tension batteries
are used for the amplifier supply, and
these also enable stable operation to
be obtained even at the maximum
gain.

Nature of
Records

The electrical phenomena first dis-
covered by Berger, to which the

guished from the normal variations
referred to above.

The slow abnormal waves are also
present in cases of brain disturbance,
whether due to incipient tumours or
well -established growths, and it is
this fact which makes the instrument
so valuable for the diagnosis of
disease. Another important point is
that the seat of disturbance is usually
clearly defined, almost as though
there were a definite source of electro-
motive force in the brain. This

Focus Fig. 4 (top) and Fig. 5 (bot-
tom). Records taken from
an anaesthetised patient and
from an unconscious patient

with brain trouble.

Fig. 3 (left). How the focus
of abnormality is located by `'Q" -1-Td 19;1. Y

the apparatus.

later in the explanation of the prin-
ciple of the diagnosis. A common
time sweep circuit deflects the beams
of the tubes simultaneously across
the screen at a speed of 1-2 traverses
per second, and the long afterglow
of the screen enables the movement
of the beam to be easily followed. The
amplifiers are connected to the
patient by special silver electrodes
which are pressed on to the scalp and
held in place by rubber bands. A
valuable point about the apparatus
is that it is perfectly safe in use and
there is no danger nor discomfort to
the patient.

Interference
Precautions

With such high amplification, care-
ful precautions have to be taken
against electrical interference, and it
is sometimes necessary to use a
shielded room. Even the electric
light mains are a source of consider-
able trouble, and in pld buildings

name " Berger rhythm " is some-
times applied, consist of slow
rhythmic changes in potential be-
tween two points on the scalp, the
changes occurring at the rate of ap-
proximately ten per second. This
phenomenon is only noticed when the
patient has the eyes closed, as mental
activity associated with seeing ob-
jects upset the rhythm altogether.

A second type of wave activity is
associated with depressed or nervous
subjects and is slightly quicker in
rhythm (18-25 per sec.), and occa-
sionally even quicker waves have
been observed.

These rhythms are all obtained in
normal subjects, but it is in abnormal
cases or in those under the influence
of drugs that the most remarkable
differences are observed. Under
ether anwsthesia, the electrical effects
take the form of slow waves of much
greater amplitude which appear to
spread over the whole area of the
brain, and these are easily distin-

source is referred to in clinical work
as the " focus " of the disturbance.
Exploring

The object of the surgeon is to ex-
plore the surface of the scalp and
narrow down the field of search until
he locates the focus with accuracy.
In the great majority of cases this
enables him to operate on the seat of
the trouble immediately, without the
necessity of exploring further.

To locate the focus accurately three
pairs of electrodes are necessary, and
their action is shown in the diagrams
of Fig. 3.

In the diagram in the left upper
corner, the focus is assumed to be
under one of the electrodes marked
" I." The other electrode of the
pair is connected to one of the " II "
pair, and so on to form a series
" chain of exploring points.

If we assume that the focus gives
rise to an impulse of negative polar-
ity, this will appear on the recording
screen as a peak in the upward direc-
tion, shown above the diagram.

As each of the other electrode pairs
is in series with No. f pair, this peak
will be repeated on each of the records
in the same direction.

Now, in the diagram on the right,
assume that the focus is moved to the
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point shown under the junction of
Nos. t and 2 electrodes. The direc-
tion of potential impulse will then be
in the opposite direction in No.
pair, and in the original direction in
Nos. 2 and 3. The peak on No.
record will thus be reversed, while
those on the other two will be un-
changed.

A similar change will be seen in
the lower left-hand diagram, while
in the lower right-hand diagram the
focus is at the other end of the chain
and the polarity of all the potential
peaks is reversed.

The position of the focus in rela-
tion to the electrodes is thus seen by
observing the phase relationship be-
tween the three records while the
electrodes are moved to different
positions on the scalp.

Fig. 4 shows a typical record ob-
tained from the apparatus. In this
case the patient was under ether
anaesthetic, and it will be seen from
the time marked on the chart that the
frequency is about 2-3 per second.
Fig. 5 was taken from an unconscious
patient suffering from brain trouble

and the similarity in the record will
be apparent.

Both the records are quite easily
distinguished from the higher fre-
quency and smaller amplitude of
trace obtained on a normal subject.

Although the equipment is prim-
arily intended for use in the diagnosis
of brain disorders, the fact that it
consists of a high gain amplifier and
cathode-ray tube allows it to be used
for any physiological research in
which minute potentials have to be
studied or recorded. For example,
one tube may be used to record an
electrocardiogram (heart action poten-
tial) while the second and third record
the brain potentials. Heart sound
potentials may be picked up by a
microphone and amplified, the record
being compared with the electrocardi-
ogram.

The apparatus was shown at the
Ediswan stand at Radiolym pia,
where diagrams and explanatory
labels showed the lay visitor how this
important apparatus is helping to
add to medical knowledge and assist
workers in the field of mental science.

QRT
By R. W. H. Bloxam, XGM6LS

IN August, 1914, a red van drawn by
a dapple grey horse called at my
house and collected my large loose -

coupled aerial tuning inductance,
several other loading inductances (all
with their brass rods and sliders), three
crystal detectors, headphones, and the
antenna, complete with spreaders. This
antenna was the only one in the town
of 5o,000 inhabitants, and had always
been to 49,999 of them a local object of
wonder and great speculation, as its
huge shell insulators gave it a very
imposing appearance-nothing like it
graced the landscape for many miles.

Once again the clouds of war have
broken, and so the last " test " call has
gone out, and as far as British ham
stations are concerned our cherished
bands are silent.

Let us hope that it will not be long
before we have the right to use them
again.

Somehow that last QSO had a great
kick in it. Rumours of an imminent
QRT were current, on the 7 mc. band
anyway, for a considerable time before
the gong sounded, indeed it was amus-
ing to hear some of the comments and
conjectures which passed between sta-
tions. One optimist was heard to re-
mark that he understood the QRT was
not going to be general, but merely that

the G.P.O. was not going to issue any
new licences !

Of course, there are many good rea-
sons why a general cessation of private
experimental transmissions is necessary
in time of war. Apart from the possi-
bility of QRM on such bands as are
useful to the Services, there are other
important reasons, some of them not
being obvious at first sight.

At the time of writing, information is
to hand that the G.P.O. arc collecting
transmitting apparatus once again, but
obviously the task is somewhat more
formidable this time, amounting as it
must to over 2,000 stations.

Apart from the cost, the amount of
storage space required may be imagined
by multiplying one's own junk pile by
the approximate number of stations,
plus a wide margin for fellows like
Jones who built a new transmitter each
month !

It all seems rather purposeless any-
way, because that mythical spy fellow
wanting to tell the enemy why they are
not winning the war is hardly likely to
be found among the ranks of the
licensed transmitting fraternity, whose
credentials have all been inquired into
before licences were granted to them.

No, that fellow's QRA will not be
found in any Call Book.

Many of the younger members of our

fraternity will now be " brass -pound-
ing " in one or other of the Services,
and those of us who by reason of age
or engagement on other duties are com-
pelled to relinquish our keys, wish them
vy 73, Good Luck, and a speedy return
to ham radio.

We shall look forward to hearing the
old familiar call signs over the air once
more.

It seems a pity that no form of emer-
gency network or other communications
system has been evolved from the very
good material and skilled operators that
would have given willing service to
help at home.

However, help can be given in other
directions, and in spare moments as are
left one may dream and plan that new
modulator, on paper at any rate, and
maybe, who knows, the XYL may even
get that cupboard door fixed that has
waited a couple of years.

Influence of Cathode Rays on
Luminescent Screens

Experiments have recently been
made on the effect of continuous
luminescence produced by a cathode
ray on an insulated screen in a high
vacuum cathode-ray tube. These
experiments show that :-

I. The charge imported by the ray
`o the screen leaks off at the same
rate.

2. The screen potential is always
positive with regard to that of the
cathode.

The areas of the screen impinged
by the cathode ray shows a decrease
of brightness as a function of the
time of impingement according to a
logarithmic law. This effect can be
attributed to two reasons:-

r. The primary electrons liberate
metal atoms out of the screens sub-
stance, producing a blackening of the
fluorescent layer, and therefore a
weakening of the produced light.

2. Some of the liberated metal
atoms move in front of or into the
luminescent centres of the sub-
stance and prevent the transfer of the
energy required for the production of
light. It can be shown that at the
same time a regeneration process is
present. This regeneration is due to
the partial retransfer of the metal
atoms into their original positions in
the crystal grid whereby the affected
luminescent centres regain their
luminosity.

Experiments with intermittent elec-
tron impingement show that re-
generation can be increased thereby.
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A FLEXIBLE VOLTAGE
AMPLIFIER

The drawback of the high vacuum cathode-ray tube is its insensitivity to low values
of deflecting potentials. In this article G. Parr describes a simple voltage amplifier

which can be adapted to a variety of uses

OME time ago the writer had oc-
scasion to observe an A.F. poten-
tial of a few volts on a cathode-

ray tube which was not fitted with the
usual internal amplifier. Accordingly
a "hook-up" circuit was necessary, and
in order to make it as flexible as pos-
sible the circuit below was made up.

The valves used were power pentodes
of the 6F6 type, which happened to be
available, although 6C6's would be
more suitable. The power pentodes
are wasteful of anode current but have
the advantage of accepting a reasonable
grid swing, such as may be encountered
in transients, without overloading. The
circuit can, however, be adapted to any
type of H.F. or L.F. pentode provided
that they are reasonably matched.

It is well known that the deflection
circuits of the cathode-ray tube should
be symmetrical with respect to the
anode if defocusing is to be avoided. To
obtain a symmetrical output the circuit
was therefore arranged as shown. The
first pentode is capacity coupled to the
second with the lead taken to terminal
i of the output. The output from the
second pentode is then connected to ter-
minal 2 and the deflector plates are con-
nected between 1 and 2, the earth ter-
minal being connected to the anode of
the tube. If the input to the second
pentode is adjusted to equal that of the
first a symmetrical trace will be
obtained.

With this circuit, two alternatives are
possible. By using terminal 2 and
earth, a two stage amplifier is available
for deflection, which will not be sym-
metrical but which is useful if the in-
put is too low for the single " para-
phase " amplifier. Or the output front
the first stage may be tapped from ter-
minal 1 and the earth return. Finally,
by providing a two-way double pole
switch, the pentodes can be converted
into triodes if required.

The connections to this switch are
shown at the top of the diagram. The
screens are connected to the centre
points and the upper contacts are taken
to H.T. + through dropping resistances
of ioo,000 ohms. On moving the switch
to the down position (T) the screens are
connected direct to the anodes.

The valves are mounted on a sheet of
aluminium or tinplate measuring 7 in.
by 7 in, Two of the sides are bent down
to form flaps x/ in. deep, leaving a top
platform 4 in. by 7 in. which is ample
to accommodate all the components on
the underside.

The following values of components
were used :
Ri Anode load 20,000 ohms r watt.

E
The circuit of the amplifier. It can be used as a one- or two -stage amplifier by

selecting the output terminals.

addition of a screened lead for the top
grid connection.

With 6C6's the circuit constants are
modified as follows :

Rt roo,000 ohms r watt.
R2 As before.
R3 300 ohms.
R4 0.4 meg.

Condensers as before.
The gain is then approximately 6o

per stage as against 10-20, but the out-
put voltage is low.

When checking the amplifier, apply a
known signal of, say, 2 volts A.C. to

0 HT+

R2 Grid resistance 0.5 meg.
R3 Bias resistance 3,000 ohms r watt.
R4 Screen resistance 15,000 ohms

watt.
Cr Input condenser o.1 mfd. 500 volts

working tubuluar.
C2 Coupling condenser o. 1 mfd.

working.
C3 Cathode by-pass condenser 25-50

mfd. x2 volts working.
With 30o volts H.T. from a standard

rectifier unit the total current taken is
approximately zo mA., but this can be
reduced considerably by reducing the
screen voltage.

The screen voltage is a convenient
.method of altering the overall gain of
the amplifier and can be reduced with
advantage if a high input swing is not
anticipated. The valves are working
at the lowest point of their characteris-
tic, but the anode voltage swing is
ample for ordinary deflection.

It should be pointed out again that
the use of 6C6 valves will result in a
much higher overall gain, and the con-
structional work is the same, with the

Please ask your bookstall or newsagent

to reserve a copy of ELECTRONICS AND

TELEVISION & Short -Wave World

each month and avoid disappointment.

the input terminals. Then connecting
the deflector plates between terminal
and earth, measure the height of the
wave on the screen. Transfer the de-
flector plate to terminal 2 and alter the
second gain control until the same am-
plitude of wave is obtained. The am-
plifier is now balanced for symmetrical
deflection, and if the plates are finally
connected between r and 2 an ampli-
tude of twice the previous value should
be seen.

This point on the gain control should
be marked so that the amplifier can be
set for paraphase operation without the
trouble of calibrating each time. For
two -stage working it is probable that
maximum gain will be required on the
second stage and the gain control can
be turned up accordingly,

Lenses and prisms for use with
ultra -violet and infra -red light are
now being made from single large
crystals of rock salt, potassium bro-
mide, lithium fluoride and other salts.
Crystals made by a new process have
been " grown " to weights as much
as 25 pounds and sizes of 8 in, in dia-
meter and ro in. long. Lenses of
this type are used because ordinary
optical glass is almost opaque to
ultra -violet light.



October, 1939 ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD 583

TAKE
COVER!

THE DESIGN OF
SOUND AMPLIFIER SYSTEMS

'FOR WARNINGS IN FACTORIES
This article is a survey of the methods by which factories and offices employing large staffs can ensure
that adequate warning of air raids is given in time of emergency and that the necessary evacuation
of premises to air raid shelters can be controlled efficiently and quickly by " key " men, in strategic

positions.

WE have long been familiar
with the applications of
sound amplifying equipment

in assisting the human voice, as ex-
emplified by the use of P.A. equip-
ment by orators and at open-air
gatherings under such conditions
speakers would be inaudible except to
a few.

A new and now vitally important
application is that of relaying air raid
warnings and the control of large
numbers of people in a manner simi-
lar to that often employed by the
mobile police.

For factory or office premises,
where the wail of the sirens may pass
unnoticed amid the noise of machin-
ery, or the clacking of typewriters, an
externally situated microphone with
an amplifier relaying the warning to
all parts of the building by means of
loudspeakers would be quite satisfac-
tory. The idea is essentially practi-
cal and may be enlarged upon.

While the simple method of relay-
ing all noises picked up by an outside
microphone to all parts of the pre-
mises during working hours has much
in its favour, it may prove to be a
source of distraction to workers and
possibly cause confusion by the imme-
diate and unorganised response to
a warning.

It is preferable that a single loud-
speaker in the office of an executive
or key man should be the first indica-
tor of a warning. The alarm may
then be switched through to each de-
partment in turn, or all simultan-
eously, and a second microphone used
to convey directions for the orderly
movement to shelter.

The requirements of a " key man"
announcer are an intimate knowledge
of the premises and numbers of peo-
ple employed in the departments, the
positions and capacities of the shel-
ters, the names of the foremen or
other officials in the department, to-
gether with other items which will
present themselves in individual cases
-and, of course, a cool head and
clear voice.

Code calls in the form of tones

generated in a local oscillator and fed
into the main amplifier could be de-
vised. The signalling from shelters
to control positions by this method is
one application. For example, the
familiar G.P.O. " burr burr " might
mean " Shelter full," and the en-
gaged tone might be interpreted as

Assistance needed." A tone gener-
ator can be a very simple device and
several code practice generators
which have been described in past
issues of TELEVISION AND SHORT-
WAVE WORLD, would prove suitable.

Whilst existing call systems may
be utilised and even theatre sound
systems pressed into service with
little difficulty, it is assumed in the
following suggestions that no equip-
ment of any kind is available. It
will readily be seen from the later
points in this article how the above -
mentioned equipment may be ar-
ranged to best advantage.

First the amplifier. For relaying
warning by external microphone, the

cheap and become cheaper when pur-
chased in quantity; it is safer to err
on the side of excess power than
otherwise.

Three or five watts on a single
speaker will easily suffice for an office
employing about twenty people under
normal conditions, but in a busy
machine shop, thirty watts may prove
barely adequate. The following
table may be of assistance. The use
of ordinary loudspeakers has been
assumed, but it must be borne in mind
that considerable improvement will
result if more efficient and/or direc-
tional types are employed. Area has
been taken into consideration as not
exceeding zoo sq. ft. per person.

Quiet Noisy
Office. Fac:tory. Factory.

People. Watts. Watts. Watts.
I0
30

100
300

7
15

30

3
15

30
6c,

15
3o
6o
6o

Theoretical circuit
for buzzer system.

PLor .5,eAKER -

amplifier should have for preference a
frequency response extending only
over the range covered by the sirens.
This point assumes importance when
traffic and other extraneous noises
which would give rise to undesirable
" interference " are considered. A
simple filter circuit should achieve
this object.

The question of power output is of
importance, since watts are relatively

ESfieake,1

In case it might be thought that the
figure for 30o people in a noisy fac-
tory is erroneous it is suggested that
sufficient warning could be given so
that machinery could at once be shut
down thus providing " quiet factory"
conditions. Further, it is assumed
that on powers of 15 watts and over,
the sound is distributed over speak-
ers carrying 5 to 8 watts each, accord-
ing to their size, and sensitivity. The
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use of speakers of the 15 -watt class
is desirable for large premises.

Speakers should be placed so that
an effective volume of sound is avail-
able in corridors and rooms outside
of, but adjacent to, the main office or
workshop. If necessary, extra power
and speakers may be apportioned.

Since a 3o -watt amplifier costs
little more than a I5 -watt type (about
20 to 45 per cent., according to the
number of speakers, record playing,
and other equipment) it is suggested
that a 3o -watt amplifier be counted on
at the outset. The most advantag-
eous ratio of watts per Z. is reached
at this figure, and it is cheaper to add

The line from the warning micro-
phone should be of low impedance
(about 200 ohms) and speakers or
groups of speakers at any consider-
able distance from the amplifier
should be " taken out " at zoo ohms
or 500 ohms, and re -distributed via a
matching transformer to avoid power
losses and use of heavy cables. It
is important that a strategic group of
speakers could not be put out of action
through a failure of a single line. 15 -
ohm speakers may be put in series or
series -parallel groups though in the
series connection, speakers in a chain
may be put out of action by the failure
of a single speaker or connection.

////477/////

Roo, N/cRoAvoive-

kw/kir/Et 60.1V

64/N Contnwcs

C)1Con, -rr(od._
c

SPEAKER,
.0/577Qh6uPON
SW/TCH

130.4/Z0

OvrAu rs

Ity II
rA R.N/lv G

ifecoozo /9.4YE,

efoms, Corvevecrzav

Diagram of suggested layout of warning system for factory and offices employing about 300 persons. The figures of wattage marked on the
loudspeakers is the suggested distribution of power and can be achieved by proper matching of impedances. Good earth connections

are necessary for proper working of the buzzers.

ponce, the output is decreased by the
additional capacity; generally speak-
ing, therefore, it is unsuitable. The
carbon microphone requires energis-
ing, tends to pack during continued
use, and is noisy; the output, how-
ever, is high and a line transformer
may be used. The moving coil micro-
phone appears to be the most suit-
able since it has the advantages of
the carbon type without the troubles
of packing and energising.

Care in protection of the external
microphone from weather is import-
ant, and a suitable housing should be
contrived, damp in particular being
excluded. The microphone may be

5/ ONA CLING Pa -1W BC/ TTONS

WoRICJNOP
5/..e4.nny

SvEL-rER._
SPEAKERS

sufficient 3o -watt channels to produce
the wattage required, than to pur-
chase a single high -power amplifier.
Duplication of equipment is a result-
ant advantage to be considered.

At this point, the author would
-respectfully dray, the reader's atten-
tion to the Premier 30 to 6o watt am-
plifier which is a most economical pro-
position, and eminently suitable for
the purpose. It would be well to
consider the arrangement of the wir-
ing so that a complete key point-that
is, amplifier, microphone, etc.-may
be moved if necessary to another posi
tion in the event of the first becoming
dangerous.

Simplicity of wiring is important.

B4 Tre/jr

Discretion must dictate the ar-
rangement for individual cases. With
plenty of reserve power line losses
may be heavy without reducing the
overall effectiveness of the system and
bell wire may be used.

The possibility of plugging in a
record player must not be overlooked
where the speaker system extends to
shelters adjacent to, or in a part of,
the factory. Now for a few points
on the provision of the remainder of
the equipment.

Microphones.-The crystal micro-
phone, besides being rather expen-
sive, has a low output at high
impedance and, while a screened lead
has no effect on the frequency res-

turned to face the nearest siren and
may even have a directional flare or
megaphone attached, to secure the
greatest signal-to-noise ratio.

Loudspeakers.-Speakers may, for
economy, be of the 8 in. or so in.
P.M. type, commonly available in flat
or box baffles for office or similar pre-
mises, and in short " flare " dust -
proof baffles for factory premises.
Horn type projection speakers may
be recommended for their high effi-
ciency and directivity.

The average good io in. P.M.
speaker will handle about 6 watts in
a flat baffle and 8 or 9 watts in a fair-
sized flare extending from 52 in. to

(Continued at foot of page 587)
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FOR THE SERVICE ENGINEER

SIGNAL TRACING
IN

SUPERHET
OSCILLATORS

By Jokn F. Rider
Author of " Successful Servicing "

SIGNAL tracing in oscillator cir-
cuits differs from that in other
parts of the receiver in that the

signal to be checked is generated by
the set oscillator and not supplied by
an external signal generator. In
some sets, the heterodyning oscillator
signal is developed by a separate
valve and circuit which is coupled to
the mixer circuit; in other sets, the
functions of the mixer and oscillator
are combined within a single valve.
No matter which system is used, the
purpose of the oscillator is to provide
a signal of the proper frequency to
combine with the incoming R.F. sig-
nal and produce, in the mixer, the
intermediate frequency at which the
I.F. amplifier is designed to operate.
This is illustrated in the block dia-
gram, Fig. 1. In this diagram, the
R.F. signal in the aerial circuit has
a frequency of J,000 kc. The inter-
mediate -frequency amplifier is de-
signed for a 450 kc. signal. We can
produce an I.F. signal of such fre-
quency by tuning the oscillator to

/000
KC

QF /000
KC

M/XER
450

/450
KC

osc. I

KC
IF

Fig. 1. This block diagram shows where the frequency of the signal
is changed before going through the I.F. amplifier.

1,450 kc. Then, when both the t,000
kc. R.F. signal and the 1,450 kc.
oscillator output are fed to the mixer,
a signal representing the difference
between 1,450 and t,000 or 450 kc. is
developed in the mixer. Other com-
binations occur also, and the 45,0 kc.
signal likewise would result if the

The writer of this article, John F. Rider,
is well known to radio amateurs and
servicemen both in America and this
country for his bqoks and articles on

radio servicing.

oscillator were tuned to a frequency
of 55o kc., which is 450 kc. lower
than the R.F. signal, since the differ-
ence between i,000 and 55o would
also be 450. In actual practice most
receiver oscillator circuits are de-
signed to operate at a frequency
which is higher than that of the in-
coming R.F. signal.

Any amplifier valve may be used as'
a superheterodyne oscillator and we

8+

Fig. 2. Fundamental oscillator circuits used in superheterodynes. They are : A, the Hartley
Oscillator ; B, Hartley with plate voltage fed through R.F. choke ; C, the Colpitts oscillator ;

and D, the tickler -feedback circuit.

find in commercial practice that tri-
odes, tetrodes, and pentodes are em-
ployed. When the oscillator is com-
bined with the mixer, a pentagrid
converter tube is generally used
though this same action can likewise
be performed, but less efficiently, by
any of the simpler amplifier valves.

A wide variety of oscillator circuits
is to be found in broadcast receivers,
but actually these are simply minor
variations of a few fundamental cir-
cuits which are shown in Fig.2. Of
these circuits, most sets use either
the Hartley (Fig. 2A) or the tickler
feedback (Fig. 2D). In the Hartley
circuit, the signal voltage developed
between cathode and earth (which is
equivalent to the signal voltage be-
tween anode and cathode since the
plate is bypassed to earth) is coupled
back into the grid circuit to produce
oscillation. The number of turns
above earth at the point to which the
cathode is connected determines the
amount of feedback in the circuit and
consequently governs the oscillator
voltage developed. This tap like-
wise is chosen to produce relatively
uniform oscillation over the tuning
range of the oscillator. It is import-
ant to remember the influence of the
tap position with regard to oscillator
performance. Sometimes the wire
becomes loose on the coil form so that
the amount of feedback is less than
it should be. Then the oscillator
performance will be affected, causing
" dead spots," wide variation in
oscillator voltage over the tuning
range, poor tracking and misalign-
ment. These faults may occur in all
the circuits shown and are readily re-
vealed in the signal -tracing process.

The circuit of Fig. 2B is the same
Hartley circuit but the anode voltage
is fed through an R.F. choke to the
tuned circuit. The characteristics of
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Checking Frequency Stability
the two circuits are similar. The
Colpitts circuit of Fig. 2C is seldom
used in receivers though frequently in
transmitters. Feedback is obtained
through the condenser C2 and is de-
termined by the ratio of the capacities
of CI and C2 and the amount of feed-
back. The R.F. choke is provided
merely to act as a return path to
earth.

One of the most widely used cir-
cuits is that of Fig. 2D. This is the
familiar tickler -feedback circuit, in
which a coil in the anode circuit is
coupled inductively to the grid coil
in proper phase relationship to pro-
duce oscillation.

voltage which is caused by rectifica-
tion of the oscillator signal voltage in
the grid circuit of the oscillator valve.
We should expect this voltage to be
of the order of -to to -3o volts. It
is unlikely in any event that the volt-
age will become too high, since the
oscillator circuit is ordinarily so de-
signed that the maximum signal volt-
age can be developed only when all
components of the circuit, including
the valve, are new and functioning
properly. Any effects which cause
trouble in this circuit normally tend
to lower the signal voltage, rather
than raise it.

The oscillator voltage is coupled

the reaction of the probe cable upon
the circuit under test. It is also pos-
sible to make such measurements by
opening the oscillator grid leak
connection to the oscillator cath-
ode and inserting a microammeter
(approximately i,000 micro -amps. full
scale) in series with the oscillator grid
leak. If the grid leak resistance is
50,000 ohms, the current through
the resistance should not be less than
120 nor more than Soo micro -amps.
The uniformity of oscillation over the
operating range is tested by simply
rotating the receiver gang condenser
over its range and, with the test in-
strument connected, noting the varia-

8+

3000 00025

R
54000

Fig. 3. A portion of the mixer -oscillator circuit of the Colonial
Model 47, 48.

The proper oscillator signal volt-
age required depends on the type of
mixer used and the method of coup-
ling to the mixer circuit. If a pen-
tode mixer is employed, the peak
oscillator signal voltage applied to
the pentode grid should not be
greater than 9 volts when the d.c.
bias of the pentode mixer is -to
volts. For any other bias, the peak
oscillator signal voltage should be one
volt less than the pentode grid bias.
In pentagrid mixers, such as the 6L7,
the peak oscillator signal voltage
should not be less than 12 to 18 volts,
depending upon the operating volt-
ages of the 6L7. Any normally ob-
tained value in excess of this mini-
mum voltage is satisfactory.

It is seldom necessary to measure
the oscillator peak voltage directly
since D.C. voltage measurements
will give us all the information we
need. Consider the oscillator and
mixer circuit of the Colonial 47, 48,
shown in Fig. 3. As a result of oscil-
lation, grid current flows through the
resistor RI causing a negative volt-
age at point 2 with respect to the
cathode. This is a pulsating D.C.

-f-c2cr-

J-

G.T7

,c)

Fig. 4. In this mixer -oscillator circuit of the RCA Model C94, the
6J7 is the oscillator and 6L7, the mixer.

into the cathode circuit of the type
35 mixer in this receiver by means of
the inductive coupling between coils
Li and L2. Li is in series with the
cathode bias resistor for the mixer
valve. If the oscillator voltage fed
into the cathode circuit should be-
come excessive, grid current would
flow in the mixer circuit, causing
an increase in the cathode bias volt-
age. This condition can be checked
by measuring the mixer cathode bias
voltage and noting if the bias voltage
changes when operation of the oscil-
lator is stopped. If the circuit is per-
forming properly, there should be no
change. If the cathode voltage be-
comes lower when the oscillator is
not working, then the oscillator sig-
nal voltage across Li is too high.
One condition which might cause this
trouble would be a change in position
of Li which would increase its coup-
ling to L2.

Measurements of the D.C. voltage
across the oscillator grid leak prefer-
ably should be made with a very high
resistance voltmeter and the test leads
should be very short unless a probe
is used with some means for isolating

tion in the D.C. voltage as the oscil-
lator is tuned. If, at any point, the
valve stops oscillating, the voltage
will drop to zero or become positive
with respect to the cathode. Some
oscillator circuits employ a cathode
resistor and in such cases, the oscilla-
tor grid voltage may read negative
with respect to earth, though not to
cathode, even when the valve is not
oscillating.

Frequency
Stability

Frequency stability is checked by
means of a resonated valve voltmeter,
calibrated in frequency over the oper-
ating range of the oscillator to be
tested. The test is made by connect-
ing the test probe to some portion of
the oscillator circuit where the sig-
nal voltage is indicated. The reson-
ated valve voltmeter is then tuned
until its indicating device gives a
maximum reading. If the oscillator
frequency should change, the volt-
meter will no longer show a maximum
indication, but may be retuned to a
maximum by adjusting it to the fre-
quency to which the oscillator has
drifted. The amount of frequency
change which takes place may be
determined by comparing the initial
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frequency setting with that to which
the voltmeter must be tuned to restore
the original indication. Thus, if the
oscillator signal frequency were
originally 1,5oo kc. and the frequency
to which it had drifted were 1,700 kc.,
the amount of oscillator drift is 1,70o-
1,500 or 200 kc.

Proper tracking may be checked by
signal tracing, not only at the align-
ing and padding frequencies, but also
at any other frequency over the tun-
ing range. By measuring the operat-
ing frequency of the oscillator at any
setting of the tuning condenser, one
can find out if it is precisely tuned to
produce the required intermediate
frequency for the incoming R.F. sig-
nal to which the receiver is tuned.

The resonating valve voltmeter (or
any highly sensitive frequency meter)
is used in making these tests. This
instrument is similar to that employed
in making tests by signal tracing in
other portions of a superheterodyne
receiver ahead of second detector. Its
probe is placed sufficiently close to the
oscillating circuit to provide enough
oscillator signal pickup to give an
indication on the test instrument and
the signal frequency is determined by
noting the frequency calibration point
on the indicating instrument at which
a maximum indication is secured.

Let us take a simple oscillator cir-
cuit and test and trace its signal by

this method. File circuit of Fig. 4
is used in the R.C.A. model C9-4 re-
ceiver and will serve as an example
for praCtical application of this test
system. We shall assume that the
receiver is inoperative, yet signal
tracing of the R.F. signal has shown
that the R.F. signal is present in the
mixer circuit. The first test is to
discover if the oscillator is function-
ing. This is done by connecting the
voltmeter from point 2 (the oscillator
control grid) to earth and noting if a
negative voltage is present. If so,
the tube is oscillating and further
tests will be required. If the voltage
at point 2 is zero or positive, then the
trouble is immediately localised in the
oscillator circuit and tests of indivi-
dual components will determine the
exact cause.

If we find that the oscillator cir-
cuit is functioning, then we should
check the frequency- with the resonat-
ing valve voltmeter. This is done by
placing the test probe on the stator
of the oscillator condenser or the con-
trol grid of the oscillator valve. The
signal voltage will cause the test in-
strument to give maximum indication
when it is tuned to resonance with
the frequency at which the oscillator
is operating. If the incoming signal
is- 600 kc. and the intermediate fre-
quency 465 kc., the oscillator should
be operating at 1,065 kc. If the

measured frequency differs greatly
from this the trouble is then localised
to some component which affects the
tuning of this circuit.

The actual frequency measured may
give a clue to the trouble. If the
padding condenser C, is shorted the
frequency of the oscillator will be
lower than 1,065 under the above con-
ditions, and in fact will be only
slightly higher than 600 kc. A short
in the tuning coil or loose turns raises
the oscillator frequency to a value
higher than 1,065 kc. An open cir-
cuit in C2 also increases the frequency
since the only tuning capacity is then
the residual of the circuit.

Having checked the oscillator fre-
quency the next step is to see if the
oscillator signal reaches the mixer
circuit. In Fig. 4 it will be noted
that the mixer injector grid is directly
connected to the oscillator cathode.
Check first at point 3, noting the sig-
nal level at this point. It will be
lower in voltage than at points 1 and
2 since it is only a portion of the volt-
age across the oscillator coil. Now
move the test prod to point 4-the
voltage should be the same as at 3.
A short circuit to earth at 3 or 4
would short out the feedback winding
of the oscillator and stop oscillation.
This, however, would be found on the
initial test for oscillator operations.

"Sound Amplifying Systems for Raid
Warnings "

(Continued from page 5 84)

3o in. square section. For large pre-
mises the author can particularly re-
commend the pendant type flare
speaker where a high ceiling makes
it possible to take fullest advantage
of the excellent sound distribution
characteristics of this type.

Other types to be particularly re-
commended are the Rola G I 2 models,
these being suitable for fairly large
powers.

Where the possibility of electricity
supply failure exists, it may be wise
to consider the provision of a stand-
by power source consisting of bat-
teries and vibrator or motor generator
units. The Premier Radio Co., Ltd.,
list such a unit in their new catalogue
and have also a " mobile " edition
of the 3o -6o watt amplifier available
as a 25 -watt self-contained unit
operating on car type accumulators
or mains at will.

It is to be hoped that these few
notes will assist harassed executives

and engineers to find a satisfactory
solution to some problems which,
since the actual conditions of opera-
tion have not yet arisen, and, let us
hope, will not arise, are a subject of
much speculation.

A Useful Booklet for the
Service Engineer

The Wireless and Electrical Tkader
have recently published a booklet on
the " Cathode-ray Oscilloscope and
Its Uses in Radio Servicing." Writ-
ten by Mr. W. E. Miller, the Tech-
nical Editor of the paper, it embodies
the subject matter of a series of
articles by him which have appeared
from time to time.

Please ask your bookstall or newsagent
to reserve a copy of ELECTRONICS AND
TELEVISION & Short -Wave World
each month and avoid disappointment.
Mention of " Electronics and Television
& Short-wave World " when correspond-
ing with advertisers will ensure prompt

attention.

Commencing with the theory of the
tube and the power supply, the vari-
ous applications are then described
with excellent photographic illustra-
tions.

A particularly useful section is
" Tracing Hum," which shows oscil-
lograms of ripple output in conven-
tional rectifier circuits. The effect of
defective reservoir or smoothing con-
densers is clearly shown. A further
series of photographs illustrate the
tracing of distortion in A.F. stages.

Receiver alignment is dealt with
fully with more explanatory dia-
grams, and the booklet concludes
with notes on miscellaneous tests, in-
cluding those on vibrators in car
radio receivers.

This is a thoroughly practical and
well -illustrated book at a moderate
price (2s.). Every radio dealer who
runs his own service section should
possess a copy, and it might well be
adopted as a handbook for students
who are learning the practical side of
radio servicing at the technical
institutes.
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ASPECTS OF TELEVISION
DISCUSSED AT THE TELEVISION

CONVENTION OLYMPIA, 1939

AS announced last month a Tele-
vision Convention which was
open to the public was held at

Olympia during the last week of the
exhibition. The chairman was Mr.
H. J. Barton-Chapple.

The first speaker was Mr. R. G.
Clark, of 1VIullards, wh9 spoke of the
value of intelligent observation by
the public, and said that it must be
realised that those engaged in tele-
vision were creating a new system.

Mr. Clark emphasised that the de-
sign of transmitter and receiver were
closely interlinked, and that the most
important matter was the question of
definition. The standard was deter-
mined largely by the carrier
frequency and the range of
frequencies was limited. The use of
a lower frequency would lead to
trouble from interference and
multiple images, and the definition
would be lower. A higher frequency
would still present the multiple image
problem and would give less range,
while the generation of the necessary
power would be very difficult, if not
impossible. The present standard,
he said, represented the middle
course between prudence and
rashness.

Mr. Clark said that many trans-
mitters would be needed even for a
limited national coverage, and that
the provision of separate studios was
not favoured on account of their cost.
This left the possibility of linking the
transmitters to a single studio either
by H.F. cable or by U.H.F. radio
links. The former was not simple,
and its cost was high, while the latter
were liable to interference.

The past year had shown real
engineering development. The pro-
duction of special types of valves had
simplified receivers and gave them
greater reliability. The C.R. tube,
too, had been improved in every way
-it was more compaLt, had a smaller
and more uniform spot, had greater
sensitivity, and a better screen of im-
proved colour and higher luminosity.
Controls on receivers had been re-
duced to a minimum.

Mr. T. C. NIacnamara, of the
B.B.C., dealt with transmitting prob-

lems. Considerable improvement had
been made in details in the last year,
and the most important was the
introduction of a second studio. The
provision of a central control room
was also important.

Cameras had been improved ; the
Marconi-E.M.I. tubes gave better
definition and contrast than a year
ago, and their colour response was
more consistent. Studio lighting
was better; much knowledge had
been gained from the practice of film
studios, but television had its own
problems. The reason for bad light-
ing, which he admitted did occur at
times, was inadequate time for full-
dress rehearsals. It was generally
agreed that outside broadcasts were
the most important, for there was no
other visual medium with a com-
pletely topical flavour.

Much work has been done in the
installation of O.B. gear, and several
methods of linking it up with Alexan-
dra Palace were available-U.S.W.
radio, balanced cable and balanced
cable plus telephone line. It was
possible to use r to 4 miles of
ordinary telephone line with a re-
peater every mile.

Referring to the range of Alexan-
dra Palace, Mr. Macnamara said that
it had been expected to be about 25
miles, but it had turned out to have a
safe range of nearer 35 miles. Good
reception had been obtained up to 7o
miles. The range was limited by
car -ignition interference. If all cars
were fitted with suppressors the
range would be very greatly
increased.

Ultra -high
Frequencies

The next speaker was Mr. Owen
Harries, who dealt with the possi-
bility of using wavelengths below
two metres. He stressed the need
for new research on such wave-
lengths, both on their production and
on their propagation. He was of the
opinion that there would be no abrupt
change of field strength at the hori-
zon, and he did not think that with
high power the range would prove
unduly limited. The difficulty was to

generate high power, and up to the
present only a few watts had been
produced.

In America a method had been de-
veloped in which a beam of electrons
in an applied field had a natural
frequency and a negative resistance.
The difficulty was that the wave-
length depended on the voltage and
current, and no one had yet shown a
way of amplifying or modulating
with such systems.

It was practicable to transmit very
short waves down a metal tube with
conductive walls, and by placing a
horn at the end, reflections could be
avoided. The system was reminis-
cent of a speaking tube and was
highly directional.

Mr. Harries also referred to the
possibilities of micro -waves in
medical practice. 'they had been tried
in Germany for anaasthesia, and were
said to have no after-effects. A
U.H.F. field applied to the head re-
sulted in unconsciousness which
lasted as long as the field was applied.

During the discussion which
followed Mr. Davis expressed his
conviction that the British television
system was sound. The adoption of
405 lines was originally a bold
decision which had been justified by
events, and he did not think a change
would be necessary for years to come.
In the case of cinema television a
greater number of lines would be de-
sirable because of the direct com-
parison with films.

Mr. Lance expressed the view that
more elaborate aerials and new
circuits for ignition interference sup-
pression would be the next develop-
ments. Dipoles had been used for
years, but he hoped that something
better might be found.

Mr. Barton-Chapple asked if it
were possible to screen micro -waves
adequately so that they would not
prove dangerous to the engineers,
and he also referred to the possibility
of using vertically and horizontally
polarised waves of the same
frequency without mutual inter-
ferance.

In reply Messrs. Clark, Macnamara
and Harries agreed that the screening
of micro -waves was difficult. They did'
not feel that it would be possible to
avoid interference between stations
on the same wavelength by using
vertical polarisation for one and hori-
zontal for the other on account of the
tilting of the wavefront. Tilts of 2o
degrees had been measured on the
Alexandra Palace signals.
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HOW TELEVISION RECEIVERS HAVE IMPROVED

U.H.F.
DESIGN
TRENDS

IN

TELEVISION
RECEIVERS
LOOKING back at the last few

years of ultra -high frequency
television broadcast, it is inter-

esting to note the change from bulky
receivers bristling with controls, to
the compact models having only two
or three controls, and looking more
like articles of furniture.

In the early days of radio the same
change occurred. Multi -gang con-
densers and high efficiency screened
coils were unknown, and the natural
result was a great elaboration and
size of apparatus. A change due to
the coming of high efficiency valves
and other apparatus was inevitable.
The parallel change in television,
however, has been on a different
scale, having begun with many ad-
vantages due to past developments of
radio, and the account given here
illustrates the rapid development of
high -frequency vision receivers
during the last three years.

A good example of an early vision
receiver is shown by Fig. 1. It is
clear from this illust-ation that many
stages of amplification were necessary
to give the desired performance.
Six high slope television pentodes

were used, together with a triode, and
one double diode. These were con-
nected in the sequence-H.F. pentode
mixer using a separate triode oscilla-
tor, four stages of intermediate
frequency amplification, push-pull
rectification, and one stage of video
amplification. This receiver had a
sensitivity of the order of 250 micro-
volts, and a bandwidth of approxi-
mately 2 megacycles. There were
three controls-tuning, sensitivity,
and picture contrast, this latter
operating on the video stage only.

For the layout of this receiver, a

Fig. 1. An early vision receiver employing many stages of amplification.

simple scheme was adopted in which
the tuned high frequency coils and
trimming condensers were enclosed
inside a series of aluminium screening
cans, which were mounted in line on

This article by

C. E. Maitland, B.Sc. (Eng.)
of Baird Television Ltd., details the

improvements made in receiver

design in the last two years.

the upper side of a long steel chassis.
Underneath this chassis lay the H.T.
dropping resistances, by-pass con-
densers and other components with
their associated wiring.

This arrangement gave sufficient
screening  to ensure stability, the
spacing of the valves in one line on a
long chassis aiding in this by main-
taining the maximum distance be-
tween points of highest gain.

The next receiver is illustrated in
Fig. 2, from which will be seen the
striking change in layout. In this re-
ceiver three secondary emitter valves
and one diode were used, arranged to
give two stages of straight high
frequency amplification, rectification,
and one stage of video amplification.
The great improvement in valve
characteristics will be seen from the
following comparison between the
valves of the two receivers given
in the next column.

Television Secondary
pentode emitter

Mullard TSP4 Mullard TSE4
Mutual conductance 4.7 mA 14.5 mA

per volt per volt
Input capacity 9.6 mmfd ro mmfd
Output capacity 7.5 mmfd 9.3 mmfd
Grid damping 5 ,000 ohms 2,40o ohms

min. at 45 Mc. at 45 Mc.
The later receiver has a consider-

ably better performance than the
previous one, giving greater sensi-
tivity, better picture detail, and
greater freedom from mush. Con-
trols are reduced to one, since the
tuning is pre-set, and the gain con-
trol alone is needed.

The layout in this case has departed
from the idea of a chassis fitted with
separate screening cans. Instead,
chassis and screens were combined.
The construction was such that a
framework of copper sheet, bent into
a certain shape, and fitted with three
separate covers, formed a compact
assembly, consisting of three adjacent
screened compartments. For each
compartment, the sides were made by
the turn -ups from the main frame-
work, and the top and two ends were
accounted for by the cover. Small
flanges in appropriate positions en-
sured the fixing of the covers, and
also served to improve the metallic
contact between the various parts.

It is to be expected that a 45 mega-
cycle straight H.F. receiver of high
sensitivity would require many pre-
cautions against instability, H.F.
losses, and other troubles, and this
was certainly the case. The copper
screening just described overcame
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Super -het V " Straight 31

Figs. 2 and 3. Two views of a receiver which owing to improvement in valve characteristics allowed of considerable modification of design.

many such difficulties by enabling by-
pass and earth return circuits to be
made most effectively. The arrange-
ment of the components inside the
different compartments was also con-
sidered with the same end in view.
An inside view of the receiver (Fig.
3) shows how components were laid
out to make all H.F. wiring as short
as possible, and to reduce stray
capacity to a minimum. From this
photograph it can be seen that the
valves were mounted in a position to
allow the top cap grid connection, and
the anode and other base connections,
to appear on opposite sides of the
main framework. Since the second
valve was inverted in relation to the
other two, each compartment con-
tained the components for one stage
of amplification, that is, all the cir-
cuit between the anode of one valve
and the grid of the next.

Very satisfactory performance was
obtained with this receiver, which
appeared to justify the attention given
to the details of its construction.

One question which arose during
the design of this receiver was-
would a superhet give any better per-
formance? A three valve superhet
receiver using TSE4 valves was
actually constructed during the de-
velopment of the other model to
answer this question.

The result was to confirm the
opinion that a high sensitivity super -
het receiver needs an H.F. stage pre-
ceding the mixer valve to prevent too

much mush from that valve. This
being the case, it was obvious that
the receiver would need to have four
valves, in order to retain the advan-
tage of I.F. amplification.

Straight
Receivers

The same consideration was taken
into account in designing the next
receiver, again a three valve straight
H.F. model. This model, just de-
veloped, presents another striking re-
duction in size, as well as many other
interesting features. There is, for
example, a much simpler construc-
tion, and a great reduction in the total
number of parts. This time a steel
chassis was used, and all the H.F.
components were mounted on one

side, as can be seen from the photo-
graph Fig. 4. Less elaborate screen-
ing was required, and three sheet -iron
covers (not shown) were fitted so that
the two edges of adjacent covers came
across the middle of each valveholder,
leaving a small clearance at this
point.

Increased
Simplification

All the valve connections being on
the one base, such screening effec-
tively isolated the anode and grid of
each valve, together with the H.F.
circuits. It was found that the re-
duced dimensions of this valve, and
the introduction of the single ended
base connection in place of the more
usual base and top cap connection

Fig. 4. Further simplification of design is apparent in this straight H.F. model.
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contributed much to the improved
performance of the receiver. Charac-
teristics of the valve are given below.
Mullard EE5o secondary emitter valve
Mutual conductance 14 mA per volt
Input capacity 7.7 mmfd.
Output capacity 7.7 mmfd.
Grid damping 9,000 ohms at 45 Mc.

This receiver illustrated the fact,
often met in high frequency work,
that the most effective design from
the point of view of performance is
that which leads to the simplest and
most compact construction.

This trend in the receivers gener-
ally is illustrated in the drawing, Fig.
5, which shows the move towards
compactness of design, while the
graphs of performance show how the
receivers at the same time have im-
proved both as regards picture quality
and signal sensitivity.

In conclusion, the writer would like
to thank Messrs. Baird Television,
Ltd., for permission to publish this
article.

Mention of " Electronics and Television
& Short-wave World " when corres-
ponding with advertisers will ensure

prompt attention.
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Fig. 5. Relative receiver sizes and relative performances in the last three years.

Television in Italian War
Planes

Squadron Already Equipped

MAJOR
C. C. TURNER, writ-

ing in the Daily Telegraph and
Morning Post, says that ac-

cording to a New York newspaper
Italy has an air squadron equipped
with radio television sets.

It is claimed that difficulties due to
the weight of the ordinary television
installation, and to the need for very
strong light, have been overcome.
The installation, it is stated, has been
reduced to " flying " weight, and
daylight, even without direct sun-
light, is sufficiently strong.

At first the application of this dis-
covery was limited to transmission of
pictures of cloud formations to a
ground station, or similar pictures
from the ground to the 'plane, but it
is now claimed that from a 'plane at
a height of 6,000 ft. a motor car on a
road can be seen clearly enough to
recognise its make. A television
range of 100 miles is said to be
attained.

The application of this discovery to
" spotting " for the artillery is fore-
shadowed, and may even now be
practicable.

Experiments have been in progress
in several countries for some time.

The televising of actual scenes
from the air should not be confused
with the employment of the infra -red
ray for " seeing " objects, such as
'planes or ships, hidden in fog. As
long ago as August 23, 1935, The
Daily Telegraph reported on an
invention which revealed to the
observer a 'plane four miles away in
cloud and a ship 12 miles distant.

Air Ministry
Research

Four years ago the Air Ministry
financed television research under-
taken by the National Physical
Laboratory. This had in view the
installation in a 'plane of a screen on
which the pilot could see a spot, re-
presenting his 'plane, moving over a
map of the aerodrome, and enabling
him to approach and land in fog.

This was a very different method
from that of the Lorenz, or other
" blind " landing system, which
guide a pilot during his approach,
and inform him automatically of his
height from the ground as he comes
in.

In August, 1935, a decree by

Hitler directed that television in Ger-
many should be placed under the Air
Ministry. All television apparatus
came under regulations relating to
military equipment. The fact that
television can be used in war was at
that time new to the general public.

Luminescent Afterglow
The afterglow of luminescent sub-

stances excited by cathode rays can
be represented by two exponential
curves giving a satisfactory approxi-
mation of the initial part and the end
of the curve showing afterglow as a
function of time. The curve shape
of the afterglow depends on the ex-
citation intensity.

If interrupted excitation is used
the measurements show a strong de-
crease of the degree of modulation
for high frequencies, for instance, of
a few per cent. for ios cycles per
second. Different luminescent sub-
stances give different steepness of
curves, showing degree of modula-
tion as a function of frequency. The
degree of modulation is calculated on
the basis that the afterglow curve
consists of one and of two e -func-
tions.
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THE MURPHY

NOISE -LIMITING CIRCUIT
Although the television transmissions have been suspended for the present
particular interest attaches to the fact that steps have of late been taken
to obviate the interference caused to ultra -short wave transmissions by
interference from motor car ignition systems. This article describes the

means adopted in the latest Murphy receivers.

INTERFERENCE with television
reception caused by motor car igni-
tion systems in mild cases causes

a few small but intensely bright spots
to dance about the picture, often ac-
companied by a crackling noise from
the loudspeaker. In more severe
interference horizontal bands of these
bright spots rapidly pass up or clown
the picture, accompanied by a roar
from the loudspeaker, which may
sound almost like a machine gun.

There is no doubt that ignition in-
terference is by far the most serious
type experienced, though most people
agree that while its effect on the pic-
ture is serious, it is not so distressing
as the noise it causes the speaker to
emit.

Cause and Nature
The first step in overcoming the

interference is to find out its exact
cause and nature, and here we have
not far to seek. The earliest method
of generating wireless waves con-
sisted of causing electric sparks to
pass between two brass balls, to

A.

B.

C.

A

VOLTAGE ACROSS DIODE LOAD.

VOLTAGE AT DIODE CATHODE.

VOLTAGE AT DIODE ANODE,

which were attached lengths of wire
and metal plates. Each spark which
passed was followed by a short train
of oscillatory current in the wires
attached to the balls, and by a corre-
sponding train of wireless waves.
Exactly the same thing occurs in
the ignition system of a motor car,
and it is not surprising therefore that
every car should be an unintentional
transmitting station.

Obviously, the radiating efficiency
of the ignition system wiring cannot
compare with, that of a transmitting
aerial, but, unfortunately, what the
car lacks in transmitting efficiency in
this way, it makes up to some extent
by its very high instantaneous power.
Instantaneous currents of loo
amperes have been measured in
sparking plug leads, and to maintain
a current of this value flowing in a
transmitting dipole would require 400
k.w. In the motor car, of course,
such currents are not maintained,
and the train of radiation set up by
each spark dies away in a fraction
of a microsecond.

The wavelength of the radiation is
determined by the electrical charac-
teristics of the ignition wiring of the
car, and is usually between five and
ten metres (hence the absence of this
kind of interference on medium
waves).

But it must not be imagined that
this radiation is limited to one wave-
length, like that from a modern
broadcasting station, and can there-
fore be tuned out. The signal from
a motor car must rather be compared
with that from an early type spark
transmitter, which, as many people
know to their cost, "comes in all
round the dial."

INTERFERING

PULSE.

Fig. 2 (left). Curve showing how
the voltage at the cathode V2
varies between zero and a negative
value equal to the steady voltage

across the diode load.

Fig. 3 (right). Diagram showing
action of delaying network.

AUDIO
OUTPUT.

Fig. I. The " Dickert " noise limiting Circuit.
The basis of the means adopted in the latest

Murphy receivers.

Since the radiation from the car
is of the same nature as the wanted
signal, it is obviously difficult to do
much about it at the receiver. In-
terference can, of course, be reduced
by choosing the best location for the
aerial or by making the latter direc-
tional. Yet even where interference
might be described as " not really
bad," the peak values of the inter-
ference at the aerial may easily be
twenty times as strong as the wanted
signal.

It will, therefore, be readily under-
stood that even a three -fold improve-
ment in signal-to-noise ratio at the
aerial may not do much towards im-
proving reception. It will also be
clear why suppression at the source
is so very desirable. No doubt this
will be made compulsory in time, but
in the long meanwhile, we must do
what we can at the receiver. As a
matter of fact, the receiver does help
us without any special arrangements.

Under normal receiving conditions
the final valves in the set will be giv-
ing nearly their full output. Peaks
of interference, many times as strong
as the desired signal at the aerial,
can therefore only be reproduced at
a level somewhat greater than the
signal. The receiver has a " limit-
ing action," in other words. Since
the range of brightness that must be
produced on the cathode-ray tube is
much more definite than the range
of sound that must be produced by

'1 DIODE CATHODE.
DIODE ANODE.
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How Limiting Circuits are Used
the loudspeaker, the output stages
of the vision receiver can be designed
to be working much nearer to their
limit than the sound output stages.

In this respect, therefore, the
vision receiver is better off than the
sound receiver, and it is for this
reason (in addition to the psychologi-
cal one that the interference is more
distressing to the ear than to the
eye), that special steps have been
taken to reduce the effect of interfer-
ence on the sound receiver. It is
worth' pointing out here that the
problem of removing noise in a tele-
vision receiver is a little more hope-
ful than the general one of removing

If the modulation is too per cent.
the total voltage across the diode
load will fall to zero on one peak and
rise to double the steady mean volt-
age on the other peak of modulation.
(Curve A, Fig. 2.)

The voltage at the cathode of V2
therefore varies between zero and a
negative value equal to the steady
voltage across the diode load. (Curve
B, Fig. 2). But the anode of V2
assumes this steady voltage, so that
in the absence of noises V2 just never
conducts on too per cent. modula-
tion. A strong peak of interference
will try to make the cathode of diode
V go more negative than this, but

-R44

C44 RS4 C49

V8 100,000

C47 - C48

Rg9 R62

noise in a broadcast receiver, for
technical reasons bound up with the
relative widths of the I.F. circuits
in each.

Limiting Circuits
The most practical known circuits

for reducing the effects of car inter-
ference are " limiting circuits," de-
signed to carry out more efficiently
the natural limiting action of the
receiver.

Their operation may be illustrated
by reference to the circuit Fig. t,
which is known as the Dickert noise
limiter. Here the diode V, is shown
connected in a normal second detector
circuit. Resistors R, and R2 in
series form the diode load, and C,
the by-pass condenser. The valve
V2 is the noise limiting diode. When
a signal is received a steady negative
voltage is developed across the diode
load by the signal carrier, and an
audio voltage is superposed on this,
due to the signal modulation.

0 SPEECH

COIL
O

Rd3

Fig. 4. Essential feat-
ures of the limiting
arrangements employed
in the latest Murphy

receivers.

will not succeed, because conduction
of the diode V2 will prevent it.

In effect, the diode V2 " short-cir-
cuits" any excursions of its cathode
voltage beyond those caused by too
per cent. modulation of the received
signal. The cross -hatched area in
the diagram Fig. 2 is thus "forbid-
den" to the diode cathode.

Though such limitation is worth
having, unfortunately it still permits
interference to cause painfully loud
noises in the speaker. Obviously, it
is desirable that the shaded area in
the diagram should be added to the
"forbidden" cross -hatched area, or,
in other words, that the diode anode
should be maintained not at a steady
voltage, but at a voltage which fol-
lows the cathode voltage except dur-
ing the interference.

The circuit included in the Murphy
television receivers this year does not
quite do this, but achieves very nearly
the same result. The voltage applied
to the diode anode is the same as that

applied to its cathode except that as
it passes through a delaying network,
it arrives a few microseconds later.

The action can now be followed
from Fig. 3. When the interference
arrives at V, diode cathode, it tries
to drive it negative. No interference,
however, has yet arrived at the anode
of the diode on account of the delay
network, so that the cathode is
almost immediately trying to go
negative with respect to its anode
which, of course, it cannot do with-
out the diode conducting. The pulse
of interference is thus truncated to
little greater amplitude than the dif-
ference between the two curves in
Fig. 3. This much reduced pulse
will eventually arrive at the diode
anode, but it can do no harm here
provided that the original pulse has
ceased by then and that no other
pulse has arrived. The second pos-
sibility is remote. It is evident that
the noise can only be cut out provided
it is of short duration, a condition
which is almost always fulfilled by
motor car interference.

The " Limiter"
in Practice

It now only remains to explain how
the scheme is put into practice in the
new Murphy receivers. The essen-
tials of the circuit are shown in Fig.
4. The noise suppression diode is
actually in the same envelope as the
second detector diode, but is drawn
separately here for the sake of clarity.
Functionally, the two diodes are quite
separate. The noise suppressor is
not even connected to the detector
diode load, as in the above explana-
tion, but follows the L.F. valve V2.

Since suppression works purely on
the audio signal, this is obviously
permissible, though special care must
be taken with the amplifier, and the
phase inversion of the signal and in-
terference, which it causes, requires
the suppression diode to be reversed
from the explanation above; i.e.,
anode takes the place of cathode.
C44 with R54 and R57 form a con-
denser and tapped grid leak ; the
diode anode is connected to the tap.

The insertion of R34 is necessary
in order to make the impedance of the
circuit feeding the diode high com-
pared with the impedance of the diode
itself, for it is clear that a diode can
only short-circuit a source of imped-
ance that is high compared with itself,

(Concluded on page 624)
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A COMPLETE GUIDE TO VALVE VOLTMETERS

VALVE VOLTMETERS
IN THEORY

AND PRACTICAL USE
Sometime ago we published an article on the theory and use of the
valve voltmeter. This aroused great interest among readers who were
desirous of understanding the theory and construction of these
instruments and numerous requests have been received for additional
details. We are, therefore, reprinting the notes in an expanded
form together with details for the practical construction of the several
types described. The survey is probably the most comprehensive

yet published.

THE general characteristic fea-
ture of the most usual type of
valve voltmeter is its great sen-

sitivity, defined as the reciprocal of
the power required for full-scale de-
flection of the indicating instrument.
A reasonably high-grade moving -coil
meter, such as would be used for
valve voltmeter purposes by the
research worker, would give full de-
flection with an input of about 40
microwatts. Used as the indicating
instrument for a valve %oltmeter of
the high -input -resistance type, full
scale deflection would be obtained
with an input of the order of o.s
microwatt.

Another characteristic feature (per-
haps its most valuable one) is the
extremely wide range of frequency
over which it may be used, from the
lowest A.C. frequencies (about so
c.p.s.) up to 3o megacycles per sec.
The most general type of construction
(as described herein) is suitable for
use between the limits 5o c.p.s. and
so mc.p.s., without serious change of
calibration. By special design, valve

o
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Fig. la. Law of scale of direct -reading diode
violtmeter.
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voltmeters have been constructed to
work at frequencies up to 15o mc.p.s.
A special technique is also needed for
voltmeters working below so c.p.s.
and for D.C. (" electrometer " use).

Lastly, the " law " of the scale
indication can be arranged to choice
within certain limits.

In the instruments described here
the values of the circuit elements are
given in the appendix.

The Diode
Voltmeter

Structurally this is the simplest
type of valve voltmeter, and in
practice it takes three forms:-

(a) Direct -reading.
(b) Direct -reading peak.
(c) " Slide -back " peak.

Type (a) is depicted in Fig. 1. It
consists essentially of a D.C. volt-
meter shunted by a condenser, in
series with a diode. Owing to the
curvature at the lower end of
the anode volts-anode current
characteristic of the diode, and
the effect of the so-called " con-
tact potentials," it is necessary, if the
instrument is to be used for full-scale
readings of less than about 20 volts,
YO use a potentiometer (P1) to apply a
small positive bias to improve the
linearity at the lower end of the scale.

The characteristics of the instru-
ment are as follows :-

The " law " of the scale is a close
approximation to linear, as depicted
in Fig. sa. The reading is propor-
tional to the average value of the ap-
plied voltage wave, consequently the
error is large for distorted wave-
forms, if, as is the standard practice,
the scale is calibrated in terms of
r.m. s. values.

Fig. 1. Direct -reading diode voltmeter.

The input resistance is, to a fair
approximation, 1R1, whatever value
R1 may be.

This type of instrument is very use-
ful in cases where a small load upon
the source to be measured can be
tolerated, as in the case of measure-
ments on power amplifiers.

If, in the case of the instrument
shown in Fig. s, the meter M is
omitted, the resistance R1 made very
high (of the order of a megohm or
so) and an electrostatic voltmeter
placed across it in parallel with the
condenser, a very useful and interest-
ing type of instrument results,
namely, the Direct -reading Peak
Voltmeter (b). This latter instru-
ment is generally arranged as in Fig.
2 (a) or (b).

A suitable electrostatic instrument
for experimental use is the Ferranti o -
30o volt 21 in. scale (for general use)
or the o-600 for testing output stages
of small power amplifiers, as described
later. The valve is preferably chosen
to stand up to the voltage to be mea-
sured. A small bright emitter trans-
mitting valve (Ts5 or similar) or one
of the new small high -voltage diodes,
such as the Marconi or Osram U 16 or
Us7 is suitable, if the higher range
meter is desired.

This variety of valve voltmeter does
not require calibration, the peak volt-
age being read directly on the e.s.
voltmeter. The input impedance is
approximately 1R1, as in the case of
the previously described instrument.
For use at low frequencies C1 may be
of the order of .1 mfd., but for high -
frequency measurements solely, C1

need not be greater than o.00s mfd.
Two interesting applications of this

instrument are worthy of description :
(s) For measuring the percentage

modulation of transmitters.
For this the instrument is coupled,

either directly, or by means of an
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Slide -back 1Vo.tnieters
aperiodic coupling coil, to the trans-
mitter to be investigated.

The coupling is adjusted until the
reading on the meter is about half
full scale or a little less. Modulation
is then applied to the transmitter, and
the reading will be seen to increase.

rect operating conditions the peak
anode voltage would be 570 volts, as
indicated by the lower extremity of
the load -line.

The peak voltmeter (arrangement
as Fig. 2b) is connected between the
anode terminal of the valve and cath-

where VP is the peak reading indi-
cated on the curve. Vp' the peak
reading according to the voltmeter
and Va' the applied anode D.C.
voltage, allowing for the D.C. drop
across the output transformer wind-
ings.

CI

E

Figs. 2a and 2b. Circuits of two types of direct -
reading peak voltmeter.

Fig. 4. (right) A node -
current curve with
superimposed load

line.
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Let us call these two readings A and
B respectively. The percentage
modulation is then

oo. (B - A)

A
The meter may be made direct -

reading for this purpose by dividing
the upper half of the scale into ten
main divisions each representing to
per cent. modulation (with subdivi-
sions if  desired). When using this
device, the coupling to the transmitter
is always adjusted so that with un-
modulated carrier the instrument
reads exactly half full-scale voltage
(corresponding with zero on the
modulation scale). When modula-
tion is then applied, the instrument
reads the percentage directly on the
upper half of the scale. Since most
e.s. voltmeters have an approximately
" square -law " scale, the modulation
readings will occupy the upper 75 per
cent, of the actual scale length, which
is very convenient. Such a scale
(based on the 0-300 voltmeter) would
appear as shown in Fig. 3.

(2) For checking the correct load-
ing of L.F. amplifier output stages.

Consider the output valve anode
voltage-anode current curve, with
superimposed " load -line," shown in
Fig. 4. It will be seen that with cor-

ode to earth, and the peak (including
of course the D.C.) anode voltage
read, whilst an A.C. signal voltage of
the correct amplitude (54 volts in the
case shown) is applied to the grid of
the valve, working under the desired
operating conditions. A lower read-
ing of the peak voltage than that
shown (for instance) in the curve indi-
cates that the load impedance is too
low, a higher reading that the load

Fig. 3. Arrangement of scale of peak voltmeter.

impedance is too high, in the propor-
tion that the reading is lower or
higher than the correct reading indi-
cated on the curve according to the
expression

VP

V pl. -V'

Type (c), the Slide -back Voltmeter,
is shown in Fig. 5a. For the sake of
economy, in the instrument shown
therein, the circuit is arranged so that
by means of the switch S, the same
meter may be used for indicating both
the rectified current and the value of
the slide -back bias voltage. Calibra-
tion is not required.

With the meter switch in position
I, and the' bias at maximum value,
the voltage to be measured is applied,
and the bias reduced until the first
signs of a reading appear on M. The
bias is carefully adjusted by means of
P, until, so far as can be judged, the
rectified current indicated on M is just
reduced to zero. The switch S is then
thrown to position 2, and the value
of the bias voltage read. This latter
is then the value, to a more or less
close approximation, of the peak volt-
age applied.

The disadvantage of this instru-
ment is that it is not easy to deter-
mine exactly the point at which the
rectified current ceases. The instru-
ment becomes more accurate as the
indicating instrument (M) is made
more sensitive, and/or the anode im-
pedance of the diode (V1) reduced.

The Triode Slide -back Voltmeter
(Fig. 5b). One method which was
used in order to render the slide -back
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Grid Rectifying Triode Voltmeters
method more sensitive \\ as to use a
triode instead of a diode. So far as
this intention is concerned, it is doubt-
ful if there is any advantage, since
in order to obtain any increase in sen-
sitivity over the diode, it is necessary
that the " slope " (G) of the triode,
expressed in mA/V, should be greater
than 1/ R where R is the anode resist-
ance of the alternative diode, ex-
pressed in thousands of ohms. Few
if any triodes can fulfil this condition
in competition with modern diodes,
since the slope at the cut-off point is
seldom greater than i mA/V, whilst
almost any modern small diode can
show an anode resistance much less
than r,000 ohms.

The advantage of the triode slide -
back voltmeter lies in the fact that the
rectified current indicated on the
meter is not derived from the load cir-
cuit, and since the grid of the triode
does not attain a positive voltage in
order that rectified current may show,
the instrument offers a very high in-
put resistance, which is often desir-

Fig. 5a. The slide -back valve voltmeter.

able for some purposes. Its method
of operation is exactly as described
for the diode slide -back, except that
the initial value of bias necessary in
order to bring the valve to the anode
current. cut-off point must be sub-
tracted from the total slide -back bias.
With this instrument some increase in
accuracy over the diode instrument is
perhaps attainable by working to a

false zero," i.e., a small but definite
reading of rectified anode current
(say, o.o5 mA).*

Slide -back voltmeters may be used
for almost any purposes for which the
direct -reading peak voltmeter des-
cribed above) may be used, with the
* A recent version of this instrument gets over the
initial current difficulty by using a gas -filled (pre-
ferably helium or argon) triode, in which case a peak
voltage exceeding the cut-off value of bias by a very
small amount causes the full value of anode current
to flow immediately. Thy limiting factor on accuracy
here is the constancy of the " firing point " of the gas
triode. The circuit is otherwise identical with that
given in Fig. 5b.

advantage, particularly in the case of
the triode instrument, that the input
resistance is much higher. The latter
instrument may also be used with a
grid condenser and leak, as described
later, which again offers a further
advantage.

The fact that the " slide -back "
bias must be at least a little greater
than the highest peak voltage which
it may be desired to measure renders
this type of instrument inconvenient
for voltages much in excess of too.

The Grid Rectifying
Triode Voltmeter

The main disadvantage of the
direct -reading diode voltmeter is that
the power for the operation of the
indicating instrument has to be drawn
from the source to be measured.
Since the power required for the
operation of the indicating instillment
itself, apart from that dissipated in
the series resistance, is of the order of
40 microwatts, this type of voltmeter
is not suitable for use in delicate
measurements.

To avoid the comparatively large
dissipation of power mentioned, one
might use a very high load resistance
(of the order of several megohms) and
use the voltage developed across this
to bias the grid of a triode negatively,
since the power required to bias the
triode would in itself be negligible.

The logical development of this idea
leads to the Grid Rectifying Triode
Voltmeter, depicted in Fig. 6. Here
the grid performs the dual function,
acting as a diode to rectify the applied
voltage, and by the negative bias set
up across the load resistance (grid
leak) causing the anode current of the
valve to fall.

It is necessary that the grid con-
denser (CO should be of such a value
as to offer a small impedance in com-
parison with the grid leak (R1) at the
lowest frequency at which it is in-
tended to use the instrument. It will
be noticed that there are two methods
of connecting R1: (a) across the grid
condenser, in series with the input
circuit; (b) between grid and fila-
ment negative, in shunt with the in-
put circuit. Each method has its own
purposb. If connected as in (a), the
input resistance of the instrument is
of the order of il21. If connected as
in (b), the input resistance is of the
order of t /3R1, but this latter con-
nection has the advantage that there

does not need to be a complete D.C.
circuit between the input terminals of
the instrument, which is very useful
when the A.C. potential across a con-
denser is to be measured, or the A.C.
potential between two conductors
between which there is also a differ-
ence of D.C. potential.

So far as the anode circuit of the
voltmeter is concerned, it will be re-
collected that if this latter part of the
circuit contains any considerable im-
pedance at any frequency at which
the instrument is to be used, the input
impedance will undergo large changes
owing to the " Miller effect." To
obviate this, the condenser C2 is con-
nected, and it is important that this
condenser should be of good quality,
preferably with a mica dielectric, if
the instrument is to be used much for
very high frequencies.

The simple form of voltmeter
shown suffers from the fact that there
is a considerable " standing " anode

E{. Cl

4.

OEN

Fig. 5b. The triode slide -back valve voltmeter.

current (of the order of 1.5 mA) the
indication of which must be obviated.
The simplest scheme for doing this is
by means of a series resistance (R2)
and a potentiometer (P1) across the
filament battery, by which a " back-
ing off " current is sent through the
meter (M) in the reverse direction to
the standing anode current. Since
R, is virtually in shunt with the meter
M, and the potentiometer P is in
effect a variable portion of R2, it is
important that the resistance of R2
should be high in comparison with the
resistance of M and P. There is
generally no difficulty with this.

Sufficient anode voltage is used to
give a standing anode current well in
excess of the full scale reading of the
meter M. The voltage amplification
factor (" p. ") of the valve is only of
interest in so far as it determines the
minimum anode voltage necessary to
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Anode R ectifying Voltmeters
attain sufficient standing current.
For this reason a valve with a low ,u
is generally more convenient.

The indication on the meter for a
given input voltage is directly pro-
portional to the mutual conductance
(" slope ") of the valve used, so it
is desirable to use a valve of good
mutual conductance, if sensitivity is
required. Beware, however, of choos-
ing a valve on this score alone, since
some valves with an exceptionally
good mutual conductance " age "
rapidly, and one doesn't want to go

E

C'

R2

5
R4

Fig. 6. Grid rectifying triode voltmeter.

P,

through the process of re -calibration
too often. It is sometimes advan-
tageous on this score to use a valve
that has been in use for some time.

In Fig. 6, a switch (S) is provided
so that the same meter may be used
for measuring the anode battery volt-
age. It is not necessary that the
actual value should be known, so it is
not necessary (unless desired) to cali-
brate M with R3 as a voltmeter. When
initially calibrating, it is only neces-
sary to note the reading on M with
the switch in position 2, and to adhere
to this value of anode voltage when-
ever the instrument is to be used for
important measurements.

Care must be exercised when the
instrument is first brought into use,
the shunt R, being used across the
meter whilst carrying out the initial
adjustments.

Each time that the instrument is
brought into use, after making the
first adjustments, wait for a few
minutes, before using, in order to let
the instrument " settle down." This
is an essential precaution with all
triode voltmeters, and especially this
type. After.the settling down period,
readjust the anode voltage and back-
ing off, if necessary.

The general characteristics of the

instrument are given below :-
The scale " law "- is approximately

linear at the upper end (8o per cent.),
but departs considerably from linear-
ity at the lower end (zo per cent.).
The indication is not proportional to
the r.m.s. value of the applied voltage
in terms of which the instrument is
customarily calibrated, so large errors
may be encountered when measuring
distorted waveforms. The input re-
sistance may be fairly high, of the
order of 2-3 megohms with the com-
ponent values given in the appendix.

It is the most sensitive form of
valve voltmeter, from the voltage in-
put point of view. The instrument
described would give full scale deflec-
tion with about z volt r.m.s. input.

One modification of this instrument
dispenses with the grid leak entirely,
relying upon random leakage. This
results in great sensitivity and a much
higher input resistance, but unless
the valve is carefully chosen the in-
strument is not very stable.

The input capacity of this type of
instrument will be between zo and 15
micromicrofarads, unless a special
low -capacity valve is used.

There are some purposes for
which the G.R. voltmeter is un-
suitable, notably the determina-
tion of voltages across low decrement
(" high Q ") tuned circuits. For this
can only he achieved if all sources of
energy dissipation in the input cir-
cuit are minimised. Generally, grid
current (essential in the previously
described instrument) is the major
cause of loss, so in the case of the
type of voltmeter now to be described
the valve is worked with the grid at
a negative' potential well in excess of
any peak potential likely to be en-
countered in the course of measure-
ment. This scheme depends for the

Fig. 8. Decibel valve voltmeter employing
metal rectifier.

necessary rectifying action upon the
bend at the foot of the valve anode
current -grid voltage .characteristic.

If the best results are to be ob-
tained, some care is necessary in the
choice of valve and operating volt-

ages. In order to ensure absence of
grid current, most valves have to be
biased so that the peak value of the
input voltage never makes the grid
less than about i volt negative. With
a valve in use having a mutual con-
ductance of 3 mA.V., and an o-i
milliammeter as the indicating instru-
ment, about 2 volts r.m.s. input will
be required to give full-scale deflec-
tion. This gives a value of 3 volts
peak for a waveform not departing
far from a sine wave, therefore in
this case the value of negative grid

E

Fig. 7. The anode rectifying valve vo tmeter.

bias should not be less than 4 volts,
which with a suitable valve ("A. between
9 and to) will necessitate an anode
voltage of between 30 and 40 volts.
More bias and consequently higher
anode voltage will do no harm, but
high anode voltages are often incon-
venient, especially in the case of a
portable instrument. For the latter
purpose a low ,u valve and conse-
quently smaller anode voltage will
generally be more convenient.

The " law " of the curve at the
foot of the valve anode -current
characteristic varies somewhat in
different valves. In some types it
closely approaches a square law over
a part of the curve. In the latter case
the result is very useful, since the out-
put indication will be proportional to
the square of the input voltage, and
therefore a true indication of r.m.s.
values. Moreover, a standard square -
law (" thermal ") scale will suit the
instrument, instead of a specially
calibrated one. Such a result can
be achieved if the valve used is, for
instance, a Mullard type PM2o2, with
an o-ioo microammeter as the indi-
cating instrument.

In this variety of instrument the
standing anode current is small, of
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Special Types of Valve Voltmeters
the order of o.t M/ a., which renders
the problem of " backing off " less
difficult. One method of backing off
which may be used in this connection
(if the indicating instrument is not
used for any other purpose) is to off-
set the mechanical zero adjustment
by the amount of the standing anode
current.

If it is essential that the voltmeter
should present the highest practicable
input resistance, the valve cap will be
removed, the connections being sol-
dered direct to the lead wires, and the
input terminals mounted in quartz
bushings. In this connection no grid
leak can be tolerated, and the instru-
ment has the possible disadvantage
in some circumstances that a com-
plete d.c. circuit must exist between
the input terminals.

Sometimes a grid condenser must
be used, with a very high resistance
leak (not less than to megohms) in
order to block off d.c. voltages in the
apparatus connected to the input.
Since there is in this case no rectified
grid current, the input resistance is
substantially that of the leak, which
is, of course, in parallel with the in-
put circuit, as there is no object in
using it otherwise. If (as in Fig. 7)
an alternative series connection is
provided, this latter does not result
in any power dissipation in the leak
since there is no rectified current, and
so far as the A.C. input is concerned
the leak is effectively short-circuited
by the grid condenser.

Fig. 7 is self-explanatory. It is
convenient to have two potentio-

one for adjusting the stand-
ing current to the best value (gener-
ally that which gives the closest ap-
proximation to a square -law calibra-
tion) and the other for backing off.
The same scheme as previously ex-
plained in the case of the G.R. volt-
meter is used for checking the anode
voltage.

The characteristics of this instru-
ment are:-

If carefully constructed and ad.
justed, the scale " law " is of para-
bolic (square -law) form throughout.
The indications in this case are pro-
portional to the r.m.s. value of the
applied waveform, so that when, as
is usual, the instrument is calibrated
in r.m.s. values, no errors arise due
to distorted waveforms.

It is not so sensitive, on a voltage -
input basis, as the G.R. voltmeter,
having a sensitivity, with the same

valve, of about half that of the latter
instrument.

On the power input basis, how-
ever, it is superior, since the input
resistance, with good design and
operation, is the highest that it is
possible to obtain, and should be,
with a valve of other than special
type, of the order of 20 megohms
minimum.

For H . F. measurements solely,
this type of valve voltmeter has a;
-Jost completely displaced the G.Ft
voltmeter, on account of the com-
paratively low and variable input im-
pedance of the latter.

Special
Types

For certain purposes (e.g., photo-
electric currents, and determination
of hydrogen -ion concentrations) the
highest attainable input resistance is
essential. For these purposes the cir-
cuit used is of exactly the same form

Fig. 9. Another type of decibel valve voltmeter.

as that just discussed, omitting the
grid condenser and leak, since the
object now in view is to measure
D.C. and random potentials set up
across resistances of the order of
thousands of megohms. Conse-
quently a special valve (triode or
tetrode) is used, which has the follow-
ing features:-

The grid terminal is brought out
through a special annexe made
of glass of the highest possible
specific resistance. The grid
supports are also of the same
material.

(2) The cathode is operated at a spe-
cially low temperature, in order
to avoid the possibility of ther-
mally agitated electrons or ions
of greater than normal velocity
impinging on the grid.

(I)

The valve has a very low ampli-
fication factor (in some cases less
than unity) so that the anode
voltage can be kept well below
to volts, in order to avoid the
possibility of ionising any minute
traces of residual gas, or causing
the emission of secondary elec-
trons.
To help (2) and (3) the valve is,
of course, exhausted to as high
a vacuum as possible.
Special " guard rings " are
mounted at the foot of the elec-
trode assemblies and at the foot
of the bulb on the outside. These
guard rings are earthed in order
to by-pass any minute leakage
currents over the glass surfaces,
which might upset the indica-
tions of the instrument.

For the same reason, the valve is
mounted in a special box containing
some chemical (such as calcium chlor-
ide) to keep the air therein as dry as
possible. These valves are generally
referred to as being of the " electro-
meter " type, since they are used for
purposes for which a sensitive elec-
trometer would formerly have been
used.

Decibel
Meters

In some cases, a scale having a
special deflection " law " is desired
(e.g., a logarithmic, or " decibel "
scale).

This latter type of valve voltmeter
is nearly always employed for the
purpose of measuring audio -frequency
A.C., in circumstances such that a
moderately low input resistance can
be tolerated. If, however, a high in-
put impedance is necessary, an am-
plifying (more properly speaking, an
" impedance -selecting ") stage is
interposed between the source to be
measured and the decibel -meter
proper.

The principle upon which the usual
types of decibel -meter operate is by
the use of a device the D.C. resist-
ance of which falls as the current
through it increases. Two common
and easily obtainable pieces of appa-
ratus will do this, namely, a metal
rectifier, or a thermionic diode. The
foot of the E-I characteristic is
curved in each case, the curvature
being such that with an increasing
voltage (or current) there is a decreas-
ing resistance.

Figs. 8 and 9 show how they are

(3)

(4)

(5)
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" Reflex_" Voltmeter
employed as decibel meters. Notice
that in each case the input has to be
D.C., applied in the " forward "
direction (direction of minimum re-
sistance). For calibration purposes,
this is rather convenient, since all
that is required is a few .cells, a
potentiometer, and a D.C. voltmeter,
together with a table of common
logarithms, or "decibel equivalents."

In Fig. 8, the variable resistance
element is the Westinghouse metal
rectifier, type H.', which is shunted
across the meter M in series with a
variable resistance R1. This latter is
necessary because the rectifier should
shunt a resistance approximately
equal to its own " forward " resist-
ance; in order to give the closest ap-
proximations to a logarithmic cali-
bration. Rs and Rs are adjusted dur-
ing calibration (as explained above)
until the best approximation to a
logarithmic scale is obtained.

The second device (Fig. 9), as pre-
viously explained, operates in a simi-
lar manner. The grid of the triode
acts as a diode, the input D.C. volt-
age being applied in the " forward "
direction through the high resistance
Rs. As the input voltage (and the
resulting grid current) is increased,
the resistance of the grid -filament
path decreases, consequently a smal-
ler proportion of the total input volt-
age appears between grid and fila-
ment. If now the valve is operated
on the " linear " portion of the anode
current -grid voltage characteristic,
the resulting change in anode current
is proportional to the logarithm of
the applied input voltage, when the
initial bias on the grid (one or two
volts negative) and the value of R is
correctly adjusted. The calibration is
carried out as for the device of Fig. 8,
except that a higher voltage (up to

(d) (b\

30 or so) is required, because the
valve decibel meter has a much higher
input impedance.

Since these decibel meters are de-
pendent for their action upon a D.C.
input, it is necessary first to rectify
the audio -frequency A.C. to be mea-
sured, the resulting D.C. being
applied to the decibel -meter proper.

The complete instruments would
look like Figs. to and ii, which each
contain the following stages :-
(a) Impedance -selecting and "gain" -

control.
(b) Rectifying and "time -constant."
(c) Decibel meter.

The value of the components in the
output circuit of the rectifying stage
(b) will determine the speed of res-
ponse of the needle of the decibel
meter. For some purposes (such as
speech monitoring) this is important,
since it determines the minimum
period over which the power mea-
sured in terms of decibels " up " or
" down " in reference to a standard
" level " is integrated. This period
is generally arranged to be of the
order of that of an avefage syllable of
speech, i.e., about r /5th sec.

Special Circuit
Arrangements

Most of the special circuit arrange-
ments devised for valve voltmeters
are applied with the object of either
providing a more satisfactory "back-
ing off" control or for protecting a
delicate anode -current meter. Three
of these arrangements are shown in
Figs. 12 and 13. The voltmeter
valve proper is in each case used as
an anode -bend rectifier.

Fig. 12 shows a Wheatstone bridge
arrangement for backing off the anode
current. The resistance of the poten-

tiometer P should be about double
that of the meter M, and the resist-
ance of Rs equal to the D.C. resist-
ance of the valve when adjusted to
the correct working conditions.

Fig. 13 is the same arrangement,
except for the fact that another triode
replaces R,. The essential point is
that the filaments of the two valves
are wired in series, so that a failure
of either avoids the danger of send-
ing a high unbalanced current
through the meter and so damaging
it. By using a high -impedance (R.C.
type) triode for the balancing valve,
sufficient bias may be obtained from
the negative drop across the filament
of the first valve, without recourse to
a separate bias battery. The bias
potentiometer is shown as being con-
nected across the filament of the
second valve, but this is only for
clearness in the diagram, and to bal-
ance the filament currents in the case
where two valves of identical filament
rating are used. The potentiometer
resistances should be high, so that
in the event of a filament failure the
potentiometer across the "dud" valve
does not supply sufficient current to
maintain the emission in the sound
valve. Generally the ordinary 400 -
ohm potentiometer is quite satisfac-
tory in this respect.

The " Reflex"
Voltmeter

Fig. 14 depicts another special
type of valve voltmeter. It is of the
anode -bend type with the grid bias
derived " automatically " from the
voltage drop across the resistance R3
in the anode circuit. The result is
that as the voltage input to the grid
increases, so does the mean value of
the bias. This results in a scale which

N N NM Ne04NOONONNN N0004

Fig. 10. A decibel meter with valve amplification.
(a, (t) (C)

Fig. it. Daplbal meter with diode rectifier.
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Calibration
is practically linear in calibration.
The higher the value of the resist-
ance R3, the more linear the scale
becomes, but in the latter case a
higher anode voltage and more sen-
sitive meter is required. Increase of
R3 can also be used to extend the
scale in the direction of higher volt-
age calibration with the same meter.
Since the value of R, is always chosen
so that the initial bias is sufficient to

Fig. 12. Wheatstone Bridge circuit for " back-
ing 0$."

avoid grid current, the input imped-
ance of the instrument is very high,
as in the case of the ordinary anode -
bend voltmeter previously described.

Unfortunately, in order to obtain
the full advantage of this circuit, it
is necessary to use a somewhat sen-
sitive instrument (e.g., too micro -
amps. for full-scale deflection) for M.
Alternatively a D.C. amplifying stage
may be used.

Calibration
Calibration is in general most con-

veniently carried out by use of the
50 -cycle domestic A.C. supply.
Diode and anode -bend voltmeters
(sans leak) may be calibrated by D.C.

Fig. 13. A similar arrangement to Fig. 12. but
with extra valve.

with battery and potentiometer; but
the latter process, though accurate,
is very tedious and involves integra-
tion, graphical or otherwise,

The voltmeters which have been

described may, without practical loss
of accuracy, be calibrated on 50 -cycle
A.C. The two alternative schemes
of connection are shown in Figs. 15
and

Both connections involve the use
of a potentiometer, preferably cali-
brated. A slide -wire is suitable for
this purpose, and is simply and easily
constructed. If the actual resistance
of the slide -wire is not known the
arrangement of Fig. is is applicable.
For all arrangements except the
direct -reading diode voltmeter the
A.C. voltmeter (V) may be used in
position a, and the subdivisions of
the voltage indicated obtained on the
slide -wire. For voltages up to 4
volts r.m.s. (from a heater trans-
former, for instance) i metre of 34
s.),v.g. Eureka wire is suitable, and
should have a resistance approxima-
ting to ro ohms.

When calibrating the direct -read-
ing diode voltmeter, requiring some
15-20 volts r.m.s., a potentiometer of
higher resistance will have to be used,
say, of the order of r,000 ohms, and
the A.C. voltmeter placed in position
b, to allow for the load imposed by
the diode voltmeter under calibration.
Alternatively the A.C. voltmeter,
with the valve voltmeter in parallel
with it, may be used as one arm of
the potentiometer, the other arm
being formed by a variable resist-
ance of suitable value.

If the resistance of the slide -wire
is known, the arrangement of Fig. i6
may be used, where M/a. is a ther-
mocouple or A.C. milliammeter, P the
slide -wire (or a decade -box) and R a
variable resistance. R is adjusted
until some convenient value of cur-
rent is indicated on M/a. Applying
Ohm's law, a known value of volt-
age can then be tapped off across the
slide wire or decade box. The power
required from the transformer is
negligible, of the order of one or two
watts, depending upon the resistance
of the potentiometer.

Appendix
Values of Components

In all Figures except la, 2, 3 and 4,
M indicates an o-i milliammeter hav-
ing a resistance of about 3o ohms.

In Figs. 2a and 2b, E.S.V. repre-
sents an electrostatic voltmeter (see
text) of range either 0-300 or o-600
volts.

The usual L.T. and H.T. "on -off"
switches are not shown in the figures.

Fig. 4 represents no valve in parti-
cular, and the anode current -anode
voltage curves are " idealised " to
simplify the drawing.

S represents a single or double pole
switch (as shown) of any convenient
type.
Fig. 1.-

Vi=any convenient valve, if triode,
anode not used. Preferably a
small single diode (see text).

Fig. 14. Anode bend voltmeter with auto -bias.

C,'=4 mfd. good quality paper con-
denser.

P,=value, 400-500 ohms.
R1=value, 1,500 ohms, approx.

Figs. 2a and 2b.-
V1=as for Fig. r for low -voltage

(0-30o volt) instrument. For
higher voltage instruments see
text.

C1=value, o.i mfd. 500 or i,000
volt working. Preferably mica
dielectric.

121=value, i megohm.
Fig. 5a.-

A C
MAINS

TO LIVE
(GRI D)

TERMINAL

(10)

TO *EARTHY'
TERMINAL

OF V.V.
Fig. 15. Simple calibrating circuit.

o--0,..'

So
A.C.

MAINS

Fig. 16. Alternative arrangement.

V,=as for Fig. i.
C,'=value, o.1 mfd., good paper or

preferably mica dielectric (e.g.,
Dubilier type 577).

P,=as for Fig. m.
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R,'= value, approximately zo,000
ohms, to make M read 0-20
volts. Bias battery, standard

volts.
Fig. 5b.-

V, =Mullard PM2o2 or similar-
C,'=value, as for Fig. 5a.

= ,, ) ) )1 ))

R:= ) )7 )3 )7

Bias battery, standard o -16-i
volts. Anode battery, stall,
dard 0-16i volts.

Fig. 6.-
V1'=as for Fig. 5b.
C1=value, 0.01 mfd., mica dielec-

tric, T.C.C. type M, Dubilier
type 670, or similar.

R,'= value, 5-bo megohms.
C;=value, 0.1 mfd., mica dielectric

(Dubilier type 577 or similar).
Pi =as for previous circuits.
R'=value, 1,000 ohms (approx.)

watt type.
R3=value, approx. 20,000 ohms, to

make M read 0-20 volts.
R,'= io-3o ohms (not critical, see

text). Anode battery voltage,
16-zo volts approx.

Fig. 7.
All values as for Fig. 6, except the

following :-
R, = value, not less than to megohms.
C,=as for C2 in this and previous cir-

cuits.
P2= as for P, in this and previous cir-

cuits.
R2= value, 5,000 ohms, + watt type.
R,=value, approximately 5o,000 ohms,

to make M read o -5o volts.
Grid bias battery, 0-9 volts stan-
dard. Anode battery voltage, 3o-
50 volts.

Fig. 8.
R1 and R2=value, o.2oo ohms each (see

text).
Fig. 9.-All values as for Fig. 7 except :
R,=value, o.5 megohm max.
R2=value, 25o ohms, 1 watt type.

Grid bias battery, o -4i volts stan-
dard.

Fig. io.
R, and R2 as for Fig. 8.
V, =Mazda AC/HL, AC/P or similar.

Owing to the " cathode load "
type of circuit, the factor is not
important.

C,=-32 mfd. electrolytic, too -volt work-
ing (T. C. C.).

C2=5oo mfd. electrolytic, 12 -volt work-
ing (T. C. C

Cm=soo mfd. electrolytic, 12 -volt work-
ing (T. C. C .).

Ri=soo ohms, I watt type.
R, =to suit input impedance required.

For general purposes, :oo,000
ohms.
The Westectors are both type Hi.
Anode battery voltage 60 -120 -volt
(according to valve).

Fig. i1.
V, = Mazda AC/HL or similar.

(Note : Any good make of inter -
valve transformer of low ratio,
say, I :3, will serve for T.)

V2=Marconi-Osram D42 or similar,
V=Mazda AC/P or similar.
R,=5oo ohms, I watt type.
R,=as for Fig. io.
R6= to,000 ohms, i watt type.
RB=I megohm.
R,=1 megohm max.
R=5oo ohms (potentiometer).
R2=optional, according to voltage of

anode supply.
R,2=2o,000 ohms, 3 watt type.
C4=5o mfd., 12 -volt working.
C,=5o mfd., 12 -volt working.
C6=8 mfd., zoo -volt working.
C.= -o.25 mfd. paper.
P,'=5oo ohms.

Anode battery voltage 150-200
volts.

Fig. 12.
V,=Mullard P.M.2o2 or similar.
C,=o.t mfd. mica dielectric (Dubilier

type 577).

C =0.1 mfd. mica dielectric (Dubilier
type 577).

P, =400 ohms.
P2=400 ohms.
R,=too,000 ohms.

Anode battery voltage 30-36 volts.
Grid bias o -9 -volt standard.

Fig. 13.
Marconi-Osram L.210 or similar.

V2=Marconi-Osram H.2 or similar.
C,'=as for Fig. 12.
C2=as for Fig. 12.
P,=as for Fig. 12.
P2=as for Fig. 12.
R,=25o ohms, T watt type.
R2=25o ohms, i watt type.

Anode and grid battery voltages
as for Fig. 12.

Fig. 14-All values as for Fig. 7, ex-
cept for the following :-

R,=5o,000 ohms.
M to read o-ioo microamps.
Anode battery voltage to be ad-
justed to give best value of stand-
ing current. Suggest 3o volts for
first trial.

Figs. 15 and io.-See text.

Mercury -arc Lamps for
Studio Lighting

USE is now made in the General
Electric (U.S.A.) television
studios for illumination pur-

poses of water-cooled mercury -arc
lamps. A battery of four units con-
taining 12 lamps is employed having
the light output equivalent to that
provided by nearly 30,000 watts of
incandescent light and at the same
time giving off no appreciable
amount of heat.

The lamps are about the size of a
cigarette and have an exterior of
quartz. Surrounding the tube is an-
other quartz jacket through which
water passes at the rate of three
quarts a minute, to prevent destruc-
tion of the lamp by intense heat. The
water, in passing around the tube,
transmits go per cent. of the heat
away from the light source, and as a
result, little heat is dissipated into
the studio.

This new mercury lamp radiates
more than two and one-third times
the light given off by an incandescent
lamp of the same wattage. The
twelve 1,000 -watt lamps used in the
G.E. television studio have a total
light output of 780,000 lumens, while
the same wattage of incandescent
lamps would give only 330,000
lumens. Also in the new lamps
more than 90 per cent. of the infra-
red radiation is absorbed in the cir-
culating water and there is no risk
of burn.

The cooling system of the lamps is
equipped with a pressure -operated
switch and magnetic valve because
the water in the jacket must be
moving before the lamp is lighted and
because the lamp must be turned
off automatically in the event of
failure or reduction of the water
supply. The lamp is filled with
argon gas and, when lighted, a pres-
sure of more than i,000 pounds per
square inch is developed within the
quartz jacket. Two rubber hoses
connect to each of the lamp units,
one leading from a tap at one of the
studio walls to allow water to pass
into the lamps, and, another carrying
the warmed water from the lamps to
waste.

It is announced that Los Angeles
will soon have the highest television
aerial in the United States. Plans
for the new site of station W6XAO
call for an aerial at least too ft. above
the transmitter building overlooking
Hollywood. Since a nearby moun-
tain is 17,000 ft. high, W6XAO's
stream lined aerial will surpass the
altitude of New York's Empire State
Building by one and a half times.

Other eastern stations hampered
by the lack of suitable sites have
established their transmitters many
miles from the populated centres. The
Don Lee station is only 24 miles
from the centre of Hollywood.
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THE SHORT-WAVE RADIO WORLD
A UNIQUE TWO -VALVE

RECEIVER
WE are very interested in a most

unusual two -valve receiver
described in Radio and Tele-

vision Retailing, an American publica-
tion. It uses two of the dual type
valves, 25B8GT and a 7oL7GT, the first
being an R.F. pentode and triode, and
the latter an output tetrode and rectifier.

The circuit of this receiver is shown
in Fig. 1, from which it can be seen that

Chassis -r
gnouna' -

A Review of the Most Impor-
tant Features of the World's

Short-wave Developments
ness. The audio stage is resistance -
coupled while iron -cored coils are used
in both R.F. and detector stages. For
amateurs needing a monitor receiver,
this unit appears to offer many
advantages.

Fig. 1. A novel high -gain two -valve receiver using special valves.

the first valve operates both as an R.F.
amplifier and grid bias detector, which
is in turn coupled to an output tetrode.
Combined with the tetrode is a half -
wave rectifier. Filtering is obtained by
means of a loudspeaker field plus 30
mfds. of capacity, while volume is con-
trolled by varying the bias on the R.F.
stage. By using 25 and 70 -volt heaters
the equipment can be run from the
normal American low -voltage mains
-with a series resistor of only 140 ohms.

The whole receiver is mounted in a
:small steel cabinet, of unusual compact-

5-20 METRE ADAPTOR
Many American publications are now

publishing data on ultra -short-wave
convertors and adaptors, principally be-
cause of the demand for simple equip-
ment suitable for picking up television
sound programmes.

In the current issue of Radio Craft is
rather a flexible adaptor tuning be-
tween 5 and zo metres which has been
designed by the well-known American
engineers Glenn H. Browning and F. J.
Gaffney. Glenn Browning is famous

for his activities in the design of
switched coil units, and in this adaptor
one of his units is included.

The adaptor utilises four of the new
single ended valves plus a rectifier.
The first valve is a mixer with separate
oscillator followed by a high -gain I.F.
pentode feeding a double -diode triode.
The output from the triode section of
this stage is fed into the audio amplifier
of an ordinary broadcast receiver. In
this way, as no part of the R.F. or I.F.
circuit of the parent receiver is brought
into use, there is no side band cutting
so that really high tonal quality can be
obtained.

An intermediate frequency of 1,6o0
Kc. has been chosen as it enables a wide
band width to be obtained with the
very necessary broad tuning. In addi-
tion there is very little difficulty due to
signals being picked up by the I.F. cir-
cuit. A total of ten coils is required,
five in the R.F. circuit and five in the
oscillator and these are mounted around
a four -section switch of the Yaxley
type. A two -gang condenser having a
capacity of 30 mfd. is used for tuning
purposes, but across the R.F. coil is an
additional condenser of 20 mfd. for
padding purposes.

The designer mentions that consider-
able care must be taken in the wiring
of the oscillator circuit and recommends
that heavy gauge bare copper wire be
used throughout and arranged so that
there can be no mechanical movement.
In the original adaptor, as great care
was taken in the construction, fre-
quency drift is negligible.

By the use of regeneration the gain is
very considerably increased, but care
must be taken to see that the regenera-
tion control is not advanced so that the
antenna circuit goes into oscillation.

The coil data is as follows :-
Li (62/48 Mc.) if turns 16 -gauge wire

air spaced z in. diameter, I in. between
turns tapped at of a turn from the low
potential end.

L2 (50/39 Mc.) 21 turns 16 -gauge

E=T54T1 SWITCHED
R F. C01..5 C2 C3 RI
Ll TOO. 20 30 01-

INCL MMF. MAIF MEG.

t /

OSC C01,5
L j01.15 CsANGED_A

4o 215
C> MG

r"kc
r.;?mp

100
NIMF

1113

MEG

65A1
MIXER

R2
250

OHMS

DLUI
TI

1----1----I GREEN
C5 1 I

.01- =IA

11:71
MR

R3
0.5-
MEG..

VOLUME
CONTROL

OSCILLATORiaithE

ACV.115

01-MEG

651.
1.R

A V C

2ND- 8NCTOR
MR,A V C.11.

2526 RECTIFIER

6,fdfr
66 5H{{'

°655C41 6507
65N1

VAMF-

RIO
0.1-

MEG.

119

'MEG.

2.000

4, I
W.OHM5

SHIELDED
LEAD TO
RECEIVER

AUDIO
S r

\--111.1

MEG.

4,2 kitN.

."6.E14:34g

Fig. 2. This convertor, although designed primarily for the reception of television signals, is excellent for amateur service as it will receive un -
stabilised amateur transmissions.
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SUPPRESSOR MODULATION SIMPLE TRANSCEIVER
wire, air spaced, a in. diameter, 1,1, in.
between turns, tapping point if turns
from the low potential end.

L3 (40/31 Mc.) 41 turns 18 -gauge
wire, air spaced, in. diameter, with a
gap of t in. between turns. The
tapping point is 2 turns from the low
potential end.

L4 (33/25 Mc.) total of 41 turns 18 -
gauge wire wound on :1 in. diameter
low -loss coil form with turns spaced

nected across the antenna tuning
system.

SUPPRESSOR MODULATION
WITH LINEAR AMPLIFICATION

W89C0 has built a most effective too -
watt transmitter which is shown in Fig.
3. It is crystal controlled usin a 47
crystal -oscillator, RK-23 buffer or
doubler and a 203-A in the final.
W8ICO mentions that normally this

7

1

eicE

Fig. 3.

RK-23

R2

203-A

+500 -45

L

Rec

-1- V.
1-*

A very low power audio system is required in this three stage transmitter which will
provide a carrier power of 160 watts.

wire diameter. A tapping is made 21
turns from the low potential end.

L5 (25/20 Mc.) made of 8.o5 turns
18 -gauge wire on in. diameter low -loss
coil form with a spacing of one wire
diameter and a tapping of zi turns from
the low potential end. The antenna
and oscillator coils are of the same in-
ductance, and are mounted on a four -
section five -position switch similar to
that used in the Browning tuning
assembly.

A noticeable feature is the effect of
the regeneration control. The designer
mentions that on the higher frequencies
the input resistance of the mixer valve
begins to have a noticeable loading
effect on the tuned antenna system, so
materially reducing the Q of this
system and the gain in the tuned an-
tenna stage.

To reduce this loading effect con-
trollable regeneration has been in-
cluded so that a high -stage gain can be
allowed for even on the highest
frequency.

The regeneration is obtained by
tapping the antenna coils and connect-
ing the tap through a resistor and by-
pass condenser to the cathode of the
6SA7 valve. Varying the screen grid
voltage on the valve governs regenera-
tion.

To allow for various antenna load-
ings a separate zo mmfd. condenser
controlled from the front panel is con-

type of transmitter would be modulated
by a class -B audio stage or grid modu-
lated with consequent loss in efficiency.
In this circuit, however, the pentode
valve is suppressor modulated with the
final stage used as class -B linear
amplifier.

The carrier output is approximately
equivalent to that obtainable with grid

010.20E

approximately 30 per cent. higher than
the rated valve dissipation.

The variable resistor R5 is adjusted
to make the suppressor negative and the
bias adjusted so that the antenna
current drops by 5o per cent. If the
antenna current does not show the nor-
mal modulation increases, it indicates
that the buffer is not being heavily
enough modulated. A carrier power of
approximately 55-6o watts can be ob-
tained with 1,25o volts at 190 mA. on
the anode of the final.

A SIMPLE TRANSCEIVER
In Fig. 4 is illustrated a 5 metre or

211, metre transceiver designed by
W2DYR. Its main feature is the
elimination of the normal L.F. micro-
phone transformer, usually required in
the average transceiver.

The valves ar ea 65 detector -oscilla-
tor, and a 56 modulator -amplifier.
These valves must be adhered to par-
ticularly on 2i metres as super -
regeneration is only effectively obtained
with these particular valves. The
change from the " send " to the " re-
ceive " positions requires no more than
the ordinary double -throw triple pole
jack type switch, while provision has
also been made for monitoring the
transmissions.

Component values are approximately
as follows :-

CI-.000l mfd.
C2-.006 mfd.
C3-.oI mfd.
C4-to mmfd.
C5 -2o mmfd. on 5 metres and

5 mmfd. on 2i metres.
C6-.00025 mfd.

MIN

cs

0.42

C2

s ti
C:1 ,r

wr-
R3

Fig. 4. Simplicity is
the keynote of this
transceiver which
operates satisfactor-
ily on both 5 and 2i

metres.

bias modulation in the final stage, but
with less over -biasing and audio power.
In connection with the adjusting
W8ICO states that the transmitter is
tuned up in the ordinary manner al-
though the grid current is much lower
than with the usual class -C amplifier.
Input should be adjusted to a point

RI -7,000 ohms.
R2- I00,000 ohms.
R3-3oo,000 ohms.
R4-2,500 ohms.

The condenser C6 makes possible
monitoring of the transmission since a
small amount of audio filters through
this condenser to the headphones.
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THE most common form of antenna
used in recent years has been a
half -wave dipole erected in either

a vertical or horizontal plane. The cor-
rect length in feet of a dipole or any
desired frequency may be ascertained
by the formula FMGC 4/467.4o with
FMGC being the desired frequency in
megacycles.

High current and low voltage exists
at the centre of a dipole, while high
voltage and low current is found at
each end. The radiation resistance or
impedance of a dipole can be almost
anything. It has been found, however,
that while the theoretical impedance of
a dipole " in free space " is a small
fraction over 73 ohms, providing a per-
fect and uniform ground exists, to a

This information, pro-
vided by the courtesy
of the Bassett Research
Corporation U. S . A .
was in preparation be-
fore the news of the
closing down on ama-
teur transmitters was
received. It has been
retained, however, on
account of the useful
nature of the contents.
It will be of special
interest to our readers

overseas.

INCREASING
ANTENNA RADIATION
radius of one-half wavelength below the
dipole and in the same plane this im-
pedance can change over wide limits
for neither a perfect ground nor " free
space " actually exists.

Experiments have shown that.
particularly in amateur use, when the
dipole is erected in small space and
close to surrounding objects, this im-
pedance averages close to 64 ohms.
When the dipole is erected in a vertical
plane, this impedance is approximately
93 ohms.

It is advantageous to know the im-
pedance of a dipole, inasmuch as this
knowledge helps in selecting or design-
ing a transmission system capable of
accurately matching this impedance.
In this way, as little as possible of the
energy output of the transmitter is
lost in the form of reflected waves, or
standing waves, on the transmission
line. One thing to remember is that
no matter how a dipole is fed, whether
with a matched single wire, " Q " bars,
non -resonant line, twisted pair, or con-
centric line, it is still a dipole and
should be considered as such.

While the dipole is a simple antenna
to erect and " get going," it also has
some characteristics which are not
always entirely satisfactory for the
work it is called upon to perform. At
the height above " ground " at which
the dipole is usually operated, particu-
larly in amateur application, the radia-
tion leaving at the " vertical angle,"
or that radiation generally called the
" sky wave," which leaves the antenna
at a tangent to the surface of the earth,
may be of such a high angle, i.e., 30 to
4o degrees, as to provide a fair field
strength over moderate distances. At
the same time, it may be placing a com-
paratively poor field strength over
great distances.

If the horizontal dipole is elevated to
a greater height, it usually reverses

the procedure and eliminates the pos-
sibility of good field strength at 1,5oo
miles or so. This condition might be re-
medied somewhat by mechanically
elevating the antenna for long dis-
tances and lowering same for short
distances. See Fig. i.

The dipole has another undesirable
characteristic. It is bi-directional at 90
degrees off the plane of the conductor.
This means that while communicating
with a station in a given direction, the
dipole also radiates an interfering
signal of equal intensity in the opposite
direction. Half of the radiated energy,
therefore, is being wasted to the rear.
When the dipole is used for receiving
from a given direction, it is not uncom-

NA LP"
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Fig. 1. Effeet of elevation on range.

mon also for signals of a greater field
intensity to arrive from the rear and
completely disrupt communication. It
can be seen that with the prevailing
interference in the amateur bands, the
dipole, as such, might be anything but
satisfactory for reasonably consistent
communication.

Improving
the Dipole

The simple dipole can be improved
enormously by adding more dipoles
properly spaced in front of and behind
the first dipole, as shown in Figs. 2 and
3. These may be either directly or
parasitically driven. If they are of the
correct length and are properly phased,
they are capable of appreciably lower-
ing the vertical angle of radiation for a
given height above ground and prac-
tically eliminating the interference
signal formerly radiated to the rear.
When this rearward " signal is
eliminated, it tends to reinforce the for-
ward radiation. This in turn provides
considerably better field strength for
the same power input at both medium
and long distances in front of the array.

These additional dipoles also serve
to eliminate practically all unwanted
signals arriving from the rear when the
array is used for reception. This for-
ward increase in field strength is
called " gain " and, up to a certain
point, is almost prpportional to the
number of dipoles added to the array.
The gain of an array is usually
measured by using a simple dipole as a
reference. An array of the above type
generally consists of a primary, or
driven, dipole and a single, or h num-
ber ' of parasitically excited dipoles.
These are known as directors if they are
placed in front of the primary dipole
and as reflectors if they are behind it.
In an array, all of the dipoles are
generally referred to as " elements,"
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Array Dimensions
i.e., a 3 -element array can consist of a
driven dipole, a reflector, and director.

From a mechanical standpoint, the
multiple dipole array has in the past
been more or less of a nightmare. Com-
paratively large spacing between ele-
ments was deemed necessary, and when
the array was assembled, it took on the
appearance of a barn roof. Much ex-
perimental work has been done in the
last few years in connection with close

PAR A ...VT,' D.,acE

WAVE

1ED

40'
0/3/ YEN DtADGE

Fig. 2. Additional dipoles are capable of
lowering the vertical angle of radiation.

spacing. The array has now been de-
veloped to a point where, from a
mechanical standpoint, a very excellent
airplane type support can be con-
structed, on which can be mounted as
many as 3 or 4 closely spaced elements,
at the same time maintaining the
essential strength and rigidity of the
system. From an -electrical standpoint,
it has been proved time and time again
that close spacing down to io wave-
length provides considerably more gain
than that obtainable from the a or
wave spacing formerly employed.

From an actual gain standpoint, it
is quite probable that the multiple
dipole array will never be able to com-
pete with long wire arrays or aperiodic
beam antenna such as the " rhombic."

00

PARA5/77C ARECTOR

-14 /Ore

.0.,1,En., 0/ROLE
4!

O WAve

PARA5/7"/C

Fig. 3. A three -element array.
C3.

However, from a directional and non -
interfering viewpoint, nothing has yet
been developed that can compete with a
well adjusted rotary antenna of the
multiple dipole type. This type of
radiator provides all that could be de-
sired in the way of gain without
sharpening the horizontal angle beyond
useful limits. It lowers the vertical
angle if properly installed, still further
increasing the field strength at a remote
point. It also provides a mechanical
flexibility and a method of placing your
signal wherever desired, and to the
greatest possible extent, precludes the
possibility of interfering with other ser-
vices in other directions, or receiving

interference from services in other
directions than that desired.

Power
Gain

Experiments have indicated that the
following is about what can be expected
in the way of front to back ratios and
horizontal gain for the type multiple
dipole arrays shown, providing these
arrays are properly installed, adjusted
and fed. A horizontal dipole one-half
wavelength above ground is used as a
reference.

2 Element Array.-1/io wave spaced,
radiator and. director. Forward gain :
4 DB equal to raising power 2i times.
Front to back ratio : io DB or io times
as strong a signal off the front as off
the back.

3 Element Array. --1 io wave spac-
ing, radiator to director. i /io wave
spacing, radiator to reflector. Forward
gain : io DB equal to raising power io
times. Front to back ratio : 3o DB cr
r,000 times as strong a signal off the
front as off the back.

Element Array.-1/lo wave spac-
ing. radiator to 1st director. 1/ io wave
spacing, ist director to and director.
/To wave spacing, radiator to reflector.

Forward gain : 13 DB, equal to raising
power 20 times. Front to back ratio :
35 DB or 3,162 times as strong a signal
off the front as off the back.

In all the above arrays, the radiation
off the ends of the dipoles is so little,
by comparison, that it may be con-
sidered as being negligible. However,
as the number of dipoles used in-
creases, this endwise radiation goes
down and also the forward lobe of
radiation becomes considerably nar-
rower so that it covers a considerably
sharpened path in front of the antenna.
From the above figures, it can be
readily seen that little could be
gained from employing more than 4
elements in this type of an array unless
some practical means were devised for
supporting them. Something can un-
doubtedly be gained from an electrical
standpoint.

Dipole
Impedance

As dipoles are added to the primary
dipole in an array, the radiation or im-
pedance of the array goes down. If
these additional dipoles are widely
spaced, the impedance does not drop to
as low a value as it does when the ele-
ments are closely spaced. It is not
advisable to allow the impedance of an
array to drop to so low a value that
the radiation resistance too closely ap-
proaches the loss resistance of the
array, or the losses in the system may
approach or exceed the actual amount
of energy radiated into space.

This difficulty can usually be avoided

to a great extent through the use of a
fairly large diameter tubing for the
elements possessing a high " Q " and
capable of maintaining the loss resist-
ance at the lowest possible point. In -
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Fig. 4. Dimensional details of various arrays.

sulation of the elements is another im-
portant factor, and care should be exer-
cised in the installation of all bolted
loops on the systems. Experience has
shown that plenty of air is the best pos-
sible insulation for all points of high
impedance in the array. In other
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Height - and Coverage
words, hang the voltage loops slung in
space as far as possible. For this pur-
pose a tubing is required which will be
as self-supporting as practicable.
Rotary Beam
Design

In designing a rotary beam the
following points should be taken into
consideration :

(i) Tubing for the elements should
be approximately i in. in diameter,
either of a rigid aluminium alloy or of
plated steel suitably weather-proof.
The former is more desirable.

(2) The supports for the elements
should be well designed to provide
great rigidity and structional strength
with the least possible amount of wind
resistance. It will be found that no
great torque is required to rotate the as-
sembly. However, if the structure is
not so designed that it eliminates all
possible wind resistance it will be ex-
tremely hard to hold back even in a
gentle ground breeze. Take advantage
of modern aircraft fuselage construc-
tion in designing the elements support-
ing structure.

(3) Direction indicating perhaps
offers the most serious design problem
and as the multiplicity of dipoles in the
array is increased, a direction indicat-
ing system becomes more of an abso-
lute necessity. Even if it is possible
to see the array it will be noticed that
the perspective is such that it is impos-
sible to tell precisely in which direction
the beam is pointing without a positive
system of indication.

(4) The array should be mounted on
a tower or pole as far froii surrounding
objects as possible. Placing it so that
half or part of the system is at times
over an object such as a roof or tree,
when the other half is not, does not
always prove entirely satisfactory.
Always attempt to balance the system
to earth throughout its length. If the
antenna is over a roof for example,
place it so that all the antenna is above
the roof and not half overhanging.

(5) In order that the array may be
fairly in the clear, it is advisable to
consider rotating it electrically by e-
mote control. This method perhaps
offers less possibility of absorption of
power than would a complicated systen2
of wires and pulleys operated by hand
from a remote point. It also offers ease
of control and positiveness of indica-
tion found in no other way. Many
methods of motor control will suggest
themselves to the ingenious amateur,
such as old steering gear, theatre sound
system turntables, and similar motors.

(6) A method of feeding the array
should be considered which provides
the highest degree of flexibility, free-
dom from mechanical trouble, ease of
adjustment and freedom from effects
of weathering. The feed system must

be capable of consistently maintaining
a desired surge impedance, so that the
array will always be fed a desired
amount of energy and will operate as
an array. Many methods of feeding an
array are apparent, such as the open
wire line delta matched, transformer
sections of twisted pair, and co -axial
line. If open wire feed is employed, it
is well to make certain that it is ac-
curately matched to the array and that
reflected waves do not exist on the line.
It is also well to shelter the open line
as much as possible because in rainy
weather a film of water over the con-
ductors and separators tends to increase
their effective diameter io causing a
decrease in the surge impedance of the
line. This in turn may cause a change
in loading of the amplifier, a mis-match
at the antenna can cause standing
waves capable of upsetting the per-
formance of the array to appear on the
line during bad weather.
Element
Lengths

It is absolutely impossible to give
the exact element lengths to use in an
array except for a given diameter of
element tubing. The exact lengths de-
pend to a great extent on the capacitive
and inductive reaction of the system
and to a lesser extent on other factors.
The sketches in Fig. 4 are given to
show the correct length to employ in
the 2, 3 and 4 element, one -tenth wave -
spaced arrays only when the element
tubing is approximately I in. in
diameter throughout its entire length.

If smaller tubing is used, these
lengths may increase as much as io per
cent. or with larger tubing decrease by
the same amount. The following
formula is used to determine the ap-
proximate length of each element in the
array and is the result of much experi-
mental work in connection with de-
veloping a formula for determining
with the greatest possible degree of ac-
curacy the correct length for these
elements.

While in most cases it will be pos-
sible to build from this formula either
a 2, 3 or 4 element array and obtain
satisfactory operation, with no further
correction of element lengths, it is
highly recommended that the elements
be accurately adjusted, as half an inch
inaccuracy may upset the operation of
the entire system.

The formula is :-

AL

DL

RL

492

FMGC
460

FMGC
499

FMGC
AL-Radiator length in feet.

DL-Director length in feet.
RL-Reflector length in feet.
FMGC-Frequency in megacycles.
In the dimensions given, it will be

noted that a radiator is considered for
example as being 34 ft. long, when each
tube is 17 ft. long and a small air gap
exists at the middle. The air gap is not
considered as being part of the dipole.
When a director length is given, this
length is the overall length of the con-
ductor, and includes not only the length
of each tube, but also the length of
each side of the stub plus the length of
the jumper necessary to complete the
stub.

Optimum spacing are: 1/ io wave
spacing for zo metres, 6 ft. i I in., and

io wave spacing for io metres,
3 ft. 5 in.

Height Above
Ground

It has been definitely proved that
there is no optimum height above
ground at which to instal the array.
The correct height depends to a very
great extent on the type of operation
contemplated. The height above ground
at which the array is placed will deter-
mine for the most part the angle of
vertical directivity or the tangent with
respect to the earth at which the strong-
est portion of the radiated signal leaves
the array as shown in Fig. I.

If extreme distances are to be covered
the array should be as high as possible
and at least one full wavelength above
ground. If moderate distance and occa-
sional long distance is required, it is
well to erect the array at a one-half
length elevation. Erection of the
array at a full wavelength above
ground will probably affect the signal
locally (I,000 to 2,50o miles), but by
concentrating the lower angle radiation
(lo to zo degrees) long distances can be
covered with comparative ease. Erec-
tion of the array at a half wave -length
above ground tends to favour the higher
angles (zo to 3o degrees) and make for
consistent coverage of distances be-
tween i,000 and 3,000 miles.

It also provides an excellent signal
at great distances when the reflection
layers of the ionosphere are at the right
height.

Tilting
the Array

The vertical angle of radiation can-
not be lowered by tilting the array in
respect to the surface of the earth. The
only result of tilting is to raise the
angle which will help the signal locally
but lower the field strength at the dis-
tant point. The only known method
of controlling the vertical angle of
radiation is by raising and lowering the
entire array between limits of half and
one wavelength.

A most interesting booklet en-
titled the Bassett Handbook of Rotary
Beam Design is now available
in this country through W ebbs
Radio of 14 Soho Street, London, W.1.



October, 1939 ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD 607

A RECORD OF PATENTS AND PROGRESS

RECENT
DEVELOPMENTS

Cathode-ray Tubes
(Patent No. 506,4544

The figure shows a cathode-ray
tube designed to generate oscilla-
tions of a sharply -peaked character.
The electrons from the cathode C are
first focused into a narrow beam,
which is then deflected from side to
side by the plates D, Di so that it
strikes first against one and then the
other of a pair of anodes A and At.

6.0 cP
no op0000moonoor
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Transmitting tube with sharply peaked
output. Patent No. 506454.

These are curved to the shape
shown, with the end of plate At

overlapping, but not touching the
plate A. They are connected by ex-
ternal leads to the primary winding
P of an output transformer, which is
also coupled to a coil Li which feeds
back deflecting -voltages to the plates
D, Dr, so that the oscillations are
self -sustained.

The curvature of the anodes A, A
is such that all the electrons in the
deflected beam strike simultaneously,
so as to produce the maximum volt -

PATENTEES
Farnsworth Television Inc. :: Marconi's Wireless
Telegraph Co. Ltd., and D. L. Plaistowe :: Hazeltine
Corporation :: Radio Akt., D. S. Loewe :: Ferranti
Ltd. F. Ring :: Scophony Ltd., G.

Wikkenhauser, and J. Sieger

age across the output coil P in the
minimum time. In other words
they produce a large peak of current
of relatively short duration, which
can be modulated by signals applied
to the control grid G through a lead
S.-Farnsworth Television Inc.
Adaptors for Producing Colour

Pictures
(Patent No. 505,912.)

In the standard B.B.C. television
transmission, four -fifths of the time
between one frame and the next is
occupied by the train of picture sig-
nals plus the associated line synchro-
nising impulses. The remaining
one -fifth is occupied by the framing
impulses only, and contains no pic-
ture signals.

Advantage is taken of this fact to
convert a black -and -white picture
into one in natural colours. -

An adaptor box is inserted before
the camera at the transmitting end.
It contains three coloured glasses one
red, one yellow, and one green. The
glasses are carried on an endless
band which is driven at constant,
speed so that during the time-inter-
Nal occupied by one frame the red
filter is operative, during the next
the yellow, and so on. The filters
are changed -over during the idle
" fifth " of each framing period,
when no picture signals are being
transmitted. A similar adaptor,
controlled to run at synchronous
speed, is used at the receiving end.
-Marconi's Wireless Telegraph Co.,
Ltd., and D. L. Plaistowe.

Iconoscope Tubes
(Patent No. 506,237.)

The usual method of generating
television signals in a transmitting
tube of the Iconoscope type is to pro-
ject the picture on to a mosaic screen
of photo -sensitive cells, so as to form
an " electrical image " on the screen,
which is then discharged by a scan-
ning stream of electrons from the
gun of the tube. As each of the
mosaic cells is discharged, a pulse of
current flows to a metal plate at the
back of the screen, and then through

a load resistance to form the signal-
ling current.

According to the invention, the
signal currents are collected by a
second anode, mounted near to but
separate from the mosaic screen, and
coupled to an output resistance. As
the scanning -stream moves across
the mosaic cells, electrons are liber-
ated partly by photo -electric action
and partly by secondary emission,
and both streams are utilised to
build-up a stronger signal.-Hazel-
tine Corporation.

Scanning Discs
(Patent No. 506,691.)

One method of reducing the effect
known as " keystone distortion " in
mechanical scanning -systems is to
project the light at an angle to the
plane of the scanning -disc instead of
at right -angles to it. This naturally
reduces the effective cross-section of
the emerging ray of light by a fac-
tor proportional to the sine of the
angle of incidence of the light. It
is also found to increase the loss of
light due to reflection and dissipation
by some fifty per cent.

According to the invention, these
disadvantages are avoided by first
punching out from the scanning -disc
holes of a comparatively -large dia-
meter, and then " backing " them
by a thin sheet of copper in which
holes of the right diameter have been
made. The latter are preferably
made slightly longer in one direction
than the other, i.e., rectangular or
oval, instead of square or circular, so
as to reduce the " shuttering " effect
on the inclined ray of light.-Radio-
Akt. D. S. Loewe.

Time -base Circuit
(Patent No. 506,856.)

The figure shows a back -coupled
saw-toothed oscillation -generator in
which the amplitude of the currents
fed to the deflecting coils can be re-
gulated, without any falling -off in
linearity.

The valve V is a low -frequency
power pentode, back -coupled at T
and feeding saw-toothed currents to

The information and illustrations on this page are given with permission of the controller of H.M. Stationery Office.
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the deflecting -coils C, CI, of a cath-
ode-ray television receiver. Con-
nected between the anode and the
screening or accelerator grid of the
pentode is a shunt circuit consisting
of a high resistance R and parallel
capacity K. By adjusting the tap-
ping -point on this resistance the
voltage applied to the screening grid

-QS0..SHO

-rt5-125131M

I

C,

duce secondary emission when they
reach the fluorescent screen.

Those parts of the screen that are
already fluorescing remain illumi-
nated because their potential is
such that they emit more secondary
electrons than they receive, while the
dark portions do not. In this way
the picture is kept alive for a certain
time, until it is deliberately wiped out

o by another " quenching " stream of
electrons.-F. Ring.

Linear time -base circuit Patent No. 506,856.

can be altered to regulate the anode
current fed to the deflecting coils.

Since the resistance is not directly
included in the anode circuit, and
since it carries only a small current,
there will be no resultant variation
of the anode voltage, and therefore
no departure from linearity in the
scanning voltage.-Ferranti, Ltd.

Preventing Flicker
(Patent No. 506,911.)

The picture produced on the fluor-
escent screen of a cathode-ray tube
is made to " persist " between one
frame and the next, in order to re-
duce flicker. It is then deliberately
" extinguished " just before the
next frame is formed.

For this purpose the fluorescent
screen is " sprayed " with a uni-
form stream of electrons from a
second cathode, whilst the picture is
being formed by the primary or scan-
ning stream of electrons. A posi-
tively -charged " open " grid is
placed close to the fluorescent screen,
and serves to accelerate the uniform
stream of electrons, so that they pro -

0

" Supersonic " Cells
(Patent No. 507,481.)

Relates to light -modulating sys-
tems of the kind in which the light is
passed through a medium in which
compression waves of supersonic
frequency are set up, usually by a
piezo-electric crystal. The high- S
frequency train of compressional(
waves acts as a diffraction grating
on the light to be modulated, so that
the undeviated image of a slit is ac-
companied by a series of " side
images " the amplitude of which in-
creases (with that of the compression
waves) at the expense of the central
or undeviated image, thus giving
the modulation effect.

As shown in the drawing, light
from a source S passes on each side
of the bar B through a lens L into
the modulating cell C, which is the
seat of compressional waves pro-
duced by a piezo-electric crystal Q
and a high -frequency oscillator 0.
Under the influence of signals ap-
plied at A the ray of light, after pass-
ing through the cell C and the lens
Li, produces " fringe " images of
the bar B about an aperture K in a
screen P.

If no signal is present, only a
single image of B is produced, and
this blocks the aperture K. The effect
of an applied Signal, however, is to
allow a modulated ray of light to pass
through the aperture K.-Scophony,
Ltd., G. Wikkenhauser, and J.
Sieger.

Summary of Other Television
Patents

(Patent No. 505,448.)
Preventing " hum " in a mains -

operated television receiver from pro-
ducing visual interference, particu-
larly when using interlaced scan-
ning.-Radio-Akt.. D. S. Loewe.

(Patent No. 505,618.)
Television tube in which a " per-

meable " photo -sensitive screen, on
which the picture is focused, is
sprayed with electrons, some of

which pass through to form a modu-
lated electron stream.-H. G. Labs-
zynski and J. D. McGee.

(Patent No. 505,764)
Separating frame and line impulses

of similar amplitude, but different
duration, and preventing mutual in-
terference or interaction.-E. L. C.
White.

(Patent No. 505,899.)
Television receiver in which the

ratio of the D.C. component to the
A.C. signal can be regulated.-C. L.
Faudell.

(Patent No. 506,112.)
Television receiver in which the

Supersonic light cell. Patent No. 507481.

anode potential of the cathode-ray
tube is also used to charge the con-
denser in the time -base circuit.-
R. J. Berry (C. Lorenz Akt.).

(Patent No. 506,143.)
Construction of a. mosaic -cell

screen for e cathode-ray television
transmitter in which scanning takes
place on the opposite side of the
screen to that on which the picture
is projected. --N. V. Philips Gloeil-
ampenfabrieken.

(Patent No. 506,189.)
Means for preventing the weaken-

ing of signals due to fatigue in a
television transmitter.-Radio-Akt.
D. S. Loewe.

(Patent No. 507,059.)
Preventing " tilt " distortion in

television transmitters using a
double -sided mosaic -cell screen.-
J. D. McGee and H. G. Lubszynski.

(Patent No. 507,144.)
Projector adapted to be used at

will, either for reproducing television
signals, or for projecting from an
ordinary cinema film.-Kolster
Brandes, Ltd., and C. N. Smith.

(Patent No. 507,239.)
Means for stabilising the picture

signals and synchronising impulses
used in television.-A. D. Blumlein
and E. L. C. White.
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News Brevities
Commercial and Technical

THE British Kinematograph
Society has decided that some
restriction of the Society's acti-

vities was unavoidable until the situa-
tion becomes more clarified.

For the moment, all general meet-
ings are cancelled. The possibility
of resuming such meetings at a later
date is to be considered.

With a view to assisting members
to play a part in the national effort,
the President, Mr. A. G. D. West,
M.A., B.Sc., is making arrangements
for all members with special qualifi-
cations to be enrolled, if they so de-
sire, in the Central Register of Spe-
cialists, organised by the Department
of Scientific and Industrial Research.

* * *
The U.S.A. Federal Communica-

tions Commission has assigned new
call letters to the American short-
wave broadcasting stations which will
in all cases eliminate the letter "X "
which has been used up to now to
indicate that the station was operating
on an experimental basis.

* * *
Permission has been given to the

Don Lee Broadcasting System to
erect and operate a television trans-
mitter on the Hollywood Hills. This
will be the highest television station
in the United States. The transmit-
ter W6XAO, will therefore be moved
six miles across town from Seventh
and Bixel Streets, where it was estab-
lished eight years ago, to Mt. Lee,
which is 1,700 feet high.

* * *
KGEI, located at the Golden Gate

International Exposition, in San
Francisco Bay, California, is to add
a new frequency to its two already in
use. The station will broadcast on
6,190 kilocycles (48.46 metres) from
9 p.m. to midnight, PST. It also
broadcasts on 9,53o kilocycles from
4 a.m. to 9 a.m, and 15,330 kilo-
cycles from 3.3o p.m. to 8.15 p.m.,
PST.

* * *

More than 5o per cent. ,of the
visitors to the New York World's
Fair since the outbreak of war when
asked if they had any questions about
television, inquired about the possible
uses of television as an aid to war-
fare. Most of them asked if tele-
vision would not be a great help to
commanding officers behind the lines

in keeping watch on progress at the
battlefront. Some envisioned tele-
vision cameras in airplanes over the
battlefield.

One visitor asked if underwater
television were possible, and then re-
vealed that he was thinking of tele-
vision as a means of submarine detec-
tion. Others suggested that tele-
vision " with long-range focus "
could be used to give advance warn-
ing of air raids.

* * *

An increased operating schedule to
Europe for General Electric's inter-
national radio station WGEO will
provide European listeners with three
more hours of American programme
time daily.

Directional antennas will be used,
pointed on London, for the additional
service from 3 to 6 p.M., EDST.
General Electric's service to Europe
heretofore has been confined to
WGEA, which transmits from 11.15
a.m. to 6 p.m., EDST. This station
will retain the same schedule in addi-
tion to the new service from WGEO,
which broadcasts on 9,530 kilocycles.
WGEA broadcasts on 15,330 kilo-
cycles to Europe.

* *

The Chloride Company advise us
that they have temporarily transferred
their London Exide and Drydex Sales
Department from Shaftesbury
Avenue, to 178 Kew Road, Rich-
mond, Surrey, temporary telephone
number Richmond 449o, to which all
orders and correspondence should be
addressed.

*

All current models of DuMont tele-
vision receivers are now equipped
with the intensifier -type cathode-ray
television tube, providing a more bril-
liant screen image than heretofore. It
is claimed that this new feature per-
mits DuMont sets to be operated in
well -lighted rooms because of the
vivid screen illumination.

Three models are being sold at pre-
sent, namely : Type 180X, a table
model; type i83X, a console model;

Please ask your bookstall or newsagent
to reserve a copy of ELECTRONICS AND
TELEVISION & Short-wave World

each month and avoid disappointment.

and type 181X, a large console model
with all -wave broadcast receiver.

The call sign of W2XAD, the
General Electric powerful inter-
national short-wave station in Sche-
nectady, has been changed to WGEA
to comply with a new assignment of
calls made by the Federal Communi-
cations Commission. The station
has been on the air since 1926; its
old call letters, the " 2 " meaning
second radio district and the " X "
standing for experimental, are among
the most famous in the radio world.
It operates on 9,55o, 15,330 and
21,500 kilocycles.

The 'other long service Schenec-
tady short-wave station has been
changed from W2XAF to WGEO.
Operating on 9,53o kilocycles, it
earned renown by relaying weekly
programmes to Admiral Richard E.
Byrd during his expeditions to Little
America in the Antarctic.

* * *

On page 536 of the September
issue there was a paragraph headed
" Gaumont-British and Television "
in which it was stated that Mr.
Isodore Ostrer announced that tele-
vision of the big screen type would be
installed in all suitable " Odeon "
cinemas just as fast as the equipment
could be obtained. This was an error
and readers will probably be aware
that Gaumont-British do not at the
moment instal Baird big screen equip-
ment in Odeon cinemas, but in
Gaumont-British cinemas. Scophony
apparatus is installed in some of the
Odeon cinemas.

* * *

WGEA (formerly W2XAD) and
WGEO (formerly W2XAF) located
at Schenectady, New York, U.S.A.,
commenced on September 24 to
broadcast their regular scheduled
programmes one hour later, due to
the change in time in New York from
Eastern Daylight to Eastern Stan-
dard Time. California will not
change with the change of time in
New York.

* * *

A device termed the Radiotype,
which sends printed messages
through the air to appear on a large
screen, is being exhibited by the
International Business Machines
Corp. at the New York World's Fair.
The mechanism automatically prints
at a speed of zoo words a minute on
a transparent roll which is fed
through projection apparatus that
throws images of the letters on a
large screen.
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MORE NEWS BREVITIES

The Radio Manufacturers' Asso-
ciation is giving careful consideration
to the problems with which the Radio
Industry is faced as a result of the
present emergency.

Realising the importance of radio
in the national life-particularly in
these days of war-it is desired to
state that it is the intention of the
British Radio Industry to " carry
on " to the best of its ability with the
service which it is rendering to the
community.

Difficulties of an unusual kind have
to be met, and it is inevitable that
costs of production will tend to
increase.

It is unavoidable that this increase
in cost must be reflected as time goes
on in some rise in the prices of radio
sets and components, but it is the
policy, of the industry that such price
increases as do occur shall be limited
to meeting the extra charges which
may be placed upon the industry.

A too -kilowatt valve of which the
filament can be replaced has been de-
veloped for use in the new transmit-
ter being completed for short-wave
station W2XAF. Two of these
valves are to be used and they are the
largest of their kind yet built. They
are expected to produce an effective
directional power output of more than
600,000 watts.

* * *

Four mobile radio units will be used
in the Lawrence Thaw trans -Asiatic
expedition. In order to maintain
contact with each other, they have
been equipped with apparatus which
will have a 20o -mile radius. Stan-
dard car batteries are employed to
provide the necessary power. Aerials,
ranging from the standard fishpole
type to a 128 -ft. flat -top, are being
provided.

* * *

Dr. Lee DeForest has been devot-
ing a considerable amount of time re-
cently in the development of dia-
thermy and similar medical equip-
ment.

Dr. Wilmer C. Anderson, of Har-
vard University, has devised new
equipment for measuring the velocity
of light with which no visual obser-
vations will be required, the entire

system being completely automatic
in operation. It is expected that the
speed of light can be measured by
this system with an error of only 24
miles per second, a precision of one
part in 75,00o.

A typewriter has been produced
that has been specially designed for
scientific work. It has 535 charac-
ters but only the normal number (45)
of keys. This is done by using two
shifts and the particular machine is
fitted with an assortment of Greek
letters and mathematical symbols
such as are required by technical
writers.

* * *

Mr. H. 1'. Stott, Chief Technician
of A. F. Bulgin & Co., Ltd., has now
been elected to the Board of Direc-
tors of the company. Mr. Stott has
been an active member of the
executive 'staff for the past eight
years, in the capacity of chief techni-
cian, and he is well-known in the
industry.

* * *

The Council of the R.S.G.B.
have made arrangements whereby
they hope to continue the work
of the society for as long as
possible. The registered address
will remain at 53 Victoria Street,
London, S.W.I, but the business of
the society will be carried on from
the private address of the secretary -
editor (John Clarricoates), at i6 Ash -
bridge Gardens, London, N. I 3.
Telephone: Palmers Green 3255. All
correspondence should continue to be
sent to Victoria Street, but members
should not call at that address.

The Society's journal, the " T. and
R. Bulletin," will be published
monthly as hitherto, although in a
somewhat reduced form.

The Society will continue its ser-
vice of distributing QSL cards to

WAR -TIME ECONOMY

During the present emergency it is

absolutely essential to conserve supplies
of paper and facilitate distribution.
Readers, therefore, are earnestly requested
to ask their newsagents or bookstalls to
reserve a copy of this journal for them
each month or alternatively place an
order for regular delivery. (Order form

on page 623).

members at reasonably frequent inter-
vals, and cards for overseas amateurs
will be forwarded as circumstances
permit. The QSL service is now
operated by Mr. A. 0. Milne from 29
Kerchill Gardens, Hayes, Bromley,
Kent, to whom all cards should be
addressed.

The Council of the R.S.G.B. regret
to announce that all arrangements for
the 5939 Convention have necessarily
been cancelled.

* * *

Owing to the widespread distribu-
tion the General Electric Co., Ltd.,
is able- to maintain through its
branches and depots regular sup-
plies ; Osram valves will be easily
obtainable in all districts.

In view of the restricted transport
facilities caused by the present state
of emergency, it is in the interest of
readers to take note of their local
source of supply for Osram valves.
All G.E.C. home branches and depots
have recently been mailed with in-
junctions to stock up all types, and
for this reason any demands will be
readily met.

A copy of the useful Osram Valve
Guide, which covers tables showing
the equivalent for other makes, is
obtainable on application.

Branches and depots of the G.E.C.
from which Osram Valve supplies
can be obtained are as follows :

ABERDEEN
BELFAST ..
BIRMINGHAM, 4 
BLACKBURN ..
BLACKPOOL ..
BOURNEMOUTH
BRADFORD
BRIGHTON, x
BRISTOL, 1
CANTERBURY
CARDIFF ..

.

CORK (EIRE) ..
CROYDON (WEST)
DUBLIN ..
DUNDEE
EDINBURGH, 2. ..
GLASGOW, C.2. ..

GLOUCESTER

HULL .
INVERNESS
IPSWICH ..
LEEDS .. .

LEICESTER
LIVERPOOL,
LONDONDERRY
LUTON ..
MANCHESTER, 3 ..
MIDDLESBROUGH

NEWCASTLE -ON -
TYNE

NORTHAMPTON ..
NOTTINGHAM ..
PLYMOUTH
READING ..
SHEFFIELD, x
SOUTHAMPTON ..

STOKE-ON-TRENT

SWANSEA

Magnet House, 32, Market St.
Magnet House, Queen Street.
Magnet House, Moor Street.
Magnet House, 40/42, Dawn

Street.
Magnet House, 214, Church St.
63, Holdenhurst Road.
roo, Thornton Road.
Regent Hill, Western Road.
Magnet House, 26, Victoria St.
Beer Cart Lane.
Magnet House, Womanby St.,

and Castle Arcade.
20, South Mall.
516, London Road.
r3, Trinity Street.
26/3o, North Lindsay Street.
Magnet House, 8, George St.
Magnet House, 71, Waterloo

Street.
Magnet House, 2, St. Aldate

Street.
Magnet House, 83/84, Wright

Street.
13, Falcon Square.
Electric House, Lloyds Avenue.
Magnet House, Wellington St.
Magnet House, 33, Rutland St.
Magnet House, Church Alley.
12, Foyle Street.
39/43, John Street.
Magnet House, Victoria Bridge.
Magnet House, 52/58, Cor-

poration Road.
Magnet House, Gallowgate

32a, Newland.
25, Stoney Street.
Magnet House, 175, Union St.
72/74, Castle Street.
Magnet House, Fitzalan Sq.
Magnet House, Commercial

Road.
South Wolfe Street. Stoke-on-

Trent.
Magnet House, Northampton

Place.
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In Case of Emergency

MAKE SURE YOU

HAVE ADEQUATE

STOCKS OF

osrani
valves

MADE IN ENGLAND

For full information and technical data of any OSRAM VALVES, write to the Osram Technical Dept. of

THE GENERAL ELECTRIC CO., LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2
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A HOME INSTRUCTIONAL COURSE
EDITORIAL NOTE

The present position has led to the suspension of evening classes in many of the Technical Institutes and
added to the difficulties in attending those that are available. Some thousands of students of radio engineer-
ing will miss the opportunity of improving their knowledge of the theoretical side of the subject.

Unfortunately the brain is like a precision tool-it is apt to become rusty from neglect. Practice is not
always enough to keep abreast of the subject, and the radio engineer or serviceman must understand fully
the theory underlying the practice in order to cope with the frequent "out of the ordinary" jobs that come
his way.

With the object of filling the gap which has been temporarily caused in the education of the radio student,
we are commencing this series of articles on various theoretical aspects of the subject.

They are not intended to compete with or in any way displace the "correspondence course" in which the
subject is dealt with fully from beginning to end, but are aimed to give concise information on certain
fundamental theories which will be of direct use to the student in his work.

Each article will be complete in itself and in order to give mental exercise, examples will be given at the
end. While we cannot enter into correspondence with readers on the subject matter of the articles, it will
be found that the examples given are answered in the succeeding article and numerous explanatory foot-
notes should make the discussion as clear as possible.

Suggestions are invited from students for special aspects of the subject to be dealt with in later articles.

THE SINE WAVE
ITS IMPORTANCE TO THE RADIO ENGINEER

Preliminary Note
BEFORE reading this article, if

you decide that you wish to
study the subject carefully,

there are two things to be done :
(1) Provide yourself with a loose-

leaf notebook a graph pad
ruled in millimetre squares, to-
gether with the usual drawing
instruments, and a small draw-
ing board if possible.

(2) Make a point of seeing that you
understand the reasoning or ex-

planation thoroughly. If it is
not clear (and in a short written
article some intermediate steps
may have to be omitted) try and
look it up in another reference
book to get another viewpoint.
Work out the examples properly
(not on bits of odd paper) and
file them for future use. The
model answers given next month
will help you to set out your
answers neatly and check your
working.

The Sine
Wave

The sine wave has been called the
" curve of Nature's rhythm." It
occurs in all branches of physics and
engineering-in the motion of a pen-
dulum, a crankshaft, vibrating
strings, organ pipes, and in a variety
of ways in alternating current and
radio engineering.

The most complex wave shapes
which occur in radio can be analysed
into sine waves of varying heights

and frequencies. The sine wave is
used as the basis of calculation for all
the circuit constants in alternating
current work.

First, the explanation of the word
" sine." To students of trigono-
metry the term is familiar, but if you
do not know trigonometry it is not
difficult to understand the term if we
briefly outline the theory.

Trigonometry deals with the
science of angular measurement in

Fig. 1. Illustrating the meaning of the "sine"
of an angle.

terms of linear dimensions or ratios
rather than in degrees.*

If we take a right-angled triangle
with one angle 300 and the other 60°,
such as a set -square, we can measure
accurately the lengths of the sides.
Call the perpendicular " p " and the

hypothenuse (long side) " h " (Fig.
i). Then the ratio of the perpendicu-

* The degree as a unit is useless for calcu-
lation as it is an arbitrary division of a circle.
Trigonometry provides the link between
angular measurements and ordinary
algebraic calculations.

lar " p " to " h " is called the sine
of the angle 300.

The angle has thus been expressed
as a number-the ratio of two lengths,
and provided the angle does not alter
the ratio is constant whatever the
size of the triangle. Compare the
ratio of the dotted lines in Fig. 1,
which are 1i times as long as the
full lines. In the particular case of
the angle of 300 the ratio is 1, h being
twice p in length. For an angle of
45° the ratio is .707 (1/2), and for
each angle there is a corresponding
constant value of the " sine."

Sine o° and
Sine 90

There are two extreme cases of in-
terest-one where the angle at the
base of the triangle is very small in-
deed and the other where it is nearly
go°. As A in Fig. t gets less and
less the triangle gets flatter and flat-
ter if h remains constant in length,
until when A is practically 00, p is so
short that it almost disappears. If
A became 00 the triangle would exist
in theory and would look like a
straight line ! Then the sine of 00
would be p/h = 0/h = 0. Simi-
larly, if A gets larger and larger till
it approaches go' the triangle be-
comes tall and thin until the base line
disappears and p and h coincide.
Then p = h and sine go° = p/h = T.

Plotting
the Curve

We can now plot a curve of sines
of angles from o° to 18o° by marking
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NOW

PREMIER
A.R.P. ALARM SYSTEMS
WE HAVE HAD CONSIDERABLE EXPERIENCE OF
THE INSTALLATION OF CALL SYSTEMS FOR A.R.P.
ALARMS. OUR TECHNICAL STAFF WILL BE GLAD
TO SOLVE YOUR PARTICULAR PROBLEM.
Designed along the most modern lines and incorporating the very latest develop-
ments in radio technique, these amplifiers can be relied upon to give a continuous
dependable performance.
All models up to 15 watts can be purchased in Kit form if desired, with the
necessary straightforward diagrams and wiring instructions.
The 6-, 8-10 and 15 -watt systems incorporate the new Premier Matchmaker
Output Transformer, enabling any single or combination of speakers to be used.
Two separate input channels are provided which can be mixed at any level. Built-in
Pre -Amplifiers ensure that the gain is sufficient for any low-level crystal or velocity
microphone.
The actual gain of the 6- and I5 -watt units is over 100 decibels. A Tone Control
is provided varying in all models, permitting compensation for varying acoustical
conditions.

The 4 -watt A.C. Amplifier has provision for energising a 2,500 ohm field speaker.
All amplifiers are designed for 200-250 volt mains (A.C. Models 40-100 cycles).

Kit with Valves Complete wired and tested
4 -watt A.C. L2 6 6 L3 2 6

4 -watt A.C.,D.C. L2 6 6 L3 2 6

6 -watt A.C. ffi 2 6 L6 17 6

8-10 watt A.C.,'D.C. a 5 0 L6 0 0
I5 -watt A.C. L6 14 0 L7 19 6

Black Crackle Steel Cabinets 15 - extra.
30-60 watt A.C. Amplifiers wired and tested in Black Crackle Steel Case,
Power Pack in separate case to match, 30 watt, £14 14 0. 60 -watt, LI8 7 6.
New Premierelf-Powered Tuning Unit, designed for high fidelity reception.
wave range 200-260 and 800-2,000 metres, Price LS 5 0.

SPECIAL RACK -BUILT SOUND SYSTEMS (as illustrated)
FOR SCHOOLS AND INSTITUTIONS ARE AVAILABLE.
WE ARE PREPARED TO MAKE COMPLETE RECOMMEN-
DATIONS AND SUPPLY SUITABLE EQUIPMENT AT

LOWEST PRICES.

PREMIER 1939 5. v. 5 "
COMMUNICATION RECEIVER

5 -valve Superhet, covering, 12-2,000 metres in 5 wave bands.
 Beat Frequency Oscillator  Send -Receive Switch
 2 -Spread Band -Spread Control  Iron -Cored IF's
 A.V.C. Switch  Phone Jack
 Illuminated Band -Spread Dial  Over 4 -Watts Output
Provision for single wire or Di -pole Aerial. International Octal Valves. For 200-
250 v. mains (A.C.). Built into Black Crackle Steel case providing complete
screening, 10 in. Moving Coil Speaker in separate steel cabinet to match.

Receiver, Complete with all tubes and: Speaker £9 9 0
READY ! NEW PREMIER 1939/40 GIANT ILLUSTRATED CATALOGUE AND VALVE
MANUAL. OVER 100 PAGES. SEND 6d. IN STAMPS FOR YOUR COPY !

ALL POST ORDERS to:
Jubilee Works, 167, Lower Clapton
Road, London, E.5. Amherst 4723. PREMIER RADIO

CALLERS to:-Jubilee Works, or 169
Fleet St., E.CA. Central 2833 or 50 High
St., Clapham, S.W.4. Macaulay 2381
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Alternating Current Theory
out a horizontal scale in xo° steps
(i cm. = xo° is a good scale, but use
the full width of the paper and start
on the left-hand side) and a vertical
scale marked from o to

The vertical scale can be as long as
desired-say, 5 cms.

8

 6

2

.2

.4

6

1.0

20 4. eo Oo /ea

tween the wave and the voltage or
current changes can be briefly ex-
plained as follows :

In *order to generate an electro-
motive force (voltage is the more
common term) it is necessary to
rotate a coil in a magnetic field-the

2e 22, 24e 26e 2110 3a 3,.

Fig. 2. A sine curve constructed from the readings given in the table in the
text. The horizontal scale is in degrees.

16 o

The values of the sines are given in
the following table:

Angle. Sine. Angle. Sine.

o .0 50 .766
10 .174 Elo .866
20 .342 70 .940
30 .5 8o .984
40 .643 go 1.0

100 .984 150 .5
110 .940 160 .342
120 .866 170 .174
130 .766 180 .o
140 .643

Note that after 90° the values de-
crease uniformly at the rate at which
they increased.

If you require to draw a rough and
ready sine curve a fair accuracy can
be obtained by memorising the sines
of 30, 45 (.7o7) and 6o, with, of
course, o and 90.

When the curve is drawn in
through the points it should be per-
fectly smooth in ascent, slowing off
as it reaches the top values, and
should be quite symmetrical about a
line drawn through the 90° point. To
complete the other half of the A.C.
wave it is only necessary to turn the
paper round and plot the points on
the other side of the horizontal line
(See Fig. 2)

A.C. Generator
Theory

This wave represents the natural
variation of voltage in an alternating
current circuit, and the relation be -

principle of the dynamo. If we as-
sume that the field is perfectly uni-
form and that the coil consists of a
single loop, the value of the e.m.f.
generated in the coil at any instant
will be proportional to the angular
position of the coil with regard to the
field. In Fig. 3, the coil is repre-
sented by the thick line and the field
by the thin vertical lines. At the
instant that the coil is passing across
the field the angle made with the hori-
zontal is 90° and the e.m.f. generated
is a maximum. At any other angle

the dimension of the coil and is fixed.
The e.m.f. is therefore proportional

to the sine of the angle of the coil as
it rotates, and a curve of sine values
will thus represent variations in
e.m.f. in a simple alternating current
generator. For a complete revolu-
tion of the coil it will be necessary to
draw the full wave as in Fig. 2, since
the polarity of the voltage is reversed
when the coil enters a field of oppo-
site polarity.

In practice the coil will consist of
many turns and the field will not be
the simple uniform one sketched in
the figure. Nevertheless the sine
wave form is always taken as the
ideal to be aimed at and modern A.C.
generators are designed to produce
as close an approximation as possible
to the theoretical wave

In radio engineering we have no
immediate connection with rotating
machinery. True, the source of sup-
ply for the transmitter is A.C., recti-
fied, but the sine wave shape in
broadcasting is usually originated by
some form of oscillatory circuit. Any
oscillating or vibrating system can be
made to produce sine -wave variations
of voltage provided that it conforms
to the simple fundamental method of
vibration of which the pendulum is
an example. If we plot the move-
ment of a pendulum against a time
scale we will obtain the same funda-
mental sine curve. A vibrating
string or a vibrating crystal will give
the same curve-in fact it is
" Nature's rhythm."

A/CPX. PeWeee

Pi.. -11111k-\11111=1
4;(1111111111111116W

go 270

Afovernette of Coll

Fig. 3. The relation between the sine curve and the voltage generated by an A.C.
machine. The value of the voltage at any point on the cycle is proportional to

the angular position of the coil in the magnetic field.

A the e.m.f. will be proportional to
the vertical projection of the coil; the
line " a " for example, which is one
of the factors in the ratio of the sine
of A. The other factor, the line h is

Constants of the
Sine Wave

There are certain definitions and
constants which are frequently re-
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How a Television Receiver works
Receiver giving pictures up to 12 inches
The Time Base, Cathode -Ray Tube network and

Receiver Power Unit
Adjusting the Vision Receiver, the Tube and Time

Base Power Unit
Adjusting the Time Base
Adding refinements

100 ILLUSTRATIONS

2/6 net

BUSINESS
AS USUAL

at

WEST STREET
FARNHAM

SURREY
Telephone : Farnham 6461

Concentrating on the good cause-
Production for Government

requirements

* * * * * *
Specified by the Experts

SOUND!:

PRODUCTS
can be obtained from the above

new address

Why Solon Electric
Soldering is easier

CLEANING

Ordinary iron requires No cleaning
cleaning after heating. with the Solon.

Don't worry about flux or dirt. Use a
Solon and Solon resin -cored solder. The
resin runs out and acts as a flux. No dirt-
the Solon is heated by the element clamped
inside the bit. 15 hours' use for I unit.
Ready for use in 4 minutes-maintains
constant heat at the point.

Supplied complete with Resin -cored solder, flex
and lamp adaptor, 8,6.

Solon resin -cored solder 6d. per ree

/aver with

SO LO NI
'-`" electric
SOLDERING IRON

W. T. HENLEY'S TELEGRAPH WORKS CO. LTD.
(DEPT 2/V), HOLBORN VIADUCT, LONDON, E.C.I

"Building Television Receivers at Home"
Is a practical handbook giving precise instructions that will enable any amateur to build Television Receivers
guaranteed to produce pictures of present-day standards both as regards definition and brightness. Three

designs are provided with a wide range of picture size and the constructional information and illustrations
are in such simple detail that they can be understood and carried out quite easily by the average wireless
amateur. Results are assured.

CONTENTS INCLUDE :
Small -picture Receivers
Receiver giving a 4 -inch picture. The simplest

Home -Built Televisor
Time Base for the 4 -inch Tube Receiver
The Power Units of the 4 -inch Tube Receiver
Long Distance Reception with a 4 -inch Tube
Simplified Receiver using a I -inch Cathode -Ray

Tube

OR

112 PAGES

2/9 post paid
FROM ALL BOOKSELLERS FROM THE PUBLISHERS

BERNARD JONES PUBLICATIONS LIMITED,
CHANSITOR HOUSE, CHANCERY LANE, LONDON, W.C.2

(Proprietors of " ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD")



616 ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD October, 1939

The Meaning of R.M.S.
ferred to in connection with the sine
wave. Some apply to any wave,
whether of the sine shape ("sinusoi-
dal ") or irregular. The terms used
are marked in Fig. 4 which shows
one complete cycle of the wave, i.e.,
from zero to maximum in one sense
then through zero to maximuum in
the opposite sense and finally back to
zero again.

The frequency is, of course, the
number of cycles per second. It is
not necessary to start the cycle from
zero-any point on the wave to a cor-
responding point on the next wave
constitutes a cycle. For conveni-

11,5,17've rolues
P

Mee, II kIlia
- Cy c%

/80°

Cycle

of the area and works out to .637 of
the peak value.

R.M.S. Value
The most important constant of the

wave is that value of voltage known
as the " R.M.S. (root -mean -square)
value," and its derivation is as
follows

For calculations and measurement
in A.C. working we must have a
value of voltage or current which will
be equivalent to a corresponding
value of direct current.

Suppose, for example, that we have
s amperes D.C. flowing through a re-
sistance of 4 ohms. The power lost
is then 52 x 4 or too watts. In the
A.C. wave we have values of current
which vary from instant to instant
and it will be necessary to find an
average of these values which will
give the same power as in the D.C.
case. This average value will not

369 necessarily be the mean value re-
ferred to above, and it is in fact
higher.

Fig. 4. The various terms used in connection
with the sine wave.

ence it is usual to consider the values
of voltage above the horizontal to be
positive and those below the horizon-
tal to be negative, although the terms
are arbitrary.

The height P is the maximum value
which is reached by the voltage or
current and is therefore called the
peak value, or maximum value, or
amplitude. The total distance be-
tween the two peaks is the peak -to -
peak value, marked on the curve as
2P. This value is often used in cal-
culations of valve input voltage in
amplifiers. If the wave is irregular,
i.e., is not sinusoidal, the peak -to -
peak value need not necessarily be
twice the normal peak value.

For some calculations it is neces-
sary to know the mean value of half
the wave. The mean value of the
whole wave or cycle is, of course, zero
since there are as many values above
the line in the positive half -cycle as
below the line in the negative half -
cycle. The mean value of the half=
wave can be found by measurement

To find it, we must remember that
so far as power expenditure is con-
cerned, we are dealing with values
of current squared, since the power in
either a D.C. or an A.C. circuit is
given by I'R.

Commencing, we square all the
values of current in the sine wave and
re -plot them as in Fig. 5, giving an
12 curve. Note that since -I x -I-
+ P the negative values of the cur-
rent become positive and are plotted
above the baseline in the second half
of the cycle. We can now say that
the mean value of the " current
squared " curve must be equivalent
to the square of the value of direct
current. This mean value can be
found by drawing a line half -way
through the curve as shown (marked
I2/2). It cannot be used conveni-
iently, however, as it is a mean of
" current squared " values and not a
mean of current. To find the cur-
rent we have only to take the square
root of the mean value, giving as a
result the square root of the mean
value of the current squared or, in
short, the root -mean -square value.

In tabular form the reasoning can
be set out like this :

D.C. A.C.
Power is pro-

portional to 12 Mean of values of
12

Current is t Square root of this

If the mean is I2/2 the square root
will be 17 ft,/ 2, or .707 times the peak
value.

This is the value which is shown on
all indicating A.C. instruments and
for the purpose of calculation can be
considered as the effective value of
A . C.

The relation between the peak
value and the R.M.S. value is of im-
portance in radio engineering prac-
tice. Although an instrument shows
the R.M.S. value it must not be for-
gotten that during a cycle the voltage
or current will rise to 1.4 times this
reading. A condenser built to with-
stand 25o volts D.C. will therefore
be overstressed by the application of
25o volts A.C. as read on a meter,

Fig. 5. How the r.m.s. value of an
alternating potential is derived from the

curve.

since the voltage peak will be 3so
volts (1.4 x 250).

The figure given is only true for
sine -shaped (sinusoidal) waves and is
modified if a peaked wave shape is
used. Some instruments are de-
signed to .read the peak value, but un-
less specially marked it is always safe
to assume that the R.M.S. reading is
given.

A cathode-ray tube gives a deflec-
tion proportional to the instantaneous
value of the applied voltage or cur-
rent and therefore indicates the peak
value at the extremity of its deflec-
tion. The total length of the line
drawn on the screen is then propor-
tional to twice the peak value..

As an example, suppose the sensi-
tivity of the tube is 5 volts per mm.
and the total deflection on the screen
is 2 cms. This corresponds to too
volts deflecting potential, which is
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that from peak to peak. The peak
value of half the wave is then 5o
volts and the R.M.S. value 35 volts.
A voltmeter across the deflector plate
circuit would therefore only read 35
volts.

Examples
(I) Using the table give above,

draw half a cycle of an A.C. sine wave
having a peak value of 25 volts. (To
obtain the volt readings for other
points on the curve, multiply the
values of the sines by 25).

(2) The frequency of an A.C.
mains supply is 5o cycles per second.
How long does one cycle occupy in
decimals of asecond? How long
does the voltage take to rise to its
peak value?

(3) A cathode-ray tube with a sen-
sitivity of 2 volts per mm. shows a
deflection of 3 cms. What is the
peak and R.M.S. value of the deflect-
ing voltage?

Television Signal Generator
APRACTICAL, constant, port-

able means of supplying a
radio or a direct video tele-

vision signal for the investigation of
circuit characteristics during develop-

ment and for routine production test-
ing and servicing of television receiv-
ing equipment has been developed by
the DuMont Laboratories. This sig-
nal generator has been designed to
supply a high -definition television
picture signal, with sufficient video
output to modulate an external ultra -
short -wave signal generator such as
the Weston Model 787 high fre-
quency oscillator. The carrier fre-
quency of this oscillator is variable
from 3o to 150 megacycles, and its
modulation carries a standard high -
definition television signal with syn-
chronising and blanking impulses.

The television signal generator may
also be used as a source of signal for
direct application to video amplifier
testing, since an output of positive
or negative phase of variable ampli-
tude is supplied.

'The DuMont instrument has Three
output circuits supplying the follow-
ing video signals : Output A is a corn-
posite video signal of positive phase,
containing the picture signal and syn-
chronising and blanking pulses. Out-
put B is a composite video signal of
negative phase, containing the pic-
ture signal and synchronising and
blanking pulses. Output C is the

same as B, with the exception that the
video signal is superimposed on a'
D.C. component of approximately 3o
volts. The composite video signal in
all cases has a maximum potential of
approximately io peak -to -peak volts.

The pickup source is a DuMont
phasmajector cathode-ray tube with
suitable test pattern or picture. The
output of this tube is fed to the first
stage of the video amplifier, the latter
being designed for a substantially flat
frequency response between 20 and
3,600,000 cycles per second. Com-
pensating circuits are employed to
correct both high and low frequency
response to the amplifier.

The gain control has sufficient
range to pi uvide for a wide variation
in phaimajector output signal, and
the cut-off point of the blanking am-
plifier is also adjustable to provide for
various blanking output levels. I he
output stage is a Type 6L6 operated
as an impedance transformer to pro-
vide a low -impedance output for these
high -frequency signals.

The instrument is entirely self-con-
tained, with necessary power supplies
for various functions and circuits. It
also includes the phasmajector, hori-
zontal and vertical sweep circuits, etc.

In his "outpost of Empire," old Wright

Is at work on his set, with FLUXITE.

"I learnt this trick," says he,

'Back in England you see.

Now I'll be there for ' In Town Tonight

See that FLUXITE is always by you-in the house-gargage-work-
shop-wherever speedy soldering is needed. Used for 30 years in
government works and by leading engineers and manufacturers.
Of Ironmongers-in tins, 4d., 8d., 1/4 and 2/8.
Ask to see the FLUXITE SMALL -SPACE SOLDERING SET-
compact but substantial-complete with full instructions, 716.
Write for Free Book on the art of " soft " soldering and ask for
Leaflet on CASE -HARDENING STEEL and TEMPERING TOOLS

with FLUXITE.
To CYCLISTS / Your wheels will NOT keep round and true unless the spokes
are tied with fine wire at the crossings and SOLDERED. This makes a mach
stronger wheel. It's simple-with FLUXITE-but IMPORTANT.

THE FLUXITE GUN
is always ready to put Fluxite on
the soldering job instantly. A
little pressure places the right
quantity on the right spot and
one charging lasts for ages.

Price 1,6, or filled 2/6.

FLUXITE
rr ampums ALL SOLDERING

FLUXITE LTD (DEPT T V ). DRAGON WORKS, BERMONDSEY ST., S.E.1.

TELCON

TRANSMISSION AND RECEPTION
Full particulars of all TELCON PRODUCTS from :

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO., LTD.
Head Office: 22. OLD BROAD ST., E.C.2. Works: Greenwich, S,E.10.
Telephone: LONdon Wall 3141. Telephone: GREenwich 104 0
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THE GUTHMAN " SILVER -SUPER "

The present inter-
national trouble has
shown clearly the

need for obtaining
the latest news from
all quarters. Many
listeners apart from
the radio amateur
are purchasing re-

ceivers which will

THE name of McMurdo Sib. e. is
familiar to all radio enthusiasts
as associated with receivers of

the highest quality, and in this Guth-
man kit receiver the reputation of the
name is fully maintained.

The principal features of the circuit
are extremely low noise level and the
wide variation in selectivity obtainable.

It is recognised that high sensitivity
can be easily obtained by regeneration,
but the usual objection to its use is in
the erratic nature of the results obtained
in unskilled hands, combined with a
certain amount of fear that the circuit
will " re -radiate." In the hands of a

skilled designer a regenerative circuit
can be made to yield the maximum re-
sults with no special demand on the
skill of the user, and in this particular
receiver the designer's boldness in
using double regeneration has been
fully justified.

The Circuit
The receiver consists of a detector -

oscillator (0K8) I.F. amplifier (7A7),
second detector (6B8) which provides
A.V.C. and noise limitation, and a beam
tetrode output valve (7C5).

In addition there is a b.f. oscillator
(7A7) and valve voltmeter 6SF5. Power

enable them to receive

news from all stations
on the medium and
short wave bands.
This description of a
first-class communi-

cations receiver will

be of interest to all
and may assist them
in making their choice.

is supplied from a type 8o rectifier with
a voltage regulator tube VIttso.

The circuit diagram is shown below.
The aerial sockets are intended for use
with any type of aerial. With single
wires (such as the " Skyrod ") the ter-
minal A, is used, A, being connected to
Ground terminal. Both A, and Az are
used with doublets.

The wave range covered by the coils
is 48o kc to 61 mc.-the amateur band,
medium waveband and the 600 m. com-
mercial band. Six coils are used to
cover the range, each being individually
switched and short-circuited when not
in use.

568 787

The circuit of the Guthman "Silver -Super."

688 7C 5

ON -OFF
(ON 1,51

0 C

5-6
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The frequency changer provides re-
generation in a neat manner, an. R.F.
choke in the anode circuit of the mixer
providing the necessary R.F. voltage
for feeding back to the grid. The
choke has been specially deigned to
cover the whole frequency range and
the degree of feedback is governed by
the ratio of C the feedback condenser,
to C1. The valve is never operated in
a fully oscillating condition, and hence
there is no risk of re -radiation.

The I.F. stability is ensured by auto-
matic voltage control with the stabiliser
Vi5o and warming up " is avoided
by the operation of the send -receive
switch, which leaves the heaters on
while disconnecting the H.T. The I.F.
amplifier is of the " Loktal " type hav-
ing a higher gain and lower input capa-
city than the 6K7. The I.F. is 455 kc.
Regeneration is again provided in this
stage by a slight grid -anode capacity
coupling and is controlled by the cath-
ode bias. It is not used for C.W. re-
ception, a b.f. oscillator being pro-
vided.

The A.V.C. voltage obtained from
the second detector is divided between
the mixer and I.F. valves, and is con-
trolled by a separate switch on the
panel.

The valve voltmeter is connected to
read the signal voltage across the diode
load, the meter in the anode circuit
reading S " values. The meter can
be calibrated by means of an adjustable
cathode resistance.

The use of a diode -pentode in place
of the more familiar diode -triode en-
ables noise limiting to be done in this
stage.

The pentode of the 6B8 is used as an
A.F.. amplifier, the saturation current
being controlled by the screen voltage.
By setting the screen voltage to a pre-
determined value the noise transients
are automatically limited to the level
of the signal.

The H.T. supply is fed through the
eight -pin socket shown in the diagram,
and by removing a dummy plug it is
possible to convert the receiver to bat-
tery operation. The send -receive
switch and the main switch are also
connected to the socket so that they
will operate on either mains or battery
supply.

A parallel connection for the send -
receive switch is provided by the ter-
minal marked SR, to which a remote
control may be attached. The terminal
DC is for the connection of a diversity
coupler, the other terminal on the
coupler going to " Ground."

Controls
The front panel of the receiver is

,shown in the photograph. The main
tuning dial is accurately calibrated, but
is naturally slightly affected by the

selectivity setting on the knob marked
" Sel." The bandspread dial is vis-
ible through the square window at the
right upper corner of the main dial.

The short wave bands are located at
approximately the following settings :

5o m. Band B 1.6-1.7 and 2.3-2.5.
3o m. Band D 5.8-6.5.
25 M. Band D 9.4-10.
20 M. Band E 15.0-15.4.
16 m. Band E 16.5-17.0.
13 m. Band E 21.0-22.0.

The other controls shown are as fol-
lows :
A.F. Gain.-A volume control in the

grid circuit of the 6B8.
Tone.-In the grid circuit of the out-

put valve, acting as a top note cut-
off. It also reduces background
hiss.

A.V.C. Switch.-7Marked SW.3 in the
circuit diagram.

B.O. Switch.-On panel between A.F.
Gain and Sel. knobs.

Sel.-This knob controls the I.F. gain
and I.F. regeneration. As it is
turned up selectivity increases up
to a point where the I.F. amplifier
oscillates. Maximum selectivity is
just below this point. It is
not necessary to have the I.F. oscil-
lating for C.W., owing to the
separate B.F.O.

Silencer.-It is only necessary to use
this control when noise is excessive
on weak signals. In tuning, the con-
trol should be set at maximum and
then gradually reduced until the
signal becomes appreciably weaker.
At this point the noise is almost
completely suppressed. Adjust-
ment of the silencer must be made
for change in stations as a setting
for a weak station will suppress a
stronger signal. A little practice
will enable the optimum setting for
noise level to be found. If the re-
ceiver appears to be " dead " it is
probable that the silencer control
'has been turned too low to allow a
signal to be passed through the
limiting circuit.

Ant.-The aerial trimmer knob which
gives maximum gain on weak
signals.

In addition to the above, a jack is
provided for phones. The panel is
finished black with silver facings and
the cabinet is of steel, grey enamelled,
with a hinged lid for easy inspection.

The receiver is marketed in kit form
with full instructions for assembly and
all the necessary wires, etc. The price
is very moderate considering its capa-
bilities-Li8 15s. od. at the present rate
of exchange. The agents in London
are Messrs. Radio Clearance, of 163
High Holborn, who will be pleased to
send full particulars to inquirers.

DON
all

BUT
TROPHY

Ensure
WORLD CONTACT. From every corner of the
World these days comes Short -Wave messages of
some significance but only the possessor of a specially
designed recever-like the TROPHY 6 for example
illustrated above-hears everything. English broad-
casts-impartial, important or enlightening in
character-all of these are to be heard by a TROPHY
owner. The new TROPHY 6 A.C. communication
Receiver has a continuous wave -range of 6.5 to 550
metres (covering therefore the B.B.C. Home Service).
Separate dial electrical bandspreading is employed
and all essential Short-wave tuning refinements and
built-in speaker and 'phone jack. The TROPHY 6
is used and recommended everywhere for all -World
listening and the present low price is E10. 19. 6.
Guaranteed. Delivery, at the moment, FROM STOCK.

Low -Priced

'T believe
You Hear

Hear All
Get a
Communication

Receiver

2 -Stage PRESELECTOR
Connect to
your present
set for in-
creased-
 Range.
 Signal

strength
 Selectivity
and . . .

Reduction to
a minimum
of 2nd channel
interference.
The most useful acquisition for your present set
Suitable for any battery or mains type receiver.
Two " E "series valves stages. Wave range, 7,to
550 metres. Directly calibrated frequency scale.
Positive slow-motion tuning. Noise free in opera-
tion. Self -powered for 200/250 v. A.C. Complete
in crystalline finish metal cabinet, ready for im-
mediate use. Price, E7.8. 6. A real investment
for every set owner.

LISTS FREE

TROPHY 8 Communication
Receiver

This 8 -valve A.C. receiver with all
essential tuning refinements for efficient short-wave
operation still remains unbeatable in performance and
price. Wave -range 7 to 550 metres, continuous
bandspread tuning. R.F. on all 5 bands. For use with
separate P.M. type speaker. 'Phone sockets. Accura-
tely aligned and ready for use. Price EI3. 17. 3.
Matched Cabinet Speaker available, 46/3d. extra.

SEND NOW for full technical specifi-
cations. TROPHY, models
from £6 . 6 . 6

PETO - SCOTT CO. LTD.,
77 (T2), City Road, London, E.C.1. Tel. Clissold 9875.
41 (T2), High Holborn, London, W.C.1.

Tel. Holborn 3248.
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IF YOU WANT THE BEST
WAR PICTURES YOU
MUST HAVE

WAR PICTORIAL
PUBLISHED FRIDAYS PRICE 3°

PRINTED IN PHOTOGRAVURE "WAR
PICTORIAL" WAS AN INSTANTANEOUS
SUCCESS AND IS NOW RECOGNISED AS THE

BEST WAR WEEKLY

To avoid disappointment place a regular

order with your newsagent TODAY

WAR SECRETS! WAR FEATURES! WAR PICTURES!
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Frequency Modulation for Broadcasting
EQUIPMENT is now being built

for the construction of a new
broadcast station in Schenec-

tady that will operate on the recently
announced frequency modulation
system developed by Major Edwin H.
Armstrong.

The transmitter for the new
station will be located in the building
now housing General Electric's tele-
vision transmitter on the Helderberg
Mountain, 12 miles from Schenec-
tady. It is expected that the new
station will go on the air in about two
months time.

General Electric has been conduct-
ing frequency modulation tests for
some time on its 150 -watt ultra short-
wave station W2X0Y. These tests
and subsequent ones have shown that
at least 96 per cent, of all natural and
man-made static is eliminated in the
new system. Coverage is limited to
approximately twice the distance be-
tween the transmitting aerial and the

THE ELECTRON
The ELECTRON is a minute particle

with a negative charge equal to 4.77 x
10-10 electrostatic units.

Its mass is a hypothetical quantity
which is expressed as the ratio of the
force applied to the acceleration pro-
duced, and is equivalent to 8.96 x 10-23
gms.

Because of the charge on the electron
the apparent mass increases as the
velocity increases.

The ratio of the charge to the mass
of the electron is 5.32 x 10-17 electro-
static units per gm. This ratio is usually
written e/m.

The velocity imparted to an electron
by an accelerating potential is given
by the equation :

5.32 10 N V ems. per sec.
where V is the accelerating potential.
This is only true for slow moving
electrons.

horizon, which should provide
reception for about too miles
the Helderberg transmitter.

Standard broadcast receivers are
unable to receive programmes trans-
mitted on the new system and General
Electric recently announced regular
production of a full line of sets built
to receive the staticless programmes,
one of which also makes available
standard American broadcasts,
foreign and domestic short-wave
stations, as well as television sound
programmes and which can be used
in conjunction with a television
picture receiver.

good
from

The radio stations familiar to every-
one to -day employ what is known as
the amplitude method in broadcasting
programmes. This system projects a
constant carrier stream of waves
which produces the humming sound
that is heard when a station is quiet.

Sounds striking a microphone pro-
duce waves which mix with the
carrier wave, and they leave the
studio together. Unfortunately, static
also mixes easily with this carrier
wave.

With the frequency modulation
system, the carrier wave is juggled so
that it vibrates at the same frequency
as the sounds in the studio. Because
the carrier wave is constantly shift-
ing, static has no opportunity to mix
with the carrier wave. All who have
heard programmes broadcast by the
new system praise its improved
fidelity. The frequency modulation
system operates on an ultra short-
wave band.

Besides its sound qualities, the new
system makes room for many new
stations, since many stations may
operate on the same channel. In
standard broadcasting in U.S.A.
some 730 stations now occupy 105
channels. Under frequency modula-
tion it will be practicable to assign
frequencies to as many or more
stations by using only the five
channels already established, since
the characteristics of the new system
result in the elimination of inter-
ference between stations. It is im-
possible for one station to interfere
with another, since no two stations
can be heard at the same time even
though both may be broadcasting on
the same wavelength. In tests con-
ducted from a station in Albany and
another experimental station in
Schenectady, both broadcasting on
the same wavelength, it was found
that a receiver installed in a motor car
travelling between Schenectady and
Albany would first receive the
Schenectady programme and when
half -way to Albany would suddenly
receive the programme from Albany.
At no time was there interference be-
tween the two stations, and it was
even found that at a certain point be-
tween the two cities it was possible to
alternate reception from the two
stations simply by bending the horse-
whip -type aerial used on the car.

LISTENING ON
THE SHORT WAVES
The present state of World affairs has created ex-
ceptional interest in the news and views expressed
over the World's Short-wave broadcasts. It has also
reduced to a considerable extent the entertainment
over the medium and long wave bands, therefore, any-
thing you can do to improve your reception on the
short waves will add to your pleasure.
CLIX offer a CONTROL PANEL which carries out
an important duty, since it obviates the sudden ces-
sation of load on the output valve. In the case of a
Pentode it can be very disastrous since the voltage on
the auxiliary grid will build up and seriously impair the
emission of the valve. This must happen when an
Internal speaker is disconnected before connecting to
Headphones or Extension speaker.

CONTROL PANEL
Gives instantaneous
method of switching
Extension Speaker in
or out and allows In-
ternal Speaker to be
kept in operation or
cut out. Also excel-
lent for switching in
Headphones for DX
listening, etc.

F rice complete as 1/illustrated ...

CLIX also have a range of Frequentite (ceramic) com-
ponents which prevent losses In high frequency
circuits.
Full details of these components is given in CLIX latest
Catalogue. Free on request.

LOX
British Mechanical Productions Ltd.,
I Church Road, Leatherhead, Surrey.- -

RADIOMART
Business as usual

LARGE STOCKS OF ALL TYPES OF
SHORT-WAVE & COMMUNICATION
EQUIPMENT INCLUDING AMERICAN

VALVES.
Accredited

NATIONAL
Agents

CONTRACTORS TO : G.P.O., Air Ministry, Crown
Agent for Colonies, Signal Corps, Police Forces, etc.

SPECIAL NOTE TO AMATEURS
We are still receiving enquiries for
second - hand Communication Receivers,
and are open to buy certain types,
particularly those manufactured by our
Principals, the National Company, and
including H.R.O., ONElTEN, etc.

Send us particulars and your lowest price.

RADIOMART
44, HOLLOWAY HEAD, BIRMINGHAM, 1.

Telephone : MIDLAND 3254.

.MIONMIMNft

Bits and Bahs
The langum e (.1 the air that
all amateurs should kncw.

CANDLER CODE COURSES
not only teach you the right
way to send, but the right way
to read code sound just as easily
as you read print by sight.
Courses for Beginners and Radio
Operators. Terms : Cash or
Monthly payments.

Send for FREE " Book of Facts"

CANDLER SYSTEM CO.(s 5 B). W,C.2
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A four -unit band.pread with 6 contacts on each element.

A NEW GANGED SWITCH
THE Heintz, Kaufman Company,

well known in England as the
manufacturers of H.K. valves,

have produced a type 892 band switch
which although comparatively small
will accommodate transmitters up to
i kilowatt.

It is a very reliable switch with silver
nickel contacts and a stainless steel
spring which eliminates poor contact
which is sometimes very noticeable on
ordinary switches and caused by corro-
sion.

Ceramic insulation, actually Alsi-
mag, is used, ensuring very low di-
electric loss and maximum insulation.
The index head should be long wearing
for moving parts are case-hardened,
while eddy current losses are low as
dural spacers are used where strong
fields would be encountered.

It requires a " behind the panel
space " of 2 in. square with a depth
of 3i in. per single section. An addi-
tional 3 in. is required for each section
which can easily be ganged.

Six positions per section are provided
on a ceramic wafer base and in order to
handle a high current these contacts are
double and of wiping action. The
voltage rating between contacts is 5,000
and from contact to ground 4,000. This
rating is reduced above 15 megacycles
because of the heating of the bakelite
drive shaft.

A special ceramic shaft is avail-
able where maximum power handling
is required on the ultra -high frequen-
cies. Current ratings are as follows :

Frequency. Current. Voltage
6o cycles 15 amps.

r mc. 15 amps.
2 mc. 14 amps.
3.5 mc. i i amps.
7.5 mc. 9 amps.

15 mc. 7.5 amps.

4,000 volts
4,000
4,000
4,000
4,000
3,600

3o mc. 6 amps. 3,000 3,

The sketch on this page shows how
single ended or push-pull transmitter
can be built for band switching. It is
recommended that each separate tank
coil has its own parallel pre-set capa-
city, rather than to use tapped coils plus

)7

)7

)7

79

71

The simplicity of transmitter band
switching is indicated in this article
which describes the new H.K. band switch.

A clove -up view of one switch unit.
a trimmer condenser. For push-pull
operation a double -unit switch is re-
quired as shown, while with single
ended operation as the high voltage side
of all coils can be connected together,
a single unit switch is satisfactory.

Alternative methods are shown with
tapped coils, but this is only to be re-
commended on the lower frequency

bands, or where maximum efficiency is
not required.

With a 6L6 and KT8 plus the HK
switches, a three -band transmitter can
be made quite simply to provide an out-
put of 25 watts on all bands.

War News from U.S.A.
Since the crisis began. XV2XE,

the Columbia short-wave foreign
broadcasting station, worked day and
night, averaging nine broadcasts in
every 24 -hour period.

This intensified operation was in-
stituted to give Europe and South
America fullest coverage possible by
immediately translating and broad-
casting all important news, also, by
monitoring short-wave stations of
foreign capitals, to keep listeners ad-
vised of the general activity. It is
believed that European listeners are
tuning in more and more to American
stations which bring them accounts
of latest happenings.

Four recommended methods of band switching.
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Multiple Interlaced Scanning
Attention has been directed to a

particular type of multiple interlaced
transmission with an interlace ratio
of 4 to 1 adapted to be received either
with an interlace ratio of 4 to a or 2
to a. This system may be briefly
described as interlacing two consecu-
tive complete images, each of which
consists of two interlaced groups of
lines. It is suggested to combine the
usual form of 2 to a interlace, having
an odd number of lines per frame with
an interlace produced by additionally
shifting the whole group of lines.

The combination of interlaced
scanning with single channel colour
television transmission has been con-
sidered. Each form of interlace in
combination with a periodic change of
three colours requires a definite num-
ber of lines per frame in order to give
correct repetition. For obtaining a
higher rate of colour repetition resort
may be made to overlapping of lines.
The colour sequence of the first line
of each frame of a 4 to a interlace
should correspond to the location of
these lines as defined by a charac-
teristic number.

World's Largest Speaker
The enormous perisphere which in

conjunction with the 700 ft, Trylon
has become the symbol of the New
York World's Fair, has been utilised
by R.C.A. sound engineers to form
the horn of the largest loudspeaker
ever constructed-a sound reproducer
so vast that thousands of persons are
able to stand at one time at its peri-
phery. The huge speaker is used to
produce music at the Theme Centre.

A battery of 36 high and low fre-
quency sound reproducers is installed
in a concrete chamber below ground
level at the base of the perisphere.
This chamber, which is entirely con-
cealed from view, effectively couples
the reproducers to the horn created
by the perisphere and and the sur-
rounding ground surface forming a
horizontal 36o -degree circular
speaker. The massive unit is de-
signed to cover the audible range of
sound from 20 to io,000 cycles. It
reproduces sounds so low in the lower
register that they are felt rather than
heard.

r
PLEASE FILL IN THIS ORDER FORM NOW

Owing to unavoidable war -time restrictions, there may be diffi-
culties in many localities in getting copies of " Electronics and
Television and Short-wave World."

You will definitely get the journal promptly each month if you
will fill in this order form and hand it to your usual newsagent.
Do it to -day and make certain of your copy.

Date

Name and
address
of your

newsagent.

reserve
' Electronics and Television and Short-wavePlease deliver

World " every month until countermanded.

Name

Address

Published by Bernard Jones Publications Ltd.
Chansitor House, 37/38 Chancery Lane, London, W.C.2

GALPINS
ELECTRICAL STORES

75, LEE HIGH ROAD, LEWISHAM,
LONDON, S.E.13

Telephone : LEE GREEN 5240
Terms:

Cash with Order or C.O.D. Charges extra.

ALL GOODS SENT ON THREE DAYS APPROVAL
AGAINST CASH

CROMPTON DYNAMO, 4 -pole shunt wound, 1,750 r.p.m.
100 volts 10 amps., 70 -. Ditto, 50/75 volts 15 amps., 75
Carriage forward.

MACKIE MOTOR GENERATOR, 220 volts 3.35 amps.
D.C. input, 10 volts 30 amps. D.C. output, 37/6. C. F.

CROMPTON DYNAMOS, 4pole shunt wound, 1,750 r.p.m.,
22 volts 10 amps., 70/-. Ditto, 50/75 volts 25 amps., 90 -. C F.

NEWTON MOTOR GENERATOR, 220 volts D.C. to
16 volts 10 amps. D.C., 30/-. C/F.

MACKIE MOTOR GENERATOR, 220 volts D.C. to 400
volts 170 m 'A. and 15 volts 8 amps. D.C. Three pieces coupled
together on bedplate, 55 C F.

CROMPTON MOTOR GENERATOR, 220 volts D.C. to
500/750 volts 200 m/A. D.C., 40/-. C/F.

DYNAMO BY ELECTROMOTORS, 400 revs., 100 volts
10 amps., shunt wound, 911/.. C/F.

SMALL MOTORS. Beckenham Motor Generators, 220 volts
D.C. to 500 volts 300 m/A. and 12 volts 12 amps. All three
coupled together on slide rails. 35/- each. C, F.

E.C.C. SHUNT WOUND DYNAMO, 100 volts 50 amps.,
1,500 r.p.m., £6 10s. C/F.

MACKIE ALTERNATOR, 120 volts D.C. input. 65 volts
I ph. 150 cycles 3 kW. output. Vertical type, 45 -. CIF.
MACKIE DYNAMO, shunt wound, 75/90 volts 810 amps..
1,500 r.p.m., 55/-. C/F.

C.A.V. SHUNT WOUND DYNAMOS, 25 volts 8 amps.,
1,750 r.p.m., 32/6. C/F.

G.E.C. SHUNT WOUND DYNAMOS, 50 volts 6 amps.,
1,500 r.p.m., 30/-. C/F.

CROMPTON SHUNT WOUND DYNAMO, 100 volts
4 amps., 1,750 r.p.m., 351-. C/F.
HIGH -VOLTAGE TRANSFORMERS for Television. Neon
etc. 200/240 v, 50 cy. 1 ph. primary, 5,000 and 7,000 volts
secondary, enclosed in petroleum jelly. Size 56 in. x 43 in. x
43 in., 7/6 each, post 1/-. Ditto, Skeleton type, 5"6, post 9d,
All brand new.

EVERSHED EX-R.A.F. HAND -DRIVEN GENERATOR,
in new condition, 800 volts 30 m/A. and 6 volts 23 amps. D.C.
Useful as megger genies and all test work. 20,- each, post 116.

EX-G.P.O. GLASS TOP RELAYS, Type B. Useful as
Keying Relays, 5/- each, post 6d. Also a few only that need
Points, which are easily fitted, 2/6 each. P 'F.

T.C.C. 2,000 MF. ELECTROLYTIC CONDENSERS, 50 -

volt working (brand new). 5/- each, post 6d.
STANDARD TELEPHONE BELL WIRE, all brand new.
I50 -yd. coils, twin 22 gauge, 4!-, post 9d. ; 250 -yd. coils,
single 16 gauge, 4/-, post 1/- 300 -yd. coil, single 22 gauge.
3/-, post 6d.
PI STANDARD TELEPHONE PUSH -BACK CON-
NECTING WIRE (new), 220 -yard coils, 12 6, post I -.

SAVAGE MAINS TRANSFORMERS, 200'250 volts input,
50 volts 8 amps. output, 12/6 each.

STANDARD TELEPHONE MAINS TRANSFORMERS,
input 200/250 volts, output 250/0/250 volts 200 m A., 3 x 4 volt
windings and a 50 -volt winding. 12/6 each.

JOHNSON & PHILLIPS HOT-WIRE RADIO FRE-
QUENCY METERS, 4 -in. dial, 0 to 1.2 and 0 to 2 amps.,
12/6 each, post 1/,

MACKIE DOUBLE WOUND EX-R.A.F. GENERA-
TORS, 1,200 volts 100 m/A. and 10 volts 4 amps., 3,000 r.p.m.,
12/6 each. Carriage 1'6.

ELLIOTT MOVING COIL METER MOVEMENT, first
grade, approx. 2 m/A., full scale of 6 inches, 10'6 each, post I'-.

MUIRHEAD 1 MF. CONDENSERS, 1,000 -volt working,
1/- each, post 6d. ; or three for 2 6, post I - I mf.,
3,000 -volt working, 5/-. T.C.C. 4 mi., 3,000 -volt working,
9/6 each. Standard Telephone I mf., 400 -volt working.
4d. each, or in lots of 100 for 12/6, post 1/6.

ERNEST TURNER & WESTON 2 -in. DIAL MOVING
COIL MILLIAMPMETERS, B.S. first grade, 0 to 5 and
0 to 50, 20 - each.

X-RAY TRANSFORMERS, by well-known makers, all fully
guaranteed. 50 cycle mains, 40,000 volts, 10 m A., £5 ; 68,000
volts, 20 m/A., £7 10s. ; 100,000 volts, 30 m A., £10 10s.
All carriage forward.
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" The Murphy Noise Limiting Circuit "
(Continued from page 593)

The second grid leak and condenser
C49 and R64 are necessary for two
reasons.

Firstly, the action of the diode is
apt to upset the mean potential in its
anode circuit, and such changes, if
they reach the grid of the output
valve, will change its mean current
and so vary the rather critical focus-
ing current of the C.R. tube.

Secondly, in order that the noise
suppression circuit shall work cor-
rectly, very good low frequency res-
ponse must be maintained up to the
diode, and if a cut of low -frequencies
is not put in by C49 and R64, the
receiver will sound very " boomy."

The voltage supplied to the
diode cathode is obtained from
the secondary of the output
transformer, supplemented with
extra turns. The bass cut ef-
fected in the grid circuit of the out-
put valve is, from this point of view,
a disadvantage, and in order to enable
the cathode of the diode to follow its
anode voltage (that is, to " track ")
down to low frequencies, a low fre-

quency correction circuit comprising
R59, R58 and C48 is inserted. The
delay in the signal fed to the diode
cathode is supplied by shunting R58
and C48 in series by C47.

The higher frequencies fed to the
diode cathode are also attenuated by
this arrangement, but although this
causes high frequency loss on the sig-
nal when the noise suppressor is
working, it is not considered a disad-
vantage. The resistances R62, R63
are inserted in order to provide a
rough adjustment on the gain of the
circuits interposed between the diode
anode and its cathode, which should,
of course, be unity, but may vary
somewhat from one receiver to an-
other, depending on the output valve
and exact circuit values.

Noise Suppressor
Adjustment

More important is the adjustment
on the D.C. bias applied to the diode
cathode. The grid leak R57 is re-
turned to the junction of R69 and
R72, so that the mean potential of the
diode anode is somewhat less positive
than the output valve cathode. The

mean potential of the diode cathode
can be set by means of the potentio-
meter R73 to any value between
chassis potential and the output valve
cathode potential.

At the most positive setting the
diode cathode is always positive with
respect to its anode, and the diode
and noise suppression circuit is
therefore inoperative. As the diode
cathode is made less positive, the
diode begins to act first as a limiter,
and then as its potential is reduced,
the noise suppression becomes more
and more effective. Quite a high de-
gree of suppression can be obtained
before any distortion is noticeable.

If the potential of the diode cathode
is reduced beyond this point, the sup-
pression becomes somewhat better,
but the distortion and loss of high fre-
quencies becomes rapidly worse. The
potentiometer R73 is controlled by a
knob on the front of the receiver so
that when not required, the suppres-
sor can be cut out and sound repro-
duction is as good as possible. At
the same time, when it is required,
the best compromise between suppres-
sion and quality can be secured.

The R.S.G.B. is
CARRYING ON

The Council of the Incorporated Radio Society of Great Britain
has decided that in the best interests of the Radio Amateurs of
Great Britain, it is essential for the Society to carry on.
THE T. & R. BULLETIN will, as hitherto, be published
monthly. Its primary function will be to give members latest
technical information, besides keeping them in touch with one
another.
The Experimental Section and QSL Bureau will continue to
function.
REDUCED War -Time SUBSCRIPTION RATES are now in
force :-

BRITISH ISLES ... 15/- per annum
OVERSEAS ... ... 12/6 per annum
BRITISH ISLES (Service

Members) 10/- per annum
New Members will be welcomed.

SPECIAL NOTICE
The Amateur Radio Handbook (296 pages) has been re-
printed. The most up-to-date publication of its type on the
British market.

GET YOUR COPY TO -DAY
Price 31°' Post free

All communications by post only to

The Secretary-Editor R.S.G.B.
53 VICTORIA STREET, LONDON, S.W.I

Telephone enquiries to Palmers Green 3255

TELEVISION
DEVELOPMENTS
Are you keeping abreast of modern television
developments ? Whether amateur or professional
you must be in touch with the latest trend of
research.
The Television Society enables you to meet
fellow workers in the field of television, both in
this country and abroad.
Founded some To years ago The Television
Society provides a scientific and non-partisan
platform for discussion on all aspects of the subject.
Meetings are held monthly during the session
(October -June) and are reported in full in the
Society's Journal which is sent free to all members.
The Society's activities have just been enlarged
to meet the growing interest in the subject and
members will have a unique opportunity of further-
ing their knowledge by contact with well-known
television engineers.

Full particulars of membership qualifications may be had from the Hon.
General Secretary :-J. J. Denton, r7, Anerley Station Road, London,

S.E.20.
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