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EDITORIAL

Wire or Wireless ?
Feeding the Television Relays

T would appear that the Radio
Manufacturers’ Association’s
offer to bear any financial loss
consequent on extension of the
television service to the Birmingham
area has been generally misunderstood.
In a supplementary statement sub-
sequently issued by the Association
the details are elaborated, and it is
made clear that the offer is confined
to reimbursing those concerned for the
cost, in the event of the experiment
proving unsuccessful, of a wireless
link for supplying the proposed Midland
transmitter with modulation from the
London television headquarters.

It is rightly stressed in the R.M.A.
statement that the transmitting station
itself will in any case be required sooner
or later, and so there is no real excuse
for delay in beginning construction.
The transmitter that would be built
can in no sense of the word be described

-as experimental, and it would be equally
suitable for operating with picture .

signals supplied either by co-axial
cable or a radio link.

Sir Noel Ashbridge, Chief Engineer
of the B.B.C., has expressed himself
publicly as being in favour of cables for
television extensions, as he considers
that they provide a neater and more
workmanlike solution of the problem,
and, above all, one that does not
occupy valuable space in the ether.
Although it may sound like heresy to
admit it in a wireless journal, this is an
opinion with which one cannot disagree,
at any rate as applied to the permanent
system that will, we may be sure,
eventually supply the whole of this
country with a television service. But
for experimental extensions in the
early stages the wireless link seems to

COMMENT

have much in its favour; its cost is
considerably less than that of a cable
and it is certainly more flexible.

In the opinion of the technical
advisers of the R.M.A. there are no
unsurmountable obstacles to the use
of wireless, and this opinion is endorsed
by Mr. Ralph R. Beal, Research Director
of the Radio Corporation of America,
who recently said : ““ R.C.A. engineers
are confident that American cities will
be linked by means of automatic radio
relays, employing ultra-high frequencies.
The practicability of such relays has
been proved by exhaustive experi-
ments.”

If this country is to retain the lead
it has gained something must be done
quickly, and, from this point of view,
the outstanding attraction of the wire-
less method of distribution is that it
can be installed more quickly than
cables.

Battery Portables

The “All-dry-cell” Type

LTHOUGH America was slow in
taking up the self-contained
battery-fed portable receiver,

she has, in one important detail, made
amends for her tardiness. As described
by a correspondent on another page,
the latest American portables are
equipped with dry-cell low-tension
batteries.

We have for some time urged the
use of this form of LT supply for
broadcast receivers—and other appa-
ratus—that is intended solely for
intermittent and occasional use. Of
course, over long periods of operation
the accumulator remains the most
effective and by far the most economical
source of current, in spite of the im-
provement that has taken place in the
better type of dry cell.
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Auto Tr‘ansfc)rmers .................. J

THEIR OPERATION EXPLAINED

By N. PARTRIDGE .

HE auto transformer is a much
maligned piece of apparatus.

When recommending such an
instrument, it is not at all

unusual to be met by the retort: ““Oh,
I want a proper transformer, not a tapped
choke.”” Remarks of this sort are nothing
short of libellous. Not only is the auto
directly descended from the greatly
respected double-wound transformer, but
it is an amazingly energetic offspring. It
will handle more power, weight for weight,
than its revered ancestor could contem-

INDUCED
VOLTAGE

l—

APPLIED
VOLTAGE

w—

(a) (b)

Fig. 1.—Two ways of symbolising a double-

wound transformer ; (a)is the more usual way

but that of (b) serves better to follow the ex-
planation given in the text.

plate without acquiring a feverish tem-
perature and cther symptoms of distress.

Fig. 1(a) shows the usual diagram
representing a double-wound transformer.
In order to make the ensuing discussion
more readily understandable, we will re-
draw it in the form of Fig. x(b). There
is no reason why both windings should
not be drawn on the same side of the core,
and this proceeding involves less mental
readjustment when we join the windings
together and thus make an auto of it.

Suppose the primary, which we will
assume
diagram, is rated at, say, 100 v., I a.,
i.e., 100 watts. The DC resistance of this
winding would be a matter of only 2 to 3
ohms. “Yet, when 100 v. AC is applied
(the secondary remaining open circuited)
only quite ‘a small current flows. On the
face of it, Ohm’s Law appears to be in
error |

The explanation is that as soon as an
alternating current passes round a coil it

sets up an alternating magnetic flux in the’

iron core of the transformer. This in turn
induces an opposing voltage in the coil
which tends to prevent current from flow-
ing. The state of affairs can be pictured
by looking at the arrows in Fig. 1(b).
The heavy external arrows. indicate the

applied voltage at any instant, while.the-

is the lower winding in the

light arrow suggests the internally gener-
ated voltage.
reverse directions and almost cancel each
other. The induced EMF is always
slightly smaller than the applied voltage
owing to losses and the inefficiency of the
magnetic circuit, and, therefore, a small
no-load current flows from the external
supply.

It is not necessary for the reader to
worry about ‘the technicalities of how all
these things come to pass, but it is
extremely important to thoroughly under-
stand that an opposing voltage s gener-
ated within the winding, and that it is

 this voltage that prevents a heavy current
" from flowing.

Since both the windings on our imag-
inary transformer are wound upon the
same magnetic core, it is reasonable to
expect that if a voltage is induced in one
it will alsc be induced in the other. Such,
indeed, is the case, as the application of
a voltmeter to the open-circuited coil will
readily prove. The induced voltage is
found experimentally (and can be proved
theoretically) to be proportional to the
number of turns on the coil. In other
words, a definite voltage is induced in
each turn of the winding, and the total
voltage exhibited by the coil will be the
voltage per turn multiplied by the number
of turns.

When the mains
are applied to the
primary of a trans-
former, everybody

Fig. 2—The induced

secondary current in 1

a  double - wound

transformer flows in

the opposite direction

to the primary cur-
rent.

knows that the various secondaries be-
come ‘“‘alive.”” © But we have just dis-
covered a vital point that normal experi-
ence does not reveal, namely, the direc-
tion of the voltage. The induced EMF in
the secondary is always in the reverse
sense to that of the voltage applied to the
primary. If the secondary circuit be com-
pleted through a suitable load, current will
flow through the winding in such a direc-
tion as to oppose the magnetising effect of
the small no-load primary current. As
soon as this occurs the back voltage in
the primary falls and the primary current
consequently increases (see Fig. 2).

Were this a serial story it would be a
suitable moment to terminate the episode
at this juncture, with the secondary doing
its best to demagnetise the core; and the

These two are pushing in

i THE main features of an auto

transformer are explained in this |
article and it is then shown that a
considerable saving in cost can be
effected when conditions permit the
use of components of this kind.

primary speedily drawing excess current
in a desperate effort to hold its own.
However, the sequel must be divulged at
once and, as is not unusual With these
things, it is somewhat disappointing. The
invariable result of the struggle is a draw.
The excess primary current ends up by
exactly balancing the demagnetising effect
of the secondary current, und the small
initial primary current that flowed in the
no-load condition continties its' monoton-
ous occupation of producing an alternat-
ing magnetic flux in the core.

Primary Current

It will be noted that the primary current
(on load) consists of two parts. Namely,
the magnetising or no-load current and the
load current. The former is only a small
percentage of the latter in a well-designed
component, and can be left out of one’s
calculations so long as' its presence is not
entirely forgotten. Henceforth we will
ignore its existence.

The magnetising effect of a current pass-
ing round a coil is proportional to the
current multiplied by the number of .turns
in the coil. Since, under load, primary
and secondary always balance one another
magnetlcally, it follows that

i, T, = T, .. (1)
where T, and T, are the turns on the
primary and secondary windings, and i,
and i, are the corresponding currents, It
has already been stated that the voltages
of the windings are proportional to the
turns and, therefore, it follows that

i, v, = i Vv, .o (2)
which is to say that the watts put into the
primary equal the watts going out of the
secondary. This ¢ondition would be sub-
stantiated if iron and copper losses were

Fig. 3.—By connecting primary and secondary
in series it becomes an auto transformer.
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non-existent, and it is approximately true
in practical experience if the transformer
is a good one.

Having understood the general principles
of transformer action, it is easy to grasp
what occurs when the windings are auto
connected. Fig. 3 shows the transformer
of Fig. 2, arranged in auto fashion with
v, and v, the original primary and
secondary voltages. Under the new
scheme the total output voltage becomes
(v, +V,) since the windings are joined to-
gether with their induced voltages in the
same sense.. I, and i, represent the load
current drawn from the mains and that
passing through the secondary load. Note
carefully that 1, is the current drawn from
the mains and not necessarily the current
passing through the primary section of the
winding. ’

Current in Auto Transformer

A critical examination of Fig. 3 will re-
veal that while the upper section of the
winding, i.e., ‘the original secondary,

carries the secondary load current (i), the

lower section, i.e., the original primary,
carries both the input load current (I,) and
also the secondary current (i). These two
currents are in reverse directions and the
true current passing through the conduc-
tors of the primary winding is (I,—i,). If
we can show that (I,—i,)=1, the trans-
former will function quite happily because
the currents carried by the upper and lower

_—
Ls

Fig. 4.—The current flow and voltages in an
auto transformer are shown here.

sections of the winding will be the same

as they were originally, although the out-
put has been increased from i, v, to
iy (vp+Vvy) watts.

The proof is not very difficult. For a
condition of equilibrium we know that a
state of ‘“magnetic balance’ must exist
between the two sections of the winding.
The demagnetising effect of the secondary
is proportional to i; T, and the magnetis-

ing effect of the primary is (I, —i) T,. 1t
follows that
i, T,=(I,~1) T, ..........
Earlier it was shown that ‘‘magnetic

I

balance’” resulted when i, T, equalled
i, T, (see equation 1). Thus by substitut-
ing in equation (3) we conclude that
L T=(I-i) T, .
and if both sides are now divided by T,
we achieve our object by proving that:—
=1, -1 4
A cpomr'hon sense method of visualising

................

Wireless
Worrlld

what happens without fussing around with
algebraical symbols is illustrated in Fig. 4.
The load current drawn from the mains
(I,) splits into two parts when it reaches
the transformer at the junction of the two
windings. One part turns to the right and
becomes the secondary load current (i),
while the Tremaining part (i,) goes to the
left through the lower or primary winding.
Hence i,=1,—1i, as before. =~ These two
currents, i, and i, having completed their
various journeyings, link up again on

409

wound. Note that when the transforma-
tion ratio is 2: 1 the current through both
sections of the winding is the same, and
hence the same gauge of wire can be used
throughout. This is the practice adopted
for autos designed to operate between the
100 to 120 V and the 200 to 250 V ranges.

Example 3.—Input 230 V, output 4 V,
40 watts.

The input current is 40 divided by 230,

‘which is 0.174 amp., and the output cur-

rent is 10 amps. (40+4). The current

(a)

(b)

(c)

Fig. 5.—Three examples of auto transformer ; the method of calculating current distribution
is explained in the text.

leaving the transformer and proceed home
to the local power station as one (I,).
Having elucidated the problem of how
an auto works, the solution should not be
discarded in the manner of a finished cross-
word puzzle. The fact that i, equals
I,—1, can be extremely. useful and trans-

. former manufacturers who know about it

can often save a lot of money by its con-
scientious application. A few examples
will make this clear.

Example 1.—Input voltage 200 V, out-
put 230 V; 300 watts. The input current
will be 300 divided by zoo which equals
1.5 amps, and the output current is 300
divided by 230 which equals 1.305 A.
Current through the common portion of
the winding becomes 1.5-1.305=0.105
amp. (see Fig. 5 (a)). The apparent wat-
tage of each section of the winding is:
200 X 0.105 = 30X 1.305=39 watts.

It follows that this 300-watt auto trans-
former could be assembled on a core that
would accommodate only 40 watts if
double-wound.

Example 2.—In-
put voltage 115V ;
output 230 V, 8o
watts.

The input cur-
rent will be 8o
divided by 115=
0.695 amp., and
the output current
8o divided by 230
= 0.3475 amp.
Current  through
the common por-
tion of the wind-
ing becomes 0.695 ]
~0.3475=0.3475 amp. (see Fig. 5 (b)).
The apparent wattage of each section of
the winding is: II5 x 0.3475 = 115 X
0.3475=40 watts.

Again the core required will be one
capable of handling 40 watts when double

through the common portion of the wind-
ing is therefore 10-0.174=9.826 amps.,
and the apparent wattage of each portion
of the winding is : —

226 x 0.174=4x 9.826 =40 (approx.)

It is evident from the above calculations
that the saving is greatest when the input
and output voltages are of the same order,
i.e. when the transformation ratio ap-
proaches unity. In fact, when the ratio is
unity the transformer vanishes and is not
wanted at all whatever the power! At
the other end of the scale, Example 3 indi-
cates that little advantage is to be gained
by auto connecting when the ratio is large.
A point that might well be mentioned here
is that for the purpose of preliminary cal-
culations it does not matter which way the
auto transformer is working, i.e. stepping
up or down. This will influence only the

Fig. 6.—All these transformers handle the same wattage but the
smallest and medium-size models are auto-wound. The largest weighis
29} 1b., the medium-size one 12 1b. and the smallest 3} Ib.

small allowance that should be made in the
final design for the voltage dropped in the
windings. :

The photograph shiown in Fig. 6 brings
out in a striking manner the economy that
can be effected by the use of properly de-
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signed auto transformers. Each of the
three transformers illustrated is rated at
500 watts and the complete electrical de-

Wireless
Werld

The reader can verify his understanding of
the foregoing by calculating from the in-
formation given in Fig. 7 what wattage
could be accommodated on the two smaller

05A

(a) (b)

(c)

Fig. 7.—Voltages and currents of the three transformers illustrated in Fig. 6 (a) the large
model, (b) the medium-size ome and (c) the smallest.

tails are indicated in Fig. 7. Were the two
smaller items double wound they would
have been the same size as the large one.

transformers if’they were double wound.
The answer is approximately 140 and 33
watts.

Single-knob Sensitivity Adjustment

COUPLING DEVICE FOR CONTROL SPINDLES

IT is nearly always found necessary to
provide two controls for simple TRF
receivers to enable, on the one hand, ex-
cessive input from strong local trans-
mitters to be cut down, and, on the other,

to provide adequate sensitivity for the.

reception of very weak stations.

In the interests of simplicity, it is highly
desirable that these two controls should be
operated from the same knob. This can
be achieved by means of : —

(1) a three-electrode differential con-

denser;

(2) a tapped potentiometer;

(3) concentric knobs;

(4) two controls ganged together.
Methods (1) and (2) have various
technical disadvantages, and method (3)
is not a complete solution. Method (4)
may have the following disadvantages:-—

(a4) Undue space may be taken up in
attempting to couple two standard
components. ‘
To overcome disadvantage (a) it
will be necessary to design special
controls having a common spindle.
Unless components of special de-
sign are used both controls will
operate simultaneously, whereas it
is desirable that one should com-
plete its travel before the second
comes into effect. Further, the
second should be brought near zero
before the
reduce the input.

A mechanism has been evolved which
overcomes these three difficulties. It is
simple in operation and takes up very
little space. ,

It couples two spindles, mounted in-
parallel planes, in such a manner that the

(b)

()

first commences to

(b)

(c)

(d)

Showing different stages in the operation of the

coupling mechanism described in the text. The

coupling would be suitable for linking, say, an

RF gain potentiometer and a reaction conden-
ser in a simple ¢ straight ’’ receiver.

first control moves to maximum before
the second advances considerably, and re-
mains at maximum while the second con-
tinues on its travel towards maximum.
On returning the second control to mini-
mum the first control does not start to
decrease until the second has almost
reached a minimum value itself. The
mecHanism is shown in the accompanying
sketch in four positions in order to make
clear the principle of operation.

The two controls have spindles A and
B respectively. On spindle A a cam is
mounted, having a slot S. On spindle B
a cam and disc are mounted. A pin P
is fixed to the disc. The knob is mounted
on the spindle B. At (a) both controls
are shown at maximum. On rotating the

MAY g4th, 1939.

knob in an anti-clockwise direction the
spindle B moves towards minimum, and
at a point near minimum the pin P enters
the slot S, Spindle A then starts to move.
This is only possible due to the fact that the
cam face C at this point ceases to lock with
cam D, as indicated at (). In diagram
(¢) spindle B has moved nearer to mini-
mum and spindle A has completed half
its travel. At the point when the pin is
about to leave the end of the slot, spindles
A and B have both reached mini-
mum. Throughout these movements both
spindles remain interlocked either by the
slot and pin or the cam surfaces, and stops
at minimum and maximum of control B
prevent the pin P from leaving the slot S.

PROBLEM CORNER—-18

An extract from Henry Farrad’s corre-
spondence, published to give readers an
opportunity of testing their own powers of
deduction :—

All Hallows School,
Berkhamsted.
Dear Henry,

During the hols. my people were having
a refrigerator put in ready for the summer,
and as it made quite a row in the domestic
radio I thought I would have a shot at sup-
pressing it. I wanted to use the smallest
coils possible, but the current-carrying capa-
city question then arose. As I haven’t an
AC ammeter I tried working it out from the
house meter, and although the coils T got
should be all right T find they get quite hot.
Would you mind checking over my line of
thought, because I can’t see anything wrong
with it?

The meter is marked ‘‘goo revs per
kWH,”’ and the voltage is 240. When the
fridge is on (and nothing else) it does two
revs in exactly one minute. That would be
120 revs in an hour, so the watts ought to be

,000 X . e
I—O—a)g, which I think is.just over 133.

So the current ought to be 5—2, which I

make to be 0.55 amp. Seeing that the thing
doesn’t run continuously I should have
thought coils advertised to carry half an
amp would have been quite good enough,
wouldn’t you? Or have I slipped up some-
where?
Yours ever,
Tony.

Has he? And, if so, where? Turn lo

page 416. :

. “The Wireless Engineer”

THE properties and advantages of a new
‘“all-glass ”’ valve construction are given
in the May issue of The Wireless Engineer,
which is published at 2s. 6d. and is obtainable
from booksellers or from the Publishers, Dorset
House, Stamford Street, London, S.E.1. Among
other articles in this issue is one in which the
input impedance of self-biased amplifiers. is
discussed.

Editorial comment is made on an apparatus
recently introduced in Germany for the direct
measurement of the ‘‘quality ”’ of coils. A
monthly feature of The Wireless Engineer is
the Abstracts and References section, compiled
by the Radio Research Board, in which is given
abstracts of the articles on wireless and allied
subjects published in the World's technical
press.
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Frequency Modulation

ANTI-NOISE BROADCASTING AND
HOW IT WORKS

WO years ago' 1 had something to
say about the Armstrong fre-
quency modulation system. It
was not new even then, but it is

only in the last month or two that it has
attained the supreme rank of ‘‘ front-page
stuff,”” as the lay Press has it. I am not
now attempting to compete with the well-
known organs of journalism in the matter
of picturesqueness of description or the
wealth of imagination with which they
decorate these highly technical matters,
but perhaps the tendency for this enthusi-
asm to lead to a

you have ever worked an extremely—one
might perhaps say excessively—sensitive
receiver you will have realised that almost
every station in the world can be brought
in, but only a few of them are worth
having. On a thundery day it may be
that only the local station is clear of noise ;
perhaps not even the local station.
Hitherto, the method of tackling this
problem has been to use brute force. The
power of the largest broadcasting stations,
which used to be 13 kW, has gone up in
turn to 5, 10, 25, 50, 100, 120, 150, and

loss of proportion -
needs some correc-
tive. For example,
the solution of some
great technical prob-
lem that has exer-
cised the minds of
the experts for a
generation is much
more likely to
qualify for the
status of *‘front-
page stuff’”’ if an

IHHHH
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even 500, in the
I ODULATED attempt to keep
CARMIER WAVE cﬂmglli WAVE above the rising

flood of noise, Of
course, this tends to
increase the inter-
ference trouble. Al-

IHH
v

(a) ready one of the

500 kW fellows—
Cincinnati — has
been told to come
down to a more
reasonable level.
The main object

unimportant  by-
product of the thing
“happens to cause
tabby cats to turn
light blue and re-

(b)

of frequency modu-
lation is to caut
through the noise
without  excessive
power. It has been

v

fuse fish. To appre-
ciate the really im-
portant features of
a technical achievement it is generally
necessary to know something about the
subject, and the lay writer suffers from
the handicap of being unable to assume
even the desire for knowledge except of
the most superficial kind.

The Basic Problem

My readers, on the other hand, prob-
ably know already that the problem in
radio nowadays is not so much how to get
the ‘“signal’’ across as how to exclude
‘“noise.”” ‘“Noise”’ in this sense means
interference due to a great variety of
causes—atmospherics, disturbances caused
by electrical appliances, other stations,
valve and circuit fluctuations, and so on.
It isn’t an ideal term, I know, but the
American ‘‘static”’ is far worse (static
means ‘‘at rest’’). Put concisely, signal/
noise ratio is more important than signal
strength.  If it were not for noise, the
range of even a low-power transmitting
station would be almost unlimited. If

! «“Noise,” January 15th, 1937.
“ Frequency Modulation,” _]uly 16th, 1937.

Fig. 1.—The waveforms of (a), an ordinary
broadcasting station and (b) noise.

demonstrated that
a frequency modu-
lation station of,
say, 1 kW, gives as good a service as an
amplitude modulatxon station of perhaps
20 kW or more. Why? Well, it is not
at all easy to see exactly, but some idea
can be got by considering how ‘‘noise ”’
affects a receiver of the ordinary type.
Looking at Fig. 1, (a) shows a typical
sample of the waveform received from a
broadcasting station. The sound is con-
veyed by variations in the amplitude of the
carrier wave ; in other words, it is ampli-
tude-modulated. Most of the noises have
waveforms something like (b); often
much stronger than the transmitter’s
wave, but very short-lived. The effect of
these sudden blows is to jerk the tuned cir-
cuits of the receiver into oscillation at
whichever frequency they are tuned. The
signal amplitude is therefore disturbed,
and besides the broadcast programme one
hears crackles and bangs.

Now. contrast the reception of a fre-
quency-modulated station. The receiver
is of a special design, and is arranged to
be unresponsive to variations in ampli-
tude. So ordinary stations and noise are
not heard. At least, not nearly so much.

Again

The transmitter sends out a carrier wave
of constant strength, and the sound is im-
posed on it by causing its frequency to
vary to and fro around the normal fre-
quency. The receiver is designed to
translate these frequency variations back
into sound.

That is a very rough and ready explana-

By “CATHODE RAY"

tion. Actually, there is very much more
in Armstrong’s system. It would be
possible theoretically to convey a - pro-
gramme with only a small variation in
frequency, but the discrimination against
noise would then be small, too. . To get
the full benefit of the method the fre-
quency is made to vary over a wide band
—about 60,000 cycles each side of normal.
That covers the space allotted to about a
dozen ordinary broadcasting. stations, so
a frequency-modulated station has to be
treated like a television station and pushed
into the ultra-short wave department
where a hundred kilocycles or so doesn’t
matter very much.

The Methods Compared

Those who have forgotten my previous
article on frequency modulation, or never
read it, may be a bit confused about the
difference between these two methods of
modulation, knowing that the common or
amplitude modulation system also covers
a band of frequencies. That is quite true.
Any elementary textbook on radio ex-
plains how a variation in amplitude of a
constant-frequency wave, as shown in
Fig. 1 (a), is equivalent to the combina-
tion of a constant amplitude wave and
waves of slightly different frequencies (the
‘““sidebands’’). But here is the distinc-
tion—in such a system the difference in

AMPLITUDE

500 kofs

FREQUENCY ———>-

Fig. 2.—Amplitude/frequency diagram of a
silent carrier wave transmitting at 500 kc/s.
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frequency between the  original carrier
frequency and these.sidebands.is fixed by
the frequency of the modulation ; whereas
in frequency modulation the frequency of
the carrier wave itself fluctuates, to an
extent that has nothing to do with the
frequency of the modulation. It sounds
very confusing in words, I'm afraid, but
the idea is easy to grasp from simple dia-
grams representing the result of broad-
castinga 1,000-cycle tuning note on a 500-
kc carrier wave. In either system the
unmodulated carrier wave would be repre-
sented as in Fig. 2—a single fixed fre-
quency. In the common AM system the
effect of varying the amplitude at a fre-
quency of 1,000 ¢/s is to produce two more
waves, differing 1,000 ¢/s from the ecarrier
(Fig. 3). A strong sound is shown by
(a), a weak one by (b). In FM the
frequency. of the carrier is varied. to-and
fro 1,000 times a second (Fig. 4).. The
extent of the variation corresponds to theé
strength of the sound, so strong and weak
are again shown by (a) and (b) respec-
tively. Suppose now that the frequency
of the modulation—that is to say, of the
sound that is heard—is raised to 2,000 c/s;
the effect in Fig. 3 is that the two outside
vertical lines spread out twice as far from
the centre line, whereas in Fig. 4 there is

no visible change, but the line has to be .

imagined to vibrate to and fro twice as
many times per second.

The above simple explanation is rather
misleading, because it would lead one to
suppose that a frequency-modulated
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higher power than any other ultra-short
wave station in the world, though less than
the average medium-wave ‘* main’’ broad-
casting station ; and it has been received
consistently at 275 miles distance. But at
50 miles even the low-power station gives
results better than ordinary broadcasting
stations a hundred times more powerful, at
the same distance, the superiority being
more marked the worse the conditions of
noise prevailing at the receiving station.
Another advan-
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quency is then multiplied time after time"
till it reaches 12,800 kc/s; it is whisked
back to 891.6 kc/s by a frequency-changer
stage as in a superhet ; and then multiplied
again until it reaches the final 42,800 kc/s.
By the time all this has been done the
modulation is 120,000 ¢/s wide (60,000
each side of normal). Then the power is
amplified in several stages up to the full
output.

At the receiver there is no constructional

tage is that there is
a further saving at
the transmitter due

to the very nature
of the modulation.
As the amplitude is
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kept constant the
transmitter does not
have to be designed
to cope with the

500 kcfs

(a) .

500 keofs

(b)

peaks of amplitude
that occur in ampli-
tude modulation,
and, which for a given average radiated
power necessitate far larger and more ex-
pensive valves, power plant, etc. Then,
for the same reason—constancy of ampli-
tude—there is no objection to the use of
“Class C’ amplification in the output
stage of the transmitter, giving a higher
power efficiency than the methods that
are generally necessary for really high
quality in amplitude modulation. Still
another point in favour of FM, so far as
the transmitter is concerned, is that no
drastic results follow if there is accidental
over - modulation.
With the AM trans-

mitters the control
engineers have to
be extremely vigi-
lant in preventing
] - the audio signal

) kefe 500 ke/s

(a)

501kcfs 499kc/s

BOGkcfs

(b)

s0tkefs supplied to the
transmitter for
modulation from

exceeding a certain

Fig. 3.—The same carrier wave as in Fig. 2 when modulated by a
1,000 c/s note, (a) strong, (b) weak.

station could be made to operate within
a narrower band of frequencies than an
A-M station. In fact, even the experts
thought so at one time, until a certain Mr.
Carson proved mathematically that the
. frequency band covered by a transmitter

could never be less than twice the greatest
modulation frequency ; which put a per-
manent end to hopes of packing stations
closer. together in the frequency scale.
However, that is not what Armstrong was
after.

High-Power Tests

In his most recent demonstrations he
used two ultra-short wave transmitters ;
one high-power station, 40 kW on 42.8
Mc/s (just about half-way between the
Alexandra Palace sound and vision fre-
quencies), and a low-power station, 0.6
kW, on the still higher frequency of 110
Mc/s (about 2§ metres). The first ought
to be pretty good, of course, being of far

amount. Not only
would it cause dis-
tortion, but it might
lead to serious and expensive damage and
breakdown. In a demonstration of the
Armstrong system the modulation was in-
creased up to nearly six times the normal
limits, and there was not even noticeable
distortion up to three times. Much
smaller increases - would be absolutely
fatal in AM.

‘On the other side of the balance sheet,
the system is far more complicated, and
about 50 valves are used in the pre-
liminary stages. That may sound:a lot,
but remember the 1,079-valve receiwer 1
referred to a few weeks ago. And,
although they are at the transmitting end,
these preliminary valves can be small
receiving types, and it would not be un-

_economical to duplicate the whole system
for guarding against breakdown. The
original oscillation is at 200 kc/s (same as

Droitwich long-wave station); and modu-

lation is introduced at this stage, produc-
ing a small shift in phase, that is to.say,
a fraction of each cycle. The carrier fre-

Fig. 4.—Diagrams, corresponding to Fig. 3, for a frequency modu-

lation transmitter.

advantage; in fact, it seems inevitable
that it must be rather more complicated
and costly than an AM receiver. From in-
formation available, however, it does not
look as if the extra cost need be out of
proportion to the increase in performance.
This advantage in performance consists,
first, as I said, of cutting out most of the
noise. Listeners at the demonstrations

- were greatly impressed by the dead quiet

background. The other thing that im-
pressed them was the extremely high
fidelity of the reproduction. This was made
possible by working in the ultra-short
waveband, allowing frequencies up. to
15,000 c/s without the interference that
would be inevitable at 50-mile range in
the medium band. Of course, that is no
monopoly of frequency meodulation ; any
ultra-short wave station can be allowed to
spread enough to take in the highest pro-
gramme frequencies. But, with AM, the
wider the band the more liable to noise,

v

Our cover illustration shows the
aerial tower of Major Armstrong’s
experimental frequency - modulated
station at Alpine, New Jersey. The
radiating system, relatively insignifi-
cant in size os compared with the
tower, can just be seen between the
extremities of the upper and inter-
mediate arms.

whereas the opposite applies to FM of the
Armstrong brand ; and a lot of the natural-
ness of reproduction was stated to be due
to the complete absence of background.
So FM can be said to improve the quality
actually attainable under working condi-
tions at a distance from the transmitter.
The one type of interference that- has
been found to break through—though
much less badly than with AM—is car
ignition, because, as ill-luck would have it,
this is the type of interference that FM is
least effective against, as well as being
by far the most vicious on USW.
~ Well, it would be very nice to have some
FM stations for the quality merchants to

~practise on, but the B.B.C. will have their

hands full for some time to come develop-
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ing the television service, and are not
likely to put up stations that would be of
no use to existing receivers. On the other
hand, it seems hardly likely that such a
worked-out invention will be allowed to
lapse. One must certainly congratulate
Armstrong and his co-workers on their
achievement in the face of all previous
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theoretical assumptions and established
precedent.

By the way, seeing that the Alexandra
Palace station is systematically received in
U.S.A., is it not time that somebody re-
ported the much more powerful Armstrong
station over here? Given a suitable
receiver, the FM characteristics ought to
give good reception.

Cheap Valve Voltmeter

SIMPLE WIDE-RANGE MEASURING INSTRUMENT
USING A DIODE

O the serious experimenter, a
valve voltmeter of fairly wide
voltage range and reasonable
accuracy is a very necessary

instrument. It has an enormous number
of uses, for both audio- and radio-fre-
quency measurements. Unfortunately,
many voltmeters of a suitable type are
expensive. With a view to producing a
valve voltmeter of sufficient accuracy for
the normal needs of the experimenter, and
which may be easily constructed and cali-
brated, the instrument described below has
been designed.

Perhaps the simplest voltmeter to con-
struct is the leaky grid or anode-

By
HUMFREY ANDREWES, B.Sc.,AM.I.LE.E.
and F. A. LOWE

possible a 2-volt triode is used connected
as a diode. A diode of the type used for
rectification in superheterodynes, or for
supplying AVC was not used, as it was
found that the zero space current is too
high.

The most expensive item in all instru-
ments of this type is usually the meter
used to read the current flowing through
the diode. To obtain a fairly wide range
at a reasonably high input impedance it
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An extecior view
of the instrument.

obtainable at a low price and has the re-

quired accuracy ; it is a Leslie Dixon o-50

microammeter. The circuit diagram of

the voltmeter is shown in Fig. 1 and the

photographs show the completed instru-

ment. It will be seen that it is self-con-
- tained and very compact.

bend triode type. The anode
current, or rather the change in
anode current, is a measure of

the AC voltage aplied to the grid R2

50,000

of the triode and usually this
involves the use of a calibration soll
chart or curve. Anyone who '
has used this type of meter
knows that, although great
accuracy can be obtained, the
calibration curve can be a great
nuisance and unless permanently
fastened to the meter in some
way, has a nasty habit of getting
lost. In any event if great
accuracy is not required and
speed is important a direct read-
ing meter saves a great deal of
time.

125,000

R3 R4
190,000 0

R5
400,000

R6
400,000 0

$1

25,0000

2 mids

o ©

A Mullard Type PM2DX
valve is used, but any valve
having similar characteristics
may, of course, be employed. It
will be noted from an examina-
tion of Fig. 1 that the control
grid is connected to the positive
end of the filament. This is -
done to reduce the standing
space current. It was found that
with the grid connected to the
anode the space current was
about 5 microamps, but with
the connections as shown this
value dropped to about 1 micro-
amp.

The ranges of the meter illus-
trated are as follows : 5, 10, 20,

50, 100, 200, 300 volts maxi-

The writers, the_reforef have Fig. 1.—The voltmeter itself is of fixed range and a wide variety of MU, USINg a seven position
vercome these dlfﬁCllltl?S by input voltages is catered for by the input potentiometer, which is switch, but these may, of
designing a meter, having a controlled by the 7-way switch Si1. course, be altered to suit indivi-
reasonable input impedance, dual requirements. As the meter

with which any alternating voltage from

between I volt to 300 volts can be easily

read directly on the scale of the meter.
To make the instru-

simple as

qent  as

was decided to use a meter having a maxi-
mum reading of 50 microamperes.
The particular instrument used 1is

The underside of the

panel is shown here

together with the
LT accumulator.

is scaled o0-50, no calibration curve is
necessary and the voltage reading is ob-
tained by multiplying by a simple factor.
It was found that the readings were accu-
rate to about plus or minus 5 per cent.
using standard resistances.

Calibration, that is to say, Lheckmg the
accuracy of the ranges, was carried out at
50 c/s using an Avometer, and it is felt
that this is probably the best method.

The frequency characteristic of the in-
strument is good and the writers feel con-
fident that in view of its extreme simplicity
the time and money spent on its con-
struction will be well repaid.

Apart from the general uses at radio-
frequency the meter- is suitable for all
audio-frequency work and, of course, for
checking valve heater voltages.
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The Radio Compass

N expression which has been used
rather freely to describe any
-automatic method of direction-
finding which claimed to be an

improvement on the ordinary frame aerial
appears at the head of this article. It
was applied, for instance, to the early
rotating beam transmitter which radiated
first a “‘start’’ signal and then a timed
sequence of im-
pulses at succes-
sive points of the
compass, so that a

Elaborations of the

DESCRIBING the principles of operation of specialised direction-
finding instruments, largely used on aircraft, in which visual or
aural indication of bearing (or deviation from course) is given more or

less  automatically and  without

starboard ‘‘ dots’’ and the port *“ dashes”’
from the continuous note which told him
he was keeping on
his proper course.
Subsequently, the
headphones were

distant navigator ~ ¢ . replaced by wvisual
could ascertain his Dll‘ectlon—ﬁnder indicators ‘which
Eealringsf witht the P . . 1 shot\gveclil hig auto-

elp of a stop- : matically the ex-
watch. As far back rlnCIP € tent and direction

as 1920, the U.S.A.
Navy installed a receiving set which was
officially called a radio-compass -though,
in fact, it was little more than a conveni-
ent form of the well-known frame-and-
open-aerial combination that has the merit
of indicating “‘ sense ’” as well as direction.
More recently directional systems have
been developed in which two overlapping
‘beams (one modulated with dots and the
other with dashes) mark out a definite
path or ‘‘guideway’’ for air navigation.
The machine is flown along the centre line
of overlap, where the dots and dashes
merge into a sustained or unbroken note.
At first the pilot had to depend upon a

pair of headphones to distinguish . the

ing a

of any deviation
from the straight path, This kind of in-
stallation—also known as a radio-compass
—is representative of the more modern
type of instrument, which is usually
designed for work in the air where quick
results and auto-
matic action are of

the wusual “ searching” process.

revolution. Similarly, there are two points
of minimum signal strength, where the
phase of the pick-up is also reversed. The
resulting current is therefore sinusoidal,
with a low-frequency ‘‘ amplitude ’’ varia-
tion of 10 cycles a second, and so long as
the machine keeps on a straight course
towards the transmitter, the maxima and
minima will always repeat themselves at
the same points on the circle of rotation.
In other words, both the frequency and
phase of the signal current remain
constant.

But if the machine changes course the
point in the circle of rotation at which the
aerial picks up maximum signal strength
will follow suit. That is to say, the phase

the first import-
ance.

Generally, it con-
sists of a small
frame aerial main-
tained in constant
rotation at a speed
sufficiently high to
keep the indicator
steady, whether the ™
latter is a centre- n
zero meter possess- |

< ROTATING

INDICATOR NEEDLE

FRAME AERIAL

PHASEMETER

RECEIVER

certain

amount of inertia,

or a cathode-ray
tube depending on

Fig. 1.—Simplified

S~ rwo- PHASE

GENERATOR

. " MOTOR
diagram of a single-
frame radio com-
pass.
a persistence-of-vision effect. In some

cases the aerial is positively driven, whilst
in others the effect of physical rotation is
secured by a method of switching which
leaves the aerial stationary.
When a single frame aerial is
constantly rotated, at a speed of,
say, five revolutions a second,
the received signal strength rises
to a maximum each time the
. plane of the aerial cuts across
the line of the distant trans-
mitter ; this will occur twice in
the course of each complete

A direct - reading
aircraft direction-
finder produced by
Standard Tele-
phones and Cables,

of the pick-up current shifts by an amount
which depends upon the change in direc-
tion. This phase-shift, which can be
measured by comparison with a “second
current of constant frequency and unvary-
ing phase, then gives a direct indication of
the new bearing of the distant transmitter.
As shown 1n Fig. 1, the frame aerial is
driven by a motor through reduction gear-
ing, and the local ‘‘ reference’’ current is
supplied from a two-phase motor mounted
on the same spindle. After the phase of
the reference current has been centred
about the fore-and-aft line of the machine
it is supplied to the field coils of the phase-
meter or indicator, whilst the pick-up cur-
rent from the aerial is fed through the
receiver into the pivoted search coil L.
The reference current produces a con-
stantly rotating field in which the coil L
seeks to set itself so as to link with maxi-
mum flux at the moment when the signal
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current is greatest. If the transmitter is
located along the fore-and-aft line of the
machine, this wiil occur when the needle
points to zero, but
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collects equal currents. For the position
T2 the excess current will tend to rotate
the coil L clockwise, whilst in the position
Tt the conditions are reversed. In both

for any other posi-
tion of the trans-
mitter the coil L
must move in one
direction or the
other to a point
where both the flux
and the current are
in phase. The
needle will then

RECEIVER

show the bearing
of the transmitter
relatively to the
fore-and-aft line of
the machine.

Fig. 2 (a) shows
another direct-
reading instrument (a)
in which the rotat-
ing frame F is com- B
bined with a verti- \
cal aerial A to pro-
duce the well-
known  ‘‘heart- )
shaped” curve of /
Fig. 2 (b). This \
gives only one -
point of maximum
and one point of
minimum signal
strength, so that it
is free from the

Fig.  2.—Rotating
frame radio com-
pass giving indica-
tion of sense. Dia-
gram (b) explains

its action. ki

COLLECTING RINGS

COMMUTATOR
GRADUATED
DIAL
INDICATOR - TO

X NEEDLE

T

(b)

= mMAGNET

usual 180 deg. ambiguity of the single
frame. The indicator is operated by
reversing the pick-up current each time
the aerial passes through the fore-and-aft
line of the machine and balancing the
currents collected on one side of the revers-
ing switch against those collected on the
other side.

The frame is rotated by a motor, which
also drives the reversing switch or com-
mutator (and its collecting rings) at double
speed. The signal pick-up from both
aerials is first combined in the receiver
and the output is fed to the collecting rings
of the commutator. The indicator needle
is carried by a galvanometer coil L, which
swings about a pivot between the poles of
a magnet and is fed with current from the
commutator through brushes B.

Operation of Indicator

If the beacon transmitter is situated
along the fore-and-aft line of the machine,
that is, in the direction marked 7o in Fig.
2 (b), the commutator will collect exactly
equal currents on both sides of the
reversal point and the indicator needle
remains at zero. But if the machine is
heading in a different direction, such as T1
or T2, the commutator (which is fixed
relatively to the fore-and-aft line) no longer

cases, however, the torque is such as to
urge the needle towards the ‘* maximum "’
position To, that is, towards the line of the
distant transmitter, so that the indicator

shows the angle which this bearing line

makes with the flight of the aeroplane.
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In Fig. 3 the aerial system is kept
stationary and the critical bearing line is
ascertained by a method of switching—an
arrangement which is particularly suitable
for use when ‘“homing’’ or flying directly
on to a distant beacon. The frame aerial
F is connected to the top grid of a pentode
valve, and the output from this valve is
combined with the pick-up from the verti-
cal aerial A and fed to the receiver, where
it produces a ‘‘heart-shaped’’ response.
The two lower grids of the pentode are
back-coupled at L <o as to generate a local
oscillation having a frequency of, say, 100
cycles a second. The output from the
receiver is also fed back at L1.

Valve-controlled Switcﬁing

The local oscillation produces the effects
shown in detail in Fig. 4, where curve 1
represents the RF signals picked up by the
non-directional aerial A, whilst 2 and 3
show the signals picked up by the frame
aerial on two opposite sides of its critical
minimum position.. The phase of the cur-
rent in a frame aerial reverses as it passes
through this point, so that whilst curve 2
is shown in phase with the non-directional
signals, curve 3 is drawn in phase-opposi-
tion. Curve 4 is the low-frequency oscilla-
tion produced in the circuit L, and curve
5 shows how it is modulated, through the
pentode valve, by the frame signals. The
signals from the non-directional aerial A do
not pass through the pentode, and there-
fore remain unaltered, but curves 6 and 7
show their effect on the signals received by
the frame according as the latter points
to one side or other of the critical bearing
line. In one case the two signals reinforce
each other, whilst in the other they are in
opposition.

The meter M is adjusted by a potentio-
meter P until the needle points to zero,
when the normal current from the middle
grid (which forms the anode of the local-
oscillator part of the valve) passes through
the output resistance R. The needle will
then be deflected to one side or other of
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Fig. 3.—Homing compass with high-speed switching and fixed frame.
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the zéro as the frame aerial is turned to
the right or left of the critical-bearing line.:

ANANAAANNN L
VVVVVVVVVV

|
i

Fig. 4.—Effect of high-speed switch on
received signals.

As the frame aerial is usually mounted on

the fuselage so that it is fixed relatively to
the fore-and-aft line of the aeroplane, the
indicator will show automatically any
deviation from the straight-line course
when.the machine is ‘“ homing’ on to a
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beacon station. Preferably, the signals
are fed to two different pentode valves
which operate in the manner just deseribed
to light up separate port and starboard
glowlamps if the machine yaws to one side
or other of its proper path.

In Fig. 5 two fixed frame aerials A, B,
mounted at right-angles to each other, are
used to secure a similar result. The
strength of signal picked up at any instant
by each aerial depends upon its setting
relatively to the distant beacon, just as in
the well-known Bellini-Tosi arrangement.
As shown, both aerials are coupled to an

Fig. 5.—Non-rotating crossed frame compass.

iron-cored RF transformer T, to which a
locally generated modulating current of,

TELEVISION PROGRAMMES

Sound 41.5 Mc/s Vision 45 Mc/s

THURSDAY, MAY 4th.

3, Stanley Holloway in ‘‘ Eastern Cabaret,” with
Browmng and Starr and Hari Sin Bey, compére.
3.45, 239th edition of Picture Page.

9, Edward Cooper and Patricia Leonard in
“’Order to View,” No. 3.  9.45, Gaumont-
British News. 9.55, 240th edition of Picture

Page. 10.25, News.

FRIDAY, MAY sth.
3-4.30, “On the Spot,” the play by Edgar
Wallace. Cast includes Arthur Gomez Percy

Parsons and Joan Miller.

9, “ London Wall,”” a play by John van Druten.
Cast includes Lewis Stringer, Barbara Couper
and Nadine March. 10.30, News.

SATURDAY, MAY 6th.
12-12.45, The Departure from London of The
King and Queen on their State Visit to Canada,
the United States, and Newfoundland. -Tele-
vision cameras will be situated outside Buckmg~
ham Palace and at Waterloo Station.

3, A Gershwin programme by Eric Wild and h;s
Band 3.25, Cartoon Film. 3. 30 Punch and
* Judy show by Frank Worth. 3, .40, British
Movietonews. 3.50, “In Our Garden,"—-
C. H. Middleton. .

9, “ Eastern Cabaret "’ (as on Thursday at 3 p.m.)
9.55, Gaumont-British News. 10.5, Wyndham
Goldie in " Five at the George,”” a ghost play by
Stuart Ready. 10.30, News.

SUNDAY, MAY 7th.

3, Pas Seul. 3.15, Cartoon Film. 3.20, Early

‘Cabaret,

Days,” Film. 3.30, “ Anna Janska, The Bol-
shevik Empress,” by George Bernard Shaw.
8.50, News. 9.5, Friends from the Zoo 9.20,
Cartoon Film. 9.25-10 .50, The ~Hungarian
State Ballet from the Adelphx Theatre in “ Hun-
garian Rhapsody.”

: MONDAY, MAY 8th.
3-4.30, ' London Wall,”” (as on Friday at g p.m.)

9, Starlight—Peggy Wood. 9.10, Salute to
America,”” a picture of life across the Atlantic.
9.45, Gaumont-British News. 9.55, Black and
White Boxing Demonstration.: 10.15, Bridge
Demonstration by a team of International
Women Players. 10.30, News.

TUESDAY, MAY gth.
3, Renée Houston and Donald Stewart in
‘with Charles Harrison and Afrique.
3.40, Gaumont -British. News. 3.50, ““ Looking
for a House.”” Pearl Binder describes her trials
with the help of drawings.

9, O.B. from the stage of the Coliseum. 10,

The Right Hon. R. B Bennett, K.C.—Speaking

Personally 10.10, “ A Game of Cut- Throat ¢
telecrlme 10 .35, News.

WEDNESD XY MAY roth.

3, “ Order to View *’ (as on Thursday at 9 p.m.).
3.45, Cartoon Film. 3.50, British Movietonews.

9, Talk by Frank Lloyd Wright, the American
architect. 9.10, Starlight—Ivor Moreton and
Dave Kaye. 9.20, Cartoon Film. 9.25, Week
ends in the Country. 9.45, Gaumont-British
News. 9.55, ““ Castle in Spain,”” a programme
of dances to music by Albeniz and Granados,
with Sidonie Goossens, harp. 10.30, News,
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say, 100 cycles, is supplied through coils
L, L1. In this instance the local current
must be fed in quadrature to correspond
with the right-angled setting of the two,
aerials.

The local current varies the permeability
of the iron core of the common trans-
former, and so modulates the incoming
signal at that frequency before the latter is
fed in phase to the meter M. Here the
signal current is compared with the locally
generated current, which is also supplied
directly to the meter in order to serve as
a. reference. Any difference in phase
between the two currents will then force
the indicator needle to set itself, in the
manner already explained, so as to indi-
cate the bearing of the distant transmitter.

Electro-Acoustics. By Prof. Erwin Meyer.
117 pages, 84 illustrations, including 24
half-tones. G. Bell and Sons, Ltd.
Price 10s.

THE title and list of contents (I. Physical

and Physiological Foundations. II.
Electro-Acoustical ~Measurements. III.
Microphones and Loud Speakers. IV.
Sound Recording Technique, and Electrical
Music. V. Architectural Acoustics) suggest
that this might be yet another standard text-
book on a subject which, long neglected, is
now reasonably well served by general text-
books for the student.

The contents list is certainly familiar, but
the treatment, while it retains enough well-
known theory to give continuity, makes fre-
quent excursions into those fascinating by-
ways which the originality of Dr. Meyer and
his co-workers at the Institute fiir Schwin-
gungsforschung, Berlin, and other investiga-
tors in Germany, have opened up.

There is a strong bias towards experimen-
tal methods and many useful hints for those
engaged in acoustic measurements, par-
ticularly in connection with architectural
acoustics. The principle underlying the
measurement of velocity amplitude in gramo-
phone records by optical methods is ex-
plained in detail, as are the. analysis of
sounds of short duration by the Gruzmacher
grating and the Freystadt spectrometer.

On the subject of loud speakers there is
some very useful information concerning
baffles, which suggests that interference pat-
terns may still exist even when the radiation
from the back of the cone is absorbed; also a
comparison of transient measurements at
different parts of the frequency scale.

Electrical musical instruments are dis-
cussed with much interesting data on electri-
cal pianos.

This is altogether a stimulating work and
one which naturally supplements the recog-
nised text-books on acoustics. F.L.D.

HENRY FARRAD’S SOLUTION
(See page 410)

YES, Tony has slipped up. As he men-

tions an AC ammeter, presumably the
inains are AC, and he is wrong in supposing
that watts in an AC circuit are equal to
voltsxamps. In an inductive load such as
a refrigerator motor the actual power is only
a fraction of voltsxamps, this fraction being
known as the power factor. Supposing the
power factor to be 0.5, the current would be
1.1 amp, which would produce four times
as much heat-in the suppressor coils as the
current Tony bargained - for, because heat
is proportional to the square of the current.
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Modern Insulating Materials

Part IL—CERAMICS: THEIR PROPERTIES AS INSULATORS AND DIELECTRICS

T is well known that ceramics in the
raw state take the form of a clay,
which can be moulded to shape while
wet, dried without change of shape

(although usually with some shrinkage),
and finally hardened or vitrified by heat-
ing to a very high temperature.

China clay or kaolin is a hydrated com-
pound of alumina and silica.  The clay
used for the manufacture of ordinary
porcelain is a fine-grained mixture of this
material with quartz and felspar (which is
a complex compound of potash, alumina
and silica). The felspar acts as a flux by
combining at the high temperature with a
certain proportion of the other materials
to form a glass, which softens at a much
lower temperature than the other con-
stituents and, therefore, serves to bind
them together into a coherent mass. Thus
the final product may be regarded as a
mass of microscopically small crystals
bonded together by thin films of glass.

It is interesting to note that these
materials are the inorganic equivalent of
the organic plastics : the one material con-
sisting of an agglomeration of tiny mineral
crystals bonded by thin glassy films, and
the other particles of wood or cellulose
fibre bonded by an organic resin.  The
analogy even extends to the method of
fabrication, for ceramic components may
be made by dry dust pressing as well as
by the wet plastic process. Both materials
owe their industrial importance in greater
part to the fact that such moulding pro-
cesses lend themselves so well to mass
production. - Large

By L. HARTSHORN, D.Se.

Glasses, except those like fused quartz
which are of very high melting point, are
electrically inferior to these mineral
crystals, and therefore the proportion of
readily fusible glassy component must be
kept small. It is, however, equally im-
portant that the material shall be imper-
vious to water. The whole mass must be
thoroughly bonded or ‘* vitrified,”” and not
porous. These conditions are evidently to
some extent conflicting, and it is therefore

T

§ ONE of the most remarkable
: developments in insulating
§ materials in recent years has been
¢ the increasing use of ceramics in
% the radio industry. Not only are
t  these materials very stable me-
E chanically, but they can be blended
% to give a wide range of dielectric
i properties

e e e e e e d

perhaps not surprising that nominally the
same ceramic materials vary considerably
in quality.  Nevertheless, all the new
materials mark a great advance on
ordinary ‘‘electrical porcelain.”’

The new materials may be divided into

groups according to their principal crystal-
line constituent. The first group is the

the main considerations, e.g., tfor coil
formers. They are mad~ from steatite
(soapstone) or talc, both hydrated forms
of magnesium silicate, with a small pro-
portion of, say, kaolin and felspar (a potas-
sium alumino-silicate) to form the glassy
binder. Glasses containing the alkali
metals are of relatively high power factor,
since they contain sodium or potassium
ions which give rise to electrolytic conduc-
tivity. Thus by the use of fluxes other
than felspar the losses may be made even
smaller. Examples of these materials are
‘““ Frequentite,”” ‘‘Calit,”” and ‘‘Calan.”
They have a dielectric constant of about
6, and power factors ranging from about
0.001 to 0.002 at frequencies of the order
of 10 Mc/s.

It should be mentioned that ordinary
electrical porcelain is also made from
steatite, but the proportions of clay and
felspar used in its manufacture are greater
than those in the high-frequency ceramics.
Manufacture is correspondingly easier, but
the power losses are of a higher order.
Steatite materials have also been used for
many years for special experimental work
in which insulation capable of withstand-
ing very high temperatures is required.
For such purposes the material is moulded
approximately to the shape required and
given a preliminary firing, after which it
is strong enough for the final shaping by
turning, drilling, tapping, etc. The com-
ponent is then fired at a higher tempera-
ture to complete the vitrification.

For certain applications, such as coil
formers used in the

ceramic compo-
nents can also be
made by a process
of casting.

The importance
of the new ceramics
to the radio in-
dustry is due to the
wide range of their
electrical properties.
It is obvious that
the electrical
properties of
ceramics will vary
very considerably
with the nature and
relative proportions
of their crystalline
and glassy com-
ponents. The recent
successes of the
ceramic technologist

construction of con-
stant - frequency

oscillators, the
smallness of the
thermal coefficient

of expansion is the
main criterion, and
for such work
materials in which
the main crystalline
constituent is
cordierite  2MgO,
2Al,0,, 5510, have
been found advan-
tageous. These may
be regarded as de-
velopments of the
steatite  materials,
in which some of
the steatite is re-
placed by alumina.

A completely

in producing
materials which are
so admirably suited
to certain radio applications are due to the
fact that he has succeeded in bonding
certain mineral crystals having the desired
electrical properties with the minimum
quantity of glassy material.

Photo: Courtesy United Insulator Co., Ltd.
Fig. 4—Coil formers made from ¢ Calit,”’ a ceramic material of the steatite group.

steatite group, in which the principal con-
stituent is magnesium silicate.  These
materials are specially valuable where low
dielectric loss (and, of course, great
mechanical strength and permanence) are

different class of
ceramics is that in
which the principal
constituent is rutile, a crystalline form of
titanium dioxide, which is remarkable for
its very high dielectric constant. It has
been known for thirty years or more that
the dielectric constant of rutile has the very



418 .

Modern Insulating Materials—

large value of 170 for fields in the direc-
tion of the axis of the crystal and about
go.in a perpendicular direction, but only
quite recently has it been discovered that
ceramics consisting mainly of rutile can be
commercially produced, and that not only
have they the high dielectric constant of
rutile, but also a fairly low power factor
at radio frequencies. They are, therefore,
specially valuable for the construction of
small fixed condensers. Unlike mica, such
materials require no mechanical protec-

Wireless
World

form a titanate. An example is ‘‘ Tempa
S.”” in which the principal crystalline con-
stituent is magnesium titanate.  This
material has a dielectric constant of about
16, and when perfectly dry a power factor
which may be as low as 0.0005 at audio-
frequencies and o.ocor at radio-fre-
quencies. In addition its temperature
coefficient of capacity is almost negligible.

When it is remembered that these re-
markable electrical properties are com-
bined with a very high degree of perman-
ence of linear dimensions and excellent

tion. ~ It is only necessary to take a small
disc of the material and deposit metal
films on two opposite faces, and the con-
denser is-complete. . ~

The earlier materials of this kind had
dielectric constants varying from 20 to
100 according to the proportion of rutile,
but more recently the very high dielectric
constants have been dispensed with in
order to secure -certain other properties.
Constancy of capacity with rise of tempera-
ture is obviously of considerable im-
porlance, for variations in working tem-
perature are often considerable, and it is
important that these shall not cause
appreciable changes of capacitance. The
temperature coefficient of capacitance of a
good small air condenser may be no more
than 0.003 per cent. per 1 deg. C., but
for materials consisting mainly of rutile the
coefficient is negative and amounts to
about 0.07 per cent.

Power Factor at RF and AF

For the steatite materials the coefficient
is positive, so that by using mixtures of
the two kinds, ceramics with a dielectric
constant of about 10 and a negligibly small
coefficient may be produced. Another dis-
advantage of the earlier ceramics of the
rutile group was that the power factor, al-
though very low at very high frequencies,
tended to become high at lower fre-
quencies. This disadvantage has been over-
come in rutile ceramics by combining the
titanium dioxide with an alkaline earth to

Photo : Courlesy Uniled Insi lator Co., Lid,
Fig. 5.—Condensers made of ceramic material of the rutile group.

thermal properties, it will be clear that the
various short-wave components now manu-
factured from these materials constitute a

‘great advance on previous practice. There

is, however, still one fly in the ointment,
and that is that all the ceramics have an
affinity for water. They may be no more
porous than glass when properly vitrified,
but they appear to have the power of ab-
sorbing an appreciable amount of water
from the atmosphere. This does not greatly
affect their properties at very short wave-
lengths, but is apt to be serious at the
lower frequencies. In practice steps are
taken to ensure that as far as possible the
materials are used in the dry condition.
Thus small condensers are almost invari-
ably protected by a coating of some kind
of varnish after drying.

Probably a great part of the moisture
is held by the materal in the form of a
surface film, and it is therefore very im-
portant that the surface should be kept
clean and not handled, for dirty water has
a much greater conductivity than clean
water. A few dirty finger-marks on the
surface of the ceramic insulator of a
standard laboratory condenser will often
cause a serious deterioration of its proper-
ties, especially at the lower frequencies.
The same is true of fused silica. If the
ceramic industry is able to overcome this
disadvantage it will probably be able to
supply us with the ideal insulating
material.

Meanwhile the polystyrene resins hold a
decided advantage on this particular point.
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Not that these two groups of materials are
to be regarded as merely competitors. The
flexibility of the resins is as valuable in its
own way as the rigidity of -the ceramics,
and all radio experimenters will find many
uses for both classes of material.

"CLUB NEWS

Aldershot and District Radio Society

Headquarters: 41, Grosvenor Road, Aldershot, Hants.
Hon. Sec.: Mr. H. Atthill, ** Ardvarney,” College Road,
Farnham, Surrey.

The first general meeting of the society, held on
April 6th, opened with a junk sale. Morse practice is
held at each meeting, and, in addition, certain trans-
mitting members are giving slow morse *‘ over the air "
at stated times. The club hopes to arrange a visit to
the local telephone exchange and a visit to view the
apparatus at the local cinema. A field day is also to
be held.
h"1‘he next meeting will be held in the first week of
lay.

Bethnal Green Radio Club

Headquarters: The Institute, 224, Bethnal Green Road,
Bethnal Green, London, E.2.

Meetings: Tuesdays and Thursdays at 8 p.m.

Hon. Sec.: Mr. L. Bard, The Institute, 224, Bethnal
Green Road, Bethnal Green, London, E.2.

The elub devote: its Tuesday meetings to the
theoretical side of radio engineering. Lectures are
usually accompanied by a demonstration of apparatus.
Thursday evenings are given over to practical construe-
tional work. A morse class is also held on Thursday
evenings.

This club is additional to those given in the directory
of wireless societies, published in The Wireless World
of April 6th.

International Short-wave Club

Headquarters: R.A.C.S. Hall, Cavendish Grove, Wands-
worth Road, London, S.W.8.

Hon. Sec.: Mr. A. E. Bear, 100, Adams Gardens Estate,
London, &.E.16.

On April 21st Mr. M. Raymond gave a lecture and
demonstration arranged by Baird Television, Ltd.,, a
Baird Type T18 model being used for the purpose.

The society has erected a 50ft. mast on the roof of
its headquarters. The mast is a wooden structure,

The new aerial system installed at the head-
quarters of the International Short-wave Club
(London Chapter).

and provision is made for a television dipole and also
for shert-wave reception and transmission. Experi-
ments in transmitting are at present being carried out
on a dummy aerial circuit (call sign 2CLR) prior to
going on the air,
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ECONCMISING IN METAL
New Methods of Set Construction
HE full effect of the German
Four-Year Plan and the
order to economise in the use of
metals which have to be im-
ported from foreign countries
will be felt for the first time when
next season’s receivers are put on
the German market.

One hundred and thirty metric
tons of iron will be saved on
every hundred thousand sets
manufactured by the introduc-
tion of a new type of vertical
presspahn chassis and some
twenty-eight metric tons by the
replacement of the iron loud-
speaker cradle by one of wood.

Until now, twenty - five
grammes of precious metal were
required for superhet wave-
change switch contacts, but in
future only six grammes will be
used. Instead of fitting small
alloy rivets to the bronze
contact spring of wavechange
switches an ultra-thin coating is
pressed on to it, and flat and
pointed contacts are produced by
simply pressing out part of the
strip. Further to save metal
the thickness of the covering has
been reduced from 0.04 mm. to
o0.01 mm. without; it is stated
officially, ill-effects on the life of
the switch!

As tin has to be imported, the
amount used is to be reduced to
a minimum by employing the
welding process instead of solder-
ing in all cases where this is pos-
sible, and also, by decreasing the
percentage of tin in the solder to
forty.  The introduction of a
new method of making coil cans
by the cold-spray method will
result in a saving of 74 per cent.
in imported metals.

Further saving is effected by
the use of artificial silk covered
Litz and by substituting home-
grown flax thread in the place of
the cotton used for tying the
ends of the coils.

It is stated in the official report
that the changes will in no way
lower the quality of receivers.

EMPIRE DAY PROGRAMME

MESSAGES of loyalty and

devotion to the Crown from
all parts of the United King-
dom will be heard on Empire
Day, May =24th, in the pro-
gramme arranged by the Cana-
dian Broadcasting Corporation,
beginning at 7.15 p.m., B.S.T.,
and concluding with the voice
of the King speaking from
Winnipeg at 8 p.m.

The honour of supplying a
contribution in the name of
England rests with a boy from
the training ship H.M.S.
Conway.

RADIOLYMPIA, 1939

Some Features : Televiewers’ Corridor, Technical Section, Model
Factory and Television Equipped Amphitheatre

‘'THE chairman of the Radio

Manufacturers’ Association
Exhibition Committee, Lt.-Col.
G. D. Ozanne, outlined in a mes-
sage to overseas buyers the main
features of this year’s Radio
Exhibition, which is to be held
at Olympia from August 23rd to
September 2nd. It would ap-
pear that the Show is to surpass
all others, for, he says: ‘It will
reflect the predominant position
which radio, after seventeen
years of existence, has won for
itself in the life of the nation and
the individual.”’

Every efiort is being made to
bring before the public the ad-
vantages of 1940 receivers, and
to impress upon listeners through-
out Great Britain, what they are

to know that a technical section
is being incorporated this year.

Last year’s decision to drop
the Radiolympia Theatre has
been reversed, and what is to be
known as the Amphitheatre
equipped with television cameras
will be built. It will be possible
to relay shows given on the stage
to television receivers on the
stands as well as to a ‘‘ tele-
viewers’ corridor.”

A complete model factory,
with moving conveyor showing
the assembly and testing of re-
ceivers, is proposed for erection
in the annexe. With the object
of showing the part played by
wireless in the Services, special
features are being arranged by
the Royal Navy, the Army and

LEARNING MORSE
Two Methods of Study
ANY readers have written
asking how they can learn
morse in the minimum of time in
order to fit themselves for the
various defence services for
which this knowledge is required.
There is, of course, no royal road
to acquiring this knowledge, and
it is solely a matter of steady and
consistent practice, but much
time can be saved by adopting
the correct methods.

Much help in this direction can
be obtained by a study of the
recently published handbook
‘““ Learning Morse,”” and by con-
structing the morse practice set
described therein. It cannot be
too strongly emphasised that
skilled operating is largely a
question of knowing, and in-

SYMBOLIC FEATURES of the Exhibition, at the east and west ends of the main hall, will be reproductions
of part of Alexandra Palace, complete with replica of the television aerial, and Broadcasting House.

missing by using old and obsolete
receivers. Readers of The
Wireless World will be pleased

the R.AF. A cinema, showing
films of wireless interest, will be
erected in the smaller hall.

C.B.S. TELEVISION
B.B.C. Adviser Sails for New York To-day

R. GILBERT SELDES,

Television Director of the
Columbia Broadcasting System,
and Mr. D. H. Munro, B.B.C.
Television Productions Mana-
ger, sail for New York on the
s.s. Georgic to-day.

Mr. Seldes has been in Lon-
don since April 26th making a
brief study of television produc-
tion technique at Alexandra
Palace, and Mr. Munro, as pre-
viously stated, is being lent to
the C.B.S. for the purpose of
assisting in the setting up of a
New York ** Alexandra Palace.”’

Speaking in New York re-
cently on British television and

the arrangement whereby advice
should be sought from the
B.B.C., Mr. Seldes said:

*“ Munro is ranked among the
world’s foremost authorities in
the field of television. Our
joint observations and discus-
sions will help us to find the
methods which will prove useful
and applicable to our American
production and audience. Eng-
land is far advanced in the
matter of television production
technique, but each country
must develop its own methods,
material and style of production.

It is only background technique

which remains universal.”’

stantly recognising, the rhythm
associated with each letter. In
the handbook, aids to memoris-
ing the code are so devised that
the learner is automatically
guided along the right path.
‘“ Learning Morse *’ is issued by
the publishers of The Wireless
World, and costs 6d. (by post
7d.). -
The best method of acquiring
proficiency is, naturally, to enlist -
the services of somebody who is
already a proficient telegraphist,
but this can seldom be done. It
is not always convenient for two
learners to get together for
mutual assistance, although this
should be done if possible.. The
lone learner can, however, do
much by himself with the aid of
a morse practice set.

Another useful aid to learning
the code is the gramophone. A
set of three instructional record-
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News of the Week— -

ings have been prepared by Mr.
C. E. Masters, who is an In-
structor of Signals to the R.A.F.
Volunteer Reserve. These
records contain messages at a
speed as low as two words per
minute and ranging up to 30
words per minute. The records
cost 2s. 6d. each, or 7s. for
the set of three, and can be
obtained from Mr. Masters at
Orchard House, Finchampstead
Road, Wokingham, Berks.

B.B.C. REVENUE

Statement in the House of Commons
“THE  Asgsistant Postmaster-

General, Sir Walter Womers-
ley, feplied non-committally in
the House of Commons .last
week to .a suggestion that the
B.B.C. should receive the whole
of the revenue from wireless
licences. - .

He said that {rom the total of
£36,000,000 derived from receiv-
ing licences since the inception
of the broadcasting service, the
Post Office had retained about
£4,000,000 to cover its expenses,
the B.B.C. had been paid about

_£22,300,000, and the Exchequer
had retained about £9,700,000.

Under present arrangements
the amount accruing to the
Corporation to cover all broad-
cast services represented about
81 per cent. of the total licence
receipts, while the Post Office
retained ¢ per cent. for its ex-
penses and " the Exchequer
received approximately 10 per
cent: :

3

Geographical Considerations
TH the recent addition of
two new 100-kW Regional

transmitters, the Norwegian
state broadcasting organisation,
Norsk Rikskringkasting, now
controls a network of seventeen
stations with an aggregate aerial
power of 360 kW. Fourteen of
these stations have been erected
since 1933, when the broadcast-
ing organisation was taken over
by the State. )

The comparatively large num-
ber of broadcasting stations in
Norway is necessitated by the
shape and nature of the country,
which has also necessitated the
extensive use of wire links, and
the technical staff of the Norsk
Rikskringkasting has become
expert in long-distance line
transmission. The longest HF
cable is 2,160 km (1,350 miles),
which relays the programme
from Oslo to Vadso in North
Norway.

The new 5-kW short-wave
transmitter at Jeloy has, since
May 1st and until further
notice, ceased normal broadcast-
ing, as it will be required for
telegraphic purposes during the
summer. Its place is being
taken by the former 1-kW
station at Jeloy.

NORWEGIAN STATIONS

Wireless -
Worlld

GERMAN AMATEURS

Licensing Regulations

THE position of German
amateur transmitters has
now been defined by the intro-
duction of a new law. Any full
German citizen may now apply
for a transmitting licence pro-
vided he is over eighteen, a
member of the official amateur
organisation and that the police
give their permission. He will,
of course, have to pass a techni-
cal examination.

So far as listening is con-
cerned the amateur is limited to
broadcasting and amateur trans-
missions.  Should, an operator
hear other services, he must
keep the very existence of these
services secret.

Transmission is. restricted to
telegraphy, and the maximum
aerial power is 50 watts, except

in special cases, where 100 watts
is permitted. Amateurs are
allowed to transmit within the
following bands: 3.5-3.6, 7-7.3,
14-14.4 and 28-30 Mc/s.

The cost of a transmitting
licence is the same as that of the
receiving licence, Rm.z per
month, which licence also per-
mits the use of any receivers
belonging to the transmitter.

The operation or even the
mere possession of a secret un-

" licensed transmitter renders the

culprit liable to fifteen years’
penal servitude. If the station
is operated seditiously against
the Party it is a crime of high
treason, which is punishable by
the death penalty or a long
term of imprisonment accord-
ing to the degree of malice.

THIS KNAPSACK
TRANSMITTER was
used for the first
time in a B.B.C.
transmission during
the English Amateur
Golf Championship
at Birkdale last
Saturday. The equip-
ment enables a com-
mentator to move
freely about at a
sports meeting or in
the street, while the
_ low-power radiations
from the portable
transmitter are
picked up by an
0.B. van parked in
the vicinity.

TELEVISION 'SOUND
Audio-Frequency Equipment at Alexandra Palace

SOME .interesting information
about the sound accompani-
ment to television was disclosed
in a paper by Messrs. Turnbull
and Clark (Electric and Musical
Industries, Ltd.), which was dis-
cussed last night at the Institu-
tion of Electrical Engineers.

It goes without saying that
full advantage has been taken of
the high carrier frequency to
extend the range of audio-
frequency response (the overall
characteristic of the system is
flat within + 2 db from 40 to
10,000 cycles) but in the
authors” opinion it is the ex-
tremely low harmonic distortion,
particularly at the low-frequency
end of the scale, which is the

foundation of the superior sound

quality from Alexandra Palace.
Over the complete programme
channel under normal working
conditions the third harmonic at
40 ¢ /s is only 0.66 per cent. and
at 1,000 cycles, less than o.15
percent. This has been accomp-
lished by the extensive use of
triodes with high anode loads
and negative feed-back in the
amplifiers.

The microphones used are of
the pressure and velocity types.

The former is the well-known
E.M.I. moving-coil microphone
with balsa wood diaphragm.
The velocity microphone is a
comparatively new design with
a stretched, uncorrugated ribbon
about 1 inch long and 0.00005
inch thick.

The intensity of the radio-
frequency field surrounding the
audio apparatus at A.P. has
brought its own problems which
have been solved by individual
screening of all early stages in
amplifiers and the inclusion of
separate tuned RF filters in the
heater, cathode, grid and anode
leads of each valve.

EUROPEAN LISTENERS
Saturation Point Approaches
TATISTICS issued by the
International Broadcasting
Union show that although the
number of European regis-
tered licensees, now totalling
35,130,000, -shows a substantial
expansion, it is noticeable that
the percentagé rate of increase
over the whole continent is
slackening with the approach of
saturation point. '

On the accepted basis of three.

and a half listeners to each set,
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the potential audience reaches
nearly 123,000,000.

The following summary pub-
lished in The Birmingham Post
indicates the percentage rate of
approximate increase in these
countries where pronounced ad-

vances have been made in

listening during the past year:
Poland ............ 18 per cent.
Greegce ... . 30 per cent,
Lithuania .. 31 per eent,
Estonia ... . 35 per cent.
Buigaria 37 per cent.

Due to the inauguration of a
new high-powered station at
Ankara, the number of wireless
licence holders in Turkey has
been more than doubled during
the year. Germany’s estimated
total, including Czecho-Slovakia,
is 12,300,000. Italy by the
annexation of Albania is not
expected to derive more than
2,000 additional listeners—bring-
ing her total to over a million.

The total number of wireless
licences in force in Great Britain
and France is now 8,968,600 and
4,957,886 respectively.

NEW YORK WORLD’S FAIR
Sound System in the British Pavilion

MONG the features of the
British  Pavilion at the
World’s Fair, which opened in
New York last Sunday, will be
the showing of films portraying
conditions and life in England.
The Department of Overseas -
Trade, who were responsible for
the British Pavilion, have in-
stalled sound and picture pro-
jection apparatus manufactured
by British Thomson-Houston.
The B.T.H. sound system
uses soundheads which incor-
porate a drive, hitherto used
only on recording cameras, in
which the film is passed round
a drum driven by electro-
magnetic means to ensure as
smooth propulsion as possible,
the minimum of film wear and
constancy of film path at the
point where the track is
scanned by the optical system.
Another feature is that the
sound amplifier includes auto-
matic volume expansion.

MAKING COMPLETE BROAD~
CASTERS

VERY senior member of the
B.B.C. staff is being given

an opportunity to become a
technician. The summer course
of the Staff Training Depart-
ment includes certain lectures
which can be attended by Cor-
poration officials whether or not
they are undergoing the course.
The technical lectures coming
within this category give a com-
plete survey of the essentials of
radio  transmission, ranging
from elementary electricity and
magnetism to the functions of a
modern transmitter. Micro-
phones, studio acoustics, mix-
ing and control units, recording,
television and  short- and

.medium-wave transmission are

all made the subjects of lectures.
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214 METRES
Wavelength for a Hypothetical
Station
HAV ING secured a share

in the wavelength of 214
metres for the hypothetical
relay transmitter at Norwich,
the B.B.C. is not likely to leave
the wavelength vacant. The
new Montreux Plan comes into
operation on March 4th, 1940,
and after that date the 214-
metre wavelength will be a
plum ripe for picking by any
predatory transmitter in search
of a niche in the ether, for the
remaining stations sharing this
wavelength are all very low
powered.

If the Norwich relay cannot
be completed by then, there is
a distinct possibility that the
wavelength will be temporarily
adopted by another British
transmitter. Nearby European
stations will find the ‘‘number
engaged.”’

HOW A VALVE WORKS
A Novelty at the World’s Fair

O show visitors to the New

York World's Fair ~what
goes on inside a triode valve and
the effect of a magnetic field on
a stream of electrons flowing
through a vacuum, the engi-
neers of the Westinghouse Elec-
tric and Manufacturing Com-
pany have built a triode
27 inches high and 7 inches in
diameter. It is similar to a
standard radio valve except that
it has a filament and a grid on
each side of the anode so that
the action of the electrons is
visible frora both sides.

The surface of the anode is
coated with a  fluorescent
material so that wherever elec-
trons impinge on the anode a
green colour shows. By

Wireless
Worrlld

FROM ALL
QUARTERS

New Empire Telegraph Service

A FURTHER stage in the pro-
gressive policy of Cable and
Wireless for cheapening Imperial
communications was introduced
last Monday, when a new service
of Empire social telegrams was in-
augurated. [t is now possible to
exchange such telegrams within
most parts of the British Empire
at a flat rate of 5s. for twelve
words, plus s5d. for each addi-
tional word. To mark the inaugu-
ration of the service, telegrams
were despatched free on the open-
ing day, May 1st.

News from China

WE are still open to receive, for
forwarding to China, reception re-
ports of the Chinese Central
Broadcasting Administration’s
station at Chungking, Szechwan.
This 35-kW  Marconi station,
which transmits under the call-
sign XGOY on 25.21 metres
(11.9 Mc/s) from 10.30 a.m.-4.30
p.m. and from 9.30-11.20 p.m.
G.M.T., is also radiating a trans-
mission from an aerial directed on
North America on 16.85 metres
(17.8 Mc/s) from 2 to 3.30 a.m.
under the call-sign XGOX. News
is now broadcast in English four
times during the day at 2.50 and
11.20 a.m. and 2 and 10.50 p.m.
G.M.T.

Licence Free

Tue Danish State Broadcasting
Organisation has issued an order
which exempts foreign visitors
from holding a Danish radio
licence to cover the use of port-
able wireless sets or permanently
installed receivers in motor cars or
yachts.

Increase of Power
WHILE the Finnish medium-
wave transmitter at Viborg is
having its aerial power increased
from 10 to 20 kW, a stand-by
transmitter of 1 kW is operating
in its place.

changing the negative
biasing of the grid the
stream of electrons to
the anode can be varied
from zero to the maxi-
mum of which the valve
is capable.

By placing a perma-
nent magnet near the
valve the electron
stream can be deflected,
thereby showing the
effect of the magnetic
field on the stream.

The circuit used is
similar to that in an
ordinary AF amplifier,
AC at sixty cycles
being applied to the
grid. The valve output
is connected to a loud
speaker andthe volume
corresponds to the area
of the green glow on the
anode of the valve.

OUTSIZE IN RECEIV.
ING VALVES, built to
show visitors to the
World’s Fair how the
electrons move.

Producing an Electric Charge

SIR AMBROSE FLEMING, D.Sc.,
F.R.S., the ninety-year-old fathe:
of the thermionic valve, read his
thirty-seventh paper to the mem-
bers of the Physical Society last
Friday. It dealt with a new method
of creating electrification by silica
powder falling on a perforated
metal sheet, whereby the metal be-
comes electrified positively and the
insulating powder negatively.

Swiss SW Link
WitH the inauguration of a new
short-wave station Switzerland
now has direct communication
with the U.S.A. Hitherto she
has been dependent upon relaying
facilities via England.

South African Ground Stations

A FURTHER five aerodromes,
bringing the total to twenty, are
to be equipped by the South
African Post Office with ‘‘Stan-
dard’’ transmitting, stand-by and
DF stations. The transmitters
are combined short- and medium-
wave sets having outputs of 250
watts for telegraphy and 8o watts
for carrier  telephony. The
change-over between four pre-set
wavelengths is easily effected.
The DF equipment in each case is
a Standard Adcock Type R.4
direction finder with goniometer
and receiver installed some G6oo
feet from the aerials.

Import Restrictions

In accordance with an order
issued by the Norwegian Depart-
ment of Commerce, no complete
wireless receiver or components of
foreign makes may be imported
without a special licence.  This
order does not apply to single loud
speakers.

Change of Wavelength
Bopo, the Norwegian long-
wave transmitter, has changed its
wavelength to 1,186 metres and
‘Kristianssand has changed to
476.9 metres,

DF Lightship

THE lightship Abertay, recently
launched for the Dundee Harbour
Trustees, will be equipped with
Marconi wireless telephone equip-
ment for  ship-to-shore com-
munication, and a Marconi radio
beacon transmitter.

Navigational Science

A prizE of £25 is offered by the
Council of the Royal Society of
Arts to any person who may bring
to their notice an invention,
publication, diagram, etc., which,
in the opinion. of the judges, is
considered to be an advancement
in the science or practice of navi-
gation, proposed or invented by
himself between January 1st,
1934, and December 31st, 1939.
This prize is offered under the
Thomas Gray Memorial Trust,
which was established as a
memorial to Thomas Gray, C.B.,
who was for many years assistant
secretary to the Board of Trade
(Marine Department). The ob-
jects of the trust are ‘‘ The ad-
vancement of the science of navi-
gation and the scientific and edu-
cational interests of the British
Mercantile Marine.”’

The Australian Trend

THERE are 1,100,000 wireless

sets in use in Australia and nearly

650,000 telephones for a popula-
tion of fewer than 7,000,000,
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Radio Relays
ACCORDING to a report issued by
the Finnish Post Office relay
systems appear to be unpopular
in that country. The total num-
ber of subscribers to the system
amounts to only 970.

HER MASTER'’S VOICE (with
apologies to H.M.V.). Zoe, an
Alsatian belonging to the
Alexandria (Sydney) police force,
has been trained to act upon the
wirelessed commands of her
master which are conveyed to
her by a small receiving set
strapped to her back.

Legal Actions Broadcast: A New
Method

Tue B.B.C. is watching with
interest an experiment now being
carried out at Poste Parisien. Im-
portant trials are being broadcast,
not direct from the police courts,
but by reconstructions in the
studio. Skilled reporters provide
verbatim accounts of the trials
and the ‘‘parts’ of prosecutor,
defendant and witnesses are taken
by actors at the microphone.’

Conversazione to LEE. Overseas
Members

A CONVERSAZIONE and reunion
of members of the ILE.E. from
overseas is being arranged to take
place in the Institution building,
Savoy Place, London, W.C.2, on
Tuesday evening, June 13th.
Members from overseas who will
then be in England and would like
to be present are asked to com-
municate with the secretary imme-
diately on their arrival in England.

By Any Other Name . . ..

‘““Mixe’ has long been the
recognised abbreviation for micro-
phone. In America the television
camera is known as an ‘‘lke’’
(Iconoscope).

Shocks for “Mikes” and *“lkes” ?

Mr. S. C. H. Davis, of our
sister-journal, The Autocar, is
lending his ancient Léon Bollée
car, of 1898 vintage, for the tele-
vision O.B. from the Crystal
Palace race-track on May 19th.
Precautions will be taken to shield
the microphones while the
veteran vehicles are being started
up. -Emitron cameras have also
to be protected against sudden
shocks.



422

Test Report

MURP

Y A56V

Television Receiver (15 Valves + 3 Rectifiers) for Alexandra

Palace Sound and Vision Only . .

prospective viewers already possess

a good broadcast receiver, and if

they have grown to know its little
tricks of tuning and tone control and are
satisfied with its quality of reproduction,
they may not like the idea of having to
accept a new instrument as make-weight
in the new television set.

The Murphy A56V is as much a self-
contained receiver as television is a self-
contained service, and it can, if required,
be installed in a different room from the
existing broadcast set so that the two can
be used simultaneously.

Murphy Radio have already had ex-
perience of building a television receiver
(the A42V) without restriction as to cost.
Most of the economies they have effected
in the A56V are the.result of the better
valves which are now available and of
the acceptance of a slightly smaller pic-
ture size.

Circuit. —The di-pole aerial feeder is
tapped directly into the tuned aerial cir-

IT is safe to say that the majority of

Price £30

sary. The makers, through their service
agents, are able to fit an accessory with
the required attenuation when the receiver
is installed.

Tuning is effected by varying the oscil-
lator frequency. The triode section of the
frequency-changer is arranged as a Col-
pitts circuit with inductance tuning by
means of an adjustable metal plunger.
The normal oscillator frequency is 40.75
Mc/s, giving intermediate frequencies for
sound and vision of 750 kc/s and 4.25
Mc/s respectively.

The sound receiver is similar in general
design to that of the A46 broadcast re-
ceiver, but has a wider bandwidth in the
IF stage to take advantage of the good
quality available from Alexandra -Palace
and to allow for a possible drift in the oscil-
lator frequency. The double-diode-triode
second detector’ supplies undelayed AVC
to the IF valve and also acts as first AF
stage before the output tetrode. Negative
feed-back is incorporated in this stage.

Three stages of IF amplification are
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The adjusting screw for varying the induc-

tance of the oscillator circuit is fitted with a

tongue working in a slot which limits the
movement to about three turns.

break-through of the sound channel may
be experienced. A diode rectifier follows
the vision IF amplifier and feeds the
single-stage vision amplifier, the anode of
which is connected directly to the control
grid of the cathode-ray tube. This en-
sures that the DC component will be re-
tained under all conditions. The bright-
ness control takes the form of a potentio-
meter in the cathode circuit of the cathode-
ray tube.

Segregation of the synchronising im-
pulses is effected by a double-diode valve
fed from the cathode circuit of the vision
amplifying stage.

Saw-toothed currents for the magnetic

SO)ULND AC MAINS
—_
VPl _HL4IDD ACS PEN / \
] [SIGNAL RECTIFIER] U 21 Two UU4s
IF AMPLIFIER Ist AF AMPLIFIER °S”T:PG”ET HT RECTIFIER R:éjrvx\;fgss
. 750 kefs AVC RECTIFIER:
SP4) ACTH! t ) i SPEAKER
\ FIELD
ﬁ RF AMPLIFIER F"Cf_’%:f%y
CATHODE RAY TUBE
: CRM 91
P41 - SPal SP41 1b1 SP4!
N . , —
SOUND AND VISION \AF REETE T R VISION
AMPLIFIER AMPLIFIER AMPLIFIER RECTIFIER | FREQUENCY
435 Mors AMPLIFIER -
“ ~ 5
- VISION
LINE
T4 AC5 PEN
. M ’ M CILLATO! AMPLIFIE
cuit preceding the single stage of RF am- A ®
plification, which is transformer-coupled e T bAee
to the frequency-changer. The inherent Schematic diagram ARATO
damping in the tuned circuits associated ;’}flgg‘;yuggi}"f;‘fs’ DD 41 oscitLatorf—s] AmpLirER
with the RF stage is sufficient to cover g o®™e€ ma S
both sound and vision signals without circuit. T4 AC6 PEN
tuning. There is a pre-set gain control FRAME
for areas of medium signal strength con-

sisting of a variable cathode bias resist-
ance. In areas of strong signal strength
this is hardly sufficient to prevent the
formation of a vertical pattern on the
picture due to cross-modulation between
sound and vision channels, and an addi-
tional input attenuator becomes neces-

.used in the vision receiver with a gain
(contrast) control consisting of a variable
cathode resistance in the first two stages.
A tuned filter is connected in the cathode
circuit of the first stage to introduce nega-
tive feed-back at the frequency at which

deflection of both line and frame time
bases are generated by gas-filled triodes
in conjunction with tetrode power ampli-
fiers. An interesting method of ensuring
linearity in the working stroke of the time
bases has been devised and is dealt with
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Murphy A56V— .
in ““ Television Topics’ in another part of
this issue.

The power consumption of any tele-
vision set is considerably greater than that
of a broadcast receiver, and in this case
two rectifiers with strapped anodes are
used for full-wave rectification of the main
power supply. After one stage of smooth-
ing the current divides, one branch going
through the loud-speaker field for extra
smoothing, to the sound and vision re-
ceivers, the other through the focusing
coil to the time bases.

Wireless
World

range. The line and frame synchronising
controls are not critical, and once set re-
quire no further attention.

Focusing is sharp and uniform up to
the edges of the picture. The focusing
control required much less attention than
was expected in view of the fact that it is
magnetic. By the time the valves had
warmed up and the synchronising con-
trols had been properly adjusted, the
focusing coil current was sufficiently stable
to hold its setting for the remainder of
the transmission period.
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too wide or too narrow. Normally a pic-
ture size of #4in. by 6in. is obtained, and
this is an admirable compromise for the
range of viewing distances and the number
of the audience which can be comfortably
accommodated in the average living-room.
- Constructional Details.—The end of
the tube is framed in a moulded black
rubber mask which is fitted over the tube
itself. The chassis as a whole is hinged
and in its normal position all components
under the base are readily accessible. By
removing two screws the chassis may he

Suitable decoupling is
provided to prevent
interaction  between
the various circuits.
High tension of
4,700 volts for the
anode of the cathode-
ray tube is derived
from a separate mains
transformer and a
half - wave rectifier
valve with a cathode
of large heat capacity
to delay the applica-
tion of the HT wvolt-
age until the remain-
ing circuits  have
warmed up. To pre-
vent damage to the
screen after the set
has been switched off
and while a charge
remains on the HT
reservoir  condenser,
the mains switch is
provided with con-
tacts which increase
the cathode bias re-
sistance of the tube io
limit the beam cur-
rent. Once the set
has been switched off
it should not be
switched on again
until the HT rectifier

CONTRAST

SOUND VOLUME __
AND
ON-OFF SWITCH

Principal controls of
the Murphy A56V and
view with chassis
lowered into the hori-
zontal position to
show arrangement of
valves and mounting
of the cathode -ray
tube.

VISION IF AMPLIFIERS SP 41’s

FREQUENCY CHANGER ACTHI
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BRIGHTNESS

RF AMPLIFIER
SOUND IF AMPLIFIER

SP4i
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AERIAL FEEDER SOCKET

POWER RECTIFIERS UU4s
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Ist AF AMPLIFIER
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cathode has had a reasonable chance to
cool down.

Performance.—The instrument was
tested at a distance of six miles from
Alexandra Palace on a di-pole aerial
erected well clear of surrounding build-
ings. The signal strength was above the
optimum for satisfactory operation and
the makers supplied an input attenuator
to eliminate the cross-modulation between
the sound and vision signals.

We were very much impressed by the
reserve of brightness in the picture, which
enabled it to be viewed in comfort in day-
light. The contrast control was well able
to cope with the corresponding adjustment
required of it, and all the controls of the
instrument are notable for their wide

Definition is excellent and the breaking
up of the lines into closely spaced dots
due to some break through of the vision
intermediate frequency is not at all
objectionable and gives the effect of a half-
tone reproduction.

A 10in. moving-coil loud speaker of the
type used in the Murphy A38 receiver is
employed in the sound channel and quite
easily reveals the superior quality asso-
ciated with transmissions from the Alex-
andra Palace studios.

There are rather more than the usual
number of tappings on the mains trans-
former as the set is more sensitive to
changes of HT volts than an ordinary
broadcast receiver. Errors of adjust-
ment may be suspected if the picture is

lowered into a horizontal position for
valve or tube inspection.

The cathode-ray tube passes through a
hole in the chassis and the wiring of
vision' frequency and time base circuits is
thereby reduced to a minimum. This
method of construction enables a very
compact cabinet to be designed as well as
facilitating adjustment and servicing. All
connections to the chassis, including those
to the controls on the side of the cabinet,
are flexible, and it is possible to work the
set in the horizontal position,

Summary.—The A56V very happily
fills the gap between the larger and more
expensive combined television and radio
receivers and the cheap table models with
small tubes. In size, brightness and
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Murphy A56V—

quality the picture is much nearer the per-
formance of the former than the latter
class of instrument. The controls are as
easy to work as they are simple in appear-

Wireless
World

ance. In relation to the circuit specifica-
tion, the quality of components and the
performance, the price is very reasonable,
and appears to have been fixed in advance
for future quantity production.

AIRCRAFT

WIRELESS

Keeping Pace with Modern Aeronautical Developments

N the days before broadcasting com-
menced, and in the early days of
broadcasting itself, we were accus-
tomed to listen for aircraft wiréless

- mainly on a wavelength of goo metres, but

as in other spheres of wireless communica-

tion, aircraft has now ‘‘ gone short wave.”’

The necessity for long-distance communica-

tion is partly responsible for this, but there

are other conditions peculiar to flying
which have played an important part in
the matter. These points and also a great
deal of other interesting data concerning
problems which beset the designer of air-
craft wireless were discussed in a paper
recently read before the Institution of

Electrical Engineers by N. F. S. Hecht.
At one time the only aerial known
aboard an aeroplane was the long trailing
wire, usually of some 200 or 3ooft. in
length. There were always certain diffi-
culties connected with this device, but
none of an insuperable nature until really
high-speed aircraft were developed. The
result of speed was that the aerial was

trailed almost- completely horizentally-

instead of taking up the familiar down-
ward curve. It thus lost practically all
its vertical component, this resulting in a
very serious reduction of range; in addi-
tion it became very liable to foul the air-
craft structure.

The Aerial Problem

The above difficulties led designers

to consider the question of fixed aerials
stretched over or under the fuselage. As
the latter formed the wireless counterpoise
or earth, the effective height of the aerial
was very restricted, being less than two
feet in the case of small aircraft. The use
of long and medium waves, therefore, be-
came no longer possible with any degree
of efficiency, although it should be men-
tioned that they are still employed to some
extent and in certain circumstances by
large aircraft and flying boats. In such
aircraft medium waves are used up to
about 300 miles, short waves being em-
ployed at greater distances, and it is quite
a common arrangement for a trailing aerial
to be employed for the short distance
medium wave transmissions, a change
being made to a fixed aerial for long-
distance SW work.

In recent years the practice has been

adopted of wusing dipoles connected
through the usual matching transformers
and transmission line. Frequently arrange-
ments are made to use this type of aerial
on medium waves by connecting the di-

poles so that they act as the two limbs of
a T aerial. Aircraft aerials are subject to
a great deal of vibration and, in addition,
at high alfitudes are liable to ice-forma-
tion. Both these factors are liable to
cause breakages, and special measures are
taken to counteract them. Ice-formation
on insulators is another enemy to efficient
wireless communication which has had to
be tackled by designing protective cowls
for these components, and by  other
measures.

Another serious effect of aenal vibra-
tion, apart from mechanical strain, is that,
in the case of short-wave CW working,
excessive frequency wobble is produced.
Although mechanical measures such as
shock absorbers were sufficient to relieve
the ordinary physical strain, no great im-
provement in the matter of frequency
wobble was brought-about until self-oscil-
lators and direct aerial coupling were
abandoned in favour of the master-oscil-
lator system, which designers, at one time,
showed a great reluctance to adopt in view
of the necessity of keeping down bulk and
weight.

Interference Elimination

Noise is one of the bugbears of the air,
and considerable research has been
directed towards producing suitable de-
signs of helmets containing microphones
and earpieces. It is necessary that the
helmets should be efficient for their pur-
pose without bringing in their train other
troubles not directly connected with wire-
less. Perhaps some idea of the difficulties
that have had to be overcome will be had
when it is stated that in certain aircraft
the noise level at the operator’s unprotected
ear reaches a value of 135 phons or one
million times that observed in the carriage
of an express train. Some difficulty was
experienced in preventing the microphone
picking up and transmitting aeroplane
noise along with speech. This was tackled
by arranging to restrict the audio-fre-
quency range to as great an extent as pos-
sible compatible with speech intelligi-
bility. Actually it was found that if fre-
quencies below 700 c¢’s and above 2,500
¢/s were eliminated, speech intelligibility
was still maintained satisfactorily and the
transmission of unwanted noises greatly
reduced.

With regard to purely electrical noise
generated in the aircraft -itself, it need
hardly be said that all the well-known
anti-interference measures are extenswely

~used. Among the electrical noises pecu-
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liar to aircraft are those due to the exist-
ence of bad electrical contact between
rubbing parts such as cross-over points
in straining wires, and such-like. In some
cases the cure has been effected by careful
bonding although, in the case of the wires
already mentioned, insulating acorns have
had to be used to keep them permanently
apart.

Another point of interest is the provision
of soft-iron cases for headphones in order
to prevent interference with the magnetic
compass.  Prior to the adoption of soft
iron, deviations up to about 20 deg., with
the headphones at a distance of 18in., were
experienced.  Soft iron cases reduced
this to 1 deg. at 6in. The soft iron cases
are moulded into an insulated covering to
prevent the wearer receiving a shock
through some accidental connection with
high voltage circuits, and for the same
reason a mica disc is placed over the iron
diaphragm.

F're Precautions

Fire is an ever-present danger in air-
craft, and remarkable care is taken to use
adequately insulated cables and com-
ponents, and to carry out very careful
bonding. The accumulator circuits have
been found to be the most likely source
of fire owing to excessive surface leakage
over acid-splashed areas, and much pro-
tective work has been done by the provi-
sion of unspillable and splash-proof
accumulators and by fitting insulating
separators between the latter and the con-
taining crates. Lightning is, contrary to
popular opinien, comparatively innocuous,
and it has been found that little need be
done beyond a careful ‘‘ earthing’’ of the
aerial when in a storm area.

Lowered atmospheric pressure at high
altitudes is a frequent cause of trouble due
to corona losses over the surfaces of insu-
lators and at sharp points. Long leakage
surfaces and the avoidance, as far as pos-
sible, of excessively sharp points are the
remedies adopted. The lowered tempera-
ture of the upper atmosphere can, how-
ever, cause serious frequency drift due to
contraction of certain components. Trans-
mitting inductances are the chief offenders,
and a goodly measure of improvement was
obtained by the use of copper tubing
shrunk on to heavy supports built up of a
homogeneous material, but better results
were had by the use of bi-metallic conduc-
tors, silver and copper being the principal
metals used. The most obvious cure for
this trouble is the employment of crystal
oscillators, although it means the use of
several of them in order to cover different
wavebands.

In recent years the receiver has been
coupled to the common transmitting/re-
ceiving aerial by means of a small con-
denser of high insulation. The transmitter
is permanently connected to the aerial, and
thus the aircraft transmitter can be auto-
matically set to the frequency of the
ground transmitter as the-operator tunes
in the signal from the latter. This ensures
accurate setting of the transmitter, without
the necessity of carrying a wavemeter, -
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LINEAR SAW-TOOTH OSCILLATOR

OT the least of the difficulties en-
countered in the design of tele-
vision equipment is the attain-
ment of a linear saw-tooth

waveform for scanning.  Whatever form
of time-base oscillator is employed it is
usual to adopt a resistance-capacity charg-
ing circuit, and it is commonly arranged
on the lines shown in Fig. 1. Here a gas-
triode oscillator is shown, but other types
can be used.

+HT

Fig. 1.—The conventional gaé-triode saw-
tooth oscillator.

When the valve is non-conductive the

condenser C charges from the HT supply .

through R1, R2, and R3, and the voltage
across it rises exponentially.  The sync
pulse at length arrives, and changes the
grid potential in a positive direction ; the
valve becomes conductive, and the con-
denser discharges through R3 and the
valve resistance.  These are so low in
value that the discharge time does not
exceed about one-tenth of the charging
time. R3, in fact, is only included to hmit
the discharge current to a safe value for
the valve.

The voltage waveform across € is of the
form shown exaggerated in Fig. 2(a),
whereas it should be linear as in (b). In
practice, exponential charging is satisfac-
tory if the amplitude of saw-tooth voltage
is small enough in relation to the HT volt-
age, for the initial portion of an exponential
curve is nearly linear. It is desirable that
the saw-tooth amplitude should not exceed
# per cent. of the HT voltage.

There is usually no difficulty with elec-
trostatic deflection, because the HT supply
is of the order of 1,000 volts, and it is rare
for more than 50 volts amplitude to be

needed.  With magnetic deflection, how-
ever, the HT supply is generally only about
300 volts, so that no more than 20 volts
amplitude of saw-tooth waveform can be
secured.

Now this is generally too small. In the
first place, the amplifier often needs a
greater input, especially if negative feed-
back is used, and, secondly, saw-tooth
oscillators usually operate much more
regularly when giving a reasonably large
output than when the output is small. It
1s not uncommon to find, therefore, that
the oscillator is made to give an output of
30 volts or so, and that the curvature of
the waveform is corrected by designing
the following amplifier to introduce an
equal and inverse curvature. ‘

This is by no means as easy as it sounds,
and a particularly interesting method of
overcoming the difficulty has been adopted
in the Murphy A56V and A58V receivers
reviewed elsewhere in this issue. Correc-
tion is used, but it is obtained in the saw-
tooth oscillator itself and not in the ampli-
fier.

The arrangement for the line oscillator
is shown in Fig. 3. It will be seen that
it is the same as Fig. 1, but the charging
condenser is split into two parts, C1 and
Cz, and an extra resistance R4 and con-
denser C3 are added. The output is taken
across C2.and C3. '

The operation is
most easily followed
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3.—The oscillator circuit used in
Murphy receivers is shown here.

normal minimum and the valve becomes
non-conductive, C3 is by no means dis-
charged. €1 and C2 then start to charge
again through Rr and Rz, but as the
voltage across C3 is greater than that acress
C1, C3 still continues to discharge, and C1
takes its discharge current which thus
helps to charge C1. The voltage across C1
is rising, and that across C3 is falling, and
they at length become equal ; the discharge
of C3 then ceases. After this the voltage
across C1 exceeds that across C3, with the
result that C3 starts to charge again.
The result of this is that while there is
a more or less normal exponential saw-
tooth wave across Cz, there is a semi-
circular wave across’ C3, as shown .in

by starting, with
the condensers
charged to their
normal maxima, at
the instant the gas-

v

e ln

triode becomes con-

ductive. All con- ()

(b) (e)

densers then start to
discharge for the
fly-back. €1 and
Cz in series dis-
charge rapidly
through R3 and the valve resistance, but
C3 can discharge relatively slowly because
of the high time-constant C3 R4. Actually,
Cr and C3 are of the same order of
capacity, and R4 is several hundred
thousand ohms:

When Cr and C2 are discharged to their

A

(b)

(a)

Fig. 2.—The usual exponential waveform
is shown exaggerated at (a) and the ideal
linear waveform at (b).

Fig. 4.—The usual exponential waveform (a) is obtained across C2z
of Fig. 3 and the semi-circular wave (b) across C3. The output wave
(c) is linear and is the sum of (a) and (b).

Fig. 4 (a) and (b) respectively. The out-
put voltage is the sum of the voltages
across Cz2 and C3, and takes the linear
form Fig. 4 (c).

Of course, there are limits to the
amount of correction it is possible to apply.
There is still a maximum set to the output
obtainable with reasonable linearity, but
this is considerably higher than with the
simple circuit of Fig. 1.

In the frame oscillator Murphy Radio
use a similar circuit, but the values are
so chosen that there is a large amount of
over-correction.. This is done to compen-
sate for the distorting effect of the finite
inductance of the output transformer in
conjunction with the impedance of the de-
flecting coil. At frame frequency this is
largely resistive.
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UNBIASED

By FREE GRID

A Maritime Mishap

EASTER is now a thing of the past, and

it is no fault of the P.M.G. that I'm
not in the same boat. Boat is certainly
the most appropriate word to use as it was
actually in a boat that I nearly came to a
sad and watery end. I am very keen on
DF work and have been experimenting on
and off for a very considerable period and
enjoying the hospitality of a friend’s yacht
for this purpose. Needless to say, I used
the Easter recess for the purpose of further-
ing my experiments.

I almost invariably use the carrier of the
500 kW. Moscow No. 1 station on which
to test my gear, as thisstationis on the air
for most of the twenty-four hours. I have
spent several week-ends experimenting in
the crowded waters of the Solent, achiev-
ing such a marked degree of success that I
have been able to navigate blindfold, and
have amazed some ships’ captains by pass-
ing right under the bows of their vessel
during the densest fog, and, in some cases,
calling forth vituperation from them, as
sailors are very superstitious folk and they
probably mistook me for the Flying
Dutchman, or some other ghostly visitant.

During the Easter week-end, however,
1 found myself all at sea in more senses
than one as the carrier of the Moscow
station gave bearings at almost all points
of the compass, and before I knew where
I was, I found myself ashore, and my name
and address were being taken by a bucolic
constable for allowing my bowsprit to col-

lide with a car on the King’s Highway. It
was only when I returned to London and
talked the matter over with the Editor of
this journal that I tumbled to what I feel
sure was the cause of the trouble.

As you will have seen in The Wireless
World, the G.P.O. are to use the Moscow
wavelength for one of their wretched wired
wireless transmissions, and, although this
service has not started yet, experimental
work undoubtedly has. Some time ago the
G.P.O. announced that they proposed to

experiment in the Southampton area, and
although this project was nipped in the
bud at the time, it is obvious that some
dirty work has been going on. Small as
is the radiation of these overhead telephone
lines there is no means of stopping it alto-
gether, and it must be remembered that to
get the Moscow carrier I was using a DF
receiver of very great sensitivity indeed.

An International
Conspiracy

I DARE say that, in common with
myself, a great many of you suffer from
extreme reluctance to get out of bed in
the morning. It is, of course, a malady
which affects both young and old and is
especially virulent at this time of the year
when we know that all the clocks are an
hour fast, and that, by a Government
subterfuge, we are all being forced to get
up an hour earlier than usual. However,
the malady has become so acute with me
this year that I consulted a doctor upon
the matter, and to my surprise he informed
me that his surgery is daily crammed with
patients who are suffering from the same
complaint. :

By pure chance I believe I have got on
the track of the cause of it all, and have
incidentally unearthed an international
conspiracy of the first magnitude to in-
crease the burden of our lot. I happen to
have staying with me a retired ship’s cap-
tain who, through sheer force of habit,
insists on shooting the sun and stars at all
hours of the day and night in order to
ascertain his position. To his surprise, no
less than my own, he made the startling
discovery that my house was not always
in the same place, a considerable variation
in longitude being noticeable at
different periods of the 24 hours.

Naturally, I questioned the
accuracy of his calculations and
made a point of calling into con-
sultation some yachtsmen of my

I
§ A collision on the King's Highway.
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acquaintance.  They at first derided the
captain’s statements and ascribed them
to the effects of strong drink, but, later,
when they reluctantly consented to check
them over with their own sextants they
made the amazing discovery that not only
my house but those in every other locality
were oscillating violently from east to west.
As everybody knows, in order to determine
longitude it is necessary to have a precise
knowledge of the time, but, in these days
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of wireless time signals and frequency-
controlled AC mains clocks, this presents
no difficulty.

Now, it is the very fact that the question
of accurate time is in such an apparently
unassailable position that has made me
doubt it. By careful observations I have
discovered that all our watches and
““clockwork "’ clocks are gaining heavily
in the daytime and losing at night. Even
so, I might have accepted the explanation
that ordinary clocks are notoriously erratic,
but, as far as I can find out from the fitful
bursts of sunshine we get in this country,
our sundials are also varying from hour
to hour, and I am only waiting for sunnier
days to come along to confirm my theory
that there is an international conspiracy
afoot to get more work out of us by the
simple expedient of slowing down the fre-
quency of AC mains—and, therefore, the
clocks which they control—in the daytime
and speeding them up at night, so giving
us longer working hours and shorter sleep-
ing time.

After all, the AC mains clock is so
ubiquitous nowadays that it is simple for

An amazing discovery.

a thing like this to be done. At present
this is only a theory, but I am hoping that
you will assist me in gathering the neces-
sary evidence to expose this vast time-
robbing conspiracy to which, of course, the
authorities who are responsibe for the
wireless time signals must be party.

An Unscrupulous Selling
Dodge

HIS Budget business is all very vexing
i to a person of a methodical turn of
mind like myself. During the few days
preceding it I had been at great pains to
discover, through certain sources known
to me, whether any wireless taxes were to
be imposed. As a result of the informa-
tion I received—and for which, incident-
ally, I paid a tidy sum of money—1I laid
in a considerable stock of valves and HT
batteries, which I learned were to be the
subject of excise duties. It now appears
that the rumour was deliberately promul-
gated by certain unscrupulous valve and
battery manufacturers. The result is that
I have a considerable stock of batteries
and valves for which I can have no pos-
sible use for some time to come. 1 do
not mind the valves so much, as, after all.
they will keep, but it is very different with
batteries. I met with a blank and uncom-
promising refusal when I approached the
dealer from whom I had bought them, ask-
ing him to take them back into stock.
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The AVC Characteristic

AN AID TO RECEIVER TESTING

HEN testing a receiver by
'/ means of a signal generator to
find out if all is well, it is usual

to check the sensitivity at
various frequencies, and perhaps also the
selectivity, It does not seem to be gener-
ally realised, however, that one of the
most informative tests is taking an AVC
curve. Perhaps this is because when
taken by the commonly prescribed method
it is wot very informative. The official in-
structions are to adjust the output of the
signal generator, modulated the usual 30
per cent., to I volt (which is impossible
with many good generators), and to set
the volume control of the receiver so that
a quarter of the rated maximum output is
delivered. Leaving the volume control at
this position, the signal is then succes-
sively reduced and

By M. G. SCROGGIE, B.Se.,
AM.LE.E.

between 1 and 10 on a logarithmic scale
the intermediate point should really be
/10, but in this sort of work 3 is near
enough for the error to be immaterial.
Weak signals are measured with the
volume control at maximum, which is the
easiest and most accurate condition. It
also corresponds to working conditions;
and it automatically covers the sensitivity
test, another piece of information omitted
from the official scheme.

If the test were continued to the end
with the volume control at maximum, in
most receivers the results would be vitiated

by overloading of the output stage. To

avoid this, when an output somewhere in
the region of a

the corresponding
outputs noted. .
Fig. 1 is a curve
taken in this way.
There is nothing
in such a curve to
show what the out-
put of the receiver
is with a given sig-
nal strength and
volume control set-

ESCRIBING a method of
plotting the AVC curve of a
receiver that gives much useful
information with regard to general
performance and also affords a
check on the correctness of the
design in various directions.

quarter of the
nominal maximum
is reached it is re-
duced to one-tenth
by adjustment of
the volume con-
trol. If necessary
this is repeated,
perhaps more than
once, at higher in-

‘ting. The latter is

unspecified. No indication is given of the
correctness or otherwise of the AVC delay
voltage.  For the sensitivity at that fre-
quency it is necessary to look up other
data. The lower part of the curve is often
difficult to measure owing to the smallness
of the output. But before making other

0 mwi A

/
L/

1 10 10 103 104 108 108
INPUT IN MICROVOLTS

QUTPUT

Fig. 1.—Typical 'AVC characteristic as
measured at a frequency of 1,000 kc/s by the
descending signal strength method.

criticisms it would be better to explain
the method used with complete satisfac-
tion by the writer throughout the last six
years. It is carried out in the reverse
order. The volume control is turned right
over to maximum. If any output is
shown, due to internally generated
““noise,”” before the generator is con-
nected, the amount is noted.  Next the
signal is applied, beginning from zero.
The strengths in microvolts required to
give outputs of 1, 3, 10, 30, 100, etc.,
milliwatts is recorded. To be midway

puts. This pro-
cess, although it
corresponds much more closely to the way
the receiver is actually used, appears to
provide the only possible argument for
advocates of the other method of test, on
thz supposition that it involves more work
than moving the range switch of the out-
put meter. In practice this argument has
no weight, because by moving the range
switch one stud back with one hand and
simultaneously keeping the deflection con-
stant by moving the volume control with
the other, the adjustment is a matter of
perhaps 2 seconds. And instead of giv-
ing a vague result, the volume control
setting is definitely known throughout the
test, and the signal level can be traced
through the receiver and the figures used
for checking the correct operation of all
the stages. Thus there is actually
economy of effort.

The results for the receiver concerned in
Fig. 1 might be entered like this: —

Qutput : Output : Input :
mW measured mW plotted A
2 2 0
3 3 14
10 10 22
30 30 30
100 100 47
300
o } 300 70
100 1,000 120
30 3,000 270
100 10,000 1,800
300 30,000 360,000

The two places where brackets are used
are, of course, the points at which the
volume control was readjusted.

The figures in the second column show
the output power that would be given if
overloading of the audio-frequency section
did not take place.

100W
//
10w e ,"—
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Fig. 2.—AVC characteristic, again taken at

1,000 kc/s, obtained by the ascending signal

strength method. Valuable information on

the design is revealed, including the

desirability of reducing the delay voltage to

alter the characteristic to the position shown
by the dotted line.

When plotted they give Fig. 2. Al-
though superficially very similar to Fig. 1
resulting from the alternative method of
test, the only information that can be
derived from Fig. 1 is that the AVC takes
control at about 30 pV input and above
that is quite up to average effectiveness for
a normal type of receiver with 3 controlled
stages; whereas the following. additional
information is given by Fig. 2:—

() The output power corresponding o
any signal strength and volume control
setting. For example, a 10-millivolt sig-
nal modulated 30 per cent. and with the
volume control set at one quarter voltage
(one sixteenth in power) would give an
output of about 1 watt. Modulated 60 per
cent., and neglecting distortion, the out-
put would be 4 watts, but as the nominal
output for this receiver is 34 watts there
would be some ovérloading.  The remain-
ing threequarters of the volume control
would merely intensify the overloading.
The only signals for which volume control
maximum could be tolerated are those
that are so weak as to be below the point
where AVC operates. Therefore, the
greater part of the volume control range
1s useless, due to excessive AVC delay
voltage. A more satisfactory result would
be given by dropping the flat part of the
curve to the dotted position.

(2) The approximate decrease in delay
voltage required is given by the square
root of the power ratio between the full
and dotted lines. In Fig. 2 the power is
to be reduced to about a third, so if the
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The AVC Characteristic—
present delay voltage is 6 it should be
6

reduced to —, or 3.5. This calculation

is more accurate with high level detection,
where the delay voltage is considerably
greater and more nearly equal to the peak
voltage at the detector.

(3) A check is given on the design.
Suppose the audio amplifier requires 2.5
volts peak to give full output: that corre-

2.5 X 100

sponds to =8.3 volts IF peak

(modulated 30 per cent.) applied to a per-
fect detector, orglg: 10.4 volts, assum-
ing 8o per cent. detector efficiency. The
AVC voltage corresponding to that output
should, therefore, be a little less than 10.4
minus the delay voltage.

(4) The sensitivity can be seen to be
35 pV for 50 mW output. If there are
three AVC-controlled stages and an AF
stage, this is not very good at 1,000 kc/s.

(5) The lower part of the curve is
obtainable, because it
volume control maximum, unlike the
other method of test (Fig. 1) in which it
was ‘necessary to cut down the power to
one-seventieth throughout the whole range
of signal strength. It is often not con-
venient to measure outputs smaller than
about 1 mW., and even if the meter is sen-
sitive enough there is a likelihood of error
‘due to hum. The lower part of the curve
is of special interest when testing a
receiver with QAVC, If the slope is not
practically vertical, due to instant throw-
ing off of the muting, there is a likelihood
of weak-signal distortion.’

(6) The 2-mW noise output is recorded.
This is definitely excessive for the type of

New McMichael Receivers

THE same cabinet has been adopted for the
Model 391 and Model 398 AC and battery

4-valve superheterodynes. It is larger than the

average table model and the specification in-
cludes many features not to be found in the
The

low-priced categories. ‘“ Clear-curve ”’

tuning scale has been designed for easy reading
from any angle, and an improved four-position
tone control combines variable selectivity in
the IF circuits with controlled negative feed-
back in the AF stages. The price of the Model
391 is £12 5., and of the Model 398 f11 5s.,
less batteries.

is measured at
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set that it appears to be, and in conjunc-
tion with the poor sensitivity suggests in-
sufficient aerial coupling.

For these reasons, then, and from ex-
tensive practical experience, the second
method of test is strongly recommended.
The resulting characteristic contains so
many clues to the performance of the re-
ceiver that it is well worth including as a

routine test in the laboratory at least. For

large quantities it might be quite practic-
able to rig up an automatic cathode-ray
tester, which if operated at a fixed cyclical
speed would, in addition, show up abnor-
malities in the AVC time constant as a
departure from the normal separation of
upgoing and downcoming curves.

Random
Radiations

By “DIALLIST”
US.A. Television Starts

BY the time that you read this, atleast one

regular service of television broadcasts
will have started in the United States, for
the N.B.C. had long been planning to make
its bow by televising the opening of the
World’s Fair at New York. When I say
‘“a regular service’’ I'm thinking only of
the 441-line, 50-frame system, which will be
the standard in the U.S.A.; actually, ser-
vices of a more or less experimental kind
with varying number of lines and frames
have been carried on for some little time in
different parts of the country. The Don Lee
station, W6XAO, has, for imstance, been
running daily 300-line broadcasts on 45 Mc/s
(vision) and 49.75 Mc/s (sound) for several
months at Los Angeles. This station is
quite a giant amongst the smaller plants, for
its vision output is rated at a whole kilo-
watt; there are not a few which range be-
tween 15 and 125 watts.

A Useful List

Though I knew that plans had been made
to start television broadcasts in America,
I"d no idea that there were so many stations
contemplated or already in being until T
saw the list in the May Radio News. It
contains 19 stations already licensed and
three which have applied for permits.
Some of these, however, are of minute
power output, whilst others, classed as
portables, are apparently meant to provide
the radio link for television O.B.s. Still,
if we eliminate these and allow only the
stations to rank whose vision output rating
is one kilowatt or more, the list remains
quite an imposing one. Here it is:
W3XEP (30 kW), Camden, N.J.; W2XBS

(12 kW), New York; W2XB (10 kW),

Schenectady, N.Y.; W3XE (10 kW), Phila-
delphia; W2XAX (7.5 kW), New York;
WiXA (3 kW), Bridgeport, Conn.;
W6XAO (1 kW), Los Angeles, Cal.;
WoX2V (1 kW), Chicago; W2XDR (1 kW),
Long Island City, N.Y. T haven’t included
the 1.5 kW WogXG of West Lafayette, In-
diana, because its wavelength of 150 metres
doesn’t appear to indicate high definition.
The wavelengths (yes, they are shown as
wavelengths and not as frequencies) appear-
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ing in the list are all very much shorter than
ours. For most of the higher-powered
stations the vision and sound channels are in
the neighbourhood of 6} and 4 metres re-
spectively. The 10-kilowatt W2XB, though,
is to use channels close to 44 metres for both
sound and vision. To the portable stations
and radio links still shorter wavelengths are
assigned.. W3XAD is to work on about 2}
metres, W2XBT on 3 for vision and 1} for
sound, W3XP on 14 and W2XD on 1.4. It
will be extraordinarily interesting to see
what kind of service areas these very short
wavelengths give.

. "u e e

Funny if it Weren't So Sad
WE’RE making a little progress in the

anti-interference campaign; but it’s
slow, regrettably slow. In 1937 a standard
specification was published for apparatus
that could be considered as not interfering
with wireless reception. It was then an-
nounced that a mark would be registered
and placed on apparatus that conformed to
the standards. Now, nearly two years later,
the mark has been registered, and a very
pretty designitis. Butonly * in due course "’
(and you know what that means!) will
apparatus sporting the mark become avail-
able. Time, it is said, must be allowed for
manufacturers to dispose of their existing
stocks; in other words, vast numbers of
interference-producing apparatus must be
unloaded on to the public and installed by
it in its homes before the campaign can
begin! The whole business would be
laughable if it wasn’t so sad. Why in the
name of fortune have the manufacturers
built up these stocks when they knew two
years ago that the mark was coming along?

L
Portables Booming in U.S.A.

SOME months ago I reported, if you re-
member, that America had discovered
the portable wireless set, which was then
being advertised over there as the latest
and greatest discovery in radio. I now hear
from a friend in America that the portable
has definitely caught on in the States. It
didn’t do so years ago when an accumula-
tor had to be used for filament heating.
I don’t quite know why, though possibly
Americans, used to mains receivers, couldn’t
be bothered with an LTB or ‘“ A bat-
tery,”” as they call it, which required
periodic recharging.  The introduction of
the low-consumption filament in battery
valves, which now makes it possible to use
a single dry cell in place of the accumulator,
has changed all that, If the LTB runs down,
replacements can be obtained anywhere, and
it is only a matter of a couple of minutes to
have the old one removed and another put
into the set in its stead. 1 can quite under-
stand the point of view of those who would
not touch the portable when it required an
accumulator, but welcome it with open arms
(and purses) now that it can get all that it
needs from dry cells. There is something
so beautifully neat and clean about the
almost foolproof dry cell.

Always Useful

Not that I object myself to an accumula-
tor in a portable set—provided, of course,
that it is either unspillable or of the jelly-
acid type. Ever since there were portables
(and they go back a good few years now)
I've always had one by me and I wouldn’t
be without it. In my home I have aerial
and earth points in three rooms. I suppose
T ought to have taken leads to the bedrooms
as well; but one so seldom wants wireless



MAY 4th, 1939.

in a bedroom in the ordinary way that it
didn’t seem worth while. It’s simpler and
far less trouble, anyhow, to rely on the por-
table to bring the programmes into bed-
rooms in times of illness and convalescence.
And then when you're going away for a
holiday a light and compact portable is
easily taken with the rest of the luggage.
You're quite sure too, that it will work
when you get to your destination, whereas
you can’t be certain that a mains set will,
even though it be of the AC/DC type. Be-
fore now I've struck such unexpected snags
as supplies with a voltage of 100 or so, to
say nothing of noisy DC mains or AC with
a periodicity of 25 cycles.

"= "= "a

The Wavelengths

T doesn’t look as if the channels allotted
at the Montreux Conference would have
any very adverse effects on the service areas
of our home stations. Two channels show
increases in wavelength: Droitwich goes
up from 1,500 to 1,511 metres and the
London, Northern and Scottish Nationals
from 261.1 to 262.9 metres. All of the other
wavelengths are shorter, the biggest drops
being suffered by the West Regional and
Penmon (373.1 to 344.4 metres), the London
Regional (342.1 to 327.5 metres), Northern
Ireland (307.1 to 285.4 metres) and the Mid-
land Regional (296.2 to 276 metres). But
wavelength decreases should be more than
offset by the promised increases in power ;
in fact, they may in one way prove bene-
ficial by compelling the B.B.C. to get down
to its programme of improving and rebuild-
mg stations sooner than it would otherwise

Wireless
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have done. It's perhaps a little hard on
the radio industry that it has been decided
to introduce the new plan next March. Set
makers will have to decide whether to print
t' . names on their tuning dials in the old
positions this autumn and include free issues
of new dials in the spring, or to anticipate
the Plan by arranging their dials according
to its provisions when their new models
appear.

"= "a "
Europe s Listeners

THE figures showing the numbers of
licensed radio listeners in all European
countries which were recently published by
the 1.B.U. make interesting reading. They
show that for the whole continent the in-
crease during 1938 was actually very nearly
as great as in the previous year. There is
naturally some slowing up in the rate in
countries such as France and our own,
which are in sight of the saturation peint.
But against that may be set the notable
speeding up of the expansion of listeners’
numbers that occurred in Italy (25 per
cent.), Finland (27 per cent.), Romania (25
per cent.), Estonia (35 per cent.) and Turkey
(x1o per cent.).  The' fact that Turkey’s
listeners more than doubled their numbers
was no doubt due to the opening of the high-
power long-wave station at Ankara. Wire-
less in Italy seems at last to have turned
the corner, though the 25 per cent. increase
means an addition of only 200,000 to her
listeners. At the end of the year Italian
licences still totalled less than one million,
despite the fact that the country has for
some time had one of the largest and most
efficient broadcasting systems in Europe.

Accessories and Components

WILLIS WORLD CLOCK ,

’I‘HE junior model of the Willis World
Clock, which shows at any instant the
time in the principal countries and on any of
the standard meridians, is now available in
skeleton form for incorporation in receiving

Willis  junior
world clock for
: incorporation

in radio receivers. The
movement is driven by a
50-cycle synchronous motor.’

sets. The hour dial revolves anti-clockwise
and carries a red sector showing the part of
the world which is broadcasting its evening
programmes. A subsidiary hand gives the
time to the nearest minute.

The makers are J. H. Willis and Co., Ips-
wich Road, Norwich, and the price of the
movement without case is £1 18s. 2d.

TAYLOR SIGNAL GENERATOR

THE specification of this instrument in-
cludes most of the features to be
found in the more expensive standard
signal generators. It has a frequency cover-
age of 100 kc/s to 46 Mc/s divided into six
ranges calibrated in frequency. On five of
the ranges, i.e. up to 23 Mc/s, the funda-
mental of the RF oscillator is used and on
the sixth the first harmonic.

Variable internal modulation at 400 c¢/s
up to 50 per cent. is provided, and a switch
enables an external source of AF to be used.
The 400 c/s internal supply is also available
for testing amplifiers and the modulation
control then functions as an output volume
control. )

The metal case measures only 12in. x
8in. x 6in. External leakage is negligible
for all practicable purposes. A screened
output lead is supplied and a special lead
having the characteristics of a dummy aerial
is available at an extra charge of 7s. 6d.
The 400 c/s output is taken from a tele-
phone jack, and a pilot lamp is fitted to
show whether the power supply is reaching
the instrument.

The RF output is controlled by a con-
tinuously  wvariable attenuator marked
““ Microvolts”” o-ro, and a separately
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screened multiplier increases the output in
decade steps up to o.1 volt. There are in-
termediate stops which should be ignored
between the marked settings. No calibra-
tion chart is supplied, but the output

Taylor Model 60 all-wave signal generator.

approximates to the settings of the attenua-
tor except on the ““F’’ range, where the
harmonic is much weaker.

A check on the AF output showed the
maximum voltage on open circuit to be about
1} volts. Most of the variation is in the first
half of the volume control. The pitch is
constant when the oscillator is used as a
source of AF, but varies about a semitone
over the range of the control when modulat-
ing the RF circuit.

The RF calibration is within the reading
accuracy of the scales, which are from 2} to
3% inches in diameter. The 400 c/s wave-
form is good and the instrument can be
recommended for circuit alignment and the
comparison of receiver performance. At 1o
guineas it is not expensive. The makers
are Taylor Electrical Instruments, Ltd., 77-
77a, Queen Victoria Street, London, E.C.4

RESISTANCES FOR CATHODE-RAY
CIRCUITS
LTHOUGH not new, the multiple resis-
tance elements made by Erie Resistor,
Ltd., Carlisle Road, The Hyde, London,
N.W. 9, are being put forward as possible
substitutes for the lengthy and often exposed
strlng of resistors usually fitted in television
receivers to discharge the high voltage
smoothing condensers.

The resistor illustrated measures 2} inches
overall and is only 1} inches in diameter.
It has a resistance of 20 megohms and will
withstand 5,000 volts without flash-over.

Erie multiple high voltage
resistor for cathode-ray
HT circuits.

The resistance elements are in the form of
rings which are separated by flanged ceramic
formers and connected non-inductively. Any
number of units may be assembled up to a
total length of 18 inches and the elements
are of two types:.Size A, 1} inches diameter,
1,000 volts per ring, 3} watts per inch
length; and Size B, } inch diameter, 600
volts per ring and 1} watts per inch length.

Their compactness and safety will com-
mend them to manufacturers who realise
that ordinary broadcast receiver standards of
insulation are in the nature of a makeshift
when applied to the high-tension side of
television receivers.
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Recent Inventions

ELECTRON:-MULTIPLIERS
THE ordinary type of electron-
multiplier has a very high
output impedance—approaching
infinity——so that it is impossible to
deliver power efficiently from it
to, say, a loud speaker or other
low-impedance load.

According to the invention, this
difficulty is overcome by making
the last target electrode so that its
emissivity is not wuniform, but
varies in a predetermined manner
from point to point of its surface.
This has the effect of making the
characteristic curve of the device
less steep and of providing a long
straight-line ‘* slope ~’ over which
the device can be operated.

As shown in the figure, the main
electron stream passes from one
target electrode T to the next in
a series of curved paths, the cur-
rent being increased in intensity
at each stage by secondary emis-
sion.  The last target T1 is not
uniformly emissive, as are the
others, but a part of it (shown
clear in theinset diagram) is coated
with a more highly emissive
material than the parts shown
shaded.

Under working conditions the
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Brief descriptions of the more interesting radio
devices and improvements issued as patents
will be included in this section.

known Adcock aerial consists of
two such pairs of spaced aerials
arranged crosswise.

According to the invention,
three or more such pairs of aerials
are arranged symmetrically around
the circumference of a circle, each
pair being coupled to the corres-
ponding field winding of a radio-
goniometer, or to the similarly
arranged deflecting plates of a
cathode-ray indicator. This im-
proves the sensitivity of the aerial
system, and therefore adds to its
effective range, and is used as an
alternative to increasing the aerial
height—which is undesirable in the
case of an aerodrome installation.
The operation of the system in

direction-finding is also less de-,

pendent upon the accurate
balancing of each pair of aerials,
particularly as regards phase.

Standard Telephones and Cables,
Ltd., and C. F. A. Wagstaffe.
Application date July oth, 1937.
No. 498417.
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Decreasing the output impedance of an electron multiplier by means
of a special construction of the final target electrode (shown in the
inset).

stream will either fall mostly
towards the right-hand side of the
target, where the emissivity is
greatest, or else mostly towards
the left-hand side, where the emis-
sivity is less, according to the
output voltage on the collecting
electrode O. 1In this way the
effective impedance is made de-

pendent upon the *° sensitivity
design *’ of the target T1. ‘
Marconi’s Wireless Telegraph

Co., Ltd.,~ and G. B. Banks.
Application date July 15th, 1937.
No. 498843.
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DIRECTIONAL AERIAL
SYSTEMS
’I‘WO spaced acrials, coupled in
opposition to a common re-
ceiver, will pick up maximum
signal strength from a transmitter
which is in line with them, but
will give minimum signal strength
if the transmitter is situated at
right-angles to this line. The well-

LOUD-SPEAKER
“TONE-CONTROL >

IN a highly selective receiver, the.

band width of the intermediate-
frequency circuits may be made so
narrow that the sounds from the
loud speaker are accompanied by
rustling and hissing noises, prob-
ably due to the production of over-

tones by the valves and to
spurious vibrations in the speaker
diaphragm.

According to the invention, such
noises are prevented by applying a
‘“ compensation *’ -device to the
loud speaker.

The drawing shows part of a
superhet receiver, including the IF
band-pass coupling A, and the
usual AL tone-controls comprising
capacity C and inductance L.
Both couplings are ganged to a
serivs of movable shutters S, which
serve to close the sound-apertures
in the speaker diaphragm to a
grenter degree as the band-pass

coupling is tightened up, or as the
tone-controls C and L are brought
into operation. The shutters
slightly reduce the volume of
sound, but are stated to keep the
higher and lower frequencies in the
correct proportion to produce a

The British abstracts published here are prepared with the
permission of the Controller of 'H.M. Stationery Office,
from Specifications obtainable at the Patent Office, 25,
Southampton Buildings, London, W.C.2, price 1/- each.

cell Pr. The cell Pr is connected
to an impulse amplifier A1 in
opposite polarity to that in which
the primary cell P is conected to
the signal amplifier A. The EMF
produced by the impact of the re-
flected ray on the cell P1 thus pro-
duces a negative synchronising
impulse at the end of each line of
radiated signals. X

Radio-Akt. D. S. Loewe. Con-
vention date (Germany) July 16th,
1936. No. 498841.

FirE

Combined electrical and

pleasing effect, free from disagree-
able overtones.

N. V. Philips Gloeilampen-
fabrieken. Convention date (Ger-
many) May 10th, 1937.  No.
499108.

o000

PRODUCING SYNCHRONISING

IMPULSES

HE invention relates to means
for producing synchronising
impulses at the end of each scan-
ning line in a television trans-
mitter. Although the method is of
general application, it is illustrated
in connection with a rotating disc
scanner D and a cinema film F.
Light from an aperture O in the

acoustic tone-control.

MAKING MOSAIC-CELL
SCREENS

BUNDLE of fine aluminium

wires, equal to the number of
picture-points required on the
screen, and coated with aluminium
oxide, is firmly bound with metal
rings, and is then cut up into thin
slices, each of which forms the
basis of the screen.

To complete its preparation, the
surface of each slice is first etched
so that the ends of the wires are
slightly eaten away, leaving a cor-
responding number of small cups
or recesses, surrounded by the pro-
jecting edges of the original in-
sulating layer. The cupped wires

Use of an auxiliary phoio cell for
producing synchronising impulses.

rotating disc is focused on to the
film by means of lenses L, L1, and

- passes through the film tc energise

a photo-electric cell P, which is
coupled to the signal amplifier A.
As the ray reaches the end of each
scanning line, it falls on to an in-
clined mirror M, from which it is
reflected along the dotted line path
on to an auxiliary photo-electric

are then made photo-sensitive by
treatment with silver and ceesium
vapour. The aluminium oxide in-
sulation may be further covered
with a layer of graphite, which
serves to screen the wires elec-
trically from one another.

Radio-Akt. D. S. Loewe. Con-
vention date (Germany) June 16th,
1936. No. 498672.
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- that the voice of the B.B.C.

EDITORIAL

B.B.C. “Official”

Public Reaction to Broadcast
News

HE responsibility of British
broadcasting  towards  the

listener is, by virtue of peculiar
circumstances, probably greater
than that of any other agency through
which news is conveyed to the public.
The peculiar circumstances are that,
however much the B.B.C. may try,
it cannot remove from the public,
and particularly listeners abroad, the
deeply rooted idea that every statement
in the nature of news made by the
B.B.C. is either directly or indirectly
expressing the opinion of our Govern-
ment. The feeling exists almost uni-
versally that no matter what the news
item may be, it has at least received
the approval of some responsible
Government official before it is trans-
mitted.
We suspect that it is precisely with

the object of trying to correct this

impression and to emphasise the non-
official nature of B.B.C. news that the
Corporation so often includes irrespon-
sible items; but we think that some
better means should be devised to
achieve this object. The only effect of

" the present method is to cast a reflection

in the minds of the public on the policy
and capabilities of the Government.

Voice of the State

It is by no means easy to imagine
how the combined opinion of listeners
is the
voice of the State can be changed,
unless it is by constantly referring in
B.B.C. news to the source of state-
ments made. The fact that the news
almost invariably follows a number of

COMMENT

purely® official announcements tends to
strengthen the opinion of the listeners
that the news itself is officially approved.

If the B.B.C. confined its general
news information to quotations from
the morning and evening papers and
indicated carefully with which paper
the information originated, we believe
that this would, to a very large extent,
remove the present misconceptions.
It would then be possible to add to the
news so quoted other statements which
if they were official in character could
be expressly so described.

We believe that it is of the utmost
importance that steps should be taken
to remedy the present unsatisfactory
position and to relieve the B.B.C. of
the necessity of broadcasting trans-
parently foolish items in a vain attempt
to get rid of the official atmosphere now
pervading its news broadcasts.

The “A” Code
Proposed Amateur Abbreviations
E commend to the notice of all
amateur transmitters the sug-
gestion for a substitute for
the “ Q" code, put forward elsewhere
in this issue. The “Q7 code was
originally devised for the marine service,
and its compilers have quite rightly
never made any attempt to provide
abbreviated expressions for facilitat-
ing the exchange of experimental data

between amateur transmitters.

If, as we hope, the present suggestion
is received with favour the details of
the code should be widely discussed,
and, most important of all, the inter-
national aspect must not be forgotten.
The temptation to provide abbrevia-
tions for every contingency must be
resisted, as a code of this kind loses half
its usefulness if it cannot be memorised
in full.
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HIGH QUALITY REPRODUCTION AND
NEW _IDEAS IN OUTWARD FORM

ALL are agreed as to the extreme inconvenience of conventional apparatus
for electrical gramophone reproduction, but few serious attempts have

HE apparatus to be described is
- the ‘result of a good deal of
thought devoted to devising
means for getting the best repro-
duction from gramophone records and
therefore may appeal to readers of The
Wireless World. Persons who have 1n-
spected it genetally stait off by consider-
ing it. fantastic -that -eight valves should
be devoted to gramophone purposes only,

but by discussing the design step by step
it is hoped to show that there is method
in this madness.

First of all, it may be necessary to ex-
plain why the prevailing practice is not
followed of combining gramophone with
radio.  The writer is not greatly
enamoured of automatic record-changers,
partly because of their tendency to utter
various “scratching and clicking sounds
during the changing-over process, and
partly because of the necessity for think-
ing out in advance the whole programme
to be played. The advantages of the
auto-changer seem to be mainly in pro-
viding a continuous service of sound
which is supplementary to something else
(such as dancing or drinking beer) and
therefore is not listened to critically. In
view of the fact that the disc record suffers
greater potential limitations of quality
than radio transmissions, its chief justifi-
cation is the ability to call at any time on
works of music performed by selected
executants, and which merit attentive
listening. In these circumstances records

Fig. 1.—Complete circuit diagram of ampli-
fier and tone control.

been made to evolve something better.

The Wirveless World, May 11th, 1939

lectric

Here at last is a * chair-side”

amplifier that seems to provide a satisfactory solution to the problem.

can be treated more artistically by hand.

An essential requirement is that one
must not be obliged to leap up every few
minutes to change records or adjust the
volume or tone. This means that the
turntable and controls must be easily
carried or wheeled to the chair side. The
usual way of doing this is by means of a
‘s playing desk’ or its equivalent, con-
sisting of a turntable, pick-up and
volume control. Mains and pick-up leads
are, of course, necessary links with the
mainland. Having gone thus far, one
might ‘as well include the amplifier, for
no extra leads are needed; in fact, one
probable source of treuble is avoided by
substituting  loud-
speaker leads for
pick-up leads, the
latter being very
liable to introduce
hum. Another
point is that a satis-
factory form of
tone control is
much more easily
arranged when the
amplifier is acces-
sible. And if the
apparatus is self-

available for a number of purposes for
which a good radio-gramophone or the
equivalent might not be sufficiently port-
able,

As it is taken for granted that the repro-
duction is to be of the highest possible
quality, and sufficient in quantity for
domestic needs, and perhaps a little more,
the equipment is bound to be fairly heavy,
and easy movement to the most comfort-
able chair is best achieved by putting it
on wheels or castors. Then, to ensure
that it is not banished to some remote
part of the house as a cumberer of the
ground during times of disuse, the best
policy is to Thake it in'such'a form as will
be accepted as a useful piece of furniture.
Its position near the easy chair is further
assured by clothing it'in fabric (to match,
if possible) rather than in easily damage-
able polished wood. This idea was en-
couraged by the discovery that even oak
finish was over 50 per cent. more expen-
sive than padded tapestry on deal, as well
as being far less sightly and serviceable.
The design shown here takes the form of
an occasional seat or table when shut up;
when open, the pick-up and controls are
conveniently accessible from a low chair,
and there are spaces for selected and used
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compartment. When not in use for this
purpose these spaces are handy for stor-
ing the rather lengthy flexes that have
been fitted for taking care of all contin-
gencies.

As it is intended that the doors should
be open when in use as a gramophone, it
was not considered that any speeial pro-
vision need be made for ventilation. In
case any readers are attracted by this
cabinet, it may be mentioned that a very
satisfactory job was made up to the
writer’s design by H. G. Dunn & Sons,
Ltd., of Bromley, Kent, upholstered .in
selected tapestry, padded, at an inclusive
cost of just over £4, and the firm is in
a position to produce duplicates io
order.

Choosing the Pick-up

There is nothing special about the turn-
table, which is a standard type driven by
AC induction motor. The pick-up, how-
ever, called for more care in selection.
The Telefunken T.O.1001 was finally
chosen, because by adopting a sapphire
point fixed in a diminutive armature it
has been possible to avoid the usual needle
resonance within the recorded range of
frequencies, and hence not only to achieve
a frequency characteristic that is substan-
tially level throughout that range, but
also extreme lightness and freedom. It
is a vast convenience not to have to bother
about needles, and a great comfort io
know that record wear is negligible. A

By

little trouble was experi-
enced with the first
sample, which tended to
engender certain obscure
rattling sounds, but the
replacement has been free
from this defect. It 1is
worth while taking some
trouble to mount the pick-
up accurately as in-
structed, and this is facili-
tated by the lining washers
supplied. The sapphire
point, which is
almost  microsco-
pic, is ingeniously
protected by a
spring roller de-

o

M. G. SCROGGIE,
B.Se., AM.LE.E.

vice, but it is ad-
visable to take care in letting it down on
any records that are chipped at the edges.

Coming now to the amplifier itself, the
objects have already been mentioned, as
regards quality and quantity, but the
tone control, perhaps, needs to be empha-
sised. In the Telefunken pick-up no
attempt is made, probably wisely, to com-
pensate for the restriction of bass in the
recording, amounting to as much as 15
db. at 50 ¢/s. Also, the sustained output
right up to and beyond the top limit of
recorded frequency causes the amount of
scratch reproduced from most records by
means of an amplifier with a flat charac-
teristic to be unbearable. There seems
to be a tendency to record the upper fre-
quencies with a slightly rising characteris-

which allows some reduction in

tic,
scratch to be obtained while preserving
the overall characteristic level ; but gener-

ally it is necessary to sacrifice some ‘‘ top ”’
to obtain a reasonably silent background.
Moreover, records differ very consider-
ably in their balance of tone; so alto-
gether a comprehénsive tone control sys-
tem is essential for getting the best out of
them.

The bass compensa‘uon ought really io
be regarded as over and above any ad-
justment available by means of the tone
control, because it is only when the bass
has been lifted 15 db. at 50 c;s that the
overall characteristic (inclusive of the
record .itself) is flat. As this rise is as
much as can be accomplished in any one
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Electric Gramophone—

stage without the use of oscillatory cir-
cuits, it is best to do it separately from
the tone control proper.

Leaving the subject of tone control for
the moment and looking at the other end
of the amplifier, there is the output stage.
Modern tetrodes are attractive by reason
of their. power efficiency; but for the
highest quality it is necessary to use nega-
tive feedback, which eliminates their other
advantage of smaller drive voltage than
triodes. Moreover, the efficiency and
quality depend to a considerable extent on
the load impedance being approximately
right. Not only is it very convenient to
be able to connect various loud speakers,
singly or in combination, without having
to think too hard about load matching,
but the impedance of any one speaker
varies largely » with frequency. And
although it is argued that tetrodes
(properly used) distort no worse than
triodes, nobody appears to have shown
that they are any better. So, as the writer
has been driven to the conclusion that the
greater power output of multi-electrode
output valves is largely illusory so far as
the highest quality work is concerned, he
conservatively stuck to triodes. As an
output of about 7 watts was considered to
be ample, a pair of PP3/250 valves are

‘Wireless
‘World

taken back to a point where the signal
level is so small that even when increased
it still comes well within the power of the
preceding stage to handle without appre-
ciable distortion. This also makes it pos-
sible to include the output transformer,
too, as the low secondary voltage is
enough for feedback. The amount of
feedback actually used divides the ampli-
fication by slightly more than 4, equiva-
lent to a loss of 124 db.

To.simplify the application of negative
feedback over several stages, to minimise
the opportunities for picking up hum, and
to serve the. interests of high fidelity and
cheapness, resistance coupling throughout
was adopted.  This immediately raised the
question of the phase-inverter. The
method described by O. H. Schmitt
(Journal of Scientific Instruments, March,
1938)" was given a trial, but the Cocking
‘““concertina’’ circuit was finally pre-
ferred, because it remains balanced even

M =33

Ra = 15,0000

4,500 Q
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Fig. 2.—Frequency
characteristic of the

first stage, showing
bass compensation.
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The dotted line in-
. dicates the theoreti-
cal requirement.
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used. This is the actual measured output
on the secondary side under the conditions
of use; the theoretical output is slightly
more.

Negative Feedback

Push-pull is justified on purely econo-
mic grounds, quite apart from its value in
reducing the unpleasanter components of
distortion and difficulties of decoupling.
Without it a much more expensive out-
put transformer and smoothing system
would be required. The use of negative
feedback with triodes may be more sur-
prising, especially as it is not for tone con-
trol purposes. As can be seen from the
circuit diagram, it is optional and without
it there is a reserve of amplification. Nor-
mally it is used, however, and reduces
residual hum, renders the output even less
dependent on load impedance, and cleans
up the performance generally.
would be no point in applying the feed-
back over the output stage only, as it
would be likely to cause more trouble than
it cured, by increasing the signal level in
the previous stage. It has, therefore, been

There -

-

if the valve ages, it is less tricky to design
and adjust, its gain is about 50 per cent.
higher for two valves, owing to its feed-
back it is extremely linear, and although
the available output is less it was found
possible by careful design and the use of
choke decoupling (avoiding large voltage
drop) to get rather more than enough to
drive the output stage. The cathodé is
100 volts more positive than the heater,
and as the Tungsram HL4+ valve is ex-
ceptional in being rated up to 150 volts
difference, as well as requiring only 2.4
watts for the heater, it was selected for
this and all preceding stages.

The phase inverter stage requires 43
volts (peak) to drive it; a straightforward
preceding stage gives a gain of x 274, and,
allowing for the negative feedback (which
is conveniently introduced into its cathode
circuit), calls for 7§ volts at its grid.

Coming back now to the subject of tone -

control : -one possible method is to insert
frequency-discriminating circuits in the
negative feedback line so as to reduce feed-
back at those frequencies which it is

! Since writing this, it has been dealt with in
The Wiveless World, April 13th, 1939.
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desired to boost, and vice versa. This
method was rejected because, although it
is quite useful for moderate amounts of
control, it does not lend itself to a steady
rise of 6 db. per octave over as much as
24 octaves, and greatly increases the risk
of oscillation that is present when large
amounts of negative feedback are at-
tempted. So the method adopted is the
well-known one of varying the coupling
impedance in a stage of amplification. To
obtain the required 6 db. per octave (which
is the rate of bass loss in recording) it is
necessary for the amplification of the stage
to be directly proportional to the coupling
impedance, and therefore the latter must
at all frequencies be small compared with
the valve anode impedance, which means
that at some frequencies it must be very
small. At such frequencies the valve am-
plifies only slightly, if at all ; its amplifica-
tion being reserved for those frequencies
one desires to boost. Because of its very
high anode impedance, a pentode is the .
best type of valve for large amounts of |
tone control ; but in the present case two
triodes were used, bec\ause one could be
devoted to compensating for bass loss,.
leaving the other free for tone control
proper.

Coupling the Pick-up

Now, for absence of linearity distortion
a triode really ought to be worked with a

" comparatively high external impedance,

and as the coupling impedance for tone
control is very low at some frequencies,
the expedient is sometimes. adopted of in-
creasing the valve impedance by connect-
ing a resistance in series. This method
makes it difficult to maintain the rise in
amplification uniform over a sufficient
range of frequency, so cathode-ray tests
were made to find the maximum signal
that could be handled under low-load im-
pedance conditions without appreciable
distortion. 'As expected, this was fairly
low (about 0.3 volt input). The output
of the Telefunken pick-up, which has an
impedance of 100 ohms, is about 0.1 volt
peak on normal records. A 1:20 ratio
transformer is recommended for use with
it to increase the output; but a valve is
cheaper, and has the advantage of not
needing the careful screening that is neces-
sary to prevent a transformer at this low-
level stage from picking up hum. Although
the signal level is low when the pick-up is
applied straight to the valve, the low im-
pedance makes it very easy to avoid hum.
And the extra gain makes the amplifier
suitable for alternative use with a needle-
armature pick-up or a microphone.
Because tone control of the type chosen
must be carried out at a low-signal level
to avoid distortion, it is evident that it
must be dealt with right at the start, and
the first stage is devoted to compensating
for bass loss in the record. At middle
and high frequencies the coupling imped-
ance is effectively the 1,500-ohm resist-
ance, as the impedance of ‘the 0.5-mfd.
condenser in series is negligible, and the
anode and grid resistances of 0.05 and
0.25 megohm respectivsly merely reduce
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the effective coupling resistance to a neg-
ligible extent, At these frequencies the
amplification is approximately x3. But
at low firequencies the major part of the
coupling impedance is the reactance of the
0.5-mfd. condenser, which progressively
increases as the frequency diminishes, and

Wireless
World

After putting in the power rectifier, the .

full tale of valves is thus made up; and
as they are all of comparatively cheap
kinds and of a minimum number of types,
no further apology seems necessary.
Although it would be quite satisfactory
for all valves previous to the output stage
to be of the HL4+ type, the first two
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Fig. 3.—Diagram of apparatus used for studying the characteristics of the treble tone
control. The inset shows the type of result obtained on the oscilloscope screen.

the amplification also increases in propor-
tion ‘until the anode resistance (effectively
in parallel) exerts an appreciable shunting
effect. Of course, the change-over, at
250 c/s, is not sharp, but, as can be seen
from Fig. 2, the compensationisfairly close
to the theoretical (and probably closer still
to the inverse of the actual recording
characteristic),

The sccond stage is similar, except that,
instead of a fixed tone-compensating cir-
cuit, there is a variable tone-control system
which will be described in detail presently.

.The normal gain of this stage (due to

" another 1,500-ohm coupling resistance) is
- again 3, so the normal maximum peak volt-

* age given is about 0.9. To bring this up to
the 7% volts required by the pre-phase-
inverter stage, and to allow a little in
hand, another stage is obviously neces-

. sary. As the full gain of a stage is need-
lessly large, it is reduced by the omis-
sion of the biasing resistor by-pass con-
denser.

Regulating Volume

Volume control has not yet been pro-
vided. To avoid overloading, the best
place for volume control is as soon as pos-
sible—usually directly between pick-up
and amplifier. On the other hand, for
avoiding any noise, due to the volume
control itself or to tone control switching,
or any fault that might develop in the
early stages, the later the better. As in
the present case the maximum possible
input is only slightly more than enough
to overload the output stage with no re-
duction at all, it is quite safe to place the
volume control in front of the fourth stage.
It would, of course, be no use putting it
anywhere beyond this, as the negative
feedback would counteract it.

(HL4g) are actually of the same charac-
teristics but modified by bringing the
grid to a top cap and the metal coating to
an independent pin. This confers minor
benefits in further reducing any tendency
to hum, and in making it possible to cut
out the first stage immediately by clipping
the input lead to the second valve top.
This is useful, among other things, for
non-gramophone purposes, for which the
bass compensation is in general not
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and two degrees of cut on the other.
Actually ““Flat’’ is arranged to give a
slight boost, to supplement the efforts of
the first stage. The treble control pre-
sented more difficulty, because it was
desired to be able to introduce a sharp
cut-off at certain frequencies in order to
combat scratch. At the same time it is
most essential to avoid any tendency -to
a preliminary resonant peak, which is
shock-excited by scratch frequencies and
degrades the performance to that of in-
ferior types of pick-up with their arma-
ture resonances.

Testing the Tone Control

As pure calculation of filters to a given
performance is exceedingly tedious in all
except idealised cases, the final adjust-
ment was experimentally done with. the
help of cathode-ray apparatus improvised
to show the frequency characteristic in-
stantaneously on the screen, The effect
of any adjustment could thereby be seen
at once instead of only after a lengthy pro-
cess of plotting separate points. As this
apparatus was made up from what hap-
pened to be at hand, instead of being pur-
chased ready-made for a mere few hun-
dred pounds, it may be of interest, and the
arrangement is shown diagrammatically
in Fig. 3. A motor-driven variable con-
denser, made up from an old gramophone
motor and other odd parts, happened to
be left over from previous experiments
with ““ganging oscillators,””- and was,
therefore, available, complete with syn-
chronising contact, made once per revolu-
tion. The output of a beat-frequency
oscillator was thus variable over a band of
a few thousand cycles. The position of
the band itself was, of course, variable by

needed. the normal frequency control. The motor
+25
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Fig. 4.—Measured frequency characteristics at different settings of the tone controls, inclu-

sive of record, pick-up, amplifier, and output transformer.
level from 250 to 6,000 /s, and falls 6 db per octave from 250 to 50.

The characteristic of the record is
The sharp cut-off character-

istics (2 and 3 on the treble side) are not so satisfactory aurally as 1 and 4.

The tone control system gives indepen-
dent bass and treble control with five
alternatives for each. The bass control is
marked ‘“Flat’’ in the centre position and
gives two degrees of boost on one side

and time base were adjusted to run in
synchronism at. as slow a speed as pos-
sible—something like 10 ¢/s.

The system finally arrived at, and shown
in the complete circuit diagram (Fig. 1),
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consists of simple resistors and conden-
sers except for a tapped choke made by
centre-tapping a Varley screened iron-core
RF choke (BP26). Some difficulty might
be experienced in exactly duplicating this
component, as the position of the tap is
not very definite ; but that matters little,
because although the results (shown in
Fig. 4) conform admirably to what was
aimed at, they have served to demon-
strate by the test of listening that for the
best compromise between scratch and high
quality, the sharp cut-off type of charac-
teristic is less successful, even when free
from appreciable resonances, than the
steady droop. This is fortunate, because
the latter is so much easier to calculate
and construct, and for gramophone pur-
poses the writer advises substituting the
more conventional variations of treble
tone for the two sharp cuts, 2 and 3. Ris-
ing characteristics—except perhaps for
one very slight one—are not necessary or
desirable if the system is to be used only
with the Telefunken pick-up, but several
degrees of fall, including a really drastic
one, are helpful. :

The frequency characteristics shown in
Fig. 4 were taken with the help of the
Decca EXP.55 standard frequency re-
cord, which is restricted uniformly below
250 c/s and therefore conforms to a
theoretical rather than a practical charac-
teristic; that is to say, one in which the
level and falling parts meet in a sharp
angle at 250 c¢/s rather than a smooth
bend. This accounts for the irregularity
in this region in Fig. 4. The dotted por-
tions above 6,000 ¢/s have been filled in
with the help of data from the cathode-ray
apparatus. Apart from this, the curves
are overall as far as the load—the record,
pick-up, tone-control, amplifier, and out-
put transformer characteristics being in-
cluded. It should be noted that even with
the most drastic treble reduction (No. 1)
the note is brighter than when using some
types of pick-ups with no tone control.

The Smoothing System

Finally, referring to a few miscellaneous
features of the design, the absence of
choke smoothing for the output stage will
be noted. This greatly simplifies the prob-
lem of avoiding hum pick-up with a sen-
sitive amplifier on the same chassis as the
power system. The rectified output, 440
volts, is too much for the PP3/ 250 valves,
and the 750-ohm resistor serves the double
purpose of smoother and voltage dropper.

The output transformer is wound with
two identical secondaries, so, by connect-
ing them in parallel or series, optimum
load resistances of 2 ohms and 8 ohms are
provided for. A number of loud speakers,
each having several times these imped-
ances, can be fed in parallel without any
appreciable variation in the output from

one speaker as the number in circuit is-

varied ; and, unlike other types of output
valve, triodes give even better quality
when the load impedance is above normal.

The 100-ohm resistors in the primary
side are for connecting a 0-5 voltmeter
across for checking the static balance of
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the output valves. The dynamic balance
is ensured by using a common biasing
resistor, un-by-passed.

The 1,500-uH coil (actually a small
iron-cored long-wave coil) in the feedback
lie was inserted because it was found
that under certain dynamic conditions
(such as a large amount of line capacity
across the load) there was a tendency to
momentary spurious oscillation.

The skirts of the tone and volume con-
trol knobs have grooves filed in them as
markers and also to enable them to be
operated by touch alone. The control
panel is faced with matt white ivorine.
The power transformer is a Partridge
T350/120.

The Goodman “‘ Infinite Baffle ”’ loud
speaker, although specifically not recom-
mended by the makers for gramophone
purposes owing to its extended and rising
high frequency response, actually gives
very satisfactory results in conjunction
with this set when a falling treble charac-
teristic is selected. This type of speaker
has the advantage (apart from good gen-
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eral quality) of giving really low bass in
a reasonably portable form—it is con-
tained in an 18-inch cube. The whole
equipment is, therefore, easily transport-
able in a small car for giving ‘‘sound”’
wherever wanted. The writer has used it
very successfully in amateur dramatics,
the audience being greatly impressed with
the improvement over what is usually
served up as music on such occasions.
Although the deficiencies of bad records
can be ‘“hushed up’’ by discreet use of
the tone control, it is, of course, necessary
to make a careful selection in order to
demonstrate the capabilities of the appar-
atus. Lists of good quality recordings
were published in The Wireless World
some time ago, and the only one repeated
here is a set of three which is attractive
because it is of tuneful and varied music,
brilliantly played and well recorded, in-
expensive, covers a wide range of tone,
and consists of short pieces necessitating
no carry-over from one side to the next—
the ballet suite ‘“La Boutique Fan-
tasque,”’ recorded on H.M.V. 2846-8.

Proposed New Amateur

- Code

SAVING TIME AND REDUCING INTERFERENCE

NEW and comprehensive code,
expressly designed for the use of
amateur transmittcrs, has just been

submitted to the Radio. Society of Great
Britain. (

This code comprises a series of over
seventy 3-letter signals, planned to con-
vey practically all the technical informa-
tion, weather data, etc., that amateurs
have occasion to exchange in the course
of their transmissions.

The draft code has been drawn up by
a Suffolk amateur, G3XT, of Stratford,
near Saxmundham, who, though com-
paratively a newcomer to the ranks of
transmitting amateurs, has had over four-
teen years’ experience of listening on the
amateur bands, and is, therefore, convet-
sant with amateur requirements as regards
a signal code.

Simplicity and Speed

It is claimed that the use of the new
abbreviations, each of which begins with the
letter A (a letter that is quick and easy to
key in Morse), will effect an enormous
saving of time, as it enables any typical
amateur message to be sent, accurately
and explicitly, with approximately one-
half the amount of signalling incurred
under the existing system. The originator
suggests that, by eliminating superfluous
signalling, the new ‘“A’’ code, if adopted,
should do much to reduce the present
interference on the amateur bands.

An important advantage of the pro-
posed abbreviations is that they are ex-

ceptionally easy to memorise, as the last
letter of each signal (with a few unavoid-
able exceptions) is the initial letter of the
subject covered. ‘““ATR? " for example
means ‘‘What is your receiver?
“ATW "’ means ‘ Please wait,”” ““ASA?
means ‘‘ What type of aerial are you
using for transmission? ’’ and so on.

Meteorological Data

A section of the code is devoted to
weather data and conditions of reception.
This affords a ready means of indicating,
briefly but accurately, the prevailing
weather and reception conditions on the
band at the time of the QSO. The en-
quiry signal “AWX? "’ (meaning “‘ What
is the weather in your locality? ”*) can be
answered by abbreviations such as
“AWR "’ meaning ‘‘ The weather here is
rainy,”” while more detailed information
can be given if desired with the aid of
the abbreviations AWB, AWT and AWV,
referring to barometer readings, tempera-
ture and visibility respectively.

“AWA” meaning ‘‘Conditions of re-
ception here are good,”” and ‘“‘AWI,”
‘“Conditions improving,” are among the
signals intended to be used in reporting
on the state of the band at any given time.

As the new code is sufficiently compre-
hensive to cover the whole field of
amateur transmitting activities, it has
been suggested that it could, if adopted
internationally, supersede the present
International Q Code as far as everyday
amateur use is concerned.
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[ ubular Condensers
| THEIR BEHAVIOUR AT RADIO FREQUENCIES
By F. R. W. STRAFFORD (Research Dept., Belling and Lee, Ltd.)

‘A TUBULAR paper-dielectric con-
denser is constructed by taking a
long strip of special paper of
appropriate thickness, to each

side of which is attached a metal foil
whose width is usually less than that cf
the paper. This assembly is wound into
a tight roll and connections are taken out
{from each end of the roll.  The whole
assembly is usually impregnated with in-
sulating compounds, waxes, etc., and en-
closed in a cylindrical container of card-

PAPER
CONNECTION

FOIL

a)

.

EDGE ROLLED BACK PAPER
ON ITSELF

FOIL

EDGE ROLLED BACK
N ITSEL

O ¥

(b)

Fig. 1.—The two principal methods of con-
denser construction compared. Diagrams (a)
. and (b) show respectively the ‘‘inductive "’
and non-inductive types (both unrolled).

poard or similar material, the ends being
sealed. Before the term ‘‘non-inductive ”’
was applied to fixed condensers it was
usual to connect to the foils at a single
point only, somewhere on the length.

In a modern non-inductive tubular con-
denser this single-point connection is
avoided by arranging the foils to overlap
the edge of the paper so that during the
winding process the edge of each foil is
short-circuited back upon itself.  Thus
when the connection is made to the foil it
may be regarded as connecting every
point along the edge of the foil by a short
route. Perhaps Fig. 1 will make this
clear.

Now in considering radio receiver con-
densers of this type up to, say, o.1 mid.
in capacity the reduction of inductance

XAMINATION of a rolled paper-dielectric condenser would suggest that it

might have appreciable inductance ;

component to be used for by-passing RF currents.

forms of construction, the author of this article reaches the conclusion that

condenser inductance is negligible compared with that of the connecting leads.
Useful information on the choice of by-pass condensers is given.

an obviously undesirable property for a |
After considering the various !
f
i

due to the connection method of Fig. 1 (b)
may be considerable, but in practice the
self-inductance of the condenser, whether
connected by either method, is small com-
pared with the inductance of the wires
used for connection purposes, even when
their length is reduced to, say, half an
inch. ‘

At first sight the reader might doubt
this statement—an attitude excusable
until certain somewhat obscure points are
explained. It is a fact that we have a
fairly long foil, perhaps six feet or more
in length, rolled into a spiral, which
makes us think of our textbook teaching
on the enormous increase of inductance
obtained by winding a conductor into a
helix or spiral.

A Fallacy Exposed

In the case of the tubular condenser it

_does appear at first sight that the same

sort of thing will happen, but this can be
disproved by the following argument.
Fig. 2 (a) depicts a conductor which
may be in the form of a wire or a flat
strip bent back upon itself with its inner
faces nearly touching. Now if the ends
A and B are the connections to the source
of voltage the current flow as shown by
the arrows is in opposition in each leg of
the arrangement.  Hence the magnetic
flux is very nearly cancelled. For per-
fect cancellation the wires or foil would
have to be infinitely thin and infinitely
close to one another, -

Ao- -
BO € < €

Y
A
Y
\
\J

(b)

Fig. 2.—Diagram (a) shows a conductor bent

back on itsef ; winding the same conductor

into a helix, as in diagram (b), has a negligible
effect in increasing inductance.

Fig. 3, and we now present thé circuit of
an unrolled paper condenser, in which
each capacity may be referred to as the
capacity per unit area of foil.

When "an alternating potential is
applied across A and B current will flow
down each condenser circuit so that at any .
pair of opposite points along the foil, say
at X and Y, the current will be equal and
opposite. Hence the inductance will still
be very small, in fact practically -the
same as when the loop was closed as in
Fig. 2 (a). Similarly the same argument
applies with regard to rolling the result-
ant circuit-into a spiral—the inductance
is inappreciably changed. '

The foregoing should make it quite
clear that there is no reason to expect
large values of self-inductance in tubular
condensers, particularly as the foils are
usually separated by one- or two-thou-
sandths of an inch, thereby providing an
extremely closed form of loop and one
through which very little magnetic flux
can thread.

If zero magnetic flux
threads this circuit AO

Y

Y
Y

finition, be zero in-
ductance in that
circuit and when the

flux is very small the -

there must, by de- i

BO

A

Y

!
I

inductance is small..
If the loop is

;<-——<—-||-—<—-><
A
S
\

A
A

wound into a spiral
or helix, Fig. 2 (b),
there is no reason to
expect the inductance to increase to any
appreciable extent, since there is very
little increase in flux linkage. _
Now let us open-circuit the end of the
loop and imagine a large number of little
parallel condensers to be connected be-
tween the two legs. This is shown in

Fig. 3.—The equivalent circuit of an unrolled paper condenser

Neglecting resistance effects in the con- |
denser and its connecting leads, the equi- -
valent circuit of a tubular fixed condenser
(or any other fixed condenser for that
matter) will be as shown in Fig. 4. C is
the capacity of the condenser, L is the
inductance of- the foils on the condenser,
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and L, is the combined inductance of the.
two connecting leads, including the
mutual inductance between them.
Careful measurements
culations show that

backed by. cal-
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quency it might be desirable to so adjust
the value. of capacities and lead lengths
to form filter circuits of the rejector type
to work at the resonant frequency of the
circuit, for by this means the effective

the inductance of

the condenser it- et

self is very small ’ N~

compared with the
inductance of any

connecting leads of

useful length from

the practical point

of view. This state-

ment holds even

when the conden- N

201 meg

ser is not wound in

the so-called non-

&t mra ]

inductive manner,

but is connected as

shown in Fig. 1 (a). vo

It is obvious that

RESONANT FREQUENCY IN MEGACYCLES PER SECOND

there will be a fre-

quency at which o

el

the inductance and
capacity will reso- .

[ . ) 10 12 14 16
LENGTH OF EACH LEAD IN cm.

nate, and in these
circumstances the
impedance of the
condenser between )
its two connecting extremities will be
governed purely by the series resistance
which is, of course, made up by the hlgh-
frequency resistance of the connecting
leads, the resistance of the foils and the
dielectric loss resistance referred in series
with the condenser,

Aid to Choosing Values

A family of curves of this resonant fre-
quency for a range of condensers, and
for lengths of leads up to 16 centimetres

[o] L 1
MWUHQ_Q‘M,——OA

—-0B

Fig. 4—Equivalent circuit of a fixed con-
denser (neglecting resistance).

per head, has been prepared and is shown
in Fig. 5. These curves should be very
useful to designers of radio circuits and
filters in 'that it gives the frequencies at
which condensers of certain values and
particular lengths of connecting leads
commence behaving as inductances. In
other words, a condenser should not be
used at a higher frequency than the re-
sonant frequency indicated for its par-
ticular capacity and lead length.
Instability in amplifiers employing
several stages can often be traced to
failtire to take this fact into account, and
as a general rule a condenser should not
be employed at a frequency greater than
half its resonant frequency as indicated
from the curves.
On the other hand, if one is designing
- @ circuit to handle .one particular fre-

Fig. 5.—A useful guide to the choice of by-pass condensers : graph
showing the resonant frequency of various capacities with 20-SWG
leads of lengths up to 20 cm.

shunting value of the condenser is very
much lower than would have been ob-
tained by the calculated reactance, neg-
lecting resistance and resonance effects.

Television

Programmes

Sound 41.5 Mc/s Vision 45 Mc/s

An hour’s special film transmission in-
tended for demonstration purposes will be
given from 11 a.m. to 12 noon each week-
day. The National or Regional programme
will be radiated on 41.5 Mc/s from approxi-
mately 7.45 to 9 p.m. daily.

THURSDAY, MAY 11th.
3, Joan Miller and Polly Ward in * Pest Pilot.”
3.30, Gaumont-British News. 3.40, 241st
edition of Picture Page.
9, Renée Houston and Donald Stewart in
Cabaret. 9.40, British Movietonews. 9,50~
10.20, 242nd edition of Picture Page.

FRIDAY, MAY 12th.

3, Charlie Kunz. 3.10, ‘‘ Foundations of
Cookery,” talk by Marcel Boulestin. 3.25,
British Movietonews. 3.35, Wyndham Goldie
in “* Five At The George,” a ghost play by Stuart
Ready.

9, Trudi Binar—Starlight. - 9.10, “Derby
Secrets,” No. 4—Film. 9.20, Marcel Boulestin.
9.35, Gaumont-British News. 9.45, * The
Advantages of Paternity,” a comedy by Horton
Giddy. 10.15-10-25, Olga Coelho in Brazilian
folk music. .

SATURDAY, MAY 13th.
3, The Jacquard Puppets. 3.15, Gaumont-
British News. 3.25, Cartoon Film. 3.30,
* Spreading The News,” a comedy by Lady
‘Gregory, - )
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9-10.30, Charles Heslop in “* The Torchbearers,”
a satirical comedy by George Kelly.

SUNDAY, MAY 14th.

3, ** The Conductor Speaks ’—Sir Adrian Boult.
3.20, ‘“ Derby Secrets,” No. 5—Film, 3.30,
Yvette Guilbert—French diseuse. 3.40, O.B.
from the Chelsea Flower Show. The cameras
will be accompanied on their tour of the exhibits
by C. H. Middleton, F. H. Grisewood and
Elizabeth Cowell. :

8.50, News. 9.50-10.30, Sybil Thorndike in
“Sun Up,” the play by Lula Vollmer. The
scene takes place in a cabin in the mountains-of
North Carolina, June, 1917.

MONDAY, MAY 15th.
2.40, Chelsea Flower Show, O.B. 3, “ Hun-
garian Rhapsody ’—the Hungarian State Ballet
from the Adelphi Theatre. 3.30, Gaumont-
British News. 3.40, Film. 3.50, Eric’s Wild
Time. 3.55, Cartoon Film.

9, Carson Robinson and his Pioneers in Cabaret.
9.35, British Movietonews. 9.45, * Our Rough
Island Story.” 10.5, Charles Heslop—'‘ In the
Barber’s Chair,” No. 6. 10.15, Cartoon Film.
10.20-10.30, Basil Rodgers, the negro tenor
with Henry Bronkhurst at the piano.

TUESDAY, MAY 16th.

3, Richard Hearne with Lily Palmer and George
Nelson in ‘“ Take Two Eggs.” 3.15, British
Movietonews. 3.25, “ In the Barber’s Chair.”
3.35, “ The Advantages of Paternity ** (as on
Friday at 9.45 p.m.).

9, “ Take Two Eggs” f(as at 3 p.m.). 9.15,
Peggy Wood—Starlight. 9.25, Cartoon Film.
9.30, Tennis O.B. from the Empire Pool,
Wembley. Donald Budge, Ellsworth Vines, Bill
Tilden and Nusslein in singles and doubles.
10-10.30, “ The Deacon and the Jewess,”’ a
play by H. F. Rubinstein.

WEDNESDAY, MAY 17th.

3-4.30, ““ The Torchbearers’’ (as on Saturday
at g p.m.). ‘

9, C. B. Cochran’s ““ Night Lights’’ from the
Trocadero. 9.40, British Movietonews. 9.50,
Sunday in the Country. 10.10, Cartoon Film.
10.15, Isabelita Alonso in Spanish Songs and-
Dances. 10.25-10.35, “ Bridge without Sighs,”
in verse and cartoon by Reginald Arkell and
Harry Rutherford.

PROBLEM CORNER—19

An extract from Henry Farrad’s corre-
spondence, published to give readers an
opportunity of testing their own powers of
deduction :—

Dear Mr. Farrad, .

I hope you will forgive me for writing, but
I am rather worried about our wireless. I
remember you helped my husband in some
difficulty he had with it a few months ago.
Now he is away for a few weeks on business,
so I have been taking advantage of that to
do the spring cleaning. Of course, we had
to move the wireless into another room for
a day, but I was very careful and did it
myself. There is nothing very complicated
to do, because we use a ‘‘ mains aerial plug,””
and I made sure that it hadn’t come out.
But the reception is nothing like so good as
it was, and I am afraid John—my husband—
will want to know what is the matter. I
got a man to examine it, but he said it was
perfectly all right ; so now I am writing to
see if you can suggest something, for which
I would be very grateful. ’

Yours very truly,
Mary Frickton.

What did Henry Farrad suggest? See
page 442, . :
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Frequency Doublers

WHY THEY ARE USED AND SOME TYPICAL CIRCUITS

4

T is now almost universal practice in
amateur transmitting circles to em-
ploy a master oscillator with the
frequency stabilised by a piezo

electric crystal in order to ensure that the
transmissions shall be kept within the
allotted band of frequencies. The oscil-
lations generated by this stage need
not be on the working frequency of the
transmitter, which

By H. B. DENT (G2M()

from the oscillator stage, and it was also
mentioned that with only two valves in
the transmitter sufficient RF power for
short-distance communication could be
effected on the fourth harmonic ‘of the
crystal frequency, i.c., in the 28 Mc/s
amateur band.

The efficiency of

may be either two,
four or eight times,
or a similar mul-
tiple, of that of the
master oscillator,
This is often a
maftter of conveni-

o e o

HE amateur wavebands are
harmonically related, and so
it is possible, by applying the
principles of frequency doubling,
to use a single quartz crystal to

the output stage
operated in the
manner described
was, however, not
very high, being of
the order of 30 per
cent. only, as com-

ence at working fre- control transmissions on several | pared with 50 to 6o
quencies of 7 Mc/s frequencies per cent. when it
or lower, and is 7 o was used as a

only adopted if
facilities are required for operation on two
or more wavebands, but frequency multi-
plication becomes an almost essential part
of the equipment when transmission is
effected on 10 and 5 metres and crystal
control is employed. Crystals can, of
course, be obtained for direct control of a
1o-metre oscillator, but they do not
operate on the fundamental frequency of
the crystal, but on a harmonic of it.
These crystals are very useful in port-
able ultra-high frequency transmitters, but
for a fixed station it is often better to
employ a more robust crystal. Seven
megacycles is about the highest frequency
for which a crystal can be ground and
which is sufficiently robust for normal
use, even if it is possible to obtain crystals
for fundamental operation on 14 Mc/s.
It was explained in a recent séries of
articles on the design of an amateur trans-
mitting station that an RF output at twice
the crystal frequency can be obtained

HARMONIC
OUTPUT

1

Fig. 1.—A simple frequency doubling circuit
in which the anode circuit is tuned to twice
the frequency of the grid circuit.

7-Mc/s crystal is

Class- ““C”’ ampli-
fier. At 56-60 Mc/s the efficiency is even
lower. ’

In a fixed station and where economy
in valves does not have to be considered
the best practice is to multiply the fre-

valves at these high frequencies quite a
lot of driving power has to be provided to
operate an RF amplifier under Class ““C”’
conditions.

For a 50-watt output stage fitted with
some neutralised triode valves the writer
finds it necessary to provide about eight
watts to drive the valve to full output,
though considerably less will suffice if the
frequency is. changed from 57 to 28.5
Mc/s. It will thus be seen that the power
has to be kept at a high level in the fre-
quency doubling stages in order to avold
the need for a pre-amplifier before the
final stage.

It is a good plan to increase progres-
sively the size of the valves in the trans-
mitter so that as the frequency is raised
the power in the succeeding doubler stages
also increases despite the fact that the effi-
ciency may show a falling off at the higher
frequencies. '

Any circuit which in theoretical form
looks like an RF amplifying stage, such as
that shown in Fig. 1, can be used as a fre-
quency doubler merely by tuning the

quency of the
master oscillator
until  the desired

operating fre-
quency is reached.
and the output can
then be applied to
a power amplifying
stage of the Class
“C”’ variety.

In the case of a
five-metre  trans-
mitter in which a

used the frequency
must be multiplied
eight times to reach
the operating wave-
length. It has been
explained that with
the tritet oscillator
circuit an output at
comparatively high

RF '
INPUT

20,000 —
30,000 Q

+ HT

HARMONIC
OUTPUT

©0.005 mid s
T

C1

-—

power is available
at the second har-
monic, so that this
leaves only a four-fold increase before the
final amplifier.

It would be possible to quadruple the
crystal frequency in the first stage, but the
power in the fourth harmonic will be about
one watt only ; nevertheless, this might be
sufficient to operate a doubling stage for a
10-watt final amplifier. This matter is
actually being further investigated in view
of the convenience it would afford in build-
ing a portable five-metre transmitter for
field-day use. )

The difficulty encountered in a five-
metre transmitter is that owing to the com-
paratively low input impedance of most

Fig. 2.—A push-pull

doubler suitable for frequencies up to 28 Mc/s.

anode circuit to twice the frequency of the
grid circuit and by applying sufficient in-
put to drive the valve into grid current.

Alternatively, the grid circuit can be
biased to twice or three times the ‘‘cut
oft”” value. In either case the anode cir-
cuit should have a high L/C ratio, using
only just sufficient capacity to tune to the
required frequency.

Another arrangement that functions well
as a frequency doubler is that shown in
Fig. 2, for which either two valves, or a
double triode such as the Mullard TVo3-10,
can be used. In the form shown it is
quite satisfactory for doubling up to
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28 Mc/s output. If, however, the anode
circuit be modified and arranged as in
Fig. 3, the RF output at the higher fre-
quencies is improved, which is probably

Wireless
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Another precaution that should be taken
is to connect anti-parasitic resistances of

between 5 and 20 chms close to each anode

as shown in the circuits.
A vemcal screen between the grid and
anode circuits some-

times cures insta-

0.006 mid =

bility, but only
when the self-oscil-
lation is at either of
the two operating
frequencies ; it will
not cure parasitic
oscillation.

A circuit which is
proving very satis-
factory as a fre-
quency doubler
from 28 to 56 M/cs
and which provides
sufficient output to

+HT

HARMONIC
ouTPUT

- load fully a 50-watt

neutralised tricde
operated as a Class
“C” amplifier is
shown in Fig. 4.
The valve used
is the Tungsram

{ OS12/501 and its

L

input which is at

Fig. 3. —-Method of modifying the circuit of Fig. 2 for operation up to
the highest amateur frequencies.

due to the fact that a better impedance
match is effected between the valve, the
circuit and the load.

The only difference is that a split stator
condenser is used in the anode circuit and
HT is applied through an RF choke to
the centre of the coil.

In this circuit the grids are connected
in push-pull, but the anodes are in parallel.
It is essential to use a split stator con-
denser for C1 in cir-
cuits of Figs. 2 and

28.48 Mc/s is pro-
vided by a push-
push stage doubling
from 14.24 Mc/s.
The OS1z/501 is connected as an RF
pentode as this was found to give the best
results in the writer’s case ; the valve has
just under 200 volts on the screen grid.
The screen current is about 15 mA
and the anode current is 60 mA at
350 volts, with the anode circuit loaded,
while the grid is biased to — 120 volts.
There is also a grid resistor, R1, of 10,000
ohms to provide a little extra grid bias

3, while the con-
denser must be
mounted so that the
shortest possible
connections can be
made between the
two grids of the
valve and the fixed
vanes of the con-
denser. The earth
lead should take the
shortest possible
path from the mov-
ing vanes of Cr1 to
the cathode of the
valve and it must
be of large dia-
meter.

Unless these pre-
cautions are taken
the stage may go
into self-oscillation,
but such oscilla-

RF
INPUT

-

+HT 300V

R F CHOKE

1
0.065 mfd

SCREEN

v e o ot | - —— . — o

HARMONIC
OUTPUT

0812/501

MAMA
2000000

O,Tiipld

- HT
+GB

=

0.005 mid

AAAAAAA -QaB

tions will not neces-
sarily be at the in-
put or output fre-
quencies, but at a
very high parasitic frequency, dependent
on the length of the leads between con-
densers C1 and Cz and the valve and the
earthingleads of Ct and Cz in Fig. 3. ~

Fig. 4—A recommended circuit for use on all the short and ultra-short

amateur wavelengths.

from the rectified RF input. A very
rough measurement shows that about 8
watts can be drawn from the anode circuit
on 56.96 Mc/s though it may actually be

. vertical position once more.
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more owing to the difficulty in obtaining
reliable measurements at these high fre-
quencies.

This stage will drive a power amphﬁer
with a comparatively low input impedance
at the working frequency and give 20 mA
of grid current. The grid bias for this
valve is also —120 volts, while there is a
grid resistor of 5,000 ohms in addition,

If this valve were used as a frequency
doubler on lower frequencies, such as
to 14 or 14 to 28 Mc/s, lower screen and
anode potentials could be used as the grid
impedance of the amplifying valve, would
be higher and less driving power needed.
This will, of course, result in a saving in
HT cuarrent. No trace of instability has
been encountered, though as a precau-
tionary measure the grid and anode cir-
cuits were isolated by a vertical screen as
shown in Fig. 4

Owing to the relatively small input
power needed for the OS¥z/501 (the
makers give this as 0.3 watt; the
highest frequency is not stated, but it is
apparently quite high as a ceramic base is
fitted), it would appear to have great
possibilities as an RF power amplifier on
five metres. This matter is certainly well
worth investigating.

Something New in Car Aerials

’I‘HE problem of an efficient aerial for the

car radio set is one that has engaged the
attention of inventors ever since car radio
itself first made its appearance. There can
be little doubt that for efficiency, one of the
best arrangements that could be employed
would be a vertical rod rising from the roof,
as not only would it be a better collector of
signals, but it would be comparatively
remote from the ignition system.

A vertical rod of the type mentioned is an
obvious impracticability where cars have to
pass under low archways or bridges, and,
although many devices have been put for-
ward, including rods which can be lowered
manually, none has been entirely satisfac-
tory. A mnew device developed in the
laboratories of the Telefunken Company
does, however, seem to fill the bill. It is,
in effect, nothing more or less than a thick-
walled rubber tube which is tapered and
rather resembles a rolled umbrella, mounted

* vertically on the roof.

Inside this rubber tube is secured a flexible
aerial wire. When any overhead obstruc-
tion is encountered, it pushes over the whole
contraption to a position parallel with the
roof.  Immediately the obstruction is
passed the rubber tube springs into its normal
Arrangements
are made whereby the tube is fastened to the
roof in an exceptionallv simple manner.
An insulating bush projects slightly from the
roof, and the lower portion of the tube, which
is completely hollowed out, is pulled over
this bush in the same manner as the rubber
covering on the handle of a cricket bat.

This arrangement has obviously still
greater possibilities in the case of a vehicle
fitted with a U.S.W_ tradsmitter.

NEW ADDRESS

IN connection. with the review on page 429
‘of the last issue of the Model 60 signal
generator made by Taylor Electrical Instru-
ments, Ltd., it should be noted that the new
address of the company is 45, Fouberts Place,
London, W.1.
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Orchestral Pitch

A CATHODE-RAY METHOD OF MEASUREMENT DURING A CONCERT

ROM September 27th to December
31st, 1938, a series of about 330
observations was made regarding
the tuning of musical instruments
and orchestras as observed in radio pro-

grammes. For this purpose a new, sturdy, -

entirely AC mains-operated measuring
instrument was constructed containing a
string kept in vibration by electrical means
whose frequency was accurately adjustable
between 400 and 470 ¢/s. By compari-
son with a chronometer and a synchronous
motor the relative and the absolute cali-
bration could be carried out to a precision
of 0.2 ¢/s.

The method of observation was as fol-
lows: A frequency band of roughly 400-
470 c/s was filtered out of the incoming
music voltage. (For comparison, it may
be noted that for a=440 c/s we have a
flat=415 c¢/s and a sharp=466 c/s.) The
voltage allowed to pass in this frequency
region was applied to the “‘grid” of a
cathode-ray oscillograph, so that the spot
was only visible when a note within this
frequency band was present in the music.
At the same time the alternating voltage
developed by the vibrating string was
applied to the deflection plates of the
cathode-ray oscillograph in such a way—
by a go-degree phase shift between the two
pairs—that a circle was described by the
spot with an angular frequency equal to
that of the measuring apparatus. A part
of this circle was therefore only visible
when approximately the same frequency
was present in the music as that of the
reference frequency.

By BALTH. van der POL, D.Se., and
C. C. J. ADDINK
(Natuurkundig Laboratorium, N. V. Philips’

Gloeilampenfabrieken Eindhoven, Holland).
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HE efforts which are

instance, from an organ stop, could be
measured accurately to within +0.2 ¢/s,
whilst, owing to the continuous fluctuation
in the tuning, an accuracy of *o0.5 c/s
could be attained for orchestral instru-
ments.

Analysis of the Mengelberg Concert on

October 27th, 1938. —On this occasion

1

8

i
being made to es-

VLT TTT .

-
«n

tablish a new 1interna-

-
el

ENGLAND 150 abservations)

| |

i

tional standard of pitch

D »

i

should be materially

-
&»

| i L

assisted by these scientific
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difference between these two
frequencies the arc of the
circle visible on the screen
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turned either to the left or
the right at a frequency
equal to the difference be-
tween the music frequency
and the frequency of the
measuring apparatus. The latter was then
adjusted in such a way that when during
the music the arc became visible it was
also almost stationary. The frequency a
of the music could thus be read on the dial
of the measuring apparatus. In this way
the frequency of the note a, originating, for

1938.

PERMANENTLY TUNED INSTRUMENTS (pianos, organs, etc.).

(V.A.R.A. organ, Dec. 5th)

(orchestra, Dec. 15th)

Number of Mean fre-

observations quency (c/s)
England ... . 75 438.0
France ... 40 439.9
Germany ... s 58 440.8
Netherlands 63 437.9
ORCHESTRAS
England ... ves 75 439.0
France 14 442.0
Germany ... s 82 441.3
Netherlands ose 53 440.6

(piano, Nov. 22nd)

(string sextet, Dec. 27th)

Graphs showing the “ scattering ’’ of pitch in the broadcast

programmes of four countries from Sept. 27th to Dec. 3ist,

The vertical scale represents the percentage of
occurrence of the various frequencies.

Beethoven’s first piano concerto was
played. During the tuning of the orchestra
the predominating tuning was 441 ‘c/s,
whereas the piano was at 440 ¢/s; the
orchestra had a tendency in the tutti to
take the a 2 c/s higher, but it dropped
2 ¢/s again when the piano set in. After
the interval a Brahms’ symphony was
played. During the tuning of the orches-
tra 443 c/s was noted, during the first

Max. .observed Min. observed
frequency (¢/s) frequency (c/s) part of the concert 444 c/s (horn) was
442 433 found, whilst four minutes later 441.5 ¢/s
(Piano,ggﬂ:- 9th) (Coﬂcert-wg;g;)» Dec. 16th) was found as the mean value of all the
. 3 . -
(piano, Sept. 28th) (organ St. Eustache, instruments.  During the second part of
" Dec. 20th) the symphony 442 c/s was found for the
445 435.5 horn ; afterwards a mean value of 442.5

(harp, Dec. 7th)
443 430
(organ St. Vitus' Church,
Hilversum, Dec. 23rd)

4425 434
(harp trio, Dec. 28th)
4445 441

(orchestra, Dec. 28th)

¢/s was found. The average for the
string instruments in the third part of the
symphony was 442.5 c/s, whilst at the
climax towards the end the horns gave a
predominating value of 443 c/s.

Concert given by the Municipal Orches-
tra, Birmingham, October 27th, 1938
(0boe concerto with orchestra—and piano

446 438.5 : . .
(string orchestra, (orchestra (amusement), —"Of Bach)..._The tuning of the string in-
Dec. 23rd) Oct. 24th) struments before commencement of the
447 436 performance was 440 c/s; during the
(V.A.R.A. “ Kingler trio (V.AR.A. “ Fantasia,” erformance the val H
Nov. ath) Dee. 28th) p alue found for the piano

PERMANENTLY TUNED INSTRUMENTS AND ORCHESTRAS (total for both together).

Mean fre-
quency of
Number of all observa~
observations tions (¢/s)

England ... oer 150 438.5
France ... .oe 54 440.4
Germany ... s 140 441.2
Netherlands 106 439.3

Min. observed
frequency (c/s)

Max. observed
frequency (c/s)

was 435.5 c¢/s. During ensemble the
orchestra dropped to the tuning of the
piano. Later the orchestra, without the
piano, rose to 438.5 c/s; at that moment
the tuning of the oboe was 439 c¢/s. It

4495 433 was, furthermore, found that generally the
444.5 430 wind instruments suddenly dropped about
‘:if; 33(5)'5 2 ¢/s at the end of a long sustained note.

Also. particularly, singers seem rather un-



