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EDITORIAL

Television
America Takes the Plunge

N an address to the Radio
‘Manufacturers’ Association in
' New York a few days ago, Mr.
David Sarnoff, President of the
Radio Corporation of America, pro-
pounded his views on television and
announced the intention of the Radio
Corporation of America to start a
limited programme service to the public
from its television transmitter on the
Empire State Building in New York.
Mr. Sarnoff stated that the results of
the experimental field tests of tele-
vision in the New York area conducted
by the R.C.A. and its broadcasting and
manufacturing units, had convinced
him that television in the home was
“ now technically feasible.” That tele-
vision in the home was technically
feasible would, we should have thought,
have been obvious to Mr. Sarnoff for
a very long time, in view of the position
on this side ; but, nevertheless, it is
interesting to have his assurance that
in America, too, they are satisfied with
the technical success of the tests they
have carried out.

An Experimental Service

Next, Mr. Sarnoff admits that many
technical, artistic and financial prob-
lems still confront “ these who would
establish an acceptable and regular
service of television to the home 7 and
that these problems must be solved
before a ““ national service of a network
of television programmes can be made
available to the public.” He has also
come to the conclusion  that * the
problems confronting this difficult and
complicated art can be solved only by
operating experience gained by actually
serving the public in their home.”
This, we believe, represents a change in

COMMENT

the attitude hitherto adopted towards
television in America, where it has
generally been implied that retaining
television in the laboratory was
favpured until it was so' perfected that
it could be launched to the public on
a big scale.

Small Beginnings

The R.C.A. proposes to demenstrate
television to the public at the New
York World’s Fair in April, 1939, and
by that time the National Broadcasting
Company - hopes to be transmitting
television programmes “ for at least
two hours a week.” The R.CA. is
ready to build and supply television
transmitters to broadcasting authorities
and believes that development of tele-
vision has now reached a stage where
receivers can-be supplied to the public
in those localities where transmitters
become available. A manufacturing .
programme for a limited number of
receivers is therefore planned. Other
manufacturers in the United States are
also arranging to produce television
receivers. :

England has had the lead in tele-
vision for a number of years and those
who have been involved in develop-
ment on -the technical side and on the
programmes have worked hard and
productively towards the goal of estab-
lishing a new national service and a
new national industry. There are still
problems to be solved and the two
which loom largest are unquestionably
those of nation-wide distribution of
television and financing the trans-
mitting project as a whole. We in this

“country have not yet found the solutions .

to these major problems, and if we
placidly wait for * something to turn
up,”’ America, which will soon be faced
with the same difficulties, may well
find the answers first.  If so, we shall
soon find her forging ahead of us.
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Crystal Band-Pass Filters

Part L—QUARTZ CRYSTALS AND THEIR CHARACTERISTICS

Y N The Wireless World of September
15th, 1938, appeared a preliminary
description of a new type of band-
pass filter developed by Dr. James

Robinson in which a pair of quartz-crystal

resonators is used to determine the width

of the pass-band. Filters of this kind have
many attractive properties, which include

a very sharp cut-off and readily adjustable

characteristics, and which make them very

suitable for use in communication or
broadcast receivers. They are singularly
simple to design and

Except, perhaps, in a few advanced tech-
nical circles the distinction between band-
pass and single-peaked tuning was but
vaguely understood, it being generally
thought impossible to employ really high
selectivity in a broadcast receiver without
loss of quality. About this time Dr. Rob-
inson brought forward his ‘‘Stenode”
theory of reception, which stated that
signals could be received through any
circuit, however selective, and that the
original tone quality could be restored after

construct, whilst their
cost may be less than
that of conventional
filters having compar-
able  performance.
They have also a
variety of commercial
applications, of which |
carrier - current tele-
graphy and telephony
are examples.  The
present writer has
carried out much of
the experimental work
on crystal filters that

HE applications of quartz crystals have recently

been greatly extended by the development of band-
pass circuits in which they form essential = elements.
These filters have very desirable properties and offer
advantages not only in broadcast recetvers but in
\ communication sets and commercial equipment,
series of articles, the properties of such filters will be
described in detail- and the subject is
started by a discussion of the proper-

ties of the crystals themselves.

In this

By E. L. GARDINER, B.Se.

Research Board in 1932’ finally established
the soundness of these principles.

The high selectivity required for
Stenode reception is not easily obtained
from ordinary circuits. It is either neces-
sary to employ a number of these in
cascade, when tone correction is not a
linear function and is difficult to carry out,
or else to rely upon critical reaction, when
circuit conditions are not easily stabilised.
The quartz crystal was introduced to over-
come these difficulties. Used as a coupling
between two IF stages it provides high
selectivity ina singlé Fesonatoi; “which s
the condition most easily tone-corrected
by audio-frequency amplification increas-
ing proportionally to frequency.

Under practical conditions it at once
became apparent that the self-capacity of
the crystal holder could not be neglected,
but allowed appreciable interfering volt-,

has been going on

since the invention of the single crystal
filter, or “‘ crystal gate,”” by Dr. Robinson
in 1929, and in these articles will describe
the performance to be expected from them
and the methods by which they may be
designed.

The Single Crystal Circuit

It was shown in the preliminary article
how the combination of two single crystal
filters can lead to a band-pass character-
istic, and that effect will not be enlarged
upon for the moment. We shall study it in
detail later, after a selection of perform-
ance figures has been given. However,
sinee the crystal band-pass filter has been
largely evolved from the single crystal
variety, it will be helpful to recall some
of the properties of the latter.  The
““crystal gate’’ is now so widely used in
the better class of communication receivers
that it will be familiar to most readers,
and particularly to those who hold
amateur transmitting licences. It is gener-
ally regarded as the most selective device
available for the reception of CW telegraph
signals, and is used to a lesser extent for
telephony, but it is probably not so widely
known that the circuit was originally
evolved for the reception of broadcasting.

About 1929 the selectivity of receivers
left much to be desired, and it was seldom
possible to. separate the more powerful
signals without considerable loss of the
higher modulation frequencies, which re-
sulted in rather ““woolly 7’ reproduction.

detection by in-
creased audio-
frequency amplifi-
cation of the higher

o

o1

tones, or any
equivalent form of
correction.  When
this was done he
showed that the

[

interfering  pro-

grammes after re-
moval by the
selective circuits
would not be restored by tone correc-
tion.

General technical opinion at that time
held that all interference would be re-
stored after correction, leaving no overall
improvement, and considerable con-
troversy ensued. Eventually, however,
the ‘‘Stenode’” theory was proved to be
sound, and is now universally accepted.
In practice, it has been found to result in
an improved ratio of signal to interference
as compared with practical band-pass
filters, an effect not originally expected,
but explainable through the effects of
detector demodulation. A sharply selec-
tive response reduces all neighbouring
carriers in relation to that of the wanted

quartz crystal.

"station, which is therefore much stronger

at the detector. In consequence it is able
largely to demodulate the weaker carriers,
and since interfering modulations have
thus been removed, they cannot be re-
stored by tone correction. An exhaustive
investigation organised by the Radio

-

Fig. 1. This diagram shows the usual circuit arrangement for a single

It is widely used for CW reception.

ages to by-pass the crystal. A bridgs
circuit of the type shown in Fig. 1 was
therefore adopted, in which the unwanted
capacity coupling can be neutralised by
the condenser C. The adjustment of this
condenser enables ‘us to obtain a sym-
metrical resonance curve from the crystal,
corresponding to that of a resonator of
extremely high ““Q,”” as was explained in
the preliminary article. By varying the’
adjustment of C we can also assist one
side band of a transmission and depress
the other, obtaining in the extreme case an
attenuation of as much as 8o db. at one
frequency where the voltage through the
condenser is-almost equal and opposite in
phase to that through the crystal. This
effect is widely used to cut out an inter-
fering signal when receiving telegraphic
signals through a ‘‘crystal gate.”

Broadcast receivers employing the
crystal as the chief source of selectivity

1 Special Report No. 12, by F. M. Colbrook,
1932 .
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Crystal Band-Pass Filters—
were designed in 1930, giving excellent re-
sults in the laboratory, and providing a
ratio of signal to interference probably
better than can be obtained by any other
method. In only a few cases, however,
have commercial receivers made full use
of the principle, since certain difficulties
were found to exist, and were not easily
overcome with the components and
methods available in the past.

As an example, the sharpness of tuning
needed to get signals into résonance with
the crystal and keep them so made adjust-

Wireless
World

crystal design, and about the equally im-
portant matter of their mounting in suit-
able holders. Even when a single crystal
is employed in a ‘ crystal gate’’ it may be
necessary to take some trouble in its selec-
tion, but when it is attempted to combine
two or more crystals into a band-pass
filter, it is clearly essential that they shall
be suitably matched, and shall remain so
from day to day. The crystal itself is, of
course, a highly stable and reliable device,
but unfortunately it cannot be used with-
out a holder, and the latter may be
responsible for a good deal of variation in

performance.  More-

over, all crystals are
not necessarily suitable

Ly
ADJUSTABLE
OSCIHLLATOR
o4

for use in filters.

For a number of
years quartz resona-
tors have been mainly
used to stabilise the
frequency of transmit-
ters.. The main re-

quirements of a crystal

Fig. 2.
for secondary resonances.

ment very difficult for the average listener,
and is only now being finally overcome
through the development of automatic
tuning compensation. Secondly, the rela-
tively low amplification given by early
valves prevented adequate tone correction
without increased cost, and it was neces-
sary. to await new methods such as
negative feed-back before simple correc-
tion without attendant drawbacks became
practicable. It is only in quite recent
months that most of these difficulties have
become less important, suggesting the
likelihood of increased use of the Stenode
principle in future receivers.

Crystal Characteristics

Meanwhile, an alternative method of
design exists in the band-pass filter, and
one which, while not capable of quite such
high selectivity, has the advantage that its
use does not complicate a receiver in any
other respect. Up to the present it has
not been easy to obtain good band-pass
performance without the use of a number
of circuits, and difficulty has been found
in keeping all these lined up throughout
the life .of a receiver. The quartz crystal,
however, seems to provide a method for
improving filter performance, at quite
reasonable cost, and with an actual simpli-
fication of the circuits used, while the
selectivity will remain almost unchanged
over the longest periods. Variable selec-
tivity can, in addition, be very simply
provided by the switching in of one or two
alternative crystals, a single pole switch
being adequate for the whole alteration.
~In introducing the study of such filters
it will be natural to commence with the
crystals  themselves, and to enquire
whether they are obtainable in suitable
form, whether they are satisfactory, and
not prohibitive in cost.

Early in experimental work it became
clear that insufficient was known about

This circuit is recommended for testing quartz crystals

it shall be accurately
ground to the desired
) frequency, shall re-
main as near to that frequency as possible
under changes of temperature, shall oscil-
late readily and shall handle considerable
RF power without fracture. Development
has therefore been mainly concentrated
along the lines of great frequency accuracy
and a low temperature coefficient, neither
of which is necessarily of first impor-
tance in filter design for radio purposes.
Transmitting crystals are generally ex-
pected to rémain accurate to within a few
cycles per second, but we can usually
tolerate a variation of as much as 1 ke/s
in the intermediate  frequency of a
receiver. They are also made compara-
tively large, so that the crystal can pass
considerable RF current in safety, and
will not become unduly hot under oscillat-
ing conditions.  This provision will not
be necessary when the crystal is used in a
receiving filter, since it then has to handle
very small currents only. In fact, a large
crystal may actually prove inferior to
smaller types. ‘

for this work are that -
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at least two frequencies at which it can
be made to respond, and which depend
upon two of its principal measurements.
Thére‘may also be other frequencies, in-
cluding harnionics or ‘‘partials” of the
main response frequencies, but the whole
of these alternatives are well removed
from the main response, and the crystal
can be preverted from operating at them
by the use of external selective circuits.
Thus, for example, if a crystal be ground
to a main frequency of 465 kc/s, it will
also respond to certain higher frequencies,
but none of these will e within 100 kc/s
of 465 ke/s. The ordinary tuned couplings
of an IF amplifier can easily eliminate
signals so far removed from resonance,
and wé are therefore quite justified in
ignoring their existence in the majority of
circumstances.

Secondary Resonances

The troublesome secondary frequencies
referred to are those which may occur
within a few kilocycles of the principal
frequency. They are probably due to
slight inaccuracies in the cutting of the
crystal, or to lack of uniformity in the
quartz from which it is made. It would
be outside the scope of this article to
describe in detail the cutting of crystals
from the natural quartz. The subject is
a wide one, and fully explaiced in 2
number of text-books and several other
publications. '

However, high-frequency crystals are
generally prepared in the form of thin
plates, their principal frequency being
determined by the thickness of the plate.
Most transmitting crystals are of this form.
Now, clearly, the whole surface of this plate
will only respond at the same frequency
if the thickness be exactly uniform. Should
any portion of the plate be slightly
thicker or thinner, it will tend to respond
at a slightly lower or higher frequency,
and may impart a secondary response to
the crystal. Also it is likely to reduce the
activity of the crystal at its principal fre-
quency, because the total area active at
that frequency has been reduced.

It 1s very difficult in practice to prepare

h
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Fig. 3. As the frequency of the test oscillator is varied through the crystal resonance the

pattern on the CR tube screen varies smoothly as shown here.

At (a) the oscillator is con-

siderably below the crystal frequency and at (b) it is approaching resonance which is reached

at {c).

On the other hand, there are certain
properties needed in a filter crystal which
are not important in one intended as an
oscillator.  Foremost amongst these is
freedom from secondary resonant fre-
quencies near to the main frequency. The
frequency of a crystal depends, of course,
upon its dimensions, and there are always

At (d) the oscillator is a little higher than resonance and at (e) it is much higher.

large thin plates of exactly uniform thick-
ness from quartz, and as a result most
transmitting crystals of that form show
serious secondary responses which make
them unsuitable for filter work. Many
receiving crystals were first made in this

1 ¢« QOuartz Crystals and Resonators,” P. G.
Vigeseux, H.M. Stationery Office
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way, and as a rule were unsatisfactory.
Until very recently the writer had not en-
countered a single example which was
entirely free from secondaries when tested
under exacting conditions, although most
would be quite satisfactory when used as
oscillators, since a crystal will generally
oscillate freely only at its principal reson-
ant frequency. American crystals found
in communication receivers are often still
of this type, and some of those met with
to-day show no measurable secondaries.
Nevertheless they should be tested care-
fully before use in band-pass filters. Itis
doubtful in any case whether their
characteristics are ideal for the purpose,
as will be shown later.

R L C
AN~ TOOTT i
, H
UNSEo— | S —
s
(¢} ]

Fig. 4. This diagram shows the equiva]"eﬁt( t

_electrical circuit of a quartz crystal.- L, C,
and R form the series tuned circuit, resonance
in which corresponds to the crystal resonance,
while C1 represents the capacity of the crystal

helder. ’

A very sensitive method exxsts by which
a crystal can be tested for secondary re-
sponses. Voltage from an oscillator at the
principal frequency is applied through a
condenser C which sérves as an amplitude
control to one pair of plates of an electro-
statically deﬂected cathode-ray tube: Theé
e 15 passed through the crystal
to the second pair of plates, as shown in
Eg 2. ‘The resistancés R1 and Rz should
be comparatively low, as this assists in
ﬁnmmlsmg stray potential - through . the
capacity of the crystal holder, which must
not be too great. Upon the screen of .thé
tube” will now appear an ellipse, which is
the figure produced by two similar volt-
ages” of identical frequency but differing
somewhat in phase. Now, the phage of the
voltage through a crystal varies rapldly on
each side of its resonant frequency. " 'If,

therefore, the frequency of the oscillator
be slowly varied from about 20 ke/s below .

to 20 kc/s above resonance, the ellipse
will change from nearly a horizontal
straight line, opening out as resonance ts
approached ‘and the voltage through the
crystal increases, to become nearly a circle
at resonance. Since there is some loss of
voltage in the crystal, however, it will
probably become merely an open ellipse,
having its principal axis perpendicular to
the original straight line, or vertical in the
case described.
ance, the process is repeated, the ellipse
reverting to a horizontal line in the oppo-
site direction. Fig. 3 shows sketches of
the change which occurs.

In the absence of secondary responses -

the above process will be uniform and
smoothly carried out, but if we should pass
through a secondary response frequency
there will be a momentary disturbance of

~it is ~ employed,

Passing beyond reson--

Wireless
World

the phase relationship. The slope of the
major axis of the ellipse measures the
angular phase difference between the volt-
age applied to the crystal and that passing
through it at any -instant. -Therefore a
momentary change of phase will be shown
as a discontinuity in the even rotation of
the ellipse, which will twitch or shudder
as the secondary frequency is passed. The
phase changes caused by a secondary are
greater than those of amplitude, and thus
the method shows up defects which would
need very careful search to detect if the
output through the crystal were measured
by a voltmeter, for example. Under re-
ceiving conditions these quite small
secondaries might be serious, since they
may coincide with the frequency of a
very powerful interfering station, and it
is important that they should be absent
from a really good crystal.

Crystal resonators are also cut in the
form of relatively long rectangular bars,
in which the principal frequency is deter-
mined by their length ; 100 kec/s frequency

" standards are usually of this form, which

lends_ itself well to frequencies between
about 1,000 kc/sand 50 kc/s ‘or below.
It is therefore suitable for the most widely
used - intermediate  frequencies, which we
shall take as being 465 ke/s. “A bar-type

. crystal is more easily cut to exact dimen-

sions, since small errors represent a much
smaller proportion of the total length. It
is found that if certain ratios of length te
‘breadth and width are adhered to, crystals
can’ be ‘made which are inherently. free
fromsecondaries, and it has been fotnd
that considerably less than 1 per cent. of
those so. prepared show defects. They are,
therefore, very suitable to ﬁlterwdesigh. ;
+ The Crystal Impedance .

The original ‘form of crystaf—cut de-
Veloped by Currie and termed. the ‘ X-
cut”’ is effective, comparatwely simple
to _prepare, and’ makes ‘the most  econo-
ical use of the available quartz “When
the resonator is cut
from thé natural crystal so that its major
surface is perpendicular to the electrical
axis of the crystal, and one other dimen-
sion is parallel to the optical axis: The re-

- sulting slice, when cut to exact dimensions,

is loosely termed ‘‘a crystal.”” X-cut bars
have a moderately large temperature co-

~ efficient, of perhaps six parts in a million

per degree'centigrade. Smaller coefficients
can be obtained in transmitting crystals
by cutting obliquely to the optical axis,
but for any ordinary filter purpose the
coefficient mentioned 1s amply satisfactory.

In one other respect the shape and size
of a crystal have an important influence.
They determine the effective values of L,
C and R in the equivalent circuit of Fig. 4,
and hence the impedance to which the crys-
talfalls at resonance. Broadly speaking,.the
impedance of all crystals will be extremely
high at a few kilocycles from resonance,

usually exceeding one megohm. At reson-

ance 1t will fall to a value very roughly
proportional to the mass of quartz form-
ing the crystal. Thus large crystals may
fall to a few thousand ohms, or even below

NOVEMBER 3rd, 1933.

1,000 ohms, while a small crystal may fall
to some figure such as 20,000 ohms.” We
can therefore speak broadly of high im-
pedance and low impedance crystals.
Plate-type crystals have low values of
impedance, and the sudden large drop at
resonance gnes the impression that they
are extremely ““ active.”” For certain appli-
cations, such as a single crystal filter having
suitably designed input and output tranb-
formers, these crystals may be excellent.
The small X-cut bar might seem inferior
if used in the same circuit, in which con-
ditions have been chosen to match a low
crystal impedance. But the coupling
circuits between valves are inherently of
fairly high impedance, the anode load of
a typical RF stage being usually between
the limits of 10,000 and 100,000 ohms. It
is therefore natural to employ high im-
pedance coupling circuits between valves,
and any change to a low impedance, such
as by the use of large step-down trans-
former ratios, is likely to reduce efficiency.
The high impedance crystal is therefore
admirably suited: for use in band-pass
inter-valve filters, in which the impedance

.matching must in any case be chosen to

match the crystal, as will be explained in

a later article.

We have now selected a small X-cut

‘bar as one very suitable type for use in

band-pass filters. This crystal may have

‘an effective Q of the order of 20,000, and

may represent an impedance of between
5,000 and 15,000 ohms at resonance. It
can be of almost any frequency, but so as
to confine our remarks at present to a use-

‘ful range and enable definite statements
-to be made, we will assume it to be near

465 kc/s. Unfortunately this crystal can-
not be used alone, but must be inserted

into a helder of some kind. The electrical

capacity of this holder can be compen-
sated for by the balancing condenser C of
Fig. 1; but there will be other effects

.caused by the holder which are less simply

treated.

RADIO LABORATORY HANDBOOK
By M. G.

Scroggie, B.Sc., AMIEE
(The Wireless World, 8s. 6d.)

Here’s a book for young and older
By a quite unusual bloke,

Who can think, and write, and solder,
And who likes his little joke.

He twits the academical,
The cultnred folk like we,
Whe take no care financical.
(But we do, as much as he!)

There’s guidance without stinting
For the handy wireless man.
Good .pictures, index, printing.
You should buy it if you can.
* * *
When vou’re up against it, flabber-
Gasted, puzzled, sick and foggy,
Do not rage or moan or blabber;
Take a chair and read your Scroggie.

L.B.T.

The above has been received from a
reader, and we hope he will not take excep-
tion to its publication for the benefit of all
who care to enjoy it. ,
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How a Receiver is Designed.—XX1X.

All-wave Battery Set

CONSTRUCTION AND ADJUSTMENT

OST details of the mechanical
aspects of the receiver can be
gleaned from the drawings and
photographs and there is little

which requires explanation. The gang
condenser is not mounted directly on the
tuner chassis, however, but is slightly
spaced from it. Three bolts are placed
through the chassis from the underside and
nuts run-on and tightened on top. The
condenser is then placed over the bolts
and further nuts used to secure it. In this
way the condenser is spaced from the
chassis by the thickness of one nut. This
spacing is adopted in order to make it
easier to reach the solder-tags of the

and the valves are placed as close to the
gang condenser as they can be in order to
keep the grid leads short. Incidentally,
it was mechanical considerations which
led to the choice of the Tungsram VPzD
for the RF stage, for the valve is one of
the few battery RF pentodes with a top-
grid connection.

It is instructive to consider what changes
would be needed to accommodate a top-
anode type of valve and how it would fall
short of the requirements. In the first
place, the valveholder would have to be
moved into the aerial-coil compartment,
and in the second the anode connection

the first IF transformer as close as pos-
sible to the frequency-changer valve for
experience shows that a long anode lead
to such a valve can be a cause of para-
sitic oscillation. Trouble of this nature
is, of course, much less likely to occur
with battery valves than with mains types
on account of their lower efficiency. 1Itis
considered advisable, however, not to run
any avoidable risks.

With the construction adopted the com-

HE  theoretical  considerations
underlying the design of this
receiver have been fully discussed in
previous articles, and its !

“fixed plates with a soldering iron.

When wiring the tuner it is advis-
able to connect the lengths of wire
to the tags for the moving arms of
the switches before the switches are
mounted. When the switches are in
place these tags are rather inacces-
sible with an ordinary iron. The
connections to the ,
gang condenser are
then best completed
and afterwards the
valveholder wiring,
the coils and other
switch leads being left
to the last.

* Some surprise may
be felt at the general
mechanical  arrange-
ment of the receiver,
for it would wun-
doubtedly have led to
a somewhat simpler
lay-out and wiring if
all components were on a- single
chassis.  On short waves, however,
a flexible mounting of the whole of
the tuning equipment is very desir-
able if microphony is to be reduced
to a minimum. The flexible mounting of
the gang condenser alone does not always
give such satisfactory results,

With a unit construction for the tuner,
which incidentally also leads to good
screening, it is necessary for the main
chassis to consist of two sections so that
the tuner can be slung between them.
With a large receiver the construction
often takes the form of a large and rigid
chassis with a cut-out for the tuner. In
this case, there is no justification for this
course, and the main chassis consequently
takes the form of two narrow chassis
joined together at back and front by
cross-strips.

In the tuner the layout of components
has been chosen primarily for electrical
reasons. The gang condenser is imme-
diately above the switches so that the leads
between them can be as short as possible,

In this front view of the
receiver the IF amplifier is
clearly visible on the right.

to the valve would have to run from the
top of the valve to the primary switch in
the middle compartment. This lead
would be at least six inches long and it
would almost certainly be necessary to
screen it.  This would cause little trouble
on medium and long waves, but on short
waves the extra capacity of the screening
would be harmful.  The use of a top-
grid valve is a distinct advantage in re-
ducing the length of leads.

In the case of apparatus which lies out-
side the tuner the length of leads is of
much less importance because of the lower
frequencies at which the circuits operate.
Care ha$ been taken, nevertheless, to get

“construction is now dealt

with. Details are also

given of the procedure for

the initial adjustment of
the set.

ponents of the IF
amplifier fall
naturally into
place and give quite short
leads. The only really long

connections are those be- .
tween the detector and AF amplifier, and
they are unimportant at this point because
screening can be used without harmfal
effect.

Turning now to operation and adjust-
ment.  The receiver is designed to operate
with an HT supply of 120 volis, but a
higher voltage can be used with some ad-
vantage if the higher current is tolerated.
At 120 volts the total current consumption
is about 14 mA., so that it is advisable to
use a medium- or latge-capacity battery.
The LT supply should be an accumulator
as the current is 0.g ampere at 2 volts.
A capacity of some 20 A.h. is advisable.

The loud speaker is not unimportant, for
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Full-size blueprint of the above wiring diagram is available from the Publishers, Dorset House, Stamford Street, London, S.E.1.
Price, 1s.-6d., post free. :
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All-wave Battery Set—

upon its efficiency the volume obtainable
largely depends. 1t should have a trans-
former giving a load of 7,000 ohms to the
output valve, and it will naturally be of
the permanent magnet type. A speaker
such as the Goodman’s 10in. Auditorium
model is eminently suitable. ,

The first step in adjustment is to line-up
the IF amplifier to 465 ke/s. A modu-
lated test oscillator should be used and set
to 465 kc,s. With its output connected
to the grid of the IF valve, adjust the
two trimmers in the second IF transformer
for maximum output. Then transfer the
oscillator output to the grid of the fre-
quency-changer and adjust the trimmers in
the first transformer with the selectivity
switch at maximum (turned clockwise}.
Then check over all four IF trimmers
starting from the detector and working
backwards to the frequency-changer.

Ganging

The next step is to adjust the ganging
with the oscillator joined to the aerial and
earth terminals. Start on the medium
waveband with the oscillator at 1,400
kc/s. Set the variable condenser so that
the dial reading corresponds {1.400 ke's
is 215 metres) and tune in the oscillator
signal on the two signal-frequency trim-
mers and the oscillator trimmer Crr.
Then set the test oscillator to 600 ke/s
(500 metres) and the receiver condenser to
suit and tune in the signal on the padding
condenser C14 only. Then go back to
1,400 ke/s and repeat the adjustments
already made at this frequency.

The procedure on the long waveband
is exactly the same using the equivalent
trimmers for this band and carrying out
adjustments at 300 ~
ke/s (1,000 metres)
and 160 ke/s (1,875

metres),

right respectively,

The upper side of the tuner is shown here in the centre
with the IF amplifier and AF equipment fo left and
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All wiring is carried out on the underside
of the tuner and main chassis and is quite
straightforward.

On short waves, too, the procedure is
essentially the same and adjustments
should be made ‘at gang condenser
capacities of the same order as on the
medium waveband. On these bands,
however, two alternative settings of the
oscillator trimmer may be found. The
correct one is that which has the less
capacity in the trimmer. On the other
hand, 1f the test oscillator is swung
through the tuning point of the receiver,
two settings may again be found. The
lower frequency or longer wavelength
setting of the test oscillator is the one to
use.

On test the receiver functioned very
well and proved sensitive and selective
enough for most requirements. Good free-
dom from whistles and second channel in-
terference was found and on all wave-
bands the set was easy to handle and gave
consistent results. The quality of repro-
duction was surprisingly good in view of
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pleasing at a volume level suitable for
most domestic requirements.

When conditions were suitable American
stations were well received in’ “London on’
short waves in spite of severe local inter-
ference. The French and German short-
wave stations proved to be consistently
good signals, and on medium and long

waves a large number of stations were

Wireless
World

naturally available at entertainment value.

It is regretted that two condensers were
omitted from the list of parts and were
also not shown on the circuit diagram of
Fig. 3. These condensers are a tubular
paper. condenser C42 of 0.002-mifd. capa-
city and a mica dielectric condenser C43
of 0.0003 mifd. capacity. The former is
connected in parallel with the trimmer C13
and the latter for the medium waveband
in parallel with C14.

LINBI

Which Way Does the
Current Flow?

HE remarks which I made the other .

week about the direction of current
flow from an electric eel seem to have
drawn salvoes of heavy gunfire from all

Old technical die-hards

quarters.  Unfortunately for them the
‘attackers do not agree among themselves,
and have opened fire on me for opposite
reasons, and should, therefore, be engag-
ing each other.

In the first place let me make it quite
‘clear that I'm not doubting the fact that
‘the eel’s head is positive and its tail is
negative. The only point at issue is
whether the current flows from its head to
its tail or wvice versa. Since an eel is no
different from any other type of electric
battery let us simplify matters by trans-
ferring the argument to our old friend,
the HT battery. The question before the
House is, Does the current flow out of the
positive or the negative terminal of an
.HT battery?

Before you all commit technical suicide
by shouting that it flows from the positive
let me ask you to pause and think what
such a statement means.  Surely if it is
true it means that the current chases across
from the positive anode of a valve to its

- negative cathode in opposition to the great
truth which we learned at our mother’s
knee that electrons are given off by the hot
negative cathode and flow across to the
positive anode.

Some of the old techmcal die-hards
among you are, I must admit, very in-
genious in your arguments, for I have a
letter before me in which the writer,

. obviously one of the old school of electrical

ASED

‘thought, tells me that the electronic cur-

rent which flows from the cathode to the
anode is quite separate and distinct from
the electric current which flows in the
opposite direction. The electrons flowing
from cathode to anode, 1 am told, form a
bridge by means of whichithe real electric
current crosses the vacuum in the valve;
in other words, positive particles coming
from the HT battery clamber over the
backs of the electrons! Surely“a revolu-
tionary thought.

Now I fully realise that these few words
of mine are bound to bring forth a fresh

| BY
FREE GRID

broadside from the other camp, and I
would like to say that I do not speak with-
out authority in these mafters, as in addi-
tion to my own reputation as a scientist,
which is unimpeachable, 1 can quote
chapter and verse from other sections of
The Wuwreless World in defence of my
views, and I greatly doubt if my
opponents have any foundation at all for
their arguments, apart, of course, from
hoary old traditions and musty textbooks.

I am, therefore, fully prepared to back
up my opinions in public debate, and the
other side are at full liberty to rope in
any of the ‘“big shots”’ they can get to
speak on their behalf. There are certain
people I could mention who would prob-
ably agree to speak in opposition to me
as a matter of principle even before they
were told of the subject under discussion.
No doubt one of the many radio societies
will offer us the ‘hospitality of its platform.

Critics Silenced

I AM sorry to say that several carping
critics have endeavoured to suggest that
when visiting the Manchester Show 1 must
have been looking on the wine when it was
red to such an extent that it impaired my
powers of observation, as turnstiles, in the
ordinary accepted sense of the term, do
not exist at the City Hall. - I regret that
numbered among my critics are one or two
eminent men of science, and their ill-
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advised attack on me implies a lack of
reasoning power on their part which is
unfortunately all too common among such
people when they attempt to apply their
minds to ordinary mundane matters.

1 was, as I usually am, one of the
earliest visitors to the Show on the opening
day. After the unfortunate contreiemps
at the turnstiles, the management naturally
breathed a sigh of relief at my good-
naturedly waiving any claim for com-
pensation for injuries received, but,
being business men, they realised that
if a similar accident occurred to some-
one else it was extremely unlikely that
he would be of asan accommodating
nature as myself. The result was that
workmen were summoned and the offend-
ing turnstiles removed forthwith. T hope
that after this explanation my critics will
have the common decency to apologise for
their unworthy thoughts.

Television Troubles and
the G.P.O.

IF you notice cars and trolley-buses
chasing each other across your tele-
vision screen, says a writer in one of our
great daily journals, you should complain’
to the G.P.O. about it. Personally speak-
ing, when this sort of thing happens in
the case of my own set I always find it

- best to take a couple of aspirins and re-

tire to bed for a few hours. In any case,
I have no faith in the G.P.O.’s alleged
helpfulness in these domestic crises owing

. to an unfortunate experience 1 had a little

while ago.

I had spent a very tiring evening doing
research work in a friend’s laboratory and
had the misfortune to run into a thick
fog on the way home, and as a result 1
completely lost my bearings. With great
presence of mind I scribbled my fiame and
address on a page torn from my pocket
book and after attaching it together with a
stamp to my hatband, I propped myself
up against the nearest pillar box to wait
the coming of the postman at the next
collection time.

I suppose that, overcome by weariness,
I must have fallen asleep as the next thing

The postman failed to collect.

1 remember was being awakened by the
approach of a policeman in the grey hours
of dawn, and 1 found, to my dismay, that
the postman must have ignored me when
he made the final collection. So much
for the much-vaunted service of the
G.P.O. :
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| etters to the Editor i

Frequency Tests
JITH reference to Mr. Voigt's letter in
your October 13th issue with reference
to broadcast frequency tests, 1 would like
to report that I have heard such tests
broadcast during the latter part of Septem-
ber from, I believe, the Stagshaw trans-
mitter. These tests, which took place about
10 a.m., consisted of a series of separate fre-
qucnucs starting from 50 ¢/s or below, and
were about ten in number.

Each frequency lasted about half a
minute with about the same interval be-
tween, rather after the style of the test film
used by the RCA service engineers. No
announcements were made.

Ambleside, ROBERT C. BELL,

Westmorland. Service Engincer.

Amateur Exclusiveness
UDGING by the Editorial of The Wireless
World for October 20th, experienced
amateurs—a fraternity that boasts of its
comradeship throughout the world—are
taking up an attitude of what amounts vir-
teally to snobbishness, '

Your critics seem to forget that withont
some infusion of new blood into transmit-
ting circles the movement must eventually
die out. Nevertheless, the ‘‘old hands”
show an extraordinary tendency to dis-
courage the beginner. I have listened-in to
two local transmitters planning to ‘' freeze
out”” a newly licensed amateur by ignoring
his calls. H. J. BENTLEY.

Leicester.

British Sets Overseas

HAVE read with interest the article by
“Heptode,” ‘““ Return From Malaya,”

“and also the replies by various correspond-

ents. Fifteen years ago American sets and

components were practically unobtainable

in this colony, and only British goods were
To-day this has been com-

“pletely reversed, and American manufac-

i

turers are, and have been for some time,

flooding the market. I am a serviceman of
some fifteen years’ standing, and own and
operate one of the most up-to-date work-
shops in this colony. I have handled nearly
all makes and types of receivers, and can
say that hardly 30 per cent. of American
1'(‘écivers are built for tropical use. Among
the {few British sets that are under my care
are two three-valvers that in the course
of years have needed only valve replace-

ments. ‘ Heptode,’” in comparing Ameri-
can sets with the British set mentioned by
him, has done so only on the basis of results
obtained, and not on actual value for
money, which, T think, is what counts in
the long run. The prices of British scts
compare favourably with American, and the
purchaser of British instruments has the
additional guarantee of superior workman-
ship, superior components and superior
design.

1 must also take ‘ Diallist’”’ up for his
campaign against the British Valve Muddle.
1 have nothing to say against his demand
for a simplification and unification of valve
types and bases, but please don’t hold the
Americans up as models of restraint. The
utmost confusion exists in an immense
range of valves manufactured by some

twelve manufacturers, not four or five, as ke
once stated. The American Valve Muddle
involves me in an outlay of /£3 a year io
keep abreast of its development, and this
money I spend in manuals and books that
mark the progress of the industry in
America.

Lastly, but not least, let me congratulate
you on the excellence of your journal. 1
have been a regular subscriber for some
vears, and have built for my own use, from
British parts, the ‘' Imperial Short-Wave
Six " and the Three-band Quality 7-valver.
Carry on the good work.

Lourengo Marques,

Portuguese E. Africa.

A. J. IMRIE,

Ghost Images

SHOULD 1like to draw attention to an

article which appeared in the August
issue of Radio-Craft, which may shed some
light on the peculiar form of ghost image
mentioned by Mr. West in your issue of
October 13th.

The author of the article suggests that
ghost images are due to reflected waves,
of comparable magnitude to the direct wave,
arriving a fraction of a second later than the
direct wave and thus causing two images.
As the reflected wave has its own side com-
ponents and may have any phase with re-
spect to the direct wave, it is quite possible
for a reflected wave travelling 1,000ft. or
more to cause a distinct double image, and,
due to a difference in phase, cause a black
line to be repeated as a white line, or vice
versa.  The reversal in phase which Mr.
West says is not constant may be due to
some peculiar action or change in the re-
flecting body, which may be a reasonable-
sized metal object or even a large tree mov-
ing in the breeze. Mr. West must also bear
in mind that the trouble can be set up by
a fault in the aerial system causing a con-
dition of unbalance and reflection.

HAROLD W. DAWES.

London, S.W.g.

Five-metre Skip Distances

1TH reference to the article on ‘‘ Long-

distance 5-metre Communication’ in
the issue of October 13th, your contributor,
H. B. D., seems to have obtained a wrong
impression of the explanation of the bulge
in the curve at 1,200 miles. Reference to
the original article by Pierce in QST shows
that the “ bulge’ is due to the super-posi-
tion in one cutve of two sets of data, one
comprising reports from East Coast stations
and the other from stations lying farther
west.  As the latter stations were experienc-
ing a longer skip distance the bulk of the re-
ports from this areca is concentrated at dis-
tances around 1,200 miles. The higher
ionization density over the Eastern states
accounts for the main peak in the curve.
Addition of the two sets of reports natur-
ally results in a double-peaked curve,

The observation of skip distance on the
high frequencies, particularly on the 14-
Mc /s and 28-Mc /s amateur bands, has been
a normal part of the radio research work
at this laboratory during the past summer,
and sufficient data have been collected to
show that electronic densities in the abnor-
mal E layer of over one million electrons
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per cubic centimetre have been of frequent
oecurrence.

Unfortunately, the data collected are very
incomplete, and a much larger number of
reports will be needed before even a rough
idea, of the distribution of the ionization
can be obtained. May 1, through the hos-
pitality of 3 uur columns, appeal to those of
your I(‘ZI.\JtI'S who have such data available
to send me details of all stations worked or
heard on *‘ short skip ”’ on 14 Mc/s or 28
Mc/s during the summer months?  As
many details as possible should be given,
complete identification of the station and
the exact time at which it was heard or
worked being the most important points.
All such reports will be gratefully acknow-
ledged. L. G. STOODLEY

The Physical Laboratory, (G8DM).

University College,
Southampton.

Intermodulation and Harmonic
Distortion : Last Shots

N order to terminate our controversy with

*“ Cathode Ray '’ on the subject of in-

termodulation as rapidly and decently as
possible, we will merely conclude ;—

{a) We stand by all our conclusions and
arguments of our last letter.

(b) We can only regret that “° Cathode
Ray " has found our acoustical terms ‘‘ too
much ”’ for him. The subject is certainly
very confusing, and we have written him
personally to explain the matter in detail.

M. V. CALLENDAR, M.A;, '
G. ¥. CLARKE, B. ‘Sc
Reqearch Dept.,
Pye Radio, Ltd.
Cambridge.

AVING considered the

referred to by Messrs, Callendar and
Clarke, I agree that the masking figures
given in my letter of June 3oth were wrong,
due-at least in part to a somewhat mislead-
ing explanation in the work quoted ; and I
regret the error. At the same time, T would
point out that as T had someé doubts about
these figures I remarked at the time: “1
want to make clear that I am not neces-
sarily backing these figures.’’

With regard to the term Sensatlion Level,
this is, in my opinion, an unnecessary and
misleading term; a hybrid, measured in
objective units above a subjective starting
line. In the newly published I.R.E. book,
Standards on Electroacoustics, containing
definitions of technical terms, it is nowhere
mentioned.

I also stand by my original contention,
viz., that the harmonics commonly speci-
fied—second and third——contribute a rela-
tively small part of the offensiveness of dis-
tortion, whereas intermodulation products,
commonly ignored, are of major importance.
Nobody appears to have been able to ex--
plain my original simple experiment Satla-
factorily on any other basis.

In concluding, I would like to thank
Messrs. Callendar and Clarke for drawing
attention to the necessity for taking account
of the phenomenon of masking in consider-
ing the subject of distortion.

“CATHODE RAY.”

explanation
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Television Topics

VISION-FREQUENCY AMPLIFICATION

OST television receivers employ
: one stage of VF amplification,
and resistance coupling is
adopted between the -detector
and this valve and again between this
valve and the CR tube. Unfortunately,
stray capacities cause the response to fall
off as the frequency is increased, and with
plain resistance coupling it is necessary to
use a low value of resistance if a reason-
ably flat response curve is to be secured.
This means low gain and, sometimes more
important, a severe restriction of the un-
distorted output of the valve.

It is, therefore, the general practice to
adopt correcting methods which tend to
offset the effects of the circuit capacity
and so permit the use of higher values of
resistance. Four different methods of cor-
rection are analysed by E. W. Herold in
Communications," and the optimum con-
ditions for all are given in a form which
lends itself admirably to design purposes.
In general, the circuit values which give
the best frequency response curve are not
the same as those which are most suitable
from the point of view of time delay. The
““optimum "’ conditions, therefore, Tepre-
sent a compromise between the two re-
quirements. ;

High-frequency Ceorrection

The circuits investigated are shown in

Fig. 1, starting with the plain resistance’

coupling and ending with a fairly complex
network embodying two correcting coils.
Table I'gives the design figures based on
a smooth response curve falling to go per
cent. of the low-frequency response at the
“cut-off frequency” f.. Frequency,
capacity, inductance and resistance are,
of course, in cycles per second, henrys,
farads and ohms respectively.

The design starts with the required fre-
quency f. and the circuit capacity C,
which is the total of all capacities in shunt
with the coupling. It includes the output
capacity of the VF valve, the input capa-
city of the CR tube,.the input capacity of
the sync separator, the input capacity of
the DC restorer, as well as wiring capacity

in a typical case. Unless extreme care is

taken, it may reach as much as 50 upF.,
but’if direct coupling is used to the tube
and the sync separator is fed from a differ-
ent point it may be only one-half this
figure or even less.

Knowing f. and C, R can be calculated
directly from the figures of the first column
for X.. These figures are indicative of the
merit of the circuit from the point of view
of gain, since R is proportional to X, and
gain is proportional to R, being, in fact,

" gain I1I.g5 times.

1 August, 1938,

equal to the product of R and the mutual
conductance of the valve,

Suppose f.=2 Mc/s and C=50 upuF.,
then with resistance coupling, Fig. 1(a),
R =0.48/6.28 x 2 x 10° x 5 x 10-!' =
0.48/0.000628 =465 ohms, so that with a
valve having a mutual conductance of
6.0 mA/v. the gain is only 4.6 times.
With the circuit of Fig. 1(b), which is
probably the most widely used, the resist-
ance becomes I/0.000628=1,5g0 ohms,
and with the same valve the gain is 9.55
times, a considerable improvement. The
inductance required is 0.37 CR?=4.66 x
10-°H =46.6 uH.

Still better results are secured with
Fig. 1 (c), R becoming 1,990 ohms and the
L is now v5 xH., and
C3 becomes 15 puF. This capacity in-
cludes the self-capacity of the coil, per-

haps 5 uuF., so that this must be allowed
for and the added capacity need only be
about 10 uuF.

The best circuit of all is that of
Fig. 1 (e), for R becomes 2,860 ohms, and
the gain is 17.2 times. 11 is 49 uH. and
Lzis 213 pH. In practice the objection to
this circuit is that the capacity must be
split into two parts in certain proportions.
For a total capacity C=C, +C,=50 upF.,
C, must be 17 puF. and C, 33 uuF. Itis
not always possible or convenient to
arrange matters so that the stray capaci-
ties fall naturally so that C, is double C,.
More often they fall more nearly in the
proportion demanded by Fig. 1(d).

Incidentally, this circuit, although
slightly inferior to (c), has the advantage
of giving a much lower response at fre-
quencies higher than f.. In other words,
it cuts off more sharply. The advantage
of this is that the circuit also acts as a
filter, so that it will reduce any tendency
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Fig. 1.—Methods of coupling the VF amplifier to the CR tube are depicted in these diagrams.

Plain resistance coupling is shown at (a) and with a simple form of correction at (b).

A slightly

-. more compl:x corrector is given at (c), and (d) and (e) show different types of network. As ex-
plained in the text, the last is capable of the best performance.
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to the feed-back of IF harmonics from the
leads to the tube. Currents of intermediate
or higher frequency should not, of course,
be present in the VF valve, but in practice
they often are owing to the difficulty of
obtaining a high degree of filtering before
it. This advantage of a filtering action at
high frequencies is also present with the
circuit of Fig. 1 (e).

Wireless
World

for if they are not the response curve is
affected. If the capacities are in the wrong
ratio, for instance, the response may fall
off too early and then rise afterwards to
form a peak just before the cut-off fre-
quency.

Actually, of course, when the circuit has
been designed, its performance should be
checked by measurement, for then any
irregularities due to variations in the cir-

CTABLE 1.

Cireuit. Xe Delay Ly L, (N C, Cy ¢
= 6.28 f (R Error.
0.003 .
a 0.48 — — — — — ¢
fe
b 1.0 00031 637 Rt - - — — ]
f('
e 1.25 0003 1 435 CRe — — — 03¢ ¢
fe
d 1.23 0.008 — 0536 (R: | 02C | 08C — | +q
fe
¢ 1.8 Q}’f’ﬁ 0.12 CR? | 052 CR® | 0.34C | 0.66C — la+q

From the point of view of performance
this last circuit is unquestionably the best,
but it certainly requires more material
than the others, for two coils are needed.
These need not be expensive, however. In
practice it is quite important that the
capacities be close to the correct values,

cuit constants can be smoothed out by
their practical adjustment. In general,
however, such irregularities are quite
small, and the imperfections will normally
be tolerable if care is taken over the initial
assessment of the capacities used in de-
riving the other values.

More About Car Radio

HE technical reviews of car radio

receivers published in our issue of

October 20th was restricted to sets
shown at the recent Motor Exhibition. As
this did not include all the equipment now
available, a brief description of others not
represented at the show will be given.

There are some interesting features in
the new Pye car radio receiver. It employs
a s-valve superheterodyne circuit having
one RF stage fitted with a low-noise RF pen-
tode. The frequency-changer and IF ampli-
fier are conventional, apart from the fact
that all tuned circuits have high-Q iron-
cored coils.

Its special feature is the inclusion of an
output limiting circuit, which can best be
described as a volume compressor. It en-
ables a higher mean level of output to be
obtained without overloading the last stage
on deep modulation. Thus the softer pas-
sages of music which might be drowned by
the normal noises of a car in motion are
maintained at a good level of audibility,

The set 1s of two-unit construction, one
part contains the set and the other the loud
speaker and vibrator-type HT supply unit.
An input filter in the receiver limits ignition
noise, and only in exceptional cases are
spark-plug suppressors required.  The set
covers medium and long waves ; it costs 15
guincas,

What must surely be unique among car
radio receivers is the Princely Model 106, for
it includes a short-wave range in addition to
the medium and long wavebands. This all-
wave car radio set is a 7-valve, plus recti-
fier, superheterodyne, and on the short

waves covers a range of 16 to 50 metres.
The medium and long wavebands have
normal coverage.

It includes two RF stages before the fre-
quency-changer, and two IF amplifiers fol-
low, while the output stage is push-pull,
giving a maximum of nine watts undistorted
output.

A vibrator and full-wave rectifier, which
is housed, together with its smoothing equip-

The new Pye car
radio set.

ment, in the loud speaker unit, provides the
HT supply. The loud speaker is a large 8in.
diaphragm model. This set costs 25 guineas.

In all there are six receivers in the
Princely range, the cheapest costing 7
guineas. Even‘this is a superheterodyne, and
has five valves, including a full-wave recti-
fier which works'in conjunction with an HT
vibrator. It is a self-contained unit with the
tuning and volume controls on the set.

Of the other sets mention must be made of
Model 102, as this includes push-button tun-
ing, the system employed being a mechanical
one with the six station-selector buttons sn
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the receiver unit.
is also included.
rectifier)
guineas,

Push-button tuning is adopted in the
latest Crosley Roamio car radio receiver.
The choice of any five stations can be had
with this set, and the selection at any time
changed for others. The push-button tuning
system is mechanical, and all the controls,
including the alternative manual tuning
scale, are included in the set. Remote con-
trol is not adopted.

The circuit is a four-valve superhetero-
dyne arrangement, and a fifth valve, in con-
junction with a vibrator, supplies HT. Tt is
built as a single unit with self-contained loud
speaker, and the price is 10 guineas. It
covers the medium waveband only, and can
be used on 6- or 12-volt batteries.

A manual tuning control
It is a four-valve (plus
superheterodyne and costs ¢

Television Programmes
Vision 45 Mc/s Sound 41.5 Mc/s

An hour’s special film transmission,
intended for demonstration purposes, will
be given from 11 a.m. each week-day.
THURSDAY, NOVEMBER 3rd.

3, “ Cast Up by the Sea,” a Stephen Leacock

melodrama. 3.30, British Movietonews. 3.40,
187th edition of Picture Page.

9, Cabaret. 9.25, 183th edition of Picture
Page. 9.55, Gaumont-British News. 10.5,
News.

I'RIDAY, NOVEMBER 4th.
3-4.30, “Cyrano de Bergerac,” a play by
Ldmond Rostand with Leslie Banks in the
name part.

9, Foundations of Cookery, Marcel Boulestin
begins a new series. 9.15, ** So Ended a Great
Love "—feature film with Paula Wessely.
10.45, News.
SATURDAY, NOVEMBER s5th.

3, C. H. Middleton, “ In Our Garden.” 3.15,
The Hogarth Puppets.  3.25, Cartoon Tilm.
3.30, Cabaret. 3.55, British Movietonews,

8.20, Ice Hockey match between Earls Court
Rangers and Wembley Monarchs, at the Empress
Hall, Earls Court. 9, “ Order to View ” —a
revue.  9.35, Gaumont-British News. 9.45,
Ice Hockey O.B. continued. 10.10, Eves and
No Eyes—A visual definition bee, 10.25, News.
SUNDAY, NOVEMBER 6th.
8.50, News. 9.5, Cartoon Film. 9,10, Theatre
Parade—Excerpts from the Vaudeville Theatre
Show * Goodness, How Sad !’ by Robert Morley.
MONDAY, NOVEMBER 7th.
3-4.30, Television version of Somerset
Maugham’s suburban comedy ** The Bread-
winner,”’
8.50, Your Television Set—No. II.
get the best from vyour receiver. 9, " Dark
Highlights “"—An All-coloured Cabaret. 9.40,
National Sporting Club boxing from Empress
Hall, Earls Court. 10.20, News.

- TUESDAY, NOVEMBER S8th.

3, Revue. 3.35, Gaumont-British News.
3.45, DPicture story No. 1,— “The Seventh
Man " by Robert Gibbings. 3.55, Cartoon Film.
9, Talk by Lord Hailey. 9.10, British Movieto-
news. 9.20, Somerset Maugham’s ** The Bread-
winner.” 10,50, News.

WEDNESDAY, NOVEMBER gth. *
2.25, The Lord Mayor's Show—0.1. 3,
* Contrasts.”” 3.10, Cartoon Tilm. 3.15, “ The
Iast Voyage of Captain Grant,” a serialed
narrative of the Arctic.

How to

9, Speaking Personally—Ann DBridge. 9.10,
Eric Wild and his Band. 9,30, Cartoon Film.
9.35, Gaumont-British News. 9.45, * The

>

Viceroy of Pery,
from ' Le
10.15, News.

adapted by Harold Bowen
Carrosse  du  Saint-Sacrement.”
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Random Radiations

By “DIALLIST”

Comprehensive
THE question of guarantees for wireless
sets has always been a vexed one. As
matters stand most firms give a three-
months’ guarantee for the set, excluding its
valves, and a few a guarantee, with the
same exception, for twelve months. Re-
cently I came across an advertisement
offering sets under a comprehensive twelve
months’ guarantee which covered not only
the receiver itself, but also its British-made
valves. I know some people whose valves
I ‘wouldn’t care to guarantee for that
length of time, however good they were!
In one household that I visit the radio-
gram is at work for at least 1o hours a day,
or say the best part of 4,000 hours a year.
I know others, too, where sets or radio-
grams are pretty constantly in operation
at all times when the home stations are on
the air. And I suppose that, taking it by
and large, the average number of hours of
daily use that the receiver gets nowadays
isn't much short of four, or say 1,200 to
1,500 a year.

"= "w "
A Vexed Questlon
HERE is one rather unsatisfactory

aspect where the receiver and the
valves are separately guaranteed. A smooth-
ing condenser, let us say, becomes a
casualty within the guarantee period, and
its demise results in the power rectifier
valve meeting with an untimely end. The
set is returned for repairs under the guaran-
tee and the faulty condenser bank is duly
replaced free of charge. Not so the valve.
The set maker refers the victim to the
valve manufacturer and his guarantee.
When the latter is approached he replies
that the valve went west not through any
defect which it -developed, but because
it was subjected to an overload; but how
the overload was caused does not con-
cern him, the only relevant fact is that it
occurred. And 1 suppose that if a valve
developed a defect which caused the break-
down of other components, you would be
entitled under the dual guarantee to a free
replacement of the valve, but not of the
parts wrecked by its misbehaviour. It
seems to me that to be quite fair and satis-
factory, guarantees should cover untoward
happenings such as these.

"= "w "w

A Maintenance Scheme
IRELESS dealers, I hear, have been
putting their heads together to evolve
a maintenance scheme for receiving sets.
The idea is that the set owner should pay
an annual sum of about thirty shillings for
a receiver pure and simple, or about two
pounds for a radiogram. In return for that
he would receive a fixed number of visits
during the year from a trained and fully
equipped service man, who would make any
necessary adjustments and clean and gener-
ally check over the apparatus. All defec-
tive parts, including the valves, would be
replaced free of charge. The set cwner
would, in fact, know exactly where he
stood. A very good idea, I think, and one
likely to catch on with wireless
What I particularly like is a suggestion maL

regard to volume controls.

the scheme should apply to sets bought on
the hire-purchase system, an appropriate
extra weekly or monthly charge being, of
course, made. Too often, as matters are,
one comes across folk who can only just
afford the instalments on a set bought by
hire purchase and are completely swamped
if a breakdown calling for expensive repairs
occurs outside the guarantee period.

"u "w "m

Progress !
HE United States has, of course, always
been so far ahead of us in radio that
we've been hard put to it even to keep
Uncle Sam's coat tails in sight through the
dust of his flying footsteps. Whenever I
open an American paper I eagerly scan the
radio advertisements in order to know what
new things we may expect here in a few
years’ time. I was particularly thrilled by
one which appeared in a recent issue of the
“New Yorker.”” Here it is:

‘“A STARTLING NEW MYSTERY.
‘. Wire-less Seli-Powered Radio.

‘“ NO Electrical Connections—NO Ground
Wire-—NO Aerial Wire, Weighs only 15 Ib.
complete. Portable, Compact. ... 134 x74x 7}
inches.

‘“ kdeal for Autemobiles, Boats, Lawns, Golf
Courses. . . . Simply set it down—and Press
the Butten (No waiting for tubes to heat).

‘“ Beautiful self-contained Concert Tone
(sic!y, Automobile Type, Dynamic Loud-
speaker, . . .

Price only 35 dellars. . . .”

From the accompanying llustration which
depicts an angler, complete with waders and
fishing rod, holding up the startling new
mystery, one gathers that America has at
last discovered the portable.  Meantime
there seems to be a magnificent chance for
any of our manufacturers who may have
unsold stocks of ancient portables lying
about to get a bit of their own back by
dumping them across the Herring Pond.

" "= s

Volume Controls

READER—1 deduce from certain re-

marks that he is a radio service-man,
though he doesn’t actually tell me so—
has an interesting suggestion to make with
He would like
to see them connected across the secondary
of the output transformer. His argument

is that if this were done there would be no
need for fiddling adjustments of the volume
levels of built-in and extension loud speakers,
that the volume control itself could be
robustly made and that remote control
He suggests that

would bhe made easier.
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overloading of the output valve could be
prevented by amplified AVC, whose pre-
sence would make it impossible for the user
to advance the manual volume control too
far. I am afraid that it wouldn't work out
quite so simply as that. Many who use ex-
tension loud speakers want them to run
either more loudly or more softly than the
one in the set. And it mustn’t be for-
gotten that the extension terminals are not
infrequently used for the connection of head
telephones if there is a deaf member of the
family circle. There would also have to be
a switch for cutting out the suggested kind
of AVC: otherwise the set might not be of
very much use on the short waves.

" "m
Student Life

ROM the Director of W2XAD and
W2XAF I hear that these stations are
making quite a feature of the broadcasts
dealing with education in America, which
began on November 1st. There are four of
these broadcasts each week in English and
one of these at least should be of more than
usual interest. Each week there will be a
programme dealing with undergraduate life,
the items being provided mainly by the
students themselves. American students
are at least as lighthearted as those of
other countries and I foresee some good
fun.

THE WIRELESS INDUSTRY

ILNES Thermo-generators for accumu-
lator charging, or for supplving LT to a
broadcast receiver direct, are described in a
booklet just issued by Milnes Electrical Eng.
Company, Church Street, Bingley, Yorks.
The generators function on thc thermo- -pile
principle and are operated from any gas
supply.  Ainew vibratory HT unit d(‘sxgned
for workmg with the generators is also
described.
) B < <= i
The Whiteley Electrical Radio Company
inform us that the W-B Morse Key, reviewed
in our issue of September 22nd, has now been
withdrawn from the market.
@ < e
A new catalogue of “‘Precision”’ test equip-
ment, mdudmg universal meters with resist-
ances of 20,000 and 1,000 chms per volt, is
available from L. A. MacLachlan and Com-
pany, Strathyre, Scotland.

THE NEW HOME OF
RELIANCE RESISTANCES

ESIGNED specifically for the production

of wire-wound and composition vari-
able resistances, the new premises of The
Reliance Manufacturing Co. (Southwark),
Ltd., at -Sutherland Road Walthamstow,
London, E.17, house all the processes in-
volved with the exception of wire-drawing.
An up-to-date bakelite moulding plant with
electrically. heated platens and the latest
type of oil-driven

presses has been in-
stalled, and  the
hydraulic  accumu-
lator supplying the
presses stands on a
concrete  foundation
roft. thick. More
than 300 tons of
reinforced concrete
have been uvsed in
laying the 06,000
sq. ft. of working
floor space.
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FINANCIAL STRESS?

B.B.C. Adjusts Expenditure-Revenue
Ratio
ROCADCASTING HOUSE is
getting distinctly panicky
over the financial position, and
sweeping economny measures are
projected to adjust expenditure
and revenue, especially in re-
gard to television.

The fact is that the reserves
have melted away like morning
dew before the summer sun, and
the Corporation can find no ade-
quate solution of its problem
immediately. What it is doing
in the meantime is overhauling
the comparatively minor items
of expenditure, such as staff ex-
penses (travelling and inciden-
tals) and programme outlay on
the sound-boadcasting side. It
is watching the sixpences and
shillings—on the principle that
the pounds will take care of
themselves.

It is realised that it is impos-
sible to cut down on artistes’
fees ; but the B.B.C. can engage,
and is engaging, fewer artistes.

Hundreds of thousands of
pounds will be wanted during
1939 on account of capital ex-
penditure ; but only mere hun-
dreds can be saved by the
present economy measures. The
hard facts are that receiving
licences now number nearly nine
millions, and the steepness of
the curve is rapidly lessening.
Reserve funds have been drawn
upon to the margin of safety.

RAF.CWR

Training Begins
INCE the formation of the
Royal Air Force Civilian
Wireless Reserve, at the end of
August, more than 3,000 appli-
cations for membership have
been received by the Air Minis-
try from amateur wireless tele-
graphists throughout Britain,
and of this number 700 have

already been enrolled.

Members of the reserve re-
ceived their first general exercise
last Saturday, October 29th.
This was radiated from a Royal
Air Force transmitting station
to some 200 reservists scattered
throughout Great Britain who
have been organised under
twelve regional controllers.

A button badge has been de-
signed and approved for the
Organisation. It is a shield,
surmounted by the eagle of the
R.AF.; in the centre is a
double-bladed axe, with light-
ning radiating from it, on a
background of Air Force blue
with the letters RAF.C.W.R.
beneath.

DAVENTRY’S TUNING COILS

Methods of Wave Changing at the Empire Station

HREE methods are em-
ployed for the frequent

changes in wavelength necessary
at the B.B.C. Empire station at
Daventry.

One of these, which is purely
experimental, is in use in one of
the 20-kW transmitters using
high-power screen-grid valves.
This transmitter is fitted with
continuously variable induct-
ances by which the wavelength
can be continuously adjusted
between 13 and 50 metres.

be rotated through 180 degrees
and the tuned circuit brought
into contact with the spare
valves.

In the most recent transmit-
ters installed at Daventry, the
B.B.C. has reverted to the plug-
in type of coil. As was depicted
in The Wiveless World a few

weeks ago, the coil units are run |

into position on rails. The
trucks conveying these units for
the final stage of the transmitter
carry, in addition to the main

DAVENTRY’S PLUG-IN COILS. One of the plug-in coil units being

wheeled into position on the rails.
right carries the grid tuning circuit.

The overhanging projection on the

In the centre are the two large

tubular turns of the main anode inductance between which is the
feeder-coupling coil.

Whilst the tuning operation is
in progress, the power of the
transmitter is drastically re-
duced by a special switch.

Rotary Switching

Another system of wave
changing employs a rotating
turntable on which is fixed four
sets of tuned circuits. Any one
of these pre-tuned wavelengths
may be brought into circuit by
a contacting arrangement. The
transmitter power supply having
been switched off, the contacts
above the circuit rise about
6in., thereby disconnecting, from
the two water-cooled valves,
the circuit no longer required.
The turntable is then rotated
ninety degrees, and the contacts
descend on the new tuned cir-
cuit and all is ready for the
power to be switched on again.

A second pair of valves are
provided diametrically opposite
the others, so that in the event

of a failure the turntable can-

"the

anode tuning inductance, the
feeder coupling coil and asso-
ciated tuning condenser as well
as the grid circuit inductance.

TELEVISION 0.B.S AFTER DARK
HE success of the recent
television transmission from
Carlton Cinema, Hay-
market, has prompted a big
drive for more O.B. material
from the West End after dark.
Technically, these transmissions
offer no serious problem except
in regard to lighting. The use
of the telephone circuits to link
up with the nearest tapping
point on the Post Office tele-
vision cable has proved a com-

‘plete success for distances up

to one-and-a-half miles. The
specially selected lines used on
these occasions do not pass
through the telephone exchange,
but from a direct link between

“the O.B. unit and the television

cable, R

BRUSSELS AND THE B.B.C.
Upholding British Interests
IR NOEL ASHBRIDGE, the
B.B.C.’s Controller of Engi-
neering, will attend the Brussels
Wave Plan Conference of the
International Broadcasting
"Union, which opens on Nov-
ember 7th. With him—also up-
holding the interests of British
listeners—will be Mr. L. W.
Hayes, of the B.B.C. Engineer-

' ing Information Branch, who

has attended practically every
European radio conference dur-
ing the past fifteen years.

The Conference, which will
establish  another  European
wavelength plan similar to those
of Geneva and Prague, is not ex-
pected to modify the British
wavelengths.

The British Post Office repre-
sentatives will be Colonel Ang-
win and Mr. H. G. C. Welch.

FROM ALL
QUARTERS

Tribute to Sir john Reith

WHEN Sir John Reith left Broad-
casting House he expressed a wish,
in terms almost amounting to a
command, that the staff should
not contribute towards any formal
presentation. This wish has been
respected. There are, however,
ways of circumventing the most
uncompromising obstacles.  The
B.B.C. Club has now persuaded
Sir John to accept a memento of
his thirteen years’ presidency.
The choice of memento will be
announced in due course.

Imperial Airways Radio Officers

A THREE-YEAR agreement has
been concluded between Imperial
Airways and the Radio Officers’
Union covering all radio officers
engaged on Imperial Airways
routes. This provides for rates of
pay commenting at f£4 Ios. per
week, rising by 5s. annual incre-
ments to £6 5s. in the eighth year.
Radio officers on the Empire Air
Mail services are to receive 8s. a
day while away from their base,
and those on European services an
extra payment of a penny per ten
miles while flying. Provision is
made for an annual leave of
twenty-one days.

First Orkney Transmitter

In the issue of October zoth we
referred to GM3TR as the first
amateur transmitting station to be
authorised in the Orkney Islands.
Mr. James Twatt, of the Marconi
Development Department  at
Chelmsford, Essex, writes saying:
“On  April 2nd, 1936, I was
granted a licence to  {ransmit
under the call-sign G6ZC from 26,
Willowburn Road, Kirkwall, Ork-
ney, but unfortunately my almost
wimediaie removal to Chelmsford
provested the station from being
put into operation at that
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address.”’ To be correct, we
should, therefore. have said that
GM3TR was the first authorised
amateur station to transmit in
Orkney.

Television in Australia ?

ALTHOUGH it may be a long time
before television becomes a public
cntertainment in Australia, there
is no doubt about the interest
focused on such a possibility.
This is evidenced by the interest
shown in the recent exhibition of
two G.E.C. television receivers
and photos of the B.B.C. television
service by the British General
Flectric Company, Pty., at
Sydney. Television reception was
simulated by projecting on to the
screen of one of the receivers, from
a hidden source, a sub-standard
motion picture film.

Encouraging Radio Research
A PRIZE of Rm.10,000 has been
created in Germany and will be
awarded, for the first time this
year, for the most interesting
radio research.

Indian Peoples’ Sets

Two Indian firms in Madras
have offered to sell wireless re-
ceivers for Rs.30 (fz 5s.) and
Rs.0o, for provincial and all-India
receptions respectively. Mr. V. V.
Giri, Madras Minister for Industry
and Labour, is testing the sets
himself, and, if they prove to be
satisfactory, a company will
probably be floated with the
financial assistance of the Govern-
ment.

Scophony Representative to Visit

CONSIDERABLE interest has been
shown in the Scophony large-
screen television developments by
some leading American radio and
lm interests. With this in mind
Mr. S. Sagall, of Scophony, Lid.,
is leaving this weck {for America.
He will endeavour to arrange for a
Scophony exhibit at the World
Fair.

It s

Wireless
World

Roumania Tackles Electrica
Interference

AN energetic campaign against
man-made interference has been
started in Roumania:  An order
has been issued that all owners of
electrical apparatus capable of
causing interference with radio re-
ception must notify the authorities
within thirty days. Failure to
comply with this order will mean
the confiscation of the apparatus.

German Broadcast Developments

NEw stations in Pomerania and
Saarbricken, a new Berlin
Deutschlandsender transmitter, as
well as relay stations at Hanover
and Dresden, are the extensions of
the broadcasting service now under
way in Germany.

Genera! Ferrié Memorial
THE town of Draguignan, in the
South of France, has honoured the
memory of its distinguished son,
General Ferrié, the wircless valve
pioneer, by naming its principal
college ** Collége Général Ferrié.”

“The Technique of the Radio Play”

Turs is the title of the paper to
be read by Mr. Cyril Wood, late
af the B.B.C., at the meeting of
the Royal Society of Arts, John
Strect, Adelphi, London, W.C.z,
on Wednesday next, November
gth, at 8.15 p.m. ‘Applications for
tickets should be made to the sec-
retary

French Broadcasting
Tue policy and management of
broadecasting 'in Irance is being
examined by a special commission.
understood  that alarming
and false news during the recent
crisis looms largely on the agenda.

Safety in Numbers
Porskie Rapio is now transmit-

ting simultaneously on four short

wavelengths, viz., 19.84, 22.00,
25.55, and 26.01 metres. An-
nouncements are in Polish, Eng-

lish and Spanish.

Germany’s Voice
Ox a letter recently received
from Berlin was the postmark
“Der Deutsche Kurzwellensender
die Stimme der Heimat’ (The
German Short-wave Station is the
Voice of the Homeland).

Italy’s SW Power )
TaeE two 100-kW short-wave
transmitters at Prato Smeraldo,
near Rome, which were referred to

last weck, were put into operation

on Monday, October 31st.

Tokyo-Rome Radio Telephone -
A ~ew radio-telephone service
between Rome.and Tokyo was re-

cently inaugurated.  The great
circle distance between these two

cities is approximatcly 6,000 miles.

Televisio-photography at a 100
miles

Miss EvizaserH Cowerr, the
television announcer, has just re-
ceived an excellent portrait of her-
self taken from a receiving screen
at Cinderford, Forest of Dean,
Gloucestershire, more than a hun-
dred miles 1rom the transmitling
station.

Vatican Radio

- A stanmp recently issued by the

Vatican State showing pictorially

the Vatican City and gardens in-

cludes in the drawing the masts of

the Papal broadcasting station.

) Wireless in Finland

. DespITE the fact that a wircless
licence in Finland costs 9s. (which
iri relation to the wages paid is
dearer than the Inglish licence),

the popularity of wireless in this

Northern Republic continues 1o
increase. The latest licence figure
of 250,458 reveals the Jact that
there is one receiver to every
fourteen - inhabitants. Swedish
sets are the most popular, with

those of German manufacture

second and English receivers
taking a poor third place in
popularity.

THURSDAY, NOVEMBER 3rd.

Nat., 6.40, Extracts from ** Goodbye,
Mr. Chips.”
ranean—Spain.  9.25, Television

at Work, a commentary during the
transm:ssxon of Televns:on s " Pic-
ture  Page.”” 1035, * Revene,”
B.B.C. Theatre Orchestra.

Reg., 6.0, The Richard Crean Orches-
tra. 8.0, The Kentucky Minstrels.
9.0, Darts Championship of the
Air.

Abroad. .

Munich, 7.10, “Die Vielgeliebte,”
operetta (Dostal).

FRIDAY, NOVEMBER 4th.
Nat., 6.25, The Engllsh Famxly
Robinson. 8.10, ** Remembrance,”
an Armistice Play by Ralph de
Pomerai. 9.45, Ladies International

Fencing Championship.

Reg., 8.0, * What Happened at 8.20>"

30, Dance Cabaret from The

Grand Hotel, Torquay

Abroad.

Pans PTT and Marseilles, 8.30,
Gabriel Fauré Concert from the
Conservatoire.

8.30, The Mediter- -

BROADCAST PROGRAMMES

SATURDAY, NOVEMBER 5th.
Nat., 3.55, Rugby League Inter-
national; Wa]es v. England. 8.0,
“Music *Hall,” including Evelyn
Laye and the Two Leshes 10.0,
*The Gunpowder Plot,” a_re-
construction of the events which
have given us Guy Fawkes' Day.
Reg., 6.45, A visit to Lambeth Walk.
735, *“Franz Liszt,” a musical
bmgraphy 9.0, American Jam
Session, a special programme of
swing stars, relayed from America.

Abroad.

Hamburg, 7.10, * Lysistrata,” oper-
. etta (Lincke). .
Bordeaux, 8.30, “Mireille,” opera

(Gounod)

SUNDAY, NOVEMBER 6th.
Nat., 3.30, Jewish Ex-Service Men'’s

National Remembrance Service
from the Horse Guards’ Parade.
) “Twenty Years After,” re-
“corded reception of talk from South
Africa by General J. C. Smuts.
6.10, Abridged version of Shake-
speare’s * The Winter's Tale,”
9.35, * Rivers of Europe,” 1—The
Danube, Walford Hyden and his
Orchestra.

Reg., 5.30, Spelling Bee. Dons v.

Journahists. 555, Relay from
Switzerland. 7.10, " Musical
Comedy,” well-known melodies.
9.5, Sunday Concert, Handel's
* Acis and Galatea,”

Abroad.

Berlin  Deutschlandsender,  7.10,

(Bizet).

ph "
Carmen,”’ opera

st "
Gipsy -Love,

Saarbrucken, 7.10,
operetta (Lehar).

MONDAY, NOVEMBER 7th.

Nat., 7.0, * Monday Night at Seven,”
8‘0 Snooker commentary. ~9.40,
Italian Music.

Reg., 6.0, Rugby Steam Shed Band.
8.20, Songs of the Bntish . Isles.
9.30; Rhythm Classics. 9.50, 10.25
and 10.55, Eclipse of the Moon,
O.B. from Mill Hill Observatory.

Abroad.

Lille and Toulouse, 8.30, Symphony
Concert including William Walton's
new Symphony.

TUESDAY, NOVEMBER 8th.

Nat., 7.30, An inquiry into Social
Distinction—Manners and Customs.
8.0, Star Gazing, featuring - Jessie
Matthews. 9.40, Famous Fusses
No. [I—The Waltz,

Features of thé Week

the Alexandra . Theatre, Hull.
9.20, Queen’s Hall Symphony
Concert. .

“ Abroad.
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Short Waves at Olympia

Two Wireless World receivers,
the ““ AC Shortlwave Three” and
the “* Battery Short-wave Three.”’
are to be secn on the stand of the
International Short-wave Club at
the Woman's Fair, which opened
atdOlvmpm yc:tcrday November
2n

R.M.A. Change of Address

Tre Radio Manufacturers’ Asso-
ciation has moved to new offices in

59, . Russell Square, London,
W.Cr. Telephone : Museum’
4031-2. It is also announced that
Mr. Garry Allighan, Evening

Standard radio critic and official
publicist of the R.M.A., has left
the = Association following the
abolition, by mutual consent, of
the position.

Radio and the Fishing Fleet

IN view of the significance of
radio communication at sea, the
Norwegian organisations of fisher-
men have sent the Government a
petition asking for the abolition of
import duties on foreign transmit-
ting and receiving equipment for
small craft. - The Government is
also requesied to spend 150,000
kroner on rcconditioning the com-
mercial  radio  telephony  trans-
mitter at Aalesund. During the
past year a number of small
transmitter-reccivers have been
installed in  fishing craft in
Norway, and now fifty-five vessels
of the flect attached to 1ihis
northern town, Aalesund, have
been fitted with radio equipment.

Hire Purchase

A poox recently published

- under the self-explanatory title of

““The Hire Purchase Act, 1938:
Its Meaning and Effect,”” by
H. C. Crane, constitutes a valu-
able guide to all traders concerned
with any branch of ‘‘easy pay-
ment " selling.  The book costs
3s. 6d. (by post 3s. 9d.), and is
issued by The Trader Publishing
Company, Ltd., Dorset House,
Stamford  Street, London, S.E.1.

Reg., 7.30, * Stop Dancing,” 8.30,
The Under Twenty Club. 9.45,
Speed.

Abroad.
Brussels I, 6.30, *‘ La Serva Padrona,”

opera (Pergolesi).

WEDNESDAY, NOVEMBER 9th,

Nat., 12.15, The Lord Mayor’s Show.
7.0‘ “You Shall Have Music,”
745 “The World Goes By,”
a radio magazine. 8.15, Queen's
Hall Symphony Concert 9.20,
The Prime Minister at the Lord
Mayor's Banquet.

Reg., 330, Soccer Commentary,
England v. Norway. 7.30, A New-
comer to Viewing. Howard Mar-
shall gives the first of six talks on
television and how it works,

745, The Arcadian Follies from

Radio Paris and Brussels 1, 830,
Franco-Belgian Exchange Concert.

Lille, 830, “* The Three Waltzes,”
operetta (Oscar Straus),




The Wireless World, November 3rd, 1038

How to Understand

O doubt the readers whom 1
usually have particularly in
view—the comparative begin-

ners—were a bit out of their
depth in parts of my recent articles on tone
control. 'When one goes to an oculist to
have one’s eyes tested he sums up his find-
ings by a few marks on a prepared dia-
gram. Although this conveys nothing at
all to you and me, the optician to whom
one takes it evidently understands it at
a glance, for with no other information
he proceeds to make a pair of spectacles
to compensate for the eye defects. In the
same way the defects of a sound-reproduc-
ing system can be expressed by means of
a diagram, and those
of us who are con-
stantly using such
diagrams may be apt
to forget that their
message is, so to
speak, in code, and
therefore its meaning N
is not necessarily obvious to the uninitiated.
Just as the oculist uses p.repared dia-
grams on which to plot our visual charac-
teristics, and the dentist has the same
facilities for keeping a record of what he
has done and is likely to have to do with
our teeth, those concerned with sound
reproduction buy standard sheéts on which
to plot their diagrams. Fig. 1 shows one
of these. I suppose I can assume that
everybody knows what a graph is. So the
general idea of expressing information (for
example, the relation between a baby’s age
and its weight, or the season of year
and the sales of ice-cream) by means of a
line (technically known as a curve, even if
it be straight) on such a diagram is well
enough known. The scales deserve some
comment, though.

Where Uniform Scales Fail

The horizontal scale is of frequency,
better known to musicians as pitch.
Musicians identify particular frequencies
by such obscure and uninformative terms
as A flat and C sharp minor, and cannot
even agree among themselves concerning
exactly what frequency any one of these
signiﬁés; moreover, each denotes a
number of widely separated frequencics.
Scientific people indicate exactly what they
mean by specifying the number of vibra-
tions, cycles, or air waves per second
required to produce a note of any par-
ticular pitch. The natural impulse is to
mark these numbers along a uniform
scale, so that o 'to 100, 100 to 200, and
© 5,000 to 5,100 all occupy the same length
" of scale. Frequency scales of this sort can
be seen by looking up technical papers of
about fifteen or more years ago. Butl
musicians, unscientific though they be in
most matters, led the technicians in recog-
nising that the true measure of frequency
change is not the frequency difference, but

Amplifier Characteristics
and Loud-Speaker
Reproduction

the ratio of the two frequencies. Thus the
three examples given above all differ by
exactly 100 ¢/s, but to the ear 5,000 to
5,100 represents a very slight—hardly per-
ceptible—step in frequency ; 100 to 200 1s
equal to the difference between a man’s
and a  woman’s
voice, while 0 to 100
is really an infinitely
large difference—all
the difference be-
tween sound and no
sound. So it would
be a very unfair dis-
tribution to give them all equal lengths of
scale. The slice from 100 te 200 is what
the musicians call an octave-—the higher
frequency is double the lower. Now an
octave gives the same impression of a step-
up in frequency in whatever part of the
whole scale it is located. Thus zoo to
400 is another octave, and should be
allowed the same length of scale as 100 to
200, just as in a piano all the octaves
occupy the same length of keyboard. The
mathematicians’ rame for the same thing
is a logarithmic scale, ‘and they value it
very highly for such purposes as slide
rules. So although in Fig. 1 it may
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sponding to it) at any frequency. If it is
measured in units of air pressure, or -
i volts, or in watts, similar objections
apply to a uniform scale as those just
raised concerning the frequency scale.
The attitude of the ear to loudness is much
less definite than it is to frequency, so that
first of all it is less sensitive to small
changes and, secondly, there is more diffi-
culty in finding out what it understands
as double the loudness ; but at least it
can be said that the logarithmic scale is
much more natural than the uniform. If,
then, one wants to mark the strength in
volts, or in the number of times ampli-
fication, one adopts the same sort of scale

-as for frequency. But as telephone engi-

neers had already been accustomed to
using a unit which, when marked at uni-
form intervals, actually constituted a
logarithmic scale—just as octaves can be
marked uniformly along the frequency
scale—radio and sound engineers copied
them, and their curve sheets are generally
printed with uniform vertical scales, on the
understanding that they will be used for
this special unit, the decibel, which is one-
third the size of an octave of power and
one-sixth of an octave of voltage. So
when you see a rise of 6 decibels you know
that it is double the voltage or four times
the power. ~ :
Now that these special scales are under-
. stood to be adopted

because they corre-
spond most closely
to the relative im-
" pressions made on
the ear—whether in
pitch or loudness—
we can go on to get
some idea of what
different shapes of
“curves actually
mean in terms of
quality of reproduc-
tion. This is know-

Fig. 1.—The usual
type of curve
sheet used for

look a rather unnatural and complicated
type of scale, it is really just the same as
a number of things of familiar every-
day use.

The Vertical Scale

So much for the horizontal scale. The
vertical scale indicates the relative strength
of the sound (or electrical signal corre-

plotting frequency
; characteristics.
.: The reasons for
1 the peculiar scales are explained here.
3 . .

ledge that grows by experience, so that a
trained listener can sketch approximately
the frequency characteristic of a system
without making any actual measurements ;
conversely, by looking at a frequency
characteristic curve he can tell what sort
of tone is given,
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How to Understand Frequency Curves—

% The commonest mistake of the beginner
is to over-estimate the importance of small
rises or falls. It looks very nice to sce a
perfectly straight level line right across the
sheet (like Fig. 2(a)), and somebody who
has an amplifier with such a characteristic
is prone to lift up his voice in boasting
‘over his neighbour whose amplifier’s
characteristic is like Fig. 2(b). One thing
to be said about this is that if each has a
loud speaker that reproduces the high
notes less strongly than the low, then (b)
is a better curve than (a), and the boast-
ing, if any, should be reversed. The
next thing is that in actual fact the irregu-
larities in output of the very best loud
speaker are far greater than those of Fig.
2(b), which are relatively negligible, and
cven if a perfect loud speaker were in-
vented, irregularities of 10 db. or even
more are introduced by the acoustics of
the room. The third thing is that,
although a change in output of 1 db. can
instantly be detected when it is imposed
on a continuous note, it is very doubtful
that the most sensitive listener could.de-
finitely distinguish the difference between
amplifiers (a) and (b) when used alter-
nately to reproduce any ordinary pro-
gramme. While if there is no standard of
comparison at all, it is difficult to judge
the relative level of any part within 6 or
8 db.!

Why Strive for Perfection?

On the other hand, departures of a few
decibels cannot always be ignored, for two
Teasons.
amplifier is limited by the highest peak,
and, if-some small part of the scale is
somewhat exaggerated, though perhaps
not enough to upset the balance of tone, it
may restrict the ‘general volume. The
other is that while 2 db. droop in the bass,
for instance, may be tolerable in one item
such as a transformer or a stage of ampli-
fication, if there are a number of similar
items in the chain of reproduction the total
effect may be serious.

Now for some examples ; and to make
room for a fair selection of them they are
printed in Fig. 3 with only skeleton scales
to indicate the limits. Perfection is re-
presented, of course, by curve A—assum-
ing that it is a characteristic of the entire
system and not just of a part. Real per-
fection in a part may require some depar-
ture from the level in order to compen-
sate for unavoidable characteristics of
another part. B is a good loud speaker
characteristic, and shows that the most
that can be claimed is a fairly level general

: Il

b
dbol2—{ et—"Na
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0 30 300 300 1,000 3,000 10,000
FREQUENCY

Fig 2.—Is the perfect amplifier any better
than the nearly perfect?

One is that the output of an .
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average extending over most of the audible
scale. C is typical of a reasonably good
amplifier ; the tendency in practice is for
the extremely low and high frequencies to
droop, and by comparison with B it can
be recalised that such a small droop is neg-
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One reason why tone controls are so
often set to cut off the high notes is that
a common fault of cheap loud speakers is
a treble something like F—one or more
violent peaks and a great lack of really
high-note reproduction. This sounds so
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Fig. 3.—The relationships between the FREQUENCY
various frequency curves A to M and the +
sort of tone that comes out of the loud
speaker are given.
ligible. But D, although no worse than § 4, Y
many systems in use, could easily be e :
distinguished by ear from C. Repro- NL
duction would lack both depth and M
brilliance. The deep plonks of the \ N
double bass would be weakened and

apparently raised in pitch, while sounds
such as brushing of cymbals would be
muffled. Speech, though probably still

~3
10 100 1,000 10,000
FREQUENCY

apparently distinct, would be more of a
strain to listen to. But the general
balance would not be as bad as one
might judge from the curve. Repro-
duction would just lack reality and be
typical of ‘‘canned music.”’

Neglecting minor irregularities of the
loud speaker, the overall characteristic of
a typical table model receiver is as shown
by E. Real bass is lacking, and a
semblance of bass is given by a severe re-
sonance around 100 c¢/s and by cutting
the treble by means of the tone control.
One can tell the resonant bass from true
bass because it all comes out on one note ;
this is very noticeable when listening at a
distance ; sometimes the only thing that
can be heard is a thump every time this
note is played. In conjunction with the
deficient treble speech sounds throaty, and
in extreme cases may be hard to follow.

harsh and edgy that people prefer to muffle
it down. These loud-speaker defects must
be borne in mind when considering the
characteristics of other parts. Then there
is the gramophone pick-up. Some have a
rise in the bass, though whether that is a
true rise, or depends on measurement on
records with abnormally wide tracks
carrying it beyond linear limits, is not al-
ways clear. Most of them have a peak at
the top end followed by a fairly sudden
cut-off. (+ is a bad example ; bad because
the sharp peak will cause unpleasant
eéxaggeration of upper-middle notes,
together with pronounced scratch of
the same pitch; and bad because
the highest frequencies on the re-
cord, giving naturalness and brilliance,
will be lost. H is quite a good example.
In fact. a theoretically perfect pick-up
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How to Understand Fregquency Curves—
would have to be tone-controlled to some-
thing like this, because higher frequencies
are not recorded, but do exist as scratch.
Limitations of records impose a bass
characteristic shown by I, and this necessi-
tates an amplifier characteristic J to com-
pensate.*

The radio tuning circuits are likely to
produce a steady droop towards the high-
note end, and in typical receivers this is
usually offset up to a point by allowing the
pentode output to develop some excess of
high notes.

Assuming now that the loud speaker is
the best that money can buy, that the

.room in which it is heard is not abnormal,
and that the radio or gramophone parts
are reasonably flat, we turn to a few more
possible amplifier curves.

1f one had not seen the foregoing curves,
K might have looked to have a useful
degree of bass boost with which to combat
such effects as gramophone record and
loud-speaker loss. But comparison with
J and B shows that it doesn’t go very far.

~ How does one distinguish between L,

“which can be got by connecting a conden-

-ser across something in the amplifier, and

M, which requires a specially designed

filter 7 The difference in tone is difficult
to describe in words, or even to recognise

-unless certain conditions exist such as ad-

-jacent-station whistles. M enables these
to be cut out very completely, while re-
taining as much as possible of the valuable

~high notes. When the noise or interfer-
ence to be cut out is not of a definite pitch,
but is merely a general mush, curve L may

.be preferable, as it removes a large part of

. the noise while retaining at least a remnant
of all the wanted high tones. Moreover,
it is very much easier to provide,

Judging by Ear

When listening critically to reproduc-
tion, with a view to finding the possible
causes of imperfection, look out for woolly
tone lacking crispness and easy intelligi-
‘bility of weak speech (L); the same com-
bined with a tub-thumping pseudo-bass
(E); a metailic pretence of brilliance that
is painful at loud volume (F); a lack of
‘thrilling depth in music (though quite
tolerable speech) (I); absence of glaring
faults, but general mediocrity, easily
recognisable as reproduction rather than
reality (D). These are the commonest
faults.  Those associated with loud
speakers are the most baffling; for in-
stance, E sounds as if there is too much
bass and yet not enough ; raising or lower-
ing the bass by means of tone control only
makes matters worse. Similarly for the
higb tones in F. So it is most important
to start with a good loud speaker; other
defects that are likely to occur can usually
be compensated successfully.

Peaks due to resonances are most easily
detected by going into another room (or
‘even another house !) and noting if a few
island tones are left standing up after all
the rest have been submerged by the dis-

1 See ““ Tone Control’’ articles, The Wireless
World, Sept. 15th and 22nd.
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to as an Important annual event.

The appearance of the SPECIAL VALVE NUMBER of The Wireless World is now looked forward
In the enlarged issue of November 10th will be included a comprehensive

VALVE DATA SUPPLEMENT

with classified and tabulated lists, giving characteristics and base connections, of over 1,000 British and Ameri-
can valves. In addition to the normal features of the journal, special articles on valve topics will be published.

tance. And when doing all this it is most
important to take account of the nature
of the programme. I have just mentioned
that a set that makes music sound thin
may be perfectly satisfactory for speech.
Speech should certainly be considered, for
it is a valuable clue to the too-common E
type of reproduction.  But one should
hear an orchestral programme, preferably
played in the local studio, and including
plucked double basses, drums (tympani
for the low notes, side-drums for, the
high), violins, triangle and cymbals.
These should be listened to separately, and
then as part of the general array of sound
from lowest to highest. It is surpris-
ing how the characteristics of a given set of
equipment’ apparently change right round
when a different programme comes on.
Some of these surprises can be forestalled
by experience, but even the expert often
has an eye-opener when he has applied his
instruments and got an actual measured
characteristic.

Lightweight Crystal
Headphones

HE Rothermel-Brush type ““*B’” head-
phones weigh only 3% ounces, including
head-band and cords. They are a little over
2in. in diameter and only %in. in thickness.

,In spite of their small size they are remark-
ably efficient, particularly at the higher fre-
~quencies and in the middle register where

comparison is possible they show an 8 to
10 db increase over representative moving
iron types.

Rothermel-Brush type ¢ B’ lightweight
headphones.

Between 250 and 10,000 cycles, the output
is aurally uniform, and the maintenance of
the response in the top is a quality which
has not previously been available in head-
phones. Below 250 cycles the output tails
off rapidly, but the phones stzll show some
response at 50 cycles,

Their light weight should commend these
phones for use in aeroplanes, and there
should be less interference with the compass,
as there are no magnets and only a light
steel head-band.

A single bi-morph crystal is clamped at
three corners, and the fourth drives the thin
composition diaphragm directly, The case

is of pressed aluminium, and the cap is

turned over at the edgé to form a complete
seal. Snap connectors take the place of the
usual terminal screws.

The price of the “B” type phones is
£3 15s., and the makers are R. A. Rother-
mel, Ltd., Canterbury Road, London,
N.W.6. .

"News from the Clubs

Bradford Experimental Radio Sociely
Headguarters: 66, Little Horton Lane, Bradford.
Hon. Sec.: Mr. 8. Hartley, 7, Blakehill Avenue,

Fagley, Bradford.

On November 8th a lecture and demonstra-
tion will be given by Mr. Beaumont, chief
engineer of Ambasasdor Radio, the subject
being ‘‘Commercial Receiver Design with a
Special Reference to Short Waves.”

Dollis Hill Radio Communication
Society
Headquarters: Brainteroft Schools,
London, N.W.2.
Meetings: Alternate Tuesdays at 8.15
Hon. Sec.: Mr. E. leudgc, 79,
London, N W.2, .
On October 18th Mr. Walters, of Belling
and Lee, lectured on ‘' Interference Suppres-
sion.”” At the next meeting on November
Jsth Mr. A. Turner will continue his talk on
S.W, Transmitters and Receivers.”’

Warren Road,

p.m
Oxgate Gardens,

Croydon Radio Society

Headquarters: St. Peter's Hall, Ledbury Road, §.

Croydon.

Meetings: Tueadays at 8 p.m.

Hon. Sec.: Mr. E. L, Cumbers, 14, Campden Road, 8.
Croydon.

At the October 18th meeting Mr B. R.
Bettridge, of the Marconiphone Co., spoke
on ‘“Recent Developments in Radio and Tele-
vision.”” In the course of his' lecture he
demonstrated a new cathode-ray tube.

Forthcoming Events.
November sth.—Demonstration by Mr. Stuaxt Davis of
his latest high-quality apparatus.
November 15th.—To be announced later.
November 22nd.—* Amphion,” of the Croydon Adver-
tiser, will lecture on “ The Man Behind the Baton.”
November 29th.—A lecture entitled “ Sound in the

Cinema,” by Mr. W, J. Bird.

December. 6th.—A guest lecturer will be provided by
the British Sound Recording Association.

December 13th.—A musical evening throtigh the medium
of gramophone records will be given by Mr., H., G.
Salter, the vice-president,

Exeter and Disirict Witéless Society

Headguarters: Y.W.C.A., 3, Dix's Field, Southernhay,
Exeter.
Meetings: Mondays at 8 p

Hon. Sec.: Mr. W, J. Lhmg 9 Sivell Place, Heavitree,
L\eter

On October 17th membcrs were conducted
over the Corporation’s electricity headquarters
by Mr. L. Cornish, who epened the proceed-
ings with a short talk describing the history
of the city’s electrical undertaking.

Scarborough Short Wave Club

Headguarters: Club Room, Gladstone Lane, Scar-
borough.
Meetings: Monday evenings.,

Hon. Sec.: Mr. E‘Y B. Briscombe, 48, Fieldside, North-
stead, %mxborou"h

The club is holding a special meeting at the
St. Alma Hotel, West Street, at 8.15 p.m., on
November 7th, when there will be a ciné film
dealing with the 1938 National Field Day.
The Club has its own transmitter, the call
sign being 2BXX, ’

PETO-SCOTT SUPERHET

N the Peto-Scott advertisement in last week’s
issue the price of Model goz 7-stage bat-
tery all-wave superhet should have.been given
as f4 17s. 6d, for cash, or 6s. deposit and 18
monthly payments of 6s.
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DIRECTIONAL SYSTEMS
IT is usual to depend upon varia-

tions in the amplitude of an
incoming signal, e.g., upon a
maximum or minimum of sound,
to give an  indication - of

direction. By contrast the in-
vention is concerned with a
svstem  in  which “the  direc-
ticn of a received signal is

determined by the phase-relation
of currents produced in the re-
ceiver, any change in direction
being accompanied by correspond-
ing changes of phase. -

As shown in the Figure (a), two
crossed frame aerials A, A1, both

Direction-finding system de-
pending on phase differences in
two frame aerial circuits.

tunced to the signal frequency, are
coupled together at M, equal re-
sistances R, Rt being included in
each circuit. It is then shown
mathematically that if the react-
ance of the mutual coupling M is
made equal to the resistances KR or
Ri, a change in the direction of
the incoming signal will not alter
the amplitude of the current in
either circuit, though the phase-
vector of the current in one circuit
will rotate in one direction through
an angle Y equal to the change of
signal direction, whilst the phase-
vector in the other circuit will also
rotate through the same angle Y,
but in the opposite direction. The
total change in phase is thus
double that of the change in signal
direction.

By adding the voltage pick-up
from a non-directional aerial a
‘“ phase-cardioid ”’  is  produced,
which, as shown shaded in the
Figure (b), gives a deeper or more
clear-cut directional response than
the usual heart-shaped ‘‘ampli-
tude’’ curve, which is shown un-
shaded. The method is capable of
various applications, particularly

and

Inventions

Brief descriptions of the more interesting radio devices

improvements patents will be
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issued as
in this section

included

for direction-finding, and in the
radio navigation of aircraft.
Marconi’s. Wireless Telegraph
Co., Lid.
banski). Convention date (Po-
land) September oth, 1936. No.
488611,
o o o o
ALL-WAVE RECEIVERS
T is difficult in an all-wave super-
het to secure satisfactory
operation of the local oscillator
valve on the ultra-short wave-

band, if the ordinary type of back '

coupling is used.  To overcome
this  defect the local  oscillator
valve is automatically converted to
the well-known Colpitts circuit as
and when the set is switched over
to receive ultra-short-wave signals.
_The inductances L1, Lz, L3, for
the long, mediwn, and short waves
respectively, are earthed through
condensers as shown, and one or
the other is brought into operation,
as required, by the four-pole selec-
tor or wave-change switches 6,
51, The main tuning condenser
is formed in two sections, of which
C1 is connected between the grid
of the valve V and earth. One
cnd of the ultra-short wave coil 1y
is permancntly connected to earth
through the other section Cz of
the condenser.  Accordingly, as
this coil is switched in, the valve
V begins to operate as a Colpitts
oscillator, in order to_handle the
high frequencies concerned. At
the same time, the circuit capacity
is decreased, since the two sections
Ci, Cz of the main tuning con-

[ Assignees of J. Ple-

denser are now effectively in series
across the coil Lj.

G. Hayes. Apbplication dale
February 11th, 1937. No. 487700,

first valve through a coupling
which -provides a high gain, so as
to ensure the best possible signal-
to-noise ratio. For a near-by sta-

WA
Automatic regulation of aerial
coupling, depending on the strength
of incoming signals.
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AUTOMATIC VOLUME
CONTROL
OR the reception of distant sta-
tions, it is desirable that the
aerial should be conuected to the

L4

A

C1

e

Y

Multi-band superheterodyne oscillator circuit.\‘

tion, however, such a coupling
would naturally tend to overlond
the input valve.

In general, AVC systems operate
by regulating the gain of one or
more of the valve amplifiers, and
therefore do not hold the input

signal  voltage at its  optimum
value, as does the arrangement

shown in the Figure,

The aerial A is connected to
carth at I through the input cir-
cuit of a pentode valve V 1n series
with a condenscer Ci, the latter
being common to the tuned input
circuit L, C of the first radio-
frequency amplifier Vi, The effec-
tive aerwl coupling therefore «e-
pends upon the *‘transconduct-
ance’’ of the valve V, and this in
turn is controlled by the amplitude
of the incoming signal, through
the bins applied to it via a re-
sistance R irom an AVC rectifier
(1ot shown) located at a later stage
in the chain of amplification. The
automatic control can be switched
over at S to allow manual control
when desired. .

Hazeltine Corporation (Assignees
of N. P. Case). Convention date
(U.S.A.) October 14th, 1936. No.
487041.

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,
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Editorial Comment

Valve Data: 1938

NCE again we present The Wire-
less World Valve Data Supple-
ment and once again it is larger
than ever. Since these yearly

supplements were started in 1927 they
have continually grown in size and now
over 1,000 different valves are listed
in the 20 pages of tables. The number
of different valve bases is fortunately not
yet equal to the number of valves, only
fourteen being listed.

Of these fourteen, seven are in common
use in this country, but there are no fewer
than 144 ways of connecting them! All
told, 187 base connections are listed for the
14 bases. If we have not yet reached the
condition of a different base for every
valve, we are approaching the state of
every valve having different connections !

In part the enormous number of valves
on the market is due to the valves of dif-
ferent makers bearing different type num-
bers, consequently, although they may
actually be interchangeable in a set they
must be counted as different types.
Secondly, there are in reality three ranges
—-British, American and Continental.

Apart from the question of type num-
bers there is within these three ranges a
reasonable degree of standardisation.
Complete uniformity can hardly be se-
cured without stifling development, and
some of the new valve bases, which at first
sight seem superfluous, do offer technical
advantage., 1f a base results in shorter
internal connections to the electrodes, the
input resistance on short waves is raised.
As these are improvements which could
probably be obtained in no other way the
general inconvenience of a new base is
technically justifiable.

Another point which has been criticised
is the lack of uniformity of filament and
heater ratings. At first sight, conditions
here seem chaotic, but there is actually
a reason for the various ratings.  After the
early days battery valves settled down to
a standard rating of 2 volts, which is still
universal for both British and American
valves.

When indirectly heated mains valves
were first introduced they were iztended

for operation with their heaters in parallel
from an AC supply, and an arbitrary stan-
dard of 4 volts was adopted in this country
and 2.5 volts in America. After some
years car radio started in America and as
the cars in that country have 6-volt accu-
mulators, the range of 6.3-volt valves was
produced. It was soon found that they
were as satisfactory for AC working as the
2.5-volt type, and they consequently re-
placed the latter.

The same thing happened in this
country, but as most British cars have 12-
volt batteries, the British range was rated
at 13 volts. A certain lack of standardisa-
tion was apparent, however, for some
firms adopted a current rating of 0.3 am-
pere, whereas others decided upon 0.2
ampere. Just as in America the valves
were used in AC/DC sets and the heater
power was found insufficient for all types.
Consequently, similar valves with the
standard current rating but of higher volt-
age appeared for AC/DC operation and
with the standard voltage, but higher cur-
rent rating for car radio. These valves
never became popular in AC sets, the 4-
volt type being retained for these.

Among mains valves, then, the 4-volt
and 13-volt are the standard British types
for AC sets and car-radio, with the 13-
volt and higher voltage types for AC/DC
sets. In America the 6.3-volt type is now
standard for all three applications, but
there are higher wvoltage specimens in-
tended purely for AC/DC operation.

In this country 6.3-volt types are now 1o
be found and represent some attempt. to
come into line with American practice;
again, however, different makers have
adopted different current ratings and even
bases. In general, the 6.3-volt o.3-am-
pere valves are of American characteristics
and have the American Octal base, while
the 6.3-volt 0.2-ampede side-contact valves
follow Continental practice.

When the 6.3-volt valves were first in-
troduced in this country it was hoped that
standardisation had begun, and that the
other types would soon disappear. This
hope has not been realised, and it seems
probable that it never will be now.
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Va ve lnput Resistance

ITS IMPORTANCE AT WAVELENGTHS BELOW 10 METRES\

N most circumstances the amount -of

§ . amplification obtainable from a valve

depends on the amplification factor

and internal anode resistance of the
valve and on the nature of the intervalve
coupling used. As an example, a stage of
AF amplification using a triode valve with
an amplification factor of 40, coupled to
the next stage by a 1 to 3 transformer
having an input impedance large com-
pared with the valve’s anode resistance,
would give an amplification of nearly 120.
‘Another example: a stage of RF amplifi-
cation using a pentode valve with an
amplification factor of 3,000, an anode
resistance of 1 megohm,
anode coupling with a dynamic. resist-
ance of 50,000 ohms, would amplify
3,000 x 50,000

1,050,000
conductance of this valve is 3 milliamps
per volt, and when the coupling imped-
ance is, as usual with RF pentodes, small
compared with the internal anode resist-
ance; it-is usually enough to reckon the
amplification as the mutual conductance
in amps per volt multiplied by the coup-
ling impedance (in this case 0.003 x
50,000, Or 150).

The input impedance of the valve, be-
tween grid and cathode, is generally of
minor importance; in fact, it is often
allowable to regard it as so nearly infinite
as to have negligible effect. But as the

, or 143 times. The mutual

and a tuned

By M. G. SCROGGIE, B.Sc.,
oo AMULEE, o
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HE low input resistance of valves
working on ultra-short wave-
lengths becomes a factor of dominant
importance, severely vestricting am-
plificaticn and impairing selectivity.
How these ill-effects can be minimised
by selection of the most suitable type
of wvalve and by design of the
assoctaled circuits is explained in
this article. ‘

pedance, and as the resultant of a number
of ‘impedances in ‘parallel must be lower
than the lowest of them there is naturally
not much inducement to attempt really
high values of coupling impedance. To
illustrate this, Fig. 1(a) shows the essen-
tials of a tuned anode stage of amplifica-
tion. At resonance the tuned coupling is
equivalent to a relatively high resistance,
which can be called Rc. The internal
anode resistance of the valve can be de-
noted by Ra, the grid leak by Rg, and
the input resistance of the following valve
by Ri. The capacities of these items are
left out of account, being regarded as in-
cluded in the tuning capacity; and the
blocking condenser usually has a negli-
gible impedance at the signal frequency.

it is snnpler to regard it as a current gene-
rator in parallel with everything and equal
to GVg, G being the mutual conductance.
The signal voltage applied to the second
valve can then be calculated by multiply-
ing GVg by the effective coupling resist-
ance, consisting of all four resistances
in parallel. This can be called R,
as in the still further simplified diagram
(c). Supposing, first, that it is a medium-
or long-wave circuit, and Rr is, for the
sake of argument, T megohm, as are also
RA and Rr. The whole lot in parallel,
Rc apart, are thus a third of a megohm,
which is ‘considerably higher than any
practical value of Rc. So Rc, the coup-
ling" impedance, being the lowest, is the
main factor controlling the amplification.
If it is, say, 75,000 ohms, then R works
out at 62,000.

Unavailing Efforts

Contrast the situation on ultra-short
waves, where RI may be 5,000 ohms.
Whatever is done to increase the efficiency
elsewhere cannot avail to bring the total
effective value, R, even up to the 5,000
ohms. The amplification being propor-
tional to GR, the importance of the input
resistance is evident.

The same sort of argument applies to
the coupling between aerial and first valve.

The practical results of this are
severely restricted amplification and selec-

frequency of the signal with which the So far as the signal is concerned, then, the tivity. Infact, as the frequency is raised,
valve has to deal is ) a point is reached
raised this factor I where with a given
grows in import- nr ) valve no amplifica-
ance until it tion at all is pos-
swamps the other sible. Television is
considerations just not so seriously
mentioned. This affected as might be
state of affairs . supposed, for, ow-
usually sets in at > > ing to the neces-
frequencies greater sity for very poor
than  about 30 , { selectivity in order
Mc/s (wavelengths ‘ 9 3 3 2 3 $ to cover the whole
le s/s (than gIO > (DVQG EERA ich E,RL ::R' veG fiR wide band of vision
metres). So  the 4 1 1 ) ] 1 modulation, the
television wave- i i effective  coupling
band is among > L > resistance R would
those concerned. (a) (b) () have to be quite

When one is ac- || : ~ low in any case.

customed to input
resistances of the
order of a megohm
it is a bit startling
to come  across
values of only a
few thousands of
ohms. In the television waveband the

sisfaace.
effect of the aerial.

input resistance of an ordinary valve is of

the order of 10,000 ohms, and in the
amateur 5-metre band about 5,000 ohms,
Sometimes it is considerably less. This
comes in parallel with any coupling im-

Fig. 1.—A high-frequency coupling between two valves, shown in its essentials at (a), can be
represented by four resistances in parallel (b), comprising the equivalents of first valve output
res:stance, tuned circuit dynamic resistance, grid leak res:stance, and second valve input re-
The same applies to an aerial-to-valve circuit, if Ra is taken to represent the loading
By combining these four resistances, they can be represented by a single

resistance (c).

effective coupling is as shown in Fig. 1(b).
If we were considering a low-resistance
valve, the signal produced by the voltage
Vg on the first grid could be represented
by a voltage generator in series with Ra
and équal to pVg ; but in a pentode valve

That is why, in
order to achieve a
useful amount of
amplification, the
other factor G-—the
valve’s mutual con-
ductance—is made
as high as possible.  But for reception
other than television the low value of R
is very troublesome.

What “exactly is the cause of
this  calamitous = falling off in  re-
sistance ? There are actually several
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causes, the relative importance of which
are still being debated by the specialists.
There is the loss in the capacity of the grid
and its lead-in wire, valve pin, socket,
etc. This capacity forms an increasing
proportion of the whole tuning capacity as
the frequency is increased, so it is im-

10,000

wpur nresistance (R1) : oums

1

muTuaL conouctance {G) : ma/v

Fig. 2.—Relationship between mutual con-
ductance, G, and input resistance, Ry, of a
SP41 valve as the grid bias is varied.

portant that it should be low-loss, and
hence valves for ultra-short waves are
sometimes made with ceramic bases and
are usually mounted in sockets of similar
material. Another cause of low resistance
is that the time taken by the electrons to
cross the inter-electrode space inside the
valve is an appreciable part of one cycle of
oscillation. At 6 metres the time occupred
by a whole cycle is a mere fifty-millionth
of a second, so that time allowed for the
electrons to move does not leave room for
much hesitation on their part! For
reasons which have been explained from
time to time! the effect of any appreciable
delay is equivalent to a reduced input re-
sistance.  This has commonly been
regarded as the main culprit in pulling
down the input resistance, and it may be
so at least in some valves, but a leading
investigator® has changed his mind as a
result of more thorough research, and now
ascribes from one to two-thirds of the
blame in typical European amplifier valves
to still ‘another cause—the inductances of
the electrodes and their leads, in conjunc-
tion with their capacities. In particular,
the inductance of the cathode lead is liable
to be a serious contributor to reduced in-
put resistance.  The connection between
cause and effect may not be entirely
obvious, but the evidence seems to be well
founded. It tends also to emphasise the
necessity for guarding against adding still
further to the losses by using unnecessarily
long leads external to the valve.

Rapidly Falling Resistance

Although the exact nature and disposi-
tion of these various causes of low input
resistance are very interesting to the valve
designer, the valve user is obliged to ad-
just himself to the fact. 1t is interesting

1 E.g., in “ Grid Loss at Ultra-high Frequencies,”
The Wireless World, Cctober 23rd, 1936.

2 M. J. O. Strutt. (See Proc. 1.R.E,, August,
1938.)
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to note that the input resistance for short
waves is approximately proportional to the
square of the wavelength, and hence falls
off very rapidly.

Coming, then, to the practical aspect of
the matter ; how can low input resistance,
or at least its bad effects, be avoided?
Broadly, there are  two ways open to the
set designer : selection of a sunitable valve,
and circuit desigh. It has already been
mentioned that amplification depends
mainly on the product GR, and we have
seen that at very short wavelengths R de-
pends mainly on R1, the valve input resist-
ance. Now it is no use increasing the
mutual conductance, G, of the valve, if
its R1 falls correspondingly. Unfortunately
that is just what tends to happen. Consider
a typical modern RF pentode, the Mazda
SP41. The G can, of course, be adjusted
by varying the grid bias, and in this par-
ticular example very high values are
reached when the bias is small. A curve
connecting G and R (Fig. 2) shows that
as the one goes up the other goes down,
and the tendency is for the two effects to

-
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Fig. 3.-—How the stage gain obtained with

the SP41 depends on grid bias, assuming

two typical values of tuned circuit resistance.

As the bias is reduced the selectivity drops,

even over the range giving approximately
constant gain.

cancel out so far as amplification is con-
cerned. Fig. 3 shows the stage gain as a
function of grid bias, assuming two
typical values for the tuned coupling re-
sistance inclusive of Ra and Rc. These
values are inevitably lower than in long-
wave practice. It 1s seen that amplifica-
tion does not fall in anything like the same
proportion as G, and up to a point G shows
a tendency to remain constant, due to the
compensating rise in Ri. Up to that
point grid bias adjustment is chiefly a
selectivity control.

What is true of different adjustments of
a single valve is largely true of different
designs of valve. An improvement in Rt
is usually offset by a loss in G, and vice
versa. Where selectivity is wanted one
naturally decides in favour of high R1. A
large net improvement can be obtained,
however, by abandoning ordinary valve
construction. From a consideration of the
various causes of low input resistance it
can be seen that what is wanted is very
small spacing to reduce electron transit
time, very low inter-electrode capacity
(which if it is not to clash with the pre-

qor1

ceding feature means small electrode area,
as well as short well-spaced leads), low
dielectric loss, and short leads. All of
these requirements are met as far as pos.
sible in the Acorn style of construction,
which yields a most valuable tenfold in-
crease in input resistance while retaining
normal mutual conductances. Unfortun-
ately these valves are exceedingly difficult
and expensive to make and are very
fragile. Valve makers agree in hating
them.

How the New Valves Help

So various attempts have been made to
obtain at least a portion of the benefits of
the Acorn within the scope of reasonable
manufacture. It does not seem likely that
a close approach to the Acorn character-
istics will be obtainable without radical
departures from normal valve construc-
tion; but some advances have been
recorded. For example, the ““E’’ series
featured by Mullard and Tungsram em-
ploy the side-contact base, permitting
shorter internal leads. Also the electrode
construction is unusually compact. It is
claimed that the valves have input resist-
ances intermediate between ordinary
valves and Acorns. The British octal base
sponsored by Mazda is also claimed to re-
sult in an improvement, due to the shorten-
ing and increased spacing of internal
leads. Low input resistance is desirable
not only in the RF amplifier, which may
be optional, but above all in the frequency
changer, which is essential (in a superhet).
The Osram X635 triode-hexode is claimed
to be an improvement on the earlier X41
and X31 as regards input resistance.

The second field of attack is outside the
valve, and here again the lengths and dis-
positions of the leads must be carefully

+HT
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Fig. 4.—Example of a stage of short-wave
amplification indicating point connection of
all return leads to earth.

7
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considered, and the newer types of valve
base may be helpful in this respect. The
need for a valve-holder with as little di-
electric material as possible, ‘and ‘that of
low-less characteristics, is.obvious. - The
leads; including those such ascathodesand
screens that™ are often wrongly looked
upon as ‘‘dead’” to RF currents, should
be as short and direct as possible, through
blocking condensers where needed, to a
single ““earth’” point. This is suggested
in cireuit diagrams such as Fig. 4. The
return “from- the = suppressor grid, etc.,
should be taken to “ earth’” and not to
cathode. :
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Fig. 5.—An example of how the performance
of a stage can be improved, when the valve
. input resistance is very low, by tapping the
valve across only a portion of the tuned
circuit. The vertical scales are only relative.

Another possible expedient, particularly
when the best selectivity is desired, is tap-
ping down the tuned circuit. In this way
the sharpness of the tuned circuit is im-
proved, and with it the signal voltage de-
veloped across it, which may more than
compensate for the reduction due to the
step-down to the valve. Consider, for ex-
ample, the valve having the character-
istics shown in Figs. 2 and 3, and suppose
it to be operated at 6 mA/V (~2.3 volts
grid bias) which seems to be about the
most favourable setting. Its input resist-
ance R1 is then 3,300 ohms at 45 Mc/s,
and, assuming the frequency-squared law
previously mentioned, this would {fall to
2,200 ohms at 55 Mc/s (5.4 metres). An
efficient tuned circuit might have a Q, or
“* magnification,”” of 200 ; and its dynamic
resistance, assuming a total capacity of 35
m-mfds., would be 16,000 ochms. Suppose
this mrcmt is employed between aerial and
valve, and that the aerial connection is
equivalent to a par allel resistance of 20,000
ohms, Allowing for this, the tuned

' proathmg the problem of ‘‘easy’
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circuit is 8,900 ohms—still well above the
input resistance of the valve. Connecting
the valve across the whole tuned circuit
therefore would load the tuned circuit ex-
‘cessively.  Fig. 5 shows how selectivity
and amplification would ‘be affected by
tapping the valve input across only a por-
tion of the coil. A half-way tap would not
only give more than 2} times the selec-
tivity but also double the amplification.
A considerable further increase in
selectivity and only a moderate loss of
-amplification could be obtained by tapping
slightly below half.

Summarising : the input resistance of
valves falls off very rapidly as the fre-
quency increases, and in the ultra-short-

NOVEMBER 10th, 1938."

wave region becomes of dominant impor-
tance. Where very low selectivity is
required (as in television) this does not
matter very much so long as the valve has
a very high mutual conductance. Where
high selectivity and amplification are
wanted, the most effective way of avoid-
ing input resistance losses is to use Acorn
valves. Alternatively some of the newer
types of valves offer a measure of improve-
ment at a much lower cost. And the best
can be made of the valves available by
attention to high-frequency leads, making
them short and direct, bringing all by-pass
connections to a common earth point, and
by choice of a suitable tapping I"ltlo be-
tween tuned circuit and valve.

Frequency Control

TUNING WITH THE HELP OF THE MAINS

very much to the fore just now,

there are other methods of ap-
' tuning
which may still be said to possess certain
merits of their own. ‘It is one thing, for
instance, to select a given station by press-
ing the right button, and another to feel
confident that it will always come through
‘“dead in the centre’’ of the band-pass
circuits.

- The visual tuner represents the first aid
to dead-centre tuning once AVC made it
difficult to trust to the ear alone. A later
development is one in which an automatic
check or ““brake’ is applied to the con-
trol shaft as the circuits reach the true
point of resonance, so that the listener
is helped by his sense of touch. In both
cases the necessary ‘‘control’ current is
usually supplied by the signal, through a
highly-selective circuit, so that it comes
sharply into action at the right moment.

’ ALTHOUGH press-button control is

trolled tuning assisted by the mains.
Incoming signals, after being combined
with local oscillations from 1O, are passed
through one or more IF stages, a second
detector, and one or more AF amplifiers
to the loud speaker, in the ordinary way.
Branched off from the IIF stage is a valve
V which is modulated by the AC mains
frequency through a transformer T. The
modulated output is coupled to a highly
selective filter F, so that only a narrow
band of frequencies can pass to a relay
R, which applies an automatic brake to
the tuning spindle at the right moment.
Although shown for the sake of clear-
ness as a branch circuit, the valve V is, in
fact, the ordinary IF amplifier of the set,
whilst the filter circuit I is included in the
usual band-pass coupling between the IF
valve and the second detector. A pair of
delay-action diodes are used to keep the
mains-modulated frequency out of the sig-
nal channel, until such time as the carrier-

\V  Block diagram illus- .
trating  brake-con- LOUD
trolled tuning. SPEAKER
2nd
DETECTOR AF k
S -—-— i
AF W
1 — B aad
\ F AF R
Lo
— — O
-—‘_.F—_. AC
MAING

But signal currents are a relativ ely weak
source of energy, partlcularly when it
comes to operating an automa’uc “tuning-
brake, and the latest suggestlon is to tap
off a little extra ]mce from the supply
mains to do what is required. . The idea
is shown in the diagram (Patent 490272)
which shows the ‘‘skeleton’’ circuit of a
superhet receiver fitted with brake-con-

wave of the incoming signal reaches its
peak. At that moment the narrow band
of modulated current, supplied from the
mains, is allowed to pass through the filter
circuit and apply the automatic brake to
the tuning-shaft. In so doing, it opens a
‘switch and automatically puts itself out of
action until the listener decides to change
over to another station.
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Steel Valves

NEW GERMAN PRODUCTIONS
WITH GLASS AND
EARLIER METAL TYPES

COMPARED

UST before the recent Berlin Show
Telefunken brought out a new series
of valves which aroused considerable
interest. The group embraces 13

types characterised by the letter ““E,”
and is called the *‘ harmonic series.”” This
name, which rather puzzled foreign visitors,
was chosen because the different units of
the series are adapted to work together mn
such a way as to provide optimum per-
formance with a minimum of tubes. The
heater voltage is fixed at 6.3 volts. The
RF and IF tubes can, therefore, be run
in parallel from AC mains, or from the
storage battery of a motor car, or in serles
from DC mains. This is a step towards
standardisation and reduction of types as
the special DC and car-radio types have
now become unnecessary. Heater current
tor these tubes is uniformly fixed at 200
milliamps, which is a considerable reduc-
tion as compared to previous Telefunken
tubes.

The most interesting feature of the new
tubes, however, is their inner structure,
which departs from conventional
'standards in several respects. With the ex-
ception of the output and rectifier valves,
for which the glass bulb is preferable, and
of the tuning indicator tube where it is in-
dispensable, the valves of the E series
have a steel envelope. It would be wrong,
however, to assume that the new Tele-
funken productions are imitations of the
““mmetal tubes’’ which were put on the
market some years ago in the U.S.A. The
use of metal for the outer envelope of
transmitting and receiving tubes is an old
idea which did not—to the knowledge of
the writer—originate in America. The
problem of providing an-effective seal be-
tween glass and metal was solved in the
U.S.A. by separate insulation of the lgad
wires with individual glass beads sealing

The German base is similar to the American
Octal, but the pins are differently arranged.
Note the slot into which
a screening plate can
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““Fernico’’ eyelets—one for
each wire. While this was
a very important contribu- -
tion it was unfortunate
that advantage was not
taken of the opportunity to
do away with other funda-
mental disadvantages of the
old glass tube, which are far
more important than the
use of glass for the envelope,
and which are caused by the
conventional system of fix-
ing the inner parts or elec-
trodes by means of a
comparatively narrow glass
tube pinched at the top to
hold the wires and produce
a vacuum-proof seal. As

THE author suggests
that the robustness

of the earlier type of all-metal
valve is more apparent than real ;
he goes on to  describe  the
horizontal electrode assembly of the
new German Telefunken steel valves,
which, it is claimed, provides greater
rigidity, lower inter-electrode capa-
city and higher mutual conductance.

everyone experienced in the handling of
valves knows, it is not the glass bulb
which generally suffers from the effects of
shock and vibration, but the inner metal
structure. This is partly due to the modern
tendency towards reduced inter-electrode
spacing and the considerable length of the
electrode supports.
The claim that metal
tubes are inherently
more rugged than
glass tubes is justi-
fied only in so far

be inserted.

that a certain im-
provement in the
method of fixing the
electrodes had ac-
tually taken place.
No material change
had, however, been
effected in the de-
sign of the elec-
trodes themselves,
which retained the

shape and disposi-

tion wusual with glass tubes and
were, therefore, liable to the same sort of
mishaps. ~

Where, then, are the advantages of the
metal envelope to be found if its obvious
immunity from breakage is ignored? In
the first place, steel has the advantage over
glass that it not only constitutes an en-
closure for the vacuum but also a screen
against "electromagnetic and electrostatic
fields. Tt therefore serves a dual purpose,
while the glass tube necessitates separate
screening which may either consist of a
separate shield or of a metal coating con-
nected to one of the socket prongs. As
output and rectifier valves need no screen-
ing, there is no point in giving them a
metal envelope. On the contrary: as
these tubes give off considerable heat a
metal casing would actually be undesir-
able. That is one of the reasons why, for
these special purposes, the metal tube has
not made much headway in America, and
glass tubes are preferred. The new Tele-
funken E series, for the same reason, con-
sists of steel and glass tubes, according to
the purpose of each type.

Short Lead-in Wires

The second advantage of the steel valve
-—which could, however, also be arrived
at by new methods of glass design—con-
sists in the novel method of arranging and
sealing the lead wires. With the old glass
tube, these wires run closely parallel for a
considerable distance in the lead-in tube,
then converge to form the *“pinch’’ and
separate again to reach the various points
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of connection inside the tube. The wire
lengths are considerable, as the pinch is
quite a distance from the valve base, and,
furthermore, the electrodes project well
above the pinch. The grid lead is intro-
duced at the top of the whole system,
necessitating lengths of external screened
lead to connect with the corresponding
point of the circuit. The entire system is
by no means completely rigid and so is
affected by vibration and shocks; it is
also characterised by considerable inter-
electrode capacities. Some of these disad-
vantages were reduced in the American
metal valve by the elimination of the
““pinch’’ and shorter connections between
electrodes and tube base. The main draw-
back however——the length and non-
rigidity of the active system, remained
materially as it was in the glass tube.

Horizontal Electrode Assembly

The fundamental innovation in the new

Telefunken steel tube consists in the hori-*

zontal disposition of the entire active
system on a strong steel base plate, allow-
ing rigid mounting at both ends by means
of short U-section metal struts welded to
the base plate. As both ends of the elec-
trodes are now equally close to the base,
and as the lead wires run straight down
from their connecting points to the base
prongs, all lead wires have been reduced
to a fraction of their former length and
are, moreover, spaced well apart. The long
and sometimes wobbly structure charac-
teristic of the present-day valve, often
necessitating the addition of resilient mica
spacers for support

Wireless
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ment, due to the reduced length of, and
great distance between, the lead wires.
lras resulted in exceptionally low inter-
electrode capacities. These allow of a very
marked improvement in short-wave per-
formance as compared with previous types
of ordinary broadcast receiving tubes. Yet
anotizer new departure is the abolition of
the grid cap on the dome of the tube and
the disposition of the grid connection
alongside the others on the tube base. This
not only does away with an important
source of breakdown, the precariously
located grid cap being one of the worst
causes of trouble, but it gives the designer
far greater freedom for the layout of his
wiring and the arrangemnet of his coil
assemblies, while reducing the length of
the critical grid connections. Provisions
are made on valve base and socket for the
ingertion of a little screen plate separating
the leads which require screening from
the others.  The base is similar to the
American octal base; however, there are
three prongs in one group and five in the
other, separated by the slot for the screen
plate, which has the additional advantage
of increasing the insulation resistance be-
tween the two groups of prongs. The base
is so designed as not to lower the perform-
ance of the active parts in any direction
whatsoever. The glass tubes of the series
are also equipped with the new base.

It is not without interest to observe the
great difference between the methods of
launching a new type of valve in America
and Germany. In the U.S.A. metal
valves were introduced rather precipitously
as a combative measure in the fight for
market supremacy between great private

business concerns.

in the upper part of
the glass or metal
tube envelope, has
completely  disap-
peared. The ex-
treme rigidity of the
new structure is im-
mediately apparent.
The importance of
this feature consists
not only in the re-
duction of break-
downs and of
vibration effects,
such as microphonic
noises, howling,
etc., but also in the
possibility of bring-
ing the different
electrodes yet nearer

Engineers  were
hardly ready for
mass production on
a’ really big scale
and alarming per-
centages of rejects
were at first experi-
enced, putting the
entire idea in
jeopardy. On the
other side publicity
was loud and asser-
tive. Glass tubes
were described as
obsolete and metal
tubes—in spite of
the similarity of
their electrode
assembly —as im-
measurably

together,  thereby
improving the elec-
trical performance
of the tube, without
risking an increase
in the percentage of
rejects or defects. The sealing of the lead
wires in the base plate is effected in the

changer.

usual manner by glass beads in Fernico.

eyelets and the steel envelope is welded to
- the base plate, as are the electrode sup-
ports. As a consequence of the horizontal
arrangement of the inner structure the
tubes are shorter than the American metal
valves, the diameter being slightly greater.

Another advantage of the new arrange-

X.ray photograph of Type ECH11 frequency-
The triode oscillator section, on the
left, is screened from the other electrodes by
the left-hand support.
seen below the base plate, between the two be

groups of pins,

The pumping tube is

superior. The public
was induced to de-
mand metal tubes
because sets would

using them in
preference to glass tubes. Disillusion fol-
lowed very soon and metal valves suffered
a setback which led to a relative advance
of the glass tube.” All this had very little
to do with the actual technical merits of
the case.

In Germany the valve and set makers
got together and decided to bring out no
new tubes for dn entire year, devoting the
time to laboratory development and manu-

improved by
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facturing experiments.  The result con-
sisted in ripe new designs which were
agreed by all concerned to ensure an im-
provement of sets and a reduction of costs
for both the interested parties. The new
tubes were first introduced on a small scale

2

RF pentode, Type EF11, with anode opened

out to show inner electrodes. The channel-

section support on the left acts as a screen
for the leading-out wires.

for car radio use, and valuable experience
gained in manufacturing them. The in-
dustry then decided to introduce the steel
tubes in this year’s receivers, but limited
their use to the higher price classes. The
cheaper mass-production  sets retain the
old glass tubes. Production of the new
tubes was therefore increased gradually,
not by leaps and bounds, and difficulties
could be completely avoided. ‘‘Bally-
hoo ' was strictly vetoed and the public
was not told that old tubes were now
obsclete and should be replaced by new
ones.  On the contrary, it was pointed
out that the new valves would not be of
any immediate interest to the listening
public, but that they would enable de-
signers in future to build better sets for the
same price. Sensationalism was thus re-
placed by conscientiousness, precipitation
by thoroughness and commercial egotism
by purposeful industrial co-operation. This
method should prove more economical,
safer and better in the long run and it will
certainly tend to increase the confidence
and good will of the public towards the
industry.

New Cossor Set

DESIGNED for operation on AC or DC

mains between 200 and 250 volts, the
recently introduced '‘universal’’ Cossor re-
ceiver, Model 45, is a ‘‘straight’ single-

stage TRF set with an RF pentode detector
and pentode output. Medium and long
broadcast wavebands are covered ; the set,
which is fitted with an 8in. speaker, costs
seven guineas,
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GLASGOW
BROADCASTING HOUSE
Studio Acoustics

HE B.B.C.’s new studios and

simultaneous broadcasting
centre in the West of Scotland,
situated in  Hamilton Drive,
Glasgow, i¢ to be opened offi-
cially on Friday, November
18th.

The acoustic treatment of the
studios is of particular import-
ance, the three orchestral and
two drama studios being per’
haps the most interesting of the
nine included in the layout.

In the orchestral studios
wood panelling }in. thick is used
in the form of a dado held just
clear of the walls. Above the
dados are blankets of rock wool
‘zin. thick arranged either in
panels or horizontal strips alter-
nating with plaster surfaces.
Panels of acoustic felt are fixed
to the ceiling. The wood panel-

. ling absorbs energy at lower fre-
" quencies due to resonance, while
_1ock wool and acoustic felt ab-
“sorb mainly the higher .audible
frequencies.

The required reverberation
time for the different frequen-
“cies is secured by correctly pro-
portioning the areas covered by
_the different materials. Of the
.two drama studios one is almost
completely acoustically dead,
the walls and ceiling being
covered with rock wool and the
"floor completely carpeted. The
other studio has a reverberation
‘period. of 0.3 second brought
about by the introduction of a
‘dado of lath and plaster 4ft.
high and a normal lath and
plaster ceiling.

SIX O’CLOCK NEWS ON
: SUNDAYS
 QUNDAY is considered by

Fleet Street as a bad day
Jfor news, but this thought is
not deterring the B.B.C. from
introducing a Regional news
: bulletin at six o'cleck on Sun-
day evenings in the near future.
. The 8.50 news will then be con-
fined to the 'National wave-
lengths.

INDIAN RADIO GROWING
EVIDENCE of the growing

interest in Indian radio is
illustrated by the figures for
customs revenue on wireless
apparatus which stand at £7,350
for the month of August,
11938 ; during the same month
last year the amount totalled
only . £4,050.  Licences also
showed an exciting increase,
" numbering 57,864 at August
: 318t ; 10,664 more than last year.

The trade received consider-

able impetus during the rapidly
moving political events of the
international crisis when All-
Indian Radio put on an extra
‘news service and rebroadcast
B.B.C. news and other trans-
" missions connected with the
" situation.

LONDON TRANSMITTERS’
SHORTCOMINGS

Increasing Regional Range ?
B.C. engineers have, from

* the opening of the Lon-
don . National and Regional
transmitters at  Brookmans
Park, been somewhat anxious
over the Air Ministry’s limita-
tion of the height of the masts
to 200 feet.

It was felt that, in view of
this embargo, there was nothing
much to hope for in the way of
extending the range of the trans-
mitters. At last, however, steps
are to be taken to ascertain
what can be done, not only to
give the Regional transmitter a
greater range, but also to pro-
duce an aerial of anti-fading
design.

Some short masts are in
course of erection, and it is
hoped that experiments with a
more elaborate aerial system
will result, at least in a useful
extension of effective range.

PATENT DISPUTE

HE House of Lords, by a
majority of three to two,
dismissed the appeal in the
patent dispute between Electric
and Musical Industries, Ltd.,
and Lissen, Ltd., on which
there has been prolonged litiga-
tion—actually sixty-three days.
E.M.1. appealed against the
judgment of the Court of Appeal
(which had reversed the decision
of the Chancery Court) that
their letters patent relating to a
distortionless system of amplifi-
cation were invalid and crdered

them to be revoked.

MASSED TELEVISION
DEMONSTRATION

OR the first time television
came under the critical eye
of a gathering of eminent photo-

graphers when a mass demon- -

stration was staged at the Dor-

chester Hotel, London, last
week on the occasion of the
Royal Photographic Socigty’s

Festival Dinner.

Mr. Beverley Nichols, from
the television studio at Alex-
andra Palace, responded to the
toast ‘“The Guests.” After
which a cabaret show performed
at  Alexandra  Palace was
received.

The thirty-seven sets were fed
from a special aerial distribution

405-.

arrangements were necessary to
provide the required 11 kW
without blowing the hotel fuses.

TELEVISION FROM THEATRES

.B.C. television cameras will

be installed at St. Martin’s
Theatre on November 16th for
televising the play, “ When We
Are Married,”” in its entirety.
A super emitron will work from
the dress circle and two other
cameras from the orchestra
stalls. Control will be effected
from the scanning van outside
the theatre. Lighting will be
suitably augmented and scenery
brought nearer the footlights for
the benefit of televiewers.

On November 24th the first
act of the Jack Hulbert-Cicely
Courtneidge  show, “‘ Under
Your Hat,”" will be televised
from the Palace Theatre; an
emitron in one of the stage
boxes will cover the set and
candid close-ups will be obtained

General, in reply to a question in
the House of Commons last week,
said that it was proposed to con-
tinue the present broadcast news

service in French, German and
Ttalian. Apart  from  these
medwm-wave transmissions and

the short-wave broadcasts in
Spanish, Portuguese and Arabic,
no additions were contemplated.

Wireless Reserve in Eire

AMATEUR wireless enthusiasts in
Eire are anxious to form an organ-
isation similar to the Civilian
Wireless Reserve in this country,
and a special committee of the
Irish Radio Transmitters’ Socicty
has been formed for this purpose.
The Ivish Radio News suggests
that it will be closely linked with
the Army Signal Corps.

H.R.H. THE DUKE OF KENT presided at the first television dinner
which was given at the Dorchester Hotel by the Royal Photographic
Society. His Royal Highness is seen watching Mr. Beverley Nichols,
who responded to the toast from a television studio at Alexandra

Palace, six miles away.

(The viewing screen in this picture has not

been retouched).

system, and special mains ! in the foyer and dressing-rooms.

FROM ALL Television Forecast

e ————— Tue Chief Engineer of the

QUARTERS B.B.C., Sir Noel Ashbridge, in

R P delivering the Thomas Hawksley
Foreign Br: ts from I lecture at the Institute of
Major Tryox, Postmaster- | Mechanical Engineers in London

last week, said that it may be
readily anticipated that sound
broadcasting and television will
ultimately merge. He pointed
out that the natare of the
country within the service area ot
future  television  transmitters
might restrict the range.

Radio Normandie Tests
Tur new Radio Normandie
fransmitter at Louvetot has been

making daylight tests on 274
metres.

P.O. Wireless Progress
SPEAKING on November 2nd

at the Inaugural Meeting of the
Wireless Section of the LE.E.,
Mr. A. J. Gill reviewed the more
important developments in radio
engineering carried out by the
Post Office Engineering Depart-
ment during the past year or so.
He stated ' that the ultra-short-
wave equipment for telephonic
links at short distances, on which
work has beeén proceeding for the
past few years, has now reached
an entirely reliable stage. For
ranges up to 40 miles a trans-
mitter for unattended operation,
providing an unmodulated output
of 1 watt, has been developed.

Burndept Reunion

A Rreuniox dinner for officials
and employees of the original
Burndept Company and its subsid-
iaries, which were formed before
1928, is being arranged for Friday,
January 2oth, 1939. Will mem-
bers of the works or office staft
(either male or female) who wish
to attend please communicate with
Mr. H. W. Higgs, ¢/o 73, Madeira
Avenue, Bromley, Kent.

Modern Insu'ating Mater:a's

Ax Exhibition of ceramic and
other low-loss insulating materials,
illustrating their applications in
many fields, is to be held by the
United Insulator Company at the
Hotel Great Central, Marylebone,
London, N.W., from November
14th to November 18th.
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Letters to the Editor.

- Amateur Experimenters

AS one of the amateur transmitters con-
ducting the ‘‘rather pathetic’” experi-
ments of 5 metres, mentioned by ‘‘ Etheris ™
on page 366 of The Wireless World of Octo-
ber 27, may I be permitted to make a few
comments and ask a few questions?

On page 380 of the same issue, ‘‘ Etha-
comber ' discusses the mechanism of the
transmission of 56-Mc/s signals over dis-
tances of several thousand miles. Are we to
assume that the Post Office have the
answers to all the problems suggested by
this article? 1 wonder if ‘*Etheris” read
the very admirable article by W. A. Scarr in
the September T. and R. Bulletin, with
the title, ‘* What Have We Learnt About 56
Mc/s ”’? This article gives rise to quite a
number of questions which it is probable
would be unanswered or incompletely an-
swered by the Post Office engineers.

I am probably correct in saying that the
Post Office have not attempted to send 56-
Mc/s signals over distances in excess of a
hundred miles or so, as reliable communi-
cation over such a distance would be very
improbable, but much work has been, and is
being, done by amateurs taking regular ob-
servations over such distances. The
National Bureau of Standards in the U.S.A.
has on several occasions acknowledged with
thanks the results of regular observations
made by amateurs on 56 Mc/s. Many
things have been discovered by ‘stum-
bling ” amateurs in the past, as * Etheris "’
will discover if he reads Chapter 2 of Lad-
ner and Stoner’s ‘‘ Short Wave Communi-
cation,” and who can say what the en-
thusiastic (even if ill-equipped) amateur ex-
perimenters on 56 Mc/s may not discover in
the future? Had the Post Office waited till
they knew ¢ pretty well all about it”’ the
radio-telephone services, etc., would prob-
ably not vet be established, for improve-
ments are still being made.

A final word: the A.R.R.L.’s ‘“Radio
Amateur’s Handbook "’ is read with respect
by many a professional.

E. J. WILLIAMS, B.Sc. (G2X().

Portsmouth

Car Aerials
MR F. R. W. STRAFFORD deserves
most cordial thanks for the service he
has rendered in publishing (The Wireless
World, October zoth) results of measure-
ments on aerials in circumstances in which
it is difficult to foretell the signal pick-up.
This letter is written in the hope that he may

endorse the opinions of his

i

The Editor does not necessarily
correspondents

i

be persuaded to disclose still more experi-
mental results. In particular, the picture
which he presents to illustrate the pick-up
by the under-chassis aerial (Fig. 4) does not
appear to me convincing. IFrom this pic-
ture he deduces that “‘in no circumstance
does any improvement ensue if one passes
the midway position towards ground.”” Was
this result confirmed by experiment? On
different reasoning I am led to the conclusion
that the signal pick-up would increase the
closer the under-chassis aerial is to the
ground.

I am hesitant to explain my reasoning
without any knowledge of whether my con-
clusions find any support from experiment.
Briefly, however, the point is that the car
body should be regarded as the aerial, not-
withstanding that it is connected to the
carth terminal of the set and correctly so,
because the set is within it. The under-
chassis aerial then acts mainly as a capacity
earth, though, of course, the down-lead por-
tion also acts to increase the signal pick-up.

Presumably car aerials should be judged
also by considerations other than signal
pick-up and appearance. Is any data
available to show whether the under-chassis
aerial gives as steady a signal as a roof
aerial when the car is travelling over rough
roads? W. B. LEWIS.

Cambridge.

Comparing Performance

FROM time to time someone urges that all
manufacturers should give sensitivity
figures for their receivers; but the difficulty
with the present system of expression is
almost insuperable from a sales point of
view. It is practically impossible to explain
to a non-technical customer the ‘‘micro-
volts input for milli-watts output’’ business.
What is wanted is a simple round figure
for catalogue purposes which will give a
direct comparison. I think this could easily
be obtained by using the reciprocal of the
micro-volts sensitivity and one million. Thus
a set with 10 micro-volts sensitivity would
be advertised ‘‘sensitivity 100,000°" while

a large set would sound much more impres-

sive listed with a sensitivity of 4,000,000
than it does merely given as ‘‘ sensitivity }
of 1 micro-volt.”

BROADCASTING
HOUSE, GLAS-
GOW, will be
officially  opened
next week. There
are ten studios
housed in the new
premises,  Part of
the control room
is seen in the
picture
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Once this system is adopted it would be
an easy matter for manufacturers to agree(?)
to an arbitrary classification of sensitivity
for different purposes, and thus give the
uninitiated some idea of the set to suit their
particular need. Something, perhaps, on
the lines of the following (but not, of course,
the actual values given):—

Sensitivity

Required.

For home stations (locals) only 1,000
For home stations and more

powerful foreigners ........ 50,000

For good foreign reception .... 200,000

For world-wide reception 1,000,000

and over.

When this counsel of perfection eventually
prevails it will no longer be necessary to
explain to a disgruntled purchaser of a
g-guinea ‘* All-World *’ receiver that it is
not possible to get Australia at any time of
the day. Who knows, perhaps the more
honest firms may give the figures for each
of the wave ranges covered: perhaps not!

SALESMAN,

ALL-WAVE BATTERY SET

IT is regretted that an error occurred in

the practical wiring diagram of the
tuner of this receiver. In the oscillator
section the earthing contact of the switch
was shown joined to the oscillator positive
HT line. Tt should, of course, be joined
to the earth bus-bar which joins the padding
condensers.

Club News

Exeter and District Wireless Society

Headquarters: Y.W.C.A,, 3, Dix’s Field, Southernhay,
Exeter.
Meetings: Mondays at 8 p.m

Hon. Sec.:
Exeter.

At the meeting held on October 24th Mr. F.
Thorn demonstrated several new season’s sets,
On November 28th the Society will' visit the
showrooms of the Exeter Gas Light and Coke
Co.

Ashton and District Amateur Radio

Mr. W. J. Ching, 9, Sivell Place, Heavitree,

Socieiy
Headquarters: Commercial Hotel, €6, 0Old Street,
Ashton-under-Lyne.
Meetings: Alternate Wednesdays.
Hon. Sec.: Mr. K. Gooding, 7, Broadbent Avenue,
Ashton-under-Lyne.
A library has been formed and several

members have presented books.
tion to the Society is 6d.
morse instruction is
members  bring their own  headphones.
Arrangements are being made to give slow
morse practice over the air on a frequency of
1,870 ke/s every Thursday evening at 11 p.m.
The fo}lowmg programme has been arranged :—
November 27th.--Visit to the local radio relay ~t ation,

December 17th.—Visit fo the B.B.C. transmitting
station at Moorside Edge.

The subscrip-
per meeting; free
givenn provided that

Leicester Amateur Radio Society

Headguarters: Winn's Calé, Gramhy Street, Lejcester.
Meetings: Alternate I‘ue%da}-z at 8 p.m.

Hon. Sec.: Mr. T. Cribb, 55, Knighton Drive, Leicester.
The tollowmg programme has been ar-
ranged :—

November 15th.—Mr. R. Goddard will demmwntc his

home-constructed cathode-ray test ges

November 29th.—Lecture by a remcxentx.ncm Everett,
Edgeumbe. Ltd., entitled * Measurcments in the
Radio Field.”

Isle of Man Radio Society

Headguarters: 6. Stanley Place, Victoria Road,
Douglas,

Hon. Sec.: Mr. W. Lawson, 13, Second Avenue, School
Road. Onchan,
The  following  programme  has  been

arranged :—

December 6th.—A paper supplied by Crompton Parkin-
son. The subject is not yet kupown.

January 3rd.—Lantern lecture hy a representative of
Ediswan on ‘‘ The Cathode-Ray Tube and its Appli-

’

catious.
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Crystal
Band-Pass Filters

Part IL—METHODS OF MOUNTING CRYSTALS

NY mechanical damping or friction
upon the surfaces of the crystal
will reduce its electrical response.
If the crystal were to be tightly

clamped, it might be destroyed altogether.
It is necessary to apply the electrical
potentials to two

fine-threaded screw adjustment. This
kind of holder is effective when the crystal

is oscillating strongly, under considerable

RF energy. It is thought to take up an
equilibrium position clear of the box and
electrodes, being cushioned therefrom by

a layer of com-

electrodes which are
either in contact
with the principal
surfaces of the crys-
tal or separated
therefrom by a very
small gap of a few
thousandths of an
mnch, which must
be constant if the
performance is to
be reliable.  Any
considerable move-

N the last article the characteristics
of quartz crystals were discussed
and the author now goes on to deal
with the method of mounting. It
is shown that some conventional
ways introduce undesirable charac-
teristics and an evacuated holder is
described.

i pressed or rarefied
air produced by the
vibrating  crystal
itself. At such
high frequencies
the wviscosity of air
is considerable, and
it will not be able
to flow away from
the crystal during
the period of each
oscillation.
Whether or not this

ment of the crystal
may lead to microphonic effects, or set up
noises in a receiver.  The ideal holder
would therefore hold the crystal rigidly,
without the slightest constraint, making
uniform electrical contact with its sur-
faces. It would allow no movement of the
crystal other than free mechanical vibra-
tion (which accompanies the piezo-electric
oscillations), and would work in any
position without being affected by changes
of temperature or atmospheric pres-
sure.  In fact, its design would be an
engineering nightmare of the first water!
The usual type of holder found satis-
factory for oscillating or transmitting
crystals may be termed a box type, and
is sketched in Fig. 5.  The crystal is
placed in a box of insulating material,
such as bakelite, and lies upon a metal
plate which forms one electrode. The box
should fit the crystal closely, but not
tightly. A second electrode either rests
upon the upper surface of the crystal with
light pressure due to its own weight or
a light spring, or alternatively is held at
a small distance from it with the help of a

FLEXIBLE CONNECTION

UPPER
ELECTRODE
INSULATING
80X
TALLL LIS ILILT ISP .
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Fig. 5.—The essentials of a conventional
box-type crystal holder are shown in this
drawing.

effect is responsible,
box-type holders of refined design have
proved satisfactory in transmission.
Applied to reception, however, holders
constructed on such lines were found very
imperfect. Crystal noises were common,
while the measured resistance of the crys-
tal from day to day was a variable factor,
depending upon its position in the holder,
and making exact filter design impossible.
In addition, the mechanical damping upon
the crystal was excessive, leading to poor
piezo-electric response.

Non-Linear Response

It is often supposed that the effect of
holder friction upon a crystal is strictly
comparable to an increase in the effective
resistance of the crystal. At high values
of applied potential this may be nearly
true, but when low values of potential
corresponding to weak radio signals are
applied to the crystal this relationship
breaks down. A property of resistance is
that the law (Ohm’s law) connecting volt-
age and current through it is linear. Thus
if the crystal possesses pure resistance, its
response would be proportional to applied
voltage under all conditions. It is found,
however, that in a holder which applies
friction to the crystal no current may flow
at low values of potential, the crystal re-
fusing to oscillate. At a certain critical

“potential this frictional effect is overcome,

and the crystal commences to respond.
For a time, however, the relation be-
tween current and potential is non-linear,
and measurements carried out by the
research staff of Marconi’s Wireless Tele-
graph Co. at Chelmsford show it to be of

By E. L. GARDINER, B.Sc.

the form indicated in Fig. 6. There will
be seen to be a threshold of potential over
which the response is either absent or non-
linear, and which will reduce the response
to weak radio signals. . A good holder
design must reduce this defect to a mini-
mum, eliminating it if possible. ~ When
testing crystal-gate communication re-
ceivers the writer has often noted a lack
of response to very weak or distant sig-
nals, which on occasions have vanished on

=
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Fig. 6.—It is found that the use of an im-
perfect holder makes the response non-linear,
as shown by this curve.

switching in the crystal, while stronger
signals have not been reduced materially
in strength by it.  There can be little
doubt that mechanical damping in the
crystal holder is responsible for this de-
fect, which limits the usefulness of the
filter in distant reception where its high
selectivity would be most valuable; and
that an improved design or holder is
called for.

Extensive experiments have shown the
advantages of two new departures in
holder construction.  The first of these
relates to the electrodes. It is difficult
to get the best electrical characteristics
unless the electrodes are actually in con-
tact with the crystal, or very close to its
surfaces. The former, however, tends to
cause friction, while the latter is not easy
to ensure from a simple and inexpensive
holder. A solution has been found by
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coating the active surfaces of the crystal
with a thin film of silver, or other cou-
ducting metal, which now becomes the
electrode.  This method has previously
been used on occasions for transmitting
crystals, and is not claimed as entirely
new. Applied to resonators it results in a
high degree of constancy, and a small im-
provement in efficiency compared to a

carefully adjusted gap holder, while it is

much better than a poorly adjusted one.
If the metal coating is thin it has a
negligible damping effect upon the crystal,
while its effect upon the frequency is
small, and casily allowed for. It now
only remains to make contact to the
metallised surfaces, which can be done by
means of a light wire brush, and also to
support the crystal.

A light pad of wire

Wireless
Worlal

stal is supported by fine wire brushes in
an evacuated bulb not unlike a valve, and
fitted with a standard valve base.

For the first time this holder gave con-
sistent performance, the measured damp-
ing of the crystal being practically constant
over long periods, while it is sufficiently
robust to pass safely through the post.
A photograph of two such crystals is
shown. They are manufactured under
licence by the Piezo Crystal Co., of 21 Old
Queen Street, London, W.1, and will be
found most valuable to those interested in
accurate scientific work employing crys-
tals, or wishing to construct band-pass
filters of the highest performance and
reliability.

For many purposes, such for example, as
broadcast reception, it is doubtful whether
an evacuated holder is essential, and it

The method of mounting the crystal in vacno is clearly shown in this photograph.

gauze will do this with very-little restraint.
In the case of large crystals used at com-
paratively low frequencies it may be satis-
tactory to support -the bar upon knife-
edges, which may be of cork, about the
central nodal region. It is found also that
a metallised crystal may be used with
advantage in. the box-type holder, with a
small air gap between the electrodes and
metallised surfaces, and that less varia-
tions in performance then occur.

A second improvement is produced by
enclosing the crystal in an evacuated
container. The vacuum necd not be very
high, and must not reach the region at
which ionisation by the applied potentials
might occur.  About one centimetre of
mercury is suitable. The removal of air
damping raiscs the effective Q of the cry-
stal by as much as three times in some
cases, showing that the viscosity of the air
causes appreciable friction at high rates of
vibration. The crystal is, of course, also
isolated to a large extent from tempera-
ture changes, and is unaffected by
humidity of the air or by dust. The May-
coni Company have designed a holder
combining these two features with other

' Patent No. 477,344 (Application).

has been found possible to produce an
improved box-type holder which is much
less expensive. This consists of a moulded
steatite case, having metallised electrodes,
and used preferably with a metallised
crystal. By refinements in construction
it has been found possible to maintain a

~small and constant air gap under pro-

duction conditions, and the unit is quite
satisfactory unless it be subjected to in-
tensc vibration while in use, when the
evacuated type would be selected. Since
the crystals are small, this moulded holder
containing a pair of matched crystals can
be small enough to fit comfortably inside
a normal IF transformer can, and it

becomes possible to design a band-pass

filter which occupies no more space than
a conventional IF coupling.

«Single Signal—and Why”

HE author of the above article, pub-
+ lished in our issue of September 29th,
‘1938, writes: ““The word ‘decreases’
in line 33 on p. 286, should read increases.
A similar correction should be made to the
word ‘decreases,” which appears four lines
lower down. -~ When these
made, it will be found that the explanation
given in the text no longer reads on to

‘Page.

corrections are

NOVEMBER r1oth, 1938.

Figs. 5 (a) and 5 (b). I, however, the
reference to Fig. 5 (a) in the text be corrected
to read ‘Fig. 5 (b),” and the reference to Fig.
5 (b) be corrected to read ‘Fig. 5 (a),” the
explanation will be found to be in order.

‘“ These necessary corrections have, I
regret to say, brought to light one more
error. In the second column on page 286,
the word ‘above’ on line 21 should read
‘below.’

‘““All of these errors are dependent on
the first error which occurs in line 33 in the
first colummn. All the drawings shown in the
figures are quite correct, and the captions
and lettering relating to them need no
alteration.

“ Finally, in order to remove any doubt
which readers may have as to the correct-
ness of the theoretical discussion given in
the article, I should like to remark that the
corrections which I have given above do
not in any way affect the soundness of the
conclusions reached or of the explanation
as a whole.”

Television Programmes

Sound 41.5 Me/s Vision 45 Mc/s
THURSDAY, NOVEMBER 10th.

3, " Villa for Sale,” a comedy. 3.25, Gaumont-

British News. 3.35, 1%¢th edition of Picture

9, Cabaret, including Walsh and Barker. 9.40,
British Movietonews.  9.50, i1goth edition of
Picture Page. 10.20, News.

FRIDAY, NOVEMBER 11th.

10.30, O.13. from Whitehall of Armistice Day
Cenotaph service,

3, O.B. from Whitehall of the scenes around the
Cenotaph, with descriptive commentary by
Thomas Woodrooffe.

9, " The White Chatcau,” a play by Reginald
Berkeley. Castincludes Antomnette Cellier and
A. R, Whatmore, with co-operation {from mem-
bers of the 33rd (London) Medium Brigade
R.A, T.A, and the 7th Bn. the Middlesex
Regiment, T.A. 10.30, News.

SATURDAY, NOVEMBER 1 2th.
3, Punch and judy. 3.5, Cartoon Iilm.
Cabaret.  3.50, Gaumont-British News,
9, ' Ladies Onlv.” an All-Women Revue with
book, lvrics and music by Joan Stevenson.
9.35, Diritish Movietonews. 9.45, Golf demon-
stration by Ernest Bradbeer. 10, Film. 10.20,
Pianoforte solos by Clifford Curzon with the
B.B.C. Television Orchestra.  10.40, News.

SUNDAY, NOVEMBIER 13th.

8.50, News. 9.5, Music Makers. 9,15, Cartoon
Fitm. 9.20-10.50, " The White Chiteau ™ (as
on I'riday at ¢ p.m.).

MONDAY, NOVEMBER r4th.
3-4.30, " General John Regan,” a comedy by
G. A. Birmingham.

9, Starlight. 9.10, British Movietonews. 9.20,
News Map IV —Palestine. 9.40, Cartoon Film.
9.45, Pantastic Garden. 10,15, News.
TUESDAY, NOVEMBER 15th.
3, FEric Wild and his Band. 3.20, British
Movietonews.  3.30-4, “ Viceroy of Peru,” a
one-act play by Prosper Mérimée.
9, The Comedian Harmonists. 9.15, Cartoon
THlm. 9.20, C. H. Middleton. 9.35, Gaumont-
British News. 9.45, Re-View, including Quecnie
Leonard and Patricia Burke in songs and scenes
from by-gone shows. 10.15, News.
WEDNESDAY, NOVEMBER 16th,
3, West End Cabaret.  3.30, Gaumont-British
News. 3.40, Talk,
9, Speaking Personally, Tan Hay. 9.10, Squash
Rackets Demonstration.  9.25, Cartoon lilm.
9.35, Dritish Movietonews, 9.45, Contrasts.
10.15, News.

3.10,



The Wireless World, November 1oth, 1038

The “Waireless World”

409

VALVE DATA SUPPLEMENT

EW valves are still being produced
in great numbers, and The Wireless
World Valve Data Supplement
consequently grows in size every
year.  Current types of British and
American  valves are listed, together
with their electrical characteristics, opera-
ting conditions, and base connections.
Valves which are definitely obsolete are not
included, but the omission of a specimen
should not be taken to mean that it is now
.unobtainable. Valve makers can usually
supply obsolete types as replacements.
Quite a number of the valves included are
‘approaching obsolescence in the sense that
‘one would not choose them in preference to
newer types for a new receiver. They are,
however, still used in large numbers in exist-
‘ing receivers, and the inclusion of their
_characteristics is justified on the score of the
‘help it gives to those engaged in servicing.
In general, valves are listed in order of
ifilament or heater voltage, *'With a  few
fexceptions, 2-volt valves are for bdttery
‘operation, and 4-volt types for AC mains
‘operation. The 6.3-volt types are intended
for AC operation with the parallel connec-
tion of heaters or for AC /DC operation with
the series connection of heaters. They are
‘also suitable for car radio receivers when a

6-volt car battery is used. The 13-volt range '

is intended chiefly for AC/DC sets and for
car radio with a 12-volt battery. Valves of
higher heater voltage rating are designed for
-AC /DC receivers.

- Valves run with heaters in parallel from
a single transformer secondary must all
have the same heater voltage rating, but the
currents can differ.  When series operation
is adopted, as in an AC/DC set, the valves
must take the same current, but the volt-
-ages can vary.

The valves listed are classified roughly
acwrdmg to their ma)or uses, but because
‘a valve is included in one section it should
not be supposed that its functions are neces-
sarily confined to that one application. An
RF pentode, for instance, finds its major
application as an RF or 1F amplifier as ifs
name would suggest, but it can also be used
as a grid detector or an anode bend detec-
tor, or a resistance-coupled AF amplifier.
The operating conditions for these less
common applications are often widely dil-
ferent from those when it is to act as an
RF amplifier. To list conditions for all the
possible applications of a valve is obviously
impossible in view of the enormous number
of types now marketed. The conditions
given, therefore, are the optxmum ones for
.the purpose for which the valve is primarily
intended by its makers.

Frequency-changers

The first section is headed frequency-
‘changers and includes valves primarily in-
tended for this essential operation in a
superheterodyne. The chief types are the
heptode, octode, triode-pentode, and triode-
hexode, and these are essentially two valves
in one——comprising mixing and oscillating
sections, There are also a few hexodes.
‘These valves require a separate oscillator if
‘used for frequency-changing; where this is
itheir main function they are listed in this
ssection, but where they are primarily in-

tended. for. use, as amplifiers .they are in- .

cluded with RF pentodes.

The 1938—
—1939 Types

Thc heptode and octode are essentially
alike, but the latter has an extra grid, rather
on the lines of an RF pentode. The elec-
trodes are concentric with the cathode, and
the two inner grids form the grid and anode
of a triode oscillator. The third and fifth
grids are screen grids, and the fourth is the
bxgual or control grid.

The triode- -pentode consists of a separate
triode and pentode in the same glass en-
velope. The triode is used as an oscillator
and the pentode as a mixer with cathode
injection. The valve is not very suitable for
short-wave operation, and is consequently
less commonly used now than it was a few
years ago.

The triode-hexode is probably the most
widely used frequency-changer to-day. The

hexode section has the first grid for the

signal input and the second and fourth for
screens, while the third grid is for injecting
the oscillator voltage. It is normally con-
nected internally to the grid of the separate
triode assembly which acts as an oscillator.

Its popularity is due largely to the rela-
tive absence of interaction between the
signal and oscillator circuits on short waves
and to the ease with which the triode cir-
cuit can be made to oscillate. In this con-
nection, however, it should be mentioned
that some of the latest octodes have neutral-
ising condensers built in to remove the inter-
action effects.

Screen-grid Valves

Ordinary screened tetrodes and pentodes
are not greatly used in broadcast sets now,
having been largely superseded by the
variable-mu type. They are, however, used
for 1F stages which are not controlled by the

AVC system, and they are also used on occa- -
sion for frequency-changing, electron-coupled

oscillators, detectors, AF amplifiers, tele-
vision sync separators, etc. The early types
of tetrode can also be used as dynatron
oscillators, but the latest kind have pentode-
type characteristics and are unsuitable for
this purpose.

Quite a number of valves in this cc\teg,ory
have very high values of mutual conduct-
ance, of the order of 6-12 mA/v. These are
special television types, and the grid-anode
capacity is usually too high for advantage
to be taken of the high mutual conductance
in other applications.

When a valve is used as a voltage ampli-
fier its gain can be calculated by multiplying
its mutual conductance (mA/v) by the
parallel value of the dynamic resistance of
the tuned circuit and the valve’s' own AC
resistance and dwldmg by 1,000. When the
valve resistance is very high Compared with
the dynamic resistance the gain is neatly
equal to the product of mutual conductance
and dynamic resistance divided by 1,000.
That is,

gRaR, _gR,
(Ra++R,)1,000 1,000

This equation holds also for other valves,
With frequency-changers conversion con-
ductance annst be substituted for mutual
conductance, and with resistance-coupled

Gain= when Ra)) R,

amplifiers R, becomes the coupling resist- ~
ance in parallel with the following grid leak.
The equation does not hold with reactive
couplings.

Throughout RF and IF amplifiers vari-
able-miu tetrodes or pentodes are now.
generally employed. With non-variable-
mu valves the mutunal conductance tends to’
remain constant as the grid bias is increased
and then rapidly falls to zero, whereas with
the variable-mu valve the mutual conduct-
ance falls continuously and gradually as the
bias is applied. In practice, of course, the
mutual conductance with both types falls
on increasing the bias, but the change is
much more gradual and a much higher bias
voltage is needed to obtain the same mini-
mum value with the variable-mu valve. .

The practical result is that it is possible
to control the amplification within wide,
limits by varying the grid bias of variable-
mu valves without distortion or cross modu+
lation being introduced. This statement
must be taken conservatively, of course, for

~ there is naturally a limit to the conditions

under which freedom from distortion occurs,
and even with variable-mu types trouble
will be experienced if the input exceeds a
certain ﬁ gure. ’

Inter-electrode Capacities

With all valves the inter-electrode capaci- °
ties are important, but they are especially
so in the case of types which are used for
RF and IF amplifiers. The input and out-
put capacities usually occur in parallel with
the tuned circuits and are only important in -
that they increase the minimum capacity of
these circuits and so restrict the tuning
range. It must be remembered that a re-
ceiver will require retrimming if a valve is
replaced. by one having different capacities,
In television receivers, of course, the capaci-
ties are of the first importance and most
definitely limit the gain per stage. :

The gﬂd anode capacity, however, is very
important inall types of receiver because
it very greatly affects the stability ; it does,
in fact, place a definite limit to the possible
stable gain even with all other couplings
eliminated. With a single stage of amplifi-
cation having identical grid and anode cir-
cuits, the limit of amplification is A=2/w
C,. Ro when the valve resistance is high
compared with the dynamic resistance.:
With two stages the number 2 in the above
equation should be replaced by 1, with three
stages by 0.76, and with four stages by 0.67.
With R, in ohms and C,Ja in microfarads,
©=6.28 times frequency in Mc/s.

Diode valves are used chiefly as detectors
and for AVC purposes. The majority con-
tain two anodes and a common cathode ands

.can provide detection and delayed AVC. In

general they can be safely operated at a
much larger signal input than the diodes
fitted to the multiple diede class of valve
and they often have a lower resistance.
Westectors are included in this section since
they fulfil the same functions as diodes of
the thermionic type. «

Valves which include one or more diodes’
in addition to another type of electrode
assembly are listed in the section appropri-:
ate to the major elements. Thus, the duo-
diode-triede appears_under the heading of

(Continued on p. 432.)
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