THE
PRACTICAL RADIO
JOURNAL
28 year of Publication .

The Wircless World, December 1st, 1938.

No. 1005.

THURSDAY, DeceMBER 1sT, 1938.

Proprietors

Editor :
HUGH S. POCOCK.

. Editorial,
- Advertising and- Publishing Office

: ILIFFE & SONS LTD.

S

DORSET HOUSE, STAMFORD STREET,

. LONDON, S.E.1.
Telephone Waterloo 3333 (50 lines).
Telegrams :

“ Ethaworld, Sedist, London.”

Coventry : 8-10, Corporation Street.

Telegrams ©

Telephone :
‘* Autocar, Coventry."”

5210 Covent

BirMINGHAM :
Guildhall Buildings, Navigation Street,

Telegrams :
‘“ Autopress, Birmingham.” 2971 Midland (4
MancHesTER : 260, Deansgate, 3.

Telegrams :
“Tliffe, Manchester.”

ry.

2.

lines).

Telephone :

Telephone :
Blackfriars 4412 (4 lines).

Guascow : 268, Renfield Street, C.2.

Telegrams : ** lliffe, Glasgow.”

PUBLISHED WEEKLY.

Telephone : Central 4857,

ENTERED AS SECOND

CLASS MATTER AT NEW YORK, N.Y.

Subscription Rates :
Home and Canada, £1 r0s.4d.;

other

countries, £1 12s. 6d. per annum.

As many of the circuils and apparatus described

in these

pages are covered by patents, readers are advised, before
making use of them, to satisfv themselves that they would

not be infringing patents.

CONTENTS

Editorial Comment .

How the Valve Works:
Electrodes One by One ..

Television T pics: “ Four-Way
Interlacingés .. .. .

Variable Resis.arces .

Ultra-High-Frequency Superhet

News of the Week .. ..

The Tone Control Knob ..

Degallier Challenger ‘19"

Television Programmes ..

Readers’ Problems

Unbiased ..

Crystal Band- Pass leters, v ..

The New European Wavelengafhs

Letters to the Editor

Random Radiations

Recent Inventions. .

Adding

500

EDITORIAL

Television Distribution
A Plan After All?

N our issue of November 17th
we commented on this page on
the difficulties which stand in
the way of the development of
television on a national scale with a
number of stations, so that the whole
country may be served. We referred

‘to a recent lecture by Sir Noel Ash-

bridge, Chief Engineer of the B.B.C.,
in which these problems were discussed,
alternative methods -of distribution
described and where it was pointed
out that the greatest obstacle in the

way of the expansion of the service at
present was the costly nature of the
technical means available for national
distribution.

New Hope

of our

COMMENT

in a solution which, while permitting
an immediate start for relaying tele-
vision to the provinces, is, at the same
time, economical and will not stand in
the way of future progress. It can be
incorporated and may become part of
any relay system embodying future
developments.

“ A scheme embodying the results
of our work has been submitted to the
Television Advisory Committee and the
Post Office, and we have every reason
to believe it is being sympathetically
considered by them at the present
moment.

Importance of Research

“This work, as is, in fact, all tele-
vision research work, is under the able
guidance of Mr. Shoenberg, the head
research laboratories, The
importance of this department can

 better be understood if I add that the

Following close upon this rather
pessimistic disclosure by Sir Noel Ash-
bridge comes a much more optimistic
outlook from Mr. Alfred Clark, Chair-
man of Electrical and Musical Industries
Ltd., in his speech at the general
meeting of that concern. Mr. Clark,
too, referred to the problem of the
extension of television and said that
there were two methods of accom-
plishing distribution ; one by means of
special cables and the other by radio
links working on wavelengths much
shorter than those - allotted for tele-
vision broadcastmg, and he con-
tinued :

“ Inan attempt to arrive at a decision
the technical aspect of the problem
will have to be faced, inasmuch as,

“besides the present state of the tech-

nique, the trend of future development
will also have to be taken into account.
We believe that our work has resulted

uses of television are expected eventu-
ally togo beyond entertainment for the
public.”

The fact that this scheme is now
before the Television Advisory Com-
mittee and the Post Office precludes
the publishing of any details of it at
present, but it is extremely encouraging
to learn that a scheme has been worked
out and that it is possible to describe
it as economical and of such a character
that it will not stand in the way of
future progress.

In our leader in the issue of Septem-
ber 29th, we asked whether there was
yet a B.B.C. plan for television dis-
tribution. It would seem that the
E.M.I. proposals may eventually prove
to be this plan for which all of us are
waiting before we can feel justified in
looking upon television as having a
national future of service to the whole
community.
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Equity on the Long Waves

The Brussels Suggestions
T the time of going to press official
confirmation is lacking of the project
for a new- Lmopean wavelength plan, as
published in our last week’s issue. But,
so far as the long broadcast band is con-
cerned, the proposal that certain countries
should relinguish their long-wave channels
seems so eminently fair and equitable that
we can only hope, not only that the pro-
ject was correctly reported, but that it will
receive sympathetic consideration at the
Swiss Conference in the spring. Small and
compact countries- like Holland, Luxem-
bourg and Lithuania, which can be easily
and adequately served by medium-wave
stations, can hardly establish a moral
claim to monopolising a long-wave
channel. :

Valve Standardisation

Series-Parallel Heaters

IN our Correspondence columns a reader
draws attention to the present lack of
standardisation in valve heater ratings and
suggests that a uniform rating of 13 volts
be adopted for all types. We have our-
selves often expressed the desire to see a
greater degree of standardisation in the
valve industry, and there are signs that
the valve makers arc endeavouring to im-

prove matters in this respect.
We do not feel, however, that our corre-
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spondent’s suggestion of a 13-volt heater
is likely to be.adopted, and we ourselves
favour the 6.3-volt rating. The advantage
of this voltage over the 4-volt is that the
heater current is lower, and there is con-
sequently a lower voltage drop in connect-
ing leads in AC sets, while the current is
also low enough for economical operation
of series-connected heaters in AC/DC sets.
The rating suits car radio sets for cars with
6-volt batteries, and it is also suitable for
12-volt batteries, since the heaters can be
series-connected in pairs. Moreover, the
rating is in line with standard American
and Continental practice.

In comparison, a 13-volt rating has the
disadvantage of making car radio impos-
sible for cars with 6-volt batteries and of
leading to the possibility of rather more
hum pick-up from the heater wiring in AC
sets.  Moreover, the heater power is
greater, for up to the present 13-volt
valves take as much current as 6.3-volt
types. This means a more expensive mains
transformer.

Whatever voltage is decided upon,
complete standardisation can hardly be
effected if general economy in consump-
tion is to be retained.: The present aver-
age 6.3-volt valve consumes 0.3 ampere,
but certain valves, notably frequency-
changers and output pentodes, require
more heater power. This will necessitate
the duplication of such valves. A valve

taking 1.2 ampere at 6.3 volts is suitable
for AC operation and car radio, but must
have a heater rated for 0.3 ampere at

DOOR-TO-DOOR SERVICE.

Universal Services, of * The Radiolab,”” Lyndhurst Avenue,

North Finchley, London, N.12, have equipped a small motor van as a travelling service shop.
The interior is shown in this photograph and is fully equipped, the apparatus including

cathode-ray gear and all-wave test oscillator with ¢ wobbling ’’ facilities.
provided and there are loud speaker, gramophone pick-up and turntable built in,

A valve tester is
An AC

supply for the operation of receivers and test gear is obtained from a 1z-volt accumulator
and vibrator, this portion of the equipment being duplicated. A stock of spare valves and
components is carried.
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25 volts for AC/DC operation. K& should
be noted that this duplication would still
be necessary if a 13—\'01t rating were
adopted.

1t should be noted, however, that much,
if not all, of this duphcatlon could be
avoided by fitting certain valves with
centre-tapped heaters and bringing out
three heater leads to the base. The two
halves of the heater could then be con-
nected in series or parallel as required.
With the two halves in parallel a valve
might consume 0.6 ampere at 6.3 volts
and be suitable for AC sets and 6-volt car
radio. With the two halves in series it
would take 0.3 ampere at 12.6 volts, and
be suitable for AC/DC sets and 12-volt
car radio.

There are at present one or two valves
on the market in which this scheme is
adopted, and if it were extended it would
seem that a much greater degree of stan-
dardisation could be effected.

Post Office and Relays

Finding a New Excuse

THE Post Office appears to hold on to
the idea of taking over the wireless
relay services with a distressing tenacity.
The latest argument we have heard put
forward is that they ought to undertake
the service in the national interest and see
that every home is wired so as to be ready
to replace the broadcasting system in case
of emergency. Which, we would ask, in
time of air raids, is likely to suffer first:
a network of telephone wires to individual
houses and distributed from central build-
ings, or a system such as broadcasting,
where there are no destructible links be-
tween transmitter and individual re-
ceivers? If the Post Office has money to
spend on relays let themn rather devote it
to a network of ultra-short wave stations
coupled to the B.B.C. system which in
time of emergency could be used for
national purposes without much fear of
eavesdropping beyond .their service areas.

Amateur Transmitters

Room for More

N recent issues we have pleaded for

some relaxation (but always with
proper safeguards) of the official attitude
towards the granting of amateur trans-
mitting licences. In making friendly
reference to our proposals the 7. and R.
Bulletin, ofhicial organ of the Radio
Society of Great Britain, suggests that
there is not room in the ether for an appre-
ciable number of newcomers.

While hesitating to express disagree-
ment with a society that has rendered
such valuable " services to the British
amateur, we feel that this is a statement
that can hardly be allowed to stand un-
questioned. In the U.S.A. over 40,000
amateurs manage to find elbow-room in a
waveband allocation very little more
generous than that at present occupied
by a mere 2,600 stations in this country,
or under 7,000 in the whole of Europe.
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How e Valve VWorks

ADDING ELECTRODES ONE BY ONE
Part 1.—The Diode

ANY of the valves in common
use to-day are highly compli-
cated both in their structure

and in their mode of operation.
Ten years ago most valves were triodes,
whereas now the electrodes range up to
eight in number. It is consequently quite
difficult to understand how some of these
complex types function unless one is
thoroughly acquainted with the simpler
specimens.

In this series of articles, therefore, we
shall start with simple types and work up
gradually to the more complicated ones.
In this way we shall not only trace the
history of valve development, but by add-
ing electrodes one at a time we shall clearly
see their effect and how they alter the
characteristics of a valve.

Now, the simplest valve of all and the
first to be produced is the diode. As its
name implies, it has only two electrodes—
an anode and a cathode. It does not
amplify, and is used mainly as a rectifier.
Briefly, the cathode acts as a source of
electrons which are attracted to the anode

when this electrode is positive and repelled

from it when it is negative.

The cathode is thus quite important, for
it acts as the source of electrons ; in modern
valves it is one of two types—directly or
indirectly heated. The directly heated
cathode, and this applies to all valves,
not merely to diodes, consists of a filament
which is heated by the passage of current
through it. At a certain temperature elec-
trons are emitted in great quantity, and
this is the normal operating condition.
This normal temperature depends on the
filament material and upon the emission
required. : :

1

E ALVE development has taken
! place rapidly in the last few
i years and many of the types now
avatlable are quite complex in their
action. The set designer cannot get
the best out of a valve and the
service man cannot remedy faults £
unless they are familiar with the
fundamental principles upon which
the valve operates. In this
sertes of articles the mode
of operation of modern
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valves will be explained,

U starting with the diode and going

on by easy stages to the complicated

structures such as the octode and
triode hexode.

_ these the filament proper acts as a core,

and there is deposited on its surface a coat-
ing which is often a mixture of barium and
strontium. Such a filament can be oper-
ated at only 850° K., and needs only one-

_tenth the power.of the tungsten type.

Directly heated cathodes of the filament
type are still very widely used, being fitted
to nearly all battery valves. They are also
adopted for large-power triodes and for
many diode rectifiers.

The indirectly "heated cathode, as its
name implies, is not raised to its working
temperature by passing a current through
it, but is heated by the conduction of heat
from a nearby body at a higher tempera-
ture. In practice, the cathode consists of

: a tube which is

In the early days

«oated on the out-

filaments were usu-
ally made of tung-
sten, and were
operated at tem-
peratures of the
order of 2,000-
2,500° K. Quite a
large amount of
power was neces-
sary to raise the
filament to this
temperature, and a

EQ)

side by an emitting
substance., - Inside,
but insulated from
it, is a heater which
often consists of a
filament of tungsten
or nickel. The pas-
sage of a current
through the heater
raises it to a high
temperature, and it

typical valve would

consequently brings
the cathode to a

consume about 0.8
ampere at 4.5 volts.
Thoriated tung-
sten filaments followed and gave much
more emission for the same operating tem-
perature. Usually, however, they were
worked at a lower temperature, and the
filament of a normal valve consumed about
0.25 ampere at 5 volts. ,
Coated filaments were also used. With

Fig. 1.—The basic circuit of a diode rectifier
is shown here.

suitable  tempera-
ture for the emis-
¢ sion of electrons.
The indirectly heated cathode has two
advantages over the directly heated ; there
is no- voltage drop along the cathode due
to the heating current and its temperature
can change only relatively slowly.  The

second advantage is 'the main reason for.

the use of indirectly heated cathodes, for

Types compared. A single diode detector
for television, a duo-diode type, and right, a
full-wave HT rectifier.

it permits the cathode to be heated from
an AC supply without hum. being intro-
duced. Only in a few cases, such as an
output valve or a rectifier, is it possible to
run a directly heated valve from AC with-
out serious hum.’

The chief disadvantage of the indirectly
heated valve is that the heater consumes
more power than the filament of a directly
heated valve. This is of little importance
in mains-driven apparatus, but explains
the retention of directly heated valves for
battery-operated equipment. - The separa-
tion of heater and cathode in the indirectly
heated valve is, however, a great practical
convenience, for it greatly simplifies aute-
matic grid bias, and is often advantageous
in other directions. . )

After this preliminary discussion of the
cathode, it will be clear that this term ap-
plies to both the filament of a directly
heated valve and to the heated element of
an indirectly heated type. It is the
electron-emitting electrode of a valve.

Let us now consider a heated cathode,
naturally in vacuo, and suppose that there
are no other electrodes. The cathode emits
electrons which leave its surface with a
certain initial velocity ; their number de-
pends on the cathode temperature and the
material of which it is made. After travel-
ling a short distance the electrons lose their
velocity and fall back into the cathode,
This electrode can thus be regarded as sur-
rounded by a cloud of electrons.

The Anode-Cathode Space

Now, electrons have a negative charge,
and tend to repel each other. The cloud of
electrons surrounding the cathode thus
tends to prevent further electrons being
emitted by the cathode, and a state of

- equilibrium is reached at which the num-

ber of emitted electrons is equal to the
number falling back on to the cathode.
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How the Valve Works—
This cloud of electrons is often referred to
as the cathode space-charge.

Let us now consider a diode. The
cathode is surrounded by an anode, which
often consists of a metal cylinder. Sup-
pose the anode is joined externally to the
cathode, what happens? - A few of the

electrons emitted from the cathode will -

have sufficient velocity to reach the anode,
and they will not fall back to the cathode
but return through the external path and
form a current.

If we now connect a battery between
anode and cathode to make the anode
potential negative with respect to cathode
and gradually increase the voltage, we
shall find that the number of electrons
reaching the anode gets fewer and fewer,
and eventually none do so. The negative
anode repels the electrons, and only those
of very high velocity can reach it; when
the anode is sufficiently negative all elec-
trons are turned back and the current

ceases. The anode also exercises an elec-
+
VvV \V
+
A A
il

‘ Fig. 2—The waveform of the input voitage
to the diode is shown at {a} and the rectified
current at (b).

trostatic force on the space-charge and
tends to move it nearer the cathode.
Now, if we reverse the polarity of the
battery to make the anode positive with
respect to the cathode, the anode will no
longer repel electrons but will attract them.
These electrons will at first be supplied
by the cathode space-charge, for, instead
of electrons falling back into the cathode,
many of them will travel to the anode. If
the potential is high enough all will go to
the anode, and the normal space-charge
will Jargely disappear, electrons emitted by
the cathode passing straight to the anode.

Saturation

When this happens a further increase in
anode voltage will not increase the anode
current. All electrons emitted by the
cathode are reaching the anode, and an
increase in its voltage can attract no more.
This is the saturation condition, and-the
anode current can be increased only by
increasing the cathode temperature so that
it emits more electrons. In practice, the
«-saturation is not complete, or, rather, an
increase of anode voltage above the satu-
ration point does cause an increase in
anode current, although only a small one.

. respect  to

Wireless
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This is because of a secondary effect. The
anode gets hot through the work done by
the electrons hitting it ; the velocity of the

Fig. 3.—In practice, the load circuit Ri1

usually has a condenser Cr across it. The

operation of the rectifier is then profoundly
modified.

electrons, and hence the work done, in-
crease with the anode voltage, and the
anode temperature rises. By radiation
the increase in anode temperature raises
the cathode temperature and hence the
emission. -

With most modern diodes. the satura-
tion condition cannot be reached, because
the cathode emission is so great that the
cathode surface would be destroyed before
saturation began.

The primary purpose of a diode is recti-
fication. The valve is connected in series
with a source of alternatmg voltage E and
a load circuit R, as shown in Fw 1. The
applied voltage has a wa\efoun such as
that shown in Fig.

DECEMBER 1st, 1938.

by the dotted line, which will operate a
direct current ammeter. The pulsating
current can be regarded as a direct cur-
rent with a superimposed alternating cur-
rent of complex waveform. By means of
smoothing circuits the latter can be re-
moved and an output of nearly pure
direct current can be secured.

In practice, the action of the rectifier is
rather more complicated than this because
the load resistance R is shunted by a
condenser C1, as in Fig. 3. The diode
then conducts for a much shorter period
than the whole of every positive half-
cycle.

Consider what happens when the alter-
nating voltage E is applied with the con-
denser Cr uncharged. As soon as the
anode becomes positive with respect to the
cathode the valve is conducting and the
electrons reaching the anode flow out into
the external circuit. Very few flow
through R1, for the majority flow into the
condenser to charge it. The accumulation
of electrons on the lower plate (in the
diagram) of the condenser means that this
plate is acquiring a negative potential
with respect to the other plate.

Rectification

The voltage acting on the diode anode
is thus reduced, for at the moment taken
the point B is positive with respect to C
by the input voltage and the point A is
negative with respect to B.  Consequently
A 1s less positive than B with wsput
to C.

2 (a) and it swings v
the diede anode
alternately positive +
and negative with
the

Nrur
VOLTS
cathode. 7

When the anode -
is positive the elec-
trons are attracted
to the anode and

the current flows,
DIODE

WANVANYANNVANVA

(a)

A\

\/\/\/\/\/

(b)

but when the anode
is negative elec-
trons do not reach
the anode and there
is consequently no

CURRENT

+

Fig. 4-—~When a

CONDENSER
reservoir condenser Vours

(e)

is used the action is
as depicted in these !
diagrams, where (a) ) -
represents the input . '

voltage waveform.
The current through . : +
the diode is depicted
at(b) and the voltage
across the condenser

OoUTPUT

\J_—\W

(d)

VoLTAGE
at (c). The voltage
between anode and
cathode of the diode -

is shown at (d).

AVAVAVAVAY

current. The current flow in the circuit
is, therefore, as depicted in Fig. 2 (b); it
flows in pulses on every positive half-cycle
of the input voltage.

. The current is pulsating and unidirec-
tional, and it has a mean value, illustrated

Current flows through the diode into Cx
and increases the potential across it as long
as the positive input voltage is greater
than the voltage across Cr. -When the
‘peak of the positive half-cycle of input
vo]tage is passed the voltage falls, and as
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How the Valve Works—

soon as it equals the voltage on the con-
denser, there is no voltage applied be-
tween the diode anode and cathode and
the anode current ceases.

The condenser then commences to dis-
charge through R1 and the voltage across
it falls. The discharge is not completed
by the time the next positive half-cycle
of input comes along, and the diode again
passes current when the positive input
voltage exceeds the negative voltage on
the condenser. After a few cycles a
steady state is reached when the electrons
leaving the condenser through R1 during
the non-conductive time of the diode are

(b)

Fig. 5.—A typical half-wave rectifier suitable

for a small HT supply unit takes the form

shown at (a), while a full-wave rectifier is
illustrated at (b).

equal to those entering it through the

valve when the diode is conductive.
This state of affairs is sketched in Fig. 4,

where (a) shows the input voltage E and

(b) depicts the dicde cur-

rent. The condenser volt-

- WIreless
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not fall, and this condenser would charge
up until the voltage across it equalled the
peak input voltage. The condenser volt-
age would then always offset the input
voltage, and the diode anode would never
become - positive with respect to its
cathode, and so would not conduct.

This condition is 'never reached, of
course, for we must have a current
through R1, as it is to obtain this current
that we use the rectifier. Nevertheless,
for a given value of R1, the larger we make
C1 the more nearly will the mean voltage
across it equal the peak input voltage, and
the shorter will be the conductive time of
the valve.

To come to practical values, a valve
might be rated for 250 volts RMS input
with a mean output current of 75 mA.
The peak input is 250 x 1.414 =354 volts,
and on no load, that is, with R1 removed,
the output voltage across Cr will rise to
this value. With the full output current
of 75 mA. flowing through R1 the con-
denser voltage will fall to perhaps 265
volts when Cr1 is some 8 pF. Reducing
the current to half this value by doubling
R1 will cause the voltage to rise to perhaps
300 volts. If the condenser capacity is
doubled, the voltage will also rise.

The Peak Current

Now as the output current is continuous
and nearly uniform, and the valve con-
ducts for only a small portion of the total
time, it is clear that when the valve does
conduct the current through it must be
very much greater than the output cur-
rent. This peak current increases with
the capacity of the condenser Cr and, of
course, with the load current, and forms
the limit to the safe rectifier output. Users
of small rectifiers rarely take much account
of the peak current, for it is normal to
use a condenser, and valve makers
usually take a 4 pF. condenser into
account when specifying the load current.
With very large rectifiers, however, it is
usual for the maximum safe peak current
to be specified rather than the output cur-
rent to the load. In crder to make the
load current more nearly equal to the
peak current, a condenser Cx is not used

age is sketched at (c) and
the voltage between the
diode anode and cathode at
(a). Tt will thus be clear
that the ordinary rectifier
conducts current for only
a small portion of the

A typical duo-diode for use
as a-detector. Two diodes
with a common indirectly

ANODES

HEATER

ANODE
HEATER

heated cathode are fitted.

cycle of input voltage, and that this time
decreases as the values of Cr and R1
increase. This is clear when it is remem-
bered that the loss of voltage across Cr
during the non-conductive period of the
valve increases as the product C1 Rr is
reduced. In the limit, with C1 R1 equal
to infinity, the voltage across Cr would

with such valves, and the operation
follows more nearly the simple lines dis-
cussed earlier.

It should be noted that when a cqn-
denser is used, the maximum voltage
across the valve on the negative half-
cycles is equal to the peak input plus the
condenser voltage. This is called the
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peak inverse woltage, and can reach. on
open circuit 2.828 times the RMS input
voltage. With high-voltage rectifiers, the
maximum voltage input is usually speci-
fied in terms of the peak inverse. It
should also be noted that with most of
the usual circuits the peak inverse voltage -

gl L

f—'—')AF OUTPUT
Clix 3R1

|

Fig. 6.—The half-wave rectifier is commonly
used as a detector and the circuit often takes
the form shown here.

AAA
M

AN

appears between two windings on the
input transformer. -

A practical half-wave rectitier circuit
is shown in Fig. 5 (4) using a directly
heated type of diode rectifier. Such cir-
cuits are usually only used when low output
current is required, as in small HT supply
units and for high-voltage low-current
supplies in television equipment. The
resistance R1 has disappeared, being, of
course, replaced by the apparatus which
is using the output of the rectifier.
Smoothing equipment is interposed be-
tween the output shown and the load cir-
cuit to remové the ripple. '

In order to avoid the considerable dis-
charge of Cx during the non-conductive
time of the diode, 1t is common to use
full-wave rectification. Two diodes are -
used to conduct on the opposite half-cycles
of the input, and their outputs are taken
in the same sense to the condenser CI, so
that it is now charged twice as often. The
arrangement is shown in Fig. 5 (). The
two diodes are usually separate electrode
assemblies with separate filaments, but
mounted in the same glass bulb.

Diodes of much smaller type but func-
tioning in essentially the same way are
often used as detectors. The most widely
used circuit is fundamentally the same as
that of Fig. 5 (4), and is shown in Fig. 6,
where the similarity is readily apparent.
The values of components are, of course,
widely different. Instead of C1 being
4-8 uF. it is 0.0001-0.0005 uF., and R1 is
of the order of 0.25 MQ. The input is
derived from an IF transformer.

In general, detector diodes are available
as a pair in one glass envelope with a
common cathode. Such a valve is shown
in Fig. 6, and the two anodes are strapped
together so that the two are used in
parallel to form one diode of greater cur-
rent handling-capacity. In some applica-

~tions they are used separately, and some

of the latest duo-diodes have separate
cathodes for the two sections, giving
greater flexibility of use.

When used as a detector the rectified
current rarely exceeds 1 mA., and is
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usually much less.
emission is, needed,

Quite small cathode
therefore,

and the .

heater need consume only a small power. -
The whole electrode | assembly can be -

quite small, and diodes are consequently
often built into the same glass bulb as
the electrode assemblies of other types of
valve. - The lower: heater power also
makes the diode one of the few wvalves
which is available with an indirectly
heated cathode in the types intended for

WIP@LIeSS
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operation from a 2-volt accumulator.

Diodes are not only used for detection
and rectification, they -are also widely
employed to simulate the action of a single-
pole make-and-break switch! chang-
ing the anode-cathode potential t{e valve
can be arranged to short-circuit or open-
circuit some connection as required. Used
in this way a diode can give a delay on
AVC action, can effect sync. separation in
television, and can reduce certain types
of ignition interference.

| elevision T opics

“FOUR-WAY INTERLACING”

chief differences in the proposed
standards being the adoption of
441 lines and 60 frames. Negative modula-
tion is also used. The 6o frames are
interlaced to give 30 complete pictures a
second.
A new method of considerable interest
has been developed by the Du Mont
Laboratories, however, in which inter-

MERICAN television methods are in
general similar to the British, the

lacing is carried much farther. No fewer .
than four frames are needed for each pie- .

ture.

It is well known that with normal -

interlacing -alternate lines are scanned in .

the first frame and in the next those missed
in the first scan are covered. That is, if
the lines are numbered downwards, lines

1,3,35,7,¢etc., are scanned in frames 1, .3, -

5, -7, ete., and lines 2, 4, 6, 8, etc., in
Arames 2, 4; 6,-8, etc.

. The object of this interlacing is to
reduce the frequency
occupied by the transmission. A frame
frequency of some 50 ¢ s is necessary to
prevent flicker, but from the point of

response range .

view of obtaining continuity of motion in -

the picture a much

and the maximum modulation frequency is
only one-half of that with ordinary inter-
laced scanning. There are four frames to

each picture. Lines 1, 5, 9, 13, etc., are
scanned in frames 1, 5, 9, etc., lines 2,6,
10, 14, etc., in frames 2, 6; 19, etc., lines
3,7, I1, etc. , in frames 3 ;étc., and

lines 4, 8, 12 etc., in frames 4, 8, 12, etc.
The major dlfﬁculty in putting this
quadruple interlaced system into opera-

-tion" lies in synchronising, for it has been

found that ordinary methods are not

accurate enough for such complex inter-
lacing. The difficulty has been overcome

by abandoning the use of sync¢hronising
pulses altogether. Instead the actual saw-
tooth scanning waveforms are transmittéed.

The Scanning Signals

The vision transmitter deals only with

-the picture signals and not with a mixture

of picture signals.and sync pulses as in
other systems. The scanning signals are
transmitted with the sound on another
carrier.

The frame scanning voltages modulate

lower frequency
would suffice.

The maximum
modulation fre-
quency is propor-
tional to the num-
ber of lines and to
the picture fre-
quency. With the
ordinary 2-I inter-
lacing there are two
frames to every pic-
ture and the maxi-
mum frequency is
consequently only
one-half of what it - Ll
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would be if inter-
lacing were not
used, for witheut
interlacing the pic-
ture frequency would have to be as high as
" the frame frequency to prevent flicker.

“* In the Du Mont system four-fold inter-
lacing is used, so that the picture frequency
is only one-quarter the frame frequency

In this diagram the arrangement of sidebands on the sound carrier
is illustrated. The scanning waveforms are carried by two sub-car-
riers which modulate the sound carrier.

a sub-carrier of 15 kc/s and the line scan-
ning voltages another sub-carrier of 25
ke/s.  The carrier of the sound trans-
mitter.is modulated by the sound and by
the two sub-carriers, so that its frequency

are not required in the receiver

" to be the same on the two carriers.

DECEMBER 1st, 1938.

spectrum is like that sketched in-the
diagram.

The detector output of the sound
receiver then contains the usual audio-fre-
quencies and the 15 kc/s and 25 ke /s sub-
carriers which are easily filtered out from
the sound channel. The two sub-carriers
are then separated by band-pass filters and
applied to detectors, in the output of one
of which appears the frame scan voltage
and in the output of the other the line
scan voltage. Amplifiers follow to bring
the scanning signals to the correct level
for applying to the deflecting plates or
coils of the CR tube.

It will be seen that saw-tooth oscillators
for the
actual saw-tooth voltages are present in
the transmission and need only to be
selected and amplified. There is conse-
quently no possibility of a lack of syn-
chronism between transmitter and receiver.

Another advantage of the scheme is that
it is possible to change the scanning sys-
tem at the transmitter without affecting the
receiver. The number of lines or frames
or method of interlacing can be changed as
desired without necessitating any altera-

" tion to the receiver, since the whole pro-

cess of synchronising is entirely automatic
and does not depend on receiver charac-

© teristics.

It remains to be seen whether the sys-
tem will be generally adopted or not. The
use of separate carriers for vision and scan-
ning raises the possibility of greater diffi-
culty of good reception in districts where
fading is severe, for the fading is unlikely
It is
clear, too, that wvariations in signal
strength would cause variations in the
height and width of the picture. A good
AVC system operating on the sound
carrier will naturally help greatly.

SPRAYED SCREENING
New Proce;;a{::ialyson-metallic

CONSIDERABLE savings in manufac-

turing costs can be etfected in com-
ponents and complete receivers if the
necessary metallic screening can be
sprayed directly on to non-metallic
materials such as bakelite, wood, etc. The
difficulty is to find a composition which
will not flake off under continual changes
of temperature, but which at the same
time will have a sufficiently high con-
ductivity.

We learn that the problem has been
solved and a method patented in Ger-
many, where the process in question has
been adopted by the A.E.G. company for
use in their receivers. The mixture is
sprayed on in the usual way and subse-
quently stoved at 150 deg. C. The cost of
materials for completely treating an aver-
age broadcast receiver would be about
eightpence.

The British Empire rights are for dis-
posal, and those, interested should apply
to the agents, F. Arnold Best and Co., 21,
Old ‘Queen Street, London, S.W.1.
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ariable Resistances

PROCESSES IN THE MANUFACTURE OF
WIRE-WOUND AND COMPOSITION TYPES

HEREVER a variable resistance
is required, whether it be for
volume control in a broadcast
receiver or for use in labora-

tory measuring apparatus, a value run-
ning into many thousands.of ohms will
generally be called for. The higher the
value the more difficult it is to ensure reli-
ability of the wire or composition resistance
element under the continual wear of the
contact ; but reliability there must be, for
few taults in a wireless receiver are more

experience of the manufacturer that the
future success or failure of the component
will depend. The Reliance Manufacturing
Co. (Southwark), Ltd., whose new works
at Walthamstow we were recently able to
inspect, have specialised for many years
in the design of variable resistances both
for instrument work and for broadcast
receivers.

Their composition high-resistance type
variable resistance and potentiometers
consist of a homogeneous film of colloidal

o'
iy
[y

é NE of the most important
§ componerzis i any broadcast
o vecerver s the volume control.
| Reliability at this point is essential,
' and this article shows the methods
% by which it is achieved.

'

Contact with the resistance track is made
by a small graphite block set in the end of
a phosphor-bronze spring arm. The hard-
ness of this graphite contact is important
and its composition is adjusted so that it
neither adds to nor subtracts from the
thickness of the resistance film.

Al
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Representative resistance types and processes. A, standard Type T.W. 0.1 megohm wire-wound potentiometer. (Note thick phosphor-bronze

spring end contacts.)
connection.
moulded inserts.
adjusted.

B, Type P.I.W. 15-20 watt wire-wound resistance.

F, surface machined and gap cleared.
I, resistance element assembled in housing with through contacts to soldering tags.

C, Type T.W. with gold-silver alloy contact and pigtail centre
D, Type T.W.D. ganged potentiometers with independently operated spindles. E, bakelite ring for composition-type resistances with
G, surface coated with graphite composition and aged. H, surface polished and resistance
J, potentiometer with insulated contact arm fitted.

K, 0.5 megohm wire-wound resistance element containing 250 yards of wire, L (by way of contrast), 0.5-ohm Type T.W. element.

annoying than a noisy or ‘‘lumpy”
volume control. A cheap component at
this point is false economy, for the cost of
replacement may well be greater than that
of the potentiometer itself.

Superficially there is little to distinguish
the good product from the bad; it is on the

graphite painted on a perfectly smooth and
stable ‘bakelite surface. The solution is
not sprayed, as this has been found to in-
troduce discontinuities in the surfaece, and
the painting process has proved itself
capable of giving a film which does not
crack with age.

Ctandard values for composition resist-
ances range from 1,000 ohms to 1Io
megohms, and they may be obtained with
linear or logarithmic characteristics. The
latter are suitable for volume controls and
give approximately equal increments of
loudness for equal angles of rotation.
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To obtain the required grading in the
resistance of track the film 1s sometimes
deposited by spraying, a progressive
diminution in thickness being allowed for
towards the maximum setting of the con-
trol. In Reliance resistances a simpler
method- has been found to give more con-
sistent results. The film i1s painted on in
three layers of different thicknesses, the
first covering the full 300 degrees of the
track, the second 200 degrees and the
third- 100 degrees starting from zero.

Final Grading

Skilful rubbing down produces &
smooth track with a resistance curve
closely approximating to a true logarithmic
law. Even if the steps in the resistance
were not smoothed off it is doubtful
whether they would be noticed, for there
is less than 2 db. difference from a true
log. scale over 85 per cent. of the range
of the control. The greatest deviation is
towards the zero end, and this is in the
right direction for it gives a lower mini-
mum volume.

The foundation of the resistance track
is a bakelite ring with brass
contacts inserted during the

~ fixed

WIreless
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case of the resistance. The
contacts project
through the back and are

riveted directly to their
soldering tags. Complete
insulation between the

spindle and the brushes is
ensured by a bakelite boss
moulded round the head of
the spindle. 1If specially
ordered a pigtail connection
to the sliding arm can be
supplied.

Composition  resistances
are aged for a period of at
least three weeks before final
grading, and the result is a
stable and smooth-working
control which has proved it-
self capable of standing up
to hard wear.

Wire-wound  resistances
present their own special
problems. They are wound
on reinforced bakelised
strips which are subse-
quently bent into a circle to
fit inside their housings. The
strips are clamped in .a

Wire -wound  elements - are

moulding process. A diamond
tool is used to machine the sur-
face flat and to ensure that
there will be no step at the
boundary of the end contacts
to damage the graphite-tipped
sliding contact.
In the final polishing process
" the resistance 1s held in a
special lathe equipped with
slip rings and contact brushes
by means of which ““ Megger
readings of resistance may be -
taken without removing the

DEQIBELS

Curve A represents a mathe-
matically correct logarithmic
volume control, and curve B
shows that a close approxima-
tion is obtainable by dividing
the resistance into three sections,
each with a different linear
variation. The greatest differ-
ence from the true log. lawisin
the first few degrees of rotation,
and this is an advantage as it

L

handled by a machine fitted with
coupled drives at each end. The

mechanism for tensioning and

guiding the wire has béeh per-

fected as the:result of ‘many

years’ experience of handling
the ﬁner gauges. g

gmde% the contours -of whl( h

are more or leéss 4 trade secret.

Obvious  shapes, - even ~ if

executed in the finest steel,

would be worn through in a

very short time by the hard

alloys used for resistance wire.

Any winding pitch can be

arranged by changing the gears

wl
»

which drive the lead screw ; the

turns are always spaced to
allow for the subsequent bend-

ing of the resistance when it is
fitted in its case.

S

v
100

DEGREES

J In the heavier gauges of wire

used for low-resistance poten-
tiometers enamelled insulation

gives a better minimum.

bakelite ring or even stopping the machine.

Connection to the sliding arm is made
through a second phosphor bronze spring
in contact with a washer in the moulded

machine resembling a screw-cutting lathe
with headstocks at each end. Gearing
transmits the drive equally to both ends of
the strip and the wire is fed through

‘Polishing'and, adjustment of composition ’resis'tances‘on a special lathe fitted with slip rings
which enable the resistance to be checked without stopping the machine.

is .generally specified, and in
the finer gauges a thin oxide

coating is employed.  This coating 1s
formed by passing the wire 1h10ug,11 an
electric furnace in an atmosphere of

oxygen.

Experience in the selection of wire and
knowledge of the most reliable sources of
supply are the finest essentials for success
in this business. Not only must the resist-
ance per yard remain constant, but the
section must be perfectly circular and there
must be no local variations of diameter.
Breakages during winding are rare, and
when they occur the whole resistance i
scrapped, no attempt being made to join
the wire. In the case of special resistances
where more than one gauge of wire is used,
the junctions are welded, not soldered.
Freedom from traces of iron in the resist-
ance alloy is also important,. particularly
for use in tropical climates. Incidentally,
the tropical specification includes a copper



DECEMBER 1st, 1938.

Variable Resistances—

instead of aluminium dust cover and
cadmium or nickel plating of all metal
parts.

» The range of wire-wound resistances
and potentiometers is from 0.5 ohm to 0.5
megohm. For the latter nickel-chromium
alloy wire 0.00075 inch in diameter—about
one-third the thickness of human hair—is
employed. The bakelite strip carrying this
resistance is 1in. wide and 64in. long; it
holds 250 yards of wire and takes 15
minutes to wind at 300 r.p.m.

Stepped potentiometer

Wireless
Worrld

varnish to make quite sure that turns will
not be displaced under the pressure of
the contact. :

Normally a phosphor-bronze contact
arm is employed and the tip is ** spooned ”’
to reduce the contact to one or two turns.
Where a specially low contact resistance is
important gold-silver alloy tips are fitted,
and for extreme reliability in remote parts
of the world where servicing facilities may
be non-existent a steel shoe may be speci-
fied. The reason for this is interesting. It

is always the contact arm which wears

resistance element de-

signed to follow a

special law with an

accuracy within two
per cent,

Enlarged photograph of junction between
sections of a special ** saw-tooth ’’ resistance

element. The maximum depth shown is
actually 1 inch. Note the welded junction
between twisted ends of the two wires.

Contact with the ends of the resistance
is made by pressing the end turns by
means of phosphor-bronze clips against
soft foil bands previously cemented to the
bakelite former. A firm contact is thus
achieved without solder and without risk
of cutting the fine wire.

The sliding arm works on the edge of
the strip where the turns are in the firmest
contact with bakelite strip. The whole
element is treated with an adhesive

away and no case of a broken wire
through wear has yet been recorded even
in motor-driven resistances with auto-
matic control.

This successful record is a tribute to the

_pains which are taken to ensure a perfectly

even surface at the edge of the former.
Relying solely on the sense of touch it is
impossible to detect any difference between
the edge of a finished resistance element
and a smooth strip of metal. This con-
stancy of level between adjacent turns is
important, not only from the point of view
oi wear, but also to give silent operation.
An irregular edge would cause rolling of
the contact and progression in groups of
two or three turns instead of a single turn
at a time.

After cutting the edge of each bakelite
former it is smoothed down and rounded
by hand. In the case of logarithmic
potentiorheters, which are wound in three
steps on a similar principle to that em-
ployed in the composition type, the
change in thickness of the wire is allowed
for by cutting a minute step in the former
at the junction of adjacent sections. In

483

Spot-welding joints between sections of
graded wire-wound potentiometer elements.

one type of resistance now being made to
special order no fewer than five such
changes of level have to be adjusted.

This resistance is typical of the high-
grade instrument work which forms an im-
portant part of the firm’s activities. The
specification called for on overall accuracy
of resistance of 1 per cent. and agreement
with a special law within 2 per cent. at
every 10 degrees of rotation from o to 300
degrees. The problem was solved by a
saw-toothed former with six changes of
wire.  Another order recently executed
was for a four-gang motor-driven resist-
ance assembly to form a Wheatstone
bridge which was required to remain in
balance to within 0.1 per cent. at all
settings.

Precisely the same technique is applied
to the winding of resistances for special
work of this kind as for the stock lines of
broadcast receiver components. The new
works at Sutherland Road, Walthamstow,
are equipped with a complete modern
moulding plant, and every process, with
the exception of wire drawing, is carried
on under one roof. No attempt is mads
to compete with cheap imported com-
ponents, and on the score of quality the
products of this factory are a credit io
British industry.

All processes, including. moulding, are housed under one roof in the new Reliance factory.
Electrically heated platens in the presses make for cleanliness and good insulation in the
: final product. :
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U-H-F Superhet

By D. W. HEIGHTMAN

HE receiver about to be described
was ~designed to give good
stability, sensitivity and selecti-
vity  up to at least 65 Mc/s,

e., to'be capable of covering the 56-Mc/s .

amateur band, television sound and other
UHF'. broadcasts, 28-Mc/s band, short-
wave broadcasts and the 7 and 14-Mc/s
amateur bands. It was required to be
simple to construct, inexpensive as pos-
sible (consistent ‘with good results), suit-
able for loud-speaker operation, have its
own power supply for AC mains, and also
provisicn “for CW. miorse reception. ‘In
other words, to provide a good all-round
receiver for the short-wave enthusiast.
While a carefully planned straight re-
ceiver, using one or more RF stages,
modern valves, components, etc., is cap-
able of giving good perfmmance up to
‘60 Mc/s, it is extremely difficult to make
such a receiver as stable and sensitive,
over the wide band of frequencies gener-
ally covered, as one of the superhet type.
Obviously one cannot hope to obtain
optimum performance from RF stages
which have to operate at any frequency
between, say, 5 to 6o Mc/s compared
with the superhet where the amplification
is (or should be!) done by stages adjusted

~ Complete c:rcuxt diagram of the receiver.

THOUGH the wuavelength

range of this receiver may be
extended by means of plug-in coils
up to some 6o metres, it is of
particular interest for reception of
wavelengths from below 5 metres

up to some 10 metres.

for peak performance on one frequency.
“For a given number of stages the straight
set cannot be made so selective.  The
superhet, then, has much in its favour for
the reception of frequencies over 5 Mc/s.
Most superhet receivers of the class
with which we are here. concerned have
one or two RF stages in order to avoid
second channel interference and to in-
crease sensitivity.  This immediately in-
volves constructional and other difficul-
ties, especially if the receiver is to work
on 00 Mc/s, since such stages must be
very carefully laid out, screened, wired,
ganged, etc., if satisfactory performance
is to be obtained. In fact, one has most
of the troubles of the straight set before
one has even started on the main or super-

Values and characteristics of the various

components are given on the opposite page.
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SPECIALLY DESIGNED FOR ,
“SINGLE FIGURE” WAVELENGTHS

heterodyne portion! The ideal superhet,
from the simplicity point of view, will not
therefore use RF stages.

How can we overcome the two dxsad\ an-
tages wusually considered inherent in
superhets with no RF stages? - First,
second-channel interference. The usual
II" is 465 kc/s, which means that the
oscillator is working 465 kc/s higher than
the desired signal and that a signal 930
kc/s higher than the desired signal will
cause interference, because the selectivity
of a single input circuit is insufficient to
discriminate between two signals 930 kc/s
apart at, say, 30 Mc/s. If, however, the
IF is increased to between 2.5 and 3 Mc/s
the separation between the desired and
undesired signals is then 5 to 6 Mc/s, and
even a single tuned circuit is capable of
cutting out the undesired signal at such a
separation. There are no disadvantages
to having the IF amplifier working on
3 Mc/s, since with reasonable care good,
gain and stability can be obtained. An-
other advantage of the high IF -is that
there is no interaction between the signal
and oscillator circuits—an important
point at ultra-high frequencies.

Secondly, poor sensitivity can largely
be overcome by reducing the losses in the
input signal frequency circuit to a mini-
mum and using a suitable valve as fre-
quency changer. The present receiver
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U-H-F Superhet—
has been designed on the above lines.
The first valve is a 954 Acorn RF pentode
functioning as mixer and first detector and
chosen because its low input capacity and
damping allows one to obtain an efficient
input circuit even at 60 Mc/s or higher.
The aerial is loosely aperiodically coupled
by a few turns to the signal circuit in
order that it does not damp the circuit too
much.  Provision is made that either
Marconi or twin feed aerials can be used.
The fairly high value cathode resistance
provides for anode bend rectification in
this stage. A 955 Acorn triode is used in
a Hartley circuit as oscillator. The type
of oscillator circuit used is relatively un-
important, the requirements of such a cir-
cuit being, of course, stability, freedomn
from drift and reasonably constant out-
put over the tuning range. This particu-
lar circuit was adopted because of its sim-
plicity and good performance.

Mixing is obtained by connecting the

output of the oscillator to the suppressor

Wireless
- World
grid of the pentode.  On frequencies over
15 Mc/s this connection is tapped down
the anode side of the oscillator coil in

-order to improve stability and give free-

dom from modulation hum. On lower
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sary for this position in the receiver.
The zo-micro-microfarad tuning con-

“densers used do not make tuning too criti-

cal and at the same time give a fairly large
frequency coverage.  With tuning con-

30 mmids., pre-set.

20 mmids., variable.

0.1 mfd.,, hon-inductive. (26 0.1 mid.,
non-inductive. ing.

5 pre-set. €27 25 mids.,
C6 20 mmfds., variable. C28 8 mfds.,
7 50 mmfds., fixed mica. ing.

€8 100 mmids., fixed mica. 20 8 mfds..
€9 50 mmfds., pre-set. ing.

10 50 mmfds., fixed miea. €30 0.1 mid.,
Cil 50 mmfds., fixed miea. €31 4 mids.,
€12 50 mmfids., pre-set. ing.

€13 0.1 mfd., non-inductive.

€15 0.1 mfd., non-inductive.
s

50 mmfds., '

€24 100 mmids.,
€25 100 mmids.,

fixed. R3 500 obms,
variable. R6 50,000 ohms,
400 voit work- R7 500 ohms.

400 volt work-
460 voit work-

non-inductive,
400 volt work-

€52 500 mmfds.,
€14 0.1 mfd., non-inductive, volt A.C. vorhmg. T3, 5:
(33 500 mmids.,

fixed, 300 o - ., .
16 50 pre-sct: volt A.C. working. 146“\.M¢xma tl‘llxsfurmerfbee
C17 50 fixed, €28, 20 and 31 are electroly- o - .
C18 50 fixed type and ean he com- SO 20-benry smoothing choke.
C19 50 pre-set. . hmed in one block (8-8-4).) RFC1, RF(2, section-wound
(20 0.1 mid., “hon- -inductive, R1 3,000 ehms. short-wave choke.
€21 100 mmfds., fix R2 250,000 ohms. L1, L2—see text.

R3 25,000 ohms.
R4 100,000 obms low capacity,

R& 10,000 obms.

volt working. R9.5,000 olhims,

R10 500,000 ohms (3 watt).

RIT 20,000 ohms,

R12 50.000 olims.

R13 450 obms,

All resistances 1 watt, unless
otherwise stated,

Ti, T2 3-Me/s IF trans-
formers—see text.

1 audio transformer.

fixed, 500

(1 watt). L3, second det, grid coil—
see text.

N\

frequencies the suppressor grid is taken to
the anode end of the oscillator circuit.

Plug-in 4-pin coils were used in both the
signal and oscillator circuits in order to
improve and simplify construction and
also to reduce cost. The type used, made
by Messrs. Denco, have entirely Trolitul
insulation, which reduces losses to a mini-
mum. It is interesting to note that by
substituting one of the Trolitul coils in the
signal circuit for one using ebonite insu-
lation, signals noticeably drop in strength
and tuning becomes broader.

Tuning Controls

It was considered preferable not to
gang the signal and oscillator tuning con-
densers. By so doing tuning would not
be made materially easier, and much com-
plication with padding, etc., would be
introduced.  Again, one is certain of
obtaining maximum performance by being
sure that the signal circuit is exactly in
tune with the desired signal. In practice
the signal circuit is roughly tuned to the
required frequency.. Tuning is then car-
ried out en the slow-motion oscillator dial
and when the signal is found the signal
circuit is finally checked for resonance.
Since tle tuning of the signal circuit is not
very sharp a slow-motion dial is unneces-

densers of this value it was considered un-
necessary to provide for further band

spreading. When required, 2o-mmfd.
pre-set condensers can be included in
parallel with the main tuning condensers

- to extend the tuning range of any par-

ticular set of coils. Five sets of coils can
thus be made to give a coverage of 5 to
65 Mc/s without breaks. Both plates of
the oscillator condenser are at radio fre-
quency potential, and it is therefore neces-
sary to operate this by a short insulating
spindle and mount it on a Trolitul panel,
mention of which is made later.

The frequency changer is coupled-to the
first of the IF valves (which are both 6K7
metal or glass type) by a specially de-
signed IF transformer. These trans-.
formers have fixed condensers in parallel
with their trimmers in order to minimise
the detuning effect ot temperature, etc.,
on trimmers if used alone. Loose coup-
ling is used in the IF transtormers so as to
obtain a single peaked response curve. A
similar transformer couples the first and
second IF valves while coupling to the
second detector tuned grid circuit is by
means of a fixed condenser, the anode of
the second IF valve being fed by an RF
choke. The variable resistance R8 con-
trols the gain (and consequently output)
of the receiver by varying the bias to the
two IF valves.

Regeneration is used in the second de-
tector (6Cs triode) circuit to improve both
selectivity and sensitivity and also, when
necessary, to provide a beat-note for CW
reception. In this way the necessity for
a separate beat oscillator is avoided.
AVC was not considered of much value in
a receiver of this description but could, of
course, be added at any time. The 6Cs
second detector is resistance-transformer
coupled to the 6F6 or 616 output valve.

A 5Y3 rectifier valve is used. Incident-

.ally it will be noted that with the excep-

tion of the two Acorns all the valves are
of the octai base type. The mains trans-
former, of the sunk-in chassis type, gives
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secondary outputs of 500 volts {centre
tapped) at 60 milliamperes or so, 6.3 volts
(centre tapped) 3 amperes, and 5 volts 2
-amps. . The ‘mica condensers connected
betweemanodes and heater of the vectifier
cut out the hum experienced on certain
‘frequenmes over 30 Mc/s. A switch is
provided in the HT negative lead in addi-
tion to the mains switch, so that the
teceiver may be temporarily silenced for
communication purposes. A 20-henry
smoothing choke is used, but where de-
sired this could be replaced by the field
wmdlng of a loud speaker.

The receiver was first put together ex-
perxmentaH screening and decoupling
being usedy only where obviously neces-
sary. In this way construction was sim-
_plified, while under actual test the
_receiver was found to be perfectly stable
"~ and. any .additions proved unnecessary.
The fact that there is no need for screen-

Underside view of the receiver.

ing between the signal and oscillator cir-
cuits lessens constructional difficulties to a
very considerable extent. By using a
well-spaced layout it was found unneces-
sary to provide extra screening for the IF
valves (beyond their own internal screen-
ing) even when using the glass-type valves.
The IF transformers are, of course, pro-
vided with their own screening cans. The
second detector grid coil was not screened
separately, but was placed under the
chassis to avoid any unwanted couplings.

An aluminium panel measuring 7in. x
21in. and chassis 21in. x gin. x 2in. deep
are used. These dimensions give ample
space for an uncrowded layout, but could
be reduced somewhat.

It goes without saying that all leads in

the signal and oscillator circnits are kept.

really short. The signal-frequency tuning
condenser is mounted direct on the main
panel with the Acorn pentode just above
it. A Trolitul sub-panel measuring 3in. x
4in. serves as the oscillator coil socket,
Acorn triode holder and oscillator tuning
condenser mount. In fact, the whole of
‘the oscillator is made up on this panel,
which is mounted about 2in. behind the
main panel and supported at the top by
two pieces of screwed rod-which are fixed
to the main panel, also by two small

Wireless
Worla

brackets at the bottom secured to the
chassis. ‘The Acorn pentode is mounted
in “a  Trolitul valve:holder, and the
signal coil socket is also of this matenal.
All of these special components, includ-
ing the IF transformers and second-
detector grid coil, were made by Messrs.
Denco. The IF valves and transformers
are placed at the rear of the chassis
and the power supply at the right-
hand side looking from the front of the
panel. The controls on the panel are,
from left to right, signal tuning, IF gain
control, main oscillator tuning, second de-
tector reaction and two QMB on—and—off
switches.

On completion, and before any results
can be obtained, it will, of course, be
necessary to line up the IF stages. For
this purpose it is preferable to have a
simple oscillator which tunes from about
2 to 3.5 Mc/s. If at hand, the oscillating
detector in a straight receiver or the oscil-

4
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lator in a superhet will do the job satisfac-
torily. Having ascertained that the
second detector oscillates, the trimmer
tuning the grid coil of this stage is set
about half-way in. An insulated lead is
taken from the 3 Mc/s oscillator and
loosely coupled to the grid of the second
IF valve by lightly twisting the flex lead
once or twice round the grid lead of that
valve. The second detector is set oscillat-
ing, and then the frequency of the 3 Mc/s
oscillator varied until it produces a beat
note—i.e., is in tune with the second de-
tector circuit.” The reaction condenser is
then turned out until the set stops oscillat-
ing. A high-resistance voltmeter is now
connected from the detector anode circuit
(resistance end of the RF choke) to chassis
or, alternatively, a milliammeter is con-
nected in series with the anode circuit, to
indicate signal maxima. With the 3 Mc/s
oscillator still coupled to the second IF,
the grid trimmer of this stage is varied for
maximum deflection on the meter,

The oscillator is next similarly coupled

‘to the first IF grid, and the plate (prim-

ary) side of the IF transformer similarly
lined up; the grid circuit of the second
stage will also need slight readjustment.
The process is repeated with the vscillator
coupled to the frequéncy changer plate
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lead. 'At this stage the 3 Mc/s oscillator
can be dispensed with and the IF stages
will be roughly in alignment.. For final
adjustment a steady signal at the input of
the receiver is required. A small oscil-
lator, working on, say, 14 Mc/s, is best
for this, but if not available a fairly
strong and steady short-wave signal
should be tuned in and the IF trimmers
then checked for complete resonance as
indicated by the deflection on the meter.

Care should be taken to ascertain-that
the signal circuit is tuned lower in fre-
quency than the oscﬂ]atm as on some
parts of the tuning range it is possible to
receive signals on both upper and lower
beats.

As well as giving excellent results on the
lower frequencies, the receiver has been
tested on the television sound transmis-
sion for long periods and has been found
very stable and free from creep after the
initial heating-up period of ten minutes or
so. Full loud-speaker output, with some
reserve, is obtained at a distance of 7o
miles with an ordinary broadcast aerial.
Another interesting test was to compare
the receiver with a good single-stage TRF
receiver on the 56 Mc/s amateur band.
A signal which was R4/5 on the loud
speaker of the superhet was inaudible on
the phones of the straight set.

New Insulator
A MICA SUBSTITUTE FROM CLA;Y

POSSIBLE substitute for-mica has

been developed by Dr. Ernst A.
Hauser, Associate ‘Professor of- Chemical
Engineering at Massachusetts Institute of
Technology. The material, dérived from
clay, is named ‘“ Alsifilm.”” . The method
is to submit a thin paste of ‘fine-grained
clay to the action of a high-speed centri-
fuge which separates the smallest particles
from the others. This extremely fine-
grained clay paste contains a relatively
hl“h proportion of water, but its import-
ant property is the tendency of the par-
ticles to align themselves into chains
interlaced at random.  The result is a
felt-like  structure, very easily dis-
arranged, but becoming stable and strong
when thc water is 1unoved by high heat
and  pressure.  The = res ultm{,r sheet
material is not so painfully limited in size
as is the natural mica sheet, nor-does it
have the same tendency to flake. It may
be transparent like clear natural mica.
With reasonable care in manufacture the
film' should excel mica in the matter of
homogeniety—an important  considera-
tion at radio frequencies.

Alsifilm may be produced as a c]oscly
adherent layer coating or lining to various
materials. It is therefore also a possible
substitute for varnish or lacquer.

If the possibilities can be realised com-
mercially the number of uses would
appear to be large. At any rate, cost
should be within reason, since suitable
clays are abundant in several central and
western districts of the United States.
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NEWS of me WEEK

ELECTRICAL INTERFER-
ENCE

Compulsory Suppression Abroad

HEN in England recently

our Italian correspondent

was amazed at the interfer-

ence with listening caused by

clectrical apparatus, and ex-

pressed surprise that there is no

Jegislation to check this grow-
ing nuisance.

Things are very different in -

Italy, however. Here is an
extract from the Royal Decree
regarding  electrical  interfer-
ence:  Whosoever constructs
or uses in any way electrical
apparatus or high power elec-

trical transmission cables is ex- |

pected to observe that the
above - mentioned - apparatus
does not disturb wireless lis-
teners’ receivers. Should the
necessary precautions not be ob-
served, the Ministry of Public
Works will take action and the
owners are liable to a fine.”

ONE SET TO EVERY FIVE
PEOPLE

New Zealand Wireless Prospers

ESPITE the fact that a wire-
- less receiving licence in New
Zealand costs 25s. (L1 sterling),
one in every five of the popula-
tion owns a wireless set, accord-
. ing to the latest figure of 300,735
issued by the Dominion Govern-
ment, and .the number of
licences has been more than
doubled in the past three years.

Until the Ottawa agreement in
1933, America held the virtual
monopoly for the export of wire-
less apparatus to New Zealand.
Since 1934, however, the import
of apparatus from Great Britain
has been gradually ascending,
and now with the issuing of the
figures for the first six months
of this year it is shown that some
sixty per cent. is supplied from
the Mother Country.

AMATEURS AND POLICE
COLLABORATE
"A MATEUR radio-transmitters
from the eastern counties
are taking part in a series of
tests at the request of the
police authorities to ascertain
what frequencies would be suit-
able for communication work in
the event of a National emer-
gency. Experiments are being
conducted on the 3.5-, 7-, 28-
and 56-Mc/s amateur bands.
So far 7 Mc/s has proved un-
reliable owing to interference.
It is proposed to use multi-
element beam aerials with
reflectors, similar to those used
at the Post Office ultra-short-
wave telephone link stations, in
the tests on 56 Mc/s.

13

LONDON TELEVISION RELAYED IN INDIA

Ultra~-High-Frequency Experiments

HE Delhi broadcasting
authorities recently relayed,
with great success, from their
local station the sound trans-
mission from the London tele-
vision station.
Qur informant, an
Coast amateur, writes:—
“I keep a daily schedule on
28 Mc/s with VU2AN, of
Baluchistan, India, and I have
got him to listen to the ultra-
high frequencies, and he has
heard the London television
sound transmission on two or
three occasions. He tells me
that the Delhi broadcasting
authorities recently relayed the
television sound quite success-
fully over their local system, a
double diamond aerial being
used for reception. A similar
schedule is kept with WgZHB,
at Zearing, Illinois, with the
object of a possible contact on
56 Mc's. He has quite fre-

East

quently heard the sound trans-
missions, sometimes at excellent
strength. These receptions co-
incide with the ““F" layer
peak, which occurs at the end
of October and beginning of
November. Unfortunately, the
upper limit this year is defin-
itely below that of last year, so
that, it would appear that we
have passed the sun-spot maxi-
mum, and the possibility of
transatlantic 56 Mc/s contact is
very remote.”’

He further states that the
transmissions on 41 Mc/s from
W8XW], Detroit, have been re-
ceived at excellent strength
during the past three weeks.
W2XDG, Bound Brook, and
WS8XNT, Cleveland, on 38.6
Mc/s, are, however, much more
frequently received. During the
recent peak period the highest
refracted signal heard was in
the region of 48 Mc/s.

IN CONTEMPLATIVE MOCOD. B.B.C. and G.P.O. representatives at
the Brussels Wavelength Conference photographed by The Wireless

World correspondent.

Nearest the camera is Sir Noel Ashbridge,

B.B.C. Chief Engineer, next to whom is his assistant Mr. L. W. Hayes,
Seen between them is Colonel Angwin of the G.P.O.

DE-ICING AERIALS ON

AIRCRAFT

Air Ministry Statements

METHODS of de-icing aerials
on aircraft are explained
in a pamphlet on ‘‘Ice Forma-
tion on Aircraft and its Preven-
tion,”" just issued by the Air
Ministry. -

In the case of trailing aerials,
the aerial fairlead—that is, the
tube through which the aerial
wire leaves the aircraft—should
be protected from ice by means
of a shield which deflects the
air flow, states the pamphlet.
Some fairleads are retractable
and, therefore, may be drawn
into the aircraft during ice con-
ditions. A method of de-icing
trailing aerials has been de-
veloped and has given promising
results in the wind tunnel.

Spare trailing aerials should
always be carried, in case ice
conditions are so severe that an
iced-up wire has to be cut away.

With regard to fixed aerials,
it is stated that shrouds should
be fitted over the aerial insu-
lators to protect them from the
direct air flow and keep them
clear of ice. The point where
the aerial downlead . enters the
aircraft—that is, the deck insu-
lator—should also be shielded.

Modern practice, says the
pamphlet, tends towards the in-
creasing use of fore and aft
aerials, and these do not appear
to ice up to the same degree as
aerial wires which run from the
wing tips to the tail.

- _REGULAR SUNDAY
AFTERNOON TELEVISION
Resolution for the New Year

ITHERTO  television c¢n
- Sunday afternoons has been
confined to O.B.s spaced at in-
creasingly wide intervals. We
understand, however, that early
in the New Year regular trans-
missions will be given on Sunday
afternoons. Many of them will
continue to be O.B.s, but when
no suitable outside material is
available recourse will be had to
studio programmes. Except in
the case of special O.B.s, it is ex-
pected that transmission will be
from 3 to 4 p.m. as on week-
days.

EM.I. CONFIDENCE IN
TELEVISION

Its Progress and the Problem of
Extending the Service
ONSIDERABLE enthusiasm
was evinced at the seventh
ordinary general meeting of
Electric and Musical Industries,
held in London last week,
during Mr. Alfred Clark’s report
on television progress during
the year.

He stressed the importance

of the new emitron camera,
which had made possible so
many historical outside broad-

casts, and remarked upon the
distinct advance in the general
quality of entertainment from
Alexandra Palace.

While sales of television ap-
paratus are still too -small to be
entirely satisfactory, the chair-
man pointed out that they are
large enough to give a fair in-
dication that television has be-
come a permanent feature of
broadcasting.

Extending the Service

Mr. Clark then raised the
point which has been the sub-
ject of widespread speculation
since the opening of the service
in 1936.

“It seems clear (he said)
that, in view of the experience
of this first transmitting station
at Alexandra Palace, the tele-
vision committee presided over
by Lord Selsdon will in the near
future recommend the extension
of the television broadcasting
service so that a larger public
can be reached. While we know
that within a thirty-mile radius
of London there is a great
population, we should not for-
get that it is one which has at
its door so much other enter-
tainment that television is not
as necessary to it as to those
who live further remcved from
the larger centres.” :

Two relay mcthods are
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possible, one by means of
special cables, and one by

means of ultra-short-wave wire-
less links. The Chairman then
stated that, as the result of
E.M.I1. research under the direc-
tion of Mr. Shoenberg, a solu-
tion had been found which,
while permitting an immediate
start for relaying television to
the provinces, is at the .same
time economical and will not
stand in the way of future pro-
gress. The scheme, which is dis-
cussed in the Editorial comment
in this issue, has been placed
before the television Advisory
Committee and Post Office.

BB.C. “TELEVISAPHONE”

Television Director to Answer ‘Phone

Queries Before the Cameras

R. GERALD COCK, B.B.C.

Director of Television, will

try an interesting new experi-
ment on December 23rd when,.
with a telephone by his side, he
faces the television cameras to
speak with individual viewers.

From his  witness box '’ he
will invite queries concerning
the television service from any
viewers who are fortunate
enough to have a telephone
within sight of their televisors.

Calls will be limited to six,
and each viewer will be limited
to one question. Enquirers will
be asked to give their names
and addresses, although only
their names and localities will
be disclosed.

LIBYA’S NEW STATION

Interesting Aerial System

"E." MARSHALL ITALO |

Governor  of
the new
271.7-metre

near

< BALBO,
Libya, opened
EI.AR. 350-kW
transmitter at Zanzur,
Tripoli, on November 12th.

The radiating system of this
station is of special interest, it
being possible to direct the
transmissions to° the East or
West or to make them omni-
directional. To accomplish this
two aerials are employed, each
of which can be used as the
radiator or as the reflector.
The transmitter is connected to
the studios at Tripoli by a six-
pair cable.

TOURING LONDON BY

MICROPHONE
ALF London will be "“on
tap’’ on December 30th

when Michael Standing takes
charge  of ““ Entertainment
Tour ”’ for broadcasting. Staged
on more ambitious lines than
anything of the kind @ yet
attempted, this feature will take
listeners from one London enter-
tainment to another at the flick
of a switch. The programme
will be directed from Broadcast-
ing House, ‘and a little army of
commentators dotted about the
Metropolis will be watching for
their cue-lights.

. the
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TELEVISION REPORT

* Statements by the Cinematograph
xhibitors’ Association

AT the last meeting of the
Television Committee of the
C.E.A. it was pointed out that
no novel developments have re-
cently taken place in television,
although some advance has been
made in the luminosity of
cathode-ray tubes. The latest
tube of this type is capable of
illuminating a six-foot picture at

an intensity of 4-foot candles.
The . C.E.A. Technical De-
partment expressed the opinion
that the optimum economic
luminosity of cathode-ray tubes
has been nearly reached, and
that brilliantly lighted large-
screen television reproduction is
more likely to be achieved by
Diavisor method. This
system employs an exterior light
source, the beam of which passes

- through the *cathode-ray tube

picture, and is focused on the
theatre screen.

The cathode-ray tubé picture
instead of being of various
luminous intensities builds up the
televised' picture by rendering
the otherwise opaque screen
transparent.

The most serious difficulty to
be surmounted is the manufac-
ture of a compound which while
opaque in its normal state will
give a wide range of transparen-
cies when subjected to varying
clectron beams.

ARE INTERNATIONAL
RELAYS WANTED?
An Indian Commentary

T a time

when eveén the ¥

cheaper types of factory-'

made broadcast receivers. pick
up a large variety of foreign
stations, 1t is.
whether an elaborate system of
international relays as envisaged
by the International Broadcast-
ing Union is really necessary.

An interesting commentary on
the question comes from an un-
expected quarter. According to
the Times of India, technicians
of All-India Radio have realised
that relays of the B.B.C. Empire
programmes from Daventry are
by no means completely satis-
factory. ‘A relay loses a good
deal of its attraction,”’ says the
journal, ““if a considerable pro-
portion of listeners find it just as
satisfactory to receive direct
from the original.”’

If this is true of short-wave
reception . India, where
listeners are at the mercy of
atmospheric vagaries and attenu-
ation of signal strength, how
much more so it must be where
European reception is concerned.

ALBANIA’S FIRST
BROADCASTING STATION
LTHOUGH Albania’s first

broadcasting station was in-
augurated on. Monday, it will be
of little use in the country itself,
for it is operating on the short

being asked -.

| call sign ZAA,

waves in order to carry the voice
of Albania into other countries.
This 3-kW station, with the
is working on
wavelengths in the 19-, 29- and
4o-metre bands. As well as
being used for broadcasting, it
is equipped for radio-telegraphy
and commercial radio-telephony.

FROM ALL
QUARTERS

Radio for Small Ships
AT last week’s inquiry by the
Board of Trade into the loss of the
steamer Glanrhyd, which foun-
dered with seventeen men off the
Gower coast in  January, the
assessors recommended that small

coasting vessels should be fitted

with radio-telephone apparatus.,

£16,000 on Anti-interference

A TEN-MILLION-VOLT discharge
between two metal spheres several
fect apart will be a feature staged
by the General Iilectric Company
of America at the New York
World’s Fair next spring. £16,000
is 1o be spent on screening the
building which is to house the
demonstration, to prevent the
diffusion of "electrical interfercnce.

THE TRILINGUAL NOTICE
outside the building in Jerusa-
lem which houses, among other
Palestine Government Depart-
ments, the Broadcasting Service

reminds us of the three
languages used in the service.
The chief Arabic announcer,
Mr. Husseini, on leaving the
building passes a sentry.

Post Office Profits
Tue Post Office net surplus for
the year ended March 31st, 1938,
was £10,169,524. Of this total
£655,585 was derived from wireless
licences.

Fresh Ground for Television

THE first television transmission
from a ballroom in
Hotel will be given on New Year’s
Eve. The transmission will also
be - the first to be radiated up to
and past midnight. Viewers will
b