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WHAT IS RADIO
How It Is Sent And Received
A discussion of some elements affect-
ing the propagation of radio waves

through the ether.
T is only about 13 years since the
Ifirst broadcast programmes were puton the air in a big way. In these
years something like a revolution has

taken place in the entertainment world.
Radio has opened up new ideas, given
new opportunities and created new tech-
nique, which have individually and col-
lectively changed the ideas of half the
world's inhabitants. Music, entertain-
ment, sport, politics, and, in fact, almost
everything has acknowledged its influ-
ence and power.

It has done this because in a fractionof a second it is able to carry its
message to anybody and everybody, whohas a radio set operating within the ra-dius of a broadcasting station. By link-ing up many stations, the service areaof each is available for this message,
whether it be an advertisement for pinkpills, or the announcement of a Sover-
eign's death.

One of radio's greatest services to hu-
manity is its ability to link up the iso-
lated sections of a community with
civilisation. This is particularly true in
Australia, where there are so many liv-
ing in the outback, miles from any-
where. To these people the radio has
brought a new interest. It has been to
them a servant of incalculable value, not
only in giving them the latest news and
information on weather and industry,
and in providing entertainment, but it

been the means in many i stances
saving lives and protecting property.

With the prospect in the next few
years of television services being added
to the achievements of radio, we are
justified in regarding it as one of our
generation's Biggest Things.

The man who starts out in the home-
, building game should first of all obtain
an elementary knowledge of these radio

 signals, how they are transmitted, how
receivend so on. To understand these
tarts means a good deal when one
comes to the Great Moment, and the
the first home -built set is switched on
for the first time.
RADIO SIGNALS

In general, transmission and reception
are very simple matters. The transmit-
ter is a large electrical machine com-
posed of valves and tuning circuits. The
object of the valves is to generate and
amplify to suitable power the necessary
high frequency (sometimes called radio-
frequency) current, which is to be fedinto the aerial at the transmitting sta-
tion, and from it shot 't) ut into ether.
The tuning circuits are there to keep
these radio -frequency currents operat-

ing on a set number of
vibrations per second, which
we call the station's fre-
quency. Thus a station us-
ing 1000 kilocycles (1,000,000
cycles) per second has its
circuits tuned so that the
high -frequency currents are
fed to the aerial vibrating
backwards and forwards at
the terrific speed of 1,000,000
times per second.

Now radio waves move
through the ether at the
same speed as light, or ap-
proximately 186,000 miles per
second. If each second we
have 1,000,000 vibrations, we
can, by dividing this figure
into 186,000, find the distance
which would exist between
each vibration, if we like to regardthem leaving the aerial in a suc-
cession of waves, just like the ripples
on a pool of water wfien we drop a stoneinto the still surface. This distance we
generally call "wave -length." For 1000
kc. this wavelength works out at 300metres, and is generally spoken of that
way, in preference to measurements in
feet and inches.

WAVELENGTH AND FREQUENCY

A quick way of finding wavelength' from a station's frequency is to divide
the wavelength in metres into 300 mil-
lion, which is the number of metres per
second at which the waves travel (also
equal to 186,000 miles). Conversely, by
dividing the wavelength into 300 mil-lion we get the number of frequenciesper second. It is a long business quoting
frequencies to the single unit, and itinvolves the use of a large number of"noughts" in the numbers. Therefore
we generally refer to them in thousands
per second (kilocycles), and on the ultra-
short waves, or very high frequencies, in
millions per second (megacycles).

So much for the transmitter. The
receiver also has its valves and tunedcircuits. The tuned circuits, when ad-
justed so that they will respond to the
wavelength or frequency of the trans-mitter, pass on the tiny currents they
pick up via the aerial, and amplify themuntil they are strong enough to operatea loud speaker. As the transmitter is
only desired to operate on one fixed fre-
quency, its tuned circuits are adjusted,
and then left fixed. The receiver, how-
ever, must be able to "tune -in" to sta-
tions operating on frequencies, all dif-
ferent, which extend in the case of the
broadcast band, from 1500 ice. to 550 ke.

At the foot of an aerial mast of a big broadcast
station.

Therefore we have the tuning control, by
which the frequency to which the set will
respond is made variable over this
"band" in order that we may receive
any station which operates within these

THE BANDS

Australian stations, and in fact sta-tions in every part of the world exceptEngland and on the Continent, operate
on frequencies between 1500 kc. and 550
kc. (200 metres and 545.5 metres). ThisLs known as the broadcast band. The
exceptions mentioned above work on
frequencies below about 300 kc. or above
1000 metres. These set "bands" are the
result of international agreement, and
cannot be altered except by subsequent
arrangement between the countries con-cerned.

Between 1500 kc. and 3000 kc. (200 and100 metres) there is very little activityat all. A good deal of short-wave broad-
casting is done between 100 metres and
10 metres, mostly on hands, again re-
cognised internationally, round about
13 metres, 16 metres, 19, 25, 31, and 49
metres (the most often used), with one
or two in between and up to 70 metres.

The general behaviour of these wave-lengths varies considerably as we go
down the scale in wavelength from 1000
metres to 10 mo:;res. So much so that a
signal on 1000 metres is quite unsuitablefor the work which can be done with asignal on 25 metres, or on 10 metres, oragain on 5 metres. The study of the
behaviour of transmitters on various
wavelengths is a life -study for manymen, and there is still, plenty of datayet to be gathered, and new facts to beunearthed.

m
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5HOR.T WAVES

BROADCAST BAND
Above.-On short waves, the sky wave and ground wave are generally well apart.
No signals are audible between them. Below. --On the broadcast band, the ground

and sky waves frequently interact, causing a "distortion area."

* Fading
THIS rapid review will convey in

simple words a good idea of how
signals are transmitted and re-
ceived. Bearing them in mind, we

can go on to consider other elements
which come into the matter.

Fading is one of these. It is one of
the most annoying and puzzling things
in radio. It is annoying because it plays
havoc with so much long-distance trans-
mission, and puzzling because there is
no easy way of overcoming it.

Fading is that phenomena by which
the strength of a distant station varies
more or less regularly, from full strength
often to inaudibility. It will vary with
the seasons of the year, and with the
individual nights of the week. Some
hold that it is largely influenced by the
position of the "sun -spots," but, for the
moment, we won't worry over such deep
considerations. We are concerned here
with the question of why signals fade.
GROUND WAVE

To understand the matter, we must
realise that each station is regarded as
sending out two waves into the ether.
One is known as the "ground wave" of
the station, and is regarded as travel-
ling parallel with the ground. This wave
never extends very far, often less than
100 miles, and peters out gradually until
it is quite lost. The things which affect
its strength are the power of the station,
the wavelength of the station, and
the type of country over which the
wave travels.

Naturally, the higher power we
use on the same wavelength, the
stronger our ground wave. The
higher the wavelength in metres,
also the stronger the ground wave,
and the further it will extend.
Lastly, a smooth, even countryside
will absorb less of the wave than
a rough heavily -wooded area.

These are all big questions, and
have a tremendous amount of work
and calculation behind them.
However, it is possible, by mathe-

niatics and actual measurement,
for engineers to have evolved a
set of charts and tables by which
they can tell exactly how far the
ground wave will be useful, once they
know the wavelength of the station, its
power, and the class of country over
which the waves must travel. Generally
speaking, a station working on 1000
metres with high power, and working
over good country will have the best
ground wave, and a low -powered station
working on, say, 200 metres with poor
country will have a very unsatisfactory
one.
SKY WAVE

The second wave which comes into
the question is the sky wave. This is
never received directly, but is reflected
from a band of ionised air high above
the earth named after its discoverer,
a man called Heaviside. This reflecting
band, unfortunately, is not a constant
thing at all, but varies in height and
character. Naturally, its reflection
characteristics will vary as well, just as
in the case of a mirror, for instance,
whose surface was subject to many
changing waves and ripples.

Whereas the ground wave is not sub-
ject to fading, but simply to variation,
which takes place due to the night and
day. the sky waves depend on this vari-
able reflection for their propogation, and
they are the waves which suffer from
fading.

Incidentally, most people know that

HEAVIS I DE

LAVER

AERIAL
EARTH

CHANGING IN
CHARACTER

night reception favors distant stations
much more than day reception, because
the sunlight has a strong "ionising"
effect on the air, which means that it
imparts to it electrical charges which
have a blanketting effect on the signals.
Thus it is always harder to get signals
through from between points bridged by
daylight than it is when these points
are bridged by darkness, whether work-
ing on the ground wave or the sky wave.

However, to come back to our sky
wave. The second area of reception
which is important is the area served
by the sky wave. The amount of "skip,"
which is the distance between the trans-
mitter and the nearest points at which
the sky wave is received, The area
served by the sky wave is a variable
factor, and depends to a large extent on
prevailing conditions of day and night
among other things. We won't get
mixed up in such matters at present_
the main thing to grasp is that it is
received at distances very much greater
than the ground wave can ever span.

This reflected wave becomes much
more critical on the lower wavelengths.
It can be said that at 1000 metres there
is very little useful reflected wave. By
the time we reach, say, 20 metres, the
ground wave is quite weak, and often
won't efficiently span the suburbs of
Sydney.

The reflected wave, however, would be
quite strong enough to put a full-
strength signal into America, which
might not properly be received across
the city. It is the reflected wave which
we receive from overseas short-wave
stations and that is why the signals vary
and fade so much.
DISTORTION AREA

There is often an area varying ac-
cording to wavelength used at which
the sky wave returns to earth before
the ground wave has petered out. Thus
the two signals received by means of
each wave are apt to interfere with
each other, sometimes reinforcing sig-
nal strength, sometimes cancelling it out
altogether, and most of the time break-
ing up reception into the most horrible
forms of distortion. These are bad
areas for that particular station,
in many cases, render its programmes
useless when these conditions prevail.
This is a very common phenomena asso-
ciated with Australian stations and
noticed particularly in country districts
more than about 100 miles from a trans-
mitter.

As we have mentioned, the subject is
a vast one, and we can do no more
than summarise its effects without
analysing how it actually, causes this
distortion. It is safe to make the general

SIGNAL

How radio waves are reflected from the Heaviside layer and cause the skip effect.
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statement that the two waves simply
work one against the other to split up
the original carrier in all kinds of weird
ways, and completely spoil reception.
On rare occasions, conditions will play
tricks, and reception might be fine for
a little while, but the general tendency
is to rule out that station whenever the
sky wave and ground wave clash.
A.V.C.

So far, the only thing we have been
able to do, in fighting the effects of
fading, is the fitting of A.V.C. to the
receiver. The effect of A.V.C. or in full,
Automatic Volume Control, is to vary
the sensitivity of the set automatically,
according to the strengh of the signal.
More of this scheme will be found else-
where in this book. However, although
it is often effective in holding the signal
much steadier than would otherwise be
possible, it. is not a solution, and can-
not do anything at all towards assisting
in the matter of distortion, which is a
result of fading. Much experiment has
been carried out utilising the directional
effects of various aerial systems, but
the problem in the main_ still remains
unsolved.

* Aerials and Earths
One of the things which often worry

the man who is installing his own radio
is this matter of aerials and earths.
Naturally, being desirous of obtaining
the best possible reception, he regards
the matter as being specially important.

It is, of course, quite important. The
modern receiver is so good that it is
possible to use almost anything for an
aerial, and still get good results. This
does not mean that we cannot get even
better results by using a better aerial.

The main purpose of an aerial is to
collect electrical energy from the ether,
and feed it into the radio set. There-
fore, generally speaking, the aerial which
is the, best collector of energy is the
best aerial.

This is why an outside aerial is a
more efficient installation than an in-
side aerial. Most receivers these days
will give good local and interstate re-
ception on an aerial round the picture

263v042111mt--ttleqe stations, particularly the
terstate stations, will be received at

better strength on an aerial which is
outside, and therefore generally higher
up, and pfobably longer as well.

The most desirable feature about a
receiving aerial is height. Obviously, a
high aerial will have a better chance of
picking up signals, than one lower down,
and subject to the shielding and damp-
ing effects of trees, buildings, power
wires, etc. So that the first thing to
do is to get the aerial as high as
possible.
AERIAL LENGTH

Next comes the matter of length. It
is not a good point to have an aerial
too long. Remember that it is hitched
to the first tuned circuit of the receiver,

IN1/4...:nd the aerial itself has a definite
mount of inductance and capacity,

which are the important features in a
tuning coil. Therefore, it exerts a cer-
tain "loading" effect on the first tuned
circuit. If the aerial is too long, this'
effect may be enough to badly throw theset out of line. This will, of course,
tend to offset any extra strength of
received signal.

30 Fr

el
10

A'

30 FT

TRANSPOSE0

Lime

A'

111
40

A

60 Fr

TRANSPOSED

LINE

A'
-.

60 Fl

 A-0 f
-

Left.-A plain "inverted L" aerial. Centre and at right.-Two forms of doublet
receiving aerials.

As a rule, an aerial about 70 feet
long and 30 feet high will give good re-
sults with almost any set. If any ad-
dition to these dimensions can be made,
we advise adding height more than any-thing else. In some cases, it may only
be possible to erect ,a long low aerial, ora short high one. That, of course, is
something which cannot be helped, and
there is nothing to do but to put upwith it.

As a rule, best results are obtained
from the inverted "L" aerial, which issimply a single wire with the lead-in
coming from one end, and into the set.
This type of aerial will do very well inall but special cases, where specialaerials will be an advantage.

It does not matter very much whether
insulated or bare wire is used for anaerial. Bare wire needs at least one
porcelain insulator at each end to pre-vent it from touching anything, but agood brand of insulated wire may be
tied round some support without insu-lators, and carried down to form the
lead-in itself. Of course, the lead-in canbe bare wire as long as it comes into
the house through an insulated strip, oris insulated itself at that point. It is
a good plan to have all leads inside thehouse made of insulated wire, not only
in the aerial system, but the earth sys-tem as well. Needless to say, all joints
in the aerial and earth wires must be
carefully soldered, and, in the case of
the aerial and lead-in, kept from touch-
ing anything where the wire is bare,and as far from metal objects as pos-sible.

SPECIAL AERIALS

In many cases, a noisy house -power
installation, or some other source of
electrical interference will cause crackles
and other extraneous noises to be fed
into the aerial coil of the set along withthe signal, and often render reception,
particularly short-wave reception, veryunpleasant. In many cases, by using
aerial systems which render the lead-in
wire quite dead as far as picking up sig-
nals is concerned, most of this local in-
terference can be avoided. Note that thisonly applies to such interference as is
created locally, and well below the aerial
in height. Should the interference come
from a block away, it would be fed tothe aerial, if strong enough, just as the
signal is fed, and the only way to stop
it is to suppress it at the source. These
special aerials are only useful when the
aerial itself can be supported well above
the local interference, such as would
otherwise be picked up on the lead-in
wire.

The most useful form of such an
aerial is the doublet aerial, which. has
the lead-in connected to the centre, and
has either twisted double leads for the
lead-in, or which has them transposed
throughout their full length with special
little tran.s'position blocks. Such an aerial
is not hard to erect, and is not verycritical for reception. A handy length
each side of the lead-in would be be-
tween 30 and 50. feet. The lead-in may
be any length within reason.

The two lead-in wires are connected
to the aerial coil of the set. It is ne-
cessary to see that one side of the aerial
coil is not connected to earth or to the
chassis, but is left unconnected to any-
thing but its own feeder, it doesn't mat-ter much which one. Most sets these
days have the aerial coil brought out
,to two insulated terminals. one of which
is earthed should the doublet aerialnot be required.

There are other forms of shielded
lead-ins, which are very effective in bad
cases, btit these are generally too hard
to make, and the enthusiast would do
well to buy them complete, and install
them as per instructions. Among these
is the "double doublet," a noise -reducing
aerial which has been designed specially
for dual -wave sets.

THE EARTH

Every set should have a good earth
connection, not only for best perform-
ance,. but, in the case of electric sets, in
the interests of safety, should the occa-
sion ever arise, which by the way is very
remote. Some sets will work quite all
right without an earth, but, in any
case, it is good practice always to pro-vide it.

A good earth can be made by buryingan old kerosene tin in the ground,about six inches below the surface.
Punch holes in the bottom, and a few
in the sides, first of all, and solder aheavy lead to the tin. Then fill it with
ashes or some other material which will
hold moisture, and sink it in the garden
outside the window, or in some other
convenient spot. It is a good idea to
keep this area damp, and for that rea-
son, some people have a pipe running
down to the centre of the tin, through
which the water is poured.

On the other hand, an earthing clip
to a convenient water -pipe makes a very
good earth, and even a copper rod driven
a few feet into the ground, will serve.Have the earth lead as short as possible,
insulated, and of heavy gauge wire,
stranded or solid. Gauges 16 to 20 shouldbe In order.
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01. CAN BUILD IT YOURSELF
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40,,tWORLD STATIONS IMMEDIATELY YOU

COMPLETE EIGHTEEN SIMPLE CONNECTIONS

AERIAL FILTERS
The Lekmek Aerial Filter prevents all outside interference, such as
caused by climatic conditions, from causing static. This means greater
clarity in bringing in interstate stations, and much
improved reception In local stations. Retail 35/-
Complete with 100ft. cable .. 45/.

DOUBLE DOUBLET
AERIAL SYSTEM

The Double -Doublet Aerial is specially designed for
dual -wave, short-wave, and shcrt-wave converter sets,
and gives very satisfactory results in providing noise -
leers reception.
Besides being a noisy and static eliminator, the Double -
Doublet is itself a highly efficient Aerial System.
All that is required are ropes and supports
A clear diagram is Included for your guidance. w7/6

IS THE ONLY SURE WAY OF BUILDING YOUR

OWN SET AND GETTING ABSOLUTE
LABORATORY RESULTS

Completely Assembled, Fully
Aligned and Tested, Partly

Wired
The Lekmek ChassiKit-Set provides the only sure
way of building a modern dual -wave ,superhetero-
dyne without risk of wiring and set alignment fail-
ures. With only eighteen simple connections to
make, the home constructor can provide himself
with a receiver equal to any radio on the Aus-
tralian and New Zealand market. Before leaving
the factory the World Standard ChassiKit-Set is
completely assembled and aligned, and thoroughly
tested both on the air and by signal generator.
The fact that only the highest quality components
are used throughout its construction assures con-
sistent and dependable performance at all times.

Lekmek World Standard A/C Dual -
Wave ChassiKit-Set.
Price .. .. 16 GNS.
Lekmek World Standard Battery
Dual -Wave ChassiKit-Set.
Price .. .. 16 GNS.

Complete with cirmit diagram and all
wiring instructions. Only speaker and
valves (as well as battery in the bat-
tery version) have to be obtained.

LINE FILTERS
All interference that enters your radio through the power line; static
caused by trams, trains, refriaerp tors, and other sources, can be

eliminated by the Lekmek Line Filter. 19/6

lekvnek
12 A ID II Co

1- -

LEKMEK RADIO LABORATORIES
(N. S. Gilmour)

75 WILLIAM ST., SYDNEY, AUSTRALIA.
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RADIO
FUNDAMENTALS

Before one can obtain a good perspective
of the radio game, it is necessary to

 have some idea of the laws governing
radio in general. In this article, we have
attempted to cover in a short space some
of the., elementary principles which con-
cern electric currents upon which radio

as a whole is based.

IT is not necessary for the average
home constructor to delve very deeply
into the theory of radio, at least, notuntil he hai had some practical ex-

perience upon which to base his studies.
There are. however, some fundamental
points which he should bear in mind,
and which he would do well to under-
stand right from the start.

It is true that scientists have never
discovered exactly what electricity is.
They explain it by regarding an electric
current as "electrons in motion." This
conception is only to be understood when
we know what electrons are, and howthey move.
Most people are used to the word "atom"

as applied to anything very small. It is
regarded as the smallest particle of any-thing one can have. Groups of atoms
make up molecules,' and molecules make
up the material things we see round usall the time.

THE ATOM

atom -itself, however, is made up
'''74).-"---Wectrons existing in groups. These

electrons each have a definite electrical
charge or "potential," called negativeand positive, These are opposite in
character, and one of the fundamental
facts about them is that the negative
and positive electrons attract each other,

while two negative or positive electrons
will repel each other.

Thus we find that atoms are made
up of a central core of positively chargedelectrons, with negative electronsgrouped round them, according to thestructure of those particular atoms.

Round this little group of positive and

Left: The simplest atom-Hydrogen.It has a single proton as nucleus and
one electron rotating round it.

Right: An atom of Helium. Here arefour protons and two electrons as
nucleus, with two rotating electrons.

negative electrons are to be found a
number of negative electrons, which un-der certain circumstances can be in-duced to leave the group, and attach
themselves elsewhere. When this hap-

Three .electric_ generators. Left to right.-A dry cell, an electric generator, a
rechargeable accumulator.

pens, and there is a progression of nega-
tive electrons through a body, we get
the effect of a current :fiow, each atom
handing on its eXcess electronS to thenext:

The number of electrons for each atom
will vary according to the nature of the'
atom itself, which in turn is determinedby the nature of the element of which
the atoms are made. However, the elec-
trons themselves are all alike. Someatoms have more negative electrons to
spare than others. Hence a current willflow more easily in a body made tip of
such atoms, than it would when fewerelectrons are available. Thus the first
body would be a better conductor of elec-
tricity than the second.

GENERATING CURRENT
An electric current may be generated

in various ways. The simplest form isby means of a "dry" battery. This isvirtually a zinc can containing chemi-cals, the active compound being generally
sal -ammoniac. The zinc forms one elec-trode and a carbon rod down the cen-tre is the other. The chemical action
between the sal -ammoniac and the zinc
causes a transference of these negativeelectrons through the cell, the net re-sult being to provide plenty of themat the zinc, or negative, pole, and ashortage of them at the carbon, whichthen becomes positive. The battery re-mains in a state of balance until thetwo terminals are joined through someload, on which the electrons can move
on, the current will flow, and the chemi-
cal action keeps up the supply. As soonas the chemicals are exhausted, thereis nothing to keep up the flow of elec-trons and the cell is useless.

Such a cell is a "primary" cell. Anumber of cells joined together is calleda battery.
Electricity is most commonly generatedin large quantities by generators whichwork through electro-magnetic action.They depend on the fact that if werotate a coil of insulated wire in astrong magnetic field, a current of elec-

tricity will flow in the coil. Thus gen-
erators are simply large coils wound oniron cores, revolving at high speed in-side the full force of a strong Magneticfield. The generators may be -driven' by
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steam, petrol, oil, or other types of
motors, powerful enough to keep them
revolving. Generally steam turbines are
used in the large electricity supplies,
such as feed our big cities.

The nature of the electric disturbance
causing the flow of electrons is also a
very important thing. For instance, a
strong electric field will create more elec-
tron disturbance than a weak one, and
therefore, encourage more current to
flow.

Positive electrons are generally termed
protons, and negative electrons are called
electrons.

ELECTRIC CURRENT FLOW

This little picture of the electric cur-
rent, as generally understood these days,
will help in the study of the three ele-
mentary things in electricity, upon which
almost every measurement is based.
These are voltage, current, and resist-
ance.

BATTERY

Passing current through the coil will
magnetise the ,nail or other iron object.

Electric current flow is often likened
to the flow of water in a pipe. First
consider )the force with which the water
is propelled. This in electricity is termed
the voltage, or the pressure of electric
current. A more correct name is "elec-
tromotive force," or E.M.F. for short
Note that we can have a high pressure
of water whether the actual amount
of water flowing is large or small. This
brings us to the second point, the amount
of water or electricity. The name for
this is amperage, taken from the name
of the famous scientist, Ampere (Volt-
age gets its name from another scientist,
Volta.) The third point is possibly the
easiest to understand-resistance. Some
conductors of electricity will allow it to
flow through them much more readily
than others-these are said to have a
lower resistance. There are plenty of
materials which have so high a resist-
ance that they will not allow any cur-
rent to flow at all. These we call in-
sulators. and we use them to insulate
two conductors when we don't want
them to come into electrical contact with
each other. V st insulators will allow
a certain amount of current to flow
through them, but it is generally so
small that it can be ignored.

Glass, dry wood, and bakelite are all
good insulators. Copper, aluminium, and
silver are good conductors.

The unit of resistance is called the
ohm, after another great scientist, who
was responsible for Ohm's Law. Upon
this law practically every electrical cal-
culation is in some way based. It de..
serves a special paragraph all to itself.

* Ohm's Law
Ohm's Law states that when an elec-

trical force of one volt is applied to a
resistance equal to one ohm, there will
be a current flow of one ampere. From
this we can obtain our definition. A
Volt is the electrical force needed to
drive one Ampere of current through

SvA.C.

IN

By a similar method of substitution, we
can find that P equals E squared divided
by R.

E2P =
R

All these simple formulae should be
studied and remembered, as they will al-
low all kinds of calculations to be made
for any circuit w.iere we are dealing
with current, voltage, and resistance,

5vAc. A.C. AND D.C.
OUT

Illustrating the principle of a trans-
former.

one Ohm of resistance. An Ampere
of current is the current which one Volt
will drive through one Ohm. And one
Ohm is the resistance required for one
Volt to produce a current flow of one
Ampere.

The full statement of Ohm's Law deals
with the calculation of one of these
three, when the two others are known.
To find the resistance in the circuit, we
divide the voltage in volts by the cur-
rent in amperes. To find the current in
amps, we divide the voltage by the re-
sistance in ohms. To find the voltage in
volts we multiply the current in amps.
by the resistance in ohms. ("Amp." is
the usual abbreviation of "ampere.")

For instance, we may have a resistance
of 10 ohms, and a voltage applied across
it of 50 volts. The current flow will then
be the voltage, 50, divided by the resist-
ance, 10. The answer is 5, which repre-
sents the number of amps which would
flow. From this answer we would know
that our source of supply would need to
be capable of supplying 5 amps of cur-
rent, and the resistance would need to
be capable of carrying such a current
without overheating or burning out.

In this way we can work out all man-
ner of calculations where voltage, cur-
rent, and resistance are concerned.

POWER

This brings us to another measure-
ment in electricity, that of power. The
electrical power in a circuit is the pro-
duct of the current flow and the volt-
age. Thus in our previous example, with
a voltage of 50, and a current flow of 5
amps, the power would be 250 watts. The
unit of power is called a watt.

The voltage (E) in any circuit, from
Ohm's Law is equal to resistance (R),
multiplied by current (I).

P r- IR

We have said that power equals volt-
age by current

P = EI

Therefore by substituting I x R instead
of E in our power formula, we find that

P equals IR x I,
or, in other words,

P = I2R

So far we have been dealing with elec-
trical currents which flow in one direc-
tion all the time. Such a current is called
direct current, or D.C. for short. There
is, however, another kind of current
which we call alternating current, or
A.C. for short. In this case the direc-
tion of flow is not in the same direction

Fit-
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A cross-section of a typical power
transformer.

all the time. It flows first in one direc-
tion and then the other.

This kind of electricity is produced
by electric generators. On the other
hand such generators can be connected
up to give D.C., but as a rule D.C. is
either obtained by batteries or
through rectifying systems. A.C. is easier A 2-1to handle because it can be stepped up
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MAGNETISM

To understand the value of this A.C.
current, we want to say something about
magnetism. Everyone knows what a
magnat is. It retains its magnetism be-
cause the steel is so made that it does
nat change its internal structure easily.
Therefore when we once magnetise it,
a process which involves a rearrange-
ment of the molecules in the steel, they
will tend to stay that way, unless we
deliberately upset them again.

Other metals, such as soft iron, do not
hold their magnetism for very long, some
types of iron only for a fraction of a
second after the magnetising force is re-
moved. Such a metal is said to have a
high "permeability." Thus magnet steel
has a low permeability

If we were to wind a coil of insulated
wire round a piece of soft iron, and send
an electric current through the coil, the
iron would become a magnet. This is

CA
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easily demonstrated with a torch bat-
tery, and some insulated wire woundround an iron nail. When the battery
is connected, the nail will pick up other
iron objects, if they are not too heavy.
As soon as the battery is disconnected,the nail will lose nearly all its mag-netism.

If we had used steel such as magnets
' are made of, the steel would retain mostof its magnetism, and continue to act

as a magnet for a very long time.
If we were to connect the same coilto a source of A.C. current, we would

have a different effect. While the cur-rent was flowing in one direction the
nail would be magnetised with the north
pole at one end and the south pole atthe other. As soon as the current flow
changed its direction, the opposite end
of the nail would be the north pole, and
the other the south pole. And thus the
nail would keep on changing its mag-
netism in step with the rate of changein the current.

The ordinary house supply is an A.C.
supply, and it changes its direction 50times each second. Therefore we call it
50 cycle current, because each complete
change of direction and back again weterm a cycle.

The nail is magnetised because of the
magnetic field the coil produces. Thefield would still be there even thoughthe nail was not.

Now imagine that we have an ironrod, or a bundle of iron wires, or the
iron laminations such as used in a power
transformer, and we wind on them a coilof insulated wire as before. We willnow wind a second coil the same sizeas the first over the top of it, or evenalongside it, so that the iron core also
runs through the centre of this secondcoil. If we now apply a voltage of ,5 voltsA.C. to the first coil we will find a volt-
age of 5 volts being delivered at the endsof our second coil.

The reason for this is in the magneticfield we have created, which builds up,
collapses, builds up again in the oppo-

site direction, and so on (50 times a sec-ond in the case of our household sup-ply). Whenever we have such a mag-netic field and bring a coil of wire into
its influence, a current will be induced-into that coil. The more closely it is
brought into the field the greater will bethe voltage. Maximum "coupling" is ob-tained when the second coil is woundover the first.

The voltage induced in the second coildepends on the ratio of the turns of wire

R.EvoLv INC"
Col L"'

SAC.
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MAGNET

How a generator works. Revolving the
armature causes the coil to rotate, out
across the magnetic field, and delivercurrent to the brushes, which makes

contact with the two metal rings.

compared with the first coil. If our sec-ond coil has twice as many turns as the
first, we will get double the voltage. Ifonly half as many turns, we will get halfthe voltage. This is the principle of thepower transformers as used in A.C. re-ceivers. The first coil is connected
straight to the 240 volt mains. A sec-
ond coil having a larger number of turns
supplies the voltage for the high tensionside of the receiver, while other- wind-ings, all wound over the first, feed the
filaments of the valves.

The size of the core and the gauge
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of wire in the first or primary -coildepend on the total power drawn from
the transformer.% With slight modifica-tions, the general principle of Ohm'sLaw still holds good for the A.C. cur-rent, and we find the power by measur-ing or calculating the voltage and cur-
rent which we will be taking from the
various secondary windings. If, for in-
stance, we were drawing 350 volts at 60
milliamps (.06 amps) from the high ten-sion winding, this would represent 21watts. Then our filament supply mightbe 6 volts at 1.5 amps, or 9 watts. The
rectifying, valve might take on the fila-
ment 5 volts at 2 amps, or 10 watts. The
total would be 40 watts. We would thendesign a transformer having a core large
enough to handle this power. The qual-ity of the iron., mainly its permeability,is, of course, a big factor here.

As the input voltage from the mains is240 volts, and we are using 40 watts,
Ohm's Law tells us that we must allowfor a primary current from the mainsof about 170 milliamps, or .17 amps. As
no device is 100 per cent, efficient, wewill have to allow a certain amount
of margin according to the efficiencyof the transformer.

This ability of A.C. currents to be"stepped up" and "stepped down" at willis a great help in many ways. For in-stance, long transmission lines from
power station to city need to carry quitea high power. If we made all these lines
carry 240 votls, the total current would
be enormous. Now by stepping the volt-
age up to 132,000 volts the current is lessthan one five -hundredth of this amount,
and much smaller power lines will beneeded. Certainly, great care must be
taken to insulate the lines carrying this
voltage, but engineers have made a goodjob of this. When the 132,000 volt lines
reach the city they are "stepped down"in a series of substations ,mtil the nor-
mal 240 volts is obtained.

The high figure of 132,000 volts i- not
always used, but it can be ham:-
required.

AR1NG FOR ACCUMULATORS
A 2 -VOLT accumulator would be the

handiest method of obtaining A bat-tery current for this set. Accumlators willgive long and satisfactory service, pro-vided they are properly cared for. Al-ways see that the level of the elec-trolyte (in this case, acid) is keptobovethe tops of the plates, and always use
distilled water-not tap water, to re-plenish when needed. The latter hastoo many impurities. Failure to keep
the electrolyte above the plates may lead
to "sulphation" of the battery, and its

- steady deterioration.
It is also bad to leave the accumula-tor "run down" for any length of time.

Always have it recharged before it dropsso low that it refuses to function. Theamount of charge is best gauged by
using a hydrometer to test the specificgravity of the electrolyte. When this
drops to about 1170 the battery must be
recharged, and when fully charged
should be somewhere near 1220. At alltimes use the figures given by themakers of the 'battery. This also ap-plies to the charging rate. It is very.
bad to charge a battery too quickly, as

this tends to make the plates come to
pieces, and loosens the special paste withwhich they are prepared. The maxi-
mum charging rate is generally marked
on the battery; but if not, don't chargemore than one -twelfth of the amperehour capacity. For instance, a 40 a.h.
accumulator should not be charged atmore than, about 3 amps.

DON'T ADD ACID

Under no circumstances add acid to
the electrolyte, except in cases where
the electrolyte has actually been spilledfrom the battery, which thus requiresmore of it to bring the level back tonormal. Should water alone be added,
naturally the solution will be weakened,and the operation of the battery im-
paired. We suggest that, in such event,the battery be sent to a battery service
station, where the strength of the solu-tion can be adjusted under proper con-ditions to its original state.

Dead short circuits are very bad for
accumulators. Be very careful to see
that there is no possibility of metal ob-jects being placed across the terminals

to make a circuit. Some people alsohave a bad habit of. deliberately short-circuiting a battery with a piece of wire
to see whether it is still charged. Thispractice is of no value at all, as it gives
no indication of the amount of charge,and it is just as easy to connect a lampacross the battery. The hydrometermethod is quite the most satisfactory, asno other method really gives the rightindication.

Incidentally, acid as used in a batteryis a bad corrosive, and will burn holesin carpets, clothing, etc., if not removed
immediately it happens to be spilt. Or-dinary household ammonia is a goodantidote for the acid, and the affected
spots should be dabbed immediately withan ammonia solution, and dried. Acidoften has a disconcerting effect on col-ors, and tends to turn them red if it isleft long enough. Keep the top of the
accumulator clean to avoid corrosion' ofthe terminals. Also, as acid is a conduc-tor, it will provide a leakage path if leftlying on the top of the battery, which.will slowly but surely help to dischargeit. A thin smear of vaseline on the ter-minals wilt assist in preventing any cor-rosion frdm 'accidental acid, fumes. etc.Properly cared for an accumulator is avery reliable source of powfr.
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Ordinary radio,
compared with
Kriesler TUR-
RET TOP TONE
EXPANSION is
like listening to a
piano without a
soundboard. Musical
overtones ordinarly
weak or inaudible are
enhanced and given a
wonderful richness and
depth. Entire de -resona-
tion of the cabinet is ef-
fected and at the same
time ALL the sound waves
are carried forward to the
listener. No other radio ac-
complishes this to such a
marked degree.

N D REMEMBER
THAT KRIESLER
GIVES A 3 YEAR
GUARANTEE PLUS
their well-known
"Make Good Policy or
Money Back."

S

MARKS A NEW ERA
OF TROUBLE -FREE

RECEPTION
Any Radio, no matter bow good, must
be freed from all extraneous noises and
electrical interferences. Turret Top
screening does this so effectively that
it is a wonder no one has thought
of it before. And with the addition
of the new Kriesler method of TONE
EXPANSION you now get the sweetest,

clearest, uninter-
rupted and effort-
less radio perform-
ance that you've ever
listened to.

All Models fitted in
large Console Grand.

Three A.C.OPERATED
MODELS.

Prices from 29 Guineas.

Two BATTERY MODELS
(No Dry Batteries)

Priced at 35 and 39
Guineas.

1N310111511LER
"The Best Set At Any Price"

WRITE NOW FOR FULL PARTICULARS:

KRIESLER AUSTRALASIA LTD.,
Cur. Pine, Myrtle and Beaumont Sts., Chinendale, Sydney. 'Phone M4391
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UNING AND HOW IT IS DONE
One of the greatest mysteries to the average enthusiast is the
matter of how stations are tuned in, and the main factors that
govern tuning. This article offers a simple explanation of tun-
ing, and also reviews the purpose and construction of various

tuning coils and systems.
THE student of radio does not pro-

gress very far before he finds out
that one of the most important
things in the art is that of tuning.

Every radio signal is simply a vibrating
wave, and it has a definite rate of vibra-
tion at any instant. Every radio station
must keep the rate of its vibrations ex-
actly the same, or as nearly the same
as possible. And every radio set must
have a control by which it can be made
to respond to each of these fixed trans-
mitting wave frequencies at will.

To understand what is meant by tun-
ing, we will reduce the matter to the
simplest possible form, a coil of wire
wound on a cylindrical former. Such
a coil will have one frequency to which it
will respond most readily. It will be in
tune to that frequency more than any
other, and should a number of frequen-
cies be fed into it, its own resonant fre-
quency will be the one which will de-
velop the greatest voltage at the ends
of the coil. After all, this is the main
function of a coil.

In practice there are two things which
make up the "tuning" character of the
coil. One is its inductance and the other
is its capacity.

If a current is fed into a wire and
causes a magnetic field to be set up
round that wire, the wire is said to have
inductance. Even a straight wire can
have inductance, but it is greatly in-
creased by winding the wire into a coil,
which concentrates
the magnetic field.

CAPACITY

The second thing
we have to consider
is capacity. Capacity
is present when two
conductors are brought
close to each other.
In this state they may
be regarded as little
storehouses or tanks
of electricity. If we
make up a large
capacity by using two
big plates separated
by a very small
amount of air, and
charge one plate
negatively, and the
other therefore posi-
tively, the condenser
will absorb power
until it can hold no
more, and will keep
that power for quite a
time. If we were to
short-circuit the ter-
minals, we would get
a spark as the energy
stored up was dissi-
pated in heat.

The adjacent turns of wire in the coil
have a capacity between themselves
which is important, however small. If
we space the turns away from each other
the "self -capacity," as it is called, of
the coil, will be lower.

Now the frequency to which a coil will
resonate, or be most responsive, depends
largely on the relation between induct-
ance and capacity. This is generally
written as "LC," L being the inductance
and C the capacity.

We can most conveniently vary the
resonant frequency of the coil by vary-
ing either its inductance or its capacity.
In practice this is done either by alter-
ing the number of turns in the coil, with
a slider contacting the turns one after
another (as in the old crystal sets) or
through introducing extra capacity by
connecting a condenser, with a variablearea of plate overlap across the coil.
Such a condenser is known as a variable
condenser.

In practice far easier to wind
coil of fixed number of turns and vary
the tuning ,of the coil by varying the
capacity of the condenser. If you look
at any radio set you will see a number
of coils in cans as a rule, and several
variable condensers, usually ganged to-
gether, by which the tuning is done.

This, in simple language, is how tuning
is accomplished in the ordinary radioset.

VALUES

As we have said, the resonant frequency
of any coil -condenser combination de-
pends largely on the total inductance
and the total capacity in the circuit. Forthe same size of former and gauge of
wire, etc., the larger the coil the higher
the wavelength to which it will be reso-nant. The higher the capacity of the
tuning condenser associated with it thehigher also the wavelength will be. Aver-
age values for coils to cover the broad-
cast band from 200 to 550 metres wouldbe a coil of 100 turns wound on a 11 -inch
former with 32 -gauge enamelled wire
and tuned with a condenser having a
maximum capacity of .0005 mfds.

The unit of capacity is the farad,which is so large that we generally
speak of micro -farads (millionths). Theunit of inductance is the henry. Fortuning coils such as this we generally
speak of micro -henries, or milli -henries
(thousandths).

When winding coils at home the con-structor should remember that for the
same number of turns the inductance ofa coil will increase as the diameter ofthe coil increases. Thus 50 turns ofwire on a 11 -inch former would havemuch less inductance than the samenumber of turns on a 3 -inch former.

n2d2x21k x 10-3
This is a handy

formula for finding
the inductance of a
coil, and also it illus-
trates all the factors
which affect the in-
ductance. The num-
ber of turns is repre-
sented by n, and the
diameter of the coil
in centimetres by d,The letter x repre-
sents "Pi" or the
familiar 3 1 -7th, the
ratio of radius to cir-
cumference of a circle.
1 is the length of the
coil in centimetres,
sand k is a figure de-
termined by the ratio
'of the coil length to
the coil diameter. For
instance, a coil having
the same length as
diameter has a k of
.688. It is a simple
matter to make some
interesting calcula-
tions with this for-
mula.

To find the wave-
length of a coil and
condenser combination
awe use the formula:,

L =

A complete kit for a broadcast superhet. At the right is the gang con-denser. The two centre coils are the intermediates, and in the foreground is a padding condenser.
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Page Twelve

An ordinary tuning coil and its schematic
symbol.

IVA = 1885 ITE
Condensers may be made either vari-

able or fixed. Fixed condensers may be
made in many ways. The mica type are
usually composed of a number of metal
plates insulated from each other with
strips of mica. The tubular type are
generally made by rolling up two lengths
of metal foil with waxed paper as the
insulator. The insulator is called the
dielectric. Its character is a big fac-
tor in the condenser's capacity, which
depends first on the area of overlap of
the plates, and, secondly, on this dielec-
tric. Different substances have different
dielectric constants. Air is generally re-
garded as having a figure of 1, and no
other materials take their rating on
this standard. The distance between the
plates is also an important factor. The
formula for calculating capacity is

.885 A E (N-1)
C

Where C is capacity, A is the area of
overlap in square centimetres, N is the
number of plates (total), K is the dielec-
tric constant, and D is the distance be-
tween plates in centimetres. The aver-
age dielectric constant for mica is 6.

Most coils to -day are wound on 11 -
inch formers, which is a good compro-
mise between high efficiency and corn -
O

O

Above.-The essentials of a condenser-
two plates separated by air or some other
insulator. Centre.-The circuit symbol
of a fixed condenser. Below.-The sym-

bol for a variable condenser.

WIRELESS

pact size. More efficient coils could
be wound having a diameter of 3 inches.
Coils having a larger diameter are gener-
ally more efficient, and a good size for
sets such as single-valvers and crystal
sets would be 3 inches. However, when
we come to larger sets, where space and
shielding come into the question, the
smaller diameter is easier to handle.

The larger sets have the coils enclosed
in metal cans to prevent the magnetic
fields round each coil from interacting
on each other and causing interlocking
and instability between the various
stages. Enclosing a coil in a can lowers
its inductance by restricting the mag-
netic field, and as a result a few more
turns must be used on coils which are
"canned." The distance of the can from
the coil also is important, and should
never be less than A -inch. The standard
11 -inch formers with 2I -inch cans are
a good all-round size.

TUNING COILS IN PRACTICE

So much for the coil which does the
tuning. But there are other coils in a
receiver. For instance, there is the aerial
coil, which couples the aerial to the set
and the plate coils of the R.F. amplifiers,
which couple these valves into the suc-
ceeding stage.

Referring to the diagram, we see a
typical aerial coil such as would be found

COI L

TUNING CONDENSER
A tuning coil and variable condenser as

they appear in a circuit.

in the average set to -day. The top wind-
ing is the secondary tuning coil about
which we have already spoken. The
smaller coil is the aerial coupling coil.
As a rule, one end of this coil is con-
nected to earth, and the other connected
to the aerial.

In another chapter in this book will
be found an explanation of how trans-
formers work. It explains in more de-
tail than we can manage here, just
how the energy is transferred from the
aerial coil into the secondary coil. Ac-
tually, passing the radio signal from the
station through the small coil, sets up
a magnetic field round it, which is build-
ing up and collapsing very rapidly. The
received signals are very high -frequency
alternating currents. The magnetic field
of this aerial coil is closely coupled to
the necessary coil, and therefore induces
a current to flow in the secondary coil.
As with any other transformer, there
will be a step up effect in voltage, al-
though the current will be lower, as the
total power cannot be greater in the
secondary that in the primary. Remem-
ber. however, that the valve is a volt-
age -operated device, so the actual cur-
rent in the coil doesn't matter very much.

The small coil, although of fewer turns
than the secondary, is actually tuned
with the secondary because of its close
coupling. This type of coil is called
aperiodic, and has the handy facility of
responding quite well to almost any fre-
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A cross-section view of an ordinary

tuning coil.

quency within the range of the second-
ary tuning.

Such a coil is used for tuning the input
to the first valve in a receiver (or to
the crystal should it be used). As a rule
a similar idea is employed in coupling
the output of an R.F. amplifying valve
to the following stage. In this case, the
smaller coil is fed from the plate of the
preceding valve, and the secondary coil
is connected to the input of grid cir-
cuit of the next valve.

There is a good deal of careful work
involved in designing efficient coils. As
with most things, there is a big element
of compromise to be considered. For the
most efficient transfer of energy from a
valve, it is necessary to have in its plate
or output circuit a load which matches
the valve itself. In the case of the R.F.
amplifiers used to -day, the load require=
ments call for a very high impedance
load (impedance is the same thing as
resistance, except that it is used ,when
speaking of A.C. currents instead of D.C.
currents. It is, in effect, A.C. resist-
ance, the resistance which a circuit of-
fers to A.C. currents flowing through it.
This does not necessarily mean a high
D.C. resistance.)

Unfortunately. to use a primary large
enough to match the valve would spoil
the selectivity of the R.F. transforine.`:-
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A sketch showing construction of a
typical intermediate.
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b".

Therefore designers strike a mid course,
and use the largest number of turns
which will give a high gain for each
stage, but at the same time. which will
not "flatten" the tuning of the secondary
too much,

In order to preserve the aperiodic
character of the primary it is coupled
very closely to the secondary, generally
wound right over it with thin insulation
between the windings.

A more efficient transfer of energy is
obtained by tuning both the primary and
secondary coils to the required fre-
quency, and coupling them inductively
or by some other method. This method
is used in intermediate frequency trans-
formers in a superheterodyne, where
there is no need to vary the tuning. In
such I.F. transformers, small mica or
air -dielectric condensers are used, which,
when once adjusted, need no further at-
tention. In the tuning stages of a re-
ceiver it would be a critical and expen-
sive business to tune both primaries and
secondaries, as tuning gangs would need
from four to six sections each, to say
nothing of the extra coil winding in-
volved.

Before leaving this outline of tuners
and tuning, it would be a good oppor-
tunity to point out the essential differ-
ences between a tuned radio frequency
receiver and a superheterodyne receiver.

In a T.R.F. set all the tuned circuits
SIGNAL REGUENCY - 1000 Kc

OscILLATo FREQUENCY - 1460 Kc

RESULT
INTERMEDIATE

FRECiu E NC Y - 460Kc

Illustrating the operation of the super-
heterodyne-see text.

are operating on the frequency of the
station being, received. That is to say,
if a station_ is being received on 300
moat -his, all the tuned circuits in that set
are tuned to 300 metres. There may be
two valves operating as R.F. amplifiers.
This would mean three coils-one in the
input circuit of the first R.F. valve, one
for the input of the second, and one for
the third or detector valve.

Such a set can give excellent sensi-
tivity and good all-round performance.
However, the superheterodyne receiver
will give better amplification and also
ilauch better selectivity,

The principle of the superheterodyne
not nearly as complicated as many

appear to think. The T.R.F. set is con-
cerned with only one frequency, that of
the incoming signal. In the superhetero-
dyne there are two primary frequencies,
that of the incoming signal and that of
an oscillating valve in the set, which ac-
tually produces a second frequency itself.
This frequency is adjusted so that ft dif-
fers from the signal frequency by a de-
finite, fixed amount.

Most people have noticed aeroplanes
flying overhead, with two engines in oper-
ation. It is possible to pick out the two
different engine notes as the 'plane flies
by. In many cases the observant will
notice a third note, probably very slow,

more .like a throb than anything else.
It is caused by the engines running at
different speeds, and its pitch is gov-
erned by the difference between the
notes of the two engines. When the en-
gines are nearly the same in speed, the
throbbing will be very slow. If the pilot
slowed down one engine this throb would
quicken, as the difference in speeds in-
creased.

A similar thing happens in the super -
het. Let us assume that the station
being received is operating on 1000 kc.
The oscillator valve in the set has its
own tuned coil and- tuning condenser,
and is so"adjusted that it will be work-
ing on 1465 kc. The difference between
these two frequencies is 465 kc., which is
called the beat frequency, or interme-
diate frequency.

In a superhet. the output from the os-
cillator on 1465 kc. is mixed with that
of the incoming signal, and the valve
which does the mixing is fed into the
intermediate frequency transformers
permanently tuned to 465 kc. No mat-
ter what station is tuned in, the adjust-
ment of the oscillator valve's circuit is
so arranged that it is always 465 kc.,
higher than the signal frequency. The
signals from the broadcasting station are
superimposed on this artificially created
465 kc., and can now be amplified by
other valves fri the usual way, at this
intermediate frequency.

The advantage's of this scheme are,
firstly, that better selectivity is possible
because efficient intermediates are easy
to design. They need no variable tun-
ing, and also more amplification is ob-
tainable at these lower frequencies with-
out instability, than at the signal fre-
quency. Asboth primary and secondary
coils in the superhet. I.F. transformers
are tuned, and at least two of these are
used in even the smallest superhet., there
are four tuned circuits here, besides the
one at the signal frequency. This means
very much better selectivity due to the
sharpening of the response of the re-
ceiver to the various stations, and the
better rejection of all frequencies other
than those required to receive the de-
sired station and its band of frequencies.

For these reasons the superhet. has
been developed until it is almost uni-
versally employed in receivers to -day.

INTERMEDIATE FREQUENCY

The selection of the intermediate fre-
quency has a good deal to do with the
set's performance. Generally speaking,
the lower the frequency of the inter-
mediate stages the more gain and
selectivity one can obtain. In prac-
tice, various frequencies are used
varying from 445 kc. to 175 kc., and even
as low as 100 kc. The average 175 kc.
receiver is generally more selective and
sensitive than a 465 kc., for the same
number of intermediate stages. Gener-
ally speaking, a single stage of ampli-
fication at the 175 kc. I.F. is about equal
to two stages at 465 kc.

As a rule, the 465 kc. frequency, or
thereabouts, is used for short-wave and
dual -wave sets because on the short
waves there are more frequencies per
metre, and a difference of 175 kc. when
we are handling frequencies of, say
15,000 kc. (20 metres) is so little that
the two tuned circuits, the first detector
and the oscillator, tend to pull each
other together, and cause interlocking.
A difference of 465 kc. is much easier

to handle. It is possible, however, to get
good results under certain circumstances
with 175 kc, on short waves.

It is desirable to have at least one
stage of R.F. amplification before the
frequency changing stage of a superhet.,
particularly if the intermediate fre-
quency is lower than about 465 kc. One
reason which applies to all supers. is
that a stronger signal is fed to the fre-
quency changer, which also works best
without the loading effect of the aerial
being coupled directly to its own tuning
circuit. The 'main reason, however, is
that otherwise we run the danger of be-
ing troubled with second spotting or
image interference.

Let us take, for example, a station
working on 1000 kc. As the oscillator
frequency in the set is spaced in this
particular example, 175 kc. higher, it will
be tuned to 1175 kc. The signal, which
is fed through to the intermediates is, of
course, 175 kc.

So far so good: The station we are
listening to is on 1000 kc., or 175 kc.
below the oscillator frequency at 1175 kc.
Let us turn our attention to a station
which might be working on 1350 kc. It
is also spaced 175 kc. away from the
oscillator frequency, but this time above
it. The beat note between it and the
oscillator will, however, produce 175 kc.,
which will also go through the I.F. am-
plifier and badly interfere with the sta-
tion we want to hear.
DOUBLE SPOTS

Owing to the fact that the frequency
changer valve is preceded by a circuit
tuned to our 1000 kc. station, this station
should be much stronger, because the
tuning circuit, if at all selective, should
not be very responsive to the second
station, working on 1350 kc. If we use
a stage of R.F. and have the advantage
of another complete tuned stage to fur-
ther sharpen selectivity and help reject
the 1350 signal it is possible to entirely
eliminate the double -spot.

With 165 kc. the double spots all fall
outside the broadcast band, which is the
main ieason we use it. Remember that
double spots always occur at twice the
I.F. of the set away from the normal
dial reading. Thus with 465 kc. this
figure would be 930 kc. The broadcast
band is only 1000 kc. wide, so that the
only chance of double spots would be
with a station right down at the bottom
of the dial, just fitting in at the top end
of the band. And the set would need to
be very inselective in its first tuning cir-
cuit to bring through much response
from a station 930 kc. away from where
it was supposed to be tuned. Thus we
can dispense with the R.F. stage without
suffering from double spots when using
460 kc.

Dual wave receivers using an I.F. of
465 kc. and no R.F. stage will generally
double spot on the short wave bands be-
cause the tuning range of the short wave
band is very much more than 930 kc.
Thus each station will be receivable at
two places on the dial. It will be strong-
est, of course, on its right spot, because
at this setting the frequency changer
circuit will actually be tuned to the
station, whereas in the case of the
double -spot position the signal makes
its way through only because the single
tuned circuit is not selective enough to
reject it altogether. The two tuning
points, as before, will be spaced twice
the intermediate frequency apart.
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How to Build a

CRYSTAL SET
In every home, whether a
"real" radio set is installed
or not, there is room for a
crystal set or two. The boy
can listen to a thriller on
the crystal set without dis-
turbing the household, his
sister can use one under
her pillow so that she is
crooned to sleep by Bing
Crosby. You can easily
build such a set for your-
self at the cost of only a
few shillings. Here are the

instructions.

THE simplest of all radio receivers is
the crystal set. In the early days
of radio crystal sets were particu-
larly popular, mainly because they

were so simple, and also because, in the
days when radio was so expensive, the
crystal set could be built for less money.

The crystal set is quite a good one for
the small boy to build as his first radio
set. With it he will be able to get a
practical demonstration of many funda-
mental radio principles, and, at the same
time, have a good deal of fun. At the
same time, it should be realised that

,
modern conditions have rendered the
crystal set of doubtful utility, and it

...ltattici-be-regarded more or less from an
experimental viewpoint.

The main reason for this statement is
that at the present time we have a num-
ber of more or less high-powered stations
operating in the metropolitan area, and

The schematic cir-
cuit diagram.

the crystal set is not selective enough to
separate them all. This lack of selec-
tivity is unavoidable with a crystal set,
and is one of its greatest drawbacks. It
is due to the very heavy damping which
the crystal has on the tuning circuit,
and there is no easy way out of it.

Parts List.
1 Baseboard, wooden, about 61n. x 6in.

x 1/21n.
1 Bakelite front panel, 61n. x 6in. x
1 Tuning condenser, 00035 or 0005 mfds.
1 Knob for same.
1 Crystal with holders.
1 Coil former.
50 feet of 24 gauge d.c.c. wire.
15 feet of hook-up wire.
4 Terminals. 1 Crocodile clip.
1 Pair of headphones.

We can improve the selectivity of crys-
tal circuits by various means, but in all
cases there is some reduction in volume
So we find the best plan is to strike a
compromise by having a circuit which is
which more or less discounts our results.
adjustable for selectivity. Thus we can
find a setting which gives us adequate
separation of stations with the least pos-
sible drop in volume.

Even under these circumstances we
don't suggest that a crystal set should be
operated close to any strong station, un-
less reception from that station alone is
desired. The chances are that the strong
field of the local will bring its signals in
over most of the dial range and spoil re-
ception from any other station.
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On the other hand, there probably will
be some positions in the metropolitan
area where several stations may be tuned
in and separated from each other.

It is not good policy to use a crystal
set farther than about 15 miles from a
strong station. There is no amplifica-
tion in such a set, and the only energy
available is that picked up by the aerial
itself. At 15 miles the energy as a rule
is getting pretty small for the average
station, and conditions would therefore
tend to become difficult. However, by
the use of good high aerials, country
people have often achieved some most
remarkable reception over long distances
with crystal receivers. Such cases are
the exception.
AERIAL AND EARTH

As we have suggested, the aerial and
earth should be something better than a
length of wire round the picture rail. An
outside aerial should always be used with
a crystal set for best results. Do not
make it too long in case interference
troubles become too annoying-the
longer the aerial the less selective it
tends to make the set. We would sug-
gest about 60ft. to 80ft. long and as high
as possible.

The earth may be a kerosene tin
buried in the ground, as described in an
earlier chapter, or one could use a near-
by waterpipe and an earthing clip for it.
See that the aerial is well insulated to
prevent losses in pick-up.

Incidentally we might mention that a
licence is needed for a crystal set, not-
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withstanding its limitations, just as for
any other type of set.
CONSTRUCTION

There is very little. to the construc-
tion of the receiver itself. The main
component to worry about is the tuning
coil, and there is very little worry to it.
A good coil can be made using a piece of
cardboard tubing 23/4 inches in diameter.
Such tubing is obtainable in 6 -inch
lengths; and the extra length not used
can be cut off. The gauge and type of
wire we suggest is 24 -gauge double -cot-
ton covered. Actually the wire is not
a very important factor within limits,
and may be anything be' ween gauges 20
and 26, either d.c.c., enamelled, or silk -
covered.

The total number of turns to wind on
is 60. If a couple of holes are pierced
at the beginning and end of the wiring,
and the ends of the wire threaded
through them, you -will be able to anchor
them quite firmly, and thus prevent the
coil from unravelling when finished.

When you have wound on 15 of the
turns twist the wire into a tight little
loop to make a tapping, and continue
with the remainder of the turns. Make
another such tap after 30 turns have
been wound, and a third turn at 45
turns. When the coil is' finished the in-
sulation is scraped from these loops so
that the aerial clip can make contact
with the bare wire underneath.

Leave about 6 inches' of wire at the
ends of the coil for 'connecting it into
the circuit.

The base -board as shown in our pic-
tures can be made of wood. The front

WIRELESS WEEKLY HANDBOOK

Aerial Earth Phones.

panel may also be of wood or, bakelite
or other insulating material.

The 'coil may be mounted to the base,.
board by lying it on its side and tap-
ping a couple of tacks through the card-
board into the wood to keep it in place.

Immediately in front of the coil is the
touring condensed'. Almost any type will
do for our purpose, and the capacity
should preferably be .0005 mfds. r4 tons
denser of .00035 would probably be
suitable, although it would not have
such a wide tuning range as the .0005
type.

The crystal detector is shown mount-
ed at the side of the tuning condenser.
We prefer the galena type catswhisker
crystal in preference to others, although
the semi -permanent type will keep their
-adjustment over longer periods. As a
rule, however, the catswhisker type will
give better volume, although more likely
to have the "spot" altered by jarring
the table, etc., and will need re -setting
at intervals. It's quite a ritual, this
searching for the best spots on the crys-
tal, and it is a good idea to make a
thorough exploration of the crystal to
find the best spots. A fine catswhisker
should be used with a sharp point to its

UP

In wiring up the set, the earth ter-
minal of the set is connected to the
terminal of the condenser which con-
nects with the moving plates. The near-
est end of the tuning coil is also con.

(Continued on Next Page)
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CUTTING YOUR OWN CHASSIS
Hints On Working Aluminium

OST of the popular sets, as describ-
ed .in "Wireless Weekly," can be
built on ready-made bases speci-
ally stamped out for them. How-

ever, many constructors like to cut their
own bases, and when a special type set
is being made it is necessary to prepare
a special base for the task.

Such bases may be laid out first of all
on a sheet of brown paper, and the pat-
tern given to a base maker to stamp out
in steel. Or an aluminium base of the
required size and shape may be obtain-
ed, the constructor doing the drilling
and cutting himself.

This is not a very hard job, but, like
most unusual jobs, there is a right and
a Wrong way to go about it.

For home making, aluminium is the
best metal for chassis. It is easy to
work, and quite rigid enough for gene-
ral requirements. The first step is to
get a chassis of the right size and depth,
not forgetting to specify a flange along
the back to fasten it down when finish-
ed, and mark out the positions of the
various valve socket holes, transformer
bolts, etc., with a pencil.
WOODEN ENDS

As a rule, gauge 18 metal will be heavy
enough, particularly if the chassis is not
very large, and has no very heavy com-
ponents to support. Should the chassis
be larger than about 14 inches by 10
inches, it is a good plan to use wooden
ends instead of metal ends. Just cut out of
half -inch butter box, or some other com-
mon or garden wood, two ends to fit the
chassis, and then screw them firmly to
the chassis with round -headed or other
wood screws. There is less tendency for
the chassis to twist about when so built,
particularly as most of the heavy thint,c's,
such as power transformers, are usually
mounted close to the wooden ends.

It is a very easy matter to drill holes
in aluminium with an ordinary hand

Tills- Is one of its mainr attrac-
tions,lions, for it is not so easy to drill holes
in a steel chassis. It is rarely possible,
when making up a set, to account for

every single hole in advance, and there
are always a few which must be made as
the set is in the process of being built.
After the holes have been drilled the
burred edges may be removed by using a
large bit, and giving it one or two turns
with the hand -drill.

So much for plain bolt -holes. More
work is entailed in cutting the chassis
for the power transformer.

First of all, mark out on the chassis
the exact size of the transformer lamin-
ations, not forgetting the holes to ac-
commodate the bolts which run through
the laminations. There is also a rect-
angular piece to be cut out so that the
terminal board can project through the
chassis, in the case of flat mounting
transformers, and through which the
solder lugs can be reached in the case
of vertical mounting types. This hole
is, as a rule, a little larger than the
actual terminal board, as the solder lugs
and the wires which come out of the
windings must be able to pass through
without damage.

Having decided the size for this rect-
angular piece, mark it out with a scri-
ber, or some sharp point, and drill a
number of holes at each corner to allow
a hack -saw blade to commence its cut.
By holding the blade in one hand and
cutting with a pull it is not hard to cut
the rectangle out of the aluminium. A
flat file is used to trim up the rough
edges, and to enlarge the hole a little if
this should be necessary. The holes for
the bolts are then drilled out with a
drill of suitable size.

It is a good idea to mark the position
of each hole to be drilled with a brad-
awl, in order to give the drill a start,
and prevent it wandering from its cor-
rect position.

VALVE SOCKETS

Coming now to the valve socket holes,
we use a slightly different method. The
best cutter for these holes is a 1$ -inch
wood bit, with the flange removed, or
knocked up out of the way with a ham-
mer. The cutter may also need sharp -
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ening with the file. if the bit is a cheap
one, to give it a clean cutting edge.

Commence by marking out the posi-
tion of the mounting holes for the socket
on the base, and also a hole in the cen-
tre of these two, to act as a guide for the
bit. Now drill these holes with a 3-16ths
drill before commencing to cut the hole.

The hole is cut by using the bit in a
hand -brace just as though you were
cutting it in wood. A lubricant is need-
ed to prevent the metal from "tearing,"
and to allow a clean cut. The best
lubricant to use is chemically pure tur-
pentine, which may be bought at the
chemist's for 6d a bottle. Ordinary tur-
pentine. is not nearly so effective.

Mark out a complete circle in the
metal, not deep enough to tear it, but
deep enough to hold the turpentine,
which is now dropped into it. Using
a steady but not too heavy pressure, the
bit is revolved, and will cut through the
aluminium without any trouble. If the
cut runs' dry add a little more turps.
until it is completed.

The, rough edges on the underside of
the cut can be cleaned off with a sharp
knife. Actually it takes much longer to
describe the operation that is needed to
make several holes, and it is a very easy
and simple matter in practice.
FINISHING

An attractive matt finish can be given
to aluminium by swabbing it with a
strong solution of caustic soda in water.
A pad of cloth tacked to the end of a
stick, and used to spread the solution
over the aluminium is very handy, and
the solution should be kept evenly dis-
tributed over the metal in order to en-
sure an even surface. Take care to keep
the caustic soda from coming into con-
tact with clothing, etc., which it can
easily corrode, and wash your hands well
should you get any of it on them.

About 15 minutes is generally enough
to do the job,. after which the chassis
should be rinsed thoroughly in warm
water and dried.

A simpler method of finishing is to
rub down the surface with fine emery
paper, using water as a lubricant. This
does not provide the same finish as the
soda method, but it is less apt to mark,
and avoids the use of the corrosive solu-
tion. Bright aluminium, of course, will
show finger marks, etc., very quickly,

HOW TO BUILD A CRYSTAL SET (From Previous Page)
netted to the earth terminal. The
other end of the coil is connected to
the fixed plates of the condenser. The
30th turn tapping, which is actually
the centre of the coil, is connected to
the cup containing the crystal. The other
terminal of the crystal detector unit is
connected to one of the headphone ter-
minals. The other headphone terminal
is connected to the earth terminal of
the moving condenser plates (which is
really the same thing). A wire con-
nected to. the aerial terminal has a clip
fastened to its free end, so that it can
be connected to either of the two vacant
tappings.

This completes the construction of
the receiver.

alk-M11011.111.1111111.10.0"1"- -

OPERATION

To operate the receiver, the aerial
clip is fixed to the tapping furthest
from the earthed end of the coil. Set
the dial or pointer about the centre of
the scale where you are pretty certain
to be roughly tuned to a station. Now
carefully adjust the catswhisker on the
crystal, moving the condenser control
to and fio on each adjustment until you
can tune in a station. Tune in a good
strong signal and adjust the catswhis-
ker until you get the best results.

If you find bad interference, clip the
aerial to the other tapping, which will
reduce volume all round, but probably
improve the selectivity considerably.
HEADPHONES

The limited application and low Cost

of the crystal set do not encourage one
to spend much money on the head-
phones, and there are quite cheap
'phones available which will do the
job very well. However, the better the
'phones, naturally, the better the recep-
tion will be in tone and volume. There-
fore, if you have the opportunity to get
a good pair of 'phones, by all means do
so. Either 2000 ohms. or 4000 ohms.
'phones would be suitable, but 2000
ohms. should be regarded as the lowest
permissible rating.

Incidentally, some crystal holders are
sold in two sections, and others are
in one piece. having a glass barrel to
keep out the dust. Either type is suit-
able for this set, and the semi -perma-
nent detectors will also operate quite
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For Local or Overseas programmes there
is a Radiotron to suit every requirement.

-Built to the highest standards their wor
wide reputation for better performance and
longer life is your guarantee of satisfaction.

RADIOTRON
AUSTRALIAN GENERAL ELECTRIC

LIMITED
Sydney Melbourne Brisbane

Adelaide Hobart

AMALGAMATED WIRELESS
(AUSTRALASIA) LTD.
47 York Street. Sydney

167-169 Queen Street, Melbourne
V20.6

(Advertisement of Amalgamated Wireless Valve Co. Ltd.)

DO YOU
KNOW ?

That all matter kno
to science consists
"elements."

That of the 91 kno
"elements" 51 are used in
the construction of Radio-
tron Valves.

That Radiotrons are un-
equalled for sensitivity and
length of life.

That more Radiotrons
are used annually in the
Commonwealth than any
other make of valve and a
large majority of these
Radiotrons are Australian -
made.

That the present high
efficiency of both Battery
operated and "B" Battery -
less receivers is due in no
small measure to the de-
velopment of a new Aus-
tralian series of Radiotron
valves.

That Radiotrons are used
by leading manufacturers
because they have been
found, comparison with
all other brands, to give
the best service and most
satisfaction.

That when buying a
radio set you can expect
years of trouble -free recep-
tion if it is equipped with
Radiotrons.

That when valves of
similar type are identical
in characteristics they are
called "uniform."

That this "uniformity"
1:1111-

stant and careful super-
vision with accurate check-
ing and testing at each
stage of manufacture.

That the high degree of
"uniformity" achieved in
the manufacture of Radio-
trons accounts for their
outstanding performance
and longevity.

That Radiotron Valves
are tested under actual
working conditions before
being packed, and are gua-
ranteed to be free from
defects in manufacture.

That YOUR Radio
needs RADIOTRONS.
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FI-1
E STORY OF THE RADIO VALVE
The Aladdin's Lamp Of Radio-Valve Rectifiers-The Valve
Amplifier-The Action Of The Grid-The Diode-The
Screen Grid - The Variable -Mu Valve-Output Pentodes

a.c. Valves.
THE radio valve has been described

by someone as the "Aladdin's Lamp
of Radio." Certainly, its wonders
are such that practically every

major development these days depends
on the valve as an integral part. The
reason, of course, is that it is the valve
which actually does things to the sig-
nals-it amplifies them and rectifies
them, and so on. No matter how good
tuning circuits, etc., are made, they can
only assist the valve to operate more
efficiently. Unless there are valves to
take advantage of these finer points of
design, technicians would be wasting
their time and progress would be im-
possible.

Theye- are some very complicated
- . 7W.,": which have been designed by

application of the finest examples of
radio engineering, but they all arise
out of the simple two -element valve de-
signed by Ambrose Fleming early in
4his century. It was he who discovered
that, when a filament is lit inside a

i vacuum, it emits electrons, or electrified
1

atoms, each having a negative charge of
electricity. He found that, if a second
element in the form of a metal plate
was inserted in the bulb, and a positive

T
voltage applied to this plate, the nega-
tive atoms would tend to be collected
by the plate. The higher the positive
voltage applied, the more this electron
flow was accelerated, and the more pow-
erful was the attraction the plate has
for the negative atoms. This attrac-
tion for negatively charged atoms to a
body which is charged positively, and
vice versa, is. of course, a fundamental
fact in electricity.

The importance of the discovery lies
in the fact that, although there is a
comparatively low resistance path for
these electrons flowing from the fila-
ment to the plate, there is a very high
resistance in the reverse direction. This

l'

means that, if we apply to the valve a
signal from a broadcast station, either
straight from the aerial tuning circuit
or from a radio -frequency amplifier, we
can obtain detection, just as in the case
of a crystal detector, but much more
efficiently. The signal is, of course, an
alternating voltage, but the valve will
allow current to flow in the valve cir-
cuit in one direction only. Such a
valve is termed a diode, because of its
two elements. Most modern sets use
this system of diode detection, either by
means of a separate diode valve, or by
means of an audio amplifying valve,
which has also a diode section con-
tained in the same glass envelope. The
signal is detected by the diode section,
and then coupled into the amplifying
section, which amplifies it as audio fre-
quency.

POWER RECTIFIERS

Power rectifiers such as the 280, 5Z3,
etc.. are all diode valves, which, instead
of rectifying radio signals, rectify A.C.
current from the mains transformer. The
principle is the same, in that only one-
half of the A.C. cycle is passed through
the valve. and in one direction only.
This is termed "half -wave" rectifica-
tion. The rectifiers we have mentioned
have two plates and one filament, by
which we are able to rectify both halves
of the A.C. cycle, and thus not waste
anything. This is done by applying one
end of the energising winding to one
of the plates, and the other end to the
second. Then each plate delivers its
output to the filaments in alternate im-
pulses, as the input voltage 'changes its
frequency. This is called full -wave rec-
tification.

The same principle is sometimes used
in detecting radio signals by using a
centre -tapped input coil, generally in
superhets., working into double -diode

rectifiers. However, the half -wave rec-
tifier is most often used, being very
simple and effective.

THE VALVE AMPLIFIER

So far, the valve had been useful
only as a detector. It remained for
someone to conceive the idea of a third
electrode placed between the filament
and the plate to act as a control over
the flow of electrons. So far we have a
valve which allows current to flow only
in one direction. But the actual audio
voltages obtained by rectification in the
output "load" circuit cannot be greater
than those fed into the valve in the
unrectified state. The introduction of
the grid, however, changed all this, and
allowed the valve to amplify any vol-
tage impressed on the new element, the
grid. The grid is generally a coil of
wire wound on supports. so that, al-
though of 'open" construction, it is
nevertheless rigid. Sor

ACTION OF THE GRID
It is not hard to see what will hap-

pen if this grid is connected to a source
of positive voltage. It will, of course,
begin to attract the negative electrons
from the filament, just as does the plate.
Owing to its mesh -like structure, the
electrons do not remain on the grid. but
shoot through it to the plate with added
force.

If we apply a negative voltage to the
grid, it will tend to repel the negative
electrons coming from the filament and
decrease the electron current flow in the
valve. Thus, the grid has a "trigger"
action. The input voltages when ap-
plied to the grid simply dontrol the
amplitude of the signals which will be
present in the plate circuit of the valve.
In other words, the original signal will
be duplicated in the plate circuit exact-
ly as it was impressed on the grid, but
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he names of Ken-Rad, Solar, Alen -Bradley, Yaxlev, Hickok an
Piezo 1s,tatic have become the accepted standards of dependabil-
ity throughout the entire radio industry.

Follow the leadership of the larg,-st And most successful. set manu-
facturers... insist on these quality lines for initial equipment and

replacements.
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in an amplified form. Generally speak-
ing, the closer the grid is placed to the
filament (or cathode, in the case of the
indirectly heated valve), the more severe
will be its control characteristics, and
the higher the amplification of the ori-
ginal signal applied to the grid.

Note that the power for the amplified
signal is not obtained directly from the
input signal, as in a diode, but comes
from the power supply, or high-tension
supply for the amplifying valve. The
input signal to the grid simply acts as
a control voltage, and the amplified ver-
sion in the plate circuit of the valve
can be, in some cases, hundreds of times
amplified, according to the design and
purpose of the valve itself.

The output circuit of a valve always
has some "load" connected to it upon
which the amplified signal is impressed.
This may be a resistor. The normal
plate current which the valve draws will.
of course, create a voltage drop across
this resistance. The fluctuations of the
electron stream in the valve also set up
additional fluctuations across this load.
These fluctuations represent the signal.
and are quite apart from the voltage
drop due to plate current.
USE OF THE TRIODE

The triode valve for many years was
used in all parts of a radio set, with
more or less efficiency, according to the
circuit. It is mainly useful as an audio
amplifier, where it has some valuable
advantages not possessed by other more
complicated types. It can be made to
give very high amplification of small
audio voltages, and will amplify faith-
fully, without much distortion, more
than to 100 times.* Such an amplified
signal would then be suitable to feed
into a large triode valve specially made
to handle large amounts of power in the
plate circuit, such as are required for a
loud speaker. This power is supplied
from the high tension supply, and con-
trolled as before by applying signal volt-
age to the grid. Such a valve is design-
ed to accommodate a large voltage, such
as would be obtained from our first am -

Illustrating the operation of the valve
rectifier.
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plifier, often ranging as high as 84 volts
in the case of a large 50 type valve, re-
sulting in 4.5 watts output. If a valve
could be designed to give the same out-
put as this valve, but only require an in-
put voltage of 3 volts to obtain it, natur-
ally it would be very much more effici-
ent than the type 50 we have taken as
an example. It is not easy, however,
to design a triode valve having such a
big amplification, which will still give
distortionless high powered signals in
the plate circuit. A degree of amplifi-
cation approaching these figures can be
obtained from some of the latest pen-
todes, but these valves have their own
problems, and generally do not give the
same absence of distortion as do the tri-
odes.

A good triode to -day has an amplifi-
cation of about 5 times (amplification
factor) and output of about 3.5 watts,
and needs about 35 volts on the grid to
obtain these figures. There are, of
course, thousands of different triode
valves made, from tiny little special
purpose jobs to enormous power hand-
ling types for transmitting work.

The triode valve shown schematically.

Thus we can make triode valves with
very high amplification, handling very
small input signals, or we can make big
triodes with lower amplification, but
which will handle a big signal input and
supply big power for loud speakers.
Very high amplification is not easy to
obtain if the high output and low dis-
tortion are to be preserved, and so manu-
facturers generally make both types.
They are called voltage amplifiers, and
power amplifiers.

THE SCREEN -GRID VALVE

Triode valves are not generally useful
for amplifying R.F. signals. In the early
days it was necessary to use them and
put up with their troubles. The main
difficulty is due to the self -capacity of
the valve. When the signal to be am-
plified is fed into the grid circuit and
amplified in the plate circuit, the con-
denser effect (capacity) between the
grid and the plate inside the valve is
large enough to feed some of the ampli-
fied signal back to the grid, where it is
again amplified and again fed back, and
so on, finally causing the valve to break
into self -oscillation.

This can be overcome by a tricky pro-
cess of nei'tralising the self -capacity ef- -
feet, by deliberately introducing feed-
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The screen -grid valve. The amplified
voltage V appears across the load, Which

may be a resistance, coil, etc.

back into the grid circuit in the opposite
direction to that occurring in the valve
itself.

This is a critical operation, and even
when completed will not allow a very
high gain per stage to be obtained
from the valve.

To remove these problems, the screen -
grid valve was introduced. Briefly, it is
a triode with a fourth element intro-
duced between the plate and the control
grid, the main purpose of which is to
act as a screen, thus preventing any
feedback from occurring. Hence its
name, "screen -grid." It is always by-
passed to earth through a large fixed
condenser, so that from an R.F. point of
view it is connected to earth. It also has
a positive voltage applied to it, which
helps to accelerate the electron flow
from the filament, and increase the am-
plification factor obtainable in the valve.
Thus we not only have a valve in which
there is no internal feedback, but which
can be designed with much higher am-
plification than the original triode. So
much so that a good screen -grid valve
will give more amplification than two
stages using triodes.
VARIABLE -MU

There has been a good deal of devel-
opment since the first screen -grid valve
was introduced. The next step was to
manufacture a valve in which the am-
plification could be varied by changing
the grid bias on the control grid. This
valve is known as the variable -mu type,
and allows an easy and effective way of
controlling volume by varying this bias
either with manual control or by auto-
matic volume control. In practice, the
grid returns of the circuits to which the
control grids are connected may be at-
tached to a potentiometer across a bias
voltage supply, or, In the case of indi-
rectly heated valves, the cathodes may be
made more or less positive by this
method. The result is to control the
amplification factor of the valves, and
thus the volume of the set.

Higher efficiency still is obtained by
using 'yet another grid called the sup-
pressor grid, mounted between the plate
and the screen grid. Because the plate
voltage is being swung up and down by
the effect of the amplified signal, while
the screen (being bypassed to earth) re-
mains constant, there are times when,
on a strong signal, the plate, for a split
second, may actually be below the screen
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voltage. At these times, an effect term-
ed "secondary emission" would occur,
due to the electrons' being pulled back
from the plate to the screen, which has
the higher attraction for them. We can-
not hope to explain such a point fully, as
it requires considerable knowledge of
valve design to understand it. However,

The circuit diagram of an output pentode

the net result of including the suppres-
sor is to allow better amplification to be
obtained from the valve, as we are not
limited by the necessity for keeping the
plate voltage always above the screen
voltage.

It will, of course, be realised that three
Handbooks could not hope to cover
valve Adesign anything like adequately,
and we don't feel like confusing our
readers by going more fully into matters
which we have covered before, and which
a..e best understood in detail by refer-
ence to special books on this highly tech-
nical subject.
OUTPUT PENTODES

Most of the remarks just applied to
the R.F. pentodes also apply to the
power pentodes. These are supplied
with filament or cathode, a plate, a con-
trol grid, and a screen, the function of
which is to accelerate the electron flow
with a corresponding increase in ampli-
fication ,and sensitivity. A suppressor
grid_ is aiso used for the same reason
as in the R.F. types, to allow the valve
to be run so far that the plate voltage
may be swung lower than the screen
without losing efficiency. The result is
that we can get as much output from a
pentode as from a big triode, but with
less than half the input voltage. Pen-
todes are the most efficient of the power
amplifying valves for this reason.

Naturally, as with the output triodes,
we are dealing with enough power to
operate loud -speakers, and, therefore,
we must supply plenty of power in the
plate circuit for us to work on. Thus
for the same output, the pentode valves
use and require about the same voltages
and currents as the triodes, but their
sensitivity is so great that we can get
this output without the need for an in-
termediate valve to amplify the output
from the detector.

This pretty well covers the general
characteristics of different types of
valves. There are special types which
the constructor will meet, and others
which probably he need not worry about.
THE PENTAGRIDS

verter. This valve is designed for a
mixer valve in superheterodyne sets. A
superheterodyne has a valve in the re-
ceiver which is oscillating all the time
at a fixed distance away from the fre-
quency to which the first detector is
tuned. The problem was to make a
valve which would give a reliable method
of mixing the oscillator frequency into
this first detector. Valve engineers
evolved the pentagrid converter, which is
actually a variable -mu R.F. pentode,
with a triode section mounted so that
the same electron stream from the fila-
ment serves for both valves. The coup-
ling between these two sections is, there-
fore, "electron coupling," because it is
actually the electron stream which does
the work. Thus, there is no need to
worry about external methods of mix-
ing, and the whole idea has much to
recommend it. A more elaborate and
very successful modification of the idea
is the Octode, a Continental develop-
ment, which has met with an excellent
reception both in battery and A.C. types.
OTHER TYPES

There are other valves which come
into the picture. There are the B class
amplifiers, actually two triodes specially
made for B class work, but mounted in
the one envelope. These are almost uni-
versally triodes and operate as ordinary
amplifiers, subject to one or two con-
ditions which we will cover in another
article. Then there are valves such as
the 6F'7, which has a triode and an
R.F. pentode in the same envelope, using
the same cathode, but have no internal
coupling between these two sections.

Then, of course, there are valves which
have a diode section for detection, iso-
lated internally from an amplifier sec-
tion, which may be a triode or a pen-
tode, according to the circuit. Most sets
at the present time, of more than about
three valves, use such valves as the
second detector, particularly super-
heterodyne sets.

* A.C. 'Valves
So far most of our references have

been made to directly heated valves,
which have a filament lit from some
external source as an emitter of elec-
trons.. The first valves were all of
this type, and were called bright emit-
ters, because the valves filaments had
to be lit to full brilliance before they
would supply enough emission. Later
developments showed how, by mixing
certain oxides with the filament, it
could be made to give the necessary
emission with much less heating power.
Thorium oxide was mostly used for
these early "dull -emitter" valves.

One type of valve which deserves A triode A.C. valve. Right.;-Construc-
special mention is the pentagrid con- tion of the cathode.

.11
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The latest types of valves nearly all
use a filament which is coated with a
film of oxide, instead of having this
oxide actually contained in the fila-
ment.

All these valves need some source of
current supply to light the filament, and
it is the filament which supplies the
electrons. With the march of time,
technicians got very tired of the messy
accumulators which were needed to light

IN

A pentagrid converter valve and its
associated circuit connections.

the filaments, and devised the A.C. valve.
Beoause the filament is actually supply-
ing the electrons, unless it is fed with
pure D.C. such as is obtained.
from an accumulator (as against A.C.
power obtained from a filament trans-
former), it is almost impossible to pre-
vent the A.C. hum from appearing in
the plate circuit, and spoiling results.
Only in the case of output power valves,
is this hum so low that we don't need
to worry over it. This is, of course,. be-
cause the amplification in the power
valve is so low *hat the hum never
reaches a very high level.

In order to overcome this difficulty,
the valve designers adopted a very
simple procedure. They made a filament,
coated it with insulating material, and
placed it inside a small metal tube. This
tube was then coated with electron -
emitting oxide of the type we have al-
ready mentioned as being used for coat-
ing filaments. Now, when the filament
was lit with A.C., it heated up
the tube, or cathode, until it also was
hot enough to emit electrons just as
the filaments had done.

No hum was introduced into the out-
put, because the filament was not con-
nected in any way with the electron
stream, and, in fact, it is generally con-
nected to earth at some point in its cir-
cuit.

Before long, valves of this type became
very much more efficient than the bat-
tery or D.C. types. This was due very
largely to the fact that more power
could be made available to light the
filament, since the A.C. power is so cheap
when compared to that obtainable from
batteries. There are also many advan-
tages in circuit design, because of the
fact that the electron emitting elements
in the valves are not connected together,
as, of course, they must be when run-
ning from a single battery.

Most A.C. valves are made to operate
from 2.5, 4, or 6.3 volts A.C. There
have been several attempts to make
satisfactory valves, which have filaments
lit directly from the A.C. mains, but
it is difficult to see how their advan-
tages would outweigh possible and dem-
onstrated 'disadvantages.
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DURING the past few years many
new ideas have come on the mar-

kets Some have been associated with
extravagant claims such as the sug-
gestion that they would supplant B
Batteries as the source of power for
country radio sets.

But where are they to -day?

Time has seen all of them drop by the
wayside, mainly because they lacked
the economy and reliability that ha -,e
always been characteristic of B Bat-
teries and battery operated receivers.

But many unsuspecting people burnt
their fingers on these new ideas at the
time. Make sure that you don't follow
their example when you buy your new
set.

Stick to a radio that has been per-
fected and proven over the years-in
other words a B -Battery set:

An advertiiement issued by the Ever -Ready Co.
(Aust.) Ltd. in the interests of more economical,
more efficient 'out -back' radio.
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When building your first
valve set, it is always a

ood plan to commence
ith something simple.

T1lis receiver will give
yot plenty of fun on
the,,broadcast band,
and \also provide an ex -
cell e t introduction to

short. waves.

A front view of the set. The clips
are in the broadcast band position.
The condenser is a single gang,

of about .0004 Mids.

AN ALL -WAVE TWO -VALVE SET
HERE is a grand little two -valve

battery set which will gladden the
heart of any boy, or for that
matter, any enthusiast who likes

to play round with small sets, and see
just what they can,be made to do.

The two -valve battery set has been
one of radio's most popular home -built
designs, and is still used by hundreds,
particularly in -the country districts,
where Iresniall portable set is desired.

It is really wonderful what such a
set will receive when properly built, and
intelligently operated in a good loca-
tion. It is doubly useful when made
so that short-wave stations as well as
broadcast stations, can be received on
it.

This design is about the simplest that
one could imagine to serve this dual
purpose. Years ago we described a
beittery two-valver for broadcast and
short waves, and notwithstanding its
dliadvantages, it is popular even to -day.

This little set is an improvement. For
one reason-a big one-there are no
plug-in or moveable coils to change, and
no switches to confuse and go out of
order. Instead, we have used a full-
sized coil, and tapped it to take care
of the short-wave bands. .

EXPERIMENTAL

One -of the set's advantages from the
experimenter's point of view is that it
is itself, an experimenter's receiver. It
can be made to operate with com-
ponents which are approximately equal
in value to those given, and provide
excellent results. For instance, it is

permissible to use a grid condenser of
anything from .0001 to .0003 and still
get good results. The value of .0001
is our preference if a new condenser is
being obtained. Similarly, grid -leaks
of anything between 1 and 5 megs. would
also be suitable, our preference again
being for 2 megs. We found these
values to give the best results in our
own particular set.

Coming to the tuning coil and con-
denser, we again have a good deal to
come and go on. The tuning coil being

Parts List
1 Base, 81 x 81 x 3.
1 Gang condenser. See text.
1 Coil. See text.
1 Audio transformer.
1 5 -plate midget condenser.
1 23 -plate midget condenser.
1 2 meg. resistor.
1 .25 meg, resistor.
1 250 ohms resistor.
1 .0001 mica condenser.
1 .001 mica condenser.
1 .5 mfds. by-pass condenser..
1 R.F. choke.
1 Filament switch.
3 Crocodile clips.
Sockets --1 4 -pin, 1 5 -pin.
Valves-Set article.
4 Terminals, hook-up wire, nuts, and

bolts, etc.
Batteries -2 or 3 45 -volt B batteries.

See text.
1 2v. 40 to 80 a.h. accumulator.

tapped, is really a number of coils in
one, and we can effectively change its
size according to the number of top-
pings we put on it. The taps may'
used for coupling the aerial* as welt
as for altering the effective size, and so
we arrive at a very large number of
combinations which can be selected to
suit almost any size of tuning conden-
ser.

THE TUNING CONDENSER

Which brings us to one of the main
reasons why  we find this tapped coil
so valuable. The size of tuning con-
denser best suited for broadcast work,
and that best suited for short waves,
is not the same. To cover the broad-
cast band with a single condenser, we
need one with a maximum capacity of
about .0005, or at the smallest .00035.
This is rather large for short-wave work,
because having such a large variation in
capacity per degree of dial tuning, the
short-wave 'stations are very sharp in
their tuning. The best all-round value
for short waves is about .00015 or there-
abouts, much too small to cover the
broadcast band without changing coils.

There is another point to be con-
sidered-the ratio of tuning capacity
to inductance of the coil used. That
is to say, best results will be obtained
when a small amount of capacity is
used with as large a coil as possible.
Suppose, for instance. we wish to tune
to a station on 31 metres. We would
get best results when we used a fairly
large number of turns, and only portion
of our tuning condenser, than if we used
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only a few turns and the full capacity
of the tuning condenser. This is par-
ticularly so should we use a .00035 or
larger condenser in order that on t
broadcast battid, we could cover all, e
main stations without altering lips
on the coil.

By making full use of the taps on
the coil, we can tune in almos any
short-wave station with the leas pos-
sible amount of capacity, by uslyg the
highest tap we can which wilt allow
us to tune in the station. Ap rt from
the fine tuning which goes with a big
condenser, we may use only say, one-third
of its capacity when tuning sort waves,
moving the clip further tap the coil
when we have reached this !spot on the
dial. i

THE COIL

We can best explain 'by quoting the
exact construction of the coil. It has
a two-inch former in: our own case,
with tappings every titre turns. The
total number of turns is 60, and the
gauge of wire 22 enatnelled.

At the grid end of the coil our first
tapping is not at five turns but at two
turns, with the next three turns further
on, and five turns from then onwards to
the end of the coil.

Now attached to the earthed end of
the coil we have a short piece of flex-
ible wire, with u clip attached to its
free end. When the clip is not attached
to any tapping the full number of turns
are in use, and if we use a .0005 conden-
ser we can tune over the broadcast band
in the norrial way.

Now when we want short waves, be-
ginning with the lowest band, about 19
metres, we attach the clip to the two -
turn tapping. This automatically short-
circuits the 58 turns preceding it, leav-
ing only two turns in the grid circuit.

With almost any condenser, this two -
turn coil will tune down to 19 metres.
If we have a large enough condenser, we
could tune in 25 and even 31 metre sta-
tions without changing the tap, but
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A rear view of the
chassis. Further
details of construc-
tion may be seen

here.

would probably find results not so good,
particularly on the 31 metres. So we
move the clip up to the five -turn tap-
ping, which will allow us to tune in these
25 and 31 metre stations with very much
less capacity in circuit. Similarly, when
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we want higher wavelengths, we move
the clip still farther down the coil, un-
til we finally arrive at the point where
the full number of turns is once again
in use, and we are back again on the
broadcast band.

The turns which are short-circuited by
the tapping do not affect the operation
of the set very much, and any s4ht 1
in efficiency is more than made up for
by the convenience of not having to
change coils round in the set.
THE REACTION COIL

The reaction coil operates on the same
principle, except that it uses less turns.
We found 30 turns enough for the broad-
cast band, and by tapping this coil also
every five turns, a tap will be found
which will allow good reaction to be
obtained over the various tuning ranges
of the grid coil. In the case of the re-
action coil, the clip is attached to the
end which is also connected to the reac-
tion condenser (R.C. in the diagrams).

Now it will be seen why almost any
tuning condenser can be used with the
set. If a small capacity is used, to get
the best from short waves, it will be
found necessary to move the clip two or
even three times to cover the full broad-
cast band, but this is only a matter of
seconds. Once the "feel" of the set is
obtained, the operator will learn the right
tapping for any range, and be able to
make the change to the correct tapping
without trouble.

In our set, we used a coil having a
diameter of 21 inches. However, even



RELESS WEEKLY HANDBOOK

OuTPLiT
0

90 8+

To5wifcm

061
45

C- 25
AUDIO

TVItNSFORME4

Sc.
.00!

,T1
0

7-
R.F. CHOKE so

0.1m.

DelEcrok

F

--OP
PENTODE

TO GANG

REACTION

CON DENSER

I

To Co P)

To
COIL

I

E (E]

A
(R.c4 INSULATE

5 PLATE

MIDGET

To

AERIAL
CLI P

The connections under the chassis may be seen from this wiring diagram.

here, the experimenter can try out other
,deters, preferably smaller, down to
about 11, inches. More turns will be
needed to cover the broadcast band,
and probably a smaller gauge of wire,
about 26 enamelled, will be preferable
in order to avoid having too long a coil.
Plenty of tappings will make sure that
every wave -band is covered with the best
efficiency.

About 70 turns will be needed on a
11 -inch former to tune over the broad-
cast band. although the number of re-
iction turns will probably remain about
the same.
VALVES

The builder of this set has also a very
wide choice of valves. For the detector
valve we suggest one of the following: -
30, PM2DX, B217, PM1HL, or B228. The
last two valves named will give slightly
more gain than the others, but all will
work very well. For the output valve,
we advise the C243N, PM22a, or 1D4.
These valves have practically identical
characteristics, and all will work well
with the 450 -ohm bias resistor shown in
the circuit. Other valves will not operate
economically with this bias. Should they
be used, a separate bias battery would
be needed, of a voltage corresponding
with the bias specified for each valve.

Here is a picture
under the chassis
of the actual set.
We suggest rever-
sing the positions
of battery socket
and output ter-
minals as shown
in our wiring dia-
gram. It m ay
simplify wiring.
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VOLTAGES

As a rule, 45 volts will suit for the de-
tector valve in all cases. On short waves,
smoother reaction with less volume will
probably be had with only 221 volts on
the detector-the operator can experi-
ment for the best value. The output
valve will operate well with 90 volts, and
even with 45, but should the best vol-
ume be required 135 volts is best. If a
permagnetic speaker is used, the 135
volts is definitely the best. The bias
will automatically adjust itself to ap-
proximately the right value, as there is
less current drain with the lower volt-
ages, at which the bias, according to
valve charts, should be reduced.

On the broadcast band, most stations
will be received on the loudspeaker, and
also the strongest of the short wave sta-
tions. Headphones are useful, particu-
larly on short waves, where many inter-
esting stations are to be found which will
not be loud enough for a saeaker.
CONSTRUCTION

The set is very easy to build. We have
used an aluminium chassis to keep the
set in line with modern construction.
A wooden baseboard may be used, pro-
viding all the earthed leads are con-
nected to the "Earth" terminal with a
piece of heavy gauge tinned. copper
"bus -bar" to provide a good earthing
medium. The aluminium chassis itself
makes a good earth, and we can Save
ourselves some wiring by using it.

On top of the chassis are mounted
the coil and condenser. The remaining
components fit underneath it. Where
leads run through the chassis from the
bottom to the top, such as the con-
nection to the reaction coil, a hole is
drilled, and insulated "hook-up" wire
run through them. All the wiring should
be done with this same wire, which is
obtainable everywhere, and used uni-
versally for wiring up Sets.

The positions for the various com-
ponents will be gathered from our
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wiring diagram, which is drawn to scale.
The chassis measures 8i inches square
by 3 inches deep. A smaller chassis
could be used, but there is no reason
to cramp ourselves for space.
AERIAL CONNECTION

When short waves are being received,
the lead from the aerial condenser is
connected to the same tapping on the
coil as the clip of the grid coil itself.
The amount of capacity needed for the
aerial condenser will vary with the
wave -band used-the lower the wave-
length the less the capacity.

The tip of one of the moving plates
of the aerial condenser is bent with a
pair of pliers, so that when the con-
denser is turned all in, the tip makes
contact with the fixed plates, thus short-
circuiting the condenser. The aerial
clip is then connected to the tapping
on the coil which gives best results from
a selectivity and volume point of view.
For very selective results, use the first
5 -turn tapping; Where more volume
and less selectivity is required, use the
10, 15, or even 20 -turn tapping for con-
necting the aerial clip.

When the change to short waves is
made, turning the aerial condenser so
that the plates no longer short-circuit
will bring it back into circuit. The
plates must not touch when receiving
short waves, otherwise, reaction will not
be possible.
WIRING

Having all the components in place,
the wiring of the set can be carried out.
It should not take very long, and the
wiring diagram will show you the cor-
rect points to connect together, if you

The All Wave Battery

Two Kit Set
£4/19/6

including all parts, valves,
micro dial and phones.
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TUNING

Here are the connections above the base. Th'e F end of the tuning coil may be
connected to a solder lug, under the bolt which holds the end of the coil

in place.

cannot follow the circuit itself. It is
a good plan to follow each wire, both
on the circuit and the wiring diagram.

The wiring diagram has been drawn
for clarity, and it is.Lherefore quite in
order to make the leads more direct than
we have shown them. Also it does not
matter if the components are not in
exactly the same relative positions, as
long as their connections are made
correctly. No one could follow a wiring
diagram, at least not easily, if we drew
wires exactly as they appear in the set
itself.

It will be noticed that the negative
terminal of each valve socket is con-
nected to the chassis through a solder
lug screwed under the nut which
holds the valve socket in place. This
is an easy way, and as the on -off switch
is in the negative lead to the battery,
one side of the switch is also con-
nected to the chassis via a solder lug
under some convenient bolt. One of
those holding the gang in place will do.
The connection from the grid condenser
to the gang is made to the terminal on
the gang which is underneath it. The
gang itself is raised from the chassis
by four long bolts, the height being
adjusted to suit the mounting require-
ments of the tuning dial. The connec-
tion to the gang runs through a hole
drilled in the chassis, which, of course,
we can't show clearly on the above -
panel diagram.

The G end of the grid coil is con-

nected to the gang by the terminal at
the top. Should you use an old -type
condenser, you will probably find a
terminal connecting to the fixed plates
which will do for both connections.

The earthed end of tha grid coil we
connected to a solder lug screwed 'iniucr
one of the bolts which hold the coil in
place. This is a convenient spot for
it. The coil is also held clear of the
chassis by two bolts which pass through
the ends of the cardboard tube. Keep
the coil at least 1 inch from the chassis
and in no circumstances allow it to rest
on the metal. With a wooden baseboard,
it doesn't matter.

Incidentally, almost any good vernier
dial will do for the set.

OPERATION

Operating the set is easy. After all
the batteries have been connected up,
and you are sure everything is in order,
tune over the broadcast band (you can
double the clips back on themselves and
clip them to the points from which they
start) and you will hear stations on the
broadcast band. To receive short waves,
work on the various tappings, and tune
more carefully. If reaction is weak, use
more reaction turns; if too fierce, use
less, or reduce the detector voltage. Very
little aerial condenser capacity will be
needed on the 19 -metre stations, and
more may be used as you tune in sta-
tions on a higher wavelength.
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How TO BUILD A
WAVE -TRAP

THERE are many instances in which
simple sets are being operated near
to a strong station, in which case
this strong station takes up more

than its fair share of the tuning `dial.
Often the "spread" of the station may
be so bad that as much as half the tun-
ing dial is just swamped with the strong
signal.

Under such circumstances, it is obvious
that reception of stations near this
strong local would be unsatisfactory, be-
cause they would be accompanied with
a strong background from the heavy
signal.

Under such circumstances, it is a com-
paratively easy matter to make up a
simple little device which will greatly
reduce and generally eliminate this in-
terference. It is called a "wave -trap"
because, when installed, it forms a trap -
Circuit for any signals near the frequency
to which it is tuned.

A common fallacy which is often held
about a wave -trap is that it makes a re-
ceiver more selective. Such is not the
case. The selectivity of the set is not
affected at all by the wave -trap. What
the wave -trap can do is to practically
remove a strong station from the dial
altogether, so that it will not swamp
out other stations near it.

The wave -trap is connected in series
with the lead-in wire to the set. In
other words, instead of connecting the
lead-in to the aerial terminal of the set,
it is connected to the tapping we have
shown on the wave -trap coil. Then the
terminal marked "to set" on the wave -
trap is connected to the aerial terminal
of the set instead.

The wave -trap can be built in a little
box, and left permanently installed. It
would be a' good idea, if the interfering
station is very close, to enclose the trap

..,,in a metal box, so as to prevent any
affet pick-up by the trap -coil, which
would spoil its efficiency.

CONSTRUCTION

It is very easy to make a wave -trap.
Almost any, tuning condenser will do-an
old style .0005 would be excellent.

The coil can be wound in a few min-
utes. We suggest making it 21 inches
in diameter, and using 55 turns alto -
p ther of 22 enamelled wire.
iFrom one end of the coil make about

Our taps each 5 turns, so that you can
use the one which gives most effective
results. The connections to be made
are only about four in number, and are
shown in our diagram.

USING THE TRAP

The method of procedure is as fol-
lows:-Connect the trap as directed
above, and swing its condenser until the
plates are out of mesh. Now tune in to
the station which is causing all the
bother. Leaving this station tuned in,
rotate the wave -trap condenser until
you reach a spot where signals will either
fade out altogether, or else reach a very
low volume. Leave the trap tuned to

this spot, and proceed to tune in the
stations you desire. You will find that
the strong station will no longer inter-
fere with your reception.

Unfortunately, it is not always pos-
sible to remove the strong station with-
out also affecting the reception of sta-
tions a few degrees on each side of
it. This is because the trap is not
razor-sharp in tuning, but generally, as
in the case of local stations, they are
well enough spaced out for the trap
not to interfere with reception when
tuned to one of them.

THE TAPPINGS

It will be found that the trap is
most effective when using the highest
or 20 -turn tapping, but in this posi-
tion the trap will affect the largest
section of the dial. Moving the aerial
connection down to the lower -value
tappings will sharpen the trap tuning
a good deal, but make it less effective
in action. The advantage of the tap-
pings is that you can select the one
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which gives the best results in any par-
ticular case. It is quite a good idea
to tap the coil every 5 turns, so that you
can have a large number of settings to
choose from. If the aerial is clipped to
the top end of the coil, so that all the
turns are in the circuit, the trap will be
very effective in action, but will pro-
bably affect reception over a good por-
tion of the dial.

When reception of the strong station
is desired, the trap condenser may be
swung fully out of mesh, or, alternative-
ly, a switch could be included which
short-circuits the coil altogether when
the trap is not wanted.

The wave -trap will be found of great
value for small one, two, or three valve
sets, either A.C. or battery, where the
initial selectivity is not very high. In
the case of bigger sets, it is also useful
if located very near a local station,
which sometimes will place an annoying
background on the carriers of other sta-
tions. Amateur transmitters also find
the trap valuable should their transmis-
sions unfortunately cause interference
with broadcast sets, as sometimes un-
avoidably happens.

Only one trap at a time can be used
-it is not practicable to connect, for
instance, two traps in series to deal with
two stations. If the locality is so un-
fortunate that more than one station
has a swamping effect, the only remedy
is a better receiver.
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When considering the
selection of a Four -valve
Battery Set for this
Handbook, we decided
that our best plan was
to reprint the complete
article describing the
A.V.C. Pentagrid Four,
Its simplicity and fine
performance still make
it a hard set to beat.

FOUR -VALVE BATTERY
THERE has always been a great de-

mand for a good four -valve bat-
tery set. In the first place, a four -
valve set is quite cheap to build,

as there are generally not very many
parts. Secondly, a four -valve set is light
on B batteries. It represents. the bridge
between the little sets, with which
nothing very much can be achieved in
the way of sensational results, and the
big ones, in which the designer has a
chance to include everything that opens
and shuts.

In the past we have proved the popu-
larity of a straight four -valve superhet.
TIv Pentagrld Four has proved the most
successful battery set we have ever de-
scribed. But time goes on, and with it
come many opportunities for improve-
ment.

ENTIRELY NEW

Although it is a little while since this
receiver was first built, it would be hard
to improve upon it very much. Even at
this stage we would find it hard to sug-
gest any major improvement in the light
of later development. The valves used
in this set are still the best all-round
types we could recommend.

PERFORMANCE

Let us tick, off the various points in
performance, which make us so enthus-
iastic about this receiver. In the
first place, it has excellent sensitivity.
Its distance -getting abilities are first-
rate. We mean by this that in tests
it tuned in Melbourne B class stations
at audible strength on the speaker with
3 feet of wire hanging from the test -
bench. To grasp this wire in the hand
was to bring about an increase to good
loud -speaker strength. Connection to

RECEIVER
an outside aerial brought in stations at
practically every point of the dial.

On a Sunday evening, when the final
tests were run, amateur stations on the
broadcast band were tuned in from
four States, arid at the upper end of the
dial three Japanese stations were
audible. Not a bad performance for a
four -valve set in the suburban area!

SELECTIVITY .-

The selectivity of the set is quite as
good as any other 460 kc. receiver we
have handled. Naturally, it has not the
ability to separate stations 10 kc. apart,
which is only just within the capacity
of a six -valve 175 kc. superhet. But
it will be found quite adequate for all
general purposes, and every programme
of importance broadcast from Australian
stations should be heard with it.

BATTERY CONSUMPTION

These results were obtained with 135
volts of B battery, and the milliameter
in the B minus lead was reading only
10 mills. when receiving local stations!
With no signal coming through the cur-
rent was 13 mills. The valves used in
the set were. taken at random from
available stocks, and were not specially
selected in any way. It is quite reason-
able to assume that the average re-
ceiver as built by the man at home
should give just as good economy. Some
cases will probably be found where an
increase of, say, 2 mills. will be experi-
enced-others may show an even lower
consumption. We are simply quoting
the accurately measured figures actually

obtained by test with the original set.
No one will deny that such economy
is as good as can possibly be desired.

ON LOW VOLTAGE

For the interest connected with such
measurements we give figures obtained
on other voltages. At 120 volts per-
formance was almost as good as with 135
volts, the total consumption dropped to

mills. on local stations. Even with
90 volts high tension inter -State sta-
tions were still audible, and the cur-
rent was some silly figure, such as 3i
mills. or so. Naturally, one would not
expect to run the set from such a low
supply-owing to the low current drain
135 volts should be ample, and is re-
commended. At 150 volts results were
even better and the consumption up to
about 13 mills. on local stations, and
17 with no signal. So that it would
still be a practicable proposition at this
voltage from an economy point of view.

It will be admitted that such economy
is remarkable, particularly when results
are considered.

THE CIRCUIT

Coming now to a discussion of the
circuit, we find that a 460 kc. type of
coil kit is used, with a. single intermed-
iate frequency stage.

The first valve is the new battery
Octode. This valve is similar in theory
to the well-known A.C. Octode, which
has been so popular with manufac-
turers of 4/5 valve A.C. sets, and, of
course, with larger sets as well. It has
proved to be the best battery pentagrid
we have used to date, being econorntcal,
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Here is the circuit. The 1D4 pentode output valve may be used in this set.

quiet, and a very certain oscillator. It
still perked away merrily with 60 volts
total high tension. This means that,
no matter how low the batteries drop
in service, there is little danger of the
valve ceasing to oscillate.

To get the highest possible gain from
the I.F. stage we have used the valve
with the highest amplification-the KF2-
VP2 type. Used with coils designed for
it, this valve gives plenty of gain, and
is largely responsible for the set's fine
range.

The second detector is another new
release-this time an American type
valve. It is the 1B5, an improved ver-
sion of the 25S. It is a double -diode -
triode valve-quite non-microphonic,
and gives diode detection with excellent
automatic volume control as well. It
is resistance -coupled to the output
valve, a PM22a-C243n type.

The A.V.C. operates on the KK2 and
the KF2-VP2. It is quite effective in
levelling the stations within reason, and
has just the right amount of control
to combat fading. Checking up with a
tuning meter reveals quite a large varia-
tion in reading (representing severe
fading), with scarcely any noticeable
change in signal strength.

BATTERY CONNECTIONS

Another great thing about this set
is that there are only four battery leads
from the back of the chassis. There
are two for the A battery and two for
the B battery. Thus we have avoided
one of the biggest' nuisances and troubles
of battery sets-too many battery leads.
We could hardly have less than four,
and there are no tappings on the bat-
teries to worry about. The batteries
will thus run down evenly, with no
sections having a greater drain than
others.

The C battery has two tappings. It
Is mounted on the chassis, and beyond
replacement cn princi-ie, say, once a
year. need give no worry. It is not a

Parts List
I 465 kc. superhet. coil kit for KK2.
1 2 -gang condenser.
1 Base, 11 x 7 x 3.
1 Vernier dial.
I .01 mica condenser.
3 .001 mica condensers.
2 .0001 mica condensers.
3 .1 bypass condensers.
1 .5 bypass condenser.
4 1 meg. grid leaks.
1 .25 meg. resistor.
1 .1 meg. resistor.
2 50,000 ohms, resistors.
Sockets -1 7 -pin medium, 2 6 -pin, 1 5 -pin, 2

4 -pin.
1 .5 meg. potentiometer.
1 Battery switch.
Valves-KK2. KF2, or VP2, 155, PM22a or

C243n.
Batteries -3 45 -volt heavy duty B batteries.

1 4.5 -volt C battery.
1 2 -volt 40 a.h. (at least) accumulator.

Speaker-Permagnetig, matched for valve.
Battery and speaker plug, nuts, bolts, connect-

ing wire, knobs, etc.

bad idea to test it with a torch globe
every few months, and to discard it as
soon as it fails to light the bulb to ap-
proximately the same brilliance as it
did when new. This is a precaution,
by the way, which every battery set
owner should take, no matter what type
of set he uses. So much of the set's
performance and economy depends on
the bias battery.
THE KK2

A word about the KK2. This valve,
when connected as shown with a 135
volt supply, uses about 3 mills. all told.
As will be observed, series resistances
are used to feed the screen and anode
plate, instead of using battery tappings.

There are several reasons for this.
One is that we are able to avoid two
extra leads to the battery, for the cost
of two 1 watt resistors. Secondly, as
the battery voltage drops, the current
drawn by these sections drops also, and
thus the voltages are automatically ad-
juFred in proportion.

The values given here are those ad-
vised by the valve makers for the aver-

age or standard type of coil. In any
case, it will rarely be found advan-
tageous to use any valve but .1 meg.
for the screen resistor. In the case of
the oscillator plate resistor some varia-
tion is permissible, depending on the
design of the coil. The coupling be-
tween plate and grid coil, etc., deter-
mines the degree of oscillation of the
valve, and thus the current drawn by
the anode. Therefore it is permissible
to experiment a little with the value
of this resistor within limits-say .1

megs and 25,000 ohms. The main dif-
ference will probably be. in about 1

mill. of B battery current. Generally
speaking, either 50,000 ohms or 25,000
ohms should be used, although we sug-
gest- that the set be built with the values
shown for a start.

This valve is very quiet in operation,
and the noise level of the ccniplettEl-
is almost negligible.
THE I.F. AMPLIFIER

The I.F. amplifier is quite straight-
forward. An advantage of the type of
valve employed is that both plate and
screen are run at maximum high ten-
sion, which helps to simplify the cir-
cuit. Make a point of carefully study-
ing connections to the valve socket,
as three terminals are connected to
earth. The plate connection to this
valve is made above the chassis by the
lead coming from the intermediate
can. This lead, by the way, is enclosed
in a short length of copper braid, which
is earthed to a solder lug screwed under
one of the mounting screws of the in-
termediate can itself-see above panel
diagram.
SECOND DETECTOR

The second detector is the 1B5, used
for diode detection, A.V.C., and first
audio amplifier.

The main thing to Watch about this
valve is the polarity of the filament con-
nections. There is definitely a right
and wrong way. We have therefore
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Here is the wiring diagram, showing connections below the base.

marked on the wiring diagram which
terminal is positive and which nega-
tive. It is necessary to get these right,
so that the polarity of the diodes will
also be right, The set will not work
properly if the filament connections are
reversed or the wrong diodes are used
for detection and A.V.C.

There is no delay voltage on the
A.V.C. diode except that brought about
by its connection to the negative side
of the battery. There is a reason for
this-the difference between signal and
no -signal drain is only about 3 mills.,
and as we want all the sensitivity we
can get we find results better with the

0- load_ resist6r returned direct to the
-chassis,The volume control is in the form of
a .5 meg. potentiometer. We shielded
the leads to and from this potentiometer
with earthed copper braid as a precau-
tion against audio feed -back. It is a
good practice, although not always es-
sential, as the set is very stable.
AUDIO CIRCUIT

The audio circuit uses resistance
coupling between the 1B5 and the out-
put pentode. We found plenty of gain
with this arrangement. The use of
an audio transformer would, of course,
give still more gain, and would be quite
a practicable sCheme, However, a good
transformer costs about £1, and we did
not feel justified, under the circum-

in standardising on it, We
leave this more or less open to the ex-
perimenter, but suggest keeping to the
original circuit for a start before worry-
ing over such points as this
SIMPLICITY

One of the most valuable features
about this set is its utter simplicity
We have tried to make the wiring dia-
gram as clear as possible, and even the

novice should find it well within his
powers to follow out the wiring. The
diagram shows each component approxi-
mately the right size in proportion, al-
though we have taken a few liberties
for instance, with the size of resistors
to keep it from becoming overloaded
Careful inspection of the photographs
will bring out every constructional de-
tail, and comparison with the wiring
diagram should make it perfectly clear
which component is which.

COMPONENTS

All the components are standard types
and are readily available. The coil kit
is probably the most important point.
It would be well to see that the kit
obtained for the set has actually been
produced to work in it. The KK2 valve
will work with a IA6 type coil kit, but
not as well as with a kit made for it.
Similarly, the I.F. valve will work with
kits made for 32 or 34 valves, but not
as well as with its correct intermediate
coils Therefore again we say, see that
the kit is the right one, and also that
the gang condenser used is the right
one for the coils. Otherwise you may
find that the tuning range of the set
does not include all the stations on the
band.

ABOVE THE BASE

The KK2 has the pap connected to

the grid lead, which comes through from
the aerial coil This is soldered to a

standard grid clip, and the excess length
of the lead cut off.

The I F valve has its plate connection
at the top. and a wire coming through
the can of the second intermediate is

connected to this It is a good idea to
enclose this lead in a short length of
copper braid, as mentioned previously,

earthing the braid to the intermediate
mounting screw.

To this screw is connected the C plus
'lead to the C battery. This battery
stands on the chassis beside the gang
condenser. Two leads come up from
under the base to it, one connecting to
the 3 -volt tapping and the other to
the 4i -volt terminal. These connections
are clearly shown on the diagra
that the C battery has a 3-v. appi

ADJUSTMENT f

One of the advantages of the 460 kc.

sets is their easy adjustment. Having
made sure that all connections are cor-
rect and that each wire is in its right
place, connect up the A battery of 2
volts. Switch the set on, and see that
the filament of the 1B5 lights up. U
it does, we can assume that the other
filaments are also alight-you will pro-
bably be able to see them except,. the
output valve, which usually is silvered
right over the bulb.

Now connect up the B batteries and
turn on the set once more. The speaker,
of course, is plugged -in as well. It is
a good idea to include a small torch
bulb in the A minus lead in case of acci-
dents. Should there be a short cir-
cuit this bulb will immediately blow
out and the valves will be safe.

TRIMMING

If all is well, loosen off the trimmers
on the gang and tune -in a station at
the bottom of the dial, Keep the rear
or oscillator trimmer unscrewed as much
as possible, and line the aerial trimmer
for best volume. Should difficulty be

The Pentagrid Broad-

cast A.V.C. Battery

FOUR KIT SET

E 1 1 -9-6 complete
Including all necessary
parts, 4 valves, heavy
duty batteries and 8in.
Amplion speaker.

FREE FREIGHT COUPON
Ra4io House Pty, Limited,

296 Pitt Street, Sydney.
Please send the (dove kit set to

41,

4ddress ..

Sint.
Enclosed 'dense find El,/9/6 which
include% working find freight.

Trade Inquiries Invited.
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found in lining these trimmers to ap-
proximately the same position for each
try various setting of the padder be-
neath the base.

Having got best results on the
lower end of the dial, swing to the

.
higher wavelength stations, and, leav-

i .4.' ,. trimmers as before, adjust the

1,..........efa_

dder for best results on these stations.

'::-
Keep rocki,;:, the dial as the padder is

r, adjusted, st, that the station is held in
tune. This \adjustment completed, re-
turn to the bottom end of the dial and
finally check up on the aerial trimmer.
The set should now be lined up and
ready to give its best results.

THE INTERMEDIATES

It is permissible, finally, when all other
adjustments are done, to give the in-
termediate trimmers a touch to see
that they are all in line, also. Mark
carefully the original position before
moving any of them, so that you can
return to the first setting if desired.
Probably not more than about one-half
turn will be needed to any of the trim-
mers. The trimmer across the coil con-
nected to the detector diode will pro-
bably need most adjustment-possibly
one full turn or even more. Be very
careful, however, to see that you make
a note of how much the intermediate
trimmers are turned, as otherwise you
may compLetely lose the right adjust-
ment, and the coils will then probably
need a journey back to the factory for
re -alignment on an oscillator. It is quite
a simple job if care is taken.

P,CA "V' 0 01- V,.

WIRELESS

A plan view of the chassis.

AERIAL

A good aerial and earth are the rights
of every set. Make your aerial about
75ft., including the lead-in, and as high
as possible. In outback areas longer
aerials can be used, but they tend to

WEEKLY HANDBOOK

broaden the aerial trimming-permis-
sible, of course, if over-all results are
improved, but not desirable otherwise.
A kerosene tin filled with ashes, knocked
full of holes, and buried a foot under-
ground, makes a good' earth. The earth
lead is soldered to the tin.

Addirotiektehea
WITH A KIT OF PARTS FROM

PRICE'S RADIO SERVICE
We can supply Kits of Parts for all types of Radio Receivers,

Amplifiers, etc.

RADIO TOOLS
Screw Drivers
3d, 6d, 9d, 1/-, 1/6 to 4/3
Pliers, Cutters, etc.
10d, 1./-, 1/6, 1/9, 2/-
2/3.
Drills from 3d each

9 on card for 1/ -
Electric Soldering Irons 9 6

Hack Saws with Blade 1 3

Hand Drills from 3 '6

TEST EQUIPMENT
KIT OF PARTS FOR
MULTIMETER

(As Illustrated).
Reads 0, 10, 50, 250 and
500 volts, A, 10, 50, and
250 mills. 0-80,00 ohms.
Complete Kit 62/6Best Quality ..

Milliamp Meters from 5/ 9
Pocket Battery Tester Reads "A"
Battery and 0-30 mills, 10 6.

PRICE'S PABIll SERVICE
D G Ms INTYRE

and

A.;:

i.

I
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Here iS the front view of the multi -meter. The
centre terminal of the three is common to volt and

milliamp scales.

NE of the most useful things any-
one can have round the radio
shack or workshop is a multi -
meter, which will read several

ranges of ,both volts and milliamps and
also test resistors for value.

In fact, mcst home-bqilders are Work-
ing in the dark unless they have some
such meter available. As it is well be-
yond the purse of the average man to
maintain several expensive meters,
which, of course, would be very desir-
able, the next best thing is to have a
meter which, complete with a suitable

1_4-- number of shunts and resistors, can be
Made-to do the work of a dozen meters,
and, if well built, do the work quite ac-
curately.

In this article will be found all the
information needed to construct what
we consider to be the easiest and sim-
plest multi -meter suitable for the home -
constructor.

HOW IT WORKS

Essentially, all the meters in general
use are current -measuring devices.
Whether measuring milliamps, volts, or
ohms, it is the ability of current flowing
in the circuit to operate the meter,
which is the basis of all its measure-
ments.

To understand this, it is only necessary
for the constructor to do a little calcula-
tion in Ohm's Law.

Considering first the milliamp meter,
or straight current measurer, we have
in the meter a coil of wire mounted on
a former, to which is attached an indi-
cator needle, the whole being mounted
on swivel points so that the needle can
move across the scale. The rheter it-
self has a fixed magnet inside, and when
the terminals are placed in series with

Page Forty Seven

M wHo to Build a

ULTI-
METER

In this article full instructions are given
for building a meter which has a full
range of readings, including volts,
milliamps and ohms. It will enable the
constructor to keep a check on any
measurements he is likely to meet

in ordinary radio work.

a lead through which
current is flowing the
meter will register. This
is because the current is
made to flow through
the coil attached to the
meter pointer, and the
interaction of the fixed
magnet's field we have
set up round the little
coil by placing current
through it is sufficient to
rotate the coil. The

same principle is used in electric motors,
so that the meter is in a sense merely
a very sensitive electric motor. The
needle is checked by a system of hair
springs, something like watch hair,
springs, 'which prevent it from shooting
over to full scale too easily.

The meter generally used for the mul-
ti -meter has a full scale reading of 1

milliamp. More sensitive meters read-
ing only to .5 milliamp could be used,
but are expensivE and more liable to
damage through. overload. Similarly,
less sensitive meters which need more
than 1 mill..for full scale deflection can
be used, but this means that no matter
what measurement is being made on
full scale the meter will draw more than
1 mill., and often this is enough to seri-
ously upset its accuracy.

AS A MILLIAMETER

Having already a 0-1 m.a. scale, we
now wish to accommodate larger read-
ings. In the case of 10 mills. scale, we
want a state of affairs in which 1 m.a.
flows through the meter, and 9 m.a.
through a shunt resistor. Assuming the
resistance of the meter to be 30 ohms,
simple calculation will show that the
shunt resistor needed will be 3.33 ohms.
With such a resistance, the full scale
reading would be 10 mills.

We can go on from this and calculate
the value of resistance needed for each
desired range of milliamps. However.
as meters vary in their characteristics,
we suggest that in all cases shunt re-
sistors be purchased from the people who
supplied . the meter in the first place.
This is the best way to obtain accu-
racy. In our meter, we have fixed on
milliamp ranges of 0-1, 10, 50, and 250,
as being adequate for all normal uses.

Higher ranges can be included by using
the right resistances.
AS A VOLTMETER

Considering the meter as a voltmeter
we must still remember that the meter
is a current measuring device, and that
for full scale deflection on each range
we want to arrange for 1 mill. to be flow-
ing.

This means the addition of series re-
sistors to limit the current flow through
the meter. Assuming we have fitted the
correct resistor for a 10 volt scale, the
meter will read full scale on exactly 10
tolls. If the voltage applied with this
resistor is only 5 volts, the meter will
pass only .5 mills., and thus register only
half scale reading.

With a high-grade meter of 1000 ohms
per volt, we will need to use a resistor in
series with the meter of 1000 ohms for
each additional volt. A general calcula-
tion is to divide the voltage scale by .001
(current in milliamps), and we get the
total resistance in circuit. Thus for 10
volts we need 10,000 ohms, for 250 volts
we need 250,000 ohms, and for 500
volts 500,000 ohms. From these figures
we really should subtract 30 ohms, being
the meter resistance, but, except per-
haps for the 10,000 ohms, this is a very
small error. However, we can Use 0970
ohms to be on the exact side.

AS AN OHM -METER

To measure ohms, we first of all ar-
range for a full scale deflection of the
meter, by wiring a fixed resistor of 4300
ohms in series with a variable of 400
ohms, and connect a 4.5 volt battery in
the circuit. By adjusting the variable
resistor, we can at all times send .1 mill.
through the meter when the ohms ter-
minals are shorted, as long as the bat-
tery does not fall below 4.3 volts.

Now when we connect an unknown
usistLince in circuit, it, will reduce the
current flow. The amount of current
which it will allow to flow is measured
on the meter, and thus a basis for com-
parison and measurement of unknown
resistances is obtained. The sernsitivii y
of this particular meter is useful to
about 250.000 ohms. Higher resistors than
this do not need to be very accurate, and ,
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SLADE'S PRECISION TEST EQUIPMENT
Pioneers of Foun.dation Kits Suitable for the Home

Construction of All Testing Instruments
Complete Kit of parts to build the "Wireless
Weekly" Multimeter as described in this issue.
WITH FAN SHAPED METER .. i3/15/ -

Completely wired ready for use, E4/5/ -
WITH ROUND TYPE METER .. . . £3/9/

Completely wired ready for use, £3/19/-.
Box as illustrated, 6/6 each

Distributed by:
WEST
AUSTRALIA:

Carlisle & Co.
VICTORIA:

A.G.E. Ltd.

"Calstan" Foundation Kit
Completely Assembled'

N.S.W.:
Martin de Launay.
Bloch and Gerber.
Price's Radio.
QUEENSLAND:
J. B. Chandler & Co,

Manufactured by

NEW ZEALAND:
New Zealand General
Electric Co.; Carrick
Wedderspoon, Wel-

lington, N.Z.

SLADE'S PRECISION TEST EQUIPMENT
TEL.: UJ5381 CROYDON, N.S.W. TEL.: UJ5382

HENDERSON POWER EQUIPMENT
STANDS HIGHEST IN QUALITY CONSTRUCTION

For all-
Receivers and _Amplifiers
Described in this Hand-
book.

Specify-

HENDERSON TRANSFORMERS
HENDERSON FILTER CHOKES

Whether you require a Standard
Power Transformer for a radio set,
or a power supply for a special ampli-
fier, HENDERSON can supply your
wants. Every HENDERSON product
is built to the high standards of
quality which have made the name
they bear famous wherever power
equipment is used. Henderson trans-
formers are free from breakdown
because they are carefully impreg-
nated. They have excellent regula-
tion because the copper and iron
used are the best obtainable. You
are sure of service with HENDER-
SON products.

High voltage transformers and all
special types made to order, up to
2000 watts. Prices are obtainable on
application.

Obtainable from every Radio Dealer
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Two "BEST SELLERS" in Test EquipmentPALEC "Compleat" Multi-Tester PALEC All -Wave Oscillator

Trade Price £13/101 -
Complete with Lid.

"COMPLEAT" TESTER
Measures D.C., A.C., and output volts from'10 to 1000 volts in 5 steps. Reads Milliampsfrom 1 to 250 mills. Ohms from 1 ohm to10 megohms. Capacitance, paper and micacondensers from .001 to 10 mfds. Induct-ance, chokes, and transformers, etc., readIn two ranges from 1 to 10,000 henries. Im-pedance, at 50 cycles, two ranges from 1ohm to 1 mezohm. Electrolytics, tests both8 and 25 mfds. types at working, voltages.Insulation test, for testing circuits, sockets,bushes, valve elements, etc., for leakage at250 volts d.c.

ALL -WAVE OSCILLATOR
The salient features of this shielded Os-cillator are its extreme attenuation capa-bilities, wide fundamental frequency range,and great accuracy.
Is equipped with a 5in. precision Dial withvernier scale, enabling readings to a tenthof a division to be taken. The instru-ment is calibrated against a Quartz Crys-tal, and is fitted with a new easy readingcalibration chart. Has five fundamentalranges extending without gaps from ap-proximately 150 KC.'s to 20 MC.'s.

SEND FOR PARTICULARS AND ILLUSTRATED CATALOGUE TOThe Paton Electrical Instrument Co.
90 VICTORIA ST., ASHFIELD, N.S.W.Manufacturers of the well-known PALEC Meter and Cathode Ray Oscillograph (as sup-plied to the Commonwealth Government). Obtainable from:-Sydney-Lawrence and Hanson Electrical Co., Ltd., Fox and MacGillycuddy, Ltd., Blochand Gerber, Ltd.

Melbourne-A. H. Gibson Electrical Co. Pty., Ltd., Lawrence and Hanson Electrical Co.,Ltd.
Brisbane-Lawrence and Hanson Electricil Co., Ltd.Adelaide-Newton MacLaren, Lawrence and Hanson Electrical Co., Ltd.New Zealand-Electrical Lamp House, Ltd., Wellington.

Price £11 /10/-
A feature is the new "Piston" capacity
attentuator, which controls the output 80db. dcwn (1/100,000). Controllable signalscan be produced at strength, less thanthe noise level in modern sets. This isattained by efficient shielding and design.The Oscillator will generate R.F., modu-lated R.F. and A.F. signals.

Universal WESTON meter

Model 301 Universal Meter
3 Hin. dia., flush mounting.
Wiring diagram, showing how
to connect up Universal Meter
with shunts and resistors
supplied with meter.

Model 301 A.C. & D.C.
WESTON INSTRUMENTS from the smallest
to the largest, embody Weston balanced de-sign, positive alignment of all parts to exacting
tolerances and precise craftsmanship. Thisexplains why Weston accuracy endures-why
each instrument bearing the name gives long,dependable service.

Model 301 Universal Meter, is an ideal general
purpose instrument of great sensitivity, and
is offered at a price within the reach of buyersrequiring a reliable and accurate instrument.
Very suitable for building testing sets and
testing over a wide range.

Write for booklet W.W.
DISTRIBUTORS:

WARBURTON FRANK! LTD.
307-15 Kent Street, Sydney.

MELBOURNE
BRISBANE
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UILDING SHORT WAVE RECEIVERS

Some
Tested

Circuits
To cater for the short-
wave enthusiast, we give
here a number of short-
wave circuits we can
confidently recommend.
Elsewhere will be de-
scribed a two -valve bat-
tery set which can also be

used on short -waves.

SHORT WAVE reception has a thrill
all its own. More than that, it
has a thrill for everybody. Whether
one's interest is in hearing and

verifying short wave reception from the
various countries of the world, or in
listening for the sheer fun of hearing
foreign broadcasts, or joining in the
"amateur" side of radio, the short wave
bands are happy hunting grounds.

Most of the general interest material
is to be found on the main short wave
bands around 19, 25, 31, and 49 metres.
Here may be heard regularly stations
from Germany, England, France, Russia,
Japan, etc., which broadcast from time
to time special sessions in English, and
many features and items of interest.

Between these bands, odd stations
Ci--t43 up now and then to give the listener

A front view of the 8 -valve set.

more interest and greater thrills, and
even in the regular bands themselves,
there are many stations to be heard
other than the "regulars."
AMATEURS

The amateur bands, which are located
round about 10, 20, 40, and 80 metres.
are worth while following, and stations
from all over the World are often to be
heard on both 'phone and Morse code
transmissions. The replies of the Aus-
tralian or other stations with whom they
are communicating are generally audible
also, and this makes the whole business
very much more interesting.

In this article we want to outline
some sets which have proved very popu-
lar with our readers in the past, and
which can be recommended confidently

Here is the circuit. A doublet aerial is advised, but is not essential. Even better
results can be obtained by using the aerial tuning unit shown with the circuit.
The coupling coil is the same as the aerial coil of the set.. The larger coil is tuned
and the smaller connected to the receiver with a pair of twisted insulated hook-up
wires. Naturally a different coil is used for each band to correspond with the set's

tuning coils.

to the experimenter as being "sure-fire"
performers. They are all exceptionally
simple to make, and enough data are
given here to enable anyone to construct
them.

The large set shown here is the 8 -

Valve superhet. with minor modifica-
tions, which we have been using now
ever since it was originally described
in "Wireless Weekly." It has given
the greatest satisfaction during that
time, and we have not as yet found
any way to improve it without adding
considerably to complications, and to
the number of valves. It is a marvel-
lous performer on short wave broadcast-
ing, and is also admirably suited for
amateur- communications, for which
purpose it has been used continuously.

* An 8 Valve Set
The receiver uses an R.F. stage with

a 6K7 transformer coupled to the first
detector, a 6L7, which has regeneration
to improve its efficiency and gain. It
has a separate oscillator, in this case
a 6C5 triode, the output of which is
mixed into the special injector grid, with
which this valve is provided. One stage
of I.F. amplification is used, with a
6K7 as the valve amplifier. The second
detector is a 6Q7, used as an anode
bend detector. The output stage is a
6F6 pentode, working into a dynamic
speaker with a jack for headphone
work.

A beat oscillator is provided for C.W.
reception. It can be switched on and
off, and also controlled for pitch, from
the front of the set.

This receiver has been designed for
use with a separate power supply unit,
and the speaker plugs into the unit. It
is a good idea to keep the power supply
away from the set, although, if desired,
the power supply could be mounted on
the same chassis as the set itself with-
out necessarily affecting results.
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FREE BOOK
This book, which fully explains the causes and sup-
pression of Radio Inductive Interference is available
from your Radio Dealer ABSOLUTELY FREE.
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Chanex Suppressors conform to all regulations and are built to the
is r

British Standard Specifications 613/1936 and have been approved soli

for connection to the mains by all Electricity Supply Authorities. wh
for

Whatever your interference problem, be sure to consult your
Radio Dealer :

With the introduction of the Chanex Kit of Suppressors, your Radio
Dealer is now in a position to suppress the majority of all generated
interference. He will gladly advise and assist you in your interfer-
ence problems.

CHANEX
DUCON CONDENSER PTY., LTD., 73 BOURKE ST., WATERLOO, SYDNEY, N.S.W.
and at

"Cornhill Chambers," P. H. Phillips, Esq., WM. T. Matthew, Esq., Carlyle and Co.,450 Collins Street, "Clock House,"
193 Elizabeth Street, 93 Grenfell Street, 915-917 Hay Street,

MELBOURNE, CA, VIC. BRISBANE, Q'LAND. ADELAIDE, S.A. PERTH, W.A.

Arnold and Wright,
173 Selwyn Street,

CHRISTCHURCH, N.Z. A
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THE VALVES

The valves we have used are metal
types, but there is no necessity to re-
gard them as essential to the set's per-
formance. For instance, the same types
in the metal -glass series could be used,
or plain glass valves would also serve,
except in the case of 6L7. Glass coun-
terparts would be for the 6K7 -6D6, for
6C5-76, for 6Q7-75, for 6F6-42. These
valves will need shielding, excepting the
2A5. If high -gain Continental type
valves should be preferred, the EF3 will
give excellent results in the R.F. and
I.F. stages.

The regeneration on the 6L7 carefully
used will give extra gain, but should not
be abused on this account. Rather
should it be kept as an extra control
up one's sleeve when wanted.

The I.F. stage is a straightforward af-
fair, and should be built with the best
intermediates possible. Either iron -
cored or air -cored types may be used,
the former having, as a rule, better
gain if well made.

The second detector is an anode bend
detector, mainly for simplicity. The
diodes may be used, if desired, for de-
tection and also for A.V.C. This set
was designed with simplicity in view,
and, therefore, we did not use the A.V.C.
circuit. It could, however, be used in
a perfectly standard manner.

The output pentode drives the
speaker, and a phone jack is provided
for headphone operation when desired.
There is plenty of volume for the phones,
and the volume control is effective on
both the speaker and the phones.

The beat oscillator is a straight-
forward electron -coupled affair which is
very hard to better. We have used vari-
ous methods of mixing it into the second
detector. The simplest is to hook the
end of a piece of hook-up wire round
the grid lead of the second detector, and
run this down to the plate circuit of the
beat oscillator. Here the other end can
be bound to the plate lead for about h
inch to provide very slight capacity
coupling. Only a little is needed. The
oupling lead may alternately be hooked

rolind the grid lead of the detector at
one end and the grid of the beat oscilla-
tor valve at the other. In all cases there
is no direct coupling to be made-merely
the tiny capacitive coupling of the in-
sulated wire. Feeding the beat oscilla-
tor into one diode is also a good scheme
which we have used with success.

TUNING CONDENSER

The tuning condenser is a three -gang
job of capacity about .00015 per sec-
tion. Such gangs are procurable, or
they may be made by cutting about one-
third of the rotor plates from a stan-
dard job. Naturally there are no trim-
mers to be left on the condenser.

TRIMMERS

In order to keep the circuits in track,
23 -plate midget condensers act as trim-
mers across the aerial and R.F. second-
aries. This idea avoids padding trou-
bles and actually extends the tuning
range of each coil.

The aerial and R.F. coils are mount-
ed at one side of the gang, with a plain
shielding partition between, and the os-

A three -valve T.R.F. set, suitable for the standard chassis.
Phone connection is shown.

A photograph of the
Standard Chassis, on
which may be built
many small receivers.
It measures Sin. x 9in. x

3in.

cillator coil and valve on the other. Thus
coupling is reduced to a minimum, and
heavy shielding avoided.

The beat oscillator coil is immediately
behind the small panel which carries a
three -plate midget wired across the beat
coil to give a variable pitch. One of the
switches turns the beat on and off-the
other is at present not used, but could
be employed to switch A.V.C. on and
off.

We have used a good band -spread dial,
and found it very effective for fine tun-
ing. The dial used should have a posi-
tive action with no backlash to spoil
accuracy. The coil data given will be
found approximately correct, and a little
care in winding up each set will allow
you to get them all tracking perfectly.

The beat oscillator coil may be pur-

A simple four -valve superhet. specially suited for amateur
use. Use standard chassis and power supply.
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COIL DATA FOR 8 -VALVE SUPERHET. COIL DATA FOR 4 -VALVE SUPERHET.

Aerial Coil Detector Coil 10scillator
1 Coil

v
1 v 1 '1

a
rg .°-' o' ii.4 8

10-20 12 1311 1 2 13z
20-40 4 181 I 6 I 81
40-80 I 7 120 I 9 I 20
80 up 12 35 I 12 I 35

g
1-3 31

1. 1 7
1 115
2

I 30 I

a
a.
2
4
6
8

All coils are wound on 1:lin. formers.
Oscillator coils are close wound, %in.
apart. Other grid coils spaced over
11M. Detector plate coils interwound
with the bottom of the grid coil. Aerial
coil is in. from grid coil. Gauge of
wire is not critical-about 22 enamel,
with 30 enamel fqr aerial and plate
coils. Beat oscillator coil has 400 turns
of 32 enamel tapped at 150 and mount-
ed on intermediate base.

Aerial Coil
I Oscillator Coil

Band I Aer. I Grid I Tap
I

Grid I Plate
10-20 2 I 3i 1-3 I 31 1 2
20-40

1
4

I 81 11 I
7 I 4

40-80 I 7 I 20 I 1 I 15 16
80 up 12 I 35 I 2

I
30 1 8

All coils are wound on tin. formers.
Oscillator coils are close wound, %in.
apart. Other grid coils spaced over 11in.
Aerial coil is yin. from grid coil. Gauge
of wire is not critical-about 22 enamel,
with 30 enamel for aerial and plate coils.

COIL DATA FOR T.R.F. SET

Aerial Coil 1 Detector Coil
Band I Aer. I Grid !Plate 1Grid I React.
15-35 I 4 I 5 I 4 1 5 1 8
35-55 I 6 I 10 1 6 I 10 1 12
55-90 1 10 I 20

I
10 I 20 I 15

All coils wound on lsin, formers.
Aerial coil wound about 1,g in. at earth
end of grid coil. Plate coils interwoven
for half their number of turns with grid
coils of detector.
about lin. away
22 enamel, with
aerial and plate

Reaction coils wound
from grid coils. Use
30 gauge enamel for
coils.

Here are coil tables for the sets described in this article.

chased complete. If home-made, use 400
turns of 32 enamelled wire wound on a
choke bobbin, and tapped at 150 turns.
Mount this on an intermediate base and
use one of the trimmers to adjust the
coil to the I.F. frequency to give the
right beat.

* A Three - Valver
Next on the list comes the three valve

A.C. set. This is an excellent all-round
receiver, and has been very popular with
amateurs for quite a while.

For its general construction, we refer
to the photograph of a standard short-
wave chassis shown in this article. As
will be seen, there is a two -gang con-
denser, with the R.F. valve and coil on
one side and the detector valve and coil
on the other. A shield runs right across
the chassis to isolate the tuning from
the remainder of the set-not always
necessary, but a good thing to have. On
this chassis may be built almost any
short wave set up to four valves. It is
intended to be used with a power supply
similar to the one shown with the big
set described in this issue. The speaker
plugs into the power supply itself, thus
keeping the tuner and the power well
apart.

The tuning condenser is again about
.00015 or thereabouts. and the circuits
are kept in line by means of a 5 -plate
midget connected in parallel with the
R.F. section of the gang. It is impossible
to wind coils accurately enough to
match, particularly as the reaction con-
trol alters the detector tuning a trifle.
Along the front of our standard chassis
are four controls-these will vary ac-
cording to the set requirements, and
sometimes, for instance, only two or
three will be needed.

The R.F. valve has a variable resist.
ante in the cathode circuit, which acts
as a control for the R.F. sensitivity.
It is worth having, although a fixed 350
ohm resistor can be used should a valve
not being a variable -mu type be used.
Such a valve would be 6C6, 57, etc.

An aerial coupling coil is used in order
to keep the two tuned circuits as much
in track as possible, and also it gives
a more even transfer of energy from the
aerial.

REGENERATION

The detector valve has two reaction

P.]

controls, a condenser, as in the battery
sets, and a variable resistance for ac-
curate control. The resistance also has
a minimum of effect on tuning as it is
advanced and retarded. The condenser
is set so that the reaction is obtained
with about 50 volts on the screen, or as
high a voltage as will give smooth con-
trol. This ensures also maximum gain
from the detector stage, a point not al-
ways realised by constructors.

Other detector circuits might have
been used, but we selected this one as
being the least critical, and at the same
time very efficient.

'

An audio choke is used in the plate
circuit of the detector. Resistance coup-
ling will as a rule make oscillation diffi-
cult owing to the drop in voltage-an-
other point which has often troubled
constructors. The decoupling resistor and
condenser may not be needed. but will
prevent any hum which might appear in
this portion of the circuit.

AUDIO VOLUME

An audio volume control is very use-
ful for the output stage, particularly on
phone reception, otherwise loud signals
may be uncomfortably strong. The out-

put valve is a pentode which feeds a
loud -speaker. Should phones be required
make up a little coupling unit, as indi-
cated on the diagram, to keep the high
tension and also the plate current from
the phones themselves. A small filter
choke of about 30 henries and 40 mills
will do, and can, of course, be mounted
on the chassis if desired. If the separ-
ate pack is used, it will best be mounted
on the power chassis, under the 'base,
keeping it well away from the power
transformer to avoid hum pick-up.

This is about all we have to say on
this set-the rest will explain itself from
the circuit. It is a good set, and if built
on the standard, chassis can be enlarged
to a bigger receiver without wasting any
parts later on. It would still be a good
set if a 6DC is used in place of the 6L7
in the four valve superhet, feeding the
oscillator output into the ' suppressor
grid.

* A 4 -Valve Super
A four -valve superhet. which has a

performance far better than its size
would indicate, the next of our circuits _

will appeal to many. It has no

A plan photograph of the 8 -valve set. The chassis measures 14in. x 10in. x 3in.
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TIME -CHART FOR OVERSEAS STATIONS

E

a

a

I 2 3 4 5 6

2 3 4 5 6 .7 8 9 40 1.1 M1`3

3 4 5 6 . 8 § 9 0< 11 MN

0

E

in

4 5 6 .7 8 9 10 I MN i 2

5 6 7 8 9 10 I I MN t 2 3

MN

.;

0

Mid-
night

O
-

0

Tow

7

A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. Noon

5 6 7 8 9 10 I I 12

10 I I 12 1 2 3 4 5 6 7 8

10 11 12 I 2 3 4 5 6 7 8 9

6 7 8 9 10 11 12 I 2 3 4 5 6 7 8 9 10
A.,

7 8 9 10 1111 12 I 2 3 4 5 6 l 8 9 10 11

7 8 9 10 11 El I 2 3 4 5 6 7 8 9 10 I I MN.

8 9 10 II 12 II 2 3 4 5 6 7 8 9 10 11 MN 1

7 8 9 10 11 12 I© 3 4 5 6 7 8 9 10 11 MN 1 2

eS

8 9 10 II 12

I7 8 9 10 II 12 I 2 3

2 3 4 6 .. 7 8 . 9 10 H MN I 2 3 4 5

5 6 7 8 9 10 11 MN 1 3

7 8 9 10 I I 12 1 2 5 6 7 8 10 11 MN 1 2 3

7 8 9 10 11 12 I 2 3 4 8 9 10 i1 MN 1 2 3 4 5 6

8 9 10 I I 12 I 2 3 4 5 H t.,IN 1 2 3 4 5 6 7

-a

9 10 I I 12 I 2 3 4 5 6 1 . 2 3 4 5 6 7 8

10 I I 12 I 2 3 4 5 6 7 81 9 .11 .f::N11`.1 1 2 3 ::....:.4. 5 6 1 8 9

-T-
1 I 12 I 2 3 9 t1;) 1 1  MN I "-) 6 / 8 9 10

12 I 2 3 4 5

7 8 9 10 I I 12 I 2 3 4 5 6

1111
8 9 10 11 12 I 2 3 4 5 6 7

111 9

m

I 2 3 4

Mid -
P.M. P.M. P.M. P.M. P.M. P.M. P.M. P.M. P.M. P.M. P.M. night A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. Noon

8 9 10 II

Example, on top row of figures:-New York 9 a.m. Monday, England 2 p.m. Monday. India 7 p.m., Sydney Midnight

Monday. Look down the column marked New York until you come to MN (midnight) Sunday. In England it is 5 a.m..

Sunday. India 10 a.m., W. Australia I p.m. Monday, Syd ney 3 p.m.. Monday.
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stage, but uses the 6L7 'first detector.
The use of the separate oscillator has

many advantages over the pentagrid for
special short-wave sets, as against dual -
wavers, where the saving of the extra
valve is important in costs. The actual
conversion gain of the 6L7 is very high,
and the noise level of the separate os-
cillator circuit, particularly when hunt-
ing weak stations on the 'phones, is very
much lower.

As be seen, there is a reaction
control on this first detector, made pos-
sible by the use of the separate oscilla-
tor, which enormously increases sensi-
tivity when properly used. Improperly
used, it will not.

Reaction is obtained by tapping the
cathode up a small portion of the tuning
coil, in some cases only half a turn.
There is a common coupling between
the valve circuits through this section
which gives the reaction effect. The
control is a screen -grid potentiometer.
It is essential that the valve will not
oscillate until this voltage is at all times
about 50 or 60 volts, preferably about 70.

* The PoWer Unit '
If it is lower than this the gain of

the 6L7 will not be anything like its
maximum, and the set will be hard to
handle, if the valve is to be kept below
the oscillating point. As long as the
cathode tap is kept well down on the
coil, even to a portion of a turn, this
should not give trouble. If the valve
oscillates with only about 25 volts on
the screen the tap must be cut back
until it will not oscillate at any time
with less than 50 volts. Then you will
get not only the maximum gain from
the 6L7, but also maximum sensitivity
from the reaction.

This reaction, by sharpening the tun-
ing of the first circuit. also reduces the
tendency to double -spotting, and will
be found a most liseful controL It s a
scheme almost universal now in sets of
this type.

The I.F. amplifier uses a pair of good
intermediates. These need not be of the
iron -cored type, although efficient iron -
cored transformers will naturally give
high I.F. efficiency. We have used both,

The power unit.
One socket con-
nects to the set,
the other to the

speaker.
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and obtained first-
class results from
good plain type in-
termediates. They
are, of course, of
the 460 kc. type.

The second de-
tector, as will be
seen, has o n e
section for the
detector and the
other for an audio
amplifier. The use
of low resistance
values is neces-
sary to avoid feed-
back troubles, and
the constructor will
be wise to keep to
those shown.

The reaction con-
trol here increases
selectivity, a n d
when the valve
is made to oscil-
late provides a
beat note for Morse
code reception. It
can be omitted
if such reception

is not needed by connecting the
lead running to the top of the
reaction coil direct to the chassis.
The coil itself may be about 70 turns
of 32 enamelled wire wound on an R.F.
choke bobbin, or about 50 turns wound
on an ordinary 11 -inch former. If oscil-
lation is fierce when controlled by the
5000 ohms potentiometer, reduce turns-
if no oscillation is present add a few
more. Best results are obtained when
oscillation is smooth, and even a five
turns difference might make a big im-
provement one way or another.

The 79 valve as second detector is
handy for the grid at the top, which is
connected straight across to the I.F.
transformer lead. The 6A6 will give more
output, however, quite enough to operate
most of the stronger stations on a mag-
netic or permagnetic speaker. Its plate
current is low, and therefore 'phones can
be used. The set will operate from 135
volts of B battery, or from a power
supply of 250 volts. If the standard
power supply is employed, use a 30 henry
filter choke, and a resistance in series to
reduce the voltage to 250, as there is not
enough current to energise a speaker
field adequately.

Using our standard chassis, there is
room between the two valve sockets to
mount the intermediates, and the whole
set will make a very compact little unit.

As there is 250 volts in this section of
the circuit, the headphone coupler shown
in the last circuit is advised.

The tuning condenser, should the set
be used for amateur work, may be a
two -gang job reduced to a single rotor
plate, or a pair of five -plate midgets
ganged together. A pair of 23 -plate
midgets are mounted under the chassis
in parallel with the tuners as "band -set-
ters.' with which the required frequency
band is located. For general work, a
00015 gang is used, and the 23 -plate

midget condenser across the detector coil
is used as a hand -adjusted padder.

ON WINDING COILS

Although factory -made sets of coils are
available for, the receivers described in
this issue, we have included winding
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charts as a guide to constructors who
would like to try their hand. Note that
we used the word Guide, because there
are a number of variable factors which
will make it impossible for every man
to wind up a set of coils and get
EXACTLY the same coverages. It is
nearly always necessary to make some
adjustments over the original coils to
get the right coverage for one par-
ticular set of conditions.

Of course. it is possible for a factory
to work out a set of coils Which, used
with a specified condenser, will not re-
quire adjustment.

However, having wound up the coils
from our charts, it may be found neces-
sary to make alterations up to possibly
one turn either way, to get the coils
starting from scratch with the trinimers
all out. and ending up with the circuits
still peaking on the highest wavelength
end.

A good tip, should a coil prove to have
slightly too many turns, is to space out
the last few turns at the top of the for-
mer, which will generally have the effect
of reducing inductance. Similarly, by
compressing some turns, more induct-
ance may be gained.

Be respectful in your handling of the
oscillator coil turns. It is the oscillator
which tunes most sharply, and all the
other coils take their position from it.
If, for instance, you find that the 20-
metre band comes too far from the bot-
tom of its dial position, you will need
more turns on the oscillator coil. Don't
add or take off more than one turn at a
time. Having fixed the position of the
dial readings, work on the other coils
to bring them into line. If you find that
you cannot get the 20 -metre band on its
right coil, even with the gang all out,
you should add turns to the oscillator
coil. However, using our chart, we don't
think the error would be as bad as this.
The necessary modifications probably
will be only slight.

When the coils are finished and the
spacing is neatly made, put a touch of
clear duco where the wire meets the
former's ribs, to keep the wire in place.
THE POWER UNIT

We give here the details of a power
unit suitable for the operation of A.C.
receivers and the 8 -valve short-wave
set in particular.

This unit can be applied to almost
any short-wave set which needs a sepa-
rate supply, and it could also be used
as a separate unit in all cases where
such a supply is needed. By using an
appropriate power transformer, the unit
could be built to give any desired out-
put voltage. It is meant to operate withsets using the field coil for a filter
choke. Should no field be available,
a 30 henry filter choke would be mounted
under or on the base, and wired inplace of the field coil connections.

The base size of this particular unit
is 6in. x 8in. x 3in., which gives ample
room to mount the apparatus.

As will be seen, there are two sockets
to the power supply. One of these
accommodateS the .6 -pin plug carrying
the power supply leads and the other
is the socket for the loud -speaker. The
wiring diagram has been worked out to
corresrprid with the wiring of the short-.
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wave set, and should be checked up
against the 8 -valve circuit.

The main components of the supply
are the base, the power transformer,
the electrolytics, the rectifier, and a
voltage divider.

The power transformer will usually
need to supply not more than about 70
mills, so that the 80 mill: type would
suffice. The electrolytic on the rectifier
side of the field could with advantage
be a 600 -volt type, although the one
on the low voltage side of the field may
be of the 500 -volt type.

The rectifier is a standard 80 valve,
and the voltage divider may be any-
thing between 15,000 and 25,000 ohms.

It is quite a good feature to have the
speaker plugged into the power supply
instead of the set. It means that the
receiver can be placed on the operating
table, and the power supply and
speaker stowed away several feet from
the set. Only one power cable is
needed. It is a good plan to keep the
speaker well away from the receiver to
avoid any chance of microphonic feed-
back, which is always liable to happen
when a receiver is in a sensitive condi-
tion. The leads to the receiver being
quite "dead," it is not very important
how long the cable is made.

Strictly speaking, it is always good
practise, when connecting a power
supply with a plug and socket, to make
sure that the socket is in the power
supply. It is often more convenient to
use a plug and socket at the power
supply and again at the receiver. If
this is done, it would be possible to
turn on the power supply by mistake,
while the cable was plugged into the

6.3v
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385v

The circuit of the power supply. This is particularly
designed for the 8 -valve set, but the connections may be

varied to suit any receiver for which it is desired.

power, but not into the set. The plug
for the set would then be alive, and
the operator could get a "bump" from
it. Therefore, it is not a bad plan to
run the cable direct to a terminal strip
in the set, making it a permanent con-
nection. Obviously one could not get a

shock from a socket alone, and the
power cannot be given to the set until
the plug is inserted into the power
supply. Such "Safety First" devices are
simple to use, but are in accordance with
good practise and should be used where
possible.

EFCO
and BAND SPREAD!

A high -quality receiver should have a high -
quality dial. It will make such a difference
to the appearance and operation of your set.
This beautiful two-color bandspread model
is the finest that Efco can make. One more
good reason why they are known every-

where as THE DIAL PEOPLE.

The new Efco Model
88 is a large Edge -lit
Dual -Wave tuning dial
with a Band -spread
pointer to split up
closely spaced stations.
It spreads the narrow
Short Wave bands at
19, 25, 31, and 49 metres
over half the full dial
face. This brings to
you easy and positive
station logging under
all conditions.

It is an Edge -lit dial
in two colors, green and

gold. Broadcast and
short wave scales may
be illuminated separ-
ately from the wave-
band switch.

A brown bakelite
Escutcheon 6 inches in
diameter frames the dial
face. It is a thing of
beauty, but it is also a
mechanical achievement,
built like a high-grade
watch.

Pay your new set the
compliment of an Efco
Band -spread Dial!

THE HOME OF THESE DIALS

EDGE -LIT

32/6
LIST PRICE

EFCO MANUFACTURING CO., ARNCLIFFE, LW2667
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having smaller dimenN
sions.
Range ,: Ammeters,
Voltmeters, IVIilliameters,
Microammeters, .

*voltmeters available in
Moving Coil; Rectifier
and Thermal types.
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British -Made Equipment
for Specialised Set

Manufacturers

2" SCALE METERS =--1- 21" SCALE METERS TRANSFORMERS.
'Guaranteed Accuracy For A.C. and D.0 A Class A & B Audio and

within 2 per cent. ,,ess.' Measurements Multi -Ratio Out put
Similar in quality and Guaranteed Accuracy \
Performance to the , \\
inch dial class, but'

within 1 per cent
Comprising . Moving kN, \
Coil, Moving I r o n,
Metal Rectifier, Ther-
mal and Electrostatic,
(single, two and three  For use in the Filter
range types). V o 1 t- Circuits of "B" Supply
meters, Ammeters, or Units; or as an Output
Milliameters;
jetting, flush

N able patterns.

Prices from , Prices from

£2141- £2/12/6
Sole Distributors :

Types
PRICES L'
FROM dr 1 / 1 /-

FILTER OR AUDIO

CHOKES

in pro- :`Choke in the Plate Cir-
or port- ,--";;` cuit of a Power Valve)

500 Volts D.C. Work.
ing Volts Maximum.

`ss:s  Price, B2 type,

£2/12/6

A.C.-D.C. TESTER

This universal combi-
nation tester is .n
essential accessory if
your equipment is to'
comply with present.;
day requirements.

Range :

A.C. Volts up' to 600
D.C. Volts up to 600.
D.C. Milliamps oto 750
A.C. Milliamps. () to 1)

Resistance:- 0.50,000:
ohms, self - contained,'

£121101 -
DISCOUNTS 'ON APPLICATION

-NOYES BROS., (Sydney) LTD.
Phone B7581 (10 lines)
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GRAMOPHONE
AMPLIFIERS

The Volume Expanding Amplifier. Full details of layout are shown here. One
transformer carries the high-tension winding, one the filaments, and the other is
a choke. The third component is the filter choke. The filament transformer

could also be made to take the high-tension winding for the speaker field.

BUILDING and operating gramo-
phone amplifiers has always been
a great hobby amongst "Wireless
Weekly" readers. Every time any-

thing on amplifiers has been published
or a new circuit printed, the response
from our readers has been immediate.

Consequently, we feel that this chap-
ter dealing with amplifiers will be one
of the most popular in this Handbook.
space will not allow us to deal with all
the amplifiers we have featured from
time to time, but we have selected some
of the most popular and most successful.

Let it be explained that although the
amplifiers we have described have been
used mainly for gramophone reproduc-
tion, they will find other uses. For in-
stance, public address work of all kinds,

and even small talkie plants, will find
possible applications in them. Most of
our readers, however, will be using them
to play records for their own amuse-
ment and entertainment.

Amplifiers are divided into three
major sections-the input device, the
amplifier proper and power supply, and
the loud -speaker. Each of these three
must be considered when the amplifier
itself is being designed. The relationship
which one has to the other is very de-
finite and important.

PICK-UPS

The ,ordinary home amplifier obtains
its input as a rule from some type of
gramophone pick-up. A gramophone
pick-up is a device fir converting the

The circuit of the Universal Amplifier. The 8000 ohm field coil is connected
across the high tension. Should permagnetics be used with the Genemotor, the
pins of the connecting plug leading to this field are left vacant. Other valves

could be the 57 and 2 2A5's or 47's. In metal valves, 6.17 and 6F6's.

With the adverft of elec-
trical recording and repro-
duction, a new erawas born
for the lovers of gramo-
phone music. Since that
time things have steadily
progressed. A modern
gramophone recording
when used in conjunction
with high quality appar-
atus, is capable of giving
wonderful realism. The
amplifiers described here
have proved their worth
and can be recommended.

mechanical energy picked up from the
record's grooves into electrical energy.
The record itself has its grooves cut to
a pattern by an electrical cutter oper-
ated from an amplifier, before the mic-
rophone of which the performer sings
his song or plays his instrument. There-
fore, when the pick-up travels over the
record grooves which are made by a
moulding process exactly corresponding
with those made in the recording, it
delivers electric impulses which corres-
pond with those of the recording micro-
phone.

There are many ways of making pick-
ups, but the two most favored are the
magnetic and the crystal method. The
magnetic pick-up operates in a manner
very similar to that of a magnetic
speaker, except that the movement of
the armature sets up an electric cur-
rent, instead of the electric current caus-
ing a movement of the armature.
MAGNETIC PICK-UPS

The essential parts of the magnetic
pick-up are the armature itself, which
is mechanically coupled to the needle
attachment, a strong field magnet, with
an air -gap in which the armature vi-
brates, and a coil of insulated wire, which
picks up the generated current, and
feeds it into the amplifier.

The frequendy response and the out-
put of a pick-up are two very important
points which should always be consid-
ered when buying. The idea behind
selecting any pick-up is generally to
obtain froth the record equal output. of
all frequencies which are recorded.

This is one reason why most pick-ups
have a rising characteristic in the bass
frequencies. This might appear at first
sight to be working in the wrong dim-
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tion, and actually favoring the bass
notes over the remainder of the musical
scale. However, gramophone records
are not recorded with equal output on
all notes. Particularly is this so in the
bass register. To prevent one groove in
a record from breaking through into the
next, it is necessary to limit the amount
of recorded bass notes when the record
is made. Therefore the bass response of
the recorder dies away below about 100
cycles per second, and is down about 15
decibels at about 30 cycles.

By using a pick-up which has a cor-
responding rise in output equal to the
falling off we can to a large extent com-
pensate for this condition, and bring the
over-all response nearer to equality over
the lull range.

The response curve of the average
pick-up will no doubt exhibit quite a
number of inequalities through its en-
tire range, visible on the curves as peaks
and humps. Wherever notes corres-
ponding to these peaks are played, the
output will, of course, rise. Unfortu-
nately, the perfect pick-up has yet to
be built, and we must just strive to use
one which is as free as possible from
such peaks. To the average ear, a rising
characteristic round the 3000 and 4000
cycle mark may not be unpleasant, giv-
ing an impression of brilliance which
many like very much. On the very best
amplifiers and speakers, however, it is

best to avoid these as much as possible,
although there are cases where such
peaks may even be valuable.

Regarding recordings, these rarely in-

clude notes higher than about 6000

cycles, and also most loud speakers be-

gin to fall off very rapidly above this

point. Therefore, one can regard for
average use a fairly even response to

about 6000 cycles as fairly satisfactory,
and an amplifier which has a flat re-
sponse, including the speaker, from
about 50 to 6000 cycles, is doing very
well indeed.

THE CRYSTAL PICK-UP

The crystal type of pick-up really de-

serves special mention because it oper-
ates on an entirely different principle
from the magnetic. It has a small piece
of Rochelle salt crystal attached to the

needle. When a section of this crystal
is subject to varying physical strain or

flexing, as happens when the record is
being played, varying voltages appear
at each side in proportion to the amount
of movement. By coating the sides of
the crystal with tinfoil, and connecting
to them wires, this voltage may be
picked up and fed into an amplifier.

Pick-ups made in this way have a
very high output, two or three times as
much as some magnetic pick-ups. In
addition, they have an excellent fre-

quency response, with just the right
amount of rise in the bass to compen-
sate for the drop in the record. They
have a very good high -note response,
quite adequate for the requirements of
a high-class amplifier. The weight on
the needle head is also light, as the
damping on the needle point is only
slight, and, therefore, there is less wear
on the record. For these reasons they
have proved very popular for many pur-
poses.

As these pick-ups operate as condens-
ers, they need a fixed load across them
to develop their -output voltage. The
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(1176-6-1\
The Volume Expanding Amplifier. All the circuit details covered in the artic e

are illustrated here. Note the arrangement of the controls, which make the

amplifier 100 per cent. adjustable.

average pick-up uses .5 megs., either
as a fixed resistor or as a potentiometer
volume control, to take care of this. A

higher value will give overmuch bass

Parts List for
Universal Amplifier

Base, 12 x 8! x 3.
1 Power transformer, 385 v. at 150 ma., 6

v. at 3a., 5 v. at 3 amps.
1 30 henry choke, 150 ma.
2 8 mfds. electrolytics.
1 .5 meg. potentiometer.
2 .5 meg. resistors.
2 .1 meg. resistors.
1 50,000 ohms resistor.
1 10.000 ohms resistor.
1 200 ohms bias resistor.
1 25 mfds. bypass condenser.
2 .1 mfds. coupling condensers.
1 1 mfd. 500 v. working condenser.
Valve sockets -3 6 -pin, 1 5 -pin, 1 4 -pin.
Valves -2 42, 1 606, 1 5Z3.
Pick-up, Crystal.
Speaker, high-fidelity 8000 ohms field.

response, and a smaller resistor will

give less.
When designing an amplifier, this

matter of gain should not be overlooked.
Using a low -output magnetic pick-up,
which, incidentally, can be obtained

with excellent response, one would need
more gain in the amplifier than when
a crystal pick-up is used. With each
of the amplifiers mentioned below the
matter of the best pick-up will be men-
tioned.

With magnetic pick-ups it is gener------
ally satisfactory to feed them straight
into the grid circuit of the first valve,
unless otherwise stated by the manufac-
turer. Generally as low as' 50,000 ohms.
may be used for a volume control, as
the impedance of the pick-up is quite
low. In the case of the crystal, the
.5 meg. rule should be observed, and
the input also fed between the grid
and earth of the first valve. Should
there be any prospect of a voltage ap-
pearing across the pick-up, it should be
fed to the grid through a .5 mfds., con-
densers, and the volume control of .5

meg. load be used as a grid return for
this valve.

* A Universal Amplifer
The first amplifier to be described

features the resistance push-pull circuit
which has proved so popular since
"Wireless Weekly" introduced it to Aus-
tralia some years ago. This amplifier,
although only three valves are used,
will supply about 10 or 20 watts from
a crystal pick-up when operated "flat-
out." Under the conditions we are us-
ing for the output valves, they will not
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overload when thus operated, and  will
give enough output for a dance hall, in
conjunction with a big speaker.

We designed this amplifier so that
it could be used for almost any pur-
pose, either from an A.C. power supply
or from a genemotor using a six -volt
battery as the only source of power. It
was found permissible to run filaments
and genemotor from the same six -volt
battery without any interference.

The input voltage may be anything
between 300 and 350 watts, the higher
voltage giving a higher output. Al-
though the maximum authorised rating
for the 42 valves is about 315 volts,
we have found that with a slightly
higher bias, as provided by a 250 ohm
resistor, the valves do not appear to
be distressed by using something higher,
and we have several instances of excel-
lent life and service. These are robust
valves, and even if their life were re-
duced by 20 per cent., we cannot imagine
a cheaper or easier way to obtain any-
thing like the same output.

In practice they may be replaced by
the new 6L6 valves, by changing over
to Octal sockets, and the results should
be practically identical.

The 6C6 is operated as a triode, un-
der which conditions it has high gain.
and plenty of output to swing the pen-
todes. The push-pull effect is obtained
by the phase -reversal in this valve, one
output being fed from the cathode cir-
cuit, and the other from the plate cir-
cuit. Decoupling is used to reduce hum
to a minimum.
THE PICK-UP

It is essential to use a crystal pick-
up with this amplifier, as the gain is
not as high as others using more valves.
We suggest using a high -quality speaker
with good sensitivity, and with an input
transformer matched to the pentodes
in push-pull. A heavy duty power
transformer is used so that the field
can be energised from it, through an
8000 ohms field.

Should the amplifier be used with a
genemotor for back -country dance -halls,
for instance,  permagnetic speakers
should be used, up to about three in
number, with a special input trans-

kr/tier having three secondaries, one
for each speaker. Then any speaker
can be cut out of the circuit without
affecting the others. If the power
supply is made on a separate base, the
change -over from one to the other need
be only a matter of changing a few
plugs to the speaker and power sockets.

The frequency response of this am-
plifier is very fine indeed, and we
heartily recommend it for cases where
cost and convenience are to be con-
sidered.

If a high output carbon -type micro-
phone is available it can be used with-
out any pre -amplification, feeding
straight into the amplifier. The use
of low output types, such as the crystal
microphone, is not advised unless a
transformer -coupled pre -amplifier is
used to give enough over-all gain. As
a rule the single -button carbon micro-
phones have the highest output of the
types generally used.
* The High - Fidelity

Amplifer
The high-fidelity amplifier still holds

pride of place where the finest possible
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The High -Fidelity Amplifier, showing the circuit for the speaker field power sup
ply. In some eases, it might be found a good idea to use a filter choke in series
with the field, together with an extra filter condenser to reduce any hum to a

minimum.

Parts List for
High -Fidelity Amplifier

1 Power transformer, 600-0-600v., at 150
ma., 7.5v. 4a., 2.5v. 4a., 5v. 3a.

1 Filter choke, 30 henries at 150 ma.
6 8 mfds. 600 v. electrolytics.
1 8 mfds. 500 v. electrolytic.
1 .5 meg. potentiometer.
4 .5 meg. resistors.
3 .1 meg. resistors.
1 10,000 ohm. resistor.
1 5000 ohm bias resistor.
1 750 ohm. bias resistor, 120 ma,
1 50 ohm. C.T. resistor.
4 .1 mfds. condensers, 600 v. working.
1 25 mfds. electrolytic.
Sockets -1 6 -pin, 2 5 -pin, 3 4 -pin.
Valves -1 57, 2 56, 2 50, 1 5Z3.
Speaker, high-fidelity type, field to suit.
Pick-up, any high-grade type of medium

or high output.
Extra Parts for Field Supply.

1 Power transformer, 350v. at 80 mills,
5 v. at 2 amps.

1 8 mfds. 500 v. electrolytic.
1 4 -pin socket.
1 30 rectifier.

frequency response is desired. Under
tests in two different laboratories it
showed less than one half a decibel
variation from 10 to 12,000 cycles, these
being the limits of the measuring in-
struments. Fed with a high -output
magnetic pick-up, or a crystal pick-
up, it will fully load up the output
valves, and drive two big speakers if
required.

Used with the finest speaker which
one can afford, it will give volume,
clarity, and realism, very hard to beat.

The circuit is the essence of sim-
plicity. The output valves may be a
pair of 250's, as in the original, with a
600 -volt power supply. We have found
these valves exceptionally robust and
easy to handle. Some exception may be
taken to their use with the grid re-
sistors as high as .5 megs., but pro-
vided that a pair of matched valves

specially tested for low grid -current
are used, no trouble should be experi-
enced with them.

Alternatively, a pair of 2A3 valves with
a 300 -volt power supply could be used
with practically identical results. The
use of .5 meg. grid resistors is permis-
sible with 2A3 valves. Theoretically,
these valves should give even better
results than the 50's, but one must
pay particular attention to the match-
ing of the valves to the loud speaker,
and also be sure that the output valves
themselves are matched to within nar-
row limits.

The circuit constants may remain un-
altered for either valves, with the ex-
ception of the power .supply voltages.

The power supply may be built on a
separate chassis, or the whole ampli-
fier incorporated on a single chassis.

Some of our readers have built this
amplifier using 45 type valves in the
output stage, with voltages up to 350
on the plates, with an output com-
parable with that obtained from 250's.
The valve makers would probably frown
on the use of more than about 315
volts on the plates, but here again it
is possible to get away with a little
more than we are really entitled to.
Using the standard 250-275 volts, the
same quality will be realised with the
normal output obtained from 45 -type
valves.

* The Volume Expander
The volume expanding amplifier is

something for the connoisseur in record
reproduction, because it is capable of
giving a higher degree of realism than
any other. This is due to its expansion
circuit, except for which it is a normal
high-grade push-pull amplifier.

One of the limits in recording is in
the mater of volume range. As an ex-
ample, a symphony orchestra has an ac-
tual volume range of about 70 decibels.
Owing to the danger of overcutting re-
cord grooves, on the one hand, and of
allowing the volume to drop below the
needle scratch on the other, the very
best record does not allow more than
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FOX & MACGILLYCUDDY LTD.

 Whether you require replacement parts or whether you are

building "Wireless Weekly" circuits, choose only those compon-

ents which have been well and truly tried-we stock all such parts.

Coil Kits
Kit Sets
Coils

Resistors, all types
Potentiometers
Tubular Condensers
Mica Condensers.

Power Transformers

Dials

Speakers

Accumulators

Dry Batteries

Valves

FOX & MACGILLYCUDDY LTD.
MERINO HOUSE, 57 YORK ST., SYDNEY. TEL. 62409.

Lekmek, Radiokes or R.C.S.

I.R.C., Bradley, Ohiohm,
Chanex, Solar, Yaxley,
T.C.C., Wetless, Marquis.

Henderson, Colton, Radiokes

Efco
f Radiokes

Amplion, Jensen, Rola.

). Clyde, Vesta, Exide.

} Ever Ready, Diamond.

Mullard, Kenrad, Philips,
National Union, Raytheon,
Osram, Arcturus.
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About 45 decibels to -be ,handled, and
generally much less than this. There is
a very great' difference between these
limits, and it has long been the dream
of music lovers to put back into the re-
production the full range, Which has
been restricted by the sound engineer
who was forced to turn up his "gain con-
trol when recording soft passages and
turn it down on the loud passages.

The introduction of the 6L7 valve pro-
vides us with an easy way of building an
amplifier having a variable amplifica-
tion. Further, this variation is actually
controlled by the amplifier itself. We
start off from a very quiet level. As the
volume of the musical selection mounts
up, so does the gain of the amplifier, so
that on full volume the output reached
is far in excess of that which would be
heard if the expanding circuit were not
there. As the music becomes quieter
again the volume is automatically re-
duced, and thus we get the extra con-
trast between loud and spit passages.

The effect is fully controllable. Not
only can we control the amount of ex-
pansion required, but also the severity
with which it is applied. These points
will be cleared up on examining the cir-
cuit.

OPERATION

The 6L7 "injector" grid has a very
sudden control of the valve's amplifica-
tion. By varying a negative bias applied
to it from 0 to about 16 volts negative
we can control the amplification from
maximum to nothing at all. The theory
therefore, is first to bias this grid nega-
tively until its, amplification is low, and
then feed into this grid a positive volt-
age which will be controlled by the out-
put of the pick-up, and, Will cancel out
some or all of the bias as the volume
varies, and so allow the valve to amplify
more on higher volume.

This is done by splitting the output
voltage of the pick-up as shown. Part
of it feeds through 6L7 as the first valve
id the amplifier, and part of it is fed to

 a triode amplifier valve in the expander
section.

This valve in turn feeds into a recti-
fier valve (6H6), which rectifies it, so
that at the cathode we have a positive

voltage, which will obviously be
great-er as the output from the pick-up
becomes greater. This is the voltage we
use to "buck" the standing negative bias
on the 6L7 injector grid.

If we apply too much standing bias to
,the injector we will cut off signals alto-
gether on soft passages. Therefore the

T Lis is the circuit of the power supply
for the Universal amplifier. It may be
built on the, same base, or as a separate

unit. -

circuit provides a potentiometer by which
the bias is set to just sufficient value to
allow the soft passages to come down
to the limit of the valve's useful control.

A second potentiometer controls the
ordinary negative bias of the 6L7 control
grid, the valve, of cgurse, being a resist-
ance coupled screen -grid amplifier. Best
results are obtained when this valve is
biased to draw about 12 mills., and,
once it is set, we can forget it.

The amplifier has a volume control and
another "mixer" potentiometer to vary

Parts' List
Base 16in. x 14in., x 9in.,
2 1 meg. potentiometers.
1 1 meg. resistor.
2 .5 meg. resistors.
1 .25 meg. resistor.
3 .1 meg. resistors.
1 50,000 ohms resistor.
1 10,000 ohms resistor.
1 3000 ohms bias resistor.
1 750 ohms 120 m.a. bias resistor (if no field(.
2 '2500 ohms potentiometers.
1 50 ohins. C.T. resistor.
2 Voltage dividers, 10,000 ohms and 20,000

ohms.
2 25 mfds. electrolytics.
4 .5 mfds. tubulars.
3 .1 mfds. tubulars.
1 Push-pull audio transformer.
7 Valve sockets to suit valves.
7 600v. electrolvtics.
1 30 H. 150 ni.a. filter choke.
Power Supply -550-0-550 volts at 150 m.a..

6.3v. at 4a., 7.5v. at 4a., 5v. at 3a.
Valves -2 605, 1 6L7, 1 6116, 2 250 1 5Z3. or

glass equivalents
Pick-up terminals, hook-up wire, nuts, bolts.

solder logs, power flex, etc.
Speaker-Matched for P.P. 250 valves, 750 -ohm.

field, if not separately energised.
Pici-up-Any high-grade make.

 the voltage fed into the expander sys-
tem, and therefore to vary the amount
of expansion used.

Generally speaking, an optimim set-
ting can 'be found also for the injector
grid bias, leaving only the normal vol-
ume control, and the expansion "mixer"
control needing any attention in prac-
tice.

The resistor and condenser in the in-
jector grid, circuit provide a time lag
which prevents the expansion from
operating too quickly or too slowly. No
advantage can be gained by varying the
given values of .5 megs. and .5 mfds.
for average requirements.
SCRATCH LEVEL

Not the least valuable of the ampli-
fier's. features is the effect of reducing
scratch leVel. In order to obtain the
wonderful volume level of a full orches-
tra, it has previously been necessary to
run the gain control to such a level that
on soft passages the scratch becomes an-
noyingly apparent. With the expander
working, as soon as the soft passages
come along and the volume drops down
in proportion, the scratch naturally drops
with it. On, modern recordings it is al-
most impossible in many cases to detect
any scratch at all. For all the world
the effect sounds like A.V.C. when ap-
plied toan audio circuit, as indeed it is.
On" scratchy records one can note the
effect of the expander by listening to
the scratch level rising and falling with
the volume of the record.

Very little practice is needed to learn
how to use the expander, and few music
lovers.who are keen on amplifiers would
ever be without, it, once having heard
it in operation. We have demonstrated
it to dozens of our readers, and have a
wonderful collection of letters giving
their impressions of the job in action.

it is essential that the amplifier should
have at least 10 wattts maximum output
in order to cope with the full volume
range available, and, of course, the best
speaker is not too good for it,. A power
handling capacity of 10 watts is also the
minimum desirable for the speaker. The
fidelity of the amplifier using a high-
grade transformer is of the highest qual-
ity, and should satisfy ally critic. The
expansion does not in any way interfere
_with the fidelity, and the amplifier may
be operated without expansion at any
time by 'Simply turning off the "mixer"
control.

'Again 2A3 valves could be used in the
amplifier, but these are the lowest-

' powered valves we suggest. Unless one
has the volume available in the ampli-
fier for when it is needed there is little
point in using expansion.

OTHER VALVES

It is not essential to use metal valves
throughout this amplifier. The 6L7 is,
of course, a new type first anflounced
in the metal series, but it is also avail-
able in metal -glass types, etc. The other
valves may all be replaced with glass
types. The 6C5 valves are replaceable
with 56 or 76 valves, and even 27's
may be pressed into service. The 6H6
has no equivalent in glass types, but as
it is merely a rectifier, the diodes of a
55, 85, 2A6, 75, etc., could quite well be
used. .Even a triode valve with grid
and plate tied together and used as a
diode, would be permissible. The out-
put valves have already been mentioned
in a previous paragraph.

Nor are American types essential,
apart from the 6L7. Comparable types
in English and Continental triodes and
rectifiers would be quite suitable.

With such a big amplifier, it is worth
the, trouble to go thoroughly into mat-
ters of speakers, baffles, etc., to make
sure that reproduction and general re-
sults shall be the best. Regarding
speakers, one can only say that the best
is not too good, and many readers have
invested up to £20 in order to get the
best possible speaker. Very good
speakers are available for about £10 and
these usually fulfill the requirements of
the average man.

One of our favorite baffles is made
from a 6 x 4 feet table top made of
1 -inch thick timber. The hole for the
speaker is cut about 2ft. 6in. from the
floor and the baffle itself closes up the
space for double -doors between two
rooms, the doors themselves being left
open.

The average person will find a Celo-
tex baffle board about lin. thick and
3ft. square about all he can handle in
the ordinary room, One of the most
important experiments to make is in the
actual placing of the speaker itself.
Every room has its own peculiarities
of resonance, etc., and there is sure 'to'
be one place in which the speaker
sounds much better than in any other.
As furniture, pictures, carpets, etc.,
affect the absorption and reflection of
the sound, don't forget to move these
round a little, to see how reproduction
varies.

Also it is. not good, practice ,to screw
the speaker directly io the baffle, par-
ticularly if it is a wooden _one. Better
provide a separate support for the
speaker to stand on, and support the
baffle some other way.
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CORRECT TRACKING FOR YOUR PICK-UP

This diagram shows the essential
measurements in the mounting of a
bent -arm pickup. By carrying out the
experiment mentioned below, you can
demonstrate how it improves tracking.

AMONG the many problems which
are to be solved by the man who
is keen on the finest record re-

production, there is one very often
overlooked. This is the matter of the
gramophone pick-up tracking.

In the old days, when amplifiers and
speakers were not nearly up to the
standard of the present day, many
sources of distortion and poor repro-
duction were often ignored, because the
results were not good enough to make
them annoying. However, we can com-
mand nowadays such a vastly improved
frequency range in our amplifiers that
every point which can possibly contri-
bute to poor results should be investi-
gated and removed.

RECORD MECHANICS

It should be realised at the outset that
the ordinary laterally cut record, by
medium of its grooving and the rota-
tion of the record, supplies the power
to vibrate the needle point of the pick-
up. It will be obvious at the start that,
in order to obtain the best results, the
needle should lie in such a plane that
its axis of movement is at right angles
to the record groove. In case we should
be taken to task for speaking of a line
at right angles to an arc (which is, of
course, the record groove), we can also
explain it by saying that the movement
should be parallel to a line drawn from
the needle point to the centre of the
record.

If this condition does not occur, then
the drive to the needle point will not be
efficient. The needle must of neces-
sity be resting sideways in the record
groove, and the movement it makes will,
instead of being as described above,
also be sideways in the groove, accord-
ing to the amount of error in needle
tracking.

t.---

108

10" -->

The curved tone -arms
fitted to so many gramo-
phone pick-ups are not
made that way by acci-
dent. The idea is to pro-
vide needle tracking as
nearly perfect as possible.
There are still debates
being held over the prac-
tice. Here we give the case

for the bent -arm.

There are other troubles which are
set up by this poor tracking. Firstly,
there is more surface noise from the
record owing to the greater friction set
up between the needle and record. There
is also greater wear on the record
grooves, because the needle, instead of
fitting accurately into the path made
by the recording cutter, is slipping and
sliding in the grooves due to its side-
ways mounting and movement.

Another very important thing to be
remembered, where tracking is poOr, is
the extra wear on the needle. This is
so important that, in our experience, a
pick-up using a straight arm, with which
perfect tracking is quite impossible, will
often be unable to play through a heav-
ily recorded disc without needle fail-
ure, whereas' with a pick-up having
nearly perfect tracking, the needle will
be quite equal to the task.

It will be realised also that a needle
in a pick-up of the straight-arm type,
which may start off with a big error,
and finish up with a comparatively
small one (the usual thing), the needle
has not been worn down evenly. No
sooner has the point moulded itself to

NEEDLE
Pot NT

TURNTABLE

O

the record groove than one side is grad-
ually worn down more and more as the
arm moves towards the centre of the
record. The side thus worn down has
generally a pretty sharp edge, which
carves into the record material as it
wears. All these effects can be observed
on examining an old needle through a
magnifying -glass.
THE BENT -ARM

The root of the trouble lies, of course,
in the fact that we are trying
the pick-up head move in a straight
line, when it is anchored by the arm,
and must therefore move in an arc.

An easy solution is to provide an arm
which is not straight, but bent. With-
out going into geometrical discussion,
refer to our diagram, and cut a card-
board "arm" of the dimensions shown.
Now draw an imaginary record on a
piece of paper, and, with a set square,
see how nearly the needle point ope)...----
ates along the radius of the record. Now
do the same thing with the straight
arm, and see how large the error be-
comes.

Most of the bent -arm pick-ups on the
market can be relied on to give a small
error, although perfection is only to be
had with an arm moving in a straight
line across a record.

In our diagram we have indicated a
quick way of obtaining approximately
the correct angle for the arm and the
distance from the centre of the ¶ecord
at which the arm should be mounted.
It does not matter how the arm is
shaped, as long as this distance is main-
tained, and the angle also is maintained.

We -have worked out the angle for a
10 -inch arm; naturally, the same idea
can be applied to larger arms in special
cases. However, should the experimen-
ter care to make his own arm, he will,
as a rule, find this size the most useful.
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THE

NVORLD

THE World Standard Receivers were
designed, and described in "Wire-
less Weekly," by Mr. A. G. Hull
(Technical Editor), after his re-

cent trip round the world.
After observing the various trends of

radio design in every country, as well
as in Australia, Mr. Hull was of the
aiinion that at the present time, radio
receivers were tending towards the same
standard type of circuit, which he out-
lined in the World Standard sets.
Neither the A.C. nor the Battery sets
claims to be at all revolutionary, but
both can be taken as representing the
circuits which the world's industry has
taken to be the most satisfactory and
serviceable in production. Naturally, the
results obtained from both sets are of
a very high order, and both are typical
in performance of the best commercial
sets made at the moment.
THE A.C. RECEIVER

The circuit of the A.G. receiver is
given on this page. As will be seen, it
has six valves in all. These may be of
any type-American, Continental, or
English, according to the preference of
the builder, or the specifications of the
makers of the coil assembly. The cir-
cuit has been used by manufacturers
using all these types, with equal suc-
cess in all cases.

It is a good idea when purchasing
the coil assembly, to make sure that
you are using the valves specified for
it. For instance, it would not be a
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The A.C. World Standard circuit.
component values suggested on
page will be suitable for almost

types of valves.

TANDARD
RECEIVER

good plan to use the high -gain Contin-
ental valves for a kit which was de-
signed to take the American valves.
Apart from this rule, any of the well-
known valves or coils are perfectly suit-
able for the set.

In this set, and for the Battery set
also, the major coil Manufacturers de-
cided to produce special units. Most
of them went further and produced
complete kits of parts for it. These
are known by various names-"Kit-
sets," "Chassiskits," "Cir-kits," etc. In
effect, they are all the same, in that
one buys a box containing everything
except valves and speaker to make up
one of the World Standards. This is
a very convenient and helpful method
of building a set for the man who either
hasn't much time, or enough knowledge,

The
this
any

to start in and get together his own
particular list of parts. Such kits of
parts usually have very complete dia-
grams and constructions, and even some
of the wiring done in advance, which
makes them still easier to construct.

We are not considering these people
for the moment, however, as most read-
ers of this Handbook will certainly like
to build their own receiver right from
the ground up. For them, of course,
coils are available as separate units.
THE CIRCUIT

The circuit, as will be seen, provides
for a dual wave tuner using an R.F.
stage on both broadcast and short-wave
bands. Regarding the coils, it is only
necessary to use one of the special units
designed for the set, together with the

SUGGESTED COMPONENT VALUES
RESISTORS

RI . 100,000 ohms R10 . 500,000 ohms
R2 . 1,000 ohms R11 . 3,000 ohms
R3 . 100,000 ohms R12 . 500,000 ohms
R4 . 50,000 ohms R13 . 250,000 ohms
R5 . 400 ohms R14 . 100.000 ohms
R6 . 50,000 ohms R15 . 500,000 ohms
R7 . 100,000 ohms R16 . 400 ohms
R8 . 1,000 ohms R17 . 500,000 ohms
R9 . 1 megohm R18, R19 V Divider

CONDENSERS
C1 . . .1 mfds. C11 . . .1 mfds.
C2 . .1 mfds. C12 . . .0005 mfds.
C3 . . .1 mfds. C13 . . .01 mfds.
C4 . .5 mfds. C14 . 25 mfds.
C5 . . .1 mfds. C15 . . 001 mfds.
C6 . . .5 mfds. C16 . . .5 mfds.
C7 . . .0001 mfds. C17 . . .01 mfds.
C8 . . .1 mfds. C18 . . 25 mfds.
C9 . . .1 mfds. C19 . .05 mfds.
C10- . .1 mfds. C20. 21 8 mfds.
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TWO PARAMOUNT WORLD STANDARDS

THESE OUTSTANDING FEATURES:

 Magic Eye Tuning Indicator.
Edgelit Dial calibrated in Metres and Kilocycles.

Color tuning for Broadcast and S.W. bands.

175 k.c. i.f for extreme selectivity and range.

Local distance Broadcast Switch.

Complete shielding throughout.

* Guaranteed for 12 months.

For A.C. Operation-

A Six -Valve Dual -Wave ,

Receiver

PERFECT RECEPTION
OF ALL AUSTRALIAN
AND OVERSEAS
BROADCAST STATIONS

RETAIL
PRICE

£22/10/ -
Complete in Cabinet as illustrated

Easy Terms.

THE. BATTERY WORLD STANDARD
IS SUPPLIED IN HANDSOME FULLY --

POLISHED CABINET WHICH
MATCHES ITS FINE PERFORMANCE

RETAIL PRICE
£24/10/ -

IN CABINET

BATTERY -LESS VIBRATOR
MODEL

£32-10-0 RETAIL.
COMPLETE IN CABINET

For Battery Operation!

A NEW SIX -VALVE
SET

The. Battery World
Standard has been de-
signed to incorporate
all the features which
make the original re-
ceiver so successful.

Paramount has made
the fullest use of every
feature which will
make this the finest
battery set of the year.

5 MAXIMUM RANGE FOR DISTANT STATIONS

* SELECTIVITY DESIGNED FOR COUNTRY AREAS.

5 LOWEST POSSIBLE BATTERY DRAIN.

* BATTERY SAVER SWITCH AND FUSE.

i COLOR TUNING EDGELIT TUNING DIAL.

5 GUARANTEED FOR 12 MONTHS.

Also complete range of A.C. Battery and A.C.-D.C. Receivers. For Full Particulars write to:

1)ARAMOUNT -RADIO MANYFACTURING CO. LTD.

299A-301 Castlereagh Street, Sydney.
'Phone: MA3875.
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THE BATTERY WORLD STANDARD

F3
IC4

Here is the cir-
cuit of the Bat-
tery World Stan-
dard. Component
values are shown

here.

I CC,

exact type of gang condenser specified
for those coils. Do not attempt to use
any home-made kits of coils, by collect-
ing odd types and hoping to get the
same results. The World Standard ki,t
is a compact unit, having the three
tuning coils, with the broadcast and
short-wave windings on the same piece
of former, mounted on a base with the
switch directly beneath. Some manufac-
turers can supply the unit with the
coils mounted, wired, and lined up, thus

Si's, Ong the constructor some work in
adjusting. It is a wise precaution to buy
the intermediates of the same make as
the tuning coils, and specified for use
with them. By doing this, pitfalls that
might occur through using the wrong
intermediates can be avoided.

The valve following the R.F. stage is
either a pentagrid Or an Octode, accord-
ing to the type of coils used. Either
valve will work well. There is one
I.F. stage with an intermediate fre-
quency of about 460 kc. This is the
standard frequency used for dual -wave
sets these days, and modern design and
construction allow a very high gain to
be obtained from such a tuner.

The second detector is of the duo -
diode -triode type, again available in all
types. It is used for detection through
the diode circuit, which also provides a
very effective A.V.C., and' the triode
section of the valve forms the first
audio amplifier. This is resistance
coupled to an output pentode, which
supplies thg energy for the loud speaker.

The rectifier is a standard full -wave
type, available in all makes, both direct-
ly and indirectly heated.

The speaker field is generally of 2000-
2500 ohms, and the input transformer

4F3
IC4

267i

11F3
IC4

A+

specified for use with a single pentode
valve of the type used in the set itself.

The use of resistance coupling in
the audio end is almost universal in
commercial sets, and is very cheap, ef-
fective and gives good tone. The plate
circuit of the second detector is de -
coupled to reduce the danger of hum
troubles.

A.V.C. operates on the R.F. amplifier,
the mixer valve, and the I.F. amplifier.
It is a very simple connection, and
works very well in practice. It would be
possible to use one diode only for de-
tection and the other for A.V.C., but
this calls for a few more components
and complications, which we wanted to
avoid if possible.
COMPONENTS

We have given here a suggested list of
components which would be used in a
typical receiver. There should be no
variation needed, no matter what valves
are used, and the values given may be
retained therefore in all cases.

Any good brand of components may
be used, as long as the values are the
same as those given in our article. None
of them are very critical, and we don't
think anyone will have any trouble with
them.
 If using glass types, we suggest for

the American series a 6D6, 6A7, 6D6, 75,
and 42 output, with an 80 rectifier.
Equivalents in the 2.5 volt series would
be 58, 2A7, 58, 2A6, and 2A5 output, with
the same rectifier. Using Continental
valves, the types would be AF3, AK2,
AF3, ABC1, and AL2 output, with an
AZ2 rectifier. In the 6 volt types, the
numbers would read AF3, EK2, EF3,

11BC.1
I B5

kL4:
DI.

2

SPR2.

S

C-41 Bs 135

ABCs, and EL2 output valve, with an
EL3 rectifier. In the metal or metal -
glass valves, use the 6K7, 6A8, 6K7, 6Q7,
and 6F6 output valve, .with a 5Z4 rec-
tifier.

Again we stress the importance of
using the right coils with the valves, as,
for instance, satisfactory operation of
a kit designed for an octode with a 6A7
will be found almost impossible, particu-
larly on the short waves.

It is a good idea to make the condenser
C21 a 600 volt type, in order to protect
it against voltage surges when the set
is first switched on. The condenser C20
may be of the 500 volt type, since the
voltage here is much lower.
CONSTRUCTION

The construction of the set is quite
simple, and should not trouble anyone
who has previously built a set of any
size. The short wave band often wor-
ries some people, but there is nothing at
all to make you nervous, as it will oper-
ate just as does the broadcast band, with
possibly a little more care in the adjust-
ment of the coils themselves.

After the parts are all assembled they
are laid out on the chassis, the sockets
and coils mounted up, and the wiring
begun. Use ordinary hook-up wire, and
keep all leads as short as possible. Where
earthing points are concerned, earth
them to the chassis, and then run a
piece of heavy gauge tinned copper wire
round to them all, making final connec-
tion to the earth terminal. This is often
very helpful in obtaining a really satis-
factory earth connection, particularly
with the coils and gang condenser. The
idea, of course, is not to rely only on the
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chassis for an earth. This is particular-
ly important where steel chassis are used
which have been sprayed with some
paint, etc., to make them rust -proof, and,
of course, to improve appearance.

On short waves, the padder is gener-
ally a fixed value. Therefore, all one
needs to do is to adjust the oscillator
trimmer to bring the 25 -metre stations,
for instance, into the corresponding
marking on the dial, and then line up
the R.F. and. Aerial trimmers for best
results. Llways make the final Aerial
trimmer adjustment on the particular
aerial which is to be used. For short-
wave results, don't make it more than
about 00ft. overall, and as high as pos-
sible.

* Battery Version
The battery version of the World

Standard carries out the same principles
as the A.C. version-in other world
words, a standard circuit which will be
suitable for any of the standard types
and valves, and which will give a per-
formance equal to the best commercial
receivers being made all over the world.

It uses the same type of coil assembly
as the A.C. receiver, giving it the same
comparative simplicity and efficiency.

The circuit is naturally modified to
suit the battery valves, but the same
general principles are observed through-
out.

THE CIRCUIT

There is an R.F. stage in action on
both broadcast and short-wave bands, to
give best gain, selectivity, and freedom
from double -spots. Noise level is, of
course, also lower with the R.F. stage.

The converter or mixer valve is again
of the pentagrid or octode type, accord-
ing to the valves'used.

Two intermediate stages are used in
this set, as against one in the A.G. ver-
sion. This is because the actual gain
of the battery valves in practice is some-
what less, and the two intermediate
stages are generally regarded as prefer-
able in order to get the very best of re-
sults.

The second detector is a duo -diode -
triode, giving A.V.C. detection, and

audio amplification. The output valve
is a pentode, selected for its economy
and high output.

The valves are the 2-volt type, because
this type, taking it all round, is the
most economical and the most efficient.
Two -volt accumulators also do not cost
such a great deal, and a large one will
last a long time without charging.

Some points about the circuit are
worthy of interest. One of the main
things to watch is again the matter of
the coil kit. Three intermediate trans-
formers are used, and it is very essen-
tial that these should be obtained spec-
ially made to work together. Three

standard high -gain transformers, such

as are usually employed with only one
I.P. stage, will almost certainly run in-

to oscillation troubles. Secondly, it is

still more important because of this, that

the intermediates be obtained suitable
for the valves themselves. With two
stages of I.F. amplification, there is a
cumulative effect in the gait: which

WIRELESS

makes this matter still more important
than in the case of the A.C. receiver.

A.V.C. in this set is obtained by
separating the diodes, using one for de-
tection, arid another for A.V.C. Thus
we are able to supply a bias of 11 volts
for the controlled valves without upset-
ting the detector action.

It will be seen that only the first three
valves are controlled, leaving the second
I.F. amplifier running with zero bias.
This is done because, otherwise, the
A.V.C. voltage might be great enough to
choke back this valve and prevent the
strongly amplified signals from being ef-
fective.

The output pentode used in this set
is of a type which has become univer-
sally popular, and is used on almost
every battery set, except for the com-
parative few which have B class am-
plification. It has not as much output
as this latter type, but plenty for the
average home. The improvement in
loud -speakers for permagnetic use has
made it still more useful in the average
receiver. Advanced builders could easily
use a "B" class output if they wish.

BATTERY DRAIN

The battery drain overall of the set,
on a local station, will be about 12 to

15 mills., so that heavy duty batteries
can be used. In all cases where a large
receiver is operated, it is, however, eco-
nomy to use the triple duty types, which
have a longer and more efficient life.

VIBRATOR UNITS

The latest development to come into
the battery set horizon is the vibrator
type eliminator. This set is quite suit-
able for such a supply, provided that
a separate 6 -volt accumulator is used

to operate the eliminator. The diffi-
culty of arranging the valves in series
parallel, so that they can be ' worked

from the same battery, particularly
when there are several combinations of
valves and battery drains which can be
used, does not encourage us to confuse
our readers with explanations which
might be very' difficult to carry out.
The simplest way to operate one of the
units is to buy a 6 -volt battery with it,
and run the two together. The set can
then be regarded as a universal type,
suitable for straight battery operation
when desired. The constructor can
then make up his mind which he pre-
fers to use.

VALVES

Again, either American or Continen-
tal -English types can be used on the
circuit. American valves would be the
1C4, 106, 1C4, 1C4, 1B5, and 1D4. In
the Continental types, use KF3, KK2,
KF3, KF3, KBC1, and KL4. Again, we re-
mind you to see that the valves used
suit the coils. There is not a great deal
of difference in performance or battery
drain between either set of valves.

CONSTRUCTION

The same instructions for building
and lining up the set hold for this bat-
tery version, as for the A.C. version.
This is, of course. natural, as the coils
are of the same type.

WEEKLY HAN DBOOK

In both receivers, it is permissible,
once the tuning coils have been lined
up, to check over the adjustment of
the intermediate trimmers. We would
make the point very strongly that the
tuning coils must be in perfect line be-'
fore the intermediates are touched.
Otherwise, you will only throw every-
thing out of gear, and probably end up
by sending the coils back to the fac-
tory to be relined. However, when the
tuning coils are O.K., make a little
screw -driver out of a piece of hardwood,
and, with the set tuned to a station of
moderate strength, and steady carrier,
carefully move each intermediate trim-
mer, to see whether you can get better
results by so doing.

Always make a pencil mark on the
can, so that you can return to the orig-
inal setting if required, before touch-
ing any trimmer. It will probably be
only a fraction of a turn in any case,
except, possibly, for the secondary coil -
trimmer of the last intermediate which
tunes the diode detector circuit. This
trim's rather more broadly, and might
need as much as a full. turn in some
cases. There is no danger in altering
the intermediate settings, as long as you
make sure that you can come back to
the original factory setting should -you
get lost.

In conclusion, both these sets will be
found excellent performers-sensitive,
selective, and reliable. They will prob-
ably be standard designs for a long time
to come.

COUNTRY
ORDER

SERVICE
URGENT ORDER

COUPON
Radio House Pty., Ltd.,
296-8 Pitt St., Sydney

Please despatch my order
the day of receipt.

Mr.

Address

State

Goods can be sent C.O.D.
by post or passenger train.

ea
. pc

sh
se
tit
pi;

ab
ha
as
pa
ed

tot
to
Or
mi
mi.
ani
the
fro
to
avc

as
as
boll
stri



WIRELESS WEEKLY HANDBOOK Page Sixty Nine 

THINGS TO BE REMEMBERED WHEN
IN the course of many years' contact

with home construction, we have
seen a good Many sets built by ama-
teurs, and we have also built many

sets ourselves. During those years we
have learnt several things about how
sets should be built, and the things to
be avoided when building them.

In simple receivers, it is usually an
easy matter to make wiring a "point to
point" business, with all leads very
short. Also resistors and fixed conden-
sers can usually be wired direct be-
tween the points concerned by their own
pigtails, without any other support.

This direct construction is very desir-
able, and any components which should
have short leads attached to them, such
as grit: leaks, screen and cathode by-
pass condensers, etc., should be mount-
ed always in this cliwct method.

In larger sets there are many resis-
tors and condensers which do not have
to be mounted right at the valve socket
or coil base. In such cases, it is per-
missible to mount them all on a ter-
minal strip, which is supported by bolts
and spacing pieces at the back of the
chassis or other convenient spot, Wires
from valve sockets, etc., are then run
to the strip, and some overcrowding
avoided.

Another good method of building up
a set is to use long bolts, on such things
as valve sockets, and support on these
bolts, between two nuts, an insulation
strip with a solder lug attached. Such

BUILDING
strips may be cut from the larger ter-
minal strips. It is often very conven-
ient to make a set this way, as com-
ponents may be located near their cir-
cuit terminations, and at the same time
be firmly supported.

The principle of having a firm an-
chorage for the end of every resistor
or condenser is a good one. Nothing is
worse than two or three pigtails solder-
ed together in one junction, which is
left unsupported, so that the whole net-
work can short circuit or come adrift
with the first opportunity. A good
builder will have his set so built that
one could almost lift the chassis from
the table by any one component under-
neath.

It is generally a good idea to wire
filaments first, and keep the wiring
right at the edge of the chassis. Screen
and cathode wiring would come next, as
being close to the chassis. Then the
coils would be wired in, and, finally, the
wiring to volume controls, etc., which
might be regarded as the last layer of
wiring.

Soldering is, of course, an art which
is vet" necessary to learn if set build-
ing is to be mastered. Cleanliness is
the biggest point to watch-it is almost
impossible to solder properly two sur-
faces covered with a layer of dirt or

metal oxide. Both surfaces should be
cleaned, and then tinned by applying a
little solder and flux with a hot iron.
The solder will then run over the sur-
faces. They are next placed in con-
tact, and more solder run over them.
Enough should be used to completely
enclose the joint-any more than this
is not necessary or desirable.

When earthing leads or components,
do so by screwing a solder lug under-
neath a nut on some convenient bolt,
and. making the connection to this. It
is a good idea, particularly if the chassis
is steel, or is sprayed, to connect up
all these points with a network of heavy
bus -bar, or tinned copper wire, which
is in turn connected to the earth ter-
minal of the set. This to guard against
the possibility of the bolts not making
gOod contact with the chassis, which, in
itself, might not be a very effective
earth.

Always watch to see that volume con-
trols, etc., are insulated from the chas-
sis, unless otherwise stated. A good way
to do this is to mount them through a
rubber grommett in the chassis. All
power cords, etc., which go through
holes in the chassis should be protected
by the use of rubber grommetts.

All these points are worth remember-
ing .when building a set, and all have
their bearing not only on the operation
when completed, but in the satisfaction
one feels in knowing that a good job
has been done.

Australia's Pioneer Radio Training Institution
ESTABLISHED 1913

Complete Courses of Instruction in all branches of Radio
RADIO ENGINEER:

Highly specialised training in every
branch of Radio Engineering, includ-
ing practical training at the A.W.A.
Radio Centres at Pennant Hills and
La Perouse, in addition to workshop
instruction at the A.W.A. Radio -
Electric Works and Laboratory.

RADIO TECHNICIAN:
Training includes instruction for the
P.M.G.'s Broadcast Operator's Cer-
tificate of Proficiency. Practical In-
struction at the School and A.W.A.
Radio Centres. The School is
equipped with modern C.W. and
I.C.W. and broadcast transmitters.

Call, Write or Phone BW2211
For free 40 -page illustrated prospectus.

MARINE OPERATOR:
The only School in Australia
equipped with complete marine sta-
tions and auto alarm equipment to
enable students' to qualify for the
P.M.G. Certificates. 95% of operators
in the Australian Mercantile Marine
are Marconi School graduates.

TALKING PICTURE OPERATOR:
Theoretical and practical training on
standard theatre equipment.

RADIO MECHANIC:
Advanced theoretical and practical
courses in broadcast receivers and
servicing. _

RADIO SERVICEMAN:
Correspondence Course in servicing
broadcast receivers.

Engineering and Technician sections are under the
direct control of Dr. W. G. Baker, B.Sc., B.E., D.Sc.E.

MARCONI SCHOOL OF WIRELESS
Conducted

la.....A\A,
under the

97 Clarence
amspices of

Street, Sydney
Amalgamated

4

4Wireless (A'sia.) Lt d. 4
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WHERE THE SHORT-WAVE STATIONS
Come in on Your Tuner

GOOD
IN

MORNING
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MORNING

GOOD
AT

NIGHT

GOOD
IN

EVENING

MEGACYCLE SCALE
17 16 15 14 13 12 11 10 9.5 9 8.5 8 7 6.5 & 5.5

Huth th

GSF, Daveniry.
GSI, Daventry.
GSP, Daventry.
HVJ, Rome.
2XAD, Schenectady
W8XK, Pittsburgh.

RNE, Moscow.
W8XK, Pittsburgh.
W2XE, New Jersey.
DJD, Berlin.
TPA3, Paris.

TPA4 Paris.
GSD, Daventry.
TPA3, Paris.

W9XAA, Chicago.
RNE, Moscow.

PLP, Bandoeng.
(27 - 26)

JVN, Japan.
(28 - 14)

PMN, Bandoeng.
(29 - 27)

W2XAF, Schenectady.
GSC, Daventry.
EAQ, Madrid.
2R0, Rome.
PRF5, Rio de Janeiro.
W3XAU, Philadelphia.
GSB, Daventry.

DJN, Berlin.
DJA, Berlin.
GSB, Daventry.
2ME, Sydney.

3ME, Melbourne.
3LR, Melbourne.
YDB, Java.
CQN, Macao.
WIXK, Boston.
XGOX, China.
PLV, Bandoeng.

DJC, Berlin.

W3XAL, New Jersey.
W8XAL, Cincinnati.
W9XF, Chicago.

9MI, s.s. Kanimbla.
XEXA, Mexico.

RW 15, Russia - 70 METRES - GOOD IN EVENING
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HOW TO BECOME A RADIO AMATEUR
SINCE the universal employment of

dual -wave receivers by the listening
public, the man in the street, when
he lights up his pipe in the even-

ings, has become very much aware of the
strange race which inhabits the ether
round about 20 and 40 metres on his
radio dial. He has heard them swopping
yarns, talking technicalities in a strange
jargon which somehow they appeared to
find intelligible, and making contact
with others of their kind in other
countries of the world. Many of them
carry out their activities in the Morse
code, which is heard on the ordinary
broadcast set as a succession of thumps
and such intermittent noises,

Often he has wondered, this man in
the street, just what is going on behind
all this mysterious business. Many who
are technically inclined of the listening
public have wondered how they came to
be there, and why they are permitted
to occupy this space in the ether, where,
apparently, no other radio service is be-
ing carried out.

WHY A LICENSE?

There is really no mystery about it.
This is the strange and, according to tra-
dition, wild-eyed race of amateur trans-
mitters who are granted licences to
transmit signals of an experimental
nature on certain wavelengths, which
are the same all over the world. This
licence is given to them by the Govern-
ment, after they have passed the neces-
sary examination to prove they know
enough about the radio art to maintain
and operate an efficient station, and to
avoid causing interference with other
commercial services. For it is a uni-
versal rule that no radio station, whether
it be an amateur station or otherwise,
shall be permitted to interfere with the
legitimate transmissions of any other
station. This principle includes the or-
dinary listener, who, although he does
not transmit, has the right, since he pays
his licence fees, to enjoy a reception free
from interference from other transmit-
ters.

aright mention here that amateur
transmitters are very concerned to see
that their activities are not causing
undue interference with broadcast list -

To the radio experimen-
ter who has run the full
gamut of home construc-
tion with radio receivers,
the field of amateur trans-
mitting offers a new thrill.
This article is written to
give some idea of what
amateur transmitting

really means.

eners on the regular broadcasting band.
Any listener who is prevented from re-
ceiving his ordinary broadcast pro-
grammes through interference from an
amateur will be showing a great sport-
ing spirit by informing the amateur con-
cerned, who will then take steps to effect
a cure. Naturally, the amateur does not
always know of the trouble, and will
always be found a very decent, approach-
able fellow. No doubt he will invite you
to see his apparatus, and inspect his
transmitting "shack," and before long a
very interesting and valuable friend
might be made.

WHO ARE THE AMATEUR

TRANSMITTERS?

No one but an actual amateur knows
the joys, the interest and instruction to
be obtained from actually operating his
own station, and contacting fellow ama-
teurs in all parts of the world. Practic-
ally every country in the world has its
amateur fraternity, and these, operating
on their various allOtted wavelengths,
talk to each other, either via the micro-
phone or by Morse code, at any hour of
the day or night they choose.

There is no more friendly or sporting
band of brothers to be found anywhere
than the radio amateurs. Included in
their ranks are boys of 16 and men of 80.
Some of the greatest scientists, radio
engineers and designers, began their ac -

A simple low powered crystal -controlled transmitter,

tivities as amateurs, and still retain their
active interest in this greatest of all
hobbies. Amateurs number in their ranks
men in all professions and walks of life.
Whether a university professor, a doctor,
or an office boy-they are each "Old
Man" to the other, and united in their
one interest-the love of the game, and
the fellowship it brings. An amateur
visiting any part of the world has only
to keep his eye open for the transmitting
aerial which denotes a "shack" beneath
it, walk up to the door, punch the bell,
and he is at once among friends. Just
listen to two amateurs talking to each
other next time you tune in, and draw
your own conclusions.

Time after time the value of this ama-
teur network of stations has proved it-
self, not only to science but to human-
ity.. Recently there were some of the
worst floods in America's history, which
isolated whole cities from outside com-
munication. Working sometimes for days
without a stop, amateur stations formed
themselves into an organised chain, and
carried on traffic of all kinds with the
outside world, bringing relief, and send-
ing news of safety and disaster. This is
only one of the services the amateurs
can and do render to the community
when the occasion arises.

Apart from such things that come so
close to this same man in the street,
who listens, and wonders, many of the
major developments in radio communi-
cation have been demonstrated and ex-
ploited by amateurs. Their history has
always been one of exploration. In the
early days, the present broadcasting
wavelengths between 200 and 500 metres
were considered useless for communica-
tion. The amateurs parked themselves
there, and proved this to be wrong. This
done, they were confined to wavelengths
under 100 metres. Before long° they
demonstrated how the world could be
spanned by using these "worthless"
wavelengths. It is safe to say that our
short-wave broadcasting may never have
been on its present basis but for the
amateur's exploration and experiment.

Again, he was given bands on the very
short, or ultra -short, waves. Again he
demonstrated that these had their own
invaluable place in communication. Now
all our television services are being
planned for these wavelengths. And
this is still going on

The powers that rule the radio world
know the value of the amateur. That is
why he is given definite world -recognised
wavelengths on which he alone has the
right to operate. You will find him on
narrow wave -bands centring about 160,
80, 40, 20, 10, and 5 metres, although the
average broadcast, or, rather, dual -wave,
set, will only receive two of these bands,
the ones at 40 and 20 metres. As it
happens, most of the international work
between 'phone stations is carried out on
20 metres, and anyone may in the even-
ings and afternoons hear overseas sta-
tions, mainly American, in daily contact
with their Australian friends.
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WOULD you like to join them?
This is what you should do.
First, you sit down and write
a letter to the Radio In-

spector in your State, asking him for
full information on the necessary ex-
amination, which must be passed before
a licence is granted. Incidentally, there
are heavy penalties, for obvious reasons,
for operating any transmitting station
without a licence.

You will receive back from the Radio
Inspector sheets telling you all about the
examination, where and when held, etc.,
and the subjects on which you will be
examined. The examination, you will be
told, is held every three months, under
the supervision of the P.M.G.'s Depart-
ment, Wireless Branch. There is a paper
in elementary radio theory, with special
reference to low -powered transmission,
another paper on the various Govern-
ment regulations which govern the oper-
ation of any station, and, lastly, a Morse
code test in sending and receiving at a
speed of 12 words per minute.

It is this Morse code which so many
find difficult. The best plan is to join
up with your local radio club, and there
you will find plenty of fellows with
whom to practice, and among whom you
will pick up so many points about the
game. You will buy one of the hand-
books from which all the necessary tech-
nical information can be gleaned. Many
clubs have classes in which aspirants for
a licence may be assisted. The clubs
charge a shilling or two per month
for membership, and through them you
will be able to contact practically all the
amateurs in your district. These will
show you their transmitters and demon-
strate how they should be operated.
Under their watchful eye you might even
be permitted to operate, when you have
gained the necessary knowledge and
skill.

Incidentally, the two main handbooks
are the Radio Amateur's Handbook,
published by the American Radio Relay
League, the national organisation of
America, and easily the most active
country in amateur affairs, and the
Radio Handbook, published by the ama-
teur radio magazine, "Radio." The
A.R.R.L. also has a magazine, of many
years' standing and authority, called
"Q.S.T;" "Wireless Weekly" will also
keep you informed on amateur activities
in Australia. There are fortnightly notes
by the Federal President of the Wireless
Institute (Mr. W. M. Moore). All the
bigger booksellers have these publica-
tions on their shelves.

There are also many other publica-
tions, mostly American, which will inter-
est the amateur transmitter.
BUILDING A STATION

Assuming that the examination has
been passed, the successful candidate
will Shortly receive a licence on payment
of 30/- annually, authorising him to
transmit, subject to the regulations, and
with a power Of not more than 25
watts, on any of the allotted wave-
lengths. These are: 2000-1715 k.c., 4000-
3500 k.c., 7300-7000 k.c., 14,400-14,000 k.c.,
30.000-28,000 k.c., 60,000-56,000 k.c., and
anything below 110,000 k.c., or below
2.727 metres.

Every radio station must have a call -
sign. This is allotted to it by the Radio
Inspector when the licence is granted.

In general, a call sign has one'- or two
letters denoting the country in which

' it is located, then a figure denoting gen-
erally the State or district decided upon
by the authorities for identification pur-
poses, and finally two or three final let-
ters to identify the station itself. Thus
VK2JU has first of all VK, which de-
notes Australian experimental stations,
the figure 2, which, as you will recognise,
means New South Wales, and finally
JU, which identify the writer's station.
Should a station be heard signing
W6ITH, this would be interpreted as W
for American stations, 6 for the sixth
district into which America is divided
for radio purposes, and finally ITH,
which identify the station itself. The
number of final letters is generally con-
trolled by the number of stations desir-
ing callrsigns, for, obviously, no two
stations must have the same sign. New
South Wales has just exhausted the
2 -letter combinations, and has now 3 -
letter stations.

The full list of letters and the coun-
tries for which they stand is, of course,
a large one. Some of them are G for
England, VE for Canada, VU for India,
ZL for New Zealand, J for Japan, F for
France, and D for Germany. In each
case these letters are followed by a num-
ber and further letters which are allotted
by the country in question. The letters
denoting the country are set down at
World Conventions, which meet regularly
to control the allotment of wavelengths
for all services, and decide matters which
allow the radio stations of the World to
work without getting in each other's
way.

The first thing to do is to build a
receiver for amateur transmissions. This
probably will be done while studying for

A typical 2 -stage transmitter. The
bottom shelf houses the power supply,
the centre shelf the oscillator, and the
top shelf the final amplifier, using a

push-pull circuit.

the examination. A simple set will do
quite well-a 2 -valve battery receiver is
still used by many, and costs very little
to build. It will probably have coils which
are interchangeable for receiving the
various bands, and will serve for all but
transmissions below 10 metres, where
more specialised apparatus is needed.
However, the 20, 40, and 80 metre bands
are most used by the beginner, and will
provide him with plenty to think about
for quite a While. We are speaking
mainly now of Morse code work. In
which the beginner will most probably
start out.

Next he will build a small monitor,
probably, in which to listen to his own
signals, and to check his wavelengths, sof,
that he will not be transmitting outside
his official wavebands. Most amateurs
these days use crystal controlled trans-
mitters, which have the virtue that they
cannot wander, off to any other wave-
length than that of the crystal itself.

Coming to the transmitter, this need
only be a very small and simple affair-
one valve only is necessary. Wonderful
work has beep achieved by some with
small one-valire transmitters using flat-
tery receiving valves. However, a two -
valve transmitter using a pair of 45 type
valves, built entirely of parts as used in
ordinary receiving sets, and using stan-
dard power transformers and rectifiers,
will be a very good start.

Transmitting stations, in order to get
best results, use aerials slightly differ-
ent from the ordinary piece of wire used
for ordinary receivers, although not
much more elaborate. They have to
be cut to the right length, and properly
connected to the transmitter. As height
is important, one can often see these
aerials slung between two poles. The
commonest type has two wires, spaced
with spacers about 3 inches apart, run-
ning down from one end. These Zepp.
aerials are found in possibly '70 per cent.
of amateur stations, because they are
easy to make, simple to erect, and very
efficient.

Once having become an amateur, you
will find much to interest you in your
new hobby. There are plenty of radio
clubs dotted about Sydney, in additioLute-
the official body, the Wireless Institute
of Australia, which holds regular meet-
ings, where you Will hear lectures and
exchange ideas with others outside your
own particular club and circle. Many of
these you will have met via the ether,
and never contacted in any other w
until found by his call -sign at one
these meetings.

Many are the jokes which are
about the amateur, of his slee
nights chasing the tantalising DX s
tions, of the money which should 'hav
bought a new tennis racquet squandered
on a new "bottle," and other amusing
matters. But the general public is gradu-
ally realising under all this banter that
the amateur is a necessary and perma-
nent factor of the structure of radio.
One thing is certain, that so long as he
has his aerial skywards, and the strength
to throw over his transmitter switch, he
will never lack a friend.
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SHORT-WAVE STATIONS OF THE WORLD
ACCURATELY COMPILED BY R. N. SHAW

In view of the fact that some of the most distan t and obscure stations are now being heard in
Australasia, we have included in this list practica Ily all known stations. All times Sydney time.

Wave Cali Location, Schedule, etc.
Length Sign
13.92 K8XK Pittsburgh. Midday to 2 p.m.
13.94 W2XE Wayne, New Jersey. Daily 3-5 a.m.
13.97 GSH Daventry, Daily 9-11.45 p.m. Empire broadcast.
15.24 GEC Santiago, Chile. 'Phones.
15.39 LSQ Buenos Aires. 'Phones.
5,50 PMA Bandoeng, Java. 'Phones.
5.58 DFA Nauen, Germany. 'Phones.
.5.68 LSM Buenos Aires. 'Phones.
5.93 PLE Bandoeng, Java. 'Phones.

16.22 HBH Geneva. Radio Nations, 'phones and world
broadcasts.

16.30 PCK Kootwijk, Holland. 'Phones.
16.42 ETA Addis Ababa. Experimental; no definite

schedule.
16.44 FTA St. Assise, Paris. 'Phones.
16.50 CGA Drummondville, Canada. 'Phones.
16.50 PMC Bandoeng, Java. 'Phones.
16.55 LSY Buenos Aires. Experimental, irregular.
16.63 GAA Rugby, England. 'Phones.
16.82 PCV Kootwijk, Holland. 'Phones.
16.86 GSG Daventry. 9-11.45 p.m. daily. Winter only.
16.87 W3XAL Boundbrook, U.S.A. Daily.
16.88 PHI Eindhoven, Holland. Sun., Mon., Tues., Thur.,

Fri., Sat., 11 p.m. to 1 a.m.
16.89 W2XE Wayne, New Jersey. Relays WABC 4 to 6 p.m.
16.89 IAC Pisa, Italy. 'Phones ships.
16.89 DJE Berlin. National broadcasts 8.55 p.m. to 2 a.m.
16.92 HSP Bangkok, Siam. 'Phones.
17.00 XGN Shanghai, China. 'Phones.
17.10 VUY Poona, India. 'Phones.
17.12 DFB Nauen, Germany. 'Phones.
17.37 DAF Norden, Germany. 'Phones.
17.52 WOO Ocean Gate, New Jersey. 'Phones.
18.20 IRY Rome. 'Phones.
18.44 WLK Laurenceville, U.S.A. 'Phones.
18.47 KTC Manila, Pnilippine Islands. 'Phones.
18.57 FZR Saigon, Indo-China. 'Phones.
18.71 KKP Kauhuku. Hawaii. 'Phones.
18.89 FTK St. Assisi. Paris. 'Phone.
18.91 CEC Santiago, Chile. 'Phones.
19.02 LSL Buenos Aires. 'Phones.
19.15 JVE Nazaki, Japan. 'Phones.
19.20 JVF Nazaki, Japan. 'Phones.
19.42 IUG Addis Ababa. Opens midnight.
19.47 KWO Dixon, California. Irregular broadcasts.

.........--441.50 KKR Bolinas, California. Experimental irregular.
19.52 liAS3 Budapest. Sunday, midnight to 1 a.m.
19.54 KWU Dixon, California. 'Phones and occasional

broadcast.
19.56 DJR Zeesen, Germany. Afternoons 4-6 p.m.
19.56 W2XAD Schenectady, U.S.A. 1.0-6.45 a.m.
19.62 LRU Buenos Ail es. Various hours, 8 a.m. to late

10
19.63 DJQ Berlin. Experimental; broadcasts programmes

afternoon.

at times.
19.64 W2XE Wayne, U.S.A. Early morning to about 8.30

a.m.
19.66 GSI Daventry. 3.15 to about 7 a.m. Winter.

' 19.68 RIM Tashkent, U.S.S. Russia. 'Phones, occasionally
broadcast.

19.68 TPA2 Paris. Usually 9 p.m. to about 1.30.
19.69 Podebrady, Czechoslovakia. 2-4 a.m. and

7-9 p.m.
19.71 PCJ Eindhoven, Holland. Tues., 6-9 p.m., Wed.,

11 p.m. to 2 a.m.
19.71 W8XK Pittsburgh, U.S.A. 1.30-10 a.m. daily.
.19.74 DJB Berlin. From 3.5 p.m. to 2 a.m next day.
19.75 ZBW Hongkong. Heard 7 p.m. to midnight.
19.76 GSO Daventry. At present 6-8 p.m.
19.80 YDC Bandoeng, Java. 8.30 p.m. to 1.30 a.m.
19.82 GSF At present, 9-11.45 p.m.
19.84 HVJ Vatican City, Rome. 1.30-1.45 a.m.
19.85 DJL Berlin. Experimental; irregular broadcasts

late of ternoon and mornings.
19.92 WNC Hialelah, Florida, U.S.A. 'Phones.

Wave Call Location, Schedule, etc.
Length Sign
19.94 RHI Moscow. 'Phones evenings.
20.03 KAY Manila, Philippine Islands. 'Phones, afternoon,

evening.
20.08 HJB Bogota, Colombia. 'Phones, morning, evening,
20.08 HII Trujello, Dominican Republic. 'Phones.
20.08 HJA3 Barranquilla, Colombia. 'Phones.
20.19 OCJ2 Lima, Peru. 'Phones.
20.25 GBL Rugby. 'Phones.
20.29 ROU Omsk, U.S.S. Russia. 'Phones.
20.29 RTZ Irkutsk, U.S.S.R. 'Phones.
20.37 IQA Rome, 'Phones. Occasionally broadcasts around

10 p.m.
20.42 PSF Rio de Janeiro. 'Phones.
20.55 JVH Nazaki, Japan. 'Phones. Occasional evening

broadcasts.
20.56 WMN Lawrence, New Jersey, U.S.A. 'Phones.
20.64 IIPJ Geneva. 'Phones and occasionally for world

broadcasts.
20.65 LSN Buenos Aires. 'Phones.
20.71 HRL5 Nacaome, Honduras. 'Phones.
20.71 TIU Cartago, Costa Rica. 'Phones.
20.71 YNA Managua, Nicaragua. 'Phones.
20.71 HPF Panama. 'Phones.
20.71 HRF Tegucigalpa, Honduras. 'Phones.
20.71 TGF, Guatemala. 'Phones.
20.73 WMF Lawrenceville,. New Jersey. 'Phones.
20.75 GBW Rugby. 'Phones.
20.75 DZA Berlin. Experimental. Occasional broadcasts.
20.97 to 21.26 Amateur Experimental Band.
21.58 Rocky Point, U.S.A. 'Phones, and experimental.
21.70 Cairo, Egypt 'Phones.
21.91 Bolinas, California. Experimental, irregular.
21.98 Bogota, Colombia. 'Phones.
22.09 Rugby. 'Phones.
22.35 Rugby. 'Phones.
22.40 Asmara, Eritrea. 'Phones.
22.40 Lawrenceville, U.S.A. 'Phones.
22.48 Maracay, Venezuela. 'Phones.
22.58 Drummondville, Canada. 'Phones.
22.70 Rome. 'Phones.
22.76 Nauen, Germany. 'Phones.
22.95 Suva, Fiji. Experimental, 3.30-4.30 p.m.
23.36 Ocean Gate, New Jersey. 'Phones.
23.38 Rabat, Morocco. 'Phones.

--23.45 Pisa. Italy. 'Phones.
23.47 Rugby. 'Phones.
24.20 Norden; Germany. 'Phones.
24.40 Bandoeng, Java. 'Phones and occasional broad-

casts.
24.41 Rugby. 'Phones.
24.56 Pontoise, Paris. 'Phones and occasional b'casts.
24.69 Rugby, 'Phones.
24.88 Kootwijk, Holland. 'Phones.
25.00 Moscow, 7-9 a.m. Sun, and Wed., 9-10 a.m.,

Monday 1.30 a.m.
25.02 Saigon, Indo-China. 'Phones.
25.11 Bolinas, California. Experimental. Heard

Monday afternoon to 3 p.m.
25.12 FTA St. Assise, France. 'Phones, late evenings.
25.23 TPA2 Radio Colonial, Paris. 5-8 p.m. and 3-8 a.m.
25.27 W8XK Pittsburgh, U.S.A. 8 a.m, to noon.
25.28 W9XAA Chicago. About 9.30 p.m. to midnight.
25.31 DJP Berlin. Experimental; heard late afternoon

occasionally.
25.36 W2XE Wayne, New Jersey. 7 a.m, to about noon.
25.38 GSN Daventry. Used at times afternoon in Empire

broadcasts.
25.40 2R0 Rome. 11.15 to 11.45 p.m. Midnight to 8.30 a.m.
25.40 HJ4ABA Medellin, Colombia. Daily 2.4 a.m. and

9.30 a.m. to 1.30 p.m.
25.42 CO9WR Cuba. '7-8.30 a.m. and noon to 1.30 p.m.
25.42 W1XAL Boston, U.S.A. Daily from 9 a.m. and Mon.,

7-10 a.m.
25.49 DJD Berlin. Daily 2.35-7.20 a.m. and 7.50 a.m. to

1.40 p.m.

WQF
SUZ
KKZ
HJY
GBE

GCJ
IDU
WNA
XVQ
CGA3
IRJ
DGG
VPD
WOO
CNR
IAC
GBC
DAF
PLM

GBU
TXA
GBS
PDY
RNE

FZS
KKQ
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Wave Call Location, Schedule. etc.
Lergth Sign

Wave
Length
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Call  Location, Schedule, etc.
Sign

25.52 TJF Reykjavik, Iceland. Experimental. 31.28 2ME Sydney. Sun., 4-6 p.m., 8 -midnight. Also wor
25.53 GSD Daventry. At present. 3-3.45 a.m., 9-11 a.m. broadcasts.
25.57 PHI Huisen, Holland. 10.30 p.m. to 1.30 a.m. 31.29 HP5J Panama City. 2.45-4 a.m. and 10.30-1 p.m.
25.60 CJRX Winnipeg, Canada. 1-3 p.m. 31.30 GSC Daventry. Empire station.
25.63 TPA3 Radio Colonial, Paris. 9 a.m. to 4 p.m. 31.34 3LR Lyndhurst. Relays Australian program
25.63 KIO Kauhuku, Hawaii. Experimental. 6.30-11.30 p.m. daily. Sat., 2-5.30 p.m. '

25.70 Saigon. Late evenings. 31.36 W1XK Boston, U.S.A. 8.30 p.m. to 3 p.m. next day.
25.73 PPQ Rio de Janeiro. Expaimental. 31.36 VUB Bombay, India. 2-3.30 a.m. daily,
25.93 HH2T Port au Prince Haiti. Experimental. 31.37 HH3W Port au Prince, Haiti. 4-5 a.m.
26.09 VIZ3 Fiskville, Victoria. Experimental. 31.38 DJA Berlin. National station; heard best 3 p.m.
26.09 XAH Merida, Yucatan. Mexico. Experimental. 5 p.m. and from 11 p.m. also.
26.20 COCX Havana, Cuba. Opens 10.55 p.m. 31.41 CSW Lisbon. Opens 7.50 a.m.
26.29 CJA4 Drummondville, Canada. 'Phones. 31.44 DJN Berlin. National station. Best from 11 p.m. an
26.35 HBO Geneva, Radio Nations station. in afternoons from 3.30 to about 6 p.m.
26.60 HIN Dominica. Heard around 8 a.m. 31.45 VPD2 Suva, Fiji. Daily 8.30 to 10 p.m.
27.15 ZLT Wellington, N.Z. 'Phones with Sydney. 31.48 LKJI Jeloy, Norway. 8-11 p.m. and 2-9 a.m. B
27.26 PLP Bandoeng. 8.30 p.m. to 1.30 a.m. around 7 a.m.
21.26 XBJQ Mexico. 'Phones. 31.48 W2XAF Schenectaay, U.S.A. 7 a.m. to 3 p.m. daily.
27.35 OCI Lima, Peru. 'Phones. Occasionally from 6 a.m, with sporting
27.65 DFL Nauen, Germany. Experimental; occasionally broadcasts.

heard broadcasts. 31.49 ZBW Hongkong. Daily 7 p.m. to midnight.
27.67 KWV Dixon, California. 'Phones. 31.51 OXY Shamlcbaek, Denmark. Mornings, irregul,
27:86 GBF Rugby, England. 'Phones. 31.55 GSB Daventry. Empire station, Now 6-8 p.m. a
27.93 JVM Nazaki, Japan. Occasional broadcasts. 3-8.45 a.m.
28.09 WNE Lawrenceville, U.S.A. 'Phones. 31.55 3ME Melbourne. Daily,' Sunday excepted, 7-10 p.
28.14

.

JVN Nazaki, Japan. Daily 6.50-11 p.m. 31.56 XGOX Nanking, China. About 10 to 11.30 p.m. da
28.15 CEC Santiago, Chile, 9-11 a.m. 31.56 PRF5 Rio de Janeiro. Irregular, usually 8 a.m.
28.28 WEA Rocky Point, U.S.A. Experimental. about noon.
28.44 WOK Lawrenceville, U.S.A. 'Phones. 31.65 EAH Madrid. Heard about 6.45 to 7.45 a.m.
28.49 JIB Taiwan, Formosa. Experimental. 31.86 PLV Bandoeng, Java. 'Phones and occasional broad
28.51 2ME Sydney. 'Phones New Zealand and London, casts nights.

and occasional broadcasts. 32.15 CJA4 Drummondville, Canada. 'Phones.
28.79 XGW Shanghai, China. Experimental. 32.33 GCB Rugby, England. 'Phones.
28.80 PDK Kootwijk, Holland. 'Phones. 32.88 HATA Budapest. Daily 9-10 a.m.
28.80 YGB Medan, Sumatra. 'Phones. 32.97 HJU Buenos Aires, Experimental.
28.82 PDK Kootwijk, Holland. Opens 6.25 a.m. 33.00 ZMBJ S.S. Awatea. Various hours, morning, afte
28.85 KEZ Bolinas, California. Experimental. Heard noon.

afternoons. 33.19 '17A2 Heard daily 5 to 6 P.m.
28.91 WCG Rocky Point, U.S.A. Experimental. 33.26 GCS Rugby. 'Phones.
28.98 LSX Buenos Aires. Experimental. Early mornings

to 6- a.m.
33.29 KEJ Bolinas. California. Experimental; hea

afternoons.
29,00 Radio Teneriffe, Canary Islands. Daily 6-7 a.m. 33.52 W2XBY Rocky Point, U.S.A. Experimental.
29.03 ZED St. George's, Bermuda. 'Phones and experi- 34.10 HKV Bogota, Colombia. 'Phones.

mental. 34.21 HOJB Quito, Ecuador, Monday 10.30 a,m. to 12.30
79.04 OR.K Brussels, Belgium. 5-7 a.m. 34.29 ZEK/ZBW Hongkong. 9 p.m. Lill 1 a.m.
29.13 LSQ Buenos Aires. Experimental. 34.56 GEC Rugby. 'Phones.
29.15 DIQ, Nauen, Germany. Irregular. Usually early 34.62 CO9JQ Cuba. 8.30-9.30 a.m.

mornings. 34.68 WVD Washington, Experimental.
29.25 PMN Bandoeng, Java. 8.30 p.m. to 1.30 a.m. 34.80 VE9DE Canada. Experimental.
29.27 LSL Buenos Aires. Experimental. 35.00 IAC Rome, Italy. 'Phones.
29.45 PSH Rio de Janeiro. Experimental. 35.02 WOO Ocean Gate. U.S.A, Experimental.
29.50 RIO Baku, U.S.S.R. 'Phones. 35.42 DAF Nordern, Germany. 'Phones.
29.58 OPM Leopoldville, Belgian Congo. 'Phones. - 35.69 HC2CW Guayaquil. 11 a.m. to 2.30 p.m.
29.76 RIR Tiflis, Siberia, 'Phones. 38.06 SUX Cairo, Egypt, 'Phones.
29.79 EHY Madrid. 'Phones. 38.12 HC2JSB Guayaquil. Midnight to 5 a.m.
29.80 JZB Manchukuo. 'Phones. 38.47 HBP Geneva. 'Phones

'Experimental.29.83 ZEB Hamilton, Formosa. 'Phones. 38.50 PSZ Rio de Janeiro.
29.83 SUV Cairo, Egypt. 'Phones. 38.89 KZE Bolinas, California. Experimental.
30.07 COCQ Havana, Cuba. Opens about 10 p.m. 39.34 RIM Tashkent, U.S.S.R. 'Phones.
30.09 KAZ Manila. 'Phones. 39.42 KWX Dixon, California. 'Phones.
30.15 GCU Rugby. 'Phones. 39.47 TI8WS Costa Rica. 9 a.m. to 1 p.m.
30.21 HKB Bogota, Colombia. 'Phones. 39.95 JVP Nazaki, Japan. Experimental.
30.30 LSN Buenos Aires. 'Phones. 39.97 RKI Tashkent., U.S.S.R. 'Phones.
30.40 WON Lawrenceville, U.S.A. 'Phones. 40.55 HJ3ABD Bogota, Colombia. 10.30 a.m. to 11 a.m.
30.40 EAQ Madrid. Daily 8.15 a.m. to 1.30 p.m. Sun., 40.65 XECR Mexico. Monday 9-11 a.m.

4-6 a.m. 41.20 HJ1ARB Cartagena. 10.30 a.m. to noon.
30.40 JYS Kemikawa, Japan. Experimental. 42.60 EA9AH Tetuan, Morocco. Daily 7 to 8 a.m.
30.52 IRM Rome, Italy. 'Phones. 44.44 JVT Nazaki, Japan. 9 p.m.
30.60 GCW Rugby, England. 'Phones. 44.60 PMH Java. Opens daily 8.30 p.m.
30.75 VLK Sydney. 'Phones. 44.90 'rum San Jose, Costa Rica. Noon to 2 p.m.
30.77 WOF Lawrenceville, U.S.A. 'Phones. 45.00 ZPIO Paraguay. 1 to 3 p.m.
30.90 GCA Rugby, England. 'Phones. 45.00 HO2RL Ecuador. Mon. 8.45-10 a.m., Wed., 1.45-2.15 p.m.
31.00 CQN Macao, China. Mon. and Fri., 10-11.30 p.m. 45.10 IAC Pisa, Italy. 'Phones.
31.08 DGU Nauen, Germany. 'Phones. 45.31 PRADO Rio Tambar, Ecuador. Friday, noon to 230 p.m.
31.09 CT1AA Lisbon, Portugal. 7-10 a.m., Wed., Fri., and

Sun.
45.50
46.01

HI4D riwujillo. 2.40-4.40 p.m.
YV6RV Valencia, Venezuela. 3.30-5 a.m. and 9 a.m. tc

31.13 YDB Sourabaya, Java. 8.30 p.m. to 1 a.m. daily. 1 p.m.
31.25
31.25

HJ1ABP Cartagena. Heard 'around 7 a.m. and 10 p.m.
Radio Cartalene, Colombia. Experimental.

46.30
46.44

HJ5ABD Cali. ColomBia. 10 a.m. to 1 p.m.
HJ4ABC Ibaque, Colombia. 11 a.m. to 1 p.m.

31.27 HBL Geneva. Radio Nations station. 'Phone and
broadcasts.

46.50 W3XL Boundbrook, New Jersey. Experimental
irregular.

31.28 W3XAU Philadelphia, U.S.A. 3-9.30 a.m. 46.77 HJA3 Barranquilla, Colombia. Experimental.
31.28 HJ1ABB Barranquilla. Noon to 3.15 p.m. and 11 p.m. 46.86 TIPG San Jose, Costa Rica. 9 a.m. to 2.30 p.m
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Wave Call)
Length Sign

i 47.10 YV4RC Venezuela. 7.30 &.m. to 1.30 p.m.''v 47.24 HRY Honduras. 9.45 a.m. to 12.30 p.m.
47.39 HRP1 Honduras. 9.30 a.m. to 1 p.m.
47.39 JZC Nazaki, Japan. Experimental. Occasional

broadcasts.
47.51 YV12RM Venezuela. 11 p.m. to 1.30 a.m. and 7.30 a.m.

to 2 p.m.
48.00 OAX4G Lima, Peru. 10 a.m. to 1.30 p.m.
48.50 HI1A Santiago. 2.40-4.40 a.m.
48.55 XEXA Mexico City. 11-1.30 p.m. and midnight onward.
48.60 HJ2ABA Tunja, Colombia. 4-5 a.m. and 9 a.m. to 1 p.m.
48.62 HJ3ABF Bogota, Colombia. 10 a.m. to 2.15 p.m.
48.78 HJ5A$C Cali, Colombia. 9 a.m. to 12.30 p.m., except

Sun. and Mon.
48.79 C.06GC Santiago. 6.30-7.30 a.m. and 1-2 p.m., Sun.,

Mon., 4-5 p.m.
8.85 CJRO, -Winnipeg, Canada. 1.3 p.m.
.86 W8XK Pittsburgh, U.S.A. 10 a.m. to 4 p.m. daily.
.92 ZGE Kuala Lumpur, Sun., Tues. and Fri. 9.40-
-\ 11.40 p.m.

48.92 11-I_TiM Trujillo. 9.40-11.40 p.m.
48.92 COC'D Havana, Cnba, 8 a.m. to 4 p.m.
49.02 W2XE Wayne, New Jersey. 11 a.m. to 1 p.m.
49.02 XE.ter Vera Cruz, Mexico. 2.30-7 a.m., 10.30 a.m. to

3 p.m.
49.02 HJ1ABE Cartagena, Colombia. 10.30 a.m. to 12.30 p.m.
49.10 GSL Daventry. Empire station during summer.
49.10 VE9HX Halifax, Canada. 11.30 p.m. to 3 am, and 9

a.m. to 3 p.m.
--Ai, .,,,,,k 149.10 VUC Calcutta. 12.30-3 a.m. Sun., 3.15-5.30 p.m.

'41:15 HJ4ABB Colombia. 11 a.m. to 2.30 p.m. Occasionally
only.

49.18 W3XAL Cincinnati, U.S.A. Tues., Thur., Sun., 9 a.m.
to 3.45 p.m.

49.18 W9XF Chicago, U.S.A. Mon., Wed., Fri., noon to 5 p.m.
49.20 ZTJ Johannesburg. 6.30-10 a.m. Probably around

midnight also.
49.22 CRCX Bowmanville, Canada. 8.30 am. to 2.30 p.m.
49.30 2R0 Rome. Certain periods year 9 am, to about

10.45 a.m.

-ye
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Wave Call Location. Schedule, etc.Length Sign
49.34 HP5F Colon, Panama. 1.45-3.10 a.m.
49.34 ZHJ Penang, Sumatra 8.40-11.40 p.m.
49.40 VE9CS Vancouver. 9-10 a.m. Mon., 4.45 a.m. to 4 p.m,
49.42 OER2 Vienna, Austria. Midnight to 8 a.m., except

Sunday.
49.45 HJ4ABL Manizales, 2-3 a.m. and 8.30-10.30 a.m. Sun.

to 1.30 p.m.
49.50 7L0 Nairobi, East Africa. 2-5.30 a.m., occasionally

to 6 a.m.
49.50 W8XAL Cincinnati, Ohio, 9.30-11 p.m. and 2 to 5 p.m.
49.50 W3XAU Philadelphia, U.S.A. 10 a.m. to 1 p.m.
49.55 HJ4AHD Medellin. 11 p.m. to 2.30 p.m. next day.
49.59 HI9B Santiago. 9 a.m. to 1 p.m. and 3.30-4.10 p.m.
49.59 GSA Daventry. Empire station. Mainly used in

summer.
49.60 VPB Colombo, Mon., Wed., Fri., Sun., 11 p.m. to I.

a.m.
49.65 HJ1ABG Barranquilla. 9 a.m. to 1 p.m.
49.67 HJ4ABC Colombia. 1.30-3 a.m.
49.67 W4XB Florida. 2.30-5 a.m. and 11 a.m. to 4 p.m.
49.67 W1XAL Boston, U.S.A. 11.15 a.m, to noon on Wed.,

Fri:, and 7 to 10 a.m., Mon.
49.75 VE9CA Calgary, Canada. Midnight to 1 a.m.
49.75 HP5B Panama City. 3-4 a.m. and 9 a.m. to 1 p.m.
49.83 XEUW Vera Cruz. 10.30 a.m. to 3.30 p.m.
49.83 DJC Berlin. 3 to 7.20 a.m. daily.
49.83 CQN Macao, China, When not on 49 band see 31

band.
49.90 9MI S.S. Kanimbla, Heard evenings.
49.90 COCC Havana, Cuba. 12.30-3.30 a.m., 7.10 a.m., 11

a.m. to 1 p.m. and Sunday to 3 p.m.
49.92 ZKI Singapore. Mon., Wed., Thur., 8.50-11.50 p.m.

Sun., 1.50 to 3.50 p.m.
49.96 VE9DN Drummondville, Canada. Sunday about

2.30 p.m.
50.00 li,NE Moscow. Mornings to 8 a.m.; summer only.50.26 HVJ Vatican City. 5-5.15 a.m. daily. Sun., 8-8.30 p.m,58.30 PMY Bandoeng, Java. 9 p.m. to 3 a.m. daily.
59.76 ZFA Hamilton, Bermudas. 'Phones.
70.00 RW15 Khabarovsk, U.S.S.R. 8 p.m. to midnight.

--- How To Listen To Short-waves
HERE is no doubt that for the man
who has the experimental urge or
an interest in radio beyond listen-

-../- -.'-- ing to broadcasting stations (which
includes, of course, most readers of this
handbook) the short-wave stations have a
fascination all their own. One never
knows just what is waiting to be heard
on the air, according to conditions and
the time of the year. These are the two

ain elements which control the type
"Ir."..-ifnd number of stations which are to be

heard at any given time. '

A frequent mistake is to imagine that
one has only to tune to the wavelength
shown in the above list of stations to
tune into the programme. Much dis-
appointment is inevitable until it is real-
ised that all the stations cannot possibly

heard at the one time.
As conditions change, and they do
ange as the seasons come and go, it

will be found that some of the regular
i short-wave bands are much better than

others. It will be found also that night
and day have a good deal to do with
the bands which are most valuable. For
instance, it might be found that the 19 -
metre stations are very good at night,
possible from 9 p.m. until well after mid-

....1, night, while in the afternoons the 25 and
3t metre bands will give the best recep-
tion. A few months later conditions
might alter, and the various bands will
change about.

This is one reason why "Wireless
Weekly" maintains a comprehensive
short-wave section, and, in addition, a

stop -press panel in which a list of sta-
tions, times and wavelengths is given as
a guide to the best reception occurring
each week. We suggest that the short-
wave fan keep in close touch with this
section of the paper, and thus save much
doubt over when and where to listen.

In addition, it will be found quite often
that unexpected transmissions are to be
heard which cannot be listed, and condi-
tions will allow odd broadcasts to come
through which are all the more interest-
ing and valuable because of this.

When listening, do not neglect the
amateur bands, particularly the "20 -
metre" band, on which, particularly in
the afternoons and evenings, can be
heard amateurs operating from all parts
of the world. These stations have an in-
formality which gives them a character
all their own, and most of them wel-
come reports from listeners on their
transmissions. If a card or a reply is to
be expected, do not forget to enclose
postage, as an amateur's mail during a
year is a heavy one and the cost consid-
erable. In your report give time, strength,
and readability of signals, a portion of
what you heard, weather conditions, type
of receiver and aerial, and, if possible, a
note on what other stations in that part
of the world were also. to be heard. Most
foreign broadcasters also welcome such
reports, and, as a rule, they will be ac-
knowledged.

Printed and published for the Proprietor by
Sun Newspapers Limited, at the registered
office of the Company, 60-66 Elizabeth Street,
Sydney.
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LIMITED
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267 CLARENCE ST.,

SYDNEY

Ultimate All Wave Radio

Rola Reproducers

Mullard Radio Valves

Staiger Gramophone
Pickup

Collaro Gramophone
Motors

Ultimate Sound Systems

Quotes and leaflets sent on
request.
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Australian and New Zealand Broadcasters
A corrected list of Australian and New Zealand Broadcasting Stations in the order of thei? frequencies.

" Dial Kilo.
Sign . Na. cycles Address I Call

Sign.
Dial
No.

Kilo-
cycles Address.

2YA j 570 I National Station, New Zealand
Broadcasting Board, Wellington. 6ML

I

W.A., Broadcasters, Ltd.,
1 II 30 I Lyric House, Murray Street, Perth,

3AR I National Station,
580 120A Russell Street, Melbourne. 21 -ID

Air sales BroadcastingCo., P.O.,

TZL I 590 I

National Station,
Elizabeth Street. Hobart. 2WG.

.

,

_ _ g 1.1,. I A IGO. VIC VVUilaLIC, LN... VV .

I 115n Riverina. Broadeastnig" Co.,
,-, 16 Fitzmaurice St Wagga, N S.W.

2FC I I 610 National Station
I

96-98 Market Streitte" Sydney. 2KA
:

Radio Katoornba .Ltd.
I 1160

1 80 Market Street, Sydney.

5CK I I 640 I

Regional Station, raitying 5CL,
Crystal Brook, -S.A. 4MK- .

-__
Mackay Broadcasting Service,

I 1160 I 64 Nelson Street, Mackay.

IIVA I
I

650 i New Zealand Broadcasting Board.
Auckland. 6BY -Sunbury Broadcasters Ltd.,

I
11 11 60

i Bedford Hall, Banbury, 1V.A

2C0 I 1 67n I Regional Station, relaying 3L0 and
''-' I

3AR, Corowa, N.S.W. 4TO 70 1 Amalgamated nWsvi'lleless 4:siai. Iti,:,.,

6WF I I 690 I
. National Station,
Hay Street, Perth. 3KZIndustrial

I
180 I

Printing
24 Victoria Street_: ton N.3.

2CH Broadcasting Co.,
'17 YorkStreetSydney.2NR I I 700 I Regional Station, relaying 2FC.

Lawrence, near Grafton. N.S.W. 2CH- I 190 1"
7NT I I 710 Regional Station, North Tasmania,

Relaying 7ZL and 3LO. -
5KA 200 ! Sports Radio B'casting Co., Ltd.,

. Richard Rigs.. Currie St Adelaide.

31IA I I 720 New Zealand Broadcasting Board,
Christchurch. SYL .1200

,

'New Zealand Broadcasting' Board.
Cht

5CL I I 730 National Station,
Hlndmai - i Square, Adelaide, 2GF

..
. __

210 1

satrafton Broadcasting Co.. 47 YON,:
Sydney. Station at Grafton.

2BL. I I 740 National Station,
96-98 Market Street. ,Sydney. ' 6KG I

. GoldfieldsBroadcaster, Ltd..
2-10 I 86 Palace Chbrs.,Kalgoorlie, W.A

3L0 I I 770 National Station,
120A Russell Street, Melbourne. 4AK I 220 I

Commercial Station. Oakes.
Queensland.

4VA I
1 790 New Zealand Broadcasting Board.

Dunedin. 2NC 230 Regional Station, relaying 2FC yl.
2BL, at Newcastle.

Gippsland Publicity Pty..- Ltd.,
Raymond Street, Sate. Vic4QG

. 1

1

800 State Insurance
National Station.dgs

Brisbane. 3TR 240

2LV I 820 Northern Broadcasters Ltd..
Inverell, N.S.W. 61X I 240

..

' W A. Broadcasters Ltd.,
St. George's Terrace, Perth.

3GI I I 830 Regional Station, relaying 3L0
and 3AR at Sale. 3WR I 260 Goulburn Valley and N.E B'cast.

Pty., Ltd., High St., Shepparton, V.

2YC I
I 840

New Zealand Broadcasting Board.
Wellington. 2SM

.

270 Catholic Broadcasting CO., Austra-
ha House, Carrington St., Sydney.

5RM I 850 Commercial Station,
Renmark. S.A. SAW . 280 Vogue Broadcastipg Co., Ltd.,

I218 Exhibition St., Melbourne

7H0
. 860

Commercial Ltd.,
82 Elizaeth Street, Hobart. 4BK 290 Brisbane Broastas.ting Co.,

47 Charlotte Street, Brisbane

2GB .870 29
Station.

Blighp Street. Sydney. 2TM 300 Tamworth Radio Dev. Co I

Peel Street, Tamworth. .N.S.V.

6PR 880
Nicholson's. Ltd..

Studio, Barrack Street, Perth. 5AD - 31 0 I Advertiser Newspapers, Ltd., N\

mouth Street, Adelaide.

111/X . 880 New Zealand Broadcasting Board.
Auckland. SBA I 320 Ballarat Boast. Pliiy. Ltd., con Ain'

strong -and Dana Sts., Ballarat, V.

3MA .
900 Sunraia Pt. Ltd.,

22 DeakinysAvenuye., Mildura. -2BH 330 Radio Silver City Ltd., 10 O'Connell
Street, Sydney; at Broken Hill.

4WK I I 900 Warwickinnnd BArisotninItsCoPty,,
Warwick,

cor. 330 Rockhampton Broadcasting CO.:

Studios in Rockhampton, 0,_

4RK I I 910 Regional Station, relaying 4QG.
Rockhampton, Qld. 2XN 340 G. W. Exton,Box 138B,

Lisntore, N.S.W.

3UZ I 930 Oliver J. Nilsen and CO..
45 BourkeStreet, Melbourne.. 5MU I 340

Murray Bridge B'cast Co.. Regional
Unit of 5AD, Murray_Bridge, S.A,

Geelong Scatting Pty., Ltd.,
National ,Mutual Blg., Geelong, V.

21JE I
950 Radio HOuse.

296 Pitt Street, Sydney. ^
3GL 350

5DIst
Hurc'e Broadcasters. Ltd.,

960 29 Rundle Street, Adelaide. 2M0 360 M. J. Oliver, P.O., Box 78
Gannedah, N.S.W.

___
" .11:10 970

Amalgamated W less (A sial, Ltd.,
Kangaroo Flat, Bendlgo, Vic. 3HS I 370

Wimmera Broadcasting Co.,
84 Wilson Street, Horsham.

4AY I
6AM

980
980

Ayr BroadcastingService,
Airdmillan Road, Ayr, Qld.
Northam Broadcasters, Ltd..

23 William St., Perth-at Northam.

4BH
4CA

I 380
390 I

Broadcasters (dust,), Ltd.. Parbury
House, Eagle Street, Brisbane...
Amalgamated Wireless, Cairns,

Queensland.

2GZ 990
Country Boasting Services. Ltd

Amaroo, Central N.S.W. 390 Finlays Pty., Ltd.,
Wilson Street, Burnie, Tas.

4GR 1 000
Gold Radio Service, Studio,

Ruthveri Street, Toowoomba, Q. 2GN I I 390 AubGuronulbgrneetHroGadocualbstuirnng Co.,N.w.

3HA I. 1 0 1 0
Western Province Radio Co.,

37 Gray Street, ,Hamilton, Vic. 2K0 / 410 NHeuwnctaerstle Broadcasting Co.,
St., Newcastle, N.S.W.

 2KY .
1020 Trades and Labor Council,

The Block. George Street. Sydney.' 3XY I I
420 prynfIcteeses Broadcastersee rinPgty,t.,Llile.,15.

3DB 1030 3DB B'casting Station Pty., Ltd..
36 Flinders Street, Melbourne. 2WL - 430 Wollongong B'cast Co.. cor. Edwaird

and Church Sts , w'gong, N S W

5PI 1040
Midland B'east Services Ltd., Relay
Unit of 5AD. Crystal Brook, S.A. 4VL . 430 Charleville Broadcasting Service,

Burke Street, Charleville.

2CA i 1050
A. J. Ryan.

Kingston, Canberra. F.C.T. 4IP 440 Ipswich Broadcasting Service,
Brisbane St., Ipswich, Qld.

4MB.r 1060
Maryborough Broadcasting Co..
Wvnne's Eztn.. Maryboron.h, Q. '

2QN I 440 Deniliquin Broadcasting CO.,
Eno Street, Deniliquln.

2AD'. 1080
Northern Broadcasters Ltd..

.
Armidale. N.S.W. ) 7UV 4 0 Northern Tasmanian  Broadcasters

Pty., Ltd. Ulverstone, Tas.

3SH 1080.
Swan Hill Broadcasting Co..

Swan Hill. Victoria.  3MB I I

Mallee Broadcasting Pty.,1470 I Cumming Avenue, 'Birchip, Vic,-
7LA

1 1 00 Findlay and Wills. Broadcasters,
67 Brisbane St., Lquneeston, Tas. 2BE I- 470 I

Begs District .News.
Box 4 P.0 , Bega, N S W

4LG 1 1s00
Central Western Broadcasting Co..

Longreach. Qld. 4BU I
480 f Bundaberg Broadcasters Ltd.,

' Bourbon Street Bundaberg.

2U M1 I I 1 1 1 0
C'wealth B'casting Corp., ltd..

State Bldg.. Market St.. Sydney. 2AY I 480 I Amalgamated W'less t A'sia i Ltd..
Pool's Hill, Albury, N.S.W.

4BC I 1120 J. B. Chandler and Co..
43 Adelaide Street, Brisbane. 3AK I I 1500 I Melbourne B'easting Pty.. Ltd.,

116 Queen St.. Melbourne, Cl..
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