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Ecverythmg You Need

Planet Power Transformers

60 MILL AMP.
2.5 Volt Fils

383
6.3 \7;: Fils VOLTS
5 VOLT
Usually Priced 12/6

HEALING’S
PRICE (x) 7/ 6

80 MILL AMP.
2.5 Volt, 8 Amp.
2.5 Volt, 2 Amp.
5 Volt }

or
6.2, 6.3 and 8, Volt
Fil, 385 VolIt.

Usually Priced 14/6

HEALING’S (x) 9 /“ "'

PRICE at

The Planet M3 tower transformer is speclally manuofac-
iured by the well-known Radiokes Co. for Heallog's Pty.
Ltd, Never belfore have qualily transformers been offered
1o {he public at such a low figure. Early ordcering Is ad-
visable, ns this offer cannot be continued indefinitely.

- MAIL ORDERS

Healing's Mail Order Service is fast and -efficient.

state clients address all
HEALING'S PTY. LTD.,

orders and inquiries to Mail

‘Country and Inter-
Order Department,

261 SWANSTON ST., MELBOURNE.

for Radio at HEALING’

THE NEW P5

DIAMOND “B”
BATTERIES

The Diamond PS5 Radio B Battérics and Torch
Refills are recommended by us bevond sll others.
The service features and entire consistency of the
P5 typcs have satisfled us beyond doubt that they
are the batteries we should sell and you should biry.

l’l(lCES 3
Buzzer Cells .. . o 00 00 00 0O 2/7 e, (1) B3
60 Volt, Light - Duty a0 e o . M8 ea (T &
45 VOu. Light Duty .. .. .. .. .. 88«2 (V)
60 Volt, Heavy Duty .. .. .. .. .. 18/ ea (T)
45 Volt, Heavy Duty .. .. .. .. .. W/6eoa, (I
45 Volt, Triple Duty .. .. .. .. .. 18/ ea (T} 3
414 Voit, C. Battes. .. . .. .. .. 2/3es (T}

FREE delivery 10 any part of Victoria sma Tas
lr;m;;ma on ALL DIAMOND Batteries sold at Yetey!
ce.

0-1 Mill, Amp.

HOWARD BUTLER
PRECISION METERS

2'2in, Face, 3','dn Ove'nll

0-500 Micro Amp. .. 32/6 ea
A.C, 500 Micro Amp. 45(\6)(-:

4000 ohms,
lightweight type

valve sets.

26/6 ea,

specially suited for crystal
Usually sold at 15/6 pr.

(F)

and one-

PYRAMID Meters

VOUBLE SCALE.

0.12 Volt Usually
0.120 Volt. Priced 8/6.
Sale Price

5/6

(T)

The pyramid Double
Scale Meter is spe-
cially made to test
“A" &gnd ‘B Bat-
teries, witk high de-
gree of accurancy,
Every meter brand
new in original cases.

HOW TO IMPROVE Ri:‘.CEPTION

2203 FILTRON., —

Improves reception on
any radio, 3 polnts of
superiority. Complete
absence of man-made
statie. simplifled tun-
ing due to lack of in-
terference, increased
selectivity and distance
getting ability; with
background nofses
eliminated, it is pos-
sible to operate the
radio at maximum
volume, At 39/6. T.

ESSANAY

3-Gang Condensers

7/6

(F)

Standard Es-
sanay 3 gang
.-00043 condenser usually priced 22/- ea.
Healings offer this quality product at
the ridiculous price of 7/6 ea. (F). Every
condenser brand new in Boxes.

’

of pure copper wire.

LEKTRITE AERIAL WIRE

Lektrite saerial improves reception, because not only I8 it composed

signals, but its strended construction offers a greater gain with more
powerful reception, Obtainable frem Heulmzs in S50ft. cofls, 2/3, sand
1001t, coils, 4/ ea. (T)

which is recognised medium for reception of wireless
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'HOMECRAFTS

— The Radio Specialists —

“Where there is plenty of technical
information and help always available.”

Consult “RADIO-ADE” FREE.

PTY.
LTD.

HOMECRAFTS SPECIAL OFFERS

on Parts to Build Sets Listed in this Book

1 Valve Battery

Receiver

Kit of parts, including Mull-
ard Valve .. .. .

g1

2 Valve Battery

Receiver

Including two spec1al Mullard
2-volt valves .. .. 5

£1/15/-

3 Valve Battery
Receiver

Supplied with three special 2 Volt
Mullard Valves, including 22. A.

e £2/10/-

EXTRA SPECIAL

Kit of Parts with Val\:es to build
4 Valve Battery Receiver £3/7/6

3 Valve All Electric

Receivers, complete parts, includ-
ing Mullard Valves and Dynamic
Speaker.

Special Offer .. ..

£3/19/6

4 Valve All Electrie

Receivers. Complete parts in-
cluding Mullard Valves and
Jensen Dynamic Speaker ..

£4/19/6

5 V. Eleec. Superhet

Including Mullard Valves and
Dynamic Speaker.
All complete

£6/19/6

Other Homecratts “EZYBUILT” Popular Kits
“BATTERYLESS” £10 /10 /_ * - ]

£7/8/6 &
£9/9/-

4 VALVE SUPERHET.
VIBRATOR KIT ..

PRE-SELECTED IRON
OUS BATTERY THREE.

specified. Including Mullard valves .

IRON CORED MELODIOUS THREE, com-
plete with Mullard Valves, Heavy Duty
batteries and Rola Permagnetic Speaker .

CORED

MELODI-
Kit exactly as

Iron Core
Melodious Three

Write to Homecrafts for FREE CONSTRUCTIONAL BOOKLETS on last two Kits.

HOMECRAFTS Pty. Ltd., 211 Swanston Street

MELBOURNE ‘Phone Cent. 8200. Country clients ring—TL.202.

-
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FRICTIONAL ELECTRICITY

ELEC’I‘RICITY received its name from

the Greek word, Electron, meaning
amber. The ancient Greeks discovered
that when amber was rubbed with flan-
ned it possessed the power of atiract-
ing light bodies. As an experiment to
demonstrate this attraction. rub an
amber pipe-stem on the sleeve of your
coat and place the pipe-stem close to
small pieces of paper. It will be scen
that the paper is attracted by the amber
pipe-stem.

If a vulcanite or ebonite comb is
passed through the hair several t}mes
and then presented to some small pieces
of paper the same attraction will be
noticed.

A stick of sealing-wax rubbed vyith
flannel will exhibit the same electrical
properties.

Take a piece of brown paper_about
1ff. square and warm it well o both
sides in front of the fire. Place the paper
on the table -and prush it briskly with
a clothés brush-which itself has been
warmed for'a few.minutes. . If the paper

raised -from  the .table it will pro-

ly give, out -crackling - sounds and
appear to-cling to: the table, thus mak-
ing the.action of -lifting "it.more diffi-
cult than.-would: otherwise be “experi-
enced. The fact.is that’ the. papef will
have acguired electrical properties and a
seties of “very interesting experiments
may be conducted with it.

If placed against a wall or a black-
board it will be attracted and cling to
the surface for some minutes. The rea-
son is that neutral bodies attract charged
bodies. the neutral board or table at-
tracting the charged paper.

If the heated paper be placed above a
person’s head it will cause any loose
hairs to stand *on end,” and a tickling
sensation will be felt by the person
operated on. If held above small pieces

Electricity—the magic slave
of man — is interestingly
dealt with in the™ following
article and in addition are
given some elementary and
practical experiments which
will provide hours of enter-
tainment for the amateur
radio enthusiast who is about
to break into this field as a

hobby.

of paper or other light substances the

brown-paper sheet will attract them.
A sheet of paper placed on a hot board

and rubbed with indiarubber will cling

to the board, and when removed will

attract light bodies.

Place an egg in a china egg-cup and
balance a thin length of wood upon the
egg. Then bring an electrified sheet of
brown paper near one end of the piece
of wood. It will be found that the
wood will be attracted by the paper,
and may be made to turn round on its
centre.

Warm a glass rod and rub it briskly
with a silk handkerchief or any piece
of silk. It will become electrified and
will "attract light objects such as bran,
feathers and small pieces of paper.

Cut fromn a piece of thin paper a
“daddy-long-legs,” making each leg
about a quarter of an inch wide and
three or four inches long. Place the
paper on the table and brush it with
a clothes-brush from the bod

feet. The legs will cling to the table.

- Lift the paper from the table by the

bogdx, and the legs will stick out in all

to the-

directions, because charged bodies al-
ways repel one anothgg.

More satisfactory results may be ob-
tained, however, by using the following
apparatus, which is really a simple form
of electrophorus. St a drinking glass
on the table and place'
metal tray. Place the brown paper
(electrified) on the tray. Touch the
edge of the tray and then remove the
brown paper,

n it an ordinary

being careful not to touch .

the tray with the hands or any other .

part of the body, as this would conduct
its electrical charge to the earth.

The tray will now be ready for our
experiments.
sented near the edge of the tray, a
spark of half-an-inch long — or even
longer — will be produced, giving a
sharp sting to the knuckle. This spark
is entirely harmless.

It will be noticed that the tray, while
charged with electricity, will attract

t.objects.

placed on a second tray, which is held

If the knuckle be pre- °

.

If small pieces of paper are .

a little distance under the electrically- .

charged tray, the paper will be at-
tracted to the top tray. As soon as the
pieces of paper come- in contact with
the electrified tray they will become
charged with electricity and be repelled
downwards. Thus the paper will
tinue to jump up and down. without
any apparent reason, until the charge of
electricity on the tray is exhausted.

It is important with these experiments
with frictional electricity that the ap-
paratus be perfectly dry. The reason for
placing the tray on a glass is because

con- |

glass_is a non-conduetor of electricity, *
but if the slightest amount of moisture -

be on its surface it will at once be

changed into a conductor, and the whole -

effect will be spoiled. For this reason
the glass should be thoroughly dried at
the fire before being used. More, half-
an-hour’s use is liable to make it non-
effective, and the glass should be dried
\{er)('l frequently” if "good results are de-
sired.

e



Page Six

THE BEGINNER'S BOOK OF RADIO

HOW TO MAKE BATTERIES

In this article are explained several simple and inexpensive
types of “A” and “B” batteries.

OME form of electric power is usually required for radio and

electrical experiments.

The simplest way in which this can

be obtained is from primary batteries or from accumulators.
Both as an experiment and for practical use it is desirable to be
able to make your own batteries, and in this article we describe
several simple types which will be useful to the home experi-

menter.

To Make A Dry Battery

'l‘HE various makes of so-called “dry”
cells on the market at the present
time are many, but they all are, more
or less, modifications of the Leclanche
battery, and consist of an outer zinc
container, with a carbon rod surrounded
by a chemical paste, the paste taking
the place of the porous pot.
_ It will thus be seen that a “dry” cell
. is not really dry, but relies on the ex-
citing action of the moist chemical paste.
Should this become dry, the cell is use-
less. Thus, an exhausted cell may often
be made almost as good as new by bor-
ing a hole in the top, soaking it for a
few hours in water or a solution of
dilute sal-ammoniac.

A dry cell is not difficult to make. The
outer containinievessel is composed of
zine, and may of any shape or size,
* according to the fancy of the construc-
tor. A handy size is a cylindrical form,
havingoa diameter of about two inches. A
zinc bottom is soldered to the cylinder,
and a small length of copper wire is
soldered to the outside of the zinc for
purposes of connection. If desired, a
terminal screw may be_ clamped to the
zinc container and used instead of the
piece of copper wire. All soldered joints
should either be painted with asphaltum
paint, or given a good coat of Bruns-
wick black,
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The above drawing of a Dry Cell shows
how the elements are arranged.

Place a small disc of paraffined wood
(f) on the bottom of the zinc vessel
This js to insulate the carbon rod from
the zine. About 1% inches of the carbon
rod should now be soaked in hot paraffin
wax. This will make it proof against
the attack of the acid of the cell, and
pravent the paste from “creeping.” A
hole is drilled through this end of the
carbon. and a terminal screw inserted.

The next process is the pasting of the

zine. This paste is made from the fol-
lowing:—
Crushed or powdered sal-am-
moniac .. .. .. .. .. .. .. 25 parts
Plaster of paris . 50 parts
Watery. a8 8 C0. ... 25 parts
Glycerine ... .. 2 parts

Mix these ingredients well together
and paste the inside of the zinc cylin-
der to a thickness of three-eighths of
an inch. (See diagram.)

Insert the carbon rod (b), which

should stand on the paraffined disc of

wood (f), and project about an inch
above the edge of the zinc container.

Closely pack the intervening space (e)
ollows:—

with a mixture made up as

Powdered carbon ...

Crushed sal-ammoniac ...

Binoxide of manganese .

Chloride of zinc

This mixture should be well rammed
down, the efficiency of the cell depend-
ing a lot on the ramming-down pro-
cess.

Handbook No. 12

ERILIEPEIRIINIIIIIIIEIELIIEE)

z
z
z
z
Z
z
z
Z
Z
Z
Z
z
Z
Z
Z
z
z
Z
Z
Z
z
Z
Z
Z
Z
Z
Z
z
Z
Z
Z
z
-
B
z
Z
z
z
:
z
Z
z
Z
Z
Z
Z
Z
z
z
z
Z
Z
-
”
Z
z
Z
z
z
z
Z

Sectional view of a Daniel cell.

he cell is usually sealed with a mix-
ture of melted resin and beeswax, a
straw or a glass tube being inserted to
allow a passage for any escaving gases.
The operation of sealing the cell pre-
vents evaporation and spilling. A few
sheets of greased paper should be wrap-
%ed around the outside of the zinc cylin-

er.

Dry cells have the advantage of being
clean and portable. The absence of
the porous pot, as used in the Leclanche
cell, lessens the internal resistance, thus
increasing the current.

Four cells should light a 4-6 candle-
power lamp for a few minutes at a time,
drive a small electric motor, ring an
electric bell, or work a telegraph instru-
ment.

Such a battery should not be used
continuously, as it rapidly polarises, but,
given a few minutes’ rest between ex-

~ents, it will soon recuperate its
powers.

How To Make The Daniel Cell

Complete description of a primary battery which can be
used as an efficient Trickle Charger for “A” Batteries.

EFORE delving into the construe-
tion of a Daniel cell, it may be well
to investigate some of the things
which happen in a simple primary
cell. This will greatly assist us in un-
derstanding what takes place in the
Daniel cell when it is set up for work.

Imagine a vessel containing two elec-
trodes, one of zine, the other of cop-
per, and both in the form of plates im-
mersed in a solution of sulphuric acid
and water So long as the two plates
are not connected by a conductor ex-
terior to the liquid, the electricity pro-
duced remains in a stationary condition.
When, however, the plates are connect-
ed by a wire, the opposite chemical con-
ditions on the respective plates neutral-
ise each other. but they are instantly
restored by the chemical action, and are
again quickly destroyed; thus a constant
transfer of current is obtained, and the

etlectricitv is now said to be in a dynamic
state.

The positive electricity is considered
to set out from the more oxidisable
metal, called the positive or generating
plate because it furnishes the supply of
electricity and passes to the less ox-
idisable or negative plate, because it
collects the electricity from the liquid.

Hydrogen is set free at the copper
plate and in this its nascent state has
the power of separating metals from
their solutions. Thus when the zinc
sulphate dissolved in the water
reached the copper plate it is decom-
posed by the hydrogen and the cop-
per plate is coated with zine, the final
result of which is that zinc is opposed
to zinc and there is no difference of
potential. That portion of the hydro-
gen which is not reducing the metal as-
sumes the Sgaeseous state and escapes as
bubbles. Some. however, form on the
copper plate.
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Copper.excited by hydrogen is -at op-
posite potential~ to copper excited by
sulpburic acid in the presence of zinc,
therefore the power of the battery is
iessened. It is now that the copper plate
is said to have become polarised.

It is ‘obvious that to make a hattery
constant and lasting in its action polar-
isation and deposit of positive metal on
the negative plate must be prevented.
The best methed of bringing this about
is to surround the negative plate by a
strong solution of a salt of the metal
itself, this forces the hydrogen to
confine itself to the reduction of metal
from its solution and prevents it forming
into gas and coating the metal plate
with bubbles As the metal reduced is
the same as that of which the plate is
composed, the battery will not lose, but
gain as the negative plate will be con-
stantly kept clean and bright by the new
meta! deposited on it. :

Zinc the Negative Plate

The zinc terminal of a battery is call-
ed the negative because it is where the
negative electricity 1s accumulated. When
the zinc and copper plates are joined
with a wire, the positive electricity passes
from zinc to copper (via the liquid) and
from copper via connecting wire to
zinc. When the poles of a battery are
joined by a conductor a current is es-
tablished, and the water in the cells is
decomposed mto its component gases.
o%ygen at the zinc plate there to com-
bine with the zinc forming zinc oxide,
which the acid immediately dissolves,
forming zinc sulphate.

The Daniel Cell

The Daniel type of primary cell in a
t measure fulfils the foregoing con-
ions. It consists of a cell or jar
containing a zinc rod which has been
amalgamated,» a cell of porous earthen-
ware, in which is placed a plate of
copper, and a solution of copper sul-
phate and water, while the outer jar
contains the zinc rod and a solution of
sulphuric acid and water.

.As soon as the circuit is completed
between the two plates, say by an ex-
ternal wire, the zinc is strongly at-
tacked, but no hydrogen is given off at
its surface as there is no local action
(the zinc rod having been amalgamated).
Water is decomposed and zinc oxide is
formed which the acid dissolves form-
ing zinc sulphate. The hydrogen passes
to the copper, but instead of polarising
it decon’}%oses some of the copper sul-
phate. e acid of the copper sulphate
passes to the zine, assisting the sul-
phuric acid in the outer jar to form
zinc sulphate.

The reason why acid is placed in the
outer jar is to reduce the resistance of
“the fiuid round the zinec, hence the in-
ternal resistance of the cell when large
currents are required. The copper sul-
phate is often acidulated to half its
bulk with sulphuric acid. When all the
copper sulphate is decomposed the action
of the cell ceases and any black powder
on the copper plate is caused by zinc
sulphate which has passed there from
the outer cell.

When the acid in the zinc cell be-
comes saturated with zinc the battery
will be much more constant in action.
Zinc sulphate may thus be used in the
outer jar. When the water in the outer
jar becomes saturated crystals will form
on the zinc plate. This is injurious, but
may be vercome by the addition of
extra water, having previously removed
some of the liquid from the outer cell
If the porous cell be of bad quality.
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copper will be deposited in patches on
it. When the pot becomes crusted with
copper it should be removed. The por-
ous pot should have its sides, back, top
and bottom dipped in tallow, to pre-
vent the solution passing through those
parts that do not face the zinc. The
crystals of copper sulphate should be
about the size of an acorn.

If the water used contains lime it de-
composes a part of the copper sulphate,
forming a jellv-like substance. To pre-
vent this, place a few drops of sulphuric
acid in the water and allow to stand.
This will deposit the lime.

The “copper” cell should be filled with
the copper sulphate solution before the
zinc sulphate is placed in the outer jar.
This allows the pores to become filled
with a good conductor.

When a battery is cleaned the plates
should be well scraped and scrubbed,
defective porous cells and zinc plates
removed. and the battery again care-
fully charged. The liquid from the zinc
cell may be used again.

Both the copper and zinc sulphates
must be free from iron. Adding liquid
ammonia will make the mixture appear
cloudy. but the addition of more will
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Diagram of a Gravity Cell.
Ll

deposit the iron, if any, as a brown

powder. Ordinary zinc contains carbon,
lead and iron. Only the best quality
zinc should be wused.

To counteract the mixing of liquids
through the porous pot, a battery has
been devised in which the solutions
have been kept separate by their weights
alone, The copper being heavier than
the zinc, it is placed at the bottom, the
zinc plate being arranged near the top
of the cell and zinc sulphate placed on
top of the copper solution. This cell
must be kept perfectly still for best re-
sults.

Parts Required for a Daniel Cell

1 Glass or carthenware outer jar.

1 Porous Pot. (P.).

1 Zine rod, Leclanche type.

1 Copper or lead plate.

Quantity of distilled water, copper
sulphate, and sulphuric acid or zine
sulphate. (S.).

Amalgamating the Zine
Take the zinc rod and clean it by
dipping it into a dilute solution of sul-
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phuric acid; place -one entdl in a2 small
dish containing merc and, using a rag
tied on a stick, proc to rub the mer-
cury over the surface of the zinc until
it has a bright silvery appearance.

Take the porous pot (such as is used
in the Leclanche battery) and coat it
with paraffin or tallow on all sides ex-
cept that facing the zinc rod; in it then
place a saturated solution of distilled
water and bluestone, taking care to place
the copper sheet in as well, and having
one of its edges facing the zinc rod;
about quarter fill the pot with bluestonc,
and allow it to stand for a few hours,
thus permitting the bluestone to per-
meate the walls of the porous pot. While
this is being done the outer jar may
filled with a solution of sulphuric acid
and distilled water in the proportion of
20 parts of water to one of acid.

To assemble, place the copper pot in-
side the outer jar. With care this bat-
tery will last for weeks. When it runs
down an addition of sulphuric acid to
the outer jar, and a few more crystals
put in the inner pot, will set it up again.

The E.M.F. of such a cell is approxi-
mately one volt, so to charge a
four-volt accumulator, at least six such
cells will be needed. A

The copper cell is the positive pole and
the zinc the negative. This means the
copper pole of one side of the cell assem-
bly is joined to the positive terminal of
the accumulator, and the zinc to the
negative.

Perhaps the best methed of using these
cells is to employ them as “trickle”
chargers, leaving them permanently con-
nected to the accummulator. They may
be placed in another room and the wires
brought to the accumulator.

Instead of sulphurie acid, ordinary
Epsom Salts may be d%ed to charge this
type of battery. Make up a half-satu-
rated solution by mixing as much
Epsom Salts in water until no more will
be dissolved, and then adding as much
water again.

This battery should not be allowed on
“open_ circuit.” When not in use it
should be short-circuited through a high
resistance.

The Gravity Cell

']_‘HE gravity cell, a type of bluestone

battery, is used where a constant
current is reguired. Six of thesé cells
may be used to charge a four-volt accu-
mulator, whilst a battery of this des-
cription may be used on a burglar-alarm
system where the relay has to be kept
closed as long as the doors and windows
are unopened.

An ordinary jam-jar may be used as
the container. A round lead or copper
plate is cut to fit the bottom of the jar,
and to it is rivetted a length of covered
copper wire long enough to pass up-
wards through the jar and allow a few
inches free.

A cylinder -or plate of zipe is hung
from the top of the jar in such a position
that a few inches is left between it and
the lead or copper plate. To the zinc
Flate a piece of copper wire is soldered
or convenience in connection to the
next cell.

On the top of the lead plate a few
bluestone crystals are dropped, care be-
ing taken to see that these crystals do
not come near the bottom of the zinc
plate.

The solution of the cell is made from
ordinary Epsom salts; and should be
what is termed a “half-saturated” solu-
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tion, This is made by dissolving as
much Epsom salts as the water will take
UP, and then adding the same amount
of pure water as was previously used.
The cells should be connected up with
the lead of the first to the zinc of the
second, the lead of the second to the
zine of the third, and so on. When not
in use, the battery should be short-
circuited through a resistance, or it
will soon be ruined. Some pieces of
undissolved bluestone must always
resting on the lead or copper plate.

A gravity battery has a voltage of
;)19;},1 but its internal resistance is rather
igh.

A Simple Cell

'_l‘HE simplest form of electric cell may

be made by immersing a strip of
copper and a strip of zinc in a tumbler
containing vinegar. As soon as the two
metals’ are joined together an electric
current will flow. This will only be
vexﬁr slight, however, and such a battery
will be of little us-~ for experimental

work.
e el

Bichromate Battery

FOR heavy work the bichromate bat-
tery is the best, all things being
considered. This type of battery is not
very constant, however, and with a
heavy output soon becomes exhausted.

The battery consists of a jar contain-
ing a sheet of amaigamated zine and
one or two carbon plates. The charging
solution is made by mixing 8 parts of
water with one and one-fifth ibs. of
powdered potassium bichromate and

and three-fif bs” of concen-
trated hwge acid.

As the zinc is rapidly consumed, even
when tHe battery is net in use, this plate
should be removed from the solution
when the battery is not in use.

A High Tension Battery

A CONSTANT high-tension battery for
radio work may be obtained by al-
tering the construction of the gravity
battery slightly. Thirty-six test tubes
are reqguired for the jars or containers,
36 feet of No. 20 SSW.G. bare copper
wire, 36 pieces of valve rubber, four
inches long, 36 pieces of zinc. 4% inches
long by half an inch wide, a solution
of Epsom salts for the exciting fluid, and
a small quantity of bluestone crystals.
Take a picce of the copper wire one
foot long and twist about half of it into
a coil. Insulate the straight of the

wire with a piece of the valve rubber, .

and starnd the copper in a test tube.

To the zinc a piece of wire is solder-
ed, and the zinc is arranged to hang
on the top of the tube. Fill the tube
half full of a solution of Epsom salts,
and then put in enough bluestone cry-
stals to cover the coil of copper wire,

Each of the test tubes should be
treated in a similar fashion When
complete, the cells should be arranged
in a woodén stand, and should be con-
nected together in-series; that is, the
zinc of one to the copper of the next,
and so on.

Another Type of l-‘i.T. Battery.

A BATTERY suitable for “B” battery

ma be tw« inches high and three-
quarters of an inch in diameter. The
zine container for this cell mayv be made
from a piece of the zinc two inches wide
and 2, inches long. This is then cleaned
and bent round an iron rod, the edges
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being soldered with soft solder. A disc
of zine, 34-inch "in diameter, is cut and
soldered in one end of the container,
A short piece of copper wire is soldered
(22 tinned wire does very well for this
job) to the top edge of the can.

In the bottom of the can a disc of
paraffined blotting paper is placed. Cut
a piece of blotting paﬂer 2 by 6% inches
and piace it inside the can against the
inner walls. Place a layer of fine sand
about Y-inch deep in the bottom ‘f
the can, and over it place another disc
of paraﬁined blotting paper.

Carbon Rod

Take a carbon rod about the thick-
ness of a lead pencil, perfectly straight
and long enough to protrude above the
top of the can and place a brass cap
on its top, having first soaked the ter-
minal end of the rod in. hot paraffin
wax. This prepared rod is now placed
in the centre of the can.

Take equal parts b; measure  of
needle manganese and carbon,
to a powder, and mix thoroughly: if
the resulting mixture will pass

ough a ‘sieve having holes, say,
1-16th of - an inch "in diameter in it,
the mixture will be fine enough.

Prepare an electrolyte as follows:—
loz. of distilled water, 1 fluid oz. zine
chloride (killed spirits of salts). 7 dwt.
sal ammoniac, and 1 fluid drachm of
glycerine. e k
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Bichromate Cell showing the elements
standing in the solution.

The next thing to do is to make
the manganese mixture slightly damp
with this mixture, but not wet. Take
a small wooden rod. such as a.;fn-
holder.” and’ pack the mixture tightly
round the carbon rod. The thorough-
pess with which this is done deter-
mines to a large degree the efficiency
of the compleied cell.  Continue to
add the mixtuwre until it reaches to
within, say ‘in. below the top of the
blotting paper. Now add more elec-
trolyte to the black mixture, a few
drops at a time, until half a fluid
drachm is consumed.

When the surface of the mixture ap-
pears to be dry, place a ring of blotting
paper on top of the mixture and roun

reduce -
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the carbon rod:#Then- turn the edge of
the blotting paper -lining inwards over
this, as shown in Fig. 2. Do not allow
the lining to touch the rod. A second
ring of paraffined blotting aper is
placed over this, and then the cell is
sealed, using paraffin wax and a blow
torch to effect this. Cells constructed
thus have given 113 volts, and about_
one-third of an argé)ere each. In.thesé
cells the carbon rod is the positive and
the zine container the nega‘ive pole.

Assembling the B. Battery
A number of these cells will make
a very good B battery. 30 being re-
gquired to give 60 volts. When all ‘tells
are ready for assembly, prepare strips
of cardboard by paraffining them well,
and place between the cells. In joifting
up cells, ioin carbon to zinc through-

out, using 26 tinned copper wire.
One cannot expect to produce such
a good article as the manufactured one,
as individual . manufacturers employ
secret solutions in making electrolyte,
ete. However, it will be found that the
cells described give very good results,
and are worth the effort necessary to
construct them.

g

High Amperage B Battery

AN accumulator “B” battery which will
hold its charge for any length of
time, that is, if it is a home-made one,
is a novelty, and for that reason I.
oing to describe the construction of"
ttery of relatively high amperage.

The only materials required are two
shingling Katchets, or a heavy hammer.

On the head of most shingling hatchets
will be found a design very useful to
battery making. It resembles a plate
with small crosswise grooves cut, which,,
when they make an impression, the
grooves, on the contrary, stand out as
small ridges, leaving small pits about
153 in. square. ;

If no shingling hatchet is procurable,
cut cross-wise grooves with a file, about
1/16 in., deep and about ¥ in. apart, on .

e head of 2 hammer (or on a block
of metal suitable to hold in- the hand),
and with it strike the lead plate a heavy *
blow. Then cut another set of grooves
exactly at right angles to the first set
of grooves, forming a criss-cross pat-
tern. -

The plates should be sheet lead, about
1/16 in. thick, and of a size convenient
to the jars or test tubes used for con-
tainers. 3 e

Now, put one hatchet or the - gitted-
plate in a groove on your work-bench
or in a vise, with the- rough side up;
then place the strip of lead on the-
plate, and hit it-heavily with the other
hatchet or hammer.

The short ribs in the resultant print,
which run cross-wise, give mechanical .__
strength, while the increase surface gives <
much more electrical capacity. ..

Continue the stamping until the. whole
surface to be imme is printed.

the battery is put together, and
the electrolyte is poured in, it should be
chal‘%ed For a 2215 volt battery 'this
should take about 30 minutes  the first
time; then it should be discharged as
quickly as possible. When almost com-~
pletely . discharged,. the circuit for
charging should be again connected. but
in a different direction from the first
charge.

When this alternation of the direction
of the current has gone on for about
five times. the plates will be found to be
of a spongy consistency between the
short ribs. owing to the decompuosition of

(Continued on Page 57)
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A_SIMPLE ELECTROSCOPE.

An instrument used to detect the presence of Frictional
Electricity.

N electroscope is an instrument used

m frictional electrical experiments to
enable the presence of electricity to be
noted, and fo give some idea of its quan-
tity. The latter is determined by the ex-
tent to which the gold leaves are made
to diverge.

A gold-leaf electroscope is a copper
or brass wire, having a flat metal dise
or cap fastened at the upper end, and
two gold leaves hanging from the hook
of the lower end, the wire being hung
in a glass jar or bottle to shelter it from
currents of air,

If a glass tube is connected with the
cap or disc of the electroscope by a metal
wire (copper wire, for preference) and
the glass rubbed with a piece of silk, the
leaves will diverge with the electricity
that passes along the wire.

-Many other such experiments can be
performed with the apparatus by boys
who are fortunate enougﬁ to possess such
an instrument,

As, however, a gold-leaf electroscope
is undoubtedly beyond the reach of the
average boy, this article describes a
simple little modification which can be
built by even the youngest reader.

Cut_a small arrow, about 2% inches or
3_inches long, from light, stiff paper
(Fig. 1). Into a piece of pine-board,
stick a needle with the point uppermost
(Fig, 2).

Mount the arrow on the needle by
making a small hole with the point of a
pin (Fig 3). ¢

If a piece of writing or other soft paper
is rubbed briskly with the palm of the
hand and brought close to the arrow it
will cause the arrow to turn and follow
the paper.

A glass tube, a stick of sealing-wax, or
an ebonite rod rubbed with a piece of
cotton, silk or flannel cloth will affect
the arrow, either attracting or
it according to the kind of
generated.

repelling
electricity
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Fig. 1 shows the arrow cut from .

stiff paper; Fig. 2 is the needle mounted

on the baseboard, and ready to receive -

the arrow; Fig. 3 is a rough Mustration
of the completed instrument.

An interesting experiment is to comb
your hair with an ebonite or-vulcanite
comb, and then present the eomb to the
arrow. It will become very animated
ﬂu'o!l)x.gh the influence of the charged
com

Many other such experiments will sug-
gest themselves to the maker, and much-
profitable enjoyment may be had from
this simple little scientific toy.

Héw To Make _A Galvanoscope

An easily-constructed instrument for detecting electric cur-
; rents.

MOST boys who are interested in elec-

tricity have a desire to possess some
kind @f
measure and ,compare the strength of
the current obtained from the various
kinds of batteries.

Such an instrument is called a galvan-

ometer. It usually consists of a double:

coil of fine silk-covered wire which en-
circles a magnetic needle. :
current is passed through the wire the
needle endeavors to, put itself at .nght
angles to the passing current, and in so
doing moves a small pointer which
works over a graduated scale.

A galvanometer is rather costly to
buy, but the little modification to be
described—di by the name gal-
vanoscope—while, perhaps, not being as
sensitive as the more costly instrument,
will serve most purposes of the bog; ex-

rimenter, and has the recommendation

f being both cheap and easy to build.

From cigar-box wood make a frame-
work about 5 inches or 6 inches long, 11

instrument by which they can.

When- the:

%n)ches wide. and 1% inches deep. (Fig.

, '

FIG3

How the magnetic needie is balanced on
the needie-point,

This framework is now wound round
and round with ten or twelve turns of
silk or cotton-covered wire of about No.
20 to 26 gauge,

Fasten the framework to a rectangu-
lar wooden board and attach the
free ends of the wire fo two terminal
screws, as shown in Fig. 2, For the sake

of clearness, only three turns of wire
are shown passing round the framework.

With a compass draw a graduated
chart on a piece of cardboard and glue
it fo the base under the wires as
shown, putting the zero. of the scale
under the centre of the wires.

The magnetic needle is made from a
piece of watch or clock spring, bent as
shown in Figure 3, It.ds magnetised by
stroking it several times from left to
right, ope way only, on a bar or horses
shoe magnet.

The magnetised needle is then bal-
anced on the point of an ordinary sew-
ing needle, pushed through the wood in
such a way that the magnetised needle
is able to swing clearly, and as close to
the wires as possible. -

A compass needle makes an ideal
needle, and has the advantage of being
already magnetised. \

The deflection of the needle shows the
presence of a_current when it passes
throug1 the coils; the direction of deflec-
tion shows the direction in which the
current is flowing; and the amount of
the deflection indicates the comparative
strength of the current.

Owing to the small number of turns
of wire used, the needle will not re-
spond to very weak currents,

INlustrating how the magnetic needle is arranged in con-
=4 Junetion with the winding.
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AN ELECTRIC SOLENOID

An interesting experiment for the radio amateur to carry out.

A SOLENOID is really a hollow coil of

wire, - If a current of electricity is
sent through the coil of wire, the coil
will exhibit the power of attraction, even
though there is no soft-iron core; and
if a piece of thin iron be brought near
the hollow coil - it will be drawn into
the coil. * ]

Wrap "2 layer of thick paper, about
two inches square, around a lead pencil
tn form-a cylinder, and paste the edges.
When dry, withdraw the pentil and fit
cardboard end pieces to the tube, form-
ing a little cardboard spool.

Next wind this spool with four or five
layers of No. 22 cotton-covered wire,
leaving three inches of wire free at each
end to fasten to the terminal screws.

Motunt the coil uptight on a suitable
baseboard, fastening it with glue or seal-
ing wax, andyjoin the free ends of wire
to two terminal screws, as shown in
Figure 1. a3

Bend a piece of stiff wire in the form
of an inverted L (see Figures 1 and 2)
and screw it to the baseboard, To the
end (Z) f a thin retractile spring
and to the other end of the spring tie
a nail so that it will hang directly over
the hollow coil.

Arrange a circuif as shown, with a

p;ess-butto?l, battery and solenoid. Every
time the press-button is operated the
nail will be sucked into the spool, and
as _soon as the connection is broken the
nail will be drawn out by the spring.
The retractile spring should be ver

weak. Sometimes the arrangement

work well if thin elastic is used instead

of the ms_f)rmg.
A varlation of the foregoing is_made
by mounting the solenoid as in Figure

Another method of mounting an electric
solenoid.
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FIG. 1

A simple vertical electric solenoid.

2. The nail is arranged to swing from
the point (Z) just in front of the ollow
coil of wire, No spring is needed. Eve
time the circuit is closed the nail is
drawn in and, as soon as the circuit is
broken, it swings out.

Other instruments, such as an electric
swing, an electric engine, and a battering
ram will suggest themsélves to the young
enthusiast, the solénoid particularly lend-
ing itself to electric toy construction.

To Detect Earth Currents

AN interesting little experiment to de-
tect natural earth currents may be
performed with a pair of head-phones
and an ordinary coarse file. Place two
wires about 20 feet or more in length
end to end, earthing the ends of each
wire, as in Figures-l and 2. In Figure
1 place a file as shown, arranging the
loose end of the wire so that it can be
rubbed on the rough surface of the
file.
Connect up the head-phones as shown

4||I||||—

Showing the headphones connected be-
tween two spaced earth plates.

in Figure 2, using no battery in either
circuit, v

Get a friend to scratch the wire along
the file while you listen on the head-
phones, The sound of the wire scrap-
ing on the file can be heard quite dis-
tinetly in the head-phones, although
there is no conn between the two
except through the earth.

It will be found that the distance be-
tween the wires: may be increased to

approximately twice their length, or per-
haps a little more. The experiment will

work best if carried out in a north-east’

to south-west direction, as this is the
general direction of most of the earth
currents.

This, it will be seen, is really a novel
little wireless set, and may be success-
fully worked from house to house, using
neither aerial nor battery.

The file and contact arranged to make
and break the circuit.

To Hear The Tramp

Of A Fly

\VITH the little instrument illustrated

here, it is possible to hear the tramp
of a fly over a distance of several hun-
dred feet.

Get a round stick of carbon such
as is used in small dry batteries, and
pivot it on a brass support as shown. It
should be arranged so that it rests by
a slight pressure of its weight on a small
block of carbon.

A length of wire is connected to the
brass uprights and another to the block
These wires are led to a battery and
head-phones are shown.

The ticking of a watch will be wery
loud when heard through this simple
little microphone. It will also transmit
articulate speech if the speaker stands a
foot away.

The playing of any musical instrument
in the near vicinity of the instrument
will be faithfully reproduced in the head-
phones.

Circuit of the apparatus used to make
audible the footsteps of a fly.

An Emergency Buzzer

FAIR substitute for a buzzer for
practice purposes can be made by
slipping a table knife under a dinner
plate so that the point of the blade
reaches near the centre -of the plate, and
then operating the handle of the knife
in the same manner as a Morse key.
This, of course, is merely a “stop-gap.”

P
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ACCUMULATORS AND -

THEIR

~  An explanatory

HERE is po doubt that the best “A”
battery, though not the lowest in

; initial cost,- is the ordinary lead

' accumulator. It is dependable and
will stand a reasonably high rate of dis-
charge ‘without the falling off in output
which, in. the case of the usual primary
battery, is noticed owing to polarisation.

Another point in favor of the lead ac-
cumulator is its constant current and
the convenient fact that the normal volt-
age of the cell is practically two volts.
When fully charged the EMF. is some-
what higher, and when practically “flat,”
it drops as low as 1.7 volts.

But, like every other good thing, the
accumulator has its drawbacks. Its
electrolyte is a corrosive acid solution,
which, if split and not immediately at-
tended to,. will inevitably damage clothes
—and-carpets. Fortunately, a remedy is
at hand-in the household ammonia bottle.
Ammonia, if applied promptly, will neu-
tralise acid before damage has ensued.

Diluted sulphuric acid is, of course
a conductor of electricity. Otherwise
it would not be electrolyte. This explains
why a battery sometimes will not hold
its-<harge. A film of dust moist with
acid on the top of the battery will often

~~-Jridge the terminals sufficiently well to

let a very appreciable current pass. There
is a second reason for keeping the top
clean — to prevent corrosion of the
terminals, rroded terminals not
only look untidy; they may present a
high resistance to the passage of the
current. The cure is to polish them
~ till bright with emery cloth, finally ap-
plying a smear of vaseline.

Fauits and 'i‘heir Remedies

With proper care, radio accumulators
will last many years, hence their economy.
Most faults are due to carelessness or
neglect. Never short-circuit a battery
to see if it is charged; “shorts” cause
buckled plates. When the solution eva-
porates or becomes electrolysed, it is
only water which disappears. There-
fore, the loss must be made up by the
addition of sufficient clean distilled water
to cover the tops of the plates. Despite

e, Btatements sometimes made to the con-
[]

" the addition of acid is only neces-
saty to make up loss by spilling.

A curious effect results from a leak
of electrolyte between two adjacent cells
in series. Instead of the total EM.F.
being 4 volts, it becomes reduced to 2.
Only the minutest of holes is necessary,
as the result is due to the insulation
failure — not to the mere mingling of the
solutions. Internal ‘“shorts” between ad-
jlacent plates are often the result of buck-
ing, due to rapid charging or discharg-
ing, or to pellets of oxide falliné out of
the grids from rough handling. Sulphate
deposits are another cause, while the gra-
dual collection of sludge at the bottom
of the cells is a fourth.

Storing a battery for considerable
periods is a matter not quite so simple
as it sounds, if deterioration is to be

CARE

article dealing with the upkeep, charging
and testing of accumulators.

avoided. Two methods
“Wet" and I‘dry."

To prepare for wet storage, have the
battery fully charged, be sure the top
is clean and dry, and coat the terminals
with vaseline. Keep it in a ceol place
and see that it receives a freshening
charge every two months.

Preparation for dry storage is more
troublesome, but the necessity for peri-
odical recharging is avoided. Give the
battery a thorough charge; then empty
out the acid and refill with distilled
water.

Discharge

are -available,

tl;; bat{ery for a few

A Time Switch
TIME switch can be constructed that
will turn out the electric lights at
any desired time. A knife-swiﬁ!x, an
alarm clock, and a rat-trap the
“spring-tensioned” type are the neces-
sary parts of the apparatus.

The knife-switch is connected in the
circuit through which the current for
the lamp flows. Beneath the switch
handle, the rat-trap should be fastened
:g'escrews or nails tﬁ e(tihethwall.' Whgﬁ

trap-trigger is pulled, esprmg wi
fly u}xl), dlse%gaging the blades of the
switch.

A drawing showing the assembly of the
various parts of the time switch.

A length of wire should be connected
to the trap-trigger and tied to the alarm
winding key of the clock. When the
prescribed time arrives the key will
tighten the cord, pull the trigger, and
release the spring, and the switch handle
will be thrown up.
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This diagram shows the appearance of

a typical 4 volt accumulator,

haurs until the voltaa'fnas fallen by 10
per cent., and immediately empty out all
water. Drain the battery thoroughly, dry
the top and outside, and store in a
place free from dust, as described for the
wet system.

An accumulator consists of one or

more cells. The cell fundamentally con<"

sists of two kinds of plates, the posi-
tives (lead peroxide) and negatives
(sponge lead) in a solution, called the
electrolyte. The electrolyte consists of
a mixture of sulphuric acid and water
in such proportions a§ to best meet the
requirements of the service in which the
battery is to be used.

When you consider that all the energy
for the operation of a battery-operated
receiving set comes from the accumu-
lators, the care of them is insignificant.
They are always ready, however, to do
their work provided they are kept
charged.

A point to remember is that distilled
water should be added to the battery at
frequent intervals. During operation the
water evaporates and should be re-
placed. Never allow the electrolyte to get
below the top of the plate: keep it at
its proper level.

In order to understand the importance
of a fully charged battery it is necessary
to review the functions of the valve.
This cannot detect and amplify properly
unless it is supplied with an even flow
of electrical current to keep the filament
at tha proper temperatures without fluc-
tuation, to maintain on the plate a con-
stant high voltage, and to place on the
grid a potential which will keep it
negative at all times, thereby prevent-
ing the grid from becoming positive and
distorting the signals as they are receiv-
ed and amplified. A weak or partially
discharged battery cannot-give the fila-
ment, plate or grid an even flow of
current. :

-
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Frequent charging keeps the voltage
of the battery near'its maximum, giving
better results on the receiving set, as

well as establishing a reserve capacity’

which is always available, which would
not be the case if the battery were al-
lowed to reach discharge point before
¢harging,

Charging the battery may be done as
frequently as is convenient provided the
charging ‘is proportional to the time the
battery is in use.

Troubles

Undoubtedly the commonest trouble of
all is that known as sulphation. £
this is a long-standing complaint -
the result of undercharging or stand-
ing in a discharged, state over lengthy
periods — the negative plates may have
so hardened as to become almost
worthless. _ This accumulation of sul-
phate, in the form of white, powdery
patches, or a complete coating greatly
reduces the capacity of the accumu-
lator.  That is, it will not stand up
to the task as it should if maintain-
in perfect condition. The specific
gravity registers lower than normal,
and peculiar symptoms appear. On
charging, it will be found that the
voltage registers high, but below
normal when  discharging, that s
when the accumulator_is being used
with your receiver. If the trouble is
only slight, several good, full charges
not exceeding normal rate, may cor-
rect it, due to the fact that the sul-
phate is easily uble in the early
stages. When, however, the trouble
remains obstinale, a charge at a
somewhat higher rate may break up
this coating and crack it off, This
is .not recommended as the best
way to treat the trouble, as the ac-
tion resulting from this heavy charge
sometimes tends to odge some of
t}ll:o active material from the plates
also.
The better way is to drain off the elec-
trolyte and replace with a solution _con-
sisting of 4 oz. of sodium sulphate (Glau-
ber's salis) to each pint of disti
water. Charge the accumulator for the
specified time in the usual way, drain off
e solution, rinse the interior thorough-
ly, and then fill with fresh electrolyte
end charge fully. Keep the cells well
charged during the next week or so by
applying frequent “freshening” charges,
whether the accumulator is in use or not.
Where plates are so thickly covered
with a particularly hard surface of sul-
phate, the only other chance is to re-
move plates from the container and scrape
them clean; then complete by using the
solution as described.

Clothes Peg Detector

The accompanying sketch, which is
self-explanatory, shows how a crystal
détector can he made from a common
clothes™ peg.
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Migerophone Amplifier
A signal booster.

BIANY amateurs who are unable to go

to the expense of valve amplifiers for
their crystal receivers will obtain excel-
lent results from this microphone ampli-
fier. It is necessary to purchase a micro-
phone button. An ordinary one pole piece
ohms headphone is screwed to the
panel. A piece of 5/32in. threaded rod is
then bolted to the panel next to the phone
in the manner shown in the di 3
The brass strip is then bent and drilled
at both ends.—The button is attached
to one end and fitted to the panel by
means of the threaded rod at the other.
A soft’iron armature of diameter the
same as the pole piece is then fitted to
a reed, w}fuct};l in turn }lf fitted to a dia-
agm o e microphone button. The
mb if threaded right through, has a
great effect on the results produced. The
connections are made as follows:—
The headphone is connected to the re-

Handbook No. 12

F

wSVING
A%” RS

—

EARPIECL

A diagrammatic sketch of the finished
amplificr.,

ceiver in the usual manner. From one
terminal of the microphone button to
the positive of a four volt dry cell; from
the negative of the cell to loud speaker
terminal or phone tip. The finishing con-
nection is from the remaining terminal
on the button. and the other phone tip
or speaker terminal.

Loss of density of the electrolyte may
also be caused by impure electrolyte;
short-circuits (caused by active material
from one set of plates making contact
with the other set of plates) or through
sediment filling the space at the bottom
of the container and touching the plates,
thus causing a loss of capacity.

When impure electrolyte causes the
trouble, have it replaced with fresh acid
of the correct specific gravity without
delay. If sediment is causing the trouble,
remove the top cover of the accumu-
lator, lift the complete set of plates out
and thoroughly clean out the interior of
the container, and the plates themselves
before replacing. In all cases, place the
cells on charge immediately fresh elec-
trolyte has been poured in.

. In addition to sediment causing trouble,
it sometimes happens that an internal
“short” occurs which may be hard to
locate without removing the plates.

Buckling, or warping of the plates is
not such a common occurrence nowadavs,
as stronger plates are generally utilised.
The trouble, when it does occur, is gen-
erally the result of charging at too high
(fast) a rate, or discharging at a faster
rate than that specified. The latter is a
rare occurrence now as even a small ac-
cumulator is often rated to discharge at
a 3 amp rate.

In these days of low consumption
valves, the damage done by heavy dis-
charge is usually the result of short-
circuits in the leads, when the wires
start to burn, and smoke appears. If
you have not subjected your cells to this
treatment, yet the plates are buckled,
look to the CHARGING RATE. An
ammeter placed in the negative lead
when charging will show what is taking
place.

In selecting an accumulator, the im-
portant points to remember are: good,
strong plates, good separators between
plates, ample space between bottom of
plates and “foor” of container (to allow
sediment to fall clear), roomy vent holes,
allowing easy changing of electrolyte,
znd a transparent container enabling the
condition of the plates to be ascertained
at a glance. Anyone, by noting the fol-
lowing action described, is enabled to
do so with very little practice, when a
knowledge of the chemical action which
takes place in an accumulator is gained.

Another thing which puzzles a great
many users of accumulators is the

direction of the current flow. With ac-
cumulators, the current flow in the ex-
ternal circuit is from positive to nega-
tive, but, following this process through.
it is discovered that the current flow in-
side the cells is from negative to posi-
tive. This is ndk as confusing as it
seems at first glance. Imagine the ac-
cumulator to be a house with just two
doors—one front, one back. The “front*
is regarded as the positive, the back as
the negative. You start from the front
door (positive) and move outside and
towards the back door (negative). You
arrive there, but to complete the cireuit
you now have to travel through the house-
g;\ccumulator) from “negative” to

ve.”
completes a circuit, first using the ex-
ternal connecting circuit and then re-
turning through the interior of the cells
which comprise the, accumulator.

i

The Use of an Hydrometer.

A hydrometer permits the operator to
know the conditions of charge that exists
within the battery. A hydrometer iz «
small glass tube-like barrel container
with a small glass float within. A rub-
ber bulb'is connected at one end and
the electrolyte is sucked ug into the bar-
rel chamber. The glass float will float
differently at different specific gravity
readings. The float is graduated and
readings are at the point where the float
submerges under the electrolyte.

A full charge will float the graduated
tube high and when the battery is diss
charged it will sink.

When a battery is fully charged, the
density should read about 1280 on—tie
scale, and this may fall to 1175 quite
safely. If, however, it reads as low as
1150 or 1125, recharging is necessary.

These figures, of coursé, apply only to
electrolyte of standard strength.

When carrying out these tests, test
solution from each cell separately, and
replace it in the cell from which it was
drawn. Use only glass or earthenware
vessels, funnels, ete., for the battery re-
sents impurities, especially of a metallic
nature.

It is when the battery is in a discharged
or partially dischar, condition that the
acid attacks the plates and causes the
noises that are often mistaken for static.
Always keep the electrolyte solution
about one-eighth or one-fourth inch
above the top of the plates.

.

Likewise, when current flows &~
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An ele’rﬁéntary description and symbol chart for the
learning of the Morse code.

NYONE tan learn to read and to send the Morse code if he
A sets his mind to it. There is no short-cut to success in
learning Morse, although one hears every now and then of

some such system. The mere fact that these systems do not stand
the test of time is proof enough that these “short-cuts” are not

worth bothering with.

The man who wishes to become pro-
ficient at Morse must be prepared to
stick to it and practise every day. for,
like learning anything else,. it is practice
that makes perfect.

Learning to read the Morse code is
like learning another language, only
more simple.

The Morse code comprises two sounds,
a short sound and a long sound, of the
same pitch and intensity. These sounds
are known as dots and dashes. They
have a certain relationship to each other
and they have certain spacings of silence
between them.

An examination of the chart shows
thiat the Morse character corresponding
to the letter E is a single dot, I com-
prises two dots, T is one dash, and A
is a dot followed by a dash, and so on.
Now a dot comprises a very short sound,
and the length of a dash is equal to
the length of three dots sent without
any spacing between them.

It was stated that Morse was like an-
other language, for the art of translat-
ing the Morse characters into writing
must be learned. Thus, when someone
pronounces the letter A that letter is
immediately written without any con-
scious effort, because the brain has been
so trained for many years. In school a
teacher will draw the letter A on the
blackboard; then pronounce it so that
the scholar is able to learn which letter
corresponds to that sound. So in Morse
it is necessary to learn the sound corre-
sponding to each letter of the alphabet.

or instance, the letter Z is pronounced
as said, with the S slurred (zed), where-

= 4§ 1ihe Americans pronounce it as See

(agdin the S is slurred, Zee).

Therefore, the first thing to do ‘is to
learn all of the characters as sound.
This is usually done by substituting the
sound of Dit for a dot and Dah for a
dash. Start off by taking the first five
charaeters and saying them out aloud, as
A, dit dah; B, dat dit dit dit; and so
on. When you have memorised these,
continue with the next five until all of
the characters have been learnt.

Do not attempt to learn all of those
consisting only of dots; then all of those
with dashes only, as this so-called short-
cut inevitably leads to confusion.

Once you have memorised the sounds
vou must practise by listening in to a

Morse station that is sending slowly. At
first you will not be able to make very
much of it, but after a while you will
find that you will be able to get some
of it. Keep at it, and always listen to

A Simple Electro-Magnet

A SIMPLE, yet effective little electro-
magnet may be easily constructed as
follows:— )
_Get a 2l%-inch wire nail and anneal
it by making it red hot in the kitchen
fire and allowing it to remain in the hot
ashes overnight, so that it will cool slow-
ly as the fire gradually dies down.
Hammer the point of the -nail into a
suitable square of wood to serve as a
basebpard, and wind the nail, end to
end, with three or four layers of No. 26
gauge silk or cotton-covered copper wire,
}vm_ﬁmg round and round clockwise, that
is, in the direction of the movements of
the hands of a clock.

Fasten the final layer by tying it

74 A0 401148

7,

o
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A diagram of a simple electro-magnet.

securely with a piece of strong cotton
or thread, leaving an inch or two of the
wire with which to connect it to the
terminal screws. :

Fasten a couple of terminal screws into
the baseboard. and connect an end of the
wire to each.

If the terminals of a good dry cell are
connected to the terminal screws of the
electro-magnet, strong magnetism will
be induced in the naii, but as soon as the
circuit is broken at any point the mag-
netism will immediately disappear.

If a small tapping-key is inserted in
the circuit to open and close it at will,
and a thin nail suspended a short dis-
tance away, the nail will be attracted
every time the key is closed.

A code of signals may be arranged,
and messages signalled from one room to
another.
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The Morse Code Symhbols.

transmissions that are faster than the
speed at which you can read. Logically,
if an attempt is never made to copy 20
words a minute, the 20-word-a-minute
speed will never be attained.

If a commercial station sending slow
automatic Morse is on the air, persevere
with it, although perhaps only a few
letters are receivable. Most likely, the
transmission is in cipher, but this affords
the best practice of all, as it eliminates
any tendency towards guessing,

Learning To Send

Remember that it is the spacing be-
tween letters and words that alters the
speed of a message. At 10 words per
minute the word “ace” should be over-
spaced like this:— “a — ¢ — e"; at
20 words per minute it would be “a”
¢ — ¢” and at 30 wp.m. it would be
‘la c e-.')

Thus the first necessity after mémoris-
ing the Morse code is to learn timing.
The joining of the dits and dahs in a
letter must be uniformly done, or some-
thing quite different will be signalled.
Thus the letter V should be sent (..=).
If the three dots are spaced from the
fina] dash it becomes ST.

Timing, therefore, is of paramount im-
portance, and the man who intends to
become a first-class operator must learn
timing. This is mainly a matter of per-
fecting his timing at a low speed and
then raising. his speed. Many operators
attempt to send as quickly as possible,
and never have any sense of timing.

A key and buzzer should be used for
prdetice, and practice. must he kept up
until the sense of timing has become
sub-conscious. Only then should the
speed be increased—and increased very
gradually.

A quarter of an hour’s practice every
day for several months will soon break
the back of learning to operate and read
the signals that make up the Morse code.
Practice—with receiver and with Kkey
and buzzer—is all that is necessary, and
when you can ‘read Morse at a fair rate
(say, at 20 words a minute), a new world
of radio will be opened. Amateurs in
foreign lands, ships at sea, news ser-
vices, all are there for the listening.
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WOODEN TELEGRAPH
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A simple and inexpensive telegraph key and
sounder which is capable of doing really use-

ful work.

TELEGRAPH instrument which
Awill work—and work well—is of
interest to almost every radio ex-

rimenter. But even the cheap-
est te egrag}; combinations are expen-
sive, and yond the reach of many

would-be amateur telegraphists.

In order to make the construction of
this telegraph key and sounder very
simple, it was decided to build it of
wood. Actual experiments have shown
that this is possible, and the result is

- ~a_telegraph combination which is capable

of doing really wuseful work.

A telegraph set consists of a key,
sounder, battery, and the necessary con-
necting wires. The first instrument,

SQUNDER

Figs. 2 and 3: Diagrammatic sketch of
an easily-built telegraph sounder.

therefore, to engage our attention is the
sending key, usually a lever of brass
playing between two platinum points.

The baseboard (a) (Fig. 1) is made
of half-inch‘ipipe. It should be about
seven inches long and three inches wide.
Sandpaper it thotroughly, and give it a
coat of shellac or ordinary varnish.

The next is the block, or upright in
which the lever works. The general
shape of this can be seen in Fig. 2,
a side view being denoted by (b) in
Fig. 1. This should be two inches high,
and one and a half inches wide, with a
gap of half an inch to take the lever.
This, too, should be smoothed and varn-
ished. When dry it should be screwed
firmly to the baseboard, as in Fig. 1.

Then comes the lever.- This is sawn
from a piece of half-inch pine wood,
and should be 15 x % x 5 inches. A kncb
(¢) (Fig. 1) is shaped and glued as
shown, This knob may be fashioned
from either cork or wood. Half an inch
from each end a brass screw is let in,
the screws being connected by a piece
of thin, bare c:é)per wire which should
ke twisted round the head of one screw,

o
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EARTH OR RETURN WIRE
Diagrom of an Open-Circuit Telcgraph Line.

brought along the tog of the lever, and
twisted around the head of the other.
The back screw (d) is connected with a
terminal screw on the baseboard by a
short piece of flexible wire.

The lever is arranged so that it works
freely on a pin in the upright; but, be-
fore this is finally fixed, two small pieces
of brass (x and y) should be screwed to
the baseboard so that the screws (d and

e) make good contact with them as the .

lever is worked. A short length of spiral
spring (z) is arranged near the back stop
so that the lever is drawn sharply down
ghen not in use. This completes the
ey.
The next is the sounder, the instru-
ment which makes the signals audible.

The electromagnet (m) (Fig. 3) is the
next to engage our attention. Get a
bolt about two inches long, and soften
it by heating to a red heat and then
letting it cool slowly. It should then be
cleaned and wound evenly -with five
layers of No. 24 cotton or covered
wire, the ends of which should be con-
nected to two terminal screws in the
baseboard.

The lever is a piece of wood % x 16 x
4 inches, similar to that of the lever
of the key. It is made in a wooden up-
right (n), Fig 3. which is similar to that
of Fig. 2, except that it is 2% inches
high. This upright is screwed to the
baseboard as shown.

Place the lever, or tongue, as it is
called. temporariiy in position, and
mark the place which hangs directly over
the iron core (bolt) of the electro-magnet.
At this point, a small piece of soft iron
—the armature — must be tacked or
screwed. Brass is useless, and must not
be used.

Then put the tongue (t) in position,
allowing half an inch of it to pass be-
yond the upright (n). A spiral spring

SOUNODER

BATTERY

Diagram of a closed-circuit Morse line.

(s) is fastened from the overhanging
point to the baseboard, so adjusted that
it will draw the lever upwards.

The end piece (p) is made of wood,
and is cut so that the tongue plays free-
ly between the two screws, as shown.
The bottom screw should be adjusted so
that the armature almost touches the
core. There should be just room enough
to pass a piece of writing paper between
the armature and core. If two tiny
metal plates are tacked to the end of
the tongue where it beats between the
screws, the metallic sound will be almost
that of a professional instrument.

Two dry or leclanche cells will work
it well, and the set should be con-
nected as shown. If two boys wish to

Fig. 1: A tclegraph key in detafl.

work together, they should use the sec-
ond method of connection known as the
“‘open circuit Morse.” In this, the bat-
teries are in use only when signals are
actually being exchanged, the keys being
kept open (i.e., drawn back by

spring so that the back screw makes

tact with the back stop.) “ﬁ

In the first instance, one wire from
the sounder is connected to either sgrew
of the key-lever, the other wire
joined to the battery, which in turn is
connected to the front stop of the key.
In this diagram, the back stop of the key
is not used.

When two stations are connected in
open circuit, the line wire is joined to
one of the sounder wires, the other
sounder wire being connected to one
of the screws of the key-lever. The
front stop of each key is connected with
the battery, and the other battery ter-
minal with the earth or the return wire,
the back stop of each key being con-
nected with the earth or return wire.

Elsewhere will be found a copy of
the Morse code. This should be memo-
rised and soon it will be found you are
able to exchange readable Morse signals
between any two points.
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A PRACTICAL
SENDER

MANY a boy studying Morse receiving

has longed for someone to ‘‘send” to
him for an hour or two each day to give
him the necessary practice and get his
ear accustomed to the sounds which
represent the various letters comprising
the Morse Code.

With the little instruments described
in this article it is possible for anyone
to “‘send” Morse signals, even if, as a
boy once put it, the operator doesn’t
know a dot from a broomstick. No
knowledge of the Morse code is neces-
sary, yet good Morse signals can be ac-
curately transmitted. i

First, get a piece of deal board to
form the base of the instrument, and
smooth it with sandpaper. The dimen-
sions, which, however, are not very im-
portant, should be about 12 inches by
9 1nches.

Next get a piece of tin, or better still,
thin brass of the same size as the board,
and tack it evenly on the board. This
tin or brass must then be thoroughly
cleaned, for it is through this metallic
plate that the electrical contacts have
to be made,

The next operation is to paste or glue
a shect of stout brown paper over the
metal, cutting away the left hand bot-
tom corner. (See diagram.)

Give this paper a good coat of varnish;
then, when dry. cut out, with a sharp
knife, the dots and dashes which stand
for the alphabet in the Morse code, leav-
ing the shiny surface of the metal be-
neath.

Beginning with “A,” go right through
the alphabet, line after line, and, if
there is any room left when the letter
“Z” is reached, cut out the numerals
as well, from one to nought. The dashes

THE BEGINNER'S BOOK OF RADIO

MORSE

This novel method of sending
Morse code signals will interest
the junior experimenter.

This is not as big a job as it may
appear. The writer recently made a very
workable instrument in less than half
an hour.

With the exception of a metallic
brush, the instrument is complete. This
brush is made from a length of single
flexible wire. Get about three-quarters
of a yard and bare about an inch of the
fine wires at one end. Spread these out
in the form of a brush, and bind the wire
to the end of an old pen-handle. The
other end of the flexible wire is con-
nected with one of the buzzer terminals,

- as shown.

The diagram explains the actual con-
nections, but perhaps a word or twe
concerning these may help.

A wire is connected with the metal-
lic plate (tin or brass) at the left-hand
corner, where the paper was cut away.
A brass screw through the metal into
the wooden base will hold the wire
securely The other end of this piece of
wire is connected with the lever of the
key, and, what is known as the front-
stop of the key, is connected with the
battery, which, in turn, is joined to the
free terminal of the buzzer, the other
buzzer terminal being joined to the
flexible wire connected with the metal-
lic brush, as explained previously.

Now, to work the instrument! The
brush is taken in the right hand, be-
tween finger and thumb, and is moved
firmly and “evenly from left to right,
over the letter to be transmitted. If the
metal is gerfectly clean, and, if moder-
ate care has been taken in cutting out
the signals, the tongue of the buzzer
will respond at once with perfect signals.

When operating the instrument, the

should be cut three times the length of circuit-closer of the key should be
the dots, and a little space left between kept open, as the “sender” ig joined up
each of the letters. in parallel with it.
g
77 BUZZER
84 FLEXIBLE
|||—-o BRUSH

A diagram o) the Morse code sendex.

Wwihen sending nessages by means of

the flexible brush it 1s necessary to aave the key closcd.
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Circuit diagram of an open-circnit

telegraph line,

An Open-Circuit Telegraph
System

N open-circuit telegraph system,

operating between two rooms, is the
desire of every boy. By following the
diagram given, and the few simple de-
tails provided, any boys can arrange this
little installation.

Elsewhere in this book the construc-
tion of a wooden key and sounder is de=-
tailed. These instruments may be used,
the circuit being so arranged that the
batteries are only brought into action
when a key is depressed.

The line is of the ground-return
variety or two wires may be used if
desired. the second wire taking the place
of the ground. One terminzl of the bat-
tery is connected to the line, and the
other is connected to the key, which
leads to the ground. The sounder is
connected with the ground and the line.
_ In using a combination set, the wir-
ing of the set will have to be altered,
as in the diagram. The circuit switch
should be removed from the key, it be-
ing unnecessary, and, if accidentally left
closed, would soon exhaust the power
of the battery.

An extra terminal screw is added to the
keys. Wires are run from the sounder
to the line and the ground, and from
the key to the ground, while battery
lv{vlres are connected to the line and the

ey.

The advantages of this system are ap-
parent. The use of dry cells in place of
wet batteries is much cheaper, cleaner
and simpler. Either party may call at
any time. There is no switch to handle
when changing from receiving to trans-
mitting, and vice versa. No battery is
used at the receiving end, the current
tc‘iommg altogether from the sending sta-

on,

A Simple Primary Battery

A SIMPLE battery, for short experi=
' ments, may be quickly made as fol-
ows:—

Get a quart jar, a zinc rod and four
rods of carbon, such as those used in
cells. Tie the four sficks of earbon to-
gether and twist a piece of copper wire
around them at the top to make a good
connection with each carbon rod. This
forms one plate of the battery, the zine
rod being the other.

Stand the carwvon and zinc elements
in the jar and charge it with an extra
strong solution of sal-ammoniac. Some-
times common salt is used instead of the
sal-ammoniae, but the battery is then
not so satisfactory.

Owing to polarisation, this battery is
used only for short experiments,
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TRANSMISSION AND RECEPTION

A brief outline of the effect which the Heaviside Layer has
on the waves propagated from radio broadcasting stations.

Present-day radio broadcasting pre-
sents a fascinating subject for study. In
its existing form the art has for its aim
the picking up of programmes of either
speech or music, the translation of them
intn electrical impulses, and the trans-
mission of these impulses, through the
ether, to millions of listeners who are
equipped with suitable receiving ap-
paratus.

Broadly speaking, the sequence of
events which takes place during the
broadcast of an item begins with the
picking up of, shall we say, the singer’s
voice, by means of a microphone. This
delicate electrical ear possesses the ability
to translate into tiny electrical impulses
the sound pressure impulses brought
about by the action of the singer’s voice
spon the surrounding air.

The electrical impulses from the mi-
crophone are amplified some one mil-
lion-fold and are superimposed upon the
“‘carrier wave” generated by the trans-
mitting apparatus at the broadcasting
station.

This generative fpparatus produces an
alternating electric current of very high
frequency but of constant amplitude or
strength. This frequency cannot be
heard by the human ear, which will re-
spond to tones or frequencies lying be-
tween the alternation range of 20 and
15,000 cycles per second.

The amplified electric currents, which
are the electrical replica of the intona-
tions of the speaker's voice, can, how-
ever, be detected by the human ear if
they are passed through a system which
is the reverse of that which created
them.

In this circumstance they will be re-
created as intelligible speech or music.
Now, these amplified voice currents are
superimposed upon the constant ampli-
tude of the carrier-wave, which is then
said to be modulated. The result is that
the carrier-wave, which may be alter-
nating or changing its direction of flow
at a frequency of 1,000,000 times per
second, is now caused to alternate at
frequencies from 985,000 to 1,015,000 times
per second in accordance with the fre-
quency range of the superimposed voice
currents which are thus summative.
This varying electrical pulsation or
series of pulsations is caused by radia-
tion from an aerial system, to disturb
the conducting material which is known
to physieists as the ether.

Through this means the modulated
radio wave travels radially for distances
dependent upon the power of the trans-
mitting stations, the type of terrain over
which it passes, and the time of the day
and season of the year.

The elastic fluid which we call the
ether is in a constant state of flux;

so, too, do the transmission conditions.

and, consequently, the range of a given
broadcasting station vary. The greatest

variations, naturally, are to be noticed
at great distances from the broadcasting
station.

At the receiving station we find that
the process of transmission is complete-
ly reversed.

First we have the aerial system, which
is merely a collector of the etheric pul-
sations which have been caused by the
distant transmitting station.

Next we have a tuning system which
can be broadly spoken of as a means of
resonating the receiving set with the
transmitting set in the same way as,
perhaps, a violin or similar musical in-
strument in an orchestra may be at-
tuned to a piano.

This tuning system is rather important,
so we shall deal more fully with it
later on.

Following the tuning system we have
a detector or de-modulator, the purpose

Direcl Wave

impulse and passes the varying low fre-
guency impulses on to the loud speaker
by means of a device. called an ampli-
fier, which magnifies them.

Acting upon the loud speaker by means
of electro-magnetism, the amplified im-
pulses. still at low frequency. cause the
diaphragm of the loud speaker to dis-
turb the surrounding air and thus to
simulate the cadences of the voice of the
broadcasting artist.

We touched earlier upon the necessity
for tuning the receiving set. This 1s
necessary because the transmitter itself
must be tuned in order to ensure that
it generates impulses of only one fixed
frequency. If the receiver were not
tuned to the same frequency, in other
words, was not resonant with the trans-
mitter, a large proportion of the already
minute energy released from the trans-
mitting aerial would be lost and, at the
same time, other stations operating near

RECEIVER

= SARTH'S SURFACE

This diagram shows the two transmission waves sent from a broad
and the ecffect the Heaviside layer has on the reﬂecteda ws'gi't:u G

of which is to eliminate the high fre-
quency and inaudible “carrier-wave”
and to leave the still inaudible electrical
impulses of the original speech or music.
These now undergo further electrical
treatment in that they are boosted or
magnified by an amplifier and then are
fed to a loud speaker, where they set
up a varying magnetic field and cause
the movement of what we might call an
electric piston to which is attached the
diaphragm of the loud speaker.

The action of the amplified electrical
impulses is to cause the piston of the
loud speaker to move the diaphragm back
and forth in such a way that the air
displaced by the cone causes the same
effect upon the auditory nerves of the
listener as would the singer's original
voice.

To recapitulate. It should be remem-
bered that the singer’s voice is first
transformed into low frequency electri-
cal impulses of varying magnitude by
means of the microphone. These low fre-
quency impulses are super-imposed upon
the broadcasting station’s high frequency
carrier-wave which is transmitted at a
fixed magnitude. The receiving set is
fitted with a detector valve which elimi-
nates the now useless high frequency

the frequency of the first station would
be heard simultaneously. This latier
phenomenon is called “jamming” or
more commonly, “interference.”

Even when a receiver is provided with
a tuning system this may not be highly
efficient and interference between power-
ful stations operating at closely allied
frequencies will swamp the desired sta-
tion’s transmission. In these circum-
stances the receiver is said to be “broad”
or in-selective. Some types of receiver
are more selective than others apd,
geperally speaking, the more tuned 35?‘
cuits—combinations of capacity and in-
ductance which set the electrical reso-
nant period of the receiver—the more
selective will be the receiver.

There is another phenomenon at-
tached to the transmission of radio sig-
nals which has an important bearing
upon subsequent reception. This is the
fact that two wave-trains or sets of
modulated high frequency impulses are
released from the aerial simultaneously.
One of these is known as the “ground-
wave” and is believed to travel radially
from the transmitting aerial just above
the surface of the earth.

The other wave-train is known as the

|t}
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“sky-wave” and is projected towards
the upper atmosphere until it strikes a
non-conducting layer known as the
Heaviside Layer,” which may be likened
to an opaque wall which stops the pas-
sage of a beam of light.

Having impinged upon the Heaviside
layer at an. angle the radio sky-wave
is refracted and reflected back towards
the earth, which it strikes at a consider-
able distance from the transmitter.
Both wave-trains lose intensity (and so
are said to be attenuated) the further
they travel but the ground wave, being
absorbed by the earth over which it
posses, is the first to die out. Thus a
station may provide progressively weak-
ening reception over distances up to a
hundred miles and then die out only to
reappear at apparently undiminished
strength at distances farther than 200
miles from the station. :

The intervening distance; between the
point where the signal died out and the
point at which it is again audible is
said to be the “skip distance area” and
varies with different stations and differ-
ent transmitting frequencies.

The Heaviside Layer, although it is a
good friend to the radio listener, has its
own peculiarities. Like the intangible
ether, through which the radio signals
are transmitted, the Heaviside Layer is
in a constant state of flux and can be
compared with the movement of the
ocean. Thus, if the radio signal is be-
ing consistentlﬁa directed towards one
point in the yer, it can- be under-
stood that, as this point is constantly
changing its distances from the earth,
so the angle of refraction and reflec-
tion will alter and the signal will come
down to earth again at widely differing
angles,

This movement of the Heaviside Layer
produces one form of “fading” which is
the waxing and waning of the strength
of distant stations.

There is another form of “fading”
which is caused by the simultaneous ar-
rival at the receiving aerial of both the
fground wave and the sky wave. This
form can be particularly troublesome
because if the two waves are in phase
or in step, the signal strength will in-
crease, their gradual getting out of step,
due to movements of the upper layer,
will cause not only fading but distor-
tion of the broadcast speech and music,

One of the forward steps in radio re-
ceiver design which has done much to
overcome the trouble of fading signals
has been the introduction of ‘“auto-
matic volume control.” Briefly, the
function of automatic volume control is
to govern the sensitivity—response to
‘R:vhﬁk signals—of the radio receiver in

same way as the mechanical gover-
nor controls the speed of a steam engine.
When the strengtgxee of the received sig-
nal falls off, as it will during a period
of fading, so the automatic volume con-
trol system acts upon the receiver to
increase its sensitivity and thus restore
}he lauchble signal to a pre-conceived
evel,

When the fading period has the
automatic volume control reduces the
set’s sensitivity thus ensuring that the
receiver will, within limits, keep the
output signal in the loud speaker always
at the same volume.

Automatic volume control is an elec-
trical device built into practically every
modern receiver and is one which re-
quires no adjustment by the set-user.

One other drawback to successful
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radio reception, particularly reception in
which the transmitting and the receiving
stations are separated by great distances
is “static.”

This is a form of electrical interfer-
ence which possesses all the characteris-
tics of a radio transmitter in that it
will actuate the detector valve of a radio
receiver. It is caused by electrical
storms which may be either local or
come from outer space, and, unlike the
radio transmission, is absolutely un-
tuned. Thus it is capable of energising
the receiver, which it proceeds to do in
the form of a succession of splutters,
crashes and bangs, irrespective of the
frequency to which the former is tuned.

Although it can be very troublesome,
even in the temperate zones, static is
most virulent in the tropics, where it
has for days caused the complete ces-
i?tion of all forms of radio communica-
ion.

A similar electrical disturbance which
plays funny tricks with radio reception
is caused by electrical phenomena such
as the Aurora Australis.

Nowadays, in Australian coastal areas
at least, static is not such a serious
matter, because the large number of
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bubbles of near-by electrical machinery.

Radio has developed markedly since
the day when Marconi laboriously tap-
ped out the three dots of the letter S
to his colleagues listening in far New-
foundland. Today, with the agency of
the wonderful “shoit-waves,” those radio
frequencies which lie between 3 million
and 20 million cycles per second, it is
possible for the listener in Melbourne,
Sydney, Adelaide, or Perth, to hear the
broadcast description of the English
Derby, the latest American baseball
match, the progress of one of Russia’s
five-year plans, or a German song festi-
val, without leaving his own fireside,

Every hour of the day, from e
morning until late at night, the
wave listener can find something of
terest. With the aid of a simple, al-
though sensitive receiver, he literally
has his ear at the key-hole of the
world’s door, and has a choice of pro-

es which could not but please the

most critical of musicians.

All this is possible, because with the
short wavelengths the signals of very
high frequencies, strike the ionised
“Heaviside Layer” at acute angles, and_

is located within the body color.

STANDARD RESISTOR COLOR CODE

In the RMA (American) standard coding, ten colors are assigned to
the figures as shown in the following table.
colored to represent the first figure of the resistance value.
of the resistor is colored to represent the second figure.
of color, reptesenting the number of ciphers following the first twe figures

The body of the resistor is
One end
A band or :lot

Body End Dot
Brown .. . .. = 1 Black .. = @ Bleck . .. = No ciphers
Redy Lol i 00 - =% gr?iwn o = % grgwn = % »

et W =ieIMBRE e 8. N Bl . = K.
8:%%%5 — 4 Orange .. .. .. .. = 3 Orange -8B 4
o B e 5 Yellow .. .. .. = 4 Yellow I

R e M= b Green .. .. = 5 Green = 5 .
Blue .. .. .. .. = 6 Blye .. = § Blue = T
Violet .. .. .. .. = 7 Violet .. = 17 Violet = A
GIey, ... .o " .. —BMEGTeVESN . = 8 Grey ... = 8 ,
White .. .. .. .. = 9 White .. = 9 White = 9 -

comparatively high-powered transmit- thus are reflected at similarly sharp

ting stations which are in use ensures
that the majority of listeners will be in
radio reach of a broadcast signal of such
strength that static will not cause any
inconvenience.

It is in the inland areas of New South
Wales, Queensland, South and Western
Australia that King Static holds his
sway.

In the urban areas, however, matural
static is replaced with artificial static
generated by the multitudinous electri-
cal a@aratus to be found in the modern
city. ®Electric trams, industrial
electrical motors, and kindred electrical
machinery, and even such domestic aids
as vacuum cleaners and refrigerators, do
their share to make the life of the radio
listener miserable.

Fortunately, however, science has step-
ped in and shown the city dweller how
to overcome the greater part of this
“man-made” static’s effect upon his re-
ception.

Specially designed aerial systems, filter
circuits which prevent the electrical in-
terference from entering the receiver
via the domestic electric supply system,
and special screening of the receiver it-
self all help to prevent the reception
from being mar by the crackles and

angles to come down to earth at points
thousands of miles away from the broad-
cast stations from which they originated.

Fading, although present, is not usu-
ally severe on short waveler:ﬁths, while
static, that arch epempy of the listener
who likes to tune in ﬁm’” statigps, is
almost non-existent. nforfunagg the
ground wave of a short-wave n_is
not audible at more than a few miles
from the transmitter, so that we find
that the “skip distance area” may extend
for two or even three thousand miles.

There are other frequencies, known as
the Ultra Short Wavelengths, which lie
in the frequency range above 30 million
cycles and extend from 10 metres down
to below 1 metre. These are now in pro-
cess of being explored.

At present these frequencies exhibit
characteristics which make them
for communication only over ‘“visual”
distances, i.e., distances over which the

transmitti station is in the optical
range e receiver. Further experi-
ment, howegver, seems likely to show

that these fseguencies can be used for
transmission over greatly extended dis-
tances so that their present usefulness
cannot be truly gauged.
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AERIALS AND HOW TO
INSTALL THEM

An explanatory article dealing with many types of efficient
aerials used for the reception of radio signals.

7 HE aerial is the first link in the
chain which joins the announcer
to his listener, The aerial serves
as the collector of the minute im-

pulses sent out from the radio trans-

mitter, and as such must be given a cer-

3¢ tain amount of consideration.

One cardinal rule to remember about

4 aerials is that the more efficient they are

the better will be the results obtained
from the receiving set. 1ln earlier years,
considerable attention was paid to the
aerial system, which was designed and
ereéted with one idea—efficiency. To-
day the increased sensitivity of the aver-
&ge receiving set has more or less over-
cofMe thé necessity for an efficient aerial
system.

However, even with the most efficient
radio receiver, the best results will only
be obtained if the aerial system is elec-
trically efficfent and if it is erected in
such a way that the aerial wire is well
above earthed objects and as little sub-
ject as possiblé “to screening effects of
nearby buildings and trees.

There are three main types of aerials
in use today. are the outdoor
agrial. the indoor *gerial, and the mains
.gerial. Let us gg‘ke them one by one.

The Outdoor Aerial

This is the most efficient type of re-
céiving aerial for all-round use. When
roperly, erected it prgvides an excel-
ent signal pick-up and almost complete
freedom, from the electrical interference
e;‘\;perienced around the average large
city.

The outdoor aerial may be supported
from one or two masts. It should be
erected as high as convenient and as, far
away from buildings and other earthed
objects as possible. There are several
types of outdoor aerial. Each consists
of a flat top section, ie., a section sus-
pended between two supporting masts,
and a lead-in system.

The most generally used type is the
Inverted L, so called because the lead-
in wire is attached to one extremity of
the flat top section. The next type is
the T aerial, in which the lead-in is
atlached to the centre of the flat top
seclion. The third is a recently de-
veloped type known as the doublet.

U N

66 ft. 6-in.
«long, each
wire
CUT COUPLING b-
oMl IN
CENTER

)

;\ doublet type aerial system employ-
ing a transposed lead-in,

In the doublet type aerial the flat top
section is divided into two carefully pro-
portioned sections of equal length. The
junction of these two points is made
by two or more insulators, so that each
half of the flat top is electrically separ-
ated from the other.

To each inner section of the flat top is
soldered a lead-in wire which may be
twisted together or crossed over by
means of what are known as trans-
position blocks until it reaches the re-
ceiver.

It must be borne in mind that the
operation of a doublet aerial is depen-
dent upon the careful proportioning of
the length of each of tﬁe flat top sec-
tions and of the length of the two wire
lead-in.

The chief advantages of the doublet
type aerial are in short-wave reception
or for use in areas in which electrical
interference noise mars reception. We
shall have more to say about the erec-
tion of aerials later on.

The Indoor Aerial

‘This tyﬁe of aerial is used mainly by
city dwellers who are close enoug¥1 to
broadcasting stations or who possess re-
ceivers sufficiently sensitive to enable
the outdoor aerial to be eliminated. The
average indoor aerial consists either of
a wire suspended between the roof
gables of the house or merely slung
around the room on the picture railing.
With very sensitive receivers even a
few feet of wire coiled upon the floor
will provide sufficient pick-upgto act as
a reasonably good aerial. i<k

The indoor type of aerial does not
claim to be efficient, but, as pointed out
earlier, it has its advantages from the
convenience viewpoint.

The Mains Aerial

This type of aerial has never been
very popular in Australia, although it
is used to a considerable extent on the
Continent. The mains aerial makes use
of the power supply mains wires which
usually travel long distances suspended
on high poles. It is necessary, however,
to ensure that no electric supply from
the power mains reaches the radio re-
ceiver except through the latter’s power
system. Failure to watch this point
would result in dangerous electric
shocks or, at best, the blowing out of
the lighting and power system.

To overcome this possibility, and to
make the receiver safe, a small caplcity
fixed condenser is connected between the
aerial coil of the receiver and the elec-
tric supply mains.

The mains type aerial represents a
definite improvement on the indoor aerial
from the viewpoint of signal pick-up, but
it suffers from the disadvantages that
electrical interference caused by faulty
contacts, arcing generators and power
equipment, which is carried along the
mains, reaching the receiver and creat-
ing a good deal of crackling and frying
which mars reception.

One type of indoor aerial which has
not been listed is the frame or loop
aerial. As its name implies, this aerial

" consists of a number of turns of wire
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A frame or loop aerial.

wound round a square frame. This
type of aerial also has had its day and
is not used much now except for spe-
cialised work such as radio direction
finding. Like the indoor aerial it is
very inefficient, but it possesses great
directional characteristics which often
are useful to overcome station inter-
ference.

Another uncommon type of aerial is
the buried one in which a long wire is
carefully insulated and buried under-
ground. - 28

Then we have one of the commonest
makeshift aerials in which the earth
wire itself is attached to the aerial term-
inal of the receiver. This type of aerial
often gives better results, as far as .re-
ception of nearby stations is concerned,
than does a regular outdoor aerial.

How to Erect an Aerial
rJ‘HE first thing to decide in erecting

- an aerial system is which type is
to be used. We again stress the value
of the outdoor aerial if best results are
to be obtained. Let us consider an out-
door aerial first. The gauge of the
aeria] wire has some small bearing on
the electrical efficiency of the system,
but is not of sufficient importance to,
warrant attention from any but the
finicky. P

The main thing to watch is that the
wire has sufficient strength to prevent
breakages under normal conditions,
Remember that the longer the aerial
the stouter ‘must be the wire.

For ordinary purposes a single 16
gauge hard-drawn copper wire should
suffice. Note that the wire should be
of the hard-drawn variety, otherwise it
will stretch and finally break under ser-
vice.

Another type of aerial wire which also
is very satisfactory is the stranded type.
This may have either three or seven
strands and is termed 3/20 or 7/22
wire. The stranded wire is slightly
more efficient electrically and possesses
the advantage of being mechanically
stronger than the single-strand wire.

We are great believers in the use of
insulated aerial wire in city and sub-
urban areas or for use by the seaside.
The reason for this is that soot and kin-
dred impurities in the air form a deposit
on the aerial wire, oxidise it, and cause
it to be only partiailly conducting.

The salt air from the seaside performs
a similar function and, in addition, cor-
rodes the copper wire. The effect on the
ordinary rubber, or enamel insulation is
not so serious as either of the oxidising
actions so that the insulated aerial
wire will definitely prove more effi-
cient in the long run. The cheapest and

-

e
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probably best type of insulated aerial
wirel is that which is covered with en-
amel.

We come next to the question of the
aerial’'s length. Remember that the
longer the aerial is the more the signal
pick-up will be, but the more will
the damping which the aerial imposes
on the receiver tuning circuits.

A long aerial will improve the set's
range, but it will also impair its selectiv-
ity. Where highly selective reception is
desired the aerial should not be more
than 40 feet in length. To this, of
course, must be added the length of the
lead-in.

Having decided upon the length of the
aerial, the next thing to do is to seek
convenient points at which the support-
ing masts can be erected. Remember
that at this juncture we are consider-
ing the ideal outdoor aerial. Later we
will explain how aerials can be attached
to existing high points, such as chim-
neys and roof gables. o)

The masts should be as high as pos-
sible and should be so placed that the
aerial is kept clear of earthed objects.
If you can avoid it, do not run the
aerial nearer than 15 feet from a build-
ing wall or roof. Keep it even further
away from growing /trees and provide a
separation of at least 20 feet from iron
roofs and similar structures which can
absorb aerial power.

The best height for aerial masts for
distant reception is between 40 and 50
feet. Masts of this height, however, are
difficult to erect and require a consider-
able amount of guying to protect them
against wind stresses. The best all-
round mast height is 30 feet. Masts this
height, and made from selected oregon
tapering from three inches square at the
base to two inches square at the top,
can be erected single-handed without
difficulty. Higher masts require a num-
ber of helpers and some form of hoist-
ing gear.

The 30-feet masts require no guys if
firmly embedded in the ground, but, if
additional safety is wanted, a single back
guy. which takes the strain in the op-
posite direction to the aerial pull may
be used.

Having erected the aerial masts the
%t job is to make the aerial. For

s at least four strain type insulators
will be required. Two of these should
be connected in series between the
aerial and the halyard wire, which
should have been run through the pulley
attached to the masts before the latter
were erected. Remember, the more in-
sulators connected in series the greater
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This condensed type of doublet aerial shows tlie method employed to attach the

transmission line to the aerial.

the resistance to leakage and the more
efficient the aerial.

Figure two shows the method of at-
taching insulators to aerials and the
method used in erecting an inverted L
type aerial so that no join is made in
the wire. This is done by attaching the
insulator at the far end of the aerial,
extending the latter to its correct length,
and threading it through the near end
insulator and making a tie between the
the wire where it went through the near
end ‘insulator. The remaining wire is
lead down to the receiver and clipped
off at the desired length.

Wherever it is necessary to join an
aerial wire, such as when a lead-in is
attached to a T type aerial, be sure to
solder the join and to paint it with var-
nish to prevent corrosion,

The lead-in should be kept from con-
tact with the building wall. For this
purpose, stand-off insulators are used,
these being attached to the wall and the
lead-in twisted around them.

Where the lead-in passes through the
wall of the building to the receiver it
should be very heavily insulated. For
this purpose a suitable len of rubber-
covered wire can be soldered to the
main lead-in wire or the latter and be
brought in through a lead-in insulator
which is pushed through a suitable-sized
hole drilled in the wall or window sill.

'WOODEN
PLUG

A simple method of erecting an aerial system on the gable of house roof.

The line consists of a tightly twisted pair of wires.

In drilling the hole for this lead-in insu-
lator be sure to point it down towards
the outside so that no rain can enter
mie inside of the house via the lead-in

So much for our ultra-efficient aerial
system. In most city homes there is
either not sufficient room for the erec-
tion of two aerial masts, or the lady of
the house considers that they will spoil
the appearance of the place. In these
circumstances, the radio experimenter
must resort to more subtle methods. He
should cast his eye over the building
roof, noting the location of tall chimney
pots, roof gables and similar projections.
To any of these, suitably placed and
separated, it should be possibly to at-
tach a reasonably-efficient aerial system.
Where the lead-in must cross the gutter,
it is a good idea to arrange a piece of
wood so mounted that insulators can be
screwed to it in such a way that the
aerial will not come into contact with
the spouting or the building roof. An-
other way out of the difficult is to erect
one mast at the rear of the house and
run the other end of the aerial to a con-
venient chimney-pot or to a sub-
mast fastened to this chimney pot by
wire or iron bands.

A point which should be borne in mind
is the directivity of outdoor aerials, ie.,
the direction from which they will pick
up the strongest signals. The inverted
L. type aerial, provided that its flat top
section is perfectly horizontal, will pro-
vide peak reception from the end to
which the lead-in is attached. If the
aerial slopes downwards away from the
lead-in end the directive pick-up at
the lead-in end will be further in-
creased.

The T type aerial picks up equally
well from either end but is not very
responsive to signals coming at right
angles to its length.

The frame aerial, as we said before,
is very directional and picks up best
when its edge is pointing directly to-
wards the station it is desired to receive.
When the loop is swung round at right
angles to this desired direction its pick-
up is practically nil.

The doublet type aerial will receive
best from stations situated at right
angles to its length.

The indoor aerial is subject to the
same general conditions of directivity
as are the T and L. aerials with the dif-
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ference that, if the aerial wire is taken
around the four sides of the roem, the
directional effect is nullified and prac-
tically equal strength reception will be
obtained from all points.

Indoor Aerials

The erection of an indoor aerial is
usually governed by (a) ease of in-
stallation, and (b) ihconspicuous appear-
ance, Most modern homes have a con-
veniently recessed picture railing about
six or seven feet above the floor level
The recess between this raiing and the
wall can be used to hide tne aerial
wire. Insuiated wire of the type known
as beluen wire can be used ror indoor
aeriats. It possesses the advantage of
beng flexibte and 1s hignly msuated so
that it can be attacheu airectty to the
picture railing by bemg pressed down
under the neads of smail arawing pins.
Be sure not to let tne pins pterce tne
msutation on the wire.

The average indoor aerial might con-
venuently he maue 25 teet 1n length,
Shorter or longer lengths can be used
if aesired, but the teagin will depend
upon the degree of Signal pick-up and
the degree o1 selectivity aesiwred. dnorter
aerials will improve tne setecuvity and
reduce the pick-up whilst longer oncs
will operate in the opposite way.

It is desirable, when instatling in-
door aerials, to keep them as far away
as possible from electric light and tele-
phone wires, lnterterence petween the
radio aerial and either of these public
utility wires can be very annoying. In
certain circumstances it is possible to
operate a recewver from an aerial con-
sisting of only two or three feet of
wire attached to the set’s aerial termnal,
Reception will in  these circumstances
be aimost entirely confined to the local
stations and electrical interference dith-
culties are likely to be great.

Another simple indoor aerial sysiem
consists of the attachment of a 25ft.
length- of wire to the. receiver’s aerial
termmnais and the coiling up of "the
wire in the set cabinet.

The more 'elaborate types of indoor
aerial are attached to the rafters in
the roof gable, but these foilow the
general installation principles of outdoor
aerials, so need not be touched upon

here.
The Mains Aerial

For this type of aerfal system we re-
quire a knowledge of soidering and
some knowiedge of the circuit of the
veceiving set. Two fixed condensers,
one of 06 mfd. capacity and the other
of 0001 mfd. or 00025 mfd. capacity, are
connected in series. The vacant lug of
the 006 mfd. condenser is connccted to
one of the A.C. supply mains, whilst the
vacant lug on tne smaller condenser
joins to the aerial terminal on the re-
ceiver. These connections are best made
ander the receiver chassis. The con-
densers used for the job should be of
the highest grade mica dielectric type,
for fauity condensers will result in a
leakage or a--short-circuit which may
have very serious consequences for the
set user.

Special Types of Aerials

We come now to the special types of
acrials used for short-wave reception
and for the elimination of electrical
wteiference which spoils radio reception
in so many city and suburban homes.
As mentioned previously. the most
popular short-wave aerial is the re-
cently-develoned doublet.
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There is another type of short-wave

aerial. however, Which is- not -so diffi-
cult as the doublet to erect and yet
possesses at least one advantage which
the doublet hasn’t. This is the semi-
vertical aerial. This may be of any
convenient length, but should be as
high as possible, If convenient, a mast
45 or even 50ft. in height should be
used. Only one mast is wanted. The
aerial wire is brought down from the
top of the mast to a point, say, 12ft.
above the ground and about 6ft. out
from the base of a 50ft. mast. (For
shorter masts this distance out from the
base will be proportionately reduced.)
From the 12ft. high anchor point take
the lead-in to the receiver, supporting
it from contact viith buildings and other
carthed objects by means of insulators.

This type of aerial is practically non-
directional, is excellent for short-wave
reception and is not susceptible to
motor car ignition interference to any-
thing like the degree that horizontal

aerials are. Naturally, it should be in-
sulated and generally constructed in
accordance with the principles laid

down for o6ur ideal broadcast outdoor
aerial,

The next type of aerial is the doublet.

Now it is useless to attempt to build:

a doublet aerial unless you are -
pared to follow directions closely. There
are various types of commercially-made
doublet acrials, all of which. work very

kDrl 8 Antenna s pu
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dAntenna
on ﬁa’c Roof

Three simple methods of erecting

acrials in confined spaces.

well under suitable conditions. They all
suffer from one failing in that they can-
not be tuned and are only fully re-
sponsive to a very narrow band of wave-
lengths. Untuned aerials do not matter
much for broadcast reception, but on
short waves, where every effort must be
made to get the maximum from the rc-
ceiver, if really distant reception is de-
sired, it is almost essential to use a
tuned aerial.

The doublet type aerial with which
we shall deal is quite simple in design,
vet has proved remarkably efficient. It
consists of two flat top sections, L1 and
L2, separated by a distance of 15 inches
by means of two or more insulators. To
each of these' ilat top sections—in the
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middle of the complete aerial system—
are attached feeder lines F1 and F2

The flat top sections must each be the
same length and should measure exactly
33t. 3in. in length. This distance is
measured from insulator to insulator
on cach of the sections, After being
taken through the insulator at each
end, the end of the wire should be
cleaned, wrapped around the aerial and
soldered. The feeder lines should be sol-
dered to this same point on each of the
flat top sections. The total length of
each feeder line should be G66ft. 6in.
These dimensions are very important
and should be checked carefully.

The flat top section should be made
from gauge 14 enamel-covered wire.

The feeder lines may consist of ordi-
nary twin lighting flexible wire or,
better still, of 3/20 electric light wire
insulated with rubber and waxed cotton.
The latter type of wire will not suffer
so much from exposure to the weather.

To tune this doublet aerial to the
wave length on which it is desired to
listen, it is necessary to construct a
small coil. 'L3 and L4 consist of 15 turns
of 26 gauge d.cc. wire wound in the
same direction on a lin, diameter for-
mer and separated from one another by
3-16th of an ineh, In the gap so formed
wind L5, which consists of 12 turns of
the same gauge wirc and is wound in
the same direction as the - other two
windings. L5 is the coupling coil which
will couple the aerial system to the re-
ceiver, Join one of the feeder lines, F1
to the start of L3 and join the other
feeder line F2 to the end of 14, The
end of L3 and the start of L4, the two
inner connections, join respectively to-+
the fixed and moving plate terminals of
an ordinary 0005 mfd. variable con-
denser. g g
. One lead of the coupling coil L5 is
joined 1o the aerial terminal of the re-
ceiver whilst the other joins to earth.
The condenser, C, tunes the doublet
aerial system to the desired wave length.
Note that this tuning is not critical but
a definite point at which signal strength
increase can be found at any point in

-

50 metres.

-

the wave length ‘range between 16 and ‘

The advantages of the doublet aer
are (1) it is less susceptible to electrical .
interference than is the ordinary type
of flat top aerial, (2) it is resonated
broadly to the wave lengths over which
the sef is to be tyned and thus increases
signal strength, and (3) it can be tuned
definitely to the desired wavelength
with the result that both selectivity and
sensitivity are improved.

Other more elaborate doublet aerial
have been developed but to the writer’s
way of thinking this particular type will

fulfil every demand placed on it by the
& e

critical short-wave listener.

The last type of acrial system with
which we propose to deal is what is
known as the noise-reducing aerial. The
advantage of this type of aerial is that
whilst it provides a reasonably efficient
pick-up of radio signals, it will not re-
spond to the “signals™ of electrical inter-
ference.

To understand why this is it is neces-
sary to realise that electrical interfer-
ence — not to be confused with static
— is caused by the sparking of electric
motors, the ignition system of motor car
engines, domestic and medical electrical
machinery, and faulty electric power and
telephone systems.

This interference forms what may be

(Continued on Puge 57)
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CRYSTAL RECEIVERS

A theoretical and constructional description of a collection of
simple crystal sets.

the fundamentals of radio trans-

mission and reception, it is neces-

sary at the receiving end to separ-
ate the sheep from the goats. In other
words, we must eliminate the high fre-
quency carrier wave and leave only the
alternating currents which can be
changed in audible tones of speech or
music by means of the headphones.

This involves the use of what is known
as a detector or rectifier. This particu-
lar component possesses the property of
allowing current only to flow in -one
direction. The alternating currents of our
speech and music, when electrically
transformed at the broadcasting station
flow in both directions. When we deal
with headphones and loud speakers it
will be understood why it is that these
components cannot/ respond to any but
uni-directional currents.

One of the very earliest forms of de-
tectors or rectifiers was the crystal. It
was discovered that certain minerals, or
combinations of minerals, possessed the
property of permitting current to flow
only from negative to positive and not
from positive to negative. Thus, if one
of these crystals was interposed between
the aerial and the headphones, only pul-
sations of direct currents and not the
alternations of alternating current would
be passed on to the headphones.

_There have been many crystal com-
binations developed for detection of radio
signals. Each had its merits, but most
of the complicated ones have passed into

—oblivion, leaving us with only two or
three standard crystals. These include
silicon, galena, iron_pyrites, carborundum
and perikon.

Galena is highly sensitive but, being
very smooth and requiring a light cat-
whisker adjustment, is quite unstable
in operation. Silicon requires a heavier
contact, but is much less sensitive than
galena.. Perikon and carborundum are
very stable in operation, but are not so
sensitive as either the perikon op the
silicon detectors.

With crystals such as galena and sili-
con a cat-whisker contact is made with
the crystal by means of a light wire.

! S we explained when dealing with
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Fig. 3 fllustrates the simplest ecrystal
recciver employing a tuning condenser.

Fig. 4 is_another version of the same
eircuit with the aerillnl tapped inte the
coll.

The carborundum and perikon detec-
tors rely upon heavy spring-loaded con-
tacts.

The next important thing to the de-
tector in the crystal receiver is the type
of headphones. Crystals are incapable
of amplification, so that no wastage of
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Two circuit versions of the slider type

erystal set. Figure 1 shows the single-

slider, whilst circuit 2 illustrates the
double-slider arrangement.

the minute impulses which they rectify
is possible. For this reason the head-
phones must be highly sensitive.

It is a fallacy to believe that the re-
sistance of the headphones is a guide to
their sensitivity. = Headphones of 4000
ohms resistance are not necessarily more
sensitive than 2000 ohm phones. Sensi-
tivity of headphones is governed by the
efficiency of their permanent magnets,
the lightness of the diaphragms and the
closeness of the gap between diaphragms
and pole-pieces.

Having decided upon the crystal de-
tector and the type of headphones which
are to be used, we next must concen-
trate upon the selection of a circuit
which will give the results for which
we are seeking.

Crystal circuits are like sands on the
seashore. Some are simple to the point
of absurdity,. whilst others ‘bristle with
refinements and complications.- Glance
now at Figure 1, which depicts the very
simplest form of crystal receiver. Here
we find that the 'coil L is connected
directly between the aerial and earth.
Tuning is effected by means of a slider,
shown diagrammatically as T, which is
so mounted as to traverse the coil hori-
zontally. = This movement of T along the
coil removes insulation from adjacent
turns of the windings allowing turn
by turn to be tapped until the coil is
tuned to the wavelength of the station
it is desired to receive.

The crystal detector is connected in
series with the crystal detector, CD,
and the headphones, T. The other side
of the headphones returns to earth.

It should be mentioned at this junc-
ture that slider crystal sets have long
since passed out and no slider units are
available from the radio supply houses.

For the benefit of those who wish to
experiment with slider sets, the follow-
ing brief description of the slider and
its method of mounting will be given,
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A drawing of a simple single-slider
type crystal set.

The slider may conveniently consist
of a block of wood or bakelite measur-
ing one inch cube. - Through the centre
of the block -a hole, one-quarter of..an
inch in diameter, should be drilled .out.
This hole then should be cut out.with
a pocket knife to take a quarter-inch
square brass rod. - When the coil is
wound (it should consist of approxi-
mately 250 .turns. of 26 gauge d.s.c. wire
on a 4-inch diameter former) it should
be mounted on wooden end blocks so
proportioned that, when the slider rod
is attached to these end blocks the
slider will bear down on the wire.

Next attach to the bottom of the
slider block by two wood screws a
strip of phosphor bronze or spring brass.
To this should be soldered a lead which
can conveniently be brought to a
terminal mounted on one of the end
blocks. -

Another two terminals, one mounted
on each end block, will i)e required for
the aerial and earth connections to the
tuning coil.

It should be explained again that this
type of crystal receiver is very un-
selective and should be built only from
an idea of experimental interest.

We come now to Fig. 2 which shows
a crystal circuit which retains the slider
principle but which is_more selective
than the first version. In this receiver
two sliders are used, They are mounted
on opposite sides of the coil former in
the manner previously explained for
the single slider.

To slider No. 1 is connected the aerial
whilst slider No. 2 carries a lead from
the crystal detector, CD. The detector:
is connected m series with the head-
phones, T, which join to earth.

This type of slider-operated crystal
receiver is more efficient than that
shown in Circuit No. 1, because it.is
possible to tune .the aerial by moving
slider No. 1 up or down the coil. The
effect of this is to resonate or tune the
aerial to the wavelength of the station
to which it is desired to listen.

This circuit is more selective than the
first. but still does not give that control
of tuning which is the looked-for feature
of modern radio receivers. Incidentally,
the number of turns for L may be_ the
same as for the single slider receiver.

In Figure 3 we find that the idea of
the slider tuned set has been scrapped.
In this circuit we have replaced the slider
with a variable condenser which, in con-
junction with the coil L resonates the
receiver to whatever wavelength it is
desired to listen. The condenser, C,
should have a capacity of .0005 mfd.,
whilst the tuning coil, L, should con-
sist of 50 turns of 26 gauge d.c.c. wire
wound on a 23%inch diameter cardboard
or bakelite former. Here, again, we find
the crystal detector connected in series
with coil and the headphones, the
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Latter returning to earth. Note that this
gircuit is identical with that of Fig. 1
except that in the former tuning was
effected with a slider. which reduced or
mcreased the amount of inductance (coil’
in circuit,

Like Fig. 1, it suffers from lack of
selectivity, but otherwise is very effi-
cient when properly built.

In Figure 4 we see what at first glance
geems to be a reversion to the old slider.
This is not so, however, for T in this dia~
gram merely represents a tap on the tun-
ing coil, L, to which the aerial is con-
nected. The purpose cf this tap is to
reduce the loading effect which the aerial
has on the coil and thus to improve the
selectivity of the receiver.

In other respects, the circuit of Fig. 4
is similar to that of Fig. 3. The tuning-
coil, L, has the same dimensions. The
tap may be made at the 15th turn from
the earth end whilst winding the coil.
To do this merely make a loop in the
wire (one about six inches in lengtih
will do), twist the wire together, and
proceed with the winding. The insula-
tion should be bhared from the loop and
the wire fastened to the set’s acrial ter-
minal.

Although we have suggested that the
loop be made at the 15th turn from the
earth end, it would be a good idea to
make three loops. The first should be
made at the 15th turn from the earth end
of the winding, the second at the 10th
turn, and the third at the fifth tumn.
This will permit the experimenter to de-
termine which aerial tap gives him the
best compromise between sensitivity and
selectivity. The tap which gives best re-
sults should be permanently connected to
the aerial terminal. Roll the other two
loops up out of the way and see that
their bared leads do not come in contact
with each other.
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Figures 5 and 7 are two standard

aperiodic coupled aerial erystal circuits,

the latter having a variable condenser
in the aerial lead.

In circuit No. 5 we meet, for the first
time, what is known as a loosely-coupled
circuit. Here we have the aerial con-
nected to a coil of few turns which is so
placed in relation to the main_ tuning
coil, 1.2, that inductive effects will cause
currents in the aerial coil, L1, to be trans-
ferred to the main coil, L2, This ar-
rangement effectively removes the
damping~which the aerial exerts on L2
and thus improves the selectivity of the
receiver to a marked extent. The farther
that L1 is separated from L2 the greater
will be the selectivity and the less will
be the volume,

L1 may consist of 15 turns of 26 gauge
d.c.c. wire wound on a 23%in. diameter
former. L2 consists of 50 turns of the
same gauge wire wound on the same
former as L1 but separated from this
coil by 3 of an inch. Both windings
should be laid on in the same direction.
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CD is ctgnnected in series with the
coil and the headphones, T, the other
stde of which join to the earth end of
L2 which is, in turn, connected to the
earth end of L1. The earth ends of L1
and L2 are those ends of the coil near-
est to each other.

This circuit is by far the most selec-
tive we have yet examined and it can
be relied upon to give complete separa-
tion of local stations when used on a
small aerial. However, due to the use
of moderately loose couf)ling and to the
employment of a small aerial, volume
will not be all that could be desired.

In Figure 6 we
come back to tap-
ped tuning coils

‘ JAER used in a circuit
which has proved

Ci to be the most
efficient of the
simple crystal sets

7 Qf vet developed. In
= this circuit both

T7 the aerial and the

2 earth leads have
= R a
he grid coi :

) iy manner which

— S @ practically re-

v gﬁxcw alll lo?d oi}
is coil. t wi

i be noticed that the

I"e;ft?:" st&ec?ﬁfﬁl,v". crystal  detector

t will be seen that
both the aerial and

has been connec-
ted in series with

earth leads are

tapped into the tun- the  h e adphones
ing coil.

and the tuning
condenser, C,
which is connected
across the coil. The coil, L, consists
of 50 turns of 26 guage d.c.c. wire wound
on a 2%-inch diameter former and
tapped at the 17th and 34th turns from
the start of the winding.

The crystal detector is connected to
the start of the winding and the aerial
to the 17th turn tap. The: earth joins
to the 34th turn tap, whilst one side of
the headphones is returned to the end of
the coil. This circuit is particularly
selective, yet is so constituted that it
also is sensitive enough for suburban
receiving conditions, Considering its
general performance and its simplicity
of design, it represents a design which
should appeal to 2ll crystal-set builders.

In Fig. 7 we have a refined version of
the crystal receiver dealt with in Fig. 5.
The (wo circuits are identical but for
the fact that a condenser, Cl, is con-
nected in series with the aerial coil and
used to tune the aerial. In these cir-
cumstances, the aerial coil can be in-
creased to 25 turns and the condenser,
which should be variable, may have a
capacity of .0005 mfd.

esides improving the signal strength
on all stations, due to the fact that the
aerial can be resonated to the desired
wavelength, this arrangement adds to
the recciver's selectivity. At the same
time Fig. 7 cannot be compared with
Fig. 6 as far as all-round results are
concerned.

In Fig. 8 we have the de-luxe type of
crystal receiver in which selectivity is
obtained by what is known as pre-
selection. This involves the use of two
tuning circuits between the crystal de-
tector and the aerial coil. The coil, L1,
is the aerial and may consist of 15 turns
separated from the main winding, L2, by
1% of an inch.

L2 consists of 55 turns. Both Ll and
L2 are wound in the same direction on
a 234-inch diameter former with 26 gauge
d.c.c. wire, The second tuned winding,
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3 L3 consists like-
wise of 55 turns
of 26 gauge d.c.c.
wire on another
2%~inch diameter
former. The two
coils, L2 and L3,
should be moun-
ted inside separ-

g ate 3-inch dia- -
o erpuim Sttccior,  Meter  screening
k5 i cans and the.

connecting leads
from each kept apart.

The coupling coil, L4, consists of 25
turns of 30 gauge d.c.c. wire wound on
a half-inch diameter rod. R is a 25,000
ohm resistor, the purpose of which is
to provide the leakage necessary for
satisfactory coupling between the two
tuned circuits.

The crystal detector, CD, is connected
in series with the telephones, T, which
return to earth. Cl and C2 are standard
000375 mfd. condensers connected to-
gether to form a gang unit. It should
be noted that one form of this receiver
has been developed using the latest type
iron-dust tuning coils. The high effici-
ency of the iron-dust coils, and the care-
ful matching of their windings, has re-

.sulted in the pre-selected crystal re-

ceiver being an excellent performer,. It
is capable of extreme selectivity and
good volume and is especially recom-
mended to listeners residing in districts
near powerful broadcasting stations.

It should be stressed, however, that
success with the receiver will hinge
upon the matching of the coils. They
should be wound alike mechanically and
the gang condenser should be carefully
trimmed in order that its two sections
shall keep in_step throughout the tun-
ing range. The receiver is essentially
one for the crystal set experimenter who
has had considerable experience. It has™
been included to make this review of
crystal receivers complete.

One point which should be borne in
mind by the crystal set builder is that
there is no room in crystal set design
for slipshod workmanship and poor con-
nections. Solder every lead, insulate all
parts of the receiver and wind the coils
carefully and to the specifications set
down.

Even the humble erystal ean be made
to perform well if it is properly hand-
led, but care must be taken to con-
serve every scrap of the minute energy
picked up by the aerial system.
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This crystal eircuit arrangement depicts
how a pre-selector can be added.
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— VALVES —
Their Theory and Their Operation

component in the radio receiver,
It can be used as a detector, as an
amplifier and as a rectifier of al-
ternating current power. Other spe-
cialised tasks also can be carried out.
To understand fully the functioning of
the valve we must go back to Edison’s
early experiments, Whilst investigat-
ing the properties of incandescent elec-
tric lamps, Thomas Edison discovered
the effect which later was given his
naime. The Edison effect is the phenome-
non which takes place when in an
evacuated bulb is placed a filament and
another element which is called a plate.
When the filament is made incandescent
it emits a number of electrons. If a
positive potential is applied to the plate,
and the filament is lighted, it will be
found that electrons emitted from the

THE valve is the most versatile

Shewing the flow of clectrons from fila-

ment {o plate and the cnrrent flow from

plate to filament. (Right): The symbol
for a dicde or two electrode valve.

filament are attracted to the positively-
charged plate and current is caused to
flow from the plate to the filament. Re-
member this, for it is the basis upon

which all valves function. FElectrons
“How from Filament to Plate. Current
flows from Plate to Filament. Now, as

current flows only in one direction, it
can be seen that this valve is a recti-
fier just as is the crystal used in a
crystal receiver.

ison’s discovery was applied by Dr.
Fleming, an eminent British scientist,
to develop the first receiving valve,
Fleming’s wvalve, however, represented
little if any, improvement on the crys-
tal detector. It was not sensitive and
it could not amplify signals.

Then came DeForest, who introduced
a third element, the grid, into the Flem-
ing valve. The improvement changed
the whole face of radio transmission
and reception and made possible the
present broadcasting system.

The Grid may be called the Radio
Traffic Cop, for it controls the number
of electrons which are allowed to reach
the plate from the filament. We know

. that the more electrons which reach
~“fHe plate the greater will be the cur-
rent flow, so it can be seen that the
grid will control not only “the electron
flow but the current flow from plate
to filament

Glance at the diagrams of the two
i of valve., In the diode or two-
element tuhe we see that the electron
flow will be fixed by the capability of
the filament to emit electrons and by
the potential which is applied to the
plate. The higher the potential the
greater will be the attraction of elec-
trons.

Now, we must understand that the
filament is always operated at a more
negative potential than is the plate. In
the second diagram we find that the
grid, which is a fine-wire mesh inter-

posed between the filament and the plate
in the valve structure, is operated also
at a negative potential. In this case it
is at the same negative potential as the
filament. There is a fundamental elec-
tric law that Unlikes attract and Likes
Repel. Thus, the more negative we
make the grid of the valve with respect
to the filament the more repulsion will
be offered the negative electrons emitted
from the filament. If we make the grid
positive it will attract electrons from
the filament and allow these to pass
through its open mesh to the plate.

Let us now examine the operation of
a valve as a detector.

In the circuit diagram of the one valve
receiver we find that the aerial is con-
nected to the tuning coil, L, which is
tuned by means of the variable con-
denser, C. So far, we have the con-
ventional tuning circuit we have been
examining in the crystal sets. The valve,
V, is a triode, i.e., a valve possessing a
filament, a plate and a grid. Between
the tuning circuit and the grid of the
valve is a small condenser, Cl, which
has a capacity of between .0001 mfd. and
00025 mfd. This is known as the grid
condenser

Connected between the grid of the
valve and the positive side of the fila-
ment is a resistance, R, which may have
a value of from one to two megohms.
This is the grid leak.

The plate of the valve is connected
through the headphones to the positive

e

These two symbols illustrate a duo-
diode and a three eclectrode valve re-
spectively.

side of a “B” battery having a potential
of from 20 to 60 volts. The negative
side of the “B” battery is joined to the
negative side of the “A” battery.

. In operation, we find that the alternat-
ing current impulses picked up by the
aerial reach the grid condenser, C. This
condenser has the property of allowing
alternating currents to flow through it
but of blocking direct currents, Now,
at a given instant, we shall presume that
at a negative half-cycle of the alternating
current signal reaches the grid of the
valve, making it more negative than
ever with respect to the ent., In
these circumstances, none of the filament
electrons will be permitted to pass
through the grid mesh and no plate cur-
rent will flow.
. On the next half-cycle of the alternat-
ing current the polarity reverses and the
grid receives a positive potential from
the signal. This results in the grid being
made positive with respect to the fila-
ment. Electrons flow from the grid to
the plate and current flows from plate
through the headphones to filament.
This see-saw action goes on at a
speed corresponding to the speed or fre-
quency of the alternating current im-
pulses from the broadcasting station.
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This illustration shows how the electron

flow is controlied by the grid, whilst the

direction of current flow is shown by
the arrows.

The negative potential left on the grid
during the negative half-cycle must be
removed or it would cause the valve
to “block” and cease to function. To do
this, the grid leak, R, is connected be-
tween grid and filament.

From this brief survey of the action
of a detector valve it can bé appreciated
that small potential changes on the grid
cause larger current variations in the
plate circuit. This feature of the valve
1s very useful, for it permits us to make
the valve amplify if desired.

The simple detector circuit shown is
only a little more sensitive than the
crystal detector and is rarely if ever used
in’ modern receivers, To improve the
sensitivity of a detector we employ what
is known variously as regeneration. re-
action, or feedback. Glance at the second
detector circuit whilst we explain how
regeneration is obtained.

This circuit is slightly different to
that of the original detector circuit. It
has a loosely-coupled aerial system in
which the aerial coil, L1, is coupled to
the main tuning coil, L2, This does not
have any bearing on the functioning of
the regenerative detector, though.

Regeneration is obtained through the
medium of the coil. L3, its degree being
controlled by the variable condenser, C2.
L3 is coupled fairly closely to the grid
coil. When a positive potential was
impressed on the grid through the con-
denser, C3, we found that current was
made to flow from plate to filament.
This momentary current flow sets up an
alternation in the coil, L3. and, because
this coil is coupled to the grid coil. L2,
the alteration is transferred to the latter
coil by induction.

Thus we have fed the same signal im-
pulse through the detector valve twice.

By the inclusion of a
second grid a valve is
known as a screen

fube, and is illustrated
as shown in the ae-

companying diagram. N

The number of times which the impulse
can be fed back is limited, for if it goes
over a certain point the detector valve
will go into oscillation and all the ad-
vantages of regeneration will be lost.

Regeneration is really a form of am-
plification and increases the sensitivity
of the detector to an extent that it will
respond to very wezk signals. Control
of regeneration can be obtained ecither
by varying the separation between the
grid winding and the feedback winding
or by means of what is called a Throttle
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condenser which allows more or less
of the feedback energy to leak away to
earth.

RFC is a radio frequency choke coil
which possesses the property of pre-
venting alternating currents of high
frequency from travelling through the
headphones to earth instead of passing
to the feedback coil to produce re-
generation, 4

Having dealt briefly with the func-
tioning of the wvalve as a detector, we
shall explain how it operates as an am-
plifier.

To understand how the valve ampli-
files let us consider the analogy of a

AER

A simple detector cireuit.

lever. If we have a long rod and pivot
it close to one end we find that a small
_movement at the short end of the pivot
will cause the extremity of the rod to
move over a wide arc.

This is exactly what happens when
the valve is used as an amplifier.

A small signal impressed on the grid
causes wide changes in plate current, so
that it becomes possible to control large
amounts of power with very small vari-
ations in input voltage to the grid. Some
valves have amplification factors of up to
1500, that is to say, a change of one volt
on their grids would result in a voltage
change of 1500 in their plate circuits.

The positioning of our pivot point on
the valve — again using the analogy of
the lever — is arranged by varying what
is known as the grid bias or “C” bias
potential. This is usually derived from
an auxiliary or “C” battery so arranged
in the circuit that it impresses a steady
negative potential on the grid of the
valve. The more “C” voltage applied to
the grid of the valve the less the re-
sponse of the valve to small variations
of incoming grid voltages (correspond-
ing to shifting the pivot of our lever to
& central point). On the other hand,
too little “C” voltage will result in im-
proper operation of the valve and dis-
tortion wili result.

So far we have dealt only with two
types of valve — the diode and the
triode. . There are other types of valve
in which additional elements have been
included for special purposes. Chief
amongst these are the screen grid valve
and the pentode. In still other types
two complete sets of elements have been
included in the one bulb so that the
single valve is able to perform two or
more functions simultaneously. We
shall touch upon the latter type but
briefly. :
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The Screen Grid Valve

This type of valve has been developed
specially for amplification at radio fre-
quencies. We have seen how, with the
triode valve, it is possible to ‘obtain re-
generation or feedback by means of a
coil coupled to the grid circuit. It also
is possible to obtain the same effect by
means of a condenser connected between
the plate and the grid.

A condenser consists of two metal
plates separated by a dielectric, A
vacuum is a dielectric and the two plates
of the condenser in a valve are the Grid
and Plate. If the caEacity between these
two is high enough energy will pass
back from the plate to the grid and os-
cillation will take place.

We have found that regeneration is
useful to increase amplification, but that
oscillation impairs the sensitivity.

When triode valves are used as radio
frequency amplifiers their internal cap-
acity, as this condenser effect is called,
prevents full use being made of their
amplifying characteristics.

To overcome this defect a fourth ele-
ment, called the Screen Grid, has been
introduced into the latest type of radio
frequency amplifying valves. This has
the effect of reducing the internal cap-
acity and at the same time of screen-
ing the grid from the plate. Another
advantage of the screen grid is that it
permits very high amplification factors
to be obtained from the valves. The
screening grid is usually operated at a
lower voltage than the plate. For ex-
ample, if the plate voltage is 135 the
screening grid voltage is 67

Anaother type of radio frequency am-
plifying valve is known as the radio
frequency pentode. This has three grids,
a plate and a filament. The pentode
possesses even better amplification char-
acteristics than the screen grid valve,
and the screening grid in it is operated
at a much higher potential than in the

first type. The third grid is a suppres--

sor grid placed between the filament
and the true or control grid.

There are also audio frequency pen-
tode tubes which have been designed for
maximum efficiency. Only small input
signal voltages are required to get
large power outputs from these valves.

We come to the special purpose valves,
such as the frequency changer tubes
used in super-heterodynes, diode-triode
and diode pentode types for detection
and audio or radio frequency amplifiers,

A econventional power-

pack elrcuit using a

full-wave type recti-
fier.

twin valves for class “B” audio ampli-
fication and the like. Each of these has
been designed for use in fairly com-
plicated receiver circuits, so we shall
not deal with them here.

The final type is the power rectifier
type. This is a diode valve provided
with one or two rectifying plates. The
single plate type is known 'as a half-
wave rectifier, whilst the two plate
types are full-wave rectifiers. Both
types are used to change high wvoltage
alternating currents into direct currents
suitable for use as plate and grid volt-
ages for the receiver valves.

The operation of these valves will be
dealt with when we come to power
packs,
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Operation of Valves
« The application™ of the various valve
types is governed mainly by circuit re-
quirements.

In battery receivers, where economy
of operation must be considered, the
question of filament consumption must
be watched. There are battery valves
which require a filament current as
low as 50 milliamperes, whilst others go
as high as 300 milliamperes. In general,
it may be said that the two-volt low
consumption type valves will give best
all-round performance in battery ‘re-
ceivers.

Valves for all electric receivers may
be selected from either the 25, 4 or
6.3 volt filament type. Each is efficient
and each is equally economical in re-
gard to filament power. In any case,
slight difference in power requirements
are not worth considering with an all-
electric receiver which derives its power
from the supply mains.

In general, we may say that for radio

frequency amplification screen grid -or
radio frequency pentode valves are de-
sirable. Triodes are no easier to wire
into circuit and cannot give the ampli-
fication of the newer type valves. Fur-
thermore, the triode is more subject to
oscillation troubles.
_ For detection either a screen grid valve
or a triode may be used. The triode is
very simple to get going, particulazly if
reaction is to be applied, but the Sereen
grid valve is more sensitive.

For audio amplification either the pen-
tode or the triode can be used. Modern
pentodes possess excellent tonal quali-
ties and are much more sensitive than
triodes. It should be remembered that,

with a pentode power valve, it is un- -
desirable to include an additional audio -

stage between the detector and the out-
put valve.

When selecting a power valve for bat-
tery receivers always keep an eye on its
consumption.
audio power for the least “B” battery
consumption. Rectifier valves for all elec-
tric receivers should be selected with re-
gard to the total plate current con-
sumption of the receiver and the volt-
age at which the rectifier must work.

There' is not great deal to choose
from between the performance charac-
teristics of any of the modern valves.
Some valves are sprayed with a metal
coating which obviates the necessity for

FIELD
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shielding in high gain circuits. Others
require external metal shields. In the
range of A.C. valves for all electric re-
ceivers we find the newly-developed
metal tubes. These give: equally as
good a performance as glass envelope
types and are more compact in design.

are should be taken when using any
valves to be sure that the socket con-
nections are made correctly. Half the
trouble and nearly all the premature
bum-outs of valve filaments can ;be
traced to incorrect wiring to the valve
sockets. :
Don’t try to operate valves of gre
or less filament voltages than those

(Continued on Page 44)

Pentodes give thie mose-
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AUDIO FREQUENCY
AMPLIFICATION

This discussion of audio frequency amplification covers all
conventional methods of coupling and deals interestingly with
constructional and control points.

E already have explained how

the valve amplifies weak im-

pulses fed into its grid. In this

section we shall now deal with
the practical design of audio frequency
amplifiers.

The audio amplifying stages can be
divided into two classes; those stages
which amplify voltage and those which
amplify current or power.

in all types of radio receiver it is only
the final amplifying stage which is a
power amplifier. The preceding stages
simply build up the voltage until it is
of sufficient magnitude to swing the grid
of the power valve; in other words, to
energise the valve' sufficiently to enable
the rated power output to be obtained.

There are a few points which must be
cleared up hefore we deal with amplifier

yard-stick of volume is Power
Output in watts or milliwatts. An out-
put power of 500 milliwatts is sufficient
for good loud speaker volume in a room
of average dimensions. For greater
volume, we may go to powers of the
order of 3000 milliwatts or three watts.
Amplifiers for public address work range
in output from 5 to 50 watts. Greater
output power implies better reproduc-
tion of the low notes, all other things
being equal.
. The grid swing of a power valve is
tlie amount of signal voltage necessary
10 obtain the rated power output. Pen-
todes are more economical in this re-
spect than are triodes. The less the grid
swing the fewer the number of voltage
amplifying stages required between the
input signal and the power valve. A
“stage” consists of a valve and its as-
sociate coupling circuits. The amplifi-
cation per stage is the product of the
amplification factor of the valve and the
step-up or  step-down ratio of the
coupling unit.

A resistance coupling unit has a loss
and usually is considered to have a stage
gain of 9/10ths, or 9. A transformer
csouplmg unit may have a gain of from

Stof,
To calculate the amount of amplifica-
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A single-stage transformer-coupled
audio amplifier.

tion required it is necess#ry to know the
input signal voltage at the start of the
audio amplifier and the voltage which
must- be delivered to the grid of the
power tube. This is the grid bias volt-
age divided by .707.

For example, take the case of a pen-
tode, such as the AL3, which requires
a grid bias of 6 volts when operated at
its rated plate voltage. Suppose, then,
that the audio frequency voltage de-
livered from the detector plate circuit is
2 volts. Then we require a total am-
plification of:—6 volts x .707 divided by
2 or 2121 between the detector out-
put and the power valve grid.

We look up our valve charts and find
that we can use a triode valve having

ve
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~ A resistance-coupled two stage

amplifier.

an amplification factor of 10." Perhaps
we have a 3/1 transformer on hand. The
total stage gain we can expect from this
stage then is 30.

But we still have to couple it to the
detector stage. We shall use resistance-
coupling which we have decided has an
amplification factor of .9. Thus the over-
all amplification of our stage is .9 times
30 or 27, which leaves an ample margin
for weaker signals than the .2 volts
on which we based our calculations.

On stronger signals the output valve
will be overloaded, so we have to place
a volume control in circuit. Volume
controls may consist of high-resistance
potentiometers. They can be connected
either in the grid circuit of a resistance
coupled stage, where they replace the
grid resistor, or across the primary of
an audio frequency transformer.

In the first circumstance they should
have a resistance of 500,000 ohms, whilst
in the second 100,000 to 250,000 chms will
be sufficient. Methods of connecting the
controls into circuit are shown in the
diagrams.

Volume controls should always be con-
nected as early as possible in the ampli-
fier. If they are connected in the
stage there is always the possibility of
overloading taking place in the preced-
ing valves.

Now, in regard to
a pre-amplifier. This should always be
chosen with an eye to its grid swing.
Generally speaking, high amplification
factor valves require less grid swing
than do low amplification types. It is

~
the valve used as
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A two stage transformer-coupled audio
amplifier.

not of much use placing a valve with,
say. a grid swing of 1 volt in a part of
the amplifier circuit in which 2 volts
will be delivered in order that the power
valve shall be fully loaded. It would
overload the first amplifier valve and
cause distortion,

To make this matter clear let us take
another amplifier set up. Su;L)pose it is
decided to use a 45 type valve in the
final stage. This valve requires a grid
bias of 50 volts and thus has a grid
swing of 50 divided by .707 or approxi-
mately 35 volts. The output from the
detector circuit is .2 volts as in the
previous example so that the total am-
plification necessary will be 175.

Now suppose we have a 3/1 ratie
transformer and a valve having an am-*
plification factor of 10. The total stage
amplification is 30. so we must employ—
another stage., If we make this a resis-
tance-coupled stage we will have two
resistance coupling units between the
detector output and the grid of the
second last amplifying valve. The total
loss will be .8 x .9 or .81 for the two
stages. We now want a valve having
an amplification factor equal to 30 di-
vided by 175 x 11, or approximately 8.

Let ‘us check this back. The gain of
ecach resistance coupling stage is .
The amplification factor of the first stage
tube is 8. The amplification factor of
the second stage tube is 10 and of the
audio transformer 3. We require 35
volts on the grid of the final tube and
have .2 volts input to the amplifier.
Therefore 9 x 9 x 8 x 10 x 3 x .2
eguals 35.

Actually, this equals nearly 39 volts.
so that we have a little more amplifica-
tion than we require.

The point is, however, that we shall
have 1.1 volts at the grid of the second
amplifier tube when we get full output
from the power tube. If the second am-
Eéiﬁer tube is biassed only to 1 vote it will

overloaded and distortion will result.
Be sure, therefore, in planning an ampli-
fier that the valves before the power
tube are not overloaded before the latter
delivers full output,

If a one-volt signal will reach the
grid of an amplifier tube, bias it to two
volts to provide a safety margin. Remem-
ber that the bias also is dependent
upon the plate voltage applied to the
tube.

A point which must be borne in mind
is the matching of the loud speaker to
the ouiput tube. With battery tubes the
average magnetic-type ker will pro-
vide a reasonably g match. With
dynamic loud speakers, however, it is
essential that the impedance match shall
be as close as possible.

the

The actual Elate impedance of
valve is not the impedance on which to
work for this match. Most valve

manufacturers provide informsation on
L3
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the rated load impedance under working r
conditions and this is the figure which
should be followed in arranging output
transformer matching. )

As g guide it may be mentioned that
the load impedance of the average pen-
tode is kbetween 7000 and 8000 ohins. The
triodes vary from 1500 to 3500 ohms.
push-pull triodes go as high as 6000
ohms, Push-pull pentodes and class B
amplifier tubes range up to 20,000 ohms.

Amplifier Couplings

There are three main types of ampli-
fier couplings, These are transformers,
resistance-capacity units and impedance-
capacity units and direct coupling.

Transformers are still widely wused,
and in certain amplifier circuits are in-
dispensable. The modern audio trans-
former has a low step-up ratio which
never exceeds 3% to 1. The higher the
step-up ratio between the Erimary and
secondary windings the higher the am-
plification of the transformer but the
poorer its frequency response, i.e., its
even amplification of all audible tones
from 30 to 10,000 cycles per second.

Good transformers have large cores, a
large number of turns on the windings,
and very little capacity between portions
of the windings.

They are capable of flat, i.e., even, am-
plification throughout the audible range.
When it is desired to use valves in push-
pull connection the audio transformer
must be of the ¢entre-tapped variety. In
this circumstance one grid is connected

8+ C-

A standard choke-coupled system.

to each outside terminal of the trans-
former and the centre terminal becomnes
“C” bias terminal.

Some English and Continental trans-
formers are differently labelled to the
American and Australian types. The
markings on the terminals of the latter
are:—P, plate; B, “B” battery positive;
G, grid; and C, “C" battery negative.
On the Continental transformers we find
the markings are as follow:—IP, plate;
OP, "“B” battery positive; 1S, “C” minus;

and OS, grid. ) p .
Transfor: coupling gives a definite
step-up depending upon the ratio of pri-

mary to secondary turns. The more
turns there are on the secondary, in
relationship to the primary, the grealer
the ratio and the greater the step-up.
Resistance and impedance coupling ar-
rangements have no natural amghﬁca-
tion; in fact, they reduce amplification
by 1-10th. = — -
The various circuits show the methods
of employing these forms of coupling.
Usually, the grid resistors in a resist-
ance or impedance-coupled units have a
maxjmum resistance of 500.000 ohms. The
chief advantage of the impedance coup-
ling is that it allows much greater volt-
ages to be applied to the plates of the
amplifier valves than does the resistance
coupling system, which might employ
100,000 or 250,000 ohm resistors. Both the
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esistance and the impedance coupling
methods are noted for the tone quality
which they are capable of providing
when properly designed.

It is worthy of note that, in order to
ensure good low note response, the
coupling condenser between the grid and
glate of each amplifier tube should not

ave a capacity of less than .02 mfd.
This can be increased to .05 or .1 mfd.
with advantage. These condensers, how-
ever, should be of the very highest qual-
ity, for any leakage of the “'B” battery
voltage across to the grid of the ampli-
fier tube will destroy the bias on the
latter and cause distortion. For this
reason. mica condensers should be used
whenever possible.  From the design
viewpoint 1t is desirable to avoid the
use of more than one transformer-
coupled stage. No pre-amplifier stage
should be used when a single pentode
output tube is employed, if this can be
avoided. Two or even three resistance-
coupled stages can be used together. In
fact, two resistance-coupled stages are
usually necessary to obtain the amplifi-
cation normally possible from a single
transformer stage.

We come now to a discussion on the
practical side of amplifier building. The
type of amplifier to be used will depend
upon the power output required. For
powers up to 2.5 watts a single tricde
or pentode may be used. Modern pen-
todes will deliver audio outputs of up lo
7 watts at reasonably low plate volt-
ages. When more power than this is
required. it is necessary to go to a push-
pull amplifier stage.

A suitable single valve battery ampli-
fier might consist of a single pentode
such as the C243N, the PM22A or the
1D4. This type of tube will deliver an
audio output around 500 milliwatts at
a plate voltage of 135 and is most eco-
nomical to operate. No pre-amplifier
stage will be necessary with any of
these valves when transformer-coupled
to the plate of the detector tube of the

ordinary battery receiver. Be sure,
howevsr, when using any amplifier
tube, to see that it is biassed in ac-

cordance with the manufacturer’'s in-
structions.

Bias can always be juggled to suit
the particular operating requirements.
For example, if a wslve requires a bias
of 9 volts at 180 volts plate potential,
it is fairly safe to give it a 3 volis
negative bias at 60 volts plate potential.
Reduce the bias in provortion to the
reducticn in plate voltage and you’ll not
go far wrong.

On the other hand, a valve which re-
quires only, say, 4'% volts bias at 130
volts, may work quite satisfactorily
without bias at some lower plate vol-
tage—60 for example. F

In battery receivers the pentode offers
the most economical form of power
amplification. In all electric receivers it
may be desirable to use triode valves
in Fush-pull. The principle of a push-
pull amplifier is that the alternating
currents of the input signal are fed to
the primary of the coupling transformer
and are reproduced. stepned up in vol-
tage according to the turns ratio of
the transformer, in the secondary wind-
ing. At one instant one end of the
secondary winding is negative and the
other is positive. The negative end
feeds a negative voltage to the grid of
tne valve to which it is connected.

This, in conjunction with the fixed
bias on the grid of the valve, is suffi-
«2nt to prevent all electron flow and
valve is Inoperative. {

At the same instant, however, a posi-
tive voltage is being fed to the other
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end of the transformer and thence to
the grid of the other push-pull valve.
The result is that electrons and thus
plate current is caused to.flow and the
valve delivers an amplified signal to the
loud speaker.

The next instant the cycle of events
reverse and Valve No. 1 operates
whilst No. 2 remains quiescent. Thus
e " valve of the pair works alternately.

The advantage of push-pull amplifi-
cation is that ii permits three times the
power available from a single valve to

|5+ "ics
This  diagram  shows how a2 volume
control is wited in  a resistance-
coupled amplifier.
-~

be obtained from the pair, and that the
distortion is reduced considerably be-
cause the inequalities in each of the
valves cancel out A

It is a recognised fact that the better
the amplifier the ore it is prone to
motor-boating and kindred effects. These
effects are only symptoms of oscillation
at audio frequencies. but of a similar
type to that experienced in detectors
and radio frequency amplificrs.  These
oscillations are caused by the fécarmuglk
of energy from one stage to another vilr
the “B” battery supply. The cure for
motor-boating is to de-couple the giid
and plate circuits of each stage of the
amplifier by means of condensers and re-
sistors. For example, a resistance may
be connected between the “B" plus ter-
minal of the audio transformer and the
“B” supply line. A condenser also is
connected between the transformer “B”
plus terminal and earth. The usual de-
coupling resistor has a resistance of
10.000 to 15,000 ohms whilst the conden-
ser may have a capacity of from .5 to
2 or even 4 mfd.

In the grid circuit the de-coupling re-
sistances are connected between the
“C"” minus terminal of the audio trans-
former and the “C” supply line. The
condenser is connected between the “C”
minus terminal on the transformer and
earth. The condensers should have a
capacity of 1 to 4 mfd. and the resist-
ances should range from 100,000 to
250,000 ohms. . s

It may not be necessary to de-couple
more than one stage to overcome the
oscillation trouble.

It is not of much use trying to de-
couple the plate circuit of the output
valve because this would only result in
a reduction of plate voltage and conse-
quent lowering of the power output.
Incidentally. these filter circuits, as they
are called. improve the tonal fidelity of
the amplifier in which they are incor-
porated.

Remember, in all types of amplifiers
so to design .them that there is no
possibility of any but the final stage
overloading . Use the best components
available. Poor transformers will result
in poor quality and poor resistors will

(Continued on page 28)
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RADIO FREQUENCY AMPLIFICATION

The different systems and operation of the various methods
of radio frequency coupling are fully dealt with in this article.

ALTHOUGH the volume which can be
delivered from any receiver can
be increased tremendously by a pro-
perly designed audio frequency ampli-
fier, the actual sensitivity of the set
cannot be improved by this means.

If a given signal is too weak to
actuate the detector valve, all the audio
amplification in the world will not make
the signal audible.

For this reason we employ amplifiers
operating at radio frequencies. These
increase the strength of signals before
they are deterted or rectified, add to
the selectivity of the receiver by reason
of the tuned circuits they employ. and
reduce the noise level by providing a
more powerful signal for the detector
to handle.

It is not proposed to deal with the
obsolete type of triode valve r.f. am-
plifier. There are too many snags In
the successful eperation of this type of
amplifier for the beginner. On the other
hand, the screen grid valve is parti.-
cularly suited to r.f. amplification, is
easy to install, and is capable of pro-
viding high amplification without re-
generation and kindred troubles.

On broadcast wavelengths it is pos-
stble, hy careful design, to obtain am-
plifications of 120 per stage without the
slightest trace of instability. These
high figures, however, pre-suppose the
use of highly-efficient coils and the
careful layout of components, One
point which must be kept very much
in mind, when building radio frequency
amplifiers, is that the grid and plate
leads to any valve must be kept en-
tirely separate. Even at audio fre-
quencies, coupling between the grid and
plate leads can cause trouble, but at
radio frequencies it -is suicide to bring
the leads into proximity to each other.

Incidentally, it is of interest to note
at this juncture a fault which often
occurs with a receiver incorporating an
r.f. amplifier and a regenerative second
detector. Regeneration does not take
place at certain parts of the waveband
when the r.f. amplifier is connected into

-
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This method of coupling is known as
“Band-Pass” coupling,

circuit. With the r.f. valve removed,
and the primary of the r.f. transformer
used as an aerial coil, it is possible to
obtain smooth control of regeneration
but, as soon as the r.f. valve is plugged
in, the set refuses to function satisfac-
torily.

This is always caused by oscillation
in the radio frequency amplifier. When
this valve oscillates it throws the de-
tector out of oscillation and prevents
the receiver from functioning properly.
Correct placing of the radio frequency
valve and its components and careful
screening of the r.f. circuits from the
detector circuits always cures this
trouble.

We come now to a question of the
coupling circuits to be used between the
radio frequency valve and the detector

A

sl
oM

L/ L2

+

<||”

A radio frequency transformer is used
here for coupling the two valves.

valve. There are four general methods
of coupling an r.f. valve to the following
tube. These are:—(1) The Tuned Anode
coupling, (2) the transformer coupling,
(3) the impedance coupling and (4) the
band-pass coupling.

Let us examine them one by one,
enumerate their advantages and faults,
and generally put them under the micro-
scope.

Tuned Anode Coupling

It is worthy of note before starting this
discussion that, in order that maximum
energy shall be transferred from one
circuit to another, it is necessary that
the impedance of the load, ie., the cir-
cuit into which the energy is to be fed,
shall equal the impgdance of the source
from which the energy comes. Practic-
ally speaking, this means that the im-
pedance of the radio frequency valve
must be matched by the impedance of
the coupling circuit.

In practice this is rarely possible, so
we have to accept a compromise. This
means that we eannot hope to obtain the
full amplification of which the screen

-grid valve is capable.

Despite the fact that under almost ideal
conditions it is possible to obtain stage
gains of 120 the average set-builder must
feel quite happy if he- gets a stage gain

of 50, because the average stage gain
never exceeds 30.

Realising, however, that an imped-
ance match is necessary for best re-
sults, it behoves us to pay considerable
attention to the coils. The more efficient
these are the higher will be their im-
pedance and the better will be the trans-
fer of energy from the plate circuit of
the rf. valve to the grid circuit of the
féllowing valve.

It was for this reason that the tuned
anode or tuned plate method of coupling
was adopted for use with screen grid
tubes. The impedance of these valves
is so high that it seemed practicable at
least to approach this imnpedance with
a tuned plate circuit.

In the circuit diagram it will be seen
that the “B” supply voltage is fed to

the plate of the valve through the tun-

ing coil, L, which is tuned by the vari-
able condenser, C. In order that the
moving plates of this condenser may be
earthed, and that it will still do its
job of tuning L, the bottom end of L
gl earthed through a fixed condenser,

The following valve receives the radio
frequency energy from the r.f. tube
through the small condenser, C2, which
permits r.f. to pass but blocks the direct
current of the plate supply. In order
that the valve following the r.f. tube
shall be supplied with bias a high re-
sistance, R, is connected between the
grid of the valve and the source of bias
voltage,

L is a tuning coil wound to the dimen-
sions of the other tuning coils in the
receiver and to suit the capacity of the
condenser, C, with which it is tuned.
The by-pass condenser. Cl. may have
a capacity of from 1 mfd. upwards and
should be tested to withstand the poten-
tial of the *“B” supply. The coupling
condenser, C2. may have a capacity of
from 00025 mfd. to .001 mfd. and should
be of the mica dielectric type which is
not susceptible to leakage.

The resistance, R, may have a resist-
ance of from one to two megohms.

Undoubtedly this type of coupling
gives a high gain. In fact. on occasions,
the gain may be too high and the r.f.
valve will go into oscillation. Its chief
drawback is its lack of selectivity caused
by the damtging imposed gp the tuned
circuit by the r.f. valve.

C-

A tuned anode coupling.
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Transformer Coupling

This is probably the most popular
method of coupling an r.f. valve to the
next stage in the receiver. Radio fre-
quency transformers can be made to
have stage gains of up to 50, but these
high figures require careful design of
the coupling coil and its associate cir-
cuits.

A point to bear in mind in designing
radio frequency transformers is to keep
the coupling between primary and
secondary as tight as possible inductively
and at the same time as free from capa-
city effects as possible.

This is attained by winding the pri-
mary, L1. with fine wire in the grooves
left between turns of the heavier wire
used for the secondary winding.

For example, an excellent r.f trans-
former may be made by winding 50
turns of 26 geuge d.c.c. wire on a 23in.
diameter former and, starting at the
earth end, winding in the grooves of the
secondary winding a 30 gauge ds.c.
i)arimary of 25 turns This should be

id on in the same direction as the
secondary. If it is desired to add re-
action to the detector stage a reaction
winding of 25 turns of 30 gauge wire
may be laid on the former one quarter
of an inch below the earth end of the
secondary. This is
wound in the same
direction as the
other windings.

The chief advan-
tages of the trans-
former method of
coupling rf. valves
is that it . provides
adequate selectivity
and reasonable gain.

Impedance Coupling

This is a highly
satisfactory method
of coupling radio
frequency valves
but, unfortunately,
it can only be dup-
licated by the home-

—
—
v

C=

This diagram illus-
trates how a nega-
tive bias battery can

be  connected = into €rable exveriment
circuit. The tuning coil, L,
- is not difficult to

construct; in fact, it quite easil {
duplicate the design of the secondary coil
used for transformer coupling.

The primary consists of a_ radio fre-
quency choke the windings of which are
so propertioned that the choke is reso-
nant at a wave length slightly above
the broadcast band. say 570 metres,

The coupling condenser, Cl, is a
midget, semi-fixed condenser having a
maximum capacity of 0001 mfd. The ad-
vantage of this arrangement is that it
has a maximum nse at the high
wave length end of the broadcast band
around 450 to 550 metres, so that sta-
tions on this wave length, which nor-
mally woyld be ,come in at a
xivel equal to that of the low wave-
1en; stations.

This is the system of r.f._ coupling
which, when properly , provides
a stage gain of r

It is 3uite seléctive, stable in opera-
tion and represents the most satisfac-

thod of coupling an rf. valve. -

borne in mind, however,
that, to ensure stability of operation,
the rf. valve and grid coil must be
screened from the transformer unit com-
grisjng the r.f. choke, the coupling coh-
enser and the secondary, L.” =

me
It should be
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Band Pass Coupling

This form of rf coupling is highly
efficient and for a long time enjO{:d
considerable popularity, This was be-
cause it not only provided high-stage

ains, but it also was highly selective

cause two tuned circuits instead of
one were interposed between the plate
of the rf. valve and the grid of the
preceding valve.

The coils. L1 and L2, in the circuit
diagram are of identical dimensions and
may consist of 50 turns of 26 gauge
d.cc. wire on a 23%in. diameter former.
Each section is tuned by a condenser, C,
of identical caf)aclty. In order to allow
the moving plates of the plate circuit
condenser to earthed, a by-pass con-
denser, Cl, is connected between the
“B” plus side of the coil. L1, and earth,

Coupling must be arran%_elr’d between
the two coils, L1 and L2 is may
effected by winding the two coils on the
one former, but separated from each
other by half an inch,

A better method 1s to wind them on
separate formers and so mount them that
coil L1 is parallel with coil L2, but its
plate end reaches only one inch up from
the earth end of L2 Both coils must be
enclosed in a screening can to ensure
stability of operation.

The only drawback ta the band-pass
method of coupling is that it requires
two coils and two condensers, which
should be ganged for ease of control.
The gain is high and the selectivity is
excellent with this coupling arrange-
ment. )

We come now to a consideration of
the constructional features of radio fre-
quency amplifiers, There are two types
of r.f. amplifier tubes. The English and
Continental t usually has the plate
connection of the top. The American
and Australian type tubes usually have
the control grid on the top. Slightly dif-
ferent component lay-out methods are
necessary in each case, but the main
thing to watch is that the grid and
plate leads are kept as short as possible
and do not come close to one another.

In modern radio receivers consider-
able use is made of shielded or braided
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cable in order to eliminate stray coup-
lmﬁs This should not be used on the
grid and plate wires of a radio fre-
quency amplifier because the capacity
effect of the braid results in the by-
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An Iimpedance-coupled radio frequency
stage.

passing to earth of considerable amounts
of radio frequency energy

Be sure to screen the grid and plate
coils of the radio frequency stage from
each other, either by enclosing them in
metal coil-cans or by placing a
shield across the chassis between the
two stages of the receiver. In any ggpe
the shield must be earthed.

Remember, that any care which is
devoted to the radio frequency ampli-
fier will be amply repaid by increased
sensitivity of the receiver. Do not intro-
duce losses into the r.f. stage unless it
is unavoidable. 5

Some radio frequency valves require a
negative bias for their successful opera-
tion. Battery-type valves are biassed
from the “C” battery by means of the
arrangement shown in Fig. 5, where the'
desired battery voltage is fed through the
100,000 ohm resistance R, which is
connected in series with the tuning coil
and by-passed to earth by a .1 mfd. con-'
denser, C1,

In all-electric receivers which use in-

y-heated valves, the bias is de-

rived through the cathode resister.

Audio Frequency Amplification— (Continued from page 26) .

Poor cordensers will be

be noisy.
.likely to break down or at least to allow

“B” battery voltage to leak through to
the grid of the following valve,

In AC. operated amplifiers remember

that the hum can be caused by pick-u
from the filament leads, by long
leads and by incorrect placing of the

audio transformers. Twist the fllament
leads toﬁether. ke the grid leads short
and as far away from the filament and
plate supply circuits as possible, and
try twisting the audio transformer about
on the chassis until a position is found
in which hum is neutralised. Incident-
ally, de-coupling of the plate circuits
wiﬁ always help to remove hum. The
de-coupling resistors should not exceed
15000 ohms in value, but the by-pass
condenser may be increased to 4 or even
8 mfd.

Remember that after all an amplifier
can pr only what is put into
it. The best amplifier i the world can
be ruined by a poor receiver, detector,
or gramophone pick-up. Even the best
combination of amplifier and receiver or

o. pick-up can be ruined by a
aulty loud speaker.

.Get.a good speaker. Make sure-it is

in perfect adjustment, and provide it
with a baffle-board of generous dimen-
sions if you want to get the best re-
production which modern technique
makes possible. ¢

k]

8+ C-

This circuit diagram shows a simple
form of adding a volume contro] to a
standard transformer couped andioe

amplifier.. .- -~
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TROUBLE CHART

Page Twenty Nine

aSEIsL e IRREGULAR
SOURCE OF NO RECEPTION. VOLUME WEAK, DISTORTION. NOISY RECEPTION. HUMS -& WHISTLES.
RECEPTION,
TROUBLE,
Battery exhausted. Battery exhausted. Loose connec- Battery ex- Battery sulphated. Hum from charger
No water in accumula- | Poor connection at cor- | tlon. hausted. Connected with charger | operating.
SCAY tor battery. roded terminals, operating. Whistles from depleted
BATTERY Battery terminals cor- | Charger not equal to battery.
roded, demand on battery.
Trickle charger not
functioning.
Battery exhausted. Battery exhausted. Vol- | Defective cell. Battery ex- | Erratic nolses—battery { Whistles from run-
B Battery not properly ume starts off well but | Loose conmec- | hausted. exhausted. down battery.
BATTERY connected guickly diminishes { tion. Fluttering, motorsboat-
while set {s played. ing high resistance of
run-down battery.
Not connected to | Eliminator overloaded, | Interrupted Plate voltage | Defective resistor {n | Transformer not bal«
POWER power socket. 5 Rectifier valve wourn | current supply | too low voltage divider, anced on centre tap re-
PACK Rectifier valve : mot | out. from power | C blas resis- | Sparking over punc- | turn.
operating, Transformer short-cir- es, tors not pro- | tured condenser. Eliminator overloaded.
Filter colls blrned | cuited, Poor voltage | perly adjusted. { Motor-boating — insuf-! Insufiictent inductance
out. Buffer condensers punc- | regulation of | Too high resis- | ficlent capacity of last | in chokes; cores too
Resistor burned out. tured, power line. tance in choke } filter condenser, small; - resistance too
Fuses f{n power sup- | Filter condensers punc- colls. Improper value of re- | high.
ply burned out. tured. Insufficlent ca- | sistors in voltage di- | Insufficlent capacity in
Plate of rectifier valve | Improper resistor values pacity of filter | vider. condensers,
red-hot — condenser | in voltage divider condensers, Rectifler valve wearing | Choke coil short elr-
broken, down or short | Electric light line volt- out, cuited.
circult”/ in  filter. age too low. Broken down -electro- | No ecarthed shield be.
Electric light Hne Iytic condensers. tween primary and
power off -- or fuse secondary of power
blown. transformer.
EHminator not shielded.
Coupling between A.F,
amplifier stages and
power pack.,
Aerlal earthed. Aerial disconnected. Swinging aerial | Paraliel, or too | Aerial too close, A.C. hum or commu-
AERIAL Aerial disconnected. Aerla]l poorly insulated, | becoming earth- | close to aerial | parallel, to power ilnes tator ripple picked up
AND Earth connection open. | earthed or wire cor- { ed, at times. of near-by os- | Aerial too long, picks- !rom near-by power
EARTH Defective 11ghtn ing | roded. Loose or cor- | clllating recelv- | up too much stray | lin
arrestor. Aerial too short. roded earth | er. noise. 1 Negatlvo side of filter
Aerlal too long: insert | connection. Loose or corroded earth { circuit not earthed.
midget condenser. connection. (B—)
Coupling between Aerial runs too near
aerial coll and second- interfering- electrical
ary too loose. devioes,
Loose or corroded
earth connection.
Valve burned out. Valves exhausted. | Imperfect prong | Valves worn out | Microphonic valves; re- | Valve deteriorating.
VALVES Valve paralysed. Wrong type of valve | contacts. Valves getting { quire cushioned sockets. | Too high voltage on de-
Valve prongs not | used. Detector valve | insufficient cur- | Rectifier valve age- { tector Valve.
mazking contact, Detector not warmed } paralysed rent. ing. Wrong type of A.O
’ up. Improper value | Improper C bias | Hissing, due to power { valve in detector stage.
Too much grid bias. of grid leak. on grids. detector valve starting. | No centre tap on de-
Corroded valve cone Detector valve | Characteristic of- worn- } tector valve filament
tacts. overloaded. out valve. cireuit,
Wrong type of
valve in last
stage.
Switch open. Insumclent regenera- | Looge cdonnec- | Over-regerlera-' | Squeals, howls, set os- | Oscillation from over-
CIRCUIT Open circuit in set. tlon (8.W. se tion somewhere | tion, cillating, regeneration.
Burned out AF. | Aerlal too long (S.W. | in set, cHmin- | Near-by oscil- | Defective grid leak, Set not properly neu-
transformer winding. set). ator, power | lator. Motdr-boating — lower | tralised.
Grld leak  improper pply or| Poorly designed | the value of resistors | Magnetic teed back be-
value, . speaker eonnec- | transformers, in resistance coupled | tween stages.
Imperfect contacts. tion. Coupling . con- | amplifiers. Open grid circuit.
Defective piece of ap- | Sharply moving | densers too | Broken wire.or ‘fmper- | Centre tap of trans-
paratus. wires or sct | small. fect contacts. former not. balanced.
Insufficient plate volt- | while In opera- | Gircuit t o o | Burned out audig trans- | Grid return to centre
age. tion will ace | sharply tuned. | former. - point of pétentiometer
Burned out AF. trans- | ce ntuate| Last stage in- across A.C. valves not
former winding. trouble. adequate. properly adlusted.
No blasing on
valves,
& Speaker disconnected. Spcaker out of adjust- | Defeotive cord | Speaker over- | Sound vibrations com- | Buzz or rattle In dy-
SPEAKER Open circuit in speak- ent, or plug, loaded; elimin- { municated from 'speak- | namic speaker due to
er unit. plug or cord. Loose contact. ate direct coup- | er to valves In set. moving coll rubbing
Speaker short - cir- | Leak across speaker ling by using | Electrieal feed  back | ngainst pole pleces,
cuited. cord. output  trans- | from speaker cord to | Hum due to.worn-out
Coil in speaker unit | Choke coil In output former or choke | amplifying circuits. rectifier,
burned out. cireuit has too high condenser coup- Feedback from speaker
resistance or insuffi- cireult to amplifylng
cient Impedance, Not “matched to 4 stages due’ {0 sound
valve in last vibratfons communte
stage. N cated from speaker to
Poorly designed valves in set.
speaker.
Incorrectly wired set. Set inadequate, Breakdown at | Improper tun- | Statlc—try disconnect- | Two statlons on nearly
GENERAL Shielded 1location or | Spot poor for reception. } br oa dcasting { ing. {ng merial amd earth, same wave-length cause
dead spot. Fading. station — try | Fading. Elimirator too close to | heterodyne whistle.
Set not turned on. enother station. | Weather condl- | set. Interference from nears |
Breakdowm at broad- tion Near-by regenerative | by oscillator. ¢
casting statlon — try Unsntistactory set. . Near-by regenerative or
another station. tranemis s {on | Bparking electrical ma- | oscillating receivér.” ™
5 from station - | chinery. 5
try another sta-
tion. S -
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POWER UNITS AND A.C. VALVES

In this article are discussed the general principles and operation underlying the

electrical side of the modern receiver.

E have dealt elsewhere with bat-
tery-operated receivers, the
general principles of which ap-
ply equally to the tﬁe of re-~’
ceiver we now shall discuss—that which
derivesaits power from the alternatin
current electric supply mains, whic
provide most of the light and power in
the city and._suburban areas. In our
talk on battery-operated receivers we
took it for granted that the filaments of .
the valves would be lit from direct, or
unvarying, current and that the plate
and grid voltage supplies would be of
the same type. Unless this wére so it
would be impossible for the receiver to
operate properly, for.the .very fluctua-
tion of the valve supply would- prevent
the valves being kept in the stable oper-
ating condition necessary for their cob»?
rect workini. .

On the other hand, battery operation
entails the problem of battery charging
or replacement whilst the _household
lighting supply 'provides a mnever-failing
source -of electric power. The A.C., or
alternating current, valve was de-
veloped in 1926, but it was pot until
four .years later that it came into gen-
eral use. The principle upon which this
valve-operates -is quite simple. tually
its operating characteristics, except . fer
the fact of its filament suppiy, are iden-
tical with those of the battery-operated
valve. '

To understand how an A.C. valve func-
tions it is necessary to'go back to, the
explanation of the single valve receiver
in which we explained that the opera-
tion of a valve depended upon the “Edi-
son Effect” This was the discovery by_
Edison that a heated body, enclosed in
a Eartial vacuum, would emit electrons
which were attracted by a positively
charged body near the heated element.

What the designers of the A.C. valve
did was to use alternating current to
heat the emitting element, which they
called the cathode. This cathode was a
hollow tube inside which were placed the
filament wires which were fo heated
by the passage of an electric cwrrent.
T¥1us the alternatin% current was used
to light the valve filament and at the
same time was kept out of the actual
operating part of the valve as the elec-
tron emission took place from an indi-
rectly heated cathode.

It should be noted that not all the

valves which are used in all-electric re-
ceivers are indirectly heated. Experi-
ence has proved that it is possible to
operate the final stage audio amplifying
valve's filament from an alternating cur-
rent supply without disturbing the
valve’s functions. This possibility, how-
ever, does not apply to the other valves
in the receiver, for, if the radio fre-
quency or detector valves were simi-
larly operated there would be a loud
humming noise “hum”) pro-
duced in the loud speaker. ;
« The overcoming of the filament light-
ing difficulty did not mean that the all
electric receiver had been produced. Be-
fore this could be claimed it was ne-
cessary that some means be arranged to
supply the “B” and “C” voltages neceg-
sary for the set’s operation.

This was made possible by the devel-
opment of the rectifier’ valve, which is
capable of passing current only in one
direction,

Look now at Fig. 1 in the lower por-
tion of the diagram, We find a straight
line which is cut at intervals by a suc-
cession of wavy lines. This illustrates
diagrammatically the operation of a
“radio power pack” (as the unit which
supplies the “B” and “C” potentials to
an all-electric receiver is called). The
schematic diagram of the power pack is
shown in the top part of the diagram.
In this we see that it consists of a power
transformer, T, a rectifier valve, V, a
filter choke, CH, two filter condensers,
Cl1 and C2, and a voltage divider VD.

The power transformer, PT, has a
primary winding, P, and three secondary
windings, S1, S2, and S3. The winding,
S1, has a step up ratio, while S2 and S3
have step down ratios with respect to
the primary winding, P.

Al]l three windings consist of a num-
ber of turns of wire, more for the pri-
mary and step-up windings than for the
other two, wound on a bobbin and sur-
rounded by an iron core made up of

inations or thin sheets of special
transformer steel. Just as in the case
of the audio transformer, alternating
current flowing in the primary winding,
P, is induced into the three secondary
windings. If the step-up ratio between
the primary, P, and the secondary, Sli,
is 1 to 4, and the voltage at the primary
is 200, then 800 volts will be available
across the outside terminals of the
secondary winding. Similarly, if a step-
down ratio of 40 to 1 exists between P
and S2, and a step-down ratio of 80 to 1
exists between P and S3, voltages of 5§
and 2% respectively will be available
across the outside terminals of these two

windings. The potential available at Si,
S2 and S3 all is alternating current.
While S2 and S3 are used for lighting
the rectifier valve filament and the fila-
ments of the receiving valves respec-
tively, S3 is to supply the plate and grid
potential, and, therefore, its output must
be rectified or changed into direct cur-
vent before it is of any use.

This rectification is carried out with
the aid of the valve, S, which is fitted
with one filament and two plates and is
known as a full-wave rectifier. To trace .
the operation of this valve we must first
draw attention to the centre-tap on the
secondary winding, S1. This centre-tap
is connected to earth, and is the nega-
tive point in the high voltage system.
Between each side of the high voltage
winding and the centre-tap of our sup-
posititious transformer there is an alter-
nating potential of 400 volts.

Power Packs

The external terminals of the secon-
dary winding, Sl, are connected to the
plates of the rectifier valve, V. At a
given moment the- potential on one plate
of V is positive, while the potential on
the other plate is negative. The elec~
trons from the heated filament bombard
the plates and from the positively
charged one current flows to the fila-
ment, thence through the filter choke,
CH, and the voltage divider, VD, to the
centre-tap, which, like the end of the
voltage divider, is connected to earth.
At the next moment, reversal of the al-
ternation, the other plate is positive

(Continued opposite.)
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THE OCTODE VALVE

This pictorial diagram of a modern radio valve should
prove of great interest to the mnovice and the advanced
experimenter.

« LSEWHERE in this handbook we
have dealt extensively with the
the theory and operation of all types
of radio valves. These have ranged

from the simple diode or rectifier through
to the complex multi-element types used
in modern receivers.

It will be remembered that we touched
only briefly upon the Octode and simi-
lar type frequency charger tubes used
in super-heterodyne receivers. A good
idea of the element structure of a mod-
ern frequency charger tube is furnish-
ed in this diagram of the new Philips
EK2 Octode, recently developed for use
in super-heterodyne recelvers.

This wonder valve possesses no fewer
than six grids. Only two of these are
control grids. The valve actually con-
sists of two sets of elements. ne of
these functions as a triode valve, and is
used in the super-heterodyne circuit as
an oscillator. The other is a screen grid
valve, and is employed as_the modula-
tor1 or detector of the incoming signal im-
pulses.

The two seiz of elements are separated
electronically by a screen of negative
electrons, but the powerful positive elec-
trons from the oscillating triode of the
EK2 force their way through to the
control grid of the pentode section of the

valve, where they mix with the incoming
signal impulses A common cathode or
heater element is used for the two sec-

- tions of the valve.

It is due 1o the development of high'y
efficient mixer tubes such as the EK2
ithat the modern super-helerodvyne has
been brought to such a pitch of effi-
ciency as to provide regular reception
of international stations.

The following is a key-numbered ex-
lanation of the various constructional
ecatures of the Philips EK2 octode:—
1—Top contact (control grid No. 4.
2—Lead-in insulator for the control grid

+ connection (grid 4).

3—Glass bulb.
4—Internal connection to grid 4.
5—I.ock for securing the mica center-

ing_ disc. . Y
6—Flexible mica centering disc.
7--Split in mica disc, giving enough

flexibility to fit contour of inside
of bulb.

8—Metal coatng.
9—Support for plate.
10—Mica disc for spacing the electrode

supports,
11—Support for grid 3.
12—Support for grid 1.
13—Top of cathode.
14—-Support for grid 6.

POWER UNITS AND A.C. VALVES —

charged and current flows from it to the
filament, thence through CH and VD
back ‘to the centre-tap. This is known
as full-wave rectification. The push-pull
action goes on indefinitely as long as
the valve filament is lighted and the
power transformer secondary, Sl, draws
current from the primary, P.

Glance now at the bottom half of the
diagram. At the left will be found a
wavy line which starts from the base
line (zero point), rises to the crest (posi-
tive half of the alternating current
cycle), falls to the zero point and travels
downward to a crest (negative half of
the cycle), and returns to the zero line.
This is a complete cycle of operation.

Next we find a larger wavy line which
serves to indicate the same cycle of
operation only on a larger scale. This
is what is happening at the extremes of
the secondary terminals of the high
voltage winding of the power transfor-
mer. Next we find that only the upper
(positive half) of the cycle is repre-
sented.

Actually, two half-cycles are shown,
indicating a complete cycle of operation
of the rectifier valve, V

Smoothed In Filter

We see by this that the curremt rises
from zero to a maximum positive posi-
tion and then falls to zero. This is what
is taking place when each rectifier plate
in turn has been fed with a positive
potential and has passed current through
the filament to the Cl side of the filter
choke, CH

This “rippl current is useless for
plate supply purposes and must be
“smoothed”” by means of a filter system
before it can used. Earlier in this
series we explained that a condenser had
the property of allowing alternating
current to flow through it while a choke

Continued frcm opposite page.

coil operated in the reverse way and
prevented the passage of such currents,
This is what happens when the “ripply”
direct current fed from the rectifier valve
attempts to pass through the filter sys-
tem. The condensers, Cl and C2 store
up the current, and as the humps are
smoothed out of the ripple by the choke
coil, CH. release .the stored current to
make up the deficiencies. This is rather
a broad way of describing the function
of the filter system, but it will suffice
in the present instance.

It should be pointed out that this
filter choke consists of a number of
turns of fine wire wound upon a former
which is surrounded by an iron core.

Next we come to the voltage divider,
VD, which consists of a comparatively
high resistance. The Ipur;:»ose of this
resistance is twofold. It is intended to
stabilise the voltage output from  the
power-pack by placing a small eurrent
drain on the rectifier (the current has
to complete the circuit to the centre-tap
of the high voltage secondary winding
by flowing through (VD to earth): It
also provides a convenient means of
tapping off any fraction of the maximum
voltage for use in different parts of the
recetver. For example, say t the ree-
tified outpul of the power transformer
mentioned was 420 volts (at all :eason-
able current drains the output volitage
is higher than the A.C. input voltage,
although the formmer falls as the current
drain increases). Assume that 410 volts
are delivered at the C2 side of the volt-
age divider, VD, and that 250 volts are
required for the operation of one of the
valves in our receiver. This potential
would he tapped off VD at a point a
little less than half way down the volt-
age divider. Lower potentials would be
tapped off at points correspondingly
nearer the earthed end.

Page Thirty One
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A sectional diagram of the Philips
EK2 Valve.

15—Metal disc for reinforcing

disc mentioned under 10.

lG—-Sup"[:oi't for mica centering disc. -
2

the mica

171--Gric
18—Grid

24—Support for grid 2,

25—Heater with insulator.

26—Support for grid 4.

27—Emitting layer on cathode.

28-—~Suplx()ort for grid 6.

20—Lock for securing electrode struce
ture.

30—Support for electrode structure.

31—I§lpecial layer of surface insulation.

32—Heater,

33—Lock for securing filament to con=
necting wire.

34—Glass insulator. .

35-—Connection to grid 6.

36—Connection to grid 2.

37—Connection to filament.

38—Connection to grid 1.

39—Connection to grids 3 and 3.

40—Connection to plate.

41—Connection to metal coating.

42—Phillips “P” type valve base.

43—Locator for determining position of
valve in socket.

44—Air gap to prevent R.F. losses,

45—Silver-plated side contacts on valve-,
ase.
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D(l::ﬁg)ter ‘ Turng per inch. (exact; winding) | D(l;xix;:;er ‘ Turns per inch (exact winding)
B&| | | | I I I S.W.G| | i i | | | |
5 Il“”EnamllD-C-‘C lBafe llE"am- s.c.c.|1‘).c.c.1|s.c.c. D.S.C. No.|‘Enam.| D.C.C.| Bare |Enam{ s.c.c.|D.c.c.|| SS.C. ‘D.S.C.
i | | I
8 | 1306 | 1425 1.8 7.65 7.32 7.01 — - 10 | 132 142 7.81 7.63 7.35 7.04 - —_
9 | 1165 | 1264 8.74 8.58 8.23 7.91 —_ _ 11 | 120 130 8.62 8.33 8.07 7.69 — -_
10 | 104.0 | 1129 9.81 9.61 9.26 8.85 - - 12 | 108 118 9.62 9.26 8.93 8.48 —_ —_
1 927 |100.2 | 1102 | 10.7 10.4 9.98 - - 13 96 106 1087 | 1042 | 10.00 9.43 _ —_
12 82.8 90.3 | 1237 | 12.0 11.6 11.07 —_ —_— 14 84 94 1250 | 11.90 | 11.36 | 10.64 —_ -
13 74.0 815 | 13.89 [ 13.5 129 12.27 — - 15 75.5 84 13.89 | 13.25 | 12.66 | 11.90 _ —_
14 ‘1 66.1 736 | 1560 | 15.1 144 13.59 —_ - 16 67.5 76 . 15.63 | 14.81 | 14.08 | 13.16 | 1493 | 14.71
15 59.1 66.6 | 1752 | 169 16.1 150 — — 17 59 68 17.86 | 1695 | 15.87 | 14.71 | 16.95 | 16.67
16 52.8 60.3 | 19.68 | 18.9 179 16.5 189 18.2 18 50.7 59 20.83 | 19.72 | 18.18 | 1695 | 20.00 | 19.61
17 411 548 | 221 21.2 19.8 18.2 21.1 20.2 19 42.6 51 2500 | 2347 | 2128 | 19.61 | 23.81 | 23.26
18 4.1 498 | 248 2.7 22.0 20.0 23.6 22.5 20 38.5 47 2778 | 2597 | 2381 | 21.28 | 26.32 | 25.64
19 317 454 | 21.8 26.5 24.4 22.0 26.3 250 21 34.3 43 3125 | 29.15| 2632 | 23.26 | 29.41 | 28.57
20 33.8 415 | 31.3 29.5 21.0 241 294 21.7 22 300 39 35.71 | 3333 | 29.41 | 25.64 | 3333 | 32.26
21 30.2 38.0 | 351 33.1 29.8 26.3 32.7 30.7 23 25.7 A4 4167 | 3891 | 3448 | 2941 | 3846 | 37.04
22 21.0 338 | 394 37.0 335 29.5 36.6 341 24 23.6 32 4545 | 4237 | 37.04 | 3125 | 4255 | 40.00
23 24.1 311 | 443 414 36.9 32.1 40.6 31.5 25 21.5 30 50.00 | 46.51 | 40.00 | 33.33 | 46.51 | 43.48
24 21.5 28.6 | 49.7 46.5 40.6 349 452 414 26 19.4 28 55,56 | 51.55 | 4348 | 3571 | 51.81 | 48.78
25 19.2 264 | 55.8 52.0 4.6 37.8 50.0 45.6 217 17.7 2.4 | 6098 | 56.50 | 46.73 | 37.88 | 56.50 | 52.91
26 17.1 24.4 | 62.7 58.4 49.0 409 55.8 50.0 28 16.0 248 | 6757 | 6250 | 50.51 | 40.32| 62.11 | 57.80
27 15.3 227 | 704 65.3 53.4 44.0 61.7 54.9 29 14.8 236 | 7353 | 67.57 | 53.76 | 42.37 | 67.11 | 6211
28 13.6 211 | 828 73.5 58.4 4713 68.4 60.2 30 13.4 224 | 80.65| 74.63 | 5747 | 4464 | 7299 | 67.11
29 122 198 | 88.8 81.9 63.2 50.5 75.1 65.3 31 12.6 216 | 821 | 79.37 | 60.24 | 4630 | 77.52 | 70.92
30 10.8 185 | 99.7 92.5 68.9 54.0 83.3 714 32 11.7 2.8 | 9259 | 8547 | 63.29 | 4808 | 82.64 | 75.19
31 9.7 174 | 112.0 | 103 4.6 51.4 91.7 715 33 10.9 20.0 | 100.00 { 91.74 | 66.67 | 50.00 | 88.50 | 80.00
32 8.7 16.5 | 125.8 | 114 80.0 60.6 | 100 83.3 34 100 19.2 | 108.7- | 100.0 7042 | 52.08 | 95.24 | 85.47
33 7.9 156 | 141.2 | 129 86.2 641 | 109 90.0 35 9.1 17.4 | 119.0 | 1099 80.65 | 57.47 | 103.1 91.74
34 6.9 148 | 158.6 | 144 92.5 67.5 | 120 97.0 36 8.3 16.6 | 131.6 | 1205 86.21 | 60.24 | 112. 99.01
35 6.2 141 | 178 161 99.9 709 | 131 104 3T | 14 15.8 | 147.1 | 1351 99.21 | 63.29 | 123.5 | 107.5
36 5.5 13.0 | 200 181 111 769 | 142 111 38 6.6 150 | 166.7 | 1515 | 100.0 66.67 | 137. 117.6
37 49 125 | 224 204 117 80.0 | 153 117 39 Dl 14,2 | 1923 | 1754 | 108.7 70.42 | 153.8 | 129.9
38 44 120 | 252 227 125 833 | 166 125 40 53 13.8 | 208.3 | 188.7 | 113.6 72.46 | 163.9 | 137.0
39 39 11.5 | 283 256 133 869 | 181 133 41 48 —_ 221.3 | 208.3 - —_ 1786 | 151.5
40 3.5 111 318 285 140 900 |19 | 140 42 44 —_— 2500 | 227.3 - - 1923 | 161.3
41 305| — 1363 327 - —_ - - 43 3.9 - 2718 | 2564 —_ - 208.3 | 1724
42 264 | — 400 318 - —_ -_— - 4 3.5 -_— 3125 | 285.7 — — | 2213 | 185.2
43 237 — (44 421 - -_ - - 45 3.1 — 3571 | 3226 - - 2500 | 200.0
4 212 — | 500 471 -— — - - 46 265 | — 416.7 | 37174 —_ - | 2778 | 2174
45 191 | — | 571 523 — —_ -_— — 47 2251 — | 5000 | 4444 -_— - | 312. 238.1
46 172 — | 666 581 - —_ — — 48 - - -— - — —_ —_ —
*Nominal Value. Actual dimensions vary slightly. ag
el INDUCTIVE REACTANCE IN OHMS
(Henries)
50 cycles 100 cycles 1000 cycles 5000 cycles 175 K.C. 465 K.C. / 1000 K.C.
250 78,500 157,000 1,570,000 7,850,600 - - -_—
100 31,400 b 628,000 3,140,000 - - —
k1) 15.700 31,400 314,000 1,570,000 — - -
25 7,850 15,700 157,000 785,000 —_ —_ —_
10 3,140 6,280 62,800 314,000 — - -
5 1,570 3,140 31,400 157,000 -_— - —
1 | 314 628 6,280 31400 1,100,000 2,920,000 6,280,000
Sl 514 62.8 628 3,140 110,000 292,000 628,000
01 3.14 6.28 62.8 314 11,000 29,200 62,800
Micro-H.
1,000 - 314 628 6.28 314 1,100 2,920 6,280
200 .0628 1257 1.257 6.28 220 484 1,257
100 0314 628 0.628 3.14 110 292 628
- CAPACITATIVE REACTANCE IN OHMS
Micro-Fds.
50 cycles 100 cycles 1000 cycles 5000 cycles 175 K.C. 465 K.C. 1000 K.C.
00003 — e — 1,060,000 30,000 11,400 5,300 ]
0001 - - 1,590,000 318,000 9,100 3,420 1,590
00025 - - 637,000 127,000 ,600 1,368 637
0005 —_ —_ 318,000 63,700 1,800 684 318
001 3,180,000 1,590,000 159,000 31,800 910 342 159
006 530,000 265,000 26,500 5,300 150 51.0 26.5
01 318,000 159,000 15,900 3,180 91 34.2 15.9
1 31,800 15,900 1,590 318 9.1 3.42 1.59
25 12,700 6,370 637 127 3.6 1.368 637
) 6,370 3,180 318 63.7 1.8 684 318
1 3,180 1,590 159 318 91 342 159
2 ,590 796 79.6 159 45 171 98
4 796 308 39.8 7.96 23 086 M
8 398 .12 127 3.98 1 043 02
25 127 63.5 6.35 127 04 0136 006
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The Relationship Between Inductance, Capacity and Frequency

25
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MICROHENRIES ( iLh)

2

With this chart and a ruler one of
the above quantities can be deter-
mined if the other two are known.
For example, if a condenser has a
minimum capacity of 15 mmfd and a
maximum capacity of 50 mmfd, and
it is to be used with a coil of 10
microhenries inductance, what fre-
quency range will be covered? The
ruler is placed between the 10 on the
left-hand scale and the 15 on the
right-hand side giving 13 megacycles
as the high frequeney limit. Keeping
the ruler at the 10 on the left-hand
side, the other end is moved to the
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50 on the right-hand side giving a low
frequency limit of 7.1 megacycles.
The centre scale also serves to con-
vert frequency te wavelength,

. The inductance of a single layer coil
is given by the fon;nula:—

10+
Where L is the inductance in micro-
henries.
r is the radius of the coil in
inches.
n_is the number of turns.
1 is the length of the winding
in inches.
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20

MICROMICROFARADS (uuifd)

For example, assuine a coil having
35 turns of No. 30 d.s.c. wire on a coil
former having a diameter of 1%
inches. Consulting the wire tables
shows that the 35 turns will occupy a
space of % an inch.

Therefore,

r= x3¥%h x 35 x 35

10 (34 + %)
Hx34 x 5 x 35

10 x 1%
= 55.1 microhenries.
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OHM’S LAW FORMULAF.

THE BEGINNER'S BOOK OF RADIO

How to determine the voltage, current or resistance of any
given circuit.

he meets in the course of his
radio experimepting, hardly any-
thing gives the beginner so
horrible a feeling as to be obliged to
nd out: “What is the voltage drop if
a resistor of such and such a number
of ohms is applied -to a circuit?” }

, We all know, of course, that there is
an excellent formula which solves the
problem without great difficulties and
that this formula is called “Ohm’s Law.”
When the letters E, C and R, which are
the internationally accepted symbols for
voltage, current and resistance, are
juggled by the person conversant with
the working of Ohm’s Law it all seems
fantastically simple. However, when we
come to use the formula ourselves we
run into difficulty and finally come to
believe that Ohm’s Law is a devil’s in-
vention fit for use only by the initiated.

As we shall see later, this opinion of
Ohm's Law is prejudiced because every
one of us can understand it.

To prove that this is correct, let us
look over the facts actually involved in
the relations which exist between the
three fundamental units of electric
power: the volt, the ohm and the am-

ﬁ VMIONGST the many things which

ere. :
: Scientists tell .us that electricity con-
sists of electrons=minute pieces of mat-
ter which move at a speed of 186,000
miles a second.

For a moment let us take one of these
tiny electrons and think of it as a human
being.

Carrying our imagination further, let
us think of a crowded Flinders Street
railway platform at 6 o’clock at night.
A packed mass of travellers (electrons)
is waiting for the train to come in.
When it:does, we find that it is al-

: ready paédked to the doors and nobody

is leaving .it. Despite this, the people on
the platform try to get into the train,
At the dobrs where only a few people
are they ma~ enter without a great deal
of pressure, but at the doors where a
great many newcomers are eager to
penetrate the thick masses of passen-

ﬁers already in the compartment they
nd considerable resistance and only by
force are they able to get in.

In some cases, even,
help, and the more or less friendly ser-
vices of a porter, who pushes with all
his might, is required to get them in.

About the same situation occurs when
electrons of which electricity actually
consists) try to force themselves from an
accumulator battery (platform) into a
resister (crowded train compartment). If
the value of the resistor is very high

OUTSIOE PRESSURE _ REISTANCE NUMBER OF PEOPLE
NECESSARY OF PEOPLE WHO WISH T0 ENTER
IN THE CAR THE CAR

PRESSURE OF NUMBER OF RESISTANCE OF

PLATFORM < PEOPLE EX- yx PEOPLE INCAR

GUARD EXPRESSED PRESSED IN EXPRESSED
IN VOLTS AMPERES IN OHMS

®h THE 5aME FORMULA EXPRESSED
IN ELECTRICAL TERMS i—
REBISTANCE vALUS NUMBER OF
voutage . OF THE CIRCHT ELECTRONS WHICH
NECESSARYS WHICH ISTOBE X ARE TO BE SENT
PENETRATED THROUGH THE
ciRcurt

A ictorial illustraiion of _one of
Ohm’s Law Formulae.

(if the compartment is very crowded)
and only one battery is applied, the elec-
trical pressure or tension will not be
high enough to press all the desired elec-
tricity through the resistor.

The porter at Flinders Street solves
the difficulty by pushing the people into

the compartment with all his might. En-

gineers do the same thing by increasing
the electrical pressure (increasing the
voltage) which affects the electrons in
the same way as does the pushing power
of the Flinders Street porter. See Fig. 1.

The example of the railway train, com-
pared with the description of what en-

~CROWDED CAR~

SINCE THE CAR 18 VERY CROWDED
A FEW PERSONS ONLY ARE ABLE
TO ENTER THE CAR.

~ HIGH RESISTANCE ~

RESISTOR ~»3

w43€,  CURRENT S
9 )~ METER

N\

SINCE THE RESISTOR IN THE CIRCUIT

IS VERY HIGH ONLY A FEW ELECTRONSF

ARE ABLE TO PENETRATE THE
RESISTOR.

L “" BATTERY

TYyvvy

~HIGH PRESSURE FROM THE PLATFORM-

GUARDS PRESS THE PEOPLE .~
INTO THE CROWDED CAR.

& MANY RESISTOR

=" BATTERIES -

= 456, CURRENT
:' = J [ ®/ METER

-HIGH VOLTAGE FROM THE STORAGE BATT

THE HIGH TENSION OF THE MANY

BATTERIES PRESSES THE

ELECTRONS "™™ROUGH THE
RESISTOR

These illustrations show the remaining two formmlse of Ohm’s Law.

.

this does not ..
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. 5 7 BATY C} RESISTANCE
Es1xR @ ‘ o KNOWN

@ N 1onm
{(LvoLrs i e =
1 AMPERE X 10HM) 3 g
VOLTAGE DE- !4 "~ CURRENT FLow
KNOWN

SIRED
HOW MANY YOLTS NECESSARY ? 1 AMPERE

€ RESISTANCE
I~ = o~ KNOWN
5 DM
{ ;g:z:;i‘_‘ VOLTAGE wiown CUERENT oW
AMPERES ) lowm."m EE'i Go
Re - DESIRED
I HOW MANY
O, onMs ?
{10voLTS =
2AMPERES X Q CURRENT £L0w
5 0Hums " KNOWN
10 vours 2 AMPERES

Ohm’s law formulae.

gineers do to overcome the resistance of
an electrical resistor, has shown us very
clearly that, regardless whether human
beings or electrons are involved, a large
resistance can only be overcome by a
heavier pressure.

If we desired to write down this ex-
periment in very short form we could
write it in the following way: The more
people that are waiting on the platform
and the more crowded ,the train is, the
more pressure is required to crowd the
newcomers into each’ compartment.

we speak in electrical terms we
could say: The higher the resistance
through which we wish to gend a cur-
rent the more electrical’ pfessure (the
more “tension” or “volts”) must be ap-
plied. i IO _

But even this description is clumsy
and, by compressing our experience into
a much simpler form, we come to the
formula (see also Fig. 2):— OQutside Pres-
sure necessary equals Resistance of
people in the compartment X number of
people who wish to enter it.

Since voltage is internationally ex-
pressed in volts. (abbreviation for volts
equals E) and the unit of electrical re-
sistance is the Ohm (abbreviation for
Ohm equals R) there remains only to
explain the unit, of electron flow, )

The accepted’ way to do this is in
terms of a current, as electrons them-
selves are too tiny to be practicable for
this purpose. In quite the same way we
do not speak of the drops of water which
flow through a pipe, but speak rather of
the flowing water current. The unit of
electrical current is the Ampere (abbre-
viation for Ampere equals E or I).

Having discussed these details, there
remains only the fact that the essential
rule governing Ohm’s Law is found on
the experience that, when we have 1
volt available we are able to send an
electrical current of one ampere through
a circuit having an electrical resistance
of 1 ohm. o :

Since this is a clumsy way of writing
Ohm’s Law, another method has been
devised and today, all over the world,
Ohm’s Law ig written as shown in Fig. 3.
If we enlarge the resistance to 5 ohms
the formula tells us we need 5 volts to
conquer the electrical resistance. If the
resistance remains constant at 1 ohm, but
we want to send through the resistor a
current amounting to 6 amperes, the for-
mula tells us that the voltage necessary
is 6 volts, and so on.

A Current

The formula given by Fig. 3A enables
us only to figure the necessary voltage
to be applied if we know the resistance
and the current to reckon with. How-

(Continued on page 49)
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HAHTLE ' s for All AMATEUR

REQUIREMENTS

KIT SETS

Hartleys offer a complete range of high quality Kit
And remember,

only first-grade component parts are supplied.

Sets, also special coils or coil kits,

The Pre-selected Iron-cored

Crystal Coil Kit

e Gl Radiokes output
Complete with / © f £ er ing / / valves (.omplbte
R d =
S kit %’,‘;ﬁlb 6 fhmance '£6 6 kit .
SRR NN R ST e R
HOME BROADCASTER Electron Aerial Wire
Can be plugged Genuine electron wire—all copper.

into pick-up ter-
minals of any set;
complete with

Simplified Money-Saver,
A slmple set, low in

Accept no substitute!

S 2l- . 4l

Radiokes “Scout”
3-4 SUPERHET.

High quality reproduc-
tion ensured by the direct
coupling of diode and

-£5

volume control.
Excellent results
assured—no back-
ground noise, no
button current

WINDING WIRES

High quahty super Lewcos Wind-
ing W

Double Cotton Covered

length, including handle. 12]n.
Foxélplete thh 6ft. ﬂexzble 15 /
ead ..

REAL PHONES

Complete

29/6

Pair

New Two-way Phones operating on stan-
dard dry cell batteries. In pairs, ready
for use. only batteries need be added
Complete with buzzers, 35 ft.
of wiring and full mstruc- 59
tions .. ..

HARTLEYS

18 gauge, 40z. reel 1/3
20 gauge, 4oz. reel ... .. .... 1/4
22 gauge, 4oz. reel . 1/5
24 gauge, 40z. reel 171
26 gauge, 4o0z. reel . 1/9
28 gauge, 40z, reel .. ,, .. V11
BAR Double Silk Covered
« KNOBS 20 gauge, 40z. reel .. .. .. 1/9
22 gauge, 4oz. reel ., .. .. V/10
With white pin line and screw 24 gauge, 4oz. reel ,. . .. /10
mounting .. .. .. .4 er oee oee el .. g gauge, 232. ree} TS %:l;
2}in, 11in. gauge, 4o0z. reel .. .. ..
Bfa'cl( . 1/ 6 Bfack A II 3 30 gauge, 40z. reel .. .. .. 2/8
Enamel ere
HENLEY'S S0Lo% . IRON | 18 gauge, 4oz reel V|
20 Gauge, 4o0z. reel .. .. .. 1/1
22 gauge, 40z. reel . .. .. 1/1
24 gauge, 4oz. reel .. ., ., 1/2
26 gauge, 40z. reel .. .. .. 1/3
28 gauge, 40z, reel .. .. .. 1/3
30 gauge, 40z. reel .. .. .. 1/3
Made by W. T. Henle{s England. Con-
sumes 65 watts and weighs 11 ozs. Total FORMERS

Cardboard—1%, 2, 3,
Gordboara-14. 2. 1. gl @@

Bakelite—1in., 1¥%in.,
1%in., 1%in., ] /-
2l5in., 31!'14 Sy it z ‘t.

REPAIRS OR
ADJUSTMENTS

Our repair and technical section
is equipped with the most up-to-
date labhoratory and testing equip-
ment available. We will be pleased
to check your kit set and give any
final adjustments ' zessary. Re-
pairs are carried ou( promptly and
at reasonable prices.

SPORTS
STORES

FLINDERS ST.

(opp. Station) also 148 Swanston St.

The Preselected Iron Cored

Melodious Three

Complete kit

guality parts, including

valves for inaking this ex-
cellent battery 3-valve set.

PILOT LIGHT
BRACKETS

Nickel-plated; supplied
with red or green jewel.
%deal for 11ng1catlon lights
or amplifiers,
transmxtters,Z/b 3
5o LN

etc

Fitted with a serew chuck and
heavy rubber leads. Will take 3 / 9
standard gramophone needles

"’Hold- Tlght" Screwdriver

Size 4in. 3/9
Large

3/ 9 Size 6iu. 4/6

Patent clip holds screw in position
when unable to hold with fingers.

This key is desxgned for the amateur
who requires a key that is scientifically

correct, but moderate in

price. Finished in brass . 21 / 6
THOUSANDS OF OTHER
VALUES AT HARTLEYS
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CONDENSERS AND
RESISTORS .

Theoretical and practical information on capacitive and
resistive components.

TP'WO of the most important groups of
components in a radio receiver are
condensers and resistors. The first are
used in their various forms for tuning,
by-passing, coupling and filtering. The
second are used for voltage division, fil-
tering, and for audio coupling circuits.
We propose now to discuss each type
of condenser and resistor, to give hints
on the selection of components for speci-
fic purposes, and to detail the pitfalls to
be avoided. :
Variable Condensers
This class of condenser includes all
types in which mechanical movement is
responsible for a variation in capacity.
The most commonly used variable con-
densers are those whi¢h are possessed of
two sets of -plates, ‘one ‘of which is
mounted on a spindle and arranged
mechanrically so that it can be enmeshed
with the fixed plates.
The two sets of plates are separated:

from each other by air which is-the-

dielectric. -The more the surface area
of the moving .plates of the_condenser
which is brought into relationship with
that of the fixed plates, the greafer the
capacity of the unit. y
Variable condensers used for funing
broadcast receivers may be obtained in
two or three capacities. The most com-
mon of these is 000375 mfd., .00042 mfd,,
and .00045 mfd. These small differences
in maximum capacity permit a greater
tuning sweep to be obtained;-in other
words, the large capacity condensers will
tune over a greater wave-range than
will the small ones. g
For use in modern single .control cir-
cuits the tuning condensers ‘are gauged,
ie., the set$ of movable plates are as-
sembled on a common shaft whilst each
fixed plate section is insulated from its
neighbor. Two -and three gang con-
densers are commonly used. * Each gang
unit is provided with what is known as
a “trimmer” condenser, which is a com-
pression type mica condenser,, the capa-
city of which is controlled by an adjust-
ment screw. .
The purpose of these condensers is to
balance up any circuit inequalities which
otherwise would make it impossible for
the various sections of the gang con-
denser to track, ie., to keep in step
with one another.
Gang tuning condensers should be

carefully selected, attention being paid:

to see that no mechanical displacement
has taken.place in.the common shaft.
The shaft should move freely, but there
should be no play in the bearings. The
condenser plates should be smoothly fin-
ished and their edges should be free
from metal burrs. The trimmer con-
denser screws should be firm in fit, and
the spring brass, which forms one of
the plates of each trimmer condenser,
should- be resilient.

The gang condenser should be selected
to suit the particular ¢oils to be used.
If these call for the use of a condenser
of 000575 mfd. capacity, use this capacity
condenser and no other.

The next type of variable condenser is
the compression type. We already have
come in contact with this type of con-
denser iif the trimmers of the gang type.
The compression condenser usually cons
sists of a number of sheets of brass foil,

which are interleaved, and are separated
from one another by mica. Pressure on
the foil sheets flattens them out, and
brings them close together, with ' the
result that the condenser capacity is in-
creased. This squeezing of the plates
is usually effected by means of a set
screw,

These condensers are also known -as
Pre-Set condensers, for they do not
change their adjustment when once set.

The most general uses to which pre-

=

VIPITEM I TRL IR T Y

e

PAPER -CONDENSER
A drawing of a paper-type condenser.

set condensers are placed are as trim-
mers on .gang condensers, and, in tun-
ing circuits, as coupling condensers in
radio frequency tuner- units, and as pad-
ding condensers in super-heterodyne re-
ceivers. They should be selected with an
eye ‘to mechanical strength, particularly
insofar as the adjusting screw is con-
cerned. .

Y Fixed Condensers

‘There are three chief types of fixed
condensers.- These are the paper dielec-
tric type, the mica dielectric type, and
the .electrolytic type. The first-men-
tioned are to ‘be ‘found either in rectan-
gular form, in- which caser they usually
are enclosed in ‘metal ‘containers, or in
:he more recently developed tubular
ype.

The metal-clad condensers are usually
very reliable, but, unless it is necessary
to go to high working voltages, the space
they occupy in the average receiver does
not make them a practicable proposition.
These . condensers are provided. either
with terminals or with solder lugs, to
which “connections should be- made.

tubular type of condenser consists
of a unit in which the paper and tin-
foil, which go to make it up, are rolled
up together, Two wire pig-tail connec-
tion leads are provided. These con-
densers are of what is known as ‘the non-
inductive type, and usually the lead
which should be joined to the earth or
low potential side of the circuit is indi-
cated. They are made in capacities rang-
ing from 0001 mfd. to .5 mfd.

The metal-clad type of paper dialectric

.condenser ranges in caf)acity from .001

mfd. to 8 mfd. In selecting either of
these types of paper condenser for a
specific service, be sure that it will not
be exposed to a direct current potential
of more than its working voltage.
Most condensers ‘are branded with the
voltage at which they have been tested

- ing- of cathode bias resistors. In
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A -typical ‘ variable tuning condenscr
with each seetion marked.

to work. For example, it may be found
that -a given. condenser. is .branded “400
Volts Working.” This does not mean
that it should be placed on a circuit in
which a stress of 400 volts will be ap-
plied to :it. -

The maximum safe working voltage of
a 400 volt condenser-is bBetween 250 and
275 volts. .

A word regarding the capacities of
condensers used in various parts of the
circuit may not be amiss. For cathode
by-pass purposes the maximum useful
capacity is .1 mfd., but this should not
be reduced on the score of economy. In
automatic volume control circuits the
actual capacity will depend upon the cir-
cuit. design, although .05 mfd. and .1
mfd. condensers will be generally used.
For by-passing the screening grids and
plates of radio frequency valves, con-
densers of either .1 or .5 mfd. capacity
will- be needed. A .5 mifd. condenser
will be necessary to by-pass the screen
of a detector valve.

In the usual r.f. and first stage audio
circuits decoupline ‘may be effected by
means of a .5 mfd. condenser and the
usual resistor. For audio coupling con-
densers in resistance coupled -circuits
capacities from .01 mfd. to .1 mfd. may
be used. Tone compensation networks
across the output of a power pentode
will necessitate the use of capacities
ranging from .004 mfd. to .1 mfd

In none of these applications is it
likely that the plate potentials will ex-
ceed 275 volts, so that standard 400 volt
working condensers of reliable make
will prove quite satisfactory.

Electrolytic Condensers

We come now to the third elass of
condensers, electrolytic condensers. In
these condensers use is made of a
chemical “action which produces a thin
insulation over one plate of the con-
denser. :Their chief claim to fame is that
they are able to compress high capa-
cities into a very smiall space.

Today we find that the chief uses to
which electrolytic condensers are put
are in filter circuits and in the by-pas}.:,-
the
first application they must be tested to
withstand a very high voltage, which in
the modern all electric receiver may
reach 500. Although, unlike the -paper
dielectric condenser, the electrolytic type
possesses the faculty of re-sealing after
it has broken down under a severe volt-
age stress, it is unwise to bank on this
action when installing the~condensers in
a receiver. The breakdown causes a
short-circuit across the power supply
source, and in an all electric receiver
this short-circuit inay be responsible
for- severe damage to the power trans-
former and associate equipment,

Electrolytic condensers, designed for
power filtration purposes, are usually
rated to work at 450, 500 or 600 volts.
To be en the same side, it always is

(Continued on page 40)
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EVERYTHING RADIO AN )

Vealls Four Big Stores ox
Radio ahd Electrical gadgé
Radio #an, Handyman &
visit is invited-—yon will
cannot call, then write for
Radie and Electrical Catall

HEAD PHONES
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MODERNISE YOUR RADIO
With An Up-To-Date Cabinet

Vealls offer a carefully chosen range of Radio Cabinets
handsome pieces of furniture, beautifully irnlaid and

pollshed and designed to harmonise with the existing

furniture in any room. Write for Free Art Folder.

MODEL X100 MODEL X70 MODEL X80 MANTEL
38in. high by 40in. high by (illasirated) MODEL
2037 by 12ims, 20in. by 12in, 38in. x 20% X Zmn. high by
Price 37/6 Price 42/6 12§ 17in. by 12in,

Price 47/6 Pnce 26/6
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| BANISK WOSEY
Greater " \MPROVE KRECEPTION
by installing

e RN

. lﬂf.\ﬂi!’&b A\L-?\S\’OSE A‘\lﬁ\. WY _f
il
Noise

The “Noise-
master’’  Aerial
Kit is designed
distance and
to give greater
eliminate aerial
noises.

The Complete “Noisemaster’” Kit includes the famous ‘‘Antennax’
aerial filter, and is supplied with aerial wires cut to len with

LISSEN best qual. English 18/6
EMMCO " 22/6 insulators fitted. Complete with Transposer Blocks. efinitely
JAY. Lightweight .." .. 10/6 increases range and cuts out interfering noises. Price 52/6

Exceptional Value.

ARE GUARANTEED 12
SPECIAL MONTHS,
2V lt.zdov Ll 13/4
() amps. .. .. .
z v°lt 2 Volt, 80 amgs e e/
llo 2 Volt, 110 amps. .. . 22/6
4 1t, 7 vloteT 60 : 26/3
VO ate, amps.
Amp’ 4 Volt. 9 %la!e 80 amps. 29/3
. 6 VOLT TYPE
Buy one of these for a spare. 6 Volt, 9 plate, 80 amps. 35/-

VELCO ACCUMULATORS

Worth 6 Volt, 110 amps. . .. 47/6

poas t‘:)eagusithi‘{ser; Si%Sdfé‘ do? tgff
RECEPTICON
AERIAL . ... FREE 2

“King of all aerials.” Fit a '‘Recep-
ticon” and note the aifference. Indoor
or outdoor.

S50ft., /3. 751t., 3/-. 100£t., 4/-

“B* BATTERIES
Are Always Fresh

Veall’'s have complete stocks of all
types of “B” and ‘“C" batteries. Daily
deliveries from the principal factories
guarantee freshmess and—Veall’s freight
on all Victorian Retall Orders

Veall's Big 76 Pages con-

nADlo tains over ‘500 iliustrations of
Radio Sets Parts and Acces-

& sories, Electrical Household

labor saving devices, a neces-

i Radio F
ELECTRICAL g R
enclose a 2d. stamp for pos-
CATALOGUE | RS
return mail.

Battery or A.C. S:ts

BUILD Y
RECEIVE

Let Vealls Su

Vealls can supply the
nsed in the various artic
tion, Let Veall’s guoie .
the keen, low prices.

CRYSTA

Write for detdils of er

or country.
BATTER

See the full cuustructio
Three and Four Vabye
this handbook. ¥Make yo
quote and-—save mionuy fo

ALL ELET

Ask Veall's to guot® on
Remember: i

VEALL’S PAY ¥FREIGH
RETAIL ORDERS EXCEF!
MELBOURNE PRICES.

SPEAKER!
cr BATTE

Complete stocks of afi .typ

PERM AGNE

ROLA 6in. Cone An. {deal
ROLA PMS8-20, 8in. cone
ELECTRO DYN

ROLA KS8-—Internal spider,
External spivder,

ROLA PF5.—633in. cone ..
THE MULTIGLOBE.—A ha
neautifully polished cabinet

4 BIG STORES PACKED WITH
THOUSANDS OF RADIO AND
ELECTRICAL ITEMS

= b —

VEALLS <
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ELECTRICAL AT VEALLS

with thousands of
to the heart of e MORSE CODE KEY AND 15'- CHESEAS SEER.

nter, A personal

pened to buy—if you BUZZER OUTFITS

of Vealls Big 76 Page

TBf. VELCO PRA
TICE OUTFIT, mus. COMPLETE

trated at left, com-

prises Key, Buazzer,
Battery and Code
mounted on wood base
and wired ready for

use. 15/ value for 9/6.
Post Free.

The -“Tapper.’”” ilust.
at right, strougly made,
ideal for DMorse code
practice.  Price, 3/9.
Key only.

Real wvalue in sensxtive. rellable Crystal
Sets. 15/6 value for only 9/6. or com-

High Tope Buzzers. plete with head phones, aerial wire and
L LM ce Prat insulators as illustrated, 19/6. Every Set
with horn (for louder tested “on the air” before dispatch. s
signals), 10/6. Vealls Pay Freight anywhere in Aus-

trali

e i WRITE FOR FREE

way B CONSTRUCTIONAL DETAILS
Murz,” dllust. D.C, Write for full constructional details of

8-

1ts. " 176 the Velco Country Crystal Set. ‘Hasy to
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Condensers and Resistors—
(Continu>d from page 36)

advisable to install the highest working
voltage condensers. This type of elec-
trolytic condenser has a capacity of 8
mfd. It should be pointed out. at this
juncture, that there are two types of
electrolytic condenser. The first |is
known as the wet type In it the chem-
ical compound responsible for the con-
denser action is in a liquid form. In
the dry type of electrolytic condenser
the compound is in the form of a semi-
liquid paste.

The dry type condensers are usually
employed for low voltage applications,
whilst the wet type are used in filter cir-
cuits and similar heavy duty circuits.
Both are capable of re-sealing when
once the over voltage which caused their
breakdown is removed.

Electrolytic condensers of all types
have a definite polarity. The positive
element of . the condensers is marked,
and should always be connected to the
positive side of the circuit. p

The low voltage electrolytic conden-
sers usually are employed as by-passes
a “C” bias resistors. They range
from 10 mfd. 35 volt types to 25 mfd. 75

Ancther mica con-
denser which is en-
cased in bakelite.

volt types. All should be used with care,
and should preferably not.be placed in
circuits in which alternating currents
are flowing.

This form of current, in addition to
direct current, flows in the cathode cir-
cuits of valves, but in this case we have
to take the chance. On no account,
however, place an electrolytic condenser
across a circuit in which a high voltage
alternating current is flowing.

Mica Condensers

The mica condenser is one of the most
valuable of the condenser family to the
radio set-builder. Whilst paper conden-
sers have a certain amount of leakage
and electrolytic condensers have con-
siderably more, the good quality mica
condenser is absolutely above reproach
when used within its voltage ratings.
Even the voltage rating is generous, for
most modern mica condensers are cap-
able of functionin% on circuits carrying
up to 1000 volts of direct current.
_Mica condensers are made in capaci-
ties ranging from .00005 mfd. up to .02
mfd. They are used as grid condensers
— 0001 to .00025 mfd., as rad
quency feed condensers— . 002
mfd., as radio frequ by- con-
densers— 0001 mfd. to .01 mfd., and as
audio frequency cg(lixfling and tone con-
trol condensers— . mfd. to .02 mfd.

One of their chief uses is as audio
frequency coupling condensers in re-

-sistance-coupled circuit.

The leakage of the paper dielectric
condensers in audio circuit is quite
serious. In addition to withstanding
the stresses of applied direet current
voltages, these coupling condensers have
to withstand audio frequency peak volt-
ages which often run into very high

figures.

e combination of the two can
wreck even the ‘of condensers, so
it is best to be on the safe side and use
the highest mica t

A point which should borne in

mind when soldering condensers into

io fre-

THE BEGINNER'S BOOK OF RADIO

circuit is to keep them as free
from solder flux as possible.
This applies particularly to the
bakelite-encased mica con-
densers. Any flux getting on
the condensers is likely to pro-
vide a high resistance leakage
path. and the very purpose of
the condenser, i.e., the blocking
of direct current, is defeated
by this leakage path.

Fixed and Variable Resistances

There are two types of resistanze used
in rodio receivers. One is fixed, whilst
the other is variable. The first type is
generally employed in voltage dividing
and feeding circuits, in the coupling
circuits of audio frequency amplifiers,
and in automati volume control cir-
cuits. :

The second type is almost exclusively
used for volume and tone control pur-
poses. The resistance elements are them-
selves divided into two classes—carbon
or metallised types and wire wound
types. The Ilatter are mechanically
more robust, but the difficulty and cost
of making high resistance wire-wound
resistors places them beyond the bounds
of possibility in the average radio re-
ceiver.

Notwithstanding their cheapness, the
carbon and metallised resistors are ex-
ceptionally robust and can be counted
on to give long and trouble-free ser-
vice.

Let us start off by analdysi.ng the re-
quirements of wire-wound fixed resis-
tances. We have two sub-divisions of
the wire-wound resistor. The first is
the low resistance type which, in prac-
tice, rarely exceeds 2500 ohms, whilst
the second is the high resistance type
ranging from 10, to 25,000 ohms.

The first class is employed exclusively
for cathode bias resistors, whilst the
second is used as a voltage divider and
current stabiliser across the output of
power packs. av

Wire-bound resistors must be cave-
fully selected with a view to their ul-
timate employment. Fortunately the two
types generally available now are rated
to carry 50 and 100 milliamperes of cur-
rent respectively. For use as bias re-
sistors, the wire-wound units are never
asked to carry more than 50 milliamperes
current when a single valve is ing
biassed. When more than one valve is
biassed through the same resistor, its
value may be proportionately decreased
—to one half for two valves and to one-
third for three valyes — and its cur-
rent rating increased to take care of the
added drain. Resistors of a given cur-
cent rating should be doubled in value
and connected in parallel to enable twice
the amount of current to be passed
through them.

The usual “C” bias resistor will need
only to carry a moderate current, but in
push-pull circuits this juggling with re-
sistors may be necessary. Voltage divid-
ers should be selected to have a resist-
ance which will suit their current carry-
m% capacity

or example, a given divider will safe-
ly carry a current of only 10 milliam-
peres and must be connected across the
500 volt output of a power unit; it must
have a resistance of 50,000 ohms to en-
sure that no more than 10 milliamperes
of current will flow thrpugh it. Re-
member, too, that where a voltage
divider is used to tap off potentials for
various parts of the circuit, the current
dramn of the particular circuit point must
be added to the “bleeder current” drain
on that particular part of the divider
through which the current flows.

For example, in our 50,000 ohm. re-
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Two types of mica fixed condensers.

sistor we shall assume that it is desired
to draw a current of 5 milliamperes
from the 100 volt tap on the divider.
Then from the 500 volt positive end of
the divider down to the 100 volt tap we
would be drawing not only the 10 milli-
ampere bleed current. but an additional
5 milliampere current for the receiver.

This point wants watching, for it often
is responsible for the burning up of
voltage dividers which are well con-
structed. but which are being grossly
overloaded. y

All resistors, whether of the wire-
wound type or the carbon or metallised
type, should run cool. If they warm up
to any extent it is a sure sign that they
are being overloaded and steps should
be taken to replace them with resistors
of greater current carrying capacity

In purchasing wire-wound resistors, in-
spect them to see that the connection
of the pigtail connécting wire to the
wire of the resistor itself is properly
made. Poor mechanical construction in
this respect will give rise to endless
trouble and will give the constructor a
few headaches before he finally clears up
the matter with a soldering iron.

Carbon and Metallised Resistors

It should be clearly understood that
the metallised :esistor is :he Rolls Royce
of the high resistance fixed resistances,
Unfortunately it is more expensive than
the carbon type, and for that reason the
latter is more generally used by set-
builders and experimenters.

These resistors are made in various
ratings known as the One-Watt, Two- -
Watt and Five-Watt types. The latter
are not generally used and it is only in
a few circujts that Two-Watt resistors
are called for.

- The resistance ranges which are in
general use extend from 200 ochms to

This illustra- ’4 y
tion shows an- 7
ether design 4
used for fixed /
condensers. Y

are generally employed as grid
for detector valves.

In the grid circuits of audio valves
the usual values are 250,000 and ,000
ohms.  Plate circuit resistors vary in
value, depending upon the particular
type of valve, from 50,000 to 250,000 om
wilth 100,000 ohms as the generally
value.

Of the lower values, 200 ohm resistors
are used as suppressors to prevent un-
desired oscillation in the grid circuits
of r.f amplifiers and to prevent the
generation of harmonies from the oscil-
Iator tubes in super-heterodynes.

Valves from 1000 to 10,000 are used as
stabilising resistance in the plate circuits
of r.f. amplifier tubes. In the screen
grid circuit resistances from 100,000 to
1 million ohms are used to reduce the
applied potential to the desired figure.

Other uses for resistors include thase
of audio de-coupling for which values of
from 15,000 to 250,000 ohms are employ-
ed; for tone control—20.000 to 50.00 o H

(Continued on page 49)

5 megohms. Values from 1 to 5 megohms
leaks
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AUTOMATIC BIAS

An interesting discussion on hdw to apply a negative
bias to a radio receiver.

NE of the features associated with

indirectly-heated valves is that

their cathode structure permits a
bias voltage to be obtained without the
use of a “C” battery or other source of
potential,

As we learned from a study of Ohms
Law, the passage of a current through
a resistance causes a voltage drop across
that resistor. The higher the resistance
and the greater the current, the greater
the potential drop across the resistance.

It will be remembered that, in our
discussion of the valve and its func-
tioning as an amplifier, we explained
that the grid had to be kept at a more
negative potential than the cathode. Now,
if we connect a resistance between the
cathode and earth and make eurrent flow
from earth to cathode through this re-
sistance, we produce a. potential drop
across the resistance.

Assuming that earth is true negative,
as it is in practically every case, we find
that the cathode is less negative than
earth and therefore 'is positive with re-
spect to earth by the amount of voltage
drop which takgs place across the re-
sistance.

To bias a valve automatically, we con-
nect a resistor between cathode and
ground. The negative side of the high
voltage supply system is fed to ground.
Now if we return_the grid circuit, be it
through the secondaxg of an audio trans-
former or through the coupling resistor
of a resistance-cpu;l)ling unit, to earth
the grid automatically is placed at the
same potential as earth, which in the
present case is full negative.

In these circumstances the grid is full
negative, whilst the cathode is less nega-
tive than the grid by the amount of volt-
age drop which takes place across the
cathode resistor.

A little thought will show that the
cathode is thus positive with respect to
the grid by the amount of voltage drop.
Conversely, the grid must be negative
with respect to the cathode by the same
amount of voltage drop.

The drop which takes
given resistor is governed by the plate
current drawn by the valve. If a valve
draws 40 milliamperes, and has a cathode
resistor of 1000 ohms, 40 volts drop will
take place across the resistor and thus,

lace across a

when the grid circuit is returned to
%reound, a negative bias of 40 volts will
applied to the valve’s grid.
The formula for calculating the cor-
rect resistance for a “C” bias resistor
is quite simple and should be easily

memorised by the experimenter. It is:—
R = E x 1000.
C

where R equals the required resistance,
E equals the desired voltage drop or
“C” bias voltage, and C equals the valves
plate current in millamperes.

Remember, when dealing with a pen-
tode valve, to include the total of the
plate and screen grid currents.

The beauty of the automatic bias
resistance is that, as the plate tﬁotential
falls and the plate current of the valve
decreases, so does the voltage drop across
the bias-resistor decrease. The result
is that proportionately lower bias volt-
ages are applied as the plate voltage re-
duces, a fact which tends to increase
the working life of the valve and to
maintain it always at a correct operat-
ing condition

Similarly, an increase in the plate volt-
age brings about an increase in plate
current with a corresponding increased
voltage drop across the bias-resistor and
an increased negative bias.

It is important to remember, however,
that the resistor in the cathode circuit
has a certain impedance to the flow of
alternating currents. To permit an ab-
solutely free flow of current through the
circuit, it is necessa to by-pass the
resistance with a condenser which will
pass alternating currents but block
direct currents. In radio frequency am-
plifiers and detector circuit this conden-
ser should have a capacity of .1 mid.
maximum.

In audio frequency circuits, however.
it must have a much greater capacity

_because the lower the frequency the

greater the reactance of a condenser or,
in other words, the more opposition it
offers to the passage of alternating cur-
rents.

Radio frequency cathode by-pass con-
densers have a eapacity of from .5 mfd.
to 25 mifd., the latter value being used
in the output stage.

Generally speaking, the higher the

2]

This skeleton circuitwidingmm illustrates how »

bias potential can be obtained

n
thout the necessity of a “C’’ battery.

-~ bass
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cathode resistance
the lower the cap-
acity of the by-
cond ensér
must be
us};ed. Remember
when  connecting
electrolytic  con- & ol
densers across
cathode  biassing
resistors, that the
cathode side of the
resistor is positive
and should carry
the positive con-
nection to the elec-

which

The conventional

. cathode  resistor
t“{{y":ﬁs:°‘;ge’:f§:_' method of _biss-
sible to employ S e
automatic “C” >
bias on battery-operated receivers.
To do this, it is necessary to know the

current drain of all valves in the re-
ceiver. Suppose, for example, we have
a three valve receiver employing a
screen grid rf. stage, a screen grid de-
tector and a pentode output tube.

At the rated plate voltage the current
for the plate and screeninﬁagid of the
r.f. valve might total 2 milliamperes, the
current for the plate and screening grid
of the detector 1 milliampere, and for
the plate and screen of the output pen-
tode 6 milliamperes, or a total of 9 milli-
amperes for the receiver.

Now, we find that at the-wated plate
voltage the pentode requires a negative
bias of 4% volts. Using the formula pre-
viously given, that R = E over C x 1000
we find that we require a resistance of
500 ohms to develop the 42 volts bias
required for the final stage.

However, it also is desired to place a
1% volt bias on the r.f, valve. To do this
we must fit the 500 ohm resistor with a
clip which can be slid along the bias re-
sistor until it is one-third of the  way
from the earthed end and thus provides
the 1% volt bias required,

The circuit diagram shows how the
automatic bias system is wired into a re-
ceiver. The main bias resistor, Rl, is
connected between the “B” negative
supply lead and chassis. The “B” nega-
tive lead does not connect to earth or
to any other part of the receiver. The
other end of the resistor is earthed. The
bias for the output tube is taken from
the “B” negative end of the resistor
which must be by-passed with a 25 mfd.
low voltage type electrolytic' condenser.

In order successfully to feed the r.f.
valve with bias we must resort to de-
coupling. For this reason a 100,000 ohm
resistor, R2, is connected 'in series with
the 1% volt bias tap on Rl and the grid
return end of the r.f, coil, At this point
of connection it is hy-passed to earth by
means of the .1 mfd. condenser, C2,

be

This automatic bias system will
found to work very well with battery
sets. It overcomes the necessity for a
separate “C” batte.lg and prolongs the .
useful life of the “B” batteries by per-
mitting them to be used down to the last
few volts without introducing distortion.

Remember, when calculating “C” bias
resistors for battery or A.C. valves, al-
ways to take into consideration the cur-
rents drawn by screening grids and other
auxiliary elements, Remember also that
every current must flow through the
valve cathode so that it will contribute
to the voltage dr(:g which takes place
across a given cathode resistor. When
two valves are used in push-pull or in
garallel, the current drawn by them is

oubled so that a resistance of half the
normal value may be used as a common
bias-resistqr for the two valves.
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SHORT-WAVE. RECEIVERS

In this introduction to short-wave listening we have dealt
with both the theoretical and constructional sides of this
fascinating experimental field.

NE of the most fascinating
branches of radio reception is
that of the short-wave stations.
Even with the very simplest of
equipment it is possible to tune into
short-wave broadcasting stations in all
arts of the world. l‘I.i:;sl,xlar programmes
dcast from Eng| , France, Ger-
many, Italy, Russia and America provide
the short-wave listener with plenty of
thrills. If he has a knowledge of the
Morse code, the short-wave enthusiast can
listen to the Morse messages of ama-
teur and commercial stations, hear a
5reat deal of news, and generally eaves-
rop on the world’s airways.

The building and operation of short-
wave receivers is not difficult. Provid-
ing that a little common sense is used
in_ their construction, short-wave re-
ceivers are very easy to get going. In
this introduction to short-wave listen-
ing we propose only to deal with the
very simple types of receivers. Other
more elaborate designs will, of course,
give better results, but it is amazing
what a good aerial system will do for
a small short-wave set.

It should be explained at this junc-
ture that short-waves, within the range
from 100 to 10 metres, are chiefly not-
able for the great distances they cover.
When broadcast stations operating be-
tween 200 and 550 metres have great dif-
ficulty in being heard at distance above
1500 miles, short-waves regularly bridge
10,000 and 12,000-mile gaps.

Fundamentally, the short-wave re-
ceiver is identical in desi%: with that
of the broadcast receiver. e only dif-
ference is that smaller coils and con-
densers are used in order adequately to
tune through the short-wave range.

|G
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This drawing shows how a shori-wave

coll is wound. In this particuiar iHus-

tration it will be secn that the reactlon

winding is wound in the reverse
direction,

At this juncture, we must diverge in
order to clear up the question of wave-
length and frequency. It is generally
accepted that radio waves travel at the
rate of 300,000 metres per second. This
velocity is unchanging, no matter what
wavelength is used. Velocity divided by
wavelength gives us frequency, i.e., the
number of changes of polarity which take
place per second in an alternating cur-
rent. A broadcast wavelength of 200
metres has a frequency of 1,500,000 cycles
or 1500 kilocycles per second. A 3500
metre broadcast wavelength has a fre-
quency of onlfv 600 kilocycles per second.
A short wavelength of 100 metres has a
freq]gency of 3000 kilocycles per second,
whilst one of 15 metres has a frequency
of 20,000 kilocycles per second.

From this it will be seen that, if we
divide the wavelength into 300,000, we
ob&ain the frequency in cycles per sec-
ond.

Now it is a fairly simple matter to
tune over a broadcast frequency range
which extends only from 1500 to 545
kilocycles (200 to 550 metres), but if we
attempt to tune over the short-wave fre-
quency range from 3000 to 30,000 kilo-
cycles (100 to 10 metres) with a single
coil and condenser our tuning will be
so sharp that it will be almost impos-
sible to tune in any stations.

On the broadcast-band we had a fre-
quency range of 955 kilocycles, whilst on
our short-wave band we have a range
of 27,000 kilocycles.

The first thing to do, then, in planning
a short-wave receiver is to reconcile
one’s self to the fact thabw very small
tuning condenser and a number of coils
will be required to tune throughout the
short-wave range.

There is another reason for the em-
ployment of a small capacity condenser.
At all frequencies or wave-lengths there
is a definite ratio between the tuning
capacity and the coil inductance which
gives best results. This is known as the
LC ratio. Generally speaking, the larger
the inductance and the smaller the capa-
city the better will be the efficiency of
the tuned circuit.

When on broadcast wave-lengths we
use coils which vary from turns of
wire on a 2%-inch diameter former to
130 turns of wire on a l-inch diameter
former, we find that the greatest num-
ber of turns required for a short-wave
coil will be 20 to 25. On the higher fre-
quencies lower wave-lengths, the num-
ber of turns will be greatly reduced and
will reach from 3 to 5 at 15 metres.

In most of the simple types of short-
wave receivers. the coils are of the plug-
in type, different coils being used to
cover different short-wave bands. For
example. one coil might tune from 100
to 50 metres; a second would tune from
30 to 30 metres; a third would extend
the tuning range from 30 to 18 metres,
whilst the fourth would extend the
range, say, to 12 metres.

Remember that the sweer which is
possible with a given coil depends upon
the maximum and minimum capacities
of the tuning condenser. If the con-
denser has a high minimum capacity the
tuning range will be compressed greatly
by the cutting off of the bottom end.
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Circuit diagram of a simple one valve
regenerative receiver.

due to the fact that the condenser has
no very great capacity range,

For example. take two condensers and
a_given coil. Condenser A has a capa-
city range from 100 to 5 micro-micro
farads (.0001 to .00005 mfd.), whilst con-
denser B also has a maximum capacity
of 100 mmfd.,, but has a minimum of
only 50 mmfd.

Naturally, condenser B will tune over
the range which condenser A would
tune over if its plates were swung only
{}'om the full in to the half-out posi-
ion.

Another thing which has a bearing on
the minimum capacities of the tuned
circuits of short-wave receivers are the
internal capacities of the valves,

Valves with a low capacity from con-
trol grid to ground are desirable in
short-wave receivers. For this reason,
high impedance triode valves and screen
grid valves are preferable as detectors
and radio frequency amplifiers. The
triode, of course, cannot be used as a
radio frequency amplifier on short-
waves. It also is necessary to keep
the capacity of the grid and plate wiring
to a minimum by making these leads
as short as possible and by keeping them
well clear of any earthed body such as
the metal chassis of the receiver.

The grid leads should be so propor-
tioned that they do not exceed two
inches in length. The plate leads, in
receivers which employ a radio fre-
quency amplifier, are of equal import-
ance. Good, soldered joints, heavy con-
necting wires and short leads spell suc-
cess in short-wave receiver construc-
tion.

Now, because it increases the sensi-
tivity of the receiver tremendously, re-
generation is always used with small
short - wave receiver. Regeneration,
properly employed. lifts the short-wave
receiver into the class of highly-sen-
sitive radio equipment.

Unfortunately, however, insufficient
care is bestowed by the average short-
wave listener on the design of the feed-
back system. For anything like good
results it is absolutely essential that
the detector valve can be made to re-
generate smoothly. The test of this is
to don the headphones and gradually
advance the regeneration control con-
denser The valve should “slide” into
oscillation, There should be no “plop”
as it is brought up to the oscillation
point., but only a soft hissing or rushing*
sound should be heard. Until the de-
tector valve behaves in this manner it
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is hopeless to expect anything like good
results from the receiver.

The principles to be followed to attain
this control of regeneration are: Keep
the plate voltage on the detector valve
to as low a point as possible. From 221,
to 30 volts should be adequate for the
triode valve.

Wind the reaction coil so that it is
separated by quarter-of-an-inch or more
from the grid coil. Wind it on the earth
end of the grid coil and let it consist
of as few turns as possible. 2o

The reaction coil should never have
more turns than the grid winding, and
only on the very highest frequency
bands, lowest wavelengths, should the
reaction coil turns equal the number of
grid coil turns,

Pay particular attention to the capacity
of the detector grid condenser and the
resistance of the grid leak, Tests have
shown that the ideal cepacity for the
grid condenser is .0001 mfd. (100 mmfd.)
whilst the grid leak should have a re-
sistance of not less than 5 megohms. Re-
sistance up to 10 or 12'megohms can_ be
used here with advantage. They im-
prove the sensitivity of the detector and
assist In obtaining a smooth control of
oscillation.

In regard to oscillation, it should be
possible. with a little experiment with
grid leak values, ,reaction turns and
spacing from the grid winding, and
alteration of the detector plate voltage,
to obtain a condition in which the de-
tector cannot be heard to go into oscil-
lation. The test for oscillation is to
moisten the forefinger of one hand and
to touch this on that connection of the
grid condenser which joins to the grid of
the detector valve. A “plop” should be
heard on touching the condenser and
another on removing the finger.

It will usually be found that the ac-
tion of the regeneration cont.rol‘ con-
denser has some effect on the tuning of
the short-wave receiver. In tuning a
short-wave receiver the usual thing to
do is to throw the detector valve into
a state of oscillation by advancing the
regeneration control. Then the main
tuni condenser is rotated and the
whistles of the carrier waves of sta-
tions picked up.

When a steady whistle, unbroken by
the dots and dashes of the Morse code—

resuming that the listener is looking

'or a short-wave broadcasting station—
is picked up the regeneration control is
turned towsrds the position which
brings the detector valve out of oscil-
lation,

Almost always it is necessary to re-
tune on the tuning condenser In order
to find the station.

This interlocking effect can be over-
come by experimenting with the spac-
ingl of the reaction coil from the grid
coil.

A method which helps considerably is
to wind the reaction coil in the opposite
direction to the grid winding. This
overcomes any coupling effects between
the two windings and reduces the in-
terlock considerably. The diagram
shows how the connections should be
made to the two coils,

We come, now, to a consideration of
the coils and condensers to be used with
short-wave receivers,

Let us take the condensers first. The
maximum capacity of short-wave tun-
ing condensers should not exceed 150
mmfd. (00015 mfd.). Condensers of 100,
70, or 50 mmfd. can be used advan-

-
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tageously _although the latter capacity
necessitates the employment of a large
number of tuning coils. Standard .0005
mfd. broadcast condensers can be used
too_ if an electrical method of reducing
their capacity is employed. This in-
volves the connection of a fixed con-
denser of suitable capacity between the
fixed plate plug of the variable con-
denser and the grid of the valve and
the grid end of the tuning coil which
are then not connected to the variable
condenser itself, The capacity of the
fixed condenser is worked out by cut-
and-try methods from the formula:

Cl x C2

Cl + C2

Where C1 is the maximum_capacity of
the’ existing Variable Condenser,

C2 is the capacity of the fixed con-
denser connected in series, and

CX is the desired capacity of the com-
bination,

This system works out very well for
the man who does not wish to go to
the expense of special short-wave con-
densers. For the small capacity vari-
able condensers we suggest mnidget con-
densers. The 23 plate midget usually
has a capacity of .00015 mfd. the 13-plate
condenser has a capacity of .0001 mfd,
the 1l-plate condenser has a capacity of
.000075 mfd., and the 7-plate condenser
has a capacity of .00005 mfd.

These condensers are easy to mount,
and, being small, permit a compact
chassis lay-out and correspondingly
short wiring.

Below is an approximation of the coil
turns required for use with the various*
capacity condensers to tune over a given
wave-range:

These coil dimensions are all calcu-
lated on the assumption that 1% inch
diameter ribbed plug-in formers will be
used. For round formers or for dis-
carded valve bases the turns will need
to be increased slightly. In all cases
generous overlaps have been provided so

CX
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that in practice the coil-winder will find
it possible to remove one or more turns.
This is better, however, than providing
too few turns, for it is always easier to
remove them than to add turns.

The spacing between the grid and re-
action windings should be 1-8th of an
inch for the high freguency bands up to
around 25 metres, and one-quarter of an
inch for the lower frequency bands. The
12 to 20 metre coils should be space-
wound to one diameter of the wire
being used. The other windings and all
reaction windings are close weund.

We have three types of short-wave re-
ceiver from which to choose. The first
embraces straight types of short-wave
sets designed for S.W. reception and for
nothing else. These receivers may be
as simple or as elaborate as desired, and
range from the one-valve regenerative
type through the detector-audio com-
bination to sets embodying r.f. amplifi-
cation and to short-wave super-hetero-
dynes.

The next type is the short-wave adap-
tor, which consists of a detector stage
or an r.f. stage and detector so arranged
that it can be plugged into the detector
socket of a broadcast receiver, and thus
draw its plate and filament power from
this source and at the same time feed
the detector’s audio output info the audio
frequency amplifier of the broadcast re-
ceiver. - ;

The third type is the super-heterodyne
—a converter which is designed to func-
tion ahead of a multi-stage tuned radio
frequency receiver or ahead of a broad-
cast super-heterodyne., Each has
its merits, but the best all-round results
will be obtained from the straight re-
ceiver.

For the present we p only to
deal with two types of.short-wave re=
ceiver, The first is a one-valver, which
is capable of excellent headphone recep-
tion. A glance at the schematic. circuit
diagram will show that only two coils,
Ll and L2, are used. Ll is the main
tuning coil, whilst L2 is the reaction
winding. The aerial is coupled to L1

—
v

(o]
B8+ B+3

B+/

— -

A schematic circuit of a two valve shori-wave set employing one stage of tuned

radio frequenecy and a

regenerative detector,
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through a variable condenser C3. This
should have a maximum capacity of 50
mmfd. (00005 mfd.).

It will be remembered that, in the coil
data, we gave particulars of an aerial
coil. Some short-wave set
ma decide to use an aerial
coir but a coupling condenser such as
this gets over » tuning “dead spots”
caused by aerial resonance and respon-
sible for the detector valve going out of
oscillation.

The condenser, Cl, is the main tuning
condenser and should be selected to
suit the coil winding.

C2 is 2 23 plate midget variable con-
denser and controls the amount of re-
generation ap&l(:;ed to the detector valve.

4 is the .0001 mfd. grid condenser,
whilst R is the grid leak, which may
have a resistance of between 5 and 10
megohms.

Note that this resistor is returned to
the positive side of the valve filament
for greater sensitivity. The headphones
are connected in series with the plate
of the detector valve through the radio
frequency choke coil rfc.

The filament switch is connected in
the positive filament circuit. For this
receiver a triode valve such as a Type
30 and a 2% or 45 volt “B” battery
will e required.

The second circuit shows how a stage
of radio frequency amplification may
added to the regenerative short-
wave detector. The rf. grid coil, L, is
coupled to the aerial through the 50
mmfd variable condenser used in the
previous circuit. L1 is tuned by Cl
and has identical dimensions to L2,
which is tuned by C2. Cl1 and C2 have
the same capacity.

A screen grid valve is used as the
rf. Tenépliﬁer, this being Tuned Anode
coup! to the detector valve, V2. The

builders
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Short-Wave Coil Winding Data
Wave-Range. Aerial. Detector
150 mmfd. Capacity RF. Grid. Reaction Wire Gauge.
12 to 19 metres .. .. .. .. 3 3 3 3 16 ename!
19 to 30 metres .. .. .. . 4 6 6 S 24 ename!
29 to 51 metres .. .. .. 8 15 15 9 24 enamel
45 to 84 metres .. 10 26 26 11 24 ename!
70 to 110 metres . 10 3 33 12 24 enar:2l
100 mmfd. Capacity
12 to 17.5 metres .. .. 3 3 3 3 16 enamel
17 to 26 metres .. .. 4 7 7 3 24 enamel
25 to 38 metres .. .. . 6 10 10 0 24 enamel
37 to 55 metres .. .. 1 16 16 8 24 ename]
54 to 85 metres .. .. .. .. 8 25 25 10 24 enamel
84 to 115 metres . .. .. .. 10 34 34 12 24 enamel
75 mmfd. Capacity
12 to 17 metres .. 3 3 3 3 16 enamel
17 to 24 metres .. .. . 4 1 1 3 24 enamel
23 to 35 metres .. .. . 5 11 11 n 24 enamel
34 to 51 metres .. .. .. 1 17 17 2 24 ename]
50 to 78 metres .. .. .. .. 10 26 26 10 24 enamel
77 to 100 metres . .. .. 10 35 35 11 24 enamel
5¢ mnifd. Capacity '
12 to 165 metres .. 3 3 3 16 enamel
16 to 22 metres .. .. .. .. 4 6 6 3 24 enamel
21 to 32 metres .. .o o0 - 5 10 10 3 24 enamel
31 to 45 metres .. .. .. .. 6 16 16 1) 24 enamel
44 to 65 metres .. .. .. .. 8 23 23 12 24 enamel
64 to 95 metres .. .. .. . 10 36 36 12 24 ename)

by-pass condenser C6, which should be
a .01 mfd. mica type, permits L2 to be
tuned by C2. The rest of the detector
circuit is identical with that of the
single valve receiver. .

e screening grid voltage apf:hed to
the r.f. valve should be 67% volts. The
r.f. plate should receive 135 volts and
the detector plate 22% to 45 volts through
B plus 1.

This circuit is much more sensitive
than the single valver because of the
gain of the r.f. valve. It is more
selective, a feature which is not to be
neglected on short-waves where condi-
tions are ming more and more
crowded. Either of these circuits can
have a stage of audio frequency am-
plification added to it in the conven-
tional manner.

HINTS FOR THE RADIO
BEGINNER

' Easily Made Crystal Detector

A CRYSTAL detector is not hard to
make, and a home-made instrument
sometimes gives better results than a
professionally built one. The base should
be about three inches long and two
inches wide, with terminal screws
mounted at both ends, as shown.

umsxta.\
CRYSTAL MOLDER,

The movable arm 1s arranged by bor-
ing a hole in a small sphere of brass or
copper, about the size of a marble, and
pushing the rod ‘through this. This
sphere is gripped between the arms of a
Ea-:xaped piece of brass screwed to the

The cat-whisker is soldered to the end
and bent to play on the surface of the
erystal which is clamped in a metal
cup.

The diagram will make the construc-
tion of this little instrument fairly clear,
% & will be found to give excellent

. A Lead-in Stunt
N bringing your lead-in thfough the
Iinsulator to your set, it is a
idea to make a in it and run your
gHt angle, to vent

instrument: table. The rain
far as the loop and drip off on the out-
side of the house.

To Determine Polarity—Polarity may
be determined as follows: Unscrew the
ear-piece and remove the diaphragm of
the telephone receiver. Then hang up the
receiver and load the permanent magnat
with as many small nails and pins as it
will hold.

When it is fully loaded send a small
current through the phones. first in one
direction and then in the other. If the
loading has been carefully arranged the
current flowing in the right diréction
will assist to hold the load. but the cur-
rent flowing in the wrong direction will
cause it to fall

Variable Condenser.—A simple form of
variable condenser can be made from
a number of old photograph plates and
some pieces of zinc cut to sha
of a right-angled triangle. The assembﬁ
of a condenser made with these ma-
terials is shown in the diagram, and is
fairly simple. All the movinﬁ plates are
connected rigidly at one end and pro-
vided with a knob so that they can be
adjusted. The fixed plates are placed
alternately with the lates. Over
the whole is placed a wooden box, pro-
v}dg with saw cuts to guide the moving
pla

Phone Comfort.—Even the best of re-
ceivers is apt to e uncomfortable
after many hours’ use. To overcome this
a soft cloth pad -may be arranged under
the head-bands to make them fit com-
fortably on the head. This takes the
weight of the receivers and makes re-
ceiving much more comfortable.

Higher Efficiency Hints.—In connecting
your instruments, the lengths of wire
should be as short and of heavy gauge
as possible. Have as few_ instruments in
a circuit or set as ible, and learn
to work them. Dont try new connec-
tions on your set every day. Get a
standard circuit and learn to tune with
it

Care -of Batteries. — Batteries or dry
cells should be stored in a cool. d
place, and the terminals protected wi
some insulating material, so that there
is no danger of a short-circuit.
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COILS AND HOW TO MAKE THEM

THE BEGINNER'S BOOK OF RADIO

The subject of inductance coils for use in radio work is

of the utmost importance, and

in this article the writer has

touched on the salient points of each type and in addition

dealt with the winding of coils.

HE tuning coils are the most im-
T portant parts of a receiver. With-

out. properly designed and efficient

coils even the best set cannot be
expected to function properly. Today
there are many manufactured coils com-
posed of special wires and wound in
ways which cannot be duplicated by the
home constructor.

However, even the bestof these coils
can be easily duplicated Arom the per-
formance viewpoint by simply-wound
hoine-made coils.

Certainly the size of the home-made
coils must be larger than the efficient,
commercially-made coils, but this is no
drawback to the experimenter, who usu-
ally is interested only in the results he
gets and not in the methods he must
adopt to get these results.

One of the impertant things in coil
design is to keep the distributed capa-
city low, In the diagram we see that
distributed capacity is caused by the
condenser effect existing between ad-
jacent ‘turns, Each-turn is one plate of

il

A pntﬁy c;)mi)ieted basket winding.

the condenser and the wire insulation—
or spacmg, if bare wire is uséd—con-
stitutes the dielectric,

Honeycomb-wound  coils, spiderweb
coils and basket weave coils have a very
low distributéd capacity. Solenoid coils,
ji.e. single-layer coils in which the turns
lie alongside one another, have a high
distributed capacity, but have less re-
sistance to radio fréquency currents than
other type coils. :

Distributed capacity in a coil intro-
duces certain losses, but in the solenoid
coil these are made up by gains in
cother directions.

Of the coils which can be wound by
the home-constructor, the solenoid is the
simplest.

Next come the basket-weave and
spider-web coils. The latter are of in-
terest chiefly from the experimental
viewpoint. Their size and general mech-
anical make-up does not lend itself to
use in modern receivers. However,
when we come to tell how coils can be

wound, the three types will be dealt
with

The next thing to consider in coil
winding is the form factor. This is the
relationship between the length of the
winding and its diameter. Greatest in-
ductance is obtainable from a given coil
when the diameter is equal to 2.3 times
the Jength of the winding. In practice,
however, this can be varied considerably

L l

The finished basket-winding with lacing
in place.

-

without serious effect., From an efficiency
viewpoint it is desirable to avoid small
diameter coil-formers, which must be
wound with a large number of turns
of fine wire in order to obtain the de-
sired inductance,

One of the best coils which the con-
structor can make for broadcast recep-
tion consists of a 234 inch diameter for-
mer wound with 50 turns of 26 gauge,
double-cotton-covered wire. This coil
will tune over the broadcast range with
a 0005 mfd. condenser. Its- efficiency,
checked by measurements and under
actual performance conditions, is as
high as the best commercial coil of
smaller dimensions. One point which
should be borne in mind in constucting

de o
Finished dwzm a
weave with lacing —

Lacing the finished Diamond Weave
spiderweb coil,

coils is that they should be wound on
the hxgh%t quality formers, Cardboard
and similar paper formers are not good.
The best type of former is the yelow
type which combines mechani-
cal strength with high electmcal effi-
ciency.

Remember, if it is necessary to screen
a coil, that the screening has an effect

i

a -~
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This diagram illustrates how the pegs
should be bled on a haschoard for
the winding of basket coils.

on the inductance of the coil. The
more complete the metal shielding and
the closer this shielding approaches the
coil the more the coils inductance is re-
duced. To compensate for this, it is
necessary to add more turns to the coil.
The screening should be kept as far
away from the coil as practical. If a
screen is very close to the coil, say a
quarter of an inch from it, the coil is
heavily damped and its efficiency is
lowered considerably.

The usual thing in fitting coils with
metal screening cans is to arrange mat-
ters so that the screening ean is twice
the diameter of the coil which then is
mounted centrally in the can.

In some types of sets screening parti-
tions are used and the €oils are other-,
wise left in_the open. Previding that
the coil is not nearer then one inch

A form for spider-
web coll winding.

from the screening partition, the latter -
will have no measurable effect on the
coils inductance or efficiency.

For this reason coils which are to be"
mounted on metal chassis should not be
nearer than one inch from the chassis.
This can be done if the coil winding
is started one inch up from the bottom
of the former.

Remember always to arrange the coil
so that the grid end of the winding is
at the top of the former away from the
chassis and baseboard.

The coil winding tables provided here
have been tabulated on the basis of cot- .
ton and silk-covered wires. It will be
noticed that as the wire gauge decreases
the number of turns required with a .
given sized former and tuning conden-
ser is lessened, Furthermore, as the
thickness of the insulation is reduced,
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i.e., when double silk-covered wire is

used instead of double cotton-covered

wire, the number of turns necessary is

reduced. Thczz two effects are due to
increased distributed capacity between
the turns.

No tables have been provided for
enamel-covered wires, but they can be
wound with two turns less than for the
corresponding gauge silk-covered wire.

If a coil tunes higher than it is de-
sired to go and will not tune down to
the lowest wavelengths required it will
be necessary to remove turns. This
should be done carefully, one turn being
removed at a time, until the correct
wave-range is obtained. Coil dopes
should be used sparingly.

Amyl-acetate and duco-lacquers are
fairly satisfactory, but the best coil dope
is made from a mixture comprising nine
parts of beeswax to one part of resin.
This should be melted and brought
almost to the boiling point. Then the
coils should be dipped into the mixture
allowed to stay in it for a minute or
two to drive out all the air bubbles,
withdrawn and hung up to dry. This
dope has the advantage of being im-
pervious to weather conditions and is
electrically efficient.

Space wind on
sll:gle - lnyi::lr‘ type
of coil.

The advantage of doping a coil is that
temperature changes do not affect its
capacity or inductance. Cotton, and to a
lesser extent silk, are hydroscopic and
absorb moisture from the air. Wher
these insulating materials are used in
coil windings the moisture they absorb
produces leakages across the coil and
makes it inefficient.

Don’t use paraffin wax as a coil dope
for this is hydroscopic.

Enamel insulated wire is impervious to
weather conditions but still can be im-
proved by doping with the beeswax-
resin mixture.

When enamel-covered wire is used for
coil winding, and it becomes necessary
to wind a rf. primary or a reaction
winding over a grid winding, it is desir-
able first to wrap a piece of writing
paper around the grid coil before start-
ing the over-winding. This is because of
the possibility .of a voltage breakdown
taking place between the over-winding
which may be carrying potentials up to
250 volts and the grid winding which is
at earth potential.

Sometimes, for example, with short-
wave coils, it is necessary to space each
turn of the winding. The degree of
spacing will determine just how this is
to be done, but when the spacing js
equal to one diameter of the wire the
simplest method is to wind on a pair of
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wires simultaneously and to remove one
wire when the winding is completed.
The best way to wind solenoid coils
singlehanded is to measure the length
of wire required for one ‘turn, calculate
the totai length of wire for the coil, and
unree] this length, Allow a few inches
for connection leads. Attach the far

end of the wire to a support and fasten
the near end to the coil-former. Then,
keeping the wire taut but not straining
it too much, gradually walk towards the
far end of the wire, at the same time
rotating the former, which should be
held in both hands.

Cant the former slightly in the direc-
tion from which the winding started.
This will ensure that each successive
turn lies closely also alongside the pre-
ceding one. Keep the winding tight
and the turns tightly against each other.

When planning to wind a coil, first
look up the wire tables and see how
many turns go to the inch for the wire
gauge and type of insulation it is pro-
posed to use. From this, knowing the
number of turns on the coil, calculate
the length which each winding will
occupy. A quarter of an inch down
from the tup of the coil dr,ill three holes
with a 1/32nd inch drill. These holes
should all be the same depth from the
top of the coil, and may be a quarter
of an inch apart.

A similar series of three heles should
be drilled at the point at which mea-
surements and calculations have shown
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LOCE OF FINISNED OromOND WEAVE

5;»‘ cfd::%_we E zé;

The method of winding Diamond weave
spider co!

ils.

that the winding will finish. Other sets
of three holes should be drilled as re-
quired for other windings on the former.
It is best to drill all these holes before
starting to wind the coil.

Now, holding the coil former vertically
with its top end uppermost, thread the
start of the wire dewn through the
right-hand top hole for a distance of
say 12 inches. Take the end up through
the middle hole and down again
through the left-hand hole. This will
make a good anchor for the winding
and one which will not slip. Now turn
the former to the left so that the wind-
ing may be started with the wire feed-
ing on to the former at the top.

With this arrangement it is easy to see
what is happenihg during the wiring of
the coil and to check any irregularities
immediately. When a sufficient number
of turns have been weund on, the wind-
ing should end at the left-hand of one:
of the bottom three holes. Holding the
coil with the thumb and forefinger cut
off the wire, leaving about 12 inches to
spare, Thread it threugh the left-hand
hole, up through the middle hole. and

TO 3R0

TURN

2'ND TURN

4 TH TuRo

(same as
first)

The first four turns of a basket-wound ceil.
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down through the right-hand hole. The
' same procedure should- be followéd with
other windings.

These leads then can be soldered
directly into circuit or can be terminated
in a series of solder eyelets attached
to the bottom of the coil. Remember,
when winding coils, to take every care
to see that the wire does not Kkink.
Kinks in the wire weaken it and cause
unsightly bulges in the finished coil.

Another way in which the coil-ends
can be anchored is to cut a strip of
linen tape quarter of an inch wide and
two inches in length. Lay this down
lengthwise on the coil-former so that
the first turn of the winding crosses its
midpoint. After the first turn has been
wound over the tap, fold it back towards
the centre of the coil so that succeeding
turns are made at both ends of the loop
so formed. When six or seven turns
have been so wound. raise the top flap
of the loop and continue winding as
usual. 5

One inch from the point at which the
winding is to end, lay down a second
piece of tape and wind five or six turns
over it. Then fold the tape back so
that it wil form a loop at the point
where the last turn.of the winding will
fall, and eontinue to wind over both the
upper and lower sections of the tape.
This will leave about quarter of an inch
of tape sticking out from the winding..

When the last turn is reached cut off
the wire and thread it through the loop.
Holding the coil so that the wire will not

2 /ale
)f lvbe

Lo
Grovndor
G-ballery

Primary ll‘llfli.]” ‘ i

Cwmnding

Zo Flmen
or grid
rélurn
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=] Secondary
wrading

Zo Grra
of lube

The correct wiring connections for a
standard loosely-coupled coil.

slip, pull hard on the exposed end of
tape. This will cause the loop to tighten
and hold the wire. The same tightening
process should be applied to the loop
at the top end of the winding.

Although a little more difficult, this
form of coil anchoring is much neater
than the hole type of anchor.

The other forms of coils which can
be made by the home comnstructor include
spider-web coils and basket coils.

Basket coils are wound on a former
consisting of an odd number of pegs set
around a circle drawn on a wooden base.
The best way to make this former is to
get some four or six inch nails, mark
out the points at which they are to be
inserted in the wooden base and drill
holes which will not quite clear the nails,
The latter then can be driven in with-
out fear of splitting the base.

The base should be 3 or 1-inch thick.
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This illustration shows distributed capacity and its effect or u coil,

The diameter of the coil will depend
upon the use to which it is to be put.

For example, a three-inch diameter
coil of 35 turns will tune to the broad-
cast wave lengths. The smaller the dia-
meter of the circle the more difficulty
there is in winding the coil:

Wire gauges of from 16 to 24 will be
found best for this type of coil which,
when properly wound and laced, is quite
rigid.

Suppose we take 11 pegs and space
them equally around a three-inch dia-
meter circle. The winding is started as
shown™ in Fig. 2. The wire is run be-
hind one peg then outside the next two,
behind the fourth one, outside the fifth
and sixth, and so on around the form
following the rule of “one inside and two
outside.” The first turn is shown in the
upper left-hand drawing of Fig. 2. The
second turn, running from the end of
the first one to the beginning of the
third, is shown in the upper right-hand
drawing. The third turn is shown in
the lower left-hand drawing and _the
fourth turn is.shown in the lower right-
hand drawing.-

It will be seen that the fourth turn
is exactly like the first, .

The winding is continued on from this
point, and in the same sequence, until
the desired number of turns has been
wound on.

The appearance of the coil whilst stili
on its winding form, and as viewed from
the side, is shown in Fig. 3. Whilst still
on the former, the turns should be se-
curely fastened with lacing, as shown in
Fig. 4. 1f it is found more convenient
the lacing may be dispensed with, and
the coil doped with the beeswax and
resin.

The spider-web coil is compact, and is
easily constructed; also, it has spaced

This diagram shows the winding and
wiring connections tg a econventional
coil with a reaction I'8

1

turns to reduce the dis'ributed capacity.
Aside from these “three features, the
spider-web is not a desirable type of coil,
principally because of the large amount
of. ldialectric directly in the field of the
coil.

The spider-web coil wound on the peg
form is often called a diamond weave.
It forms an efficient coil, doing away with
the disadvantages of the flat spiral while
retaining its advantages. The winding
former consists of a central cylindrical
disc, having holes bored radially around
its circumference. Into these holes fit
cylindrical pegs, either of -wood or of
n:;:ital. The number of pegs is always
odd.

The construction of a dfamond weave
coil is shown in Fig. 2 The wire is fas-

v

b3
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D111 | | ] | SRR || [
Ideal Coil
Proporiions
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#UIAMETERY

The design proportions between length
and diameter of coil windings,

tened around one of the pegs to start
with, and as shown at the bottom of Fig.
2, the winding continues very much as
with the basket weave coil, that is, over
two pegs, under the next two, over the
following two, and so on. The wire will
build up, so that its appearance from the
edge is as shown at the top of Fig. 2,
this giving the diamond shaped appear-
ance. When the winding has been com-
pleted, it will appear from the side as

in Fig. 3. The wire may be fastened in
place by a thin line of coil cement run
along wires where they come to-

gether aloug the length of each peg. If
it is desiged to avoid the use of cement
or binders, lacing may be run through
the coil, as shown in Fig. 3, this forming
a very secure fastening.

With the winding completed, and the
wires secured either with lacing or
cement, the pegs may be withdrawn.
With the pegs out of the way, the fin-
ished winding will slide off the centre
disc, and form a self-supporting space
wound coil_of compact form, good effi-
ciepye, and low resistance.
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. COIL WINDING TABLES

No. 20 D. G, C. Wire. No. 20 Double Silk Covered Wire,

Con- Diameter of Coil Winding - Con- . Diameter of Coil Winding
C‘ii)n:&{y 2" ' 215" 2% 3 |I 3" I ".;u%” 4 g:l?; )gll;y 2 I| 21" ‘ 234" 3 Il 3% | 3% 4
in Mfds. - | - ) in Mfds. f J < [ 4 Il |
i | { | [
00025 166 121 103 93 87 1 68 00025 150 108 96 86 | 80 | 76 67
0003 143 103 89 79 74 68 59 0003 128 93 83 74 69 .65 58
00035 126 91 79 71 66 61 53 0035 113 82 73 66 61 58 52
0005 93 68 60 54 50 . 46 40 0005 84 62 56 51 47 45 40
001 33 41 37 34 31 28 25 001 ' 48 | 39 | 35 32 30 | 28 25
No. 22 D. C. C. Wire, No. 22 Double Siitk Covered Wire,
Con- Diameter of Coil Winding dCon- Diameter of Coil Winding
enser
g;g:g;ty e ﬁ 2 I 7 B I| 3%” || 3 | 4 Capacity) 5. I| 21" || 2%" ’l 3 I| 31" I| 3%” || 'y
in Mds. . : i i P = [ R
I [ | -
00025 141 107 84 79 72 60 00025 130 96 85 ! 76 l -1 | 66 | 56
0003 116 92 81 72 67 62 53 0003 112 83 75 67 62 58 50 -
00035 108 82 72 65 60 56 48 00035 99 75 67 61 56 52 45
0005 82 61 55 50 46 43 38 0005 %5 58 51 47 4 40 35
001 50 38 4 31 29 21 24 001 45 35 32 30 28 26 23
No. 24 D. C. C. Wire, I No. 24 Double Silk Covered Wire.
Con- Diameter of Coil Winding dCon- Diameter of Coil Winding
Copaeityl 7 | ow Jow | & \ow | ow | o Capacl| Vow o | v o) | o
in Mfds, 3 _ in Mfds. | LB e ||
[ I | i |
00025 132 98 87 78 72 66 49 00025 116 87 -7 71 65 ! 60 ! 56
0003 114 86 75 68 63 58 4 0003 9% | 7 . 67 4 63 57 53 46
00035 101 76 67 62 57 83 41 00035 | 89 68 - 6L 56 31 47 42
0005 | 76 39 52 47 44 41 34 0005 68 53 - 47 4 41 38 34
N1 ] & 35 32 30, 28 26 23 .OQI 41 33 30 I 28 26 25 | 22
No. 26 D. C. C. Wire. ' __No. 26 Double Silk Covered Wire. -
Con- Diameter of Coil Winding : Con- * Diameter of Coil Winding ! ;
in Mtds - : DO T [ i - e ot
) | | FRIRE I
00025 121 89 | 8 72 67 62 53 00025 105 83 71 66’ 62 | 87 '| 350
0003 114 78 70 64 59 54 46 0003 91 72 63 59 55 50 - 45
00035 93 70 63 37 52 48 42 00035 82 64 57 53 49 46 41
0005 70 53 49 45 41 39 35 0005 63 48 45 - 43 40 37 33
001 43 34 31 2 2 25 22 001 40 34 30 28 26 24 .2
No. 28 D. C. C, Wire. No. 28 Double Silk Covered Wire.
Con- Diameter of Coil Winding ¢ . Con- |/ Diarneter of Coil Winding *
gae city | | I I Ci%acity I [ I' -
| ora el &l P o R b R el e I o ol I
[T ¥ s (P Tl
00025 ! 112 ' 88 ' 75 70 - 66 61 3 00025 96 75 66 61 59 54 48
0003 97 74 67 61 58 54 46 -.,0003 82 69 - 59 55 52 48 42
00035 87 67 60 56 53 49 42 00035 64 59 54 51 47 43 38
0005 | 67 53 48 44 41 38 3 0005 57 44 42 40 37 - 34 30
001 41 3 | 30 28 26 A 21 001 36 - 29 -2% |- AU 22 21 18
No. .30 D. C. C. Wire. No. 30 Double Silk Covered Wire.
Con~ _ Diameter of Coil Winding Con- Diameter of Coil Winding
e gl | | e | | |
S| 2 1% :I Sl R il e Ve |Gl 2 ) Jawe | s o e ) e
00025 | 105 80 13 67 .| 62 t 58 50 .00025 | 88 72 6 60 55 50 45
0003 92 71 65 60 55 16l 45 0003 76 63 51 51 48 44 39
00035 82 65 58 %3 49 46 41 00035 63 57 50 47 4 40 35
0005 63 50 4 2 39 36 32 0005 55 45 40 37 A 31 28
001 39 32 - 28w AU 23 2 001 3 28 26 23 2 20 18
- K T . ;& f 5 -
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AIDS FOR BETTER RECEPTION

Home-Made Variable Condenser — The
size of this useful little condenser when
making will depend on the capacity re-
quired. Only three main pieces are
necessary. these being the base, the
movable and the stationary plate, all of
which are made from wood. The sta-
tionary plate is fastened in an upright
position to the base.

The movable plate is fastened to the
base with a smal]l hinge, so that two
plates will press solidly together and the
movable may swing to and away from
it. The two surfaces of the plates that
press together are covered with tinfoil
or metal (such as copper or brass). On
the two plates are arranged two ter-

minals as shown. Each of these make
contact with the metal or foil of the
plate. On the stationary plate over the
metal or foil is glued a piece of thin
mica to keep the two plates from
“shorting.”

A brass lever and arm are cut in the
shape shown and fastened to form a
hinge. one piece being fastened to the
shaft, so that when the shaft is turned
the movable plate is moved to or away
from the stationary plate.

Keep the 'Phones Clean. — Small par-
ticles of dust or dirt sometimes accumu-
late on top of pole pieces, destroying the
maximum efficiency ‘of the receivers. In
such cases unscrew the cap and slide the
diaphragm from the case and clean the
poles with a camelhair brush. In reas-
sembling follow the same procedure of
sliding the diaphragm back and screw-
ing down the ear cap tight. Care must
be taken not to injure the fine wires
soldercd to the terminals, as these can
only be resoldered with difficulty.

Valve Socket Hints. — The humble
socket used to hold the valve and to
provide the means of making an electri-
cal contact between the prongs of the
valve and the rest of the circuit receives
less attention from the ordinary wireless
user than it should.

The socket should be carefully scruti-
nised, for it is at this point that the
plate and grid wires and filament leads
come very close to each other. If the
socket is made of poor insulating mate-

ial the current will leak across the
base between the binding posts and be-
come lost. The volume and distance of
the set will suffer.

Do not accept a socket made of mate-
rial that can easily cut with a knife
or will leave a black mark when rubbe
across a piece of white paper. Material
that will do this has lampblack in it,
which is a very r insulating sub-
stance. As a e this class of mate-
rial will melt under,_the heat of a solder-
ing iron,

-formula will

Of next importance are the contact
springs. Poor contact springs cause a
great deal of the noise that is attributed
to atmospherics.

Reviving the Sensitivity of Crystals.—
One way of bringing a crystal back to
its onetime usefulness is to immerse it
in a saturated solution of alum and
water for 20 minutes, and then remove
and allow to dry. The alum solution
should be made u? warm and alum add-
ed gradually until it ceases to dissolve.
The solution should be left over night,
and if all the alum has dissolved by
the morning still more alum should be
added until the solution will take up
no more,

A Tennis Ball Varlometer Rotor.—A
serviceable variometer which presents no
ditticuity in construction is shown at right,
It is made from an old tennis ball. The
method of preparing the tennis ball 1s to
cut away. as shown, sufficient of the
outer covering to accommodate the
windirg, which would be wound round
the bare rubber. The wire can be fast-

~/PINDLE
WIRE

JSPACE FOR
WINDING

ened by means of pins pushed through
the rubber. The fixing of the spindle
presents little difficulty.

Ohm’s Law Formulae—
(Continued from page 34)

ever, if we want to find out how many
amperes will go through a particular re-
sistor when a certain voltage is applied
this formula will not do the trick, and
Ohm's Law appears to be of restricted
value. The same impression existed
some 50 years ago, but “Mr. Ohm” dis-
pelled it by providing us with the for-
mula shown in Fig. 3B.

At first this formula appears forbidding
because of its mathematical make-up.
But since we know that “1” means cur-
rent wmn amperes, “E’ means electrical
tension in volts, and “R” means elec-
trical resistance in ohms, we shall try
to use this formula.

Let us take a case where we have a
voltage of 10 volts available, and the
resistance of the circuit is 5 ohms. How
many amperes will flow through the re-
sistor? The ariswer is quzite simple:—
and we know a current of 2 amperes
will flow.

However, some readers will say: “That
is all right, but what can we do when
we know only the voltage applied in
a circuit and the current which flows
through it but we do no know the value
of the resistance?”’ This trouble occurred
also long before we were born, and our
good “Mr. Ohm” again came to the res-
cue, designing for our ‘benefit the formula

in Fig. 3C.
Now, if we have a voltage of 10 volts
and a current of amperes flows

through the resistor, how great Is the re-
sistance of “R"? The solution of this
groblem is quite simple, since 10 + 2 =

, we know that there is a resistance of
5 ohms in the circuit.

These formulae are of immeasurable
value to the radio experimenter, fcr it
does not matter how many volts, amperes
or ohms are applied in a circuit, the
always help him to find
their exact value when direect current
is the medium with which he is dealing.

It 1s of importance to remember that °

when the current C or I is in milli-
%mpl%%s this symbol must be multiplied
y .

Condensers and Resistors—
(Continued from page 40)

and automatic volume control—100,000 to
500.000 ohms.

A recently developed use for resistors
of from 50.000 to 100,000 ochms has been
as radio frequency chokes in the grid
and plate circuits of detector and audio
frequency amplifiers, In most applica-
tions a one-watt resistor will be found
quite satisfactory.

In audio grid circuits, automatic
volume control eircuit and similar ap-
plications, the tiny 1/3rd and %% watt
resistors can be employed without
trouble.

Remember, however, when purchasing
resistors to buy the best available. They
are all cheap, but some are slightly bet-
ter than others. A poor resistor is re-
sponsible for a great deal of noise.
Furthermore, when soldering them into
circuit, don't smear the resistors with
soldering flux o> you will get into a
great deal of trouble from noise.

Variable Resistors

There are both wire-wound and car-
bon type variable resistors. The wire-
wound type is the more satisfactory, but
here again we find it difficult and ex-
pensive to procure wire-wound resis-
tances of a ;freater resistance than 25,000
ohms.” Usually it will be found that
wire-wound resistors in a potentiometer
form, i.e., with connections to each end
of the winding and a third to the arm
of the potentiometer, are wused for
volume control purposes in the radio
frequency stages of a receiver, Resis-
tances of 50,000 and 100,000 ohms are used
for control in the audio circuits, the
lower value usually being connected
across the transformer primary and the
higher value across the secondary or
used as the grid resistor in a resis-
tance-coupled stage.

Don't attempt to feed any current
through high ‘resistance variable resis-
tances, They are not designed for
this service and will burn up.
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Continental Valve Bases As Viewed From Below

Kl4 6K28I7

Note! Small unmarked circles in the centre of some socket diagrams indicate that the control grid connection is taken from
the cap at the top of the valve, .
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AN OSCILLATOR FOR MORSFE,
CODF, PRACTICE.

Here is a simple oscillator which will give the amateur
radio enthusiast hours of entertainment, and at the same time
will allow him to practice the reading of Morse code signals.

N describing how to learn the Morse
Code, we mentioned that the
learner should practise sending
with a key and buzzer This is

a very cheap way of getting practice,
but suffers from several small trou-
bles. Usually Morse stations send
with a high-pitched note, and buzzer
notes are low; furthermore, most
people listen with headphones, and it
is not a very easy maftter to connect
a number of phones to a buzzer.
Lastly, the sound of the buzzer can
be heard all over a room, and may
prove annoying to o’her people.

U WODEN

This drawing illustrates a simple home-
made Morse code sending key.

A simple Morse practice oscillator
overcomes these difficulties, and a de-
vice such as the one to be described is
used in mosy instructional classes for
teaching the Morse code.

The cost of such a device is very
small, especially as most of the equip-
ment can be found in the junk box.

Any type of battery triode valve can
be employed, such as A4l5, A409, UX230.
ete.

The circuit shows the oscillator with
a type 30 valve, and slight meodifications
must be made if four-volt valves are em-
ployed. It will be seen that the oscil-
lator consists mainly of an audio fre-
quency transformer and a valve ar-
ranged to produce oscillations, Due to
the inductance and self-capacity of the
transformer windings, the oscillation oc-
curs at audio freguencies, and can
heard in a pair of phones. The “A” bat-
tery of 4% volts is also used as the
W battery, and ‘strong signals will be
produced with this arrangement.

A rheostat is included in the circuit,
and by its use the tone can be varied.
The layout of the components is not
important, and they can be mounted on
a piece of wood or bakelite to suit the

constructor,
The Wiring

After assembling the various compon-
ents, they should be wired by connect-
ing the negative filament terminal of
the socket to the F negative or C nega-
tive terminal on the transformer. The
G terminal of this component is con-
nected to the grid lug on the valve
socket, and the plate lug on the latter
goes to the “B” plus terminal on the
transformer,

The free filament lug on the” valve
socket (positive) is joined to one gide
of the pilot light socket and the other

side of this goes to the arm of the
rheostat. The free terminal on the
rheostat goes to one side of the switch.

The four terminals should be placed in
line, and one of the outer ones con-
nected to the P terminal on the trans-
former.

The other outer one connects to the
free lug on the switch, and to this also
connects a length of red wiring flex.

To the negative filament terminai on
the valve socket join a length of black

[ ]
Hints !

Recjuvenating the “B” Battery.—A run
down dry battery may be brought to
life and given considerable service if the
paper cover be removed and the cell
placed in water. Punch a.few holes in
the zinc so the water can soak in easily.
An inexpensive container can be made
from a quart vinegar bottle with its top
cut off. Remove labels from the bottle
and wrap three turns of ordinary cotton
twine around the bottle where you wish
to cut it, then saturate the string with
kerosene. Don’t use petrol. Set the bottle
upright, then fire the string all round it
as near the same time as possible. When
the kerosene has almost burned from
string, dip in cold water and the top will
snap off. Be sure there is no cork in the
bottle.

Dust and Dirt. — These are deadly
enemies to radio apparatus, especially
where valves are employed. The accu-
mulator, used to heat the filaments,
should be kept free of dust, likewise the
variable condensers, the dirt from be-
tween the plates of these latter being
removed with a feather.

Battery Connections. — Weak batteries
should not be connected together with
strong batteries in any copibinations.
Either in the series or the #farallel ar-
rangement the weak ones will be a
drain upon the strong ones. In the series
arrangement the strong batterigs must
force their current through the high re-
sistance of the weak ones in the chain,
and in the parallel arrangement the
strong ones are apt to discharge their
current through the weak ones.

flex and then connect together the two
centre terminals on the terminal strip.

If you are using a four-volt valve, the
ilot light will not be needed, and the
ead from the positive filament socket
terminal goes straight to the arm of
the rheostat.

Insert a valve in the socket, connect
the red lead to the poditive of the bat-
tery and the black lead to the battery
negative.
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PHONES 4 5,0 BATT.
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KEY l

Circuit diagram of the audio oscillator.

A é)air of headphones are then con-
nected across the terminals marked
“phones.” Switch on the oscillator and
short-circuit the key terminals.
sound should now be heard in the
phones, and the tone of it can be ad-
justed by altering the rheostat.

To use the oscillator for Morse code
practice, a Morse key must be con-
nected across the. “key” terminals.

A very simple key can be made by
obtaining a piece of thin spring brass
about half an inch wide and six inche&
long. Bend this as shown in the illus-

LIST OF PARTS t

1 audio frequency {ransformcr.

1 valve,

1 four-pin valve socket.

1 100-ohm rheostat.

1 battery switch,

4 terminals,

1 2-volt 60 ma. pilot lamp and
socket.

1 41%-volt “C” battery.

1 piece of bakelite or wood.

Sundries. Wire, nuts and bolts.

tration, and screw it down to a piece 4f
wood. Near the free end attach a small
knob; and mount a small sguare of the
brass on the wood, but underneath the
end of the brass strip, 3o that when the
knob is pressed the brass strip will
make contact with the square,

The key is connected by making con-
nections to the strip and to the square
and connecting these to the “key” ter-
minals on the oscillator,

It will be found that, as the resistance
of the rheostat is increased, the pitch
of the sound will increase up to a point
where the emission of the valve falls
}oo low and the oscillator will not oscil-
ate.

If several people’ desire to use the
oscillator, as in a class, several pairs' of
headphones can be connected in series.

It is possible to reproduce the output
of this oscillator on a loud-speaker if a
radio set is handy, and has provision
for a gramo. pick-up. An audio trans-
former is c to the phone ter- -
minals on the oscillator, instead of fo a
pair of phenes, and the secondary of
transformer is joined to the pick-up ter-
minals on the set.
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With this reasonably inexpensive equipment the experi-
menter will find that it is possible to make most tests
required for locating a fault in a modern radio receiver.

strument to have on hand when

a receiver gives trouble. It must

be a good instrument and should
have several voltage ranges. For in-
stance, it may read 0—35, 25, 50, 100, 500
and 1000 volts. Above all, it must be of
the low current consumption type.

Usually voltmeters are rated at so many
thousand ohms per volt, which means
that a meter rated at 1000 ohms per volt
has an internal resistance of 1000 times
the maximum scale reading. That is, a
meter reading to 100 volts full scale will
have a resistance of 100,000 ohms and by
Ohms law it will consume one milli-
ampere of current at fudl scale deflec-
tion, . .

We have seen by Ohms law that the
current that can flow in a circuit de-
pends on the voltage and the resistance
that is present, so it follows that, if the
resistance is kept constant, any certain
voltage will cause a definite amount of
current to flow.

This is the operation of the voltmeter
where the resistance is kept at a con-
stant value for any one range of volt-
ages, and by applying different voltages
different amounts of current flow up to
the point whete maximum current
is flowing. This, then, corresponds
to the maximum permissible voltage for
that range. Thus, when five volts is
applied to a meter having an
internal resistance of 5000 ohms and a

3 VOLTMETER is the handiest in-

’

maximum current consumption of one
milliampere, the full scale deflection of
the meter will be reached. If the same
voltage is applied, but the internal re-
sistance is increased to 10,000 ohms, only
one half milliampere will flow. This will
give a half-scale deflection. Thus the
meter may have a full-scale reading on
five volts on one range and ten volits on
!he next range.

On both ranges a five-volt battery will
give a reading of five volts, but the cur-
rent through the meter will be different
for each range. .

¥ such a meter is not used, inaccur-
ate results can easily be obtained, for
the current through the meter is added
to the circuit being measured and the
additional current can cause an incorrect
voltage drop. Where the resistance of a
circuit is high in comparison to ihe cur-
rent flowing through it, this error is
easier to make. )

Next to the vollmeter, a resistance
meter is the most useful. One can
made from a voltmeter without upset-
ting the functions of the latter as a
voltmeter,

All that is necessary to convert a volt-
meter to an ohmmeter is to place a bat-
tery and resistor in series with the low
voltage range of the meter. For ex-
ample, we will take a volimeter haviig
a full-scale reading of five volts on its
lowest scale. This means that, when a
potential of five velts is applied to the

R7 R6R5 R4

O=/MA

il

+5- RI0

+

005 +O~AAAMAS

< 067 +
™00/ +
“os +
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R/
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AW/ sw i sma
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SW3. 1I00MA

/.
e

o

¥ Ma=
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Circuit diagram of a D.C. multi-meter.
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VOLTMETER
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\
RESISTANCE

MEASURING
TERMINALS

This diagram illustrates how a voltage
meter cur be used for measuring re-
sistances.

meter terminals, a current of one milli-
ampere will flow to produce a full scale
reading.

Now, if a resistance is inserted in the
circuit. the current will drop in accord-
ance with Ohms Law, and it will
possible to calibrate the meter to read
in ohms.

It is a_simple matter to convert a five-
volt voltmeter to measure resistance.
Since a_five-volt battery is not easily
obtainable it will be necessary to use a
six-volt one. This can be made up from
torch battery cells, because the current
drain is very light and the cells will last
for a long time. o

As six volts will be too much for the
five-volt range of the meter, a resis~
tance must be added to the circuit to
obtain the full-scale deflection when
the resistance measuring terminals are
short-circuited.

The diagram shows the connections of
the resistor and battery to the five-voit
range of a voltmeter.

It is necessary to know the gurrent
drain of the meter in order to make
the necessary calculations for an Ohms
scale.

Because the battery in our example has
a voltage of 8 volts, the total resistance
in the circuit for full-scale deflection
with the resistance terminals shorted
must be 6000 ohms. The value of R
should be 1500 ohms or 2000 ohms, an
it must be of the adjustable type, su
as a potentiometer.

To calibrate the meter first it will be
necessary to draw up a chart converting
the volts scale into a milliamps scale.

Knowing that 5 volts equals one mil-

(Continued overleaf)
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HOW TO MAKE AN
ACCUMULATOR

Constructional details of a simple storage battery.

solution of dilute sulphuric acid,

form the simplest form of accu-

_mulator. If a charging current is
applied to the lead plates for several
hours, and then disconnected. the plates
will be found to be capable of supply-
ing  current. However, the plates in
their crude condition are incapable of
holding much of a charge, so they have
to be treated to make their surface, as
it were, more spongy.

Cut two lead plates of a convenient
size to fit in a handy glass retainer,
and bore them as full of one-eighth-
inch holes as is possible without unduly
weakening the plates.

TWO plates of lead, immersed in a

From a paint shop procure a small
quantity of red lead and a similar
amount of litharge. These are materials
commonly used by painters. In a glass
dish mix a stiff paste made by adding
sulphuric acid to water in the propor-
tion of one part acid to twenty parts
water, and adding sufficient red lead to
make a stiff mixture. One of the plates
should then be “pasted” with this mix-
ture—that is, the holes should be filled
with it and then levelled up on both
sides of the plate.

The second plate is similarly treated
with a paste made from sulphuric acid
and litharge.
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. When dry the plates should be stood
in the %hlass retainer, care being taken
to see that they do not touch. The
glass is then filled with a solution of
one part sulphuric acid and twelve parts
water.

NOTE: The acid must be poured
slowly into the water, and not the
water into the acid, and none of the
acid must be allowed to touch the
clothes or flesh, for it will destroy any-
thing with which it comes in contact.

The plates should stand opposite each
other in the solution. If a current of
not less than three volts be applied to
the plates for a few hours t%ev will
be rendered in a condition to supply
current for quite an appreciable ne.
Enough current may be generated dur-
ing the night to last for experiments
during the day. Each cell gives out
slightly more than two volts when fully
charged, and has an internal resistance
which is so low that it need not be
reckoned. .

SIMPLE SET TESTERS— (Continued from previous page)

liampere, then 2% volts equals one-half
milliampere, 1% volts equals one-quar-
ter milliampere, and so on.

Next a chart is drawn up to show
the ohms corresponding to any given
current. The formula used for this is:—

= E/1 minus 6000.

Where R is the resistance in ohms.

E is the voltage of the battery in
volts. 1

1 is the current in amperes.

In the ‘ﬁarticular instance given above
the formula re.;olues itself into—

5 1000
R= minug 6000

where I is the current in milliamperes.

When this chart is drawn up it can be
converted into terms of volts by com-
parison with the voltage-milliamps chart.

It will be found that 100,000 ohms, is
about the highest resistance that can be
measured with this device. For* h;gher
ranges it will be necessary to use higher
voltage ran on the meter and higher
voltages. us a 50-volt scale can
used if the battery voltage is a little over
50 and a series resistor R included. so
that the correct adjustment can be ob-
tained with the resistance measuring
terminals shorted.

The fundamental formula is the same,
but the 6000 ohms. is replaced by the
total resistance of the circuit required
to produce full scale deflection.

A Dbattery of 55 volts would mean the
internal resistance of the meter of
50,000 ohms., plus the 5000 ohms, in R
required for full scale deflection.

In operating as an ohmmeter the re-
sistance measuring terminals must be
“shorted,” and the resistor, R, adjusted
to give full-scale deflectioh. The resist-
ance to be--measured is then connected
across the resistance measuring termi-
nals, the “short” having been removed.
The scale will read in the opposite direc-
tion to that of the voltmeter, the lowest
OHMS. being equivalent to the highest
VOLTS.

In testing for faults. the various volt-
ages should be checked and, if §; dis-
crepancy is noted, the power Hupply
must be switched ofif and the ghmmeter
brought into action to measure the re-

sistance of the circuit to see if it is
excessive or otherwise.

In checking condensers remember that
somewhere in the receiver a resistor or
coil may be connected across the con-
denser, and would indicate a break-
down in the condemser. Always dis-
connect one side of a condenser prior
to testing. Remember, too, that a con-
denser may break down under high
voltage, but not under the low voltage
applied by the ohmmeter.

A milliammeter is a very handy in-
strument to have, since the current flow-
ing in a circuit can be tested. It must
be of the low resistance type.

A combination meter can be made up
from a milliammeter having a full-scale
reading of onc milliampere.

Shunts must be placed across the ter-
minals of the meter to increase its range
as a milliammeter. Resistors must be
placed in series with it for voltmeter
use, and a resistor and battery in series
with it for ohmmeter use.

The components required for ~ this
combination meter will be:— -

One Milliammeter, 0-1 ma full scale.

Ten terminals.

Three S.P.S.T. Toggle switches.

R4. 5000 ohm resistor.

RS. 50,000 ohm resistor,

R6. 100,000 ohm resistor.

R7. 250,000 ohm resistor.

R8. 500,000 ohm resistor.

R9. 3000 ohm resistor.

R10. 2000 ohm potentiometer.

One 435 volt battery.

The circuit is self explanatory. All
resistors should be of the wire-wound
type if accuracy is desired, but very
accurate carbon resistors can be used
for all but R$ and R10, which must be
wire-wound.

Rl, R2 and R3 are the shunts. They
consist of very small resistors. The cor-
rect values for these can best be de-
termined by trial by placing the meter
in series with another meter of the de-
sired range, and using a battery and re-
sistor to adjust the current through the
standard meter to the correct value. The
shunts can then be adjusted until the
correct readings are obtained on the
milliammeter.

Care must be taken to see that the
milliameter is not burnt out because the
value of the shunt was too low for the
range being calibrated. It is possible to
calculate the resistances required but
this means that you must know the
internal resistance of the meter.

Thus—
N=I/Im
and Rs=Rm/ (N minus 1).

Where N is the multiplying factor;

I js the new maximum reading
in milliamperes;

Im is the present maximum
reading in milliamperes;

Rm is the internal resistance
of the meter in ohms;

Rs is the value of the shunt
resistor in ohms.

The shunt must be able to carry the °
extra current without overheating and
must be attached to the meter with very
heavy wire so that a minimum of addi-
tional resistance will be added. Such
leads must be as short as possible,

In using a milliameter or voltmeter
always use the highest range first so
that ~excessive voltage or current will
not burn out the meter.

VALVES—Continued from page 24

for which they are rated. It is a mis=
taken idea to assume that a valve will
last longer because the filament voltage
is below normal. On the other hand,
do not employ plate voltages higher
than those for which the valve is rated.
The me.ufacturers’ data sheets will
serve as a guide to correct valve opera-
tion and should be followed closely.

Don't under-bias an audio ampiifier
tube, because this will cause distortion
and overload. Over-bias is permissible
when battery economy is desired. but
this will affect reproduction unless spe-
cial precautions are taken.

Above all, don’t treat valves roughly.
Remember they are quite delicate com-
ponents and are likely to take serious
harm from mechanical jarring.

When operating at plate voltages:above
200 do not apply the plate potential
until the filament voltage is on. is
rule can be brokcn in the case of the
indirectly heated type A.C. valves.
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- LOUD SPEAKERS

This article deals with the general theory, design under-
lying loud speakers.

HE loud speaker is the final link Because the cuwrrent in the plate cir-

in the chain of broadcasting trans-

mission and reception. In another

part of this book it has been shown
how sound waves are converted into elec-
trical impulses because the sound waves
cause the diaphragm of a microphone to
vibrate. These vibrations cause either
a current or voltage change in the mi-
crophone, depending upon its design.

There are several different types of
electro-magnetic speakers, but all oper-
ate on the same principle. The illus-
tration shows the balanced armature
type. This type of speaker makes use
of a very powerful horseshoe permanent
magnet having specially-shaped pole-
pieces attached to its ends. ese pole-
pieces provide two positive poles on one
side and two negative poles. These are
marked with a positive and negative
sign in the illustration.

A small iron armature is pivoted in the
centre between these {wb pole-pieces so0
that it can tilt backwards and forwards.
One end of the armature is attached to
a spring which is fitted with a tension
screw. The other end of the armature
is attached to a short rod, this in turn
being connected to a reduction lever.

The other end of the reduction lever
is attached to the framework of the
speaker. To the centre of the reduction
lever a stylus rod is attached to the
other end of this rod, finishing at the
apex of a cone. 1

Surrounding the armature is a coil of
relatively fine wire. This coil is con-
nected in the plate circuit of the output
valve so -that the audio frequency cur-
rents from this valve pass through the
coil. As the current flows in one direc-
tion the upper end of the coil and the
upper end of the armature become posi-
tive since the armature and the coil com-
prise an electro-magnet.

ﬁfm&fare

e
o MY~ |
Cor/—

cuit of the output valve varies at an
audio frequency rate the current through
the coil will vary. This means that the
magnetic flux also varies, and that the
armature will move backwards and for-
wards in accordance with the current
flowing in the coil.

THE DYNAMIC SPEAKER

The dynamic speaker is totally differ-
ent in construction from the electro-mag-
netic type of speaker. There are two
types of dynamic speakers, the electro-
magnetic and the permanent magnetic.
The /illustration shows a cross-section
view of a typical electro-magnetic dy-
namic speaker.

Magnetism for its operation is derived
from an electro-magnet known as the
field. The field is wound with a large
number of turns of wire so that the
magnetising effect will be as great as
possible and this field is connected to
some source of supply of direct current.

The average dynamic speaker field
consumes about six watts of electrical
energy.

It will be seen from the illustration
that the field surrounds the field mag-
net core. A centre pole-piece is placed
in the centre of the magnet system and
separated from it by a few thousandths
of an inch.

Cone or __.»
Diaphragm

Fod

Kod

\\ Rediuclion

Lever

o/
Fleces

The consfructional details of a

balanced Armature type loud-
speaker are shown in this
drawing.
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CURRENT SUPPLY

An iilustration of an eclectro-dynamic
loudspeaker showing the main features.

A frame extends from the speaker
field system and carries a cone of rela-
tively soft material, the apex of this cone
being at the gap between the centre
pole-piece and the rest of the magnetic
system. Attached to the apex of the
cone is a very small coil of wire which
is free to move in the gap.

Across the apex of the cone is placed
a thin spider of bakelita or other simi-
lar material with a hole in its eentre.
A bolt is passed through this hole and
screwed into the centre of the pole-
piece so that the voice coil, as the small
coil of wire is called, will not be able
to move laterally. However, the spider
permits a certain amount of movement
along the axis of the voice coil.

When a current of electricity is passed
through the voice coil the latter be-
comes a magnet and is attracted into
the gap or repelled from it depending
on the direction of the current throu
the voize coil and that in the fie
winding.

The current in the latter is arranged
to go in the one direction at all times
so that an alternating current applied
to the wvoice coil will cause the latter
to move in and out of the gap
pending on the direction of the curre:
The distance that the coil moves de-

nds on the power of the current and
its frequency of movement is depeN-
dent on the frequency of the current.

Because the voice coil is attached to
the cone the latter moves in accordance
with the voice coil, and sets up sound
waves having the same frequency as the
current passing through the voice coil.

As the voice coil consists of only a few
turns of wire its impedance is very
lew and will not match that of a valve.
Therefore an impedance matching trans-
former is used to connect the speaker
to the valve. This transformer has a
primary which matches the plate im-
pedance of the output valve and a se-
condary impedsnce to match the voice
coil of the speaker.

Sometimes an equaliser is added to the
primary of the transformer, so that cer-
tati:(xi audio freguencies can be attenu-
ated.

The permanent magnet type of dynamic
speaker differs from the type just de-
scribed in that a. large permanent mag-
net is usad to replace the field winding.
This means that such a speaker ean be
used with battery-operated receivers be-

(Continued on Page 64)
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The Super-~heterodyne

A Short Treatise on the Operation of Super-
heterodyne Receivers.

fication enhances the receiver's sen-

sitivity and selectivity to a great

degree, but there is a limit beyond
which it is not practicable to employ
radio amplification without running Into
trouble due to oscillation and kindred
unstable operating conditions,

One way out of this difficulty is the
employment of the super-heterodyne
principle. Briefly. this principle involves
the reception of the incoming signal at
its fundamental high frequency and with
the voice tones with which it is modu-
lated; the mixing of this incoming high
frequency with another high frequency
signal which is unmodulated and o
fixed amplitude or intensity. The “beat
frequency” so formed is the arithmetical
sum of or difference between the two
frequencies.

For example, if the incoming signal has
a fundamenta! frequency of 1,000,000
cycles and the locally-generated signal a
frequency of 500,000 cycles, the resultant
beat frequency will be either 1,500,000
cycles or 500,000 cycles.

Usually a frequency lower than the
incoming frequency is selected. The
beat frequency. tegether with thé modu-
lation frequencies, which have not been
disturbed by this beating, are fed through
an amplifier tuned to a fixed frequency
corresponding to the difference between
the incoming and the local frequencies.
It is knowm lgs an “intermediate fre-
quency amplifier,”” ahd consists of a
radio frequency amplifier system operat-
ing at a comparatively low radio fre-
quency. From this amplifier the beat
frequency signal is fed to what is known
as the “second detector” or de-modula-
tor when it undergoes the same sequence
of changes as take place with a signal
recetived direct by a detector valve.

Thence the rectifed signal passes to
the audio amplifier and loud speaker in
the usual way. .

Glance now at Fig. 1 whilst we ex-
plain brieflv the processes through which
the signal entering the aerial circuit of
a modern super-heterodyne receiver
passes before it is transformed into an
audio . frequency signal capable of being
heard in the loud speaker.

At the left (top) we find the modulator
section which receives the incoming sig-
nal. Coupled to this is the oscillator
section which generates the local fre-
quency. Next we have the intermediate
frequency amplifier which boosts up the
resultant beat frequency. Then comes
the de-modulator, which eliminates the
beat frequency from the scheme of
things and passes the audio frequency
impulses on to the final stage, the audio
frequency amplifier. amplification
here they are passed to the loud-speaker,
where they_ generate the sound waves
which form “intelligible speech.

A diagrammatic view of the various
frequency changes which the signal
undergoes is furnished by the sketch in
the bottom section of Fig. 1. A “close
up” of the action of the mixer valve is
furnished in the schematic circuit dia-
gram of Fig. 2, which depicts a “penta-
grid” or “hexode” valve which no
less than seven distinct elements. 4 Of
these seven one is the filament or heater,
-one the cathode, and another the- plate.
The remaining four are grids.

THE use of radio frequency ampli-

*
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Without going
into an involved
technical explana-
tion we can say
that the incoming
signal is fed to
the modulator grid
coil, L2, wvia L1,
and reaches . the
modulator grid of
the valve V. Here °
it undergoes the
series of operations
dealt with in the
description of the

L 4

¥,
Ses00)

one-valve receiver
except that, as this
valve is not truly
a detector, no grid
leak and condenser
is employed. The

first and second | L3

ids from t h e
lament of t h e
valve are the os- g
cillator -grid and
plate respectively.
In  conjunction
with the cathode,
which is common =

0
B+250V

L By

v/

4|||i

to both sets of 5
elements in th e Fig. 2
valve they may be
said to con-
stitute a separate triode valve whilst the
control grid, screen grid, and plate of
the modulator section may be considered
as a screen grid valve.

It will be remembered that in our
original dlscu_ssion on the one valve re-
ceiver we pointed out that, if regenera-
tion was increased beyond a certain
point, the valve would go into oscilla-
tion and would generate a frequency
dependent upon the constants of = the
tuned circuit. This is what has been
allowed to take place in the oscillator
section of the tube.

The operating frequency is governed
by the grid coil, L4, and the tuning
condenser, C2, whilst sufficient feedback
has been furnished by the plate coil, L3,
to make the valve oscillate. The locall

generated oscillation is mixed, throug
the electronic coupling which exists in-
side the valve, with the incoming signal’

in the pentode portion of the/valve and
the result is fed from the plate of the
tube through the primary of the inter-
mediate frequency transformer, IFT. /

. /

Fre

B+250v
-O
8+ 100v

A theorctical circuit ot a single stage of

LF, amplification. The junctlons of CY

and the low potential end of the IFT

seeondaries are cinnected to earth or to

the AVC network depending on the
design of the receiver.

2
The circuit diagram ot a n seven el
as the frequency charger is a super-heterodyne recefver.

t valve, used

Both the primary and the secondary
of this transformer are tuned by means
of CX and CY to a frequency equivalent
to the difference between the incoming
frequency and the locally ‘generated one.
The tuning of the modulator and oscilla-_
tor circuits is controlled by the con-
densers C1 and C2 respectively. As it is
imperative that the locally-generated
frequency always shall differ from the
incoming frequency by an amount equal
to the intermediate frequency, it is im- -
ggrtant that the two tuning circuits shall

kept in step.

This is done by “ganging” (i.e., con-
necting the two condensers mechanically
so that they travel through the same
arc of movement simultaneously) amd
by means of the padding condenser, PD,
which is a small semi-variable condenser
which is set at such a value that the
oscillator tuning will hold good at the
lower frequencies.

Rl and C3 are our old friends the
grid-leak and condenser which we met
first in the single valve receiver. R2,
C4 and R3, C5, and C6. are newcomers
so we shall deal with them separately.
R3 is a voltagé dropping resistor which
ensures that a lower potential shall be-
applied to the oscillator plate than s
applied to the modulator plate of the
mixer tube, The condenser, C5, is a
by-pass condenser which ensures the re-
turn to earth of the radio frequency
currents which would otherwise be
blocked by the resistance, R3. Rl is the
cathode resistor which is used to supply
automatic bias to the modulator grid
of V. The condenser, C4, is a by-pass
condenser which provides an easy path
for radio frequency currents whi~h
otherwise would be impeded by the re-
sistance, RI. .

The condenser, C6, returns unwanted
radio frequency currents from the
screening grid of the modulator section
of V1 to earth so that they will not
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flow into the associated valve ecircuits
and cause instability.

In Figure 3 we have schematically
depicted a single-stage intermediate fre-
gquency amplifier. This is made up of the
input and output transformers, IFT1 a
IFT2, each of which consists of two
windings, a primary and a secondary.
Each of these windings is tuned by a
semi-variable condenser which is set to
the desired intermediate frequency and
is not altered during the operation of
the receiver. The valve, V, is a screen
grid type known as a radio frequency
pentode. Its chief characteristic is that
of high amplification. Like the mixer
valve the intermediate frequency valve,
V, is self-biassed by means of a resistor
R, which is provided with a by-pass
condenser, Cl, to permit the easy pas-
sage of radio frequency currents be-
tween cathode and earth. The by-pass
condenser, C2, functions similarly to the
condenser C6 in Figure 2.

To Renew Worn-out Dry Cells
\VORN-OUT dry cells n
thrown away. With a little trouble
they can be made rearly as good as new.
Strip off the outer zine covering, which
in Lﬁe majority of cases, is corroded and
full of holes, and stand the carbon ele-
ment with its surroundings, in a jar of
dilute sal-ammoniac solution.
A small leclanch¢ zinc is then stood
in the same solution alongside the re-
mains of the dry cell,

need not bel
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Amphtied Sound Waves

Fig. 1.~This diagram illustrates the operating principles of the superheterodyne
ype of receiver, =

Aerials and How to Instal Them—
(Continued from Page 20)

iermed a fog which extends upwards
1o a height of some 20 to 25 feet from
ground level.

The average outdoor aerial, to be_of
any .use in such ecircumstances must be
erected at least 25 feet above the ground.
The higher the aerial the more chance
is there of getting out of the interfer-
ence fog and the quieter will be radio
reception,

Even if

_we ertct an aerial well up in
the clear, 'we still must bring the signals
which this aerial collects to the receiver.

This is-done by means of the lead-in
which of necessity must come down
through the interference fog before 1t
can .get to the receiver. Now the lead-
in reacts to the tiny impulses of electrical
interferenge in the same way as the
aerial itself resets to the broadeast sig-
nals, jt collects them and feeds them to
the receiver.,

The design ‘of the noise-reducing aerial
aims at overcoming this defect. The
aerial is mounted well in the clear and
above the fog of interference. It is joined
to the gerial by means of a twin-wire
lead-in. only one wire of which joins to
the aerial itself. The other wire is left
free, but the pair are twisted together
and brought down to the receiver. At the
sct the lead-in wire which has been sol-
dered to the aerial, is attached to the
aerial terminal, The other wire—free at
the aerial end—is attached to the earth
terminal on the receiver.

The operation of the noise-reducing
aerial ‘depends upon the fact that whilst
only one wire of the lead-in is conduct-
ing the radio signal to the receiver, both
wires are equally responsive to the in-
terference signals. As both of the lead-
in wires deliver the interfereuice signals
to the receiver at the same time but
out of phase, ie., step, the interference
signals cancel out and leave only the
broadcast 'signal.

This system is particularly effective.

althoug}j it ‘reduces signal strength to.

some small degree it a tely elimin-
ates the noise caused by electrical intgr~
ference. oo

In order to raise the efficiency of the
aerial system it may be resonated to
some portion of the broadcast wave band
—500 metres, for example—by proportion-
ing the aerial so that this is some odd
fraction of the desired wavelength. For
example, we might take the 20th frac-
tion of 500 metres or 25 metres. A metre
being approximately 3% feet, the total
aerial length, exelusive of lead-in, would
be 81 feet three inches. The lead-in
length does not matter materially, but
the lead-in wires should be kept clear
of earthed objects.

Ordinary enamel-covered 14 or 16
gauge wire can be used for the flat top
and the twisted wire lead-in may con-
sist of either twin lighting flex or two
lengths of 3/20 rubber-covered  wire
twisted together.

Remember that any receiver can oaly
be as efficient as its aerial will let it be.
If you want real distant reception with-
out electrical interference, erect a high
aerial which is well i ted. For local
reception an indoor aerial, a mains aerial
or even the earth wire itself, will pro-
vide sufficient pick-up for normal needs.

Dor’t Handle Crystals

CRYSTAL sets give enormous trouble

to many users. It seems utterly im-
possible for them to get the cat-whisker
in such a position that good reception
is obtained. Any good crystal should
give good results at almost any point
of its surface.

Some people seen to regard the care-
ful envelopment of crystals in cotton
wool when they are sold as a kind of
ornamental fad. for they do not even
take the precaution to wash their hands
before inserting the crystal in the cup.

Don’t, then, handle your crystal with
the naked hands. Use metal tweezers.

How to Make Batteries—

(Continued from page 8)

the matter in the plates under the elec-
trical action. After five changes, the
maximum of.surface will have been ob-
tamedh]z;;ld the best results given. How-
ever, this alternation should hot be con-
tinued longer, as the ribs will begin to-
decompose, and the mechanical strength
will be so weakened that the plates will
soon fall to pieces.

A battery of these cells may -be con-
structed to deliver 150 to 300 volts for
power amplifiers, and low range trans-
mitters. Although such a battery would
involve considerably tedious work, it
would well repay the construction by
the efficient operation obtained.

Distinguishing Polarity. — The centre
terminal screw is positive, and the side
terminal screw negative. on a dry cell.
Similarly, on a wet cell of the primary
type, the carbon or copper plate is the
positive and the zinc plate the nega-.
tive.

Breaking-up Crystals.—Large pieces of
crystal can easily be cut into several
pieces by means of a pair of wire-cut-
ters. A hammer should not he used. A
large piece of crystal, broken up, some-
times yields a wealth of sensitive pieces.

Crystal Detectors in Series. — Don’t
attempt to wire two or more erystal
detectors in series, or you will prob-
ably meet with failure. As many detec-
tors as desired may be wired ia paral-
lel, with a multi-point switch arranged
to switch each in as desired.

To Tell if Set is Oscillating, — To tell
if the set is oscillating and causing in-
terference to others, a damp finger placed
on the grid terminal of the detector
valve will, if the set is cscillaling, pro-
duce a distinet click in the licadphones.

When Wiring Up. — It is as well to
refrain from lighting the filament of
the valve until the connections of
“A” and “B” batteries have been
checked.
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A ONE VALVE BATTERY RECEIVER

A simple one valve headphone regenerative set which will provide
good results on all local broadcasting stations.

HE receiver illustrated in the dia-
gram is the simplest valve set that
can be made, It employs regenera-

tion, so that the utmost sensitivity

is obtained, and it will operate a pair

of headphones at good volume on dis-

tant stations. ,

The Valve

Any type of three-electrede valve can
be employed, but those having a medium
impedance are the best, as they will
match the headphones a lot better.
Power valves, on the other hand, are

usually of the low-impedance type, and

are not so satisfactory as those of slightly

higher impedance. Valves such as the

A4l5 in the four-volt types and the

UX230 in the two-volt series are ex-

amples of medium-impedance valves. If

you already have an “A” battery, you

should choose a valve requiring the

same filament voltage as the voltage of

the battery.

The Coil

The coil for this set acthally consists
of three coils of wire wound on the
same former. If a three-inch former is
available, the aerial coil, L1, should be
wound on first, using gauge 22 D.C.C.

or enamelled wire. ind on 15 turms,

keeping the turns close to one another

and passing the two ends of the coil

throu; small holes that you have

illed- in the former. Thijs coil should -

be started near one end of the piece of

former,

The start of 12, whieh is the secondary
coil, is made half-an-inch down the
former from the end of L1. Wind on 45

turns of the same wire, and be sure that

the directiun of winding is the same as

that of the aerial coil.

The start of the reaction coil, L3, is
made one-half-inch down the former
from the end of L2, and is wound in
the same direction as L2. This coil con-
sists of 20 turns of the same wire.

When the three coils have been fin-

set.

quired,

not be close

ished, a couple of small lugs should be

attached to the bottom of the former

so that it can be attached to the base-

board or chassis.

The variable condenser must be of

0.0005 mfd. capacity, and should be
vided with a good vernier dial, which
must be free from backlash.

Mounting the Components

All of the parts can be mounted on

a wooden baseboard, or a small alu-

minium chassis can: be made up. Mount

the variable condenser, Cl, so that its

shaft is situated centrally, thus making

a balanced appearance. If the baseboard

type of construction is employed, a small

metal panel should be used, together

with the switch, SW, and the reaction

condenser, C2, mounted on the panel.

. With the chassis type of assembly, these

two components may be mounted on

the front wall of the chassis. There is

no necessity to insulate the shaft of the

reaction condenser in either type of con-

struction.

Mount the coil former on one side of

the variable condenser, but.one side_of

the baseboard or chassis. In
the latter it may be necessary
the former off the chassis so that the
finish of the reaction winding, L3, will
r than one inch to
chassis. Place the valve socket near the
variable condenser and the
the two filament lugs to the rear of the

The aerial and earth and the head-
phone terminals can be mountéd on the
rear of the set, the phone terminals be-
ing at the end away from the coil. Con-
nections to the batteries is best made
with long flex leads Instead of terminals,
particularly as only three wires are re-

The Wiring

Connect the aerial terminal of the set
to the start of the aerial winding on the

the case of
to space

coil-kit with

nect the earth

the variable condenser, 1,
negative filament lug on the coil socket.
should be done with a
of bare wire and to it should be soldered
the finish of the secondary coil, L2, and

ro- This wiring

coil former, L1
taken to the earth terminal. Also con-

The finish of Ll is

terminal to the frame of
C and the

iece

the rotat%' plates of the reaction con-

denser, C

R, to the grid

the stationary
denser, Cl. an

ﬁ:zted plates of

on the valve

length of red

nect the black

Join the other en
filament lug on the valve socket. Take
the start of the secondary coil, L2, to

To the plate
also connect one end of the RF choke
and take the other end of this compon-
ent to one of the phone terminais.
A length of black wiring flex should
be soldered to the negative filament lug

the “A” battery.
battery is joined to the red wire. Now
connect a small
negative of the
the other end of this to the negative of
the “A” battery. The red wire i

Next solder one end of the grid leak,

lug on the valve socket.
of R to the positive

lates of the variable con-
to these plates also con-

nect one end of the grid condenser, C3.
The other end of C3 connects to the grid
lug on the valve socket.
Connect the finish of the reaction coil,
L3, to the plate lug on the valve socket.
The start of the coil L3 joins to the

the reaction condenser,

lug on the valve socket

Join a similar
lug on

socket.

wire to one

the battery switch, S W. The other lug
on the switch goes to the positive fila~
ment lug on the socket.
Complete the wiring of the set b
necting a length
connected headphone terminal.
As mentioned before,
the “A” battery and the
age of the valve must be the same. Con-

con-

of green wire to the un-

the voltage of
filament volt-

wire to the negative of
The positive of this

iece of wire to the
“B” battery, and join

wire is then

joined to the positive of the “B” battery.

C2,
l vy = =
o)
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Circuit diagram of a one-valve battery-operated
recelver,

LIST OF PARTS

Cl.—Variable ' conden-

ser. .00035 mfd.

C2.—Midget co!

23 plate.
C3. ~ Mica condenser.
00025 mfd.
L1, L2, L3.—Coil kit.
R.—2 megohm resistor.
RFC.—R.F. choke.
S.W.—S.P.S.T. battery
switch.
V1.—Deteector valve.
Sundries.—Dial, valve
socket, terminals, wiring
wire, nuts and bolts, “
battery, 45 volt “B” bat-
tery.

nser.

of the variable

each
whistle.

order.

of surrounding

likely

will be 10 feet.

If the reaction condenser
so that the plates are fuliy
station will be received with a
The reaction should be
duced by slowly rotating the reaction
condenser until the whistle ceases, as
this will be the position in which the
set is most sensitive.
If the set will not oscillate, try a very
small aerial, since a large aerial will
often prevent oscillation.
not cure the trouble, the plate voltage
on the valve should be increased by
adding to the “B” battery. It is assumed
that all connections have been made
correctly and that the wvalve is in good

The aerial should be about 50
long and 30 feet high, and must be clear

Now attach the headphones, the aqrial
and earth to their respective terminals
and insert the valve.
Switch the set on with the battery
switch and tune'in a statigxlx by means

condenser,
C2, is set
in mesh,

re-

If this does

feet

objects. Do not place

the aerial ten feet above an iron roof
and expect results, as the roof will most
earthed by down piping, so
that the effective height of

the aerial
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PERFORMANCE -
CONVINCES

Since the commencement of
broadcasting Radiotrons have been
recognised as the world's standard

of performance and iong life.
\\\f\N \4/1

There is a Radiotron to suit every
requirement, whether battery,

direct currentor al’ferna’ring current.

RADIOTRONS

= AUSTRALIAN GENERAL ELECTRIC LIMITED, AM\LG-\\!ATED WIRELESS (AUSTRALASIA) LTD.,
- Sydney, Melbourne, Brisbane, Adelaide, Hobart, IG:leQ Q:::‘n ss!{:::‘ i{:ll!l'm;rne v10.6

et e 3
(Advertisement of Amulgamated Wireless Valye Co. Ltd.)
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A Two Valve Battery Set

This Simple Receiver will give Loud Speaker Results from
Nearby Stations

SINGLE-VALVE SET will give

good headphone reception of

many stations, but it will not

operate a loud speaker. A two-
valve set will give speaker results from
many stations, provided that they are
not too far away. It is quite easy to
build a two-valve set, since there are
orly two or three more components than
in a one-valve receiver.

“The audio frequency transformer
should be of a good make if you want
good quality reproduction. Poor quality
transformers are useless when the best
reproduction is required. The ratio
should be about 3-1, although you can
go as high as 5-1.

The valve sockets must be of a type
in which the contacts make firm connec-
tion to the pins of the valve, Poor con-
tacts in the sockets will cause weak
reception, and possibly noise in the set.

The coil consists of the three wind-
ings—L1, 1.2 and these being the
aerial, secondary and reaction.

A piece of three-inch former is re-
quired, and the coil is to be made ex-
actly the same as the coil for the One-
valve Battery Receiver.

The various components can be
mounted on a board or on a metal
chassis, depending on the preference of
the constructor.

The varigble condenser must be

mounted so that its shaft will be in a
central position, the coil to the right-
hand side of the condenser, looking at
the assembly from the rear, and the
audio frequenc, transformer on the
other side of Cl (variable condenser).
. The valve socket for the detector, V1,
is placed immediately behind the vari-
able condenser and the audio valve soc-
ket, V2, to the left of the audio fre-
quency transformer,

The reaction condenser is placed near
the coil, and the battery switch, SW,
placed in line with C2, but on the oppo-
site side of Cl.

With all components in place the
wiring of the set can commenced.
A piece of bare wire is used to con-

finish of the aerial coil, L1; the finish
of the secondary coil, L2; the frame
of the variable condenser, C’l; the rotary
plates of the reaction condenser, C2;
the negative filament lug on V1, and
the negative filament lug on V2; and
the earth terminal of the set.

Now connect one lug on the battery
switch to the positive filament lug on
V1 and continue this wire to the posi-
tive fllament lug on the V2 socket.

LIST OF COMPONENTS

AFT. Audio frequency transformer.
3-1 ratio.

Cl. Variable condenser .0605 mfd.

C2. Midget condenser, 23 plates.

C3. 00025 mfd. mica condenser.

L1, L2, L3. Ceil Kit.

R. Two megohm resistor,

RFC. R.F. Choke.

SW. S.P.S.T. battery switch,

V1. Detector valve. (A415, UX230).

V2. Audio valve, (A409, UX330).

Sundries: Dial, two valve sockets, four
terminals, wiring wire, nuts and
bolts. “A” battery. Two 45 velt “B”
batteries,

The start of the aerial winding, L1, is
connected to the aerial terminal on the
set and to the start of the secondary
winding. L2 is connected to the sta-
tionary plates of the variable condenser,
Cl. Solder one end of the grid con-
denser, C3, to the grid lug on socket
Vi. A wire should be attached to the
other end of C3 and connected to the
stationary plates of CI.

Join one end of the grid leak, R, to
the grid lug on valve socket, V1, and
wire the other end of R to the positive
filament lug on the valve socket, VI1.
To the plate lug on the V1 socket
connect the finish of the reaction coil,
L3, and one end of the choke,
RFC. The start of the reaction coil,
L3, is connected to the stationary plates

nect together the following points: The of the reaction condenser, C2. Next
> T
RFC
L,
C+A-B- Ady  B% C-ORA- g2

A circuit of a simple two-valve battery-operated recelver.
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attach the free end of the RF choke
to the P terminal on the audio fre-
quency transformer, AFT. The G ter-
minal on the transformer is then wired
to the grid lug on the audio valve
socket, V2.

Attach a wire to the plate lug on V2
and connect this to one of the speaker
terminals, T.

This now leaves only the battery leads
to be attached. Connect about four feet
of Red wire to the unconnected lug on
the battery switch, SW. The same length
of Black wire should be soldered to the
negative filament lug on the V1 socket.

A length of green wire is then attached
to the unconnected speaker terminal. To
the B terminal on the audio frequency
transformer solder a length of Blue wire.
A length of Yellow wire is attached to
the F or C terminal on the transformer.

This completes the wiring of the set.

The “A” battery should be of the same
voltage as the ents of the valves.
The detector valve, V1, should be of the
“detector” type and the power valve, V2,
of the “power” class if speaker reception
is wanted. For headphone reception a
small power valve can be used. For in-
stance, both valves could be of the 30
type for headphone work. If a four-volt
battery is available, the detector could
be an A415 and the power valve a B406.

The Red wire cénnects to the positive
of the “A’” battery and the Black wire
is attached to the netiative terminal of
the “A” battery. Another length of wire
should be attached to the “A” battery
negative terminal and connected to the
“B” battery negative terminal.

The “B” battery will consist of two 45-
volt “B” batteries connected in series.
That means that the negative of one bat-
tery will be connected to the negative of
the “A” battery as just described. The
negative of the second “B” battery will
be connected to the positive of the first
“B” battery. If the batteries have voltage
tappings, the negative terminal of battery
No. 2 should be-connected to the 45-volt
tapping on No. 1 battery. To this 45-volt
tapping on No. 1 battery also connect the
Blue wire from the set.

The Green wire from the set is con-
nected to the 4b-volt tap on the second
“B” battery. (Since the batteries are in
series the total voltage will be that of
the two batteries added together, 90
volts.)

To the negative terminal on the “é"
battery connect the positive of the “C”
battery. ;

The negative of 'the “C” battery is
connected to the Yellow wire from the
set. The voltage of the “C” battery will
depend on the valve, V2. This may range
between 1142 volts and 13 volts. The cor-
rect voltage will depend on the plate
voltage and can be determined from an
inspection of the valve data sheets for
the particular valve used. Thus the type
30 valve requires a “C” battery voltage
of 45, when the “B” battery voltage is
90, If the voltage were increased to 135
the “C” battery voltage must be 9 volts.

With the batteries correctly attached,
the valves should be plugged into their
correct sockets, the 'aerial and earth
attached, and the speaker or headphones
connected up.

Switch on the set by means of the
battery switch, SW, and slowly rotate
the dial of the variable condenser, Cl.
When a station is heard the reaction con-
denser, C2, should be adjusted for maxi-
mum volume without any whistle. It will
be found that the set will whistle as ¢ach
station is tuned in if the reaction -con-
denser plates are too far in mesh. At the
same time the signals will be d1§tzorted.
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," Th. theoretical circuit of a straight-forward three-valve receiver for battery operation.

A THRFEF, VALVE BATTERY RFCEIVER

This Receiver is Capable of Long Distance Reception at Full Loud

THREE valve receiver using one

stage of R.F. amplification and one

stage of audio frequency amplifi-

cation, together with a regenera-
tive detector, will reproduce most of
the broadcasting stations at reasonable
strength on a loud speaker.

The diagram shows that the first valve,
V1. is the radio frequency . amplifier,
and is of the screen grid type.
the same type of valves is used as the
detector, and a power type of penthode
%%Ne is employed as the output valve,

This set should be built up on a metal
chassis of suitable size. The variable
condenser, CI, C2, and the coils are
motuntéd on the top of the chassis and
the other components placed underneath,
The reaction condenser. C8, and the bat-
tery switch, SW, are placed on the front
wall of the chassis, and the aerial, earth
and speakéer términals mounted on the

ar wall.

e variable condenser, Cl, C2, is of
the two-gang type.
variable condensers mounted in the one
framework and operated by the one
shaft.

The gang condenser must be mounted
on the chassis so that when the dial is
attached to ‘the condeitser the knob and
scale of the dial will be centrally

located.
p The Coils

The coils can be purchased ready-
made or the constructor can make his
own. The aerial coil. as it is called,
will consist of two windings, L1 and L2,
and the RF coil will have three wind-
‘ings, L3, I4 and L5. If the variable

One of

This consists of two

Speaker Strength.

per section. the coil formers can be 23
inches in diameter.

Start by winding on ‘L2, This will
comprise 50 turns of No. 26 D.C.C. wire
with the turns touching one another,

. One-half inch away from the finish of

'LIST OF COMPONENTS

Cl, C2.—.00035 mfd gang condenser.
C3.—Mica condenser. .00025 mfd.

| &4, C5.—Tubular condenser. o

m

C6—Mica condenser. 0.02 mfd,
Ci.—Mica condenser. 0.004 mfd.
C8.—Midget condenser. 23 plate.

| LI, L2, L3, L4, L5—Aerial and RF
coils,
R.—2 megohm resistor.
| R1.-0.25 megohm resistor.
R2.—0.5 megohm resistor.
[ RFC.—R.F. Choke.
SW.—S.P.S.T. battery switch.
MV)I.—R.F. penthode valve (Variable
u). .
l V2—R.F. penthode valve,
V3.—Penthode output valve.
| Sundries.—Dial, valve sockets, Wir-
ing flex, nuts and bolts, “A” battéry,
three 45 volt “B” batteries, one “C”
battery, terminals.

this coil start the aerial winding, LI.
This will consist of ten turns of the
same wire. The former should be cut
so that there will be at least half-an-
inch to spare when the aerial winding

condenser has, a capa,tity of 0.0005 mfd is completed. Mount the aerial coil on

the chassis by means of two or three
small brackets. It must be mounted
with the aerial winding mnearest the
chassis.

The R.F. coil is a little more difficult
to make. A piece of the same sized
former will be wanted. Start with the
secondary winding, L4, and wind qii"50
turns of No. 26 D.C.C. wire, keepi
the turns close together. The startu(l)%
this coil. like that of L2, should be near
one end of the former. Half-an-inch
from the finish of L4, start the reaction
winding of 20 turns of the same wire.

The leads from both these coil ends
can be attached to rivets or solder-lugs
mounted near the base of the former,
except in the case of the starts of L2
and L4, which must be taken out to lugs
on the top of the former. Alternatively,
the ends of the windings can be passed
through small holes in the wall of the
former and then passed down through
the former for direct connection to the
various components. -

Over the bottom end of the coil, 14,
place two thicknesses of paper. This
strip should be two inches wide, and
E?lper thickness. Wrap the paper around

and use a little glue only at the end
of the strip. Do not glue the paper to
the winding. Make a tight job, so that
the paper will not slip off.

On this paper wind the primary, L3.
This consists of 15 turns of the 26 D.C.C.
wire. and, when completed, it should
be given a coating of collodion to hold
it in place. All coils must be wound
in the same direction.

In mounting the coils on the chassis
the aerial coil should be placed on the
chassis on the right-hand side of the
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gang condenser and near the front of

e chassis,

Behind this coil mount the socket
for the R.F. valve, V1, and on the same
side but near the back of the chassis
place the R.F. coil. A sheet of metal
should be placed between the R.F. coil
and the R.F. valve for screening pur-

poses.

The detector valve socket, V2, is placed
behind the variable condenser and the
output valve socket, V3, mounted on the
left-hand sid> of the chassis in line with
the R.F. valve.

Place the aerial and earth terminals
on the right-hand back wall and the
IOLéd speaker terminals at the opposite
end.

These directions are to be read as
though you are looking at the chassis
from the front.

If you want to put the coils in metal
coil-cans, you must use a smaller dia-
meter coil former and use more turns.
You can determine these figures from
the article in this book which deals
with the construction of coils.

To start the wiring of the set connect
a piece of bare bus-bar to the negative
filament lug on valve socket, V1, and
join this to the negative filament lug
on V2 and then to the negative filament
luf on V3. Also connect this wire to a
solder lug which must be attached to
the metal chassis with a nut and bolt.

The finish of the aerial coil, L1, the
finish of the aerial secondary, L2, and
the finish of the R.F secondary coil, L4,
must each be connected to the chassis
at the nearest point.

Next run a wire from one lug on the
batter¥ switch, SW, to the positive fila-
meni lug on V1. Also connect this lu
to the positive filament lug on V2 an
connect this lug in turn to the positive
filament lug on V3. earth terminal
on the set must be connected to the
chassis.

Next join the plate lug on the output
valve, V3, to one of the speaker ter-
minals. The screen lug on V3 is then
taken to the other speaker terminal.
which we will call the “B” plus ter-
minal for purpose of identification. One
end of condenser, C7, is connected to
the B plus speaker terminal. and the
other end of C7 is wired to the other
speaker terminal. This condenser is
used for purposes of tone correction, as
without it that from the pentode valve
appears to be very high.

Now join the start of the aerial coil,
L1. to the aerial terminal of the set.
Bear in mind that all terminals with the
exception of the earth terminal must be
insulated from the chassis.

Now run a wire from the “B” plus
speaker terminal to the one end of con-

enser C8. which is of 0.5 mfd. capa-
city. The other end of C9 is joined
i A lead is next taken
from the “B” ug‘)lus speaker terminal to
the finish of the R.F. primary winding
on the R.F. coil, L3.

Attach one end of condenser, C6, to
the grid lug on the audio valve socket,
V3, and to this lug also attach one end
of the grid resistor, R2. One end of the
R.F. choké -RFC, and one end of the
plate resistor, R1, are connected to the
free end of the grid condenser, C6. and
the free end of Rl connected to the “B”

lus speaker terminal by means of a
ength of wire.

The tree end of the R.F. choke, RFC.
is wired to . .
the finish of the reaction winding, LS.
The start of this winding is connmcted
to the stationary plates of the reaction
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condenser. The junction of the R.F.
choke and the reaction winding is next
taken to the plate lug on the detector
valve socket. The screen lug on this
socket. V2, has attached to it one end of
the condenser, C5, and the other end of
C5 is earthhed to the chassis.

The start of the Primary winding, L3,
is taken to the plate lug on V1, and
the screen lug on this socket, V1, ig at-
tached to one end of condenser, C4. Earth
the other end of C4. The start of the
aerial secondary, L2, is connected to the
stationary plates of the first section of
the gang condenser, Cl, and then to the
grid lug on V1.

Connect the start of the secondary
winding on L4 to the stationary plates
on the second section of the gang con-
denser, C2. Now attach one end of con-
denser C3, and one end of resistor, R.
to the stationary plates of C2. Join the
free ends of C3 and R together, and con-
nect this junction to the grid of V2.

It will be found that there is a big
difference in the valves used for V1 and
V2. The American series have the grid
coming out of the top of the valve, and
the lug on the socket. which is marked
G, becomes the screen. Some of the
English-European valves are made like
the American types. whilst others have
the plate connection at the top of the
valve and the P lug on the socket be-
comes the screen connection.

Some of the valves, too, may have a
metal coating on them. and this.is con-
nected to a separate lug on the socket.

lug must be earthed

er valves may have a suppressor
with external connection, and this must
be earthed to the chassis.

The Battery Leads

A length of black wire is connected
to the negative filament lug on V1, and
a length of Red wire to the unconnected
lug on the battery switch.~To the screen
lug on V1 attach a length of Brown
wire. The lead to the screen lug of
V2 should be colored Blue, and that to
the B plus speaker terminal should be
Green.

To the free end of the resistor R2 at-
tach a length of Yellow wire. The Black
wire is connected to the negative of
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the “A” battery, the Red wire goes to
the positive of the “A” battery. The

“B” battery should consist of three 45
volt batteries connected in series to give
a total of 135 volts. .

The negative of the “B” battery is
wired to the negative of the “A” battery.
The Brown lead will connect to B plus
67% or 90, depending on the R.F. valve.
The Blue lead should be connected to
“B” plus 45, and the Green wire to
“B" plus 135.

Now attach the positive of the “C”
battery to the negative of the “A” bat-
tery. and the Yellow wire to the nega-
tive of the “C” battery.

The voltage of the “C” battery will
depend on the valve used in the output
stage. This value can be determined
from the valve data sheet, and should be
that specified for the plate voltage used.

Insert the wvalves, connect u the
speaker. and attach the aerial and earth.

The set should now be switched on
and the reaction condenser set so that
the plates will be fully in mesh. Now.
tune in a station near the bottom of
the broadcast band and carefully adjust
the trimmers on both sections of the,

ang condenser for maximum volume re-

ucing the setting of the reaction con-
denser until the whistle on the station
disappears. |

After adjusting the trimmers for
maximum volume on this station, tune
to another station, and see if any al-
teration to the trimmers is necessary to
bring in the station at greater volume.
If so. this means that the coils are not
properly matched, and it would be ad-
visable to remove both trimmers from
the gang condenser and mount a five-
plate midget condenser on the chassis.
The stationary plates on this trimmer
must be wired to the stationary plates
on the Cl section of the gang condenser.
When tuning in a station this trimmer
can be adjusted for maximum volume
on each station. :

The reaction. condenser should be ad-
justed to make the set as sensitive as
possible. but once a station is tuned in
the reaction condenser must be adjusted
so that there is no whistle on the sta-
tion, as this ‘distorts the reception.

A Four Valve Battery Set -

Good Quality Reproduction is the Main Feature of this Re-
deiver! '

HE three-valve receiver is cqpagle
of giving good speaker reception of

] most of the broadcasting stations,

but a four-valve set will give much
better results, particularly as far as tone
is concerned. is is because the ﬁgn-
tode type of valve accentuates”the high
notes. The triode valve does not do
this and, although correction can be ap-
plied to pentodes, the tone is never so
good as with the triode.

On the other hand, the triode takes
far more driving for the same audio
output. This means that in most sets
the pentode can be driven directly
from the detector, whereas the triode re-
quires a driver stage after the detector.

fn this receiver this arrangement is
used. The complete receiver consists of
a stage of radio frequency amplification,
a screen grid type of detector, a triode
driver audio stage and an audio output
stage.

THE COILS should be made up exe-
actly in accordance with the specifica-
tions for the coils for the Three Valve
Battery Set.

THE VARIABLE CONDENSER should
be the same as that specificdd for the
Three Valve Set.

THE VALVES.—The R.F. and Detector
Valves are the same as for the Three
Valve Set. The driver valve, V3. should
be of the medium .impedance type such
as the A409 or the 230. The output valve,
V4, is of the power output type such
as the B406.

THE SPEAKER can be of the magnetic
type or of the permanent magnetic
dynamic type. Make sure that the speaker
impedance will mateh that of the output
valve. This is because speakers de-
signed for ntodes usually will not
match a triode valve.

(Continued on Page 64)
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\\\f el e T - THE FOLLOWING
/4 - L4
e sl — Easy-To-Build
S = |
p &=l (1 S
L Kl S
2L AL I
(3 Y &
FOR THE
No. . Name . Kit Only Released For the First Time
1—The “BEGINNERS” Crystal Set ... ... ... 10/- :
2—The -“IMPROVED” Crystal Set ... ... ... 19/6 “M ARVELLE ’ MIDGETS
3.—The “SIMPLICITY” 2-Valve Battery Set ... 30/~
4—The “SATISFACTORY” 3-Valve Battery Set 37/6 .
5—~The “ACME’' 3-Valve TRF Battery Set, £2/5/- In l;‘t Form
6.—The “DE LUXE” 4-Valve Super Batt. Set, £3/15/- Kit. Valves.  Sp.  Cab.
7.—~The “MARVELLE” 3-V. TRF Batteryless Set, £9 3 Valve .. .. .. .. £2/10/- .. £1/16/- .. £1 .. 18/6
8.—The “VAN LEYDEN” 4-Valve Super 4 Valve .. £3/7/6 .. £1/17/6 .. £1 .. 18/6
Batteryless Set ... ... ... ... ... ... £12/15/-

9.—The “LOCAL” 3-Valve Electric Set ... £2/12/6
10.—The “ADVANCED” 4-Valve TRF Elec.,, £3/15/-
11.—The “INTERSTATE” 4-Valve Super Elec., £4/5/-
12—The “SUPREME” 5-Valve Super Electric, £4/15/-
13.—The “WORLD WIDE” 5-V. Dual W. Elec., £5/10/-

ALL KITS SUP-
PLIED — COM-
PLETE DOWN TO

mewstsore | SOMPLETE SETS

F Ul VIRRG BVIA /@7 or D/Cam. ... i v Mg e £6 6 0
DIAGRAM = AND AV.A/Cor D/C .. oo vve et aee aee vn. 81100
g&%ﬂéﬁgNLSYsﬂg- 4V. Universal A/C-D/C ... ... ... ... ... £815 0
PLIED. TERMS ARRANGED
Accumulators | “B” Batteries | CHASSIS | CABINETS
2V. 50 Amp. .. .. .. 13/6 Guar. 1st Quality 3 Most Comprehensive Range
2V. 100 Amp. .o 1876 List Pg“r BL ANKS of Cabinets in Melbourne.
2V. 110 Amp. .. .. .. 2/6} oy g 3/9 iy afliges -
4V. 60 Amp. .. .. .. 22/6 | 45 V. HD.... /6 1V 18G. Alum. 2%in. Deep | Mantel . . .. .. from 22/6
6V. 60 Amp. .. ... 206 | 60V.LD. .. 16 ss | eo0 WA T2 GO o g
6V. 100 Amp. . 35/ 60 V. HD .18/ 14/6 . 715 4, Consoles .. .. .. from 25/
y e 45 V.TD. . .. 18/ 14/6 12 x 734, 3/9 16 x 834, 5/3 4
Uncenditionally Guarantced The Longer Life Battery Valve Holes cnt, 3d. ea. | First quality vencered and
12 months. at a Lower Price. Trans. Holes cut, 6d. ea. Highly Polished.

Send your enquiry to us, a 2d. Stamp will save you Pounds.
Our Spacious Used Dept. can supply Quality Parts with a New Part Guarantee.

wemeow M ARCO'S RADIO rty. Led.

Phone: M1993 232 SWANSTON STREET, CITY (1 Door from Lit. Bourke St.)
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The Circuit Diagram and List of Components

AFT. Audio frequency ftrans-
former. Ratio 3-1. J

Ci, C2. Two ?ang variable conden-
er. 0.00035 mfd.

T.E,’ C6. Tubular condensers. 0.1

C4. Midget crndenser. 23 plates.
C5. Mica condenser. 0.00025 mifd.

C7. Mica condenser. 0.2 mid.

!il, L2, L3, L4, L5. Aerial and RF
coils.
R. 2 megohm resistor.

R1. 0.25 megohm resistor.
R2. 0.5 megohm resistor,
RFC. R.F. Choke.

SW. S.PS.T. battery switch.

V1. R.F. Pentode valve (vaviable -

mu).

V2. R.F. Pentode. ] .

V3. Audio valve. . :

V4. Audio power valve.

Sundries. Dial; terminals; wiring
flex; nuts and bolts; “A” battery; -
ihree 45 volt “B” batteries; “C” Lat- g
ery.

ot B

A FOUR-VALVE BATTERY SET—
(Continued from Page 62)

“The components should be mounted
on an aluminium chassis about 2%
inches de:g& The layout can be the
same as t

for the three-valve re-
ceiver with the addition of the output
valve V4 being placed near the first
audio valve, V3.

Wiring

With all the components in place,
the w1ri:ﬁ can>be commenced. First
connect the following points ‘to the
chassis:: The finish o - aerial coil,
the finish of the secondary coil, L2. the
negative - filament lug on each valve
socket, the finish of the secondary of
the RF coil, L4; also earth the frame of
the gang condenser and the reaction
condenser, C4. :

Connect together each of the -Hositive
filament lugs on the valve sockéts and
connect one of these to one lug on the
battery switch, SW. .

The start of the aerial coil, L1,
then taken to the aerial - termi
the set.
the stator of the first section of the
gang condenser, Cl, and to .the grid of
the RF valve, V1. The plate of V1 is
connected to the start of the R.F. prim-
ary coil, To the screen lug on V1
connect one side of condenser, C3,and

e the other side of this condenser
to the chassis. Also connect the screen
luﬁ OES V1 to the finish of the primary
coil, L3.

is
inal on

If the valve you are using for V1 re-
gquires a lower screen voltage than plate
voltage, a resistor of the corect value
must be connected between the screen

The start of- L2 connects to -

lug on V1 and the finishof L3 instead
of the direct wire.
Next connect the start of the R.F.

secondary, L4, to the stator plates of
the second section of the gang conden-
ser and to one side of the grid conden- --

ser, C5. The other side of the %ld
condenser is joined to the grid of V2,
Wire the grid leak, R, across the grid
condenser, C5. ;

One side of condenser, C6, is soldered
to the screen lug on V2 and thé other
end of “this condenser earthed to the

chassis. iy

The plate of V2 is connected to one
side of the R.F. choke, RFC, and to the
finish of the réaction coil, L5. The start
of this coil is wired to statdr plates
of the reaction condenser,C4. -The free
end of RFC goes to one end of jcon-
deénser, C7, and one end of resisfor, R1.
The free'end of C7 is joined to the grid
of V3 and to one ‘end of resistof; R2.

The plate of V3 should be wizéd to the
P terminal on the audio freque trans-
former, AFT, and the G terminal on this
unit connected to the grid of V4. Now
take the plate of V4 to one of the
speaker terminals. The other speaket
terininal will be referred to as the “B”
plus terminal and to it are connected the
finish™ of the R.F." primary winding, L3;
the free end of Rl; and the “B” plus
tesminal on 3

To the negative filament lug on V1
connect a length of black wire. A simi-
lar length of red wire is connected to
the free lug of the battery switch, SW.
To the screen lug on V2 join a’ piece of
blue wire and to the “B” plus speaker
terminal wire a length of green wire.
The free end of resistor R2 has a plece
of brown wire attached to it and to the

T

“C” terminal on AFT is connected a
piece of yellow wire.

The red wire goes to the negative of
the *“A” battery, the red wire to the
positive of the “A” battery; the green’
wire. to “B” battery positive 135 volts;
the blue wire to “B” positive 45 volts,
The negative of the “B” battery should
be connected to the negative of the “A”
battery. The positive of the “C” bgttery
connects to the negative of the “A’ bat-
tery ahd the yellow lead to “C” nega-
tive max. The brown lead is joined
to a tapping on thie “C” battery. *

The connections of the brown and yel-
low leads must be that which gives the
correct bias voltage for the particular
valves used at the specified plate voltage.

The operation of the set is exactly the
same ‘as that of the three-valve battery
set and readers are referred to the de-
scrlisption of that set for -operating de-
tails. 3 a

LOUD SPEAKERS—

(Continued from  Page 55)
cause there is no power loss in €nergis-
ing_the field. o=

This type of speakeris alse very popu-
lar in public address systems, as there is
no necessity to run lgpg wires to carry
the field supply. S !

All dynamic speakerS must be used in
conjunrgion with a baffle if the cor-
rect tone is required. Such a baffle can
be madz from a large piece of: wood
about one inch thick. It should have an
area of at least four square feet.

The- older types of horn speakers are
not used nowadays, because of their
poor performances. Essentially they.con-
sist of a unit similar to a single head-
phone attached to a large horn.
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AN ALL-ELECTRIC THREFE VALVE RECEIVER

A Simple Loud Speaker Set which Operates from the Electric Power Mains.

ERE is a receiver that can be used
on the electric light or power

mains thus being independent of

batteries for its power supply. This
set is only suitable for those areas which
have an A.C. supply . The wusual
AC. supply in Australia is 230 volts 50
cycles, but in some towns the voltage
and frequency may be different,

In another portion of this book the
method of converting the A.C. power into
a form that can be used in a radio set is
fully described. The heart of any elec-
tric receiver is the power transformer,
P.T., and when ordering one be sure that
it is suitable for your supply mains. Most
transformers have tappings to allow for
quite a range ih voltages, but practically
all are wound for 50 cycles. If your
supply frequency is different, you must
specify it when ordering the transformer.

This simple . all-electric receiver will

bring in all the local stations at good
loud-speaker volume, and in country dis-
tricts will provide good entertainment
from most of the more powerful city
broadcasters.
- The components are laid out om an
aluminium chassis, care being taken to
see that the electrolytic condensers, El
and E2, are not placed near the rectifier
valve, V3. This is because the heat from
this valve may damage the condensers,
In most sets the power transformer is
placed between the condensers and the
rectifier valve, this spacing being quite
sufficient. -

The variable condenser is placed so
that the dial will be in the centre of the
chassis and the reaction condenser _is
placed underneath the chassis in line with
the shaft of the variable condenser so
thtgt the two shafts are one above the
other.

.. €). — Variable condenser, 0.00035
“mfd. "
C2.~—Midget condenser, 23 plates,
.££3—Mica condenser, 0.00025 mfd.
C4—Tubular condenser, 0.1 mfd.
C5.—Mica condenser, 0.02 mfd.
Cb—Mica condenser, 0.004 mfd,
El, E2—8 mid electrolytic conden-
sers. ¥
‘E3.—~25 mfd, 35 volt electrolytic
condenser.
L1, L2, L3~Coil kit,
PT.—Power transformer.
R.—2 megohm resistor.
R1~L megohm resistor,
R2.—0.25 megohm resistor,
) R3.—0.5 megohm resistor,
I R4.—Bias resistor to suit valve,
RFC.—R.F. choke.

Speaker.—Field, 2500 ohms. Trans-
former to match V2,

V1—R.F, Penthode wvalve. and
soeket. ’

V2~Penthode output valve and
socket,

V3.—Rectifier valve and socket.
! Sundries. — Dial, chassis, wiring
| flex, -nufs and bolts. .

THE COIL will be exactly the same
as that described for the Two Valve Bat-
tery receiver.

THE SPEAKER must have a field
resistance of 2500 ohms and the trans-
{;){mer must match the output valve,

THE ELECTROLYTIC CONDENSERS.
—Condensers having a capacity of 8
mfd. and a peak voltage rating of 500
volts will be satisfactory.
RESISTORS.~The resistors R, R1l, R2
and R3 should be of the carbon type
rated at 1 watt. R4 must be of the wire-
wound variety and able to carry the
normal plate current of V2 without over-

heating,
The Wiring

Connect all of the following points to
the chassis: The finish of the aerial coil,
L1; the finish of the secondary coil, 12;
the cathode lug on V1; the centre-tap on
the 6 volt heater winding on the power
transformer, and the HT centre tap .on
the transformer.

If the 6 .volt winding is not provided
with a centre-tap, one of the lugs must
be earthed. If you are using valves for
V1 and V2 that have heaters of a differ-
ent voltage to that given above then the
transformer must have a winding of that
voltage instead of the 6 volts.

The aerial terminal on the set goes to
the start of the aerial winding, L1. Then
take the start of the secondary winding
to one side of the grid condenser, -C3,
and to the stationary plates of the wvari-
able condenser, Cl. The other side of
C3 is joined to the grid of V1. Wire the
grid resistor, R, across the grid conden-
ser, C3. Now connect one of the heater
Tugs (6 volt) on the power transformer

to one of the heatertugs on V2, and then
to one of the heater lugs on V1. Con-
nect the other heater lug on the trans-
former to the remaining heater lug on
V2, thence to the free heater lugon V1.

- One side of the rectifier filament wind-
‘ing on PT (5 volt) is connected to one

of the filament lugs on rectifier
socket, V3, and the other 5 volt lug on
Pt is taken to the free filament lug on
V3. Next wire one of the HT lugs to
one of the plate lugs on V3 and next
join the remaining plate lug ‘on V3
to the remaining HT lug on PT.

One of the ment lugs on V3 is
soldered to the positive terminal of
electrolytic condenser El.

The positive terminal of electrolytic
condenser, E2, goes to the screen lug
on the output valve socket, V2. To this
screen lug also attach one end of con-
denser C6, the other end of which goes
to the plate lug on V2,

Connect one end of resistor, R4, to
the cathode lug on V2 and connect the
other end of the resistor to the chassis.
The tive of E3 is joined to the
cathode of V2 and the free end of E3
taken to the chassis,

To the plate of V1 connect one end
of the RF choke, RFC, and a legd going
1o the start of the reaction winding, L3.
The other end of L3 is” wired to the
%tgtor plates on the reaction condenser,

Attach one end of the condenser, C§,
and one end of resistor, R2, to the free
end Cgf_‘the RF choke, The other end
of goes to the grid ‘lug on V2 and
to one end of the resistor R3. Earth the
other end of R3,

To the screen lug on V1 attach one
end of condenser, C4, and one end of

, v The List of Parts and Schematic Cireuit Diagram to build this Receiver.
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resistor, R1, The free end of C4 is taken
to the chassis, and the frée end  of Rl
to the free end of R2, this junction
then being wired to the screen lug on

V2,

THE SPEAKER CONNECTIONS.—One
of the transformer lugs on the speaker
is wired to the plate lug on V2, and
the other lug on the speaker transformer
is connected to the screen lug on V2.
One of the field lugs on the speaker
goes to the positive of electrolytic con-
denser, E1, and the positive of electro-
lytic condenser, E2, is taken to the re-
maining fleld lug on the speaker.

A power cord should then be con-
nected to the lugs on @ power trans-

THE BEGINNER'S BOOK 'OF RADIO

former corresponding with the voltage
supply in your district.

The value of resistor, R4, is calculated
from Ohm’s law. R equal 1000 E/I
where R is the resistance in Obhms, E is
the desired bias voltage, and 1 is the
cathode current in milliamperes.

This formula applies to bias resistors
for all types of valves where this gps-
tem of bias is applied.

It must be borne in mind that I is the
cathode current, which consists of the
plate current and the screen current if
a valve has a screen.

The wiring of the set should be

‘Handbook No.” ¥2- ~

checked’ over to see that there are no
wrong eonnections, and, after the”valves
have been inserted, thé Set. can be con-
nected up to the mains. Allow thé set
a few minutes so that the valves can
warm up, and then tune in a station
with the condenser, Cl. The reaction
condenser, C2, is used to control the
sensitivity of the set. Do not allow the
set to oscillate, as this is detrimental to
reception. i
The power transformer should have a
winding for a type 80 rectifier and a
heater winding to suit the ether valves,
The high tension winding should be 375
to 385 volts per side, and .rated at 60
milliamps. :

AN A.C. FOUR VALVE SET

High Sensitivity and Good Quality are the Main Features

HIS four-valve electric receiver is
an improvement on the three-
valve receiver in that it incorpor-

_ates a stage of radio frequency

amplification, s means that this set
is more selective and will get distant sta-
tions much better than the three-valve
regeiver,

THE COILS are identical with the coils
for the three-valve battery receiver.

THE SPEAKER must have a field of
2500 ohms and a transformer to suit the
output valve. V3,

THE POWER TRANSFORMER. — The
requirements for this are the same as
those for the three-valve electric set.

The whole of the major components
are. mounted on an aluminium chassis
w1ffh the power transformer, the electro-
lytic condensers, the gang condenser and
the coils.

The R.F, and Detector valves, V1 and
V2 should be-previded with shields.

It would be .best to mount the coils in
small shield cans rathér than use a piece

of shielding between them,

. The wiring is commenced by connect-
ing the rectifier filament lugs on Pt. to
the rectifier filament lugs on the recti-
fler socket, V4. One of the filament lugs
on this socket is also connected to the
positive terminal of electrolytic conden-
ser, El

The HT outers are wired to the plate
lugs on V4 and the HT centre-tap con-
nected to the chassis. Next connect the
heater lugs on V1, V2 and V3 to the
heater lugs on Pt. One of these lugs
must be earthed to the chaessis.

Now connect the following points to
the chassis: The finish of the aerial coil,
Li; the finish of the aerial  secondary
coil, L2; the finish of the RF secondary,
L3; the cathode of V2.

The start of the aerial coil, L1, goes
to the aerial terminal on the set and
the start of L2 is connected to the sta-
tionary plates of the first section of the

gang condenser, Gl. A connection is
also taken from this position to the grid
of the R.F. valve, V1. _ .

Join one end of the cathode resistor,
R1, and one end of condenser, Cl, to the
cathode lug on V1, Earth the free ends
of Rl and Cl. To the screen lug on V1
connect one end of eondenser, C2, and
earth the other end of this condenser.
Attach the plate lug on V1 to the start
of the primary winding, L3, and to_the
finish of this winding- connect a lead
which goes to the screen lug on VI

If this valve requires a lower screen
voltage than plate voltage a resistor of
the correct size must be connected be-
tween the screen lug on V1 and the finish
of the R.F. primary, L3, instead of the
wire mentioned above.

The start of the RF secondary, L4, is
taken to the stator of G2 arnd to one
end of the grid condenser, C3, and one
end of the grid resistor, R2. The free
ends of these components are joined to-
gether and wired to the grid of V2.

To the plate of V2 attach the finish of
the reaction winding, L5, and one end of

(Continued om Page 68)
; -

AER

L/

As this schematic diagram
shows;-this receiver incor-
porates a stage of RF
amplification, regenerative
detector and penthode
audio receiver.

Ky =
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RADIO AND SOUND PROJECTION
MAGAZINES

Monthly. Postage. Yearly.
Broadcastitng and Broad-

Advertising
(US.A) (24 issues
yearly) .. .. . 2/ 44 25/
COmmunlcatlon wa
Broadcast - Englneerlnz
.A.) 3d 21/
Wireless and _Television
Review (English) . 1% 3d i9/6
Television (English) . 1/8 3d 19/6
Radio- News (American) 1/3 gg 38/
21/

Radio Craft (American) 2/
Q.8. (American) e 20 2d 19/6
Proceedings, Inst. of

Radio Engineers (Am- "

erican) .. .. .. .. W6 3d 65/
Radio Englneering

(Ameri(:an) 3 2/ 2d 21/
Radio (U.S.A.) 2/ 3d 21/6
Electronfes. (American) , 3/6 3d 32/
Short Wave aft

(American) 2/ y o 1Y)
Radio, World (Amencan) 2/ 24 21/
“3ervice’ (Rider),

(American) .. ... 2/ 3c 21/
fnternational Projeétion- . '

ist (American) . 2/ 3d 2/
Radio Retallin g L1

‘(American) . 2/8 3a 21/
Gramophone (Engllsh) . 19 4d 21/
Experimental Wireless

and Radio Engineer

CERRISN) e oL ot n 3/ 3d 39/

Weekly. Postaze. ‘tesrly.

Wireless  World {Eng- d

HShOS™. S8 S ema ..o 2d 29/6

d
Weekly. Postage,
Listener-In- (Aust.) 3 d
Wireless Weekly (Aust) 3d-
Monthly. Postage.
Amateur Radio (Aust.) 6d
Radio Revlew of Aus-
trala .. .. . 1/ 1d
Prices may vary sllghtlv, owing to fuctuating
exchange,

FOB ENGINEERS, STUDENTS AND
EXPERIMENTERS

Radie Amateurs’ Handbook, by QST —
American Radio Relay League. This is un-
questionably the premier radio text-book
printed. Revised yearly, modern as today,
splendidly  printed, profusely Ulusr.rs.ted ac-

curate and informative, Twice as large, same
price. Now in its 13th edition (1936) Every
‘“Ham.”” and fan swears by it. 7/8 each;
postage 1/.

“Handbook’> by ‘‘Radio’ (California), 1936, for
Microphone antenna, ultra H.F. and all Radlo-
&eleg}:ony data, 7/8, plus 1/ postage. Worth
ouble. 3

P.M.G.
Telegraphy.
Madrid Conference.
1/6 and 2d postage.
The above three books are the "foundations
of the course for A.O.P. Licence, and are
prescribed by the Wireless Institute of Australia
as’ essential

Handbook of Regulations for Wireless
Just  published, following the
All the new Q Signals;

. . Post.

- Price. age
Data : Charts, .by. ‘‘Beatty,” of the
Wireless World. . The most mod-
ern -and authoritative work on
Condenseérs, Choke Coils and

Trancformers ' (New Edition) .. 7/6 6d

Audio Power Amphﬂers, Andexson g
and Barnard .. . 15/ 6d

Radio Servicing Comse, Ghirmdl

and Freed .. L2186 3
Admijralty Handbook of ereless
Telegraphy. This marvellous book

of over 1000 pages is astqundmg

value at ..

on Radio.

Television.

(THE G.P.0. IS OPPOSITE)

Acoustics.

Radio Magazines and Text Books

Post-
Price. age.
Testing Radio Sets, Reyner .. .. 19/6 6d

Ele, of Loud Speaker Practlce, 1935,
McLaughlin , e et Te w6 268
R.C.A., Tube Manual 12th Edition 2/ 4d

1935 RADIG CRAFT LIBRARY

. The very latest from America In compact
orm i—
No. 1. Radio Se; Analyzers,
. Modern Vacuum Tubes.
Superheterodyne Book.
Modern Radio Hookups.
How to Become a Radio Service Man,
Bringing Electric Sets Up to Date.
Radio Kinks and Wrinkles.
Radio Question and Answers.
. Automobile Radio and Servicing.
. Home Recording and All About It.
1. Point to Point Resistance Measure-
ments.
12. Public Address Systems,
Microphones.
Air Conditioning.
Each book complete, 3/6 per copy—postage, 3d.
£2/5/ the set, post free.

Somumamww

ot

Amplifiers,

BOOKS—GENERAL Post-

Price. age.
Radio Data Book b Ao & el
Finding Foreign Stations .. .. .. 5/ 6d

Elementary Lessons in  Electricity

and Magnetism. S. Thompson .. 9/6 &d
Radio Upkeep and Repajrs for Ama-

UBUTS: N, s i . il - 14 868" 44
Wireless: The Modern Magic Carpet 5/ 6d
Radio Service, Questions and

Answers.. Rider .. .. .. .. .. 96 6d
Servicing Superhets, 1935 Rider .. 9/6 6d
Hawkins’ Electrical Cuide. New, re-

vised Edition (10 Vols.). per vol. 8/6 6d

Andels’ New Electric Library, 10

Vols. per vol. 9/ 6d
Radio Recetver Vleasuremenm Bar-

nard .. J /6 6d
Radio Serncmg Simphﬂ 5/ 4d
Book of Practlcal Radio. Scott

Tagge 8/6 8d
S. ’W and "Public ‘Address Manual 4/ 3d

EXPERIMENTERS

Radio Experimenters’ Hand-book .. 3/6 3d
How to Make Money in Serviclng 4/ 3d

50 Tested Wireless Circuits .. .. 3/9 6d
Wireless Step by Step. Dietron .. 5/ 6d
Mathematics of Wireless Stranger.

1936 B .oee .. 6/3 6d
School Caleulus .. .. 6/6 6d
8uperhet. Recetvers, 1.935 witt’ ... 5/3 6d

How w Become .a Radlo Amateur.

Q.S
Austmuan ‘and New Zealand Call
Book, 4000 Calls, Signs and Tlme
Chart of the world .. 2/ 3d

Everyman's Wireless, Bolz .. 8/6 6d
Servicing Receivers by Means of Re-
sistance Measurements., Rider .. 9/6 6d
Outline of Wireless. R. Stranger.. . 12/6 8d
Citizens’ Fadio "Call Book, Amateur
Commercial and Short Stations of
the World. Over 80 Countries
Logzed Here. T936) ... od ot 0/8 0 1L
Superhgterodyne, Lacault .. o W5/, i ed
Accumnlator Charging, Ibbetson .. 6/68 6d
Moving _Coil Loud Speakers, ‘Wire~
less World 5 ... 2/8 4d
Superheterodynes Anderson and
Barnard ... . sttt 15/ 4d
Morse Code, Perr 1/ 2d
Drakes Encylopaedla “of Electromcs.
1936 36/ 173
Modern Radio Serviclng, 1938 " Ghir-
ardi 27/6 143
Radio Pield ‘Service Data. Ghirardi 10/ 6d

Wireless—Its Prlnclples and Prac-

tice.  Hutchinson. 5/6 6d
‘Television Today, 1936 “In 16 loose

parts. .4 . 4/ 3/
(Or fn two bound volumes) 8/ 2/

Type C.—Lightning Wire Calculator

Send for our 1936-37 Catalogue of Books and Periodicals

Sound Projection.
Refrigeration. Air Conditioning.

from McGILL'S AGENCY

Authorised Newsagents — Booksellers

Stationers — Publishers’

183-185 & 218 ELIZABETH STREET, MELBOURNE.
TELEPHONES: CENTRAL 8113, 8114.

Representatives

Price. Post~
age.
Type D.—Lightning Decibel Calcula-
...... 2/ ¥

r
Tvxtae E.Parallel ‘and ‘Sexles Capac-

3d
nghtmng Resistence Calculator ... 2/ 4d
SHORT WAVE Sl‘.C’I‘lO\'

S./W. Coil Book ... 2/6 2d
S./W. Superhet. ... ... ... S oterels O 2dr
Below 10 Metres . " . 5/ 4d
Peak Efficiency on s/ 9d 2d
Ultra 8./W. Amatenr Band Com-

munication 2/6 24
Hints and Kinks for the Amateur $/6 3d
S./W. Beginners' Book 2/86 3d
How to Build and ﬁnewnte S./W. Re-

CE1VEE R T o STl 1 e 4/6 44
How to Become an Amateur Opera- RO

oo AP B . /

S/W "Radio. " Radio News ... ... b/ 4d
World-Wide S./W, Receplion ... .. . 9d 2d
Short Wave Craft, per monih ... 23/ 3
S./W. Manual. By Don C. Wallace.

Winner Hoover S./W. Cup 7/6 4d
8./W. Wireless Communication. Lad-

ner and Stoner . Lashad /i 8d

y TELEVISION
Radio and Television, Cameron .. 28/6 1/
Televiston for the Amateur Con-

structor ee. ... ... 18/6 10d
E\:pexlmental “Televiston, ~ Collins .. 13/9 ad
From Crystai to Telewslon

ards

F!rst Prmclp!es of 'relevls‘on " Dins-
22/6 8d

Televxs!on and ~ Tomorrow
Moseley 14/3 8d
Wireless Questions and Answers ... 1/9 3d
Short Wave Radlio Reception ... ... 1/8 3

CINEMATOGRAPIY
mnematography and Talkles, came-

'rodny

19/6 64
(‘mmmercml Cinemawgzaphy Sewel] 117 34
Complete Profectionist .... . .. 9/8 4d

Making Home Movies, Olley oo 8/ 6d
Home Processing. Harris .. B/ 6d

Sound: Its Fundamentals and  Ap-
plication ... S YRR [ e
Film Technique, Pudovkin ... ... &/ 6d

Amateur Cinematographer. Wheeler 9/6 6d
Servieing Sound Equipment, 1935.
Cameron 25/ 8d
Publlc Address Systems, 1035, Came-
19/6 @d
Sound Motion Pictures, 1935, " Came- o
Practical Photography And Amnteur
Cinematography for 1935. 3 Vols 55/ 2/8
“pilm.” Rudoiph Armheim ... ... 1%/6 1}
Filmeraft. A. Brunel ... 5/ 6d
Motion Picture Projection and Sound
Pictures, 1500 pages 700 dlugrams
Cameron ... . 48/ 2/
Films. Buchanan a8 6d
Recording Sound for_ Motion Plttures,
by the Academy of Motion Picture
Arts and Sciences, Hollywood ... 20/6 I/
Sound Film Reproduction. James,. 6/ 6d

Amerlcan cmematographer Annual,
...... 49/86 1/

Rlchardsons ‘Blue Book of Pro,lec-
tion, 1936 ... 354 1/3

sound Plcture Cireuits, ' 1936, By
International Projectionist .. 15/ 6d

The Grammar of the Film. Spotm-
wood cee ve . 19/6  6d
Film Acting. Pudovkin ... ... ... 1173 8d

CINEMATOGRAPHY MAGAZINES

Monthly.
Home Movies and Talkles ... . 9d 2d
Amateur Cine, World 9d 2d

Proceedings of Soclety of Motion Pic-
ture Engineers ... ... ... ... 3/ 3d
Intematlonal Pro'cctlon!st (Amerl- o N
Electronlcs. ‘(American) ... .. ... M6 3
American Cinematographer 2/6 2d

Xntematlonnl Phowgrapher (Amerl-

2/8

Flying.
Motoring.

(McKINNON &
RADFORD)
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An A.C. Four-Valve Set—
(Continued from Page 66)

the R.F, choke. The other end of L) is
tdken to the stator of the reaction con-
denser, C4.

To the free end of the R.F. choke,
RFC, attach one end of the grid con-
denser, C6, and one end of the plate re-
sistor, R3. The other end of C6 is wired
to the grid of V3 and to one end of the
grid resistor, R5. The free end of RS
is then earthed. g

To the cathode lug on V3 attach one
end of the bias resistor, R6, and the posi-
tive of electrolytic condenser, E3. The
free end of R6 and the negative of E3
are earthed.

To the plate lug on V3 attach one end
of condenser, C7, and take the other end
of this condenser to the screen lug on
V3. Also attach the screen lug on V3
to the pesitive of electrolytic condenser,
E2. Now wire the finish of the R.F. pri-

ti

LIST OF COMPONENTS
C1, €2, C5—Tubular condensers. 0.1

C3.—Mica condenser, 0.00025 mfd,
C4.—Midget condenser, 23 plate,
C6.—0.02 mfd. mica condensers.
C1.-0.004 mica condensers.

El, E2—8 mfd. electrolytic condens-

ers,

E3—25 mid. 35 volt clectrolytic con-
denux.‘“v

Q1, ((‘3'-2.- o gang condenser, 0.00035

- mifd,
L1, L2, 13, 14, L5.—Aerial and R.F,
coils, *

Pt—Power transformer.
R1.—Bias resistor for VI.
R2.—2 megohm resistor,
R3.—1 megohm resistor.
R4.—0.25 megohm resistor.
R5.—0.5 megohm resistor.
R6—Bias resistor for V3.
RFC.—R.F. choke,
Speaker.—Field 2508 ohms.
former to match V3.
Vi—R.F. pentode (variable mu) and

vgo_cll:‘e;‘ tod d ket

—R.F, pentode and socket. -

V3 —Pentode output valve and socket.

V4—Rectifier valve and socket,

Sundries.—Dial, chassis, terminals,
nuts and bolts, wiring wire,

Trans-

mary. L3, and the free end of R4 to the
screen lug on V3. The junction of this
wire and R4 should be connected to one
end of resistor, R3, the other end of
which is connected to the screen lug
on V2. To this lug dlso attach one end
ofdcondenser, C5, and earth the free
end.

One of the field lugs on the speaker
is connected to the positive of electro-
lytic condensér, Fl, and the other field
lug to the positive of electrolytic con-
denser, E2.

One of the input transformer lugs on
the speaker goes to the screen lug on
V3 and the other transformer lug is
taken to the plate lug on V3.

The value for the bias resistors, Rl
and R6, is calculated by ‘the formula
given in the -description of the-
valve electric receiver.

Now attach a power cord to the cor-
rect primary lugs on-the power trans-
former.

The operation of the set and its align-
ment is the same as that for the three
valve battery receiver, and this descrip-
tion should be referred to for these par-
ticulars: e — 1+

-

-
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A 5 VALVE A.C. SUPER-HET

This Modern Receiver is Capable of Réceiving Interstate
Stations at Full Loud Speaker Volume.

The modern trend in radio receiver
design is for multi-valve dual and all-
wave receivers, but despite this a large
number of listeners favor a straight-out
local receiver, selective enough toc sepa-
rate the powerful local stations and yet
not so selective as to prevent the higher
musical frequencies from being repro-
duced.

Another very necessary rquirement of
a receiver of this type is that it be
fitted with an efficient automatic volume
control system to prevent the output
valve from overloading on the powerful
local signals.

Taking into consideration the above
requirements, we believe that a simple
type of five-valve super-heterodyne fills
the bill admirably. Whilst not designed
for the reception of interstate statioms, a
receiver of this type will, under favor-
able conditions, receive the majority of
the higher-powered interstate stations at
fair loud speaker strength.

The receiver described here has been
designed with the idea that home-con-
structors should have little difficulty in
building a chassig identical in layout and
construction, and capable of providing

real musical entertainment from the
local stations, * ~.
In order that the automatic volume

control would not reduce the stre

of weak interstate signals, a small
amount of delay was arranged. is was
the cathode bias

provided by ta;g:ing
resistor for the diode-triode valve and
returning the load resistor for the A.V.C.
diode to this point.

This results in a slight negative volt-
this diode, and the incoming
signal has to be powerful enough to
overcome this befdX®@ fhe A.V.C. func-
tions. j

A glance at the circuit diagram will
show that the receiver is a five-valve
super-heterodyne consisting of a mixer
stage followed by a stage of intermedi-
ate f}‘equenecg_ amplification operating on
the intermediate frequency of 462 k.e.
This, in turn, is flollowed by a diode~triode
valve performing the functions of diode
second detector, delayed automatic vol-
ume control, and first stage audio-fre-
quency amplifier. The demodulated out-
put of the friode section of this valve
15 fed to the -output penthode, where it
is amplified further and fed to the input
1 ormer of the dynamic /speaker/

It will be noticed that receiver
employs three of the latest metal valves
ih the mixer, LF., and output stages re-
spectively, and that ordinary glass valves
(a‘re‘ used in the remaining seckets. If/

esired, metal valves can be employed
throughout in which case a e 6Q7
could take the place of the 75 and a
ly&)‘e 5Z4 rectifier could ‘replace the 80.

he valvés employed in the various
stages of the original model are a tgpe

A8 as the oscillator-mixer, a type 6K7
as_the intermediate frequency amplifier
valve, a type 75 as the diode second de-
tector, a type 6F6 penthode as the out-
put tube, and a type 80 as the rectifier.

An intermediate-frequency of 462 k.c.
was selected because of the greater band
width, i.e., slightly broader tuning of the
1F. stages and consequently improved
reproduction. Another thing which in-
fluences_the choice of 462 k.c. is the
elimination of the necessity for a pre-
selector stage ahead of the mixer valve.

It will be noticed that great care has

been taken to see that noné of the R.F,
component of the rectified .signal is al-
i lowed to penetrate into the audio sec-
tion of the receiver., This js prevented
by _the inclusion of a suitable filter con-
sisting of the radio frequency choke,
‘R.F.C, and the by-pass condensers, C12
and C13, in the plate circuit of the triode
1 section of the second detector valve.

So much for the ‘technical highlights
iof the receiver. The.first step in its con-
i struction is to obtain a suitable chassis,
; This may be constructed of aluminium
isteel, copper, or other suitable material
1 depending ‘on the constructor’s require-
ments, The original ¢ is was con-
structed of aluminium and newcomers
to the field of tadio will find this the
jmost suitable material for their initial
, experiments.

i mt:a Htwo-gaux;xg) cforégencs}e‘r is moun{ﬁg
cen y on [} e chassis assem!
!yvith the aerial and oscillator coils bolted
in ition on its right-hand side. The
oscillator coil is the one nearer the front
€ of the chassis. :
ese coils should be placed as near
the gang condenser as is possible so that
the leads to the condenser are short
and direct. In the front right-hand
corner of the chassis is the socket for
the 6A8 mixer valve, V1, whilst to-
wards the rear of the chassis and in
line with the aerial coil *is- the first
LF. transformer, IFTL ‘The intermedi-
ate frequency amplifier valve, V2 is
situated in the rear right-hand corner
of the assembly with the second IF..
transformer, IFT2, bolted.in place to the
left of this valve along the rear edge
of the chassis.. .-~ : =

The power transformer, PT, occupies
a position to the left of the gang con-
denser with the two- electrol{eﬁ El
and E2, mounted in the front f‘tﬁmndf
corner of the chassis,

In line along the rear edge of the
chassis_are the spckets for the rectifier .
valve, V§, the .output pentode, V4, -and
the diode triede second detector, V3.
The socket for the rectifier, V5, is
one at the extreme left of the assembly. ,

The aerial and earth terminals are
mounted on the back edge of the chas-.
sis directly below the .socket for ¥2.
The speaker output socket also mounts

on the back of the chassis between the -

rectifier socket, V5, and the pentode
output socket, V4..'

volume control potentiometer
VC, bolis in_ position to the right of
the main tuning control, whilst the tone
control occupies a position on the left
of the main tuning control. N

Below the chassis the radio-frequency
choke, RFC, is bolted to the back of
the chassis between the sockets V3 and
V4, The padder condenser, PD, may
be seen bolted in place between two
tuning coils with its adjustment screw
arranged so that it. may be adjusted
from on top of: the chassis.

Having completed the assembly of the .
parts, the wiring may be commenced by
wiring the filament contacts of the
sockets V1, V2, V3 and V4 by means of
a twisted pair to the 6.3 volt winding
of the power transformer, Similar
twisted pairs join the filament contacts
of the rectifier socket, V5, to the 5-volt
winding on PT, and the plate contacts
of the rectifier .socket to the high vqlt-
age secondary on PT. The centre-tap of
theth high-voltage secondary joins to
earth,
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This photograph clearly shows the symetrical iront of the completed reeeiver.

The centre-tap of the 6.3-volt wind-
ing and the astatic shiéld contact of PT
also join to earth -

Before commencing the remainder of
the wiring. a suitable tinned wire should
be - soldered to convenient solder-lugs
placed: under the holding nuts of the
sockets and 1.F: transformers. To this
tinned wire' should be soldered all of
those leads designated as connectirg to
earth. It is important to see that a
solder-lug is placed under the holding
nut of each of the coil cans, and that
these lugs are soldered to the moving
plate wipers on the gang condenser.

Having soldered these earth wires in
place, the wiring may be continued by
wiring in the coils The number four
contact of the aerial coll connects to the
aerial terminal, whilst the number five
contact of this coil joins to earth, The
number one contact of the aerial coil
connects to the fixed plate contact of the
section ‘Gl '~ of the gang condenser,
whilst the number two contact of this
coil is left unconnected for the moment.

The number four contact of the oscile
fator coil connects to the oscillator plate
contact of VI and the number
contact .of this coil is left unconnected
for the time being. To -the oscillator
grid-lug of the socket VI solder one side
of the grid condenser, C2.  To the re-
mamning, side of this condenser solder
the lead from the number one contact of
the oscillator coil. while the number two
contact of this coil solders to the fixed
plate contact' of the .padder condenser,
PD. The moving-plate lug on this com-
ponent joins to earth. Join together the
shield and  cathode lugs of V1 and to
them solder one lead each of R3 and C3.
The' remaining leads of these compon-
ents join to earth.

The oscillator grid leak, R2, should now
be connected between the oscillator grid
and cathode lugs of V1 The Red lead of
IFT1 solders to the plate contact of V1,
whilst the Green lead of IFT2 solders to
the corresponding lug on the socket,
V2. Join together the shield and cathode
lugs of V2 and to them solder one lead
each of R5 and C6, The remaining leads
of these components join to earth.

Join together the screen lugs of the
sockets, VI and V2. and connect the
condenser, C7, from this position to
earth. Returning to the power supply
side of the receiver wire one side of the
rectifier filament to one of the large pins
of the speaker socket. To this pin also
connect the positive contact of the elec-
trolytic - condenser.

The remaining large pin of the speaker
socket joins to one of the small pins of
the same socket and to the positive side
of the electrolytic condenser, E2. The
remaining contact of the speaker socket
connects to the plate of the pentode
socket, V4. The two lugs which were
connected together on the speaker soe-
ket will be termed the “B” positive lug
of that socket.

To contact number five of the oscilla-
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tor coil solder one contact of the re-
sistor, R4.  Solder one lead of the re-
sistor R6, to the screen-lug on the
socket, VI, and join the vacant lugs of
the resistors, R4 and R6, together. To
the junction of these resistors solder a
lead from the “B” positive lug on the
speaker socket.

The “B” positive leads from IFT1 and
IFT2 also join to this point. The .1 mfd.
condenser, C4, may now be soldered in
place from the number five contact of
the oscillator coil to earth. The grid-
lead of IFT2 solders to one of the diode
plates of the socket V3, and the earth
lead of this component should be re-
placed with one of shielded wire long
enough to connect to one of he outside
contacts of the volume control poten-
tiometer, VC. The remaining outside lug
of this component connects to the
cathode-lug of the socket. V3.

One contact, each of the resistors, R9
and R10. solder together. The remaining
contact of R9 solders to the cathode-
lug of the socket, V3, whilst that of R10
joins to earth. The electrolytic conden~
ser, Cll, may be connected between the
cathode lug of V3 and earth.

Solder one contact of the condenser,
C8. to the plate of the socket, V2, and
connect its remaining lug to the remain-
ing diode plate of the socket V3. From
this position the resistor R8 solders to
the junction of the resistors R9 and R10.

To this same diode plate of V3 solder
one side of the resistor, R7, and; using
the shielded wire, take a lead to the
earth .ead of IFTI.

It must be understood when using this
shielded wire that the outside metal
covering is pushed back and wound
with fine gauge wire to prevent it from
“shorting” to the inside push-back wire.
Then the outside metal covering is
securely soldered to earth: "~ i

From the junction of this shielded wire
and the lead of IFT1 a .1 mfd. condenser,
C5. joins to earth, .

Solder to the number two contact of
the aerial coil one side each of R1 and
Cl.  The remaining lug of Cl joins to
earth, whilst that of Rl is connected
with the shielded wire to the contact
of R8. to which the other shielded lead
has been joined.

Only the aeriai and earth terminals and the loud speaker socket are placed ou
the back of the chassis.
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Solder one lug of the condenser, C9,
to the centre-contact of VC and solder
the resistor, Rll, from the remaining
lug on VC to earth. A shielded wire
connects to the junction of C9 and the
centre contact of VC. It must be taken
through a hole in the chassis drilled
near the socket, V3, to the grid of the
75 valve. The condenser, Cl10, solders
between the lug of VC, which connects
to the earth lead of IFT2 and earth.
The lead from the fixed plates of the
section G2 of the gang condenser may
now be connected to the number one
contact of the oscillator coil.

Solder a lead to the plate lug ot the
socket V3, and connect it to one side of
RFC. The remaining lug of RFC con-
nects to one side of the coupling con-
denser, C14. The remaining side of this
condenser connects to the grid lug of
the socket V4. The resistor, R13, con-
nects between the grid side of this
coupling condenser, and earth. Solder
one side of the condenser, Cl12, to the
plate side of RFC, and one side of the
condenser, C13, to the other side of RFC.
The remaining lugs of C12 and C13 join
to earth.

Solder the resistor, R12, between the
“B” positive lug on the speaker socket
and that side of RFC to which C13 is
connected. Connect one side each of
R14 and C15 to the cathode and shield~
lugs of the socket V4 and solder their
remaining leads to earth. The screen-
lug of the socket V4 solders to the “B”
positiver lug of the speaker socket.

Solder a lead to the arm of TC and
connegt it to the positive lug of E2. Con-
nect together one lead each of the con-
densers, C16 and Cl7. The remaining
lug of C17 connects to one of the out-
side contacts of TC. The resistor, R15,
connect between the vacant hﬁ;% of C16
and the “B” positive lug of E2.

To complete the wiring solder the three
grid-clips to their respective leads and
wire in the dial lights to the 63-volt
winding on PT. The power leads should
be attached to their correct terminals
:tm(%s knobs fitted to the three tuning con-
rols.

This completes the actual construction
of the receiver chassis, The next step is
the_ aligning of the tuning and inter-
mediate frequency circuits.
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The positions of the components underneath the chassis can be seen in this
iHustration.

One very important thing when align-
ing by ear is to keep the signal on which
the alignment is being carried out at
a low level. The reason for this is that
it is much easier to discriminate between
changes in low signal-levels than be-
tween changes in high signal-levels.

The first requirement, therefore, is to
reduce the signal-level by means of the
volume control each time an adjustment
is made which raises the output signal.

Bearing this in mi switch on the
receiver and attach thé aerial and earth
wires to their correct terminals. Tune
a station on the high-frequency end of
the broadcast band say 3XY, and adjust
the trimmers on the gang condenser.

If a calibrated dial such as that used
on the original receiver is employed the
trimmer on the section G2 of the gang
condenser should be screwed down until

In this illustration the parts are key-letterca in accordance with the text.

the station on which the alignment is
being carried out is received at the cor-
rect position on the dial. It is important,
however, that this be done on one of
the higher frequency stations such as
3AK or 3XY.

Having located this station at its cor-
rect place on the dial the trimmer on
the section Gl of the gang condenser
should be adjusted for maximum signal
strength.

It may be desirable if, with the aerial
used for the alignment, the volume con-
trol has to be turned nearly off. to
attach a short piece of wire to the aerial
terminal in place of the normal aerial
whilst these adjustments are being made.

Having adjusted the trimmers for
maximum results, re-tune the receiver to
a station at the low-frequency end of
the band, says 3AR, and adjust the padder
condenser for maximum signals on this
station. As the adjustment of the pad-
der condenser affects the tuning of the
station it will be necessary to swing the
dial over two or three degrees of its
scale to make. certain that the condenser
is tuned to the peak of the station’s
carrier wave,

With this operation performed return
once more to the high-frequency end of
the band and try the effect of a slight
re-setting of the trimmer on the Gl
section of the gang condenser. On no
account should the G2 trimmer be
touched after the padder has been set
as this will throw the whole alignment
out.

With these adjustments completed the
receiver should be functioning fairly
well, but, in almost every case, results
may be stili further improved by ad-
justing the trimmer condensers on the
intermediate frequency transformers.

First tune in a station in the centre of
the band. and, again working on a weak
signal, adjust the diode trimmer of IFT2
for maximum results. The same pro-
cedure is adopted with the remaining
trimmers. Work in the following order:
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the plate trimmer of IFT2, the grid trim-
n&glz:lof IFT1, and the p_lgte trimmer of

The receiver should now be in a fairly
sensitive condition and the normal aerial
system may be re-connected.

As stated previously, the sensitivity of
the receiver will be still further im-
proved by alignment on a signal genera-
tor or service oscillator,

Used in the suburban area on a com-
paratively inefficient aerial system the
receiver has given excellent results, not
only from local stations, but also from
the more powerful interstate stations.
The tonal quality of the rveceiver has
been remuarked upon many times by
people well able to judge the musical
value of its reproduction. A tone control
is fitted, which. when turned to the full
off position, is calculated to give more

THE BEGINNER'S BOOK OF RADIO

or less a flat response, However, as
many listeners like to hear more bass

‘than treble~ from their receivers the

treble notes can be suppressed by turn-
itpg the tone control to the full-on posi-
ion.

This receiver can be recommended to
those in search of a quality local re-
ceiver capable of separating any of the
local stations from one another and yet
of receiving many of the more powerful
interstate broadcasters with excellent
clarity and strength.

For the home-constructor it is ideal.
Very few parts, all of which are readily
obtainable, are required. The receiver
is simple to build neat and attractive in
appearance, and, above all,'is canable of
outstanding results witheut the compli-
c?tions usually associated with this type
of set.

Page Seventy One

A GOOD VARNISH

This Mixture is also an Excellent
insulator
A GOOD varnish for instruments,
woodwork, etc.,, will be found very
useful for those who are fond of mak-
ing things. A recipe which will result
in a good varnisn and an insulator when
used for electrical work is given here-
under:—
Liquid shellac (white), one 4oz. bottle.
One tablespoonful of black aniline dye.
The shellac should not be very thick,
whilst the aniline dye should be soluble
in ajcohol only. Mix and shake well,
painting the mixture on with a soft
brush. A very pleasing result can be ob-

tainea from one or two thin coats of
this varnish.

THE LIST OF COMPONENTS AND SCHEMATIC DIAGRAM
Of the Five-Valve A.C. Super-Het.

Chassis—Measuring 13% inches by
8% inches by 21 inches.

Coil Kit—Consisting of type BC
aerial and oscillator coils for 465 K.C.
to suit GAS.

C1, C3, C4, C5, C6, Ci—.1Imfd. tubu-
Yar cendensers,

€2. C8. Ci2. Ci13—.001 mid,
condensexs.

Cy, C14—.02 mid, mica condensers.

C10—.0002 mfd. mica condenser.

Cil. C15—25 mfd. low voltage elec-
trolytics.

C16—.01 mfd. tubular condenser.

C17—.05 mfd. tubular condensecr.

DS—Dynamic speaker 2500 ohm field

mica

Gl, G2—=Type G Stromberg
two gang condcnscr.

IFT1, IFT2—465 K.C. LF. transform-
ers. -

PT—Power iransformer 385-0-385 80
miiliamperes, 5 volt two ampere, 6.3
volt two ampcre.

R1—106,000 ohm 1 watt resistor.
R2—50,000 chim 1 watt resistor,
R3—300 ohm wire wound resistor.
R4—20,000 olun 1 watt resistor.
R5—350 ohm wire wound resistor.
R6—30,009 ohin 1 watt resistor.

R7, RS, R11—t megohm 1 watt re-
sistors.

C;‘rlson

R12. R13—.5 megohm 1 watt resist-
ors.
R14,—480 ohn: wire-wound resistor.

R15—10,600 chm 1 watt resistor.
RFC—Radio frequency choke.

Sockets — 3 octal sockets, 1 6-pin
socket, 2 4-pin sockets.

TC—50,000 obm tone control poten-
tiometer.

VC — 500,600 ohm volume control
potentiometer. f

Valves—1 each 6AS, 6K7, 75, 6F6 and
80.
Sundries — Wiring flex, nuts and
rminal

bolts, aerial and earth te s, small
quantity of tinned wire, 1 yard of

to suit GF6. shielded wire, 465 k.c. padder con-
El, E2—8 mfd. 500 volt test electro- R9-—-1000 ohm 1 watt resistor. denser, 1 Radiokes dial, 3 grid clips,
Iytics. R10—5000 ohm 1 watt resistor. knobs and power flex.
3 [ V3
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A GLOSSARY OF TECHNICAL TERMS

With the assistance of this chart the amateur radio enthusiast will be able to obtain the
meaning of all radio and electrical terms used in this handbook.

A" Battery— The battery which supplies filament cur-
h
rent to the valve. This may be either a dry cell or a
re-chargeable accumulator battery.

A-C-""Alt.ernating Current. Current which changes its
direction of flow periodically. The number of times per
second that this reversal of flow takes place is known
as the frequency and is referred to in terms of “cycles
per second.”

- A.Y.C.—Automatic Volume Control. An electrical system
incorporated in modern receivers which ensures that the
output volume shall remain constant irrespective of
Huctuations of the input signal strength.

Adaptor—A unit which consists usually of a detector stage
plugged into the audio frequency amplifier of a receiver
to permit the tuning in of short-wave signals which
otherwise could not be heard on the broadcast set.

Aecrial— The collector system which picks up the trans-
missions of broadcasting stations and feeds them to the
input circuits of the receiving set. The aerial may be
of various designs, each of which has its particular
advantages.

A“"'P“fk:aﬁo“——The electrical boosting or increasing of
.;ignal strength, usually carried out by means of trans-
ormers.

Arrester, Lightning— A device connected between the
aerial and earth leads and so designed that, whilst it
has no effect on signal currents, it provides a “flash-
:;ver" tl})xath for lightning surges which thus are directed
o earth,

Audio Frequency— Alternations of a frequency between
-20 and 15,000 cycles per second and which, when fed in
suitable apparatus, can be heard by the human ear.

"B’ Battery-—— A dry cell or accumulator battery which
has a voltage ranging from 22% to 180, and which is
tused to supply the plate potential for the valves in the
receiver.

Baffle-Board—A board on which is mounted’ the loud
speaker. The larger this board the better is the low note
reproduction of the loud speaker. The function of the
board is to prevent the low notes from the front of the
loud speaker from interacting with the low notes from
the rear of the speaker and thus cancelling out.

Cathode— The emitting element of a valve. In indirectly
heated valves the cathode consists of an electron emit-
ting sleeve which is heated by an internal filament
wire.

Condenser— A unit composed of one or more plates separ-
ated by a dielectric. This component has the property
of retaining the electrical charge which results from the
connection of a voltage to the two |g)é:ates. The larger
the plates, or the greater their number, the larger the
capacity of the condenser. Variable condensers are con.
structed of a set of fixed and a set of movable plates
separated by air as the dielectric. The more the movable
. plates-are enmeshed with the fixed plates the greater the
capacity of the condenser.

17 1
C Baﬂery—A small battery, usually of the dry cell
type, which is used to supply the bias voltage for ampli-
fier valves. As no current is drawn from this battery its
cells may be of the smallest physical dimensions.

Chassis—The steel or aluminium framework upon which
the components of a radio receiver are assembled.

colls-—Usually known as inductances. these eomponents con-
sist of a number of turns of wire on a non-conducting
former. The actual number of the turns of wire and
the diameter of the former on which they are wound is
dependent upon the tuning range it is desired to cover
and the capacity of the tuning condensers. Coils which
are untuned are called “aperioic,” and their design fol-
lows a different law. ,

Conductor— A material which provides an easy passage to
the flow of electric current. Materials such as silver,
copper, and brass are the best conductors, although most
metals will conduct electricity without great loss.

Converter (Short-Wave)— A. unit which operates on
the super-heterodyne principle and changes the fre-
quency of the incoming short-wave signal to a lower
radio frequency and one with which the broadcast re-
ceiver is capable of dealing.

CO“"“‘GI’POISG—'An alternative “‘earth” arrangement which
depends for its operation on the capacity effect existing
between it and the aerial. The counterpoise is usually
erected about 10 feet above ground level and consists
of a number of wires arranged underneath the aerial
and insulated from contact with the earth.

Cl’YSfal De"eﬂ""l"—'Usually consists of a substance such as
galena, iron pyrites, silicon, etec.,, with which contact is
made by means of a fine wire known as a ‘‘cat-whisker.”
The property of the crystal detector in allowing only
the one-way passage of a current makes it useful for
the rectification or de-modulation of radio signals.

Cyc|e— Recurrent period of events. Usually referred to in
radio as the change of polarity from positive to negative,
or vice versa.

Detector—The popular name for the “de-modulator,” or
unit which eliminates the high , frequency “carrier”
wave from radio transmissions leaving the low frequency
component or modulated wave which is the electrical
counterpart of speech or music. The two chief forms
of detectors are the valve and the crystal.

Diode— A two-element valve which is chiefly used for pur-
poses of rectification. 1t consists of an emitting element,
or cathode, and a plate.

D.C.— Direct Current. A current which always - flows in
the same direction. Opposite of A.C. or alternating cur-
rent.

Doublet Aerial— A special form of aerial developed par-
ticularly foxr short-wavé reception. Also has advan-
tiages in the elimination of noise from electrical inter-
erence.
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Dynamic Loud Speaker— A loud speaker in which the
audio frequency signal current flows through an exceed-
ingly light cylindrical coil of wire, called the moving
coil, which is attached to the cone of the instrument.
Movements of this coil, brought about by varying mag-
netic intensities, impart movement to the loud speaker
cone, and thus produce audible speech or music.

Electric Receivers—Known also as All-Electric Sets, or
A.C. receivers. Sets which derive their Yower.supply
entirely from the alternating current supply mains and
are fitted with rectifiers which change this current into
Direct Current for use on the plates of the valves,

E.M.F.— An abbreviation for Electromotive Force. The force
necessary to make a current flow through a circuit. The
~aunit of EM.F. is the Volt.
e

Fadine ~The _wa l:paf g/auQ& \;/aning of the strength of the
received signal due to varying reflections from the

Heaviside Layer.

Fault Finding—— The location of the cause of unsatisfac-
tory operation of radio receivers.

Field (Loud Speaker) —The winding of many turns of
wire around a soft iron core, which, when energised by
a direct current, forms an electro-magnet and provides
a static balance for the loud speaker voice coil.

Filter— A combination of capacity and industance which
impedes the passage of currents of undesired frequen-
cies. -

Frequency—The period of alternation of a current, i.e., the
number of times it changes its direction of flow per
second.—~

Gang: Condenser—Two or more variable tuning conden-
sers, the moving or rotor plates of which are mounted
on a single shaft and are rotated simultaneously through
the same arc of movement.-

Gangmg— The electrical alignment of the combination of
the gang condenser and the associated tuning coils. This
is usually assisted by means of a small semi-variable
condenser units mounted on each section of the gang.

Grid—The control element of the radio valve. It usually
consists of an open-mesh wire screen.

Ground—The earth or neutral point of an electrical
circuit.

Heaviside Layer—The non-conducting but reflecting

layer of ionised gases which is believed to exist at

“-_.- dism;]nces beyond 60 miles from the surface of the
earth.

Indirect Hea.l'e.r—A valve which functions by the elec-
tron emission from a cathode which is indirectly
heated by a pair of current-carrying wires embedded
in it.

Inductance—The self-induction effect of a coil of wire
by which it tends to prevent any change in the current
flowing through it. A coil of wire used for tuning
purposes. ——

2

Insulator—A material which opposes ‘the flow of electric
current. Mica, oil, glass, air, porcélain, bakelite and
similar materials are good insulators.
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LF +— Intermediate frequency. A frequency used in supesr-
heterodyne receivers, which actually is a low radie
frequency.

Kilocycle—ig00 Cycles. Most broadcasting stations are
referred to as transmitting on a frequency of —
kilocycles. On the short-waves the term used is the
mega-cycle, mega meaning 1,000,000,

Lead-In—rhe wire connecting the aerial proper with the
receiving set. This wire should be heavily insulated
and should be kept clear of earthed objects.

Lightning Arrester— (g Arrester.)

Loop Ae_ rial—an aerial wound on a frame or loop. Noted
particularly for its directional properties. Not much
used for broadcast reception today.

Loud Speaker—A device for rendering the received
speech or music audible to a number of people.

Microphone—The electrical ear which translates the air
impulses of the speaker’s or singer’s voice into elec-
trical impulses, which can be used to modulate the
carrier-wave of a radio transmitter.

Megohm-—0pe million ohms. An ohm is the measurement
of resistance to the passage of current.

Oscillation—Broadly—the generation of high frequency
current.

Pentode—A five-clement valve, which may be used
either for radio frequency or audio frequency ampli-
fication. Its outstanding characteristic is the ease with
which it responds to weak signals and the high am-
plification it can provide.

Permanent Magnef—A hardened steel or steel alloy
which retains is magnetism after it is once magnetised.
Cobalt steel and similar alloys are used in the best per-
manent magnets.

Pick-Up (Gramopl_lone)—An electro-magnetic  device
which changes into alternating currents, suitable for
amplification and subsequent loudspeaker reproduction,
the mechanical variations caused by the undulations in
a gramophone record.

Plate—One of the elements of the valve. Is usually in the
form of a flattened metal tube.

Plug-In Coils—Tuning coils which are plugged into cireuit
to permit the tuning over different wavebands., Mainly
used in short-wave receivers.

Power Ampllfler.—A’n audio frequency amplifier which is
capable of delivering very loud signals to the loud-
speakers, Used mainly in circumstances where large
volume is required.

Power-Pack—The unit which supplies the plate, grid and
filament power of the all-electric receiver.

Pre-Selector— An additional 4uned circuit in front of the
main 4nput tuning system used to increase the selec-
tivity of the receiver.
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Radio Frequency— Inaudible frequencies - lying between
the range from 15,000 cycles, per second to 30,000,000
cycles per second and upwards.

Receivel’s—T}_ne assembled components which make possible
the reception of radio transmissions.

Rectifier— A device which is capable only of passing one-
half of the alternating current cycle. The valve, the
crystal, some chemical, and some mechanicai, rectifiers
are used for various purposes.

Reaction—Sce Regeneration.

Regenerahor)— The feeding back of energy from the plate
to the grid of the valve. In circumstances wherein it
is controlled, regeneration can be a valuable asset to
the receiver.

Resistance— The opposition offered to the flow of current
by non and semi conductors.

Screen Grid— an auxiliary grid connected in radio fre-
{requency valves with the object of increasing the valve's
i}ablhty, and at the same time of increasing its amplifica-

ion.

SeleCﬁV'fY— The capability of a receiver to discriminate
beiween two or more stations operating on adjacent
frequencies.

Self-Bias— The provision of negative bias voltages by
means of the voltage drop which takes place through a
cathode resistor.

Se"ﬁ“‘iVify—'The measurement of the capability of a re-
ceiver to respond to the very weak signals of low-
powered or distant stations.

Series—Electrical devices connected one after another in
such a way that all of the current flows through each of
them. Batteries are said to be connected in series when
the positive terminal of one cell is connceted to the nega-
tive terminal of another.

Shle|dlﬂ9—’rhe enclosure of tuning coils, condensers, trans-
formers and valves in metal housings for the_ purpose of
absorbing stray electro-magnetic fields which*may eman-
ate from any of these components and would cause in-
stability or kindred troubles in the receiving set. Shields
are usually constructed of aluminium, although copper,
brass and iron also are used.

Short-Waves— Wavelengths, the frequency of which lies
between 3,000,000 and above 30,000,000 cycles per second.
Noted chieﬂ¥ for their capability of covering long dis-
tances and for their use for international broadcasting
services.

SOCket—The receptacle into which a radio valve is plugged.
The socket is provided with terminal lugs which carry
the connections to and from other parts of the circuit.

Static— The natural elecirical interference which is picked
up by a receiver in the form of crashes, crackles, and

bangs.

Super-Heterodyne—aA type of receiver in which the in-
coming signal is mixed with a locally generated one and
the resultant intermediate frequency amplified,before de-
modulation or detection in the usual manner.

H

"
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Symbols—Radio’s “short-hand,”-in whichi. diagrams are used
to represent the various domponents of a receiving set.

TeieViSiOH—The art of seeing by radio.

Tone COM‘"_)'—An electrical device which permits the
tone or timbre of the receiver to be altered at the will
of the listener.

Triode— A three-element valve coataining a filament, grid
and plate.

Transformer-—a device consisting of a primary and se>ornd-
ary winding which is used to transfer energy frem ..:
circuit to another. Radio frequency transformers con-
sists of two coils separate air dielectric, whilst in
audio transformers the coils arésugropsrccs —~, 2
laminated iron eore.

Tuned Circuit—Aa' circuit which is tuned or resonated to
a desired frequency by means of a capacity made up of
either a fixed or variable condenser.

Tuned Radio Frequency—-'—A radio frequency amplifier
which is provided with tuned, as distinct from aperiodic,
or untuned, circuits.

Ultra Short-Waves— The wavelengths lying in the region
of 10 metres and extending down below 1 metre. Mainly
used for short distance communication, for television
transmission, and for radio lighthouse beacons.

Valve—The electronic device which possesses tite capability
of permitting alternating or direct currents to pass only
in one direction.

o

Variable Condenser—(See Condénser),

Voice Coil—a smal}, exceedingly light eylindrical coil, so
mounted that it “floats” in the intense radial magnetic
field in the small gap between the central core and hous-
ing of powerful electro-magnet of a dynamic loud
speaker. Alternating voice currents €ause a piston like
movement of the voice coil td" 3¢hich is attached the loud
speaker conhe. : ’ -

-

v°"‘399~—'The electrical force or pressure existing between
any two bodies which have a different intensity of charge
or a different polarity of charge. Sometimes called
“potential difference.”

Watt—The unit of electrical power. A pressure of. one.volt
at a current of one ampere results in a power of cne
watt. o

Wave Band— The frequency range over which a receiver "
or a given combination of inductance and capacity wi
tune: "

Wavelength-—The distance between each successive- train
of impulses released by a radio frequency. oscillator. For
example, radio waves travel at the rate of 300,000,000
metres per second. - If one million groups are emitted:
every second from the transmitter, corresponding to a
frequency of 1000 kilocycles, then each group will have
travelled 300,000,000 dizided by 1,000,000 or 300 metres por
second. © Sometini®s referred to as the distance bétween
the crests of succeeding radio waves. Wavelength de-
creases with frequency. e
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Be a Motor Mec

T 06D 1T TELLS YOU HOW YOU CAN
L LEARN MOTOR MEGHANICS IN
'YOUR SPARE TIME AT HOME

MOTOR ENGINEERING THE WAY
WE TEACH IT, IS NOT A DRUD-
GERY. We deal with practical ap-
plications. The actual work is illus-
trated with hundreds of diagrams,
charts and blueprints. A student
has not to wade through page after

MOTOR ENGINEER-MOTOR ELECTRICIAN

OUR MOTOR ENGINEER WILL SHOW YOU

hanic

THE WAY

ONEY)

—
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We are making an attractive special
offer of training students. You owe
it to your future to get the facts—
NOW!

page of theory or mathematics. The
ver)if first lesson is on the engine
itself.

=3 ]
111 4 -

We are daily receiving letters of appreciation from engineering students in
all parts of Australia and New Zealand, thanking us for what we had done
for them. Here are a few extracts:—

“I have a position in a leading garage—thanks to your diploma and reference.”
“The School is wonderful and I could do a friend no. greater favor tham
recommend the A.T.S.”

“I am pleased with the Course and recommend ft to anyone wishing te
learn engine driving.”’

Thaglg:\z for the Free (electrical) outfit. D had no idea it would be s0
good.

“I have prospects of @ good position when I gain your diploma.”

“It was a lucky day for me when I chanced on your advertisement.”

“I must thank you for putting me where I am today. I am receiving £8/6/

SR N )

A Diesel engine is:about 50 per cent. more effi¢ient than

a petrol engine, and its Tueicest less than half. It has
other advantages over-the petrol” engine in the matter of
absence of a Carburetter, absence of Spark Plugs- and
Magneto (or coil and battery) for ignition, freedom from
fire risks, and it gives a~more uniform torque (pulling
pbwer) over a given range ?f speed.

per week. Yow have my gratitude.”

Other worth-while courses of training besides Motor Car Engineering are:—
DIESEL ENGII:IEERING, Shire Engineer’s, and Electrical Engineer’s Exams., all !
tical Electricity T WE r ; 1
(wi Free | H
working out- ] :

OVERNOR ﬂt)’ CLL LT T L1 T L L L L E kL T )
Write P the :
an
cose Thvobed CHIEF ENGINEER, g
Depcath  Cous ' AUSTRALIAN TECHNICAL SCHOOLS, -
537 George Street, Sydney. (-B._B.R.) =
Please send me (without obligation) your Free Book, “All 3
About Motors,” and tell me about your al offer of Home 1§
Study Training in. Motor Mechanics, and how I can qualify. [ ]

bR ETY AT R e T LA T e
Occupation .. .. .. .. .."., v .. .. Age .. .: .. & .. .. e
Add

(Write Plainly).
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Described in this issue---

BECAUSE—Mullard has
® Uniformity

® A Type for every purpose
® Most Complete Range

® Most Economical Valves to use

Mullard made possible fbe;extu;anrf"naf{
| results in this year's best radio :

Constructional Booklet

available on this outstanding
receiver.

Send 2d. stamp to defray
postage to

VICTORIAN DISTRIBUTORS: |
: O= ‘.‘\ 4} : y = A pTY Chassis of the “Pre-selected
H e ‘; ] 1‘{; { s R.I‘:)«‘L FT Lri} ~~~ lIron-cored Melodious Three’
211 SWANSTON STREET, MELBOURNE

Printed and Published bﬁvng)G«A.R H. BAILLIE, of 185 Balaclava Road, Caulfield, for Unla1 Press, “Herald” Buﬂdings.
62 to T4 F rs Sireet, Melboutne. Sydney Office, Warwick Buildings, 15-.7 Hamilton St.
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