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Compiled by an acknowledged
expert, this volume forms a
complete guide, in alphabetical
order, to the construction,
operation, repair and principles,
of every type of wireless receiver,
including  definitions, explan-
ations, formulz and complete
linstructions on the making and
testing of various wireless com-
 ponents.

A Yunique volume with every
technical term, formula and fact
explained in language which even
the beginner will understand. A
special feature of the work is the
illustrations, which include a series
of circuits for most types of
modern receivers. The contents
include every modern develop-
ment.  An invaluable volume
which is a treasury of knowledge
for the beginner, the expert, and
the ordinary listener.
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Fic. .—Diag of the conventional signs used in drawing a wireless circuit, which merely consists ofa

number of these signs joined together. Pictorial diagrams showing the actual components represented are given
in the book in their correct alphabetical order.
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PREFACE TO THE ELEVENTH EDITION

IN this Eleventh Edition I have included new terms and definitions

and considerably amended the text throughout; a great amount
of new matter has also been added. The practical information on
the making of various components has been retained, particularly
that relating to intermediate-frequency transtormers, osc:llator coils,
mains transformers, and chokes. There have been no radical changes
in design since the last edition went to press in July 1941, and the
present edition, therefore, reflects the latest position of the science
amd its kindred subjects.

Well over 250,000 copies of this book have been sold since it was
introduced, and it has circulated in every country. It remains the
only work of its type, and represents the only book to present in
encyclopedic form an easily referred to, practical work, incorporating
the accumulated knowledge of radio scientists. It is a work which
indexes itself and is presented in a form which beginner and expert will
appreciate. 1 am gratified to note that it has become the standard
work of reference for radio designers, students, and teachers. Once
acain I express my thanks to readers all over the world who have made

suggestions for subjects to be treated in future editions.

F. J. CAMM
(Editor, Practicai Wireless).



ABBREVIATIONS

A.—Anode, or plate.
A.A. -Artificial aerial.
A.C.—Alternating current,

AE.—Aerial.
A.F.- -Audio frequency
A.F.C.—Automatic frequency control.
A.G.C.—Automatic gain control.
A.M.-—Amplitude modulation.
A.T.C.—Aerial tuning condenser.
A.T.I.—Aerial tuning inductance.
A.V.C.-—Automatic volume control.
A.V.E.—Automatic volume expansion.
B.A.--British Association.
B.C.L.——Broadcast listener.
B.E.M.F.—Back electromotive force.
B.F.O.—Beat frequency oscillator.
B.O.T. Unit.— Board of Trade unit = 1,000
watt-hours, or 1 kilowatt-hour.
B.Th.U.--British thermal unit.
B.W.G.-—Birmingham wire gauge.
C.C.C.-—Closed circuit or secondary con-

denser or S.T.C.
C.C.I.—Closed circuit or secondary tuning
inductance or S.T.I [tem of units.
C.G.S.—Centimetre- gramme -second sys-
cm.—centimetre.
C.P.— Candle power.
C.W.--Continuous waves.

I.C.W.-—Interrupted continuous waves.

LF.—Intermediate frequency. {primary.
LP.—In primary (of transfarmer) ; start of
1.S.—In secondary (of transformer); start

of secondary.
kw. —Kilowatt — 1,000 watts.
L.F.—Low frequency.
L.F.C.—Low-frequency choke or low-fre-
quency coupling.

L. -Low resistance.

L.S. -Loudspeaker.
L.T.—Low tension.

mA. —milliampere.
M.C.—Moving coil.
mfd.-—microfarad.
mhy.—microhenry.
mm.—millimetre.
mmfd.-—micro-microfarad.
O.F.—OQutside foil.

O.L.—Qutput load.

O.P.—Out primary (of tramsformer) ;
of primary. Also output.

0.8. -Out secondary (of transformer) ; end
of secondary.

P.--Plate, or anode.

P.A.—-Public address.

P.D.—Potential difference, same as D.P.

P.M.- Permanent magnet.

end

D.A.V.C.- Delayed A.V.C. Pot.—Potentiometer.
db.—decibel. P.V.--Power valve.
g.g.c-DI{)ectbclurrem. . Q. éoYiC SOuiet a;inomaﬂc volume control.
.C.C.--Double cotton covered. Q e.—See p. vii.
D.E.--Dull emitter. Q.M.B.— Quick make and break.
Det. - -Detector. Q. P.-P.--Quiescent push-pull. [quency).
D.F.--Direction finding, or direction finder. R.F.- -Radio frequency (sante as high fre-
g.P.D Dmell;en%el of p;)temiill. - lli M. SR Va=ue Root-mean-squﬂre value.
P.D.T. ouble pole double throw. X. eceiver.
D.P.S. T.D D%lllble pole single throw. S.C.C.--Single cotton covered.
D.S.C. ouble silk covered. 8.G.—-Screen grid.
D.X.-—-Long distance. S.H.M.- -Simple harmonic motion.
E.—Earth S.I.C.—-Specific inductive capacity.
E.M.F.- Electro-motive force. S.P.—Series parallel.
F.—Filament, S.P.D.T.—Single pole double throw.
F.M.- -Frequency modulation. S.P.S.T.—Single pole single throw.
F.P.S.--Foot-pound-second. S.R.—Specific reisistance
G.—Grid. 8.S.C.—Single silk covered.
G.B.—-Grid battery or grid bias. S.T.C.—Secondary tuning condenser.
G.C.—Grid condenser. S.T.I.—Secondary tuning inductance.
G.L.—Grid leak. [frequency). S.W.G.--Standard wire gauge.
H.F..—High frequency (same as radio S.W.L.--Short-wave listener.
HL.F.C.--High frequency choke. ‘T.R.F.-—Tuned radio frequency.
H.P.- -Horse power. ‘T.S.F. -French abbreviation for wireless :
H.R.--High resistance. ‘‘ Télégraphie sans Fils '’ (telegraphy
H.T.---High tension. without wires).
1.C.—Intermittent current. T.T.—Tonic train. Tx.—-Transmitter.
SYMBOLS
Admittance ............ Y Impedance ...... .. Z B.O.T.Unit = 1,000 watt-
Amplification Factor .. 4. Magnetic Field .. ... H hours, or 1 kilowatt-bour
A'(l;);e;)e:él?ée)l(es'smnlg: Ro Magnetic Flux ......... % Couiomb .... ...... GC
Anode Circuit Inductance La ;’;?::‘,‘I?i:‘l:x De"s"y ,113, ll:‘l:::(:r o e }l:
‘Anode Current Ia iiiivv.... T Henry ....... .........
Anode Potential va Permittivity . .. x Joule . B |
Capacity ............... C Phase Angle .. ... .. ¢ Kilovolt- ampete ....... kVA
gonduc:ance ao GI Power ................. P Ohm ... SRR RES 5580 Q
urren antity .. Volt e v
Current (Ins(an(aneous) i }({):actar?;e 3 Volt-ampere VA
Current (R.M.S.) . I Rel p . o 7
Dielectric Constant . . . .. < Re ‘:c:ance - : a":: Mo \\Y::
Efficiency ............ » Resistance .. att-hour
Electrostatic Flux Denslty D Resistivity ... P
;M .F. (volmge) . ‘ Self-inductance ........ L o PREFIXES
nergy o o .
Frequency ............. UNITS Mega .......
Grid Current and Poten- Ampere- ............... A Micro AP
tial ..., ... Ig, V¢ Ampere-hour .......... Ah Milli ... ...

vi




Abbrev.
QRA
ORB

QRD
QRE&
QR

QRI
QR

THE INTERNATIONAL CODE OF ABBREVIATIONS

The chief Abbreviations used by Amateurs to form a
rapid means of communicating in formation in code.

INTERNATIONAL “ Q' CODE

Question

What is the name of your station ?

How far approximately are you from
my station ?

Where are you bourd and where are
you from ?

Will you teil me my exact frequency in
kilocycles ?

Does my frequency vary ?

Is my note good ?

Do you receive me badly ?

Are my signals weak ?

Do you receive me well ?

Are my signals good ?

Are you busy ?

Are you being interfered with ?

Are you treubled by atmospherics ?

Shall I inctease power ?

Shall I decrease power ?

Shall I send faster ?

Shall I send more slowly ?

Shall I stop sending ?

Have you anything for me ?

Are you ready ?

Shall I wait > When will you call me
again ?

Who is caling me ?

What is the strength of my signals ?
(1 to 5).

Does the strength of my signals vary ?

Is my keyimg correct ? Are my signals
clistinct 2

Can you give me acknowledgment of
receipt ?

Shall I repeat the last telegram (mes-
sage) I sent you ?

Can you communicate with . . . direct
(or through the medium of) ?

Will you retransmitto . . . ?

Shall I send a series of V's ?

Will zyou listen for . . . {call sign) on

2

Shall I send each word or group twice ?

What is your position in latitude and
longitude ?

What is the exact time ?

Answer for Adrvice
The name of my stationis . . .
The approximate distanceis . . . miles,

I am bound for . . . from . ..

Your exact frequency is . . . kc.

Your frequency varies.

Your note varies.

1 cannot receive you.

Your signals are too weak.

I receive you well.

Your signals are good.

I am busy. Please do not interfere.

I am being interfered with.

I am troubled by atmospherics.

Increase power.

Decrease power.

Send faster (. . . words per minute).

Send more slowly (. .. words per
minute).

Stop sending.

I have nothing for you.

I am ready.

Wait (or wait until I have finished
communicating with . . .). will
call you at . . . GM.T.

You are being called by . . .

The strength of your signals is ...
(1 to 5). .

‘The strength of your signals varles.

Your keying is indistinct. Your signals
are bad.

1 give you acknowledgment of receipt.

Repeat the last telegram (message) you
have sent me.

1 can communicate with . . . direct (or
through the medium of . . .).

I will retransmitto . . .

Send a series of V's.

1 am listening for . . . (call sign) on
... ke

Send each word or group twice.

My positionis . . . latitude . . . longi-

tude.
The exact time is . . .

AMATEUR ABBREVIATIONS

Meaning Abbrev. Meaning.
About. Cco Crystal oscillator.
Again, CUD Could.
Any. CUL See you later.
Buffer amplifier. X Long distance.
Broadcast listener. ECO Electron-coupled pscillator.
Bad. ES And.
By. FB Fine business (goud work).
Break in. FD Frequency doubler.
Been. FM From.
Check. GA Go ahead, or Good afternoon.
Circuit. GB Good-bye.
Called. GE Good evenlng.



AMATEUR ABBREVIATIONS—contd.

Abbrey. . Meaning. Abbrev. Meaning.
GM . Good morning. SA . Say.

GN . Good night. SED . Said.

HAM . Radio amateur. SIGN . Signature.

HI . Laughter. SIGS . Signals.

HR . Hear, or here. SKD . Schedule.

HRD . Heard. SSs . Single superheterodyne receiver.
HV . Have. TKS . Thanks.

LTR . Later. TMN . To-morrow.
MILS . Milliamperes. TNX . Thanks.

MO . Meter oscillator. TPTG . Tuned plate tuned grid.
ND . Nothing doing. TX . Transmitter.
NIL . Nothing. uU. . You.

NM . No more, UR . Youare.

NR . Number. vY . Very.

Nw . Now, WDS . Words.

OB . Old boy. WKG . Working.

oM . 0Old man. WL . Will

oT . Old timer. WUD . Would.

PA . Power amplifier. WX . Weather.

PSE . Please. YF . Wife.

R . . Received all sent. YL . Young lady.

RAC . Rectified A.C. YR . Your.

RCD . Received. 73 . Kind regards.
RX - Receiver. 88 . Love and kisses.

MISCELLANEOUS INTERNATIONAL ABBREVIATIONS

Abbrev. Meaning. Abbrev. Meaning.

C. . Yes, GA . Resume sending.

N. . No. MN . Minute/minutes.

W, . Word. Nw . I resume transmission.
AA . All after .. . OK . Agreed.

AB . All before . . . UA . Are we agreed ?

AL . All that has just been sent, WA . Word after . . .

BN . All between. WB . Word before . ., .

CL . I am closing my station. XS . Atmospherics.

QSA CODE (Signal Strength)

QSA1 . Hardly perceptible ; unreadable. QSA4 . Good ; readable.
QSA2Z . Weak, readable now and then. '
QSA3 . Fairly good ; readable, but with QSAS . Very good; perfectly readable.

difficulty.
QRK CODE (Audibility)
R1 . Faint signals ; just readabl Ré6 . Good signals,
R2 . Weak signals ; barely readable. 5
R3 .  Weak signals .' but can be copied. L/ - G,OOd strong sigaals
R4 . Fair signals ; easily readable. R8 . Very strong signals.
RS . Moderately strong signals. R9 . Extremely strong signals.
RST CODE (Readability)
1. . Unreadable. culty.
2, . Barely readable, occasional words 4 . . Readable with practically no
distinguishable. difficulty.
3. dable with c iderable diffi- 5 . . Perfectly readable.
SIGNAL STRENGTH
1. Faint, signals barely perceptible. 6 . . Good signals,
2z . . Very weak signals. 3 .
3 . Weak signals, 7 . . Moderately stromg signais.
4 Fair signals. 8 . . Strong signals,
5 Fairly good signals. 9 . . Extremely strong signals.
TONE
1. Extremely rough hissing note. 5 Musically modulated note.
2. Very rough A.C. note, no trace 6 Modulated note, slight trace of
of musicality. whistle.
3. Rough, low-pitched A.C. note, 7 Near D.C. note, smooth ripple.
slightly musical. 8 . Good D.C. note, just a trace of
4 . Rather rough A.C. note, moder- ripple.
ately musical 9 . . Purest D.C. note.

(If the note appears to be crystal-controlled add an X after the appropriate number.,)
viii



THE PRACTICAL
WIRELESS ENCYCLOPALDIA

A

ABAC.—A graphical diagram which
enables results of {formulie to be ob-
tained by using a ruler. The most
complicated formule may thus be
used by the non-mathematical con-
structor. The basis ot the Abac
system is d'Ocagne’s theorem, pub-
lished in France in 189g. A nomograni.

ABAMP.—The absolute electromag-
netic umt of current—that current
which, passing along a wire of 1 cm.
length, bent into an arc of 1 cm.
ralus, will exert a torce of one dyne
on a unit magnetic pole placed at the
ceatre. One abamp equals 10 amperes;
one ampere equals onc-tenth of an
absolute unit of current. tSce eber.)

ABBREVIATIONS.—Sce page vi.

ABSCISSA.—The hornizontal  dis-
tance of any ordinate from the axis
of a graph. Refer to ordinate.

ABSOLUTE UNITS.—The units of
the centimetre-gramme-second system
of mecasurement, in which the uanit of
length is the centimetre, the unit of
mass the gramme, and the unit of
time 1 second. Thus the C.G.S. unit
of force is the force that can so
move a body weighing a gramme that

“TTTTINPUT >

Fic. 2.—Acceptor Circuit.

at the end of a second it will have a
velocity of 1 centimetre per second.
A.C.—Abbreviation for alternating
current (which see).
ACCEPTOR CIRCUIT.—A tuned

P.W.E.—A*

circuit consisting of inductance and
capacity so designed that a certain
band of trequencies is accepted in
preference to all other (frequencies.
An instance is given in the Acceptor
\Wave-trap. where a coil with series
condenser is arranged in series with

—ij—

JHECRETICAL
SvmBoL

Fic. 3. Theoretical and actual diagram of an
Accumulator. Note that the thick line is always
the negative in a theor etical diagram.

the aerial lead to the receiver. When
the acceptor circuit is tuned to the
frequency of an interfering station
that frequency is accepted, or ab-
sorbed, ard therefore is not received
by the wireless receiver. (See Re-
jector Circuit.)

ACCUMULATOR.—A device for
storing electricity. It consists of a
container of either glass or celluloid,
in which are fitted two sets of plates.
These plates arc made up of pastes
(see under Accumulator Types) im-
mersed in a solution kxnown as the
electrolyte. This consists of dilute
sulphuric acid in either liquid, paste,
or jelly form. It was Galvani whe,
in 1793, whilst*conducting some ex-
periments with a Leyden jar, observed
that the legs of a frog began to twitch
when they were used as a conductor



ACCUMULATOR

for the discharge of this well-known
form of condenser. Later on Volta
discovered that by using two different
metals to touch the leg of the frog an
increased twitching effect resulted.
The famous Volta-pile, which was

terminal of its neighbour. By this
means the voltages of the cells are
added together to give any value de-
sired. In wireless high-tension bat-
teries, for instance, about seventy
dry cells may be connected in series
to give

about 100
volts.
The num-

' ber of the

cells will
govern the
voltage,
whilst the

size of the

individual

FiG. 4.—Accumulators connected in Series.

the precursor of the modern primary
cell, was developed by him from this
discovery.

A primary cell is one which gives
an electric current by the immersion
of two dissimilar plates (usually
carbon and zinc) in a chemical solu-
tion. An accumulator, or secondary
cell, must have an electric current
passed through it, a proportion of
which it stores. An accumulator is
rated according to its voltage, and
its capacity for storing is known as its
ampere-hour capacity.

Cells in Series. Most single-cell

cells will
decide
the extent of the total capacity.
Cells in Parallel. A large accumu-
lator possesses greater storage capacity
than a small one and, although size
does not affect the voltage, the larger
battery will be capable of supplying a
greater current. The equivalent of a
large battery may also be obtained by
connecting a number of smaller ones
in parallel, this being accomplished
when all the positive terminals are
connected together and also all the
negative terminals, as shown in Fig.
5. The voltage will not be increased,
however, so0 it will be seen that series

accumula-
tars have a

voltage be-
tween one
and two or
perhaps
a fraction
over two,
but to ob-
tain a
higher
voltage one
may con-
nect amny
number of cells in series (see Fig. 4),
that is ta say, by joining the negative
terminal of one cell to the positive

L LN

Fi1G. 5.—Accumulators connected in Parallel.

connection (referred to earlier) gives
increased voltage, but parallel con-
nection gives lower resistance and



ACCUMULATOR ACID

consequently more current in the
case of accumulators so connected.

Generally speaking, a dry battery
is only useful for light duty, such
as for house-bells or lighting tiny
lamps, but an accumulator of quite
a moderate size will satisfactorily ac-
complish such heavy duty as starting
up a motor-car engine.

ACCUMULATOR ACID AND
PASTE.—The acid solution consists
of pure brimstone sulphuric acid
diluted with distilled water to the
required specific gravity; acid of the
correct specific. gravity can be pur-
chased. A good quality should be
obtained. Instructions regarding the
correct specific gravity are usually
attached to the battery, and should
be carefully followed. The density
specified has a direct bearing on the
battery condition, and acid of too
low a density will reduce the
capacity, whilst too high a_density
decreases conductivity and sets up
heating and local action in the plates.
The specific gravity is affected by
a rise or fall in the temperature of
the acid solution, and an appropriate
correction must be made before using
the acid (see p. 4).

Density is normally stated as at
60° F. To correct for temperatures
above 60° F. add -002 to the specific
gravity for every 5° F. For tempera-
tures below 60° F. deduct -ooz for
every 5° F. to obtain the requisite
equivalent at 60° IF.

For cells in which the separators
are wood, it is necessary to make an
allowance for the moisture content
of the wood, this type of separator
being stored in a wet condition.

How to dilute Acid. Pure brim-
stone sulphuric acid is supplied in
carboys, and can be obtained broken
down to any specified density re-
quired for battery electrolyte, but as
this density may aller owing to
evaporation, it is preferable to dilute
the acid as and when required. In

nmixing the solution,
earthenware, or lead wvessels should
be used. The water must be poured
in first, and the acid added gradu-
ally, stirring meanwhile with a glass
rod. Vialent and dangerous splash-
ing of the acid is liable to occur if
water is poured into acid.

A new battery should not be filled
with solution until ready for charg-
ing, and before filling the acid should
be cooled to atmospheric tempera-
ture. After filling, the battery should
be allowed to stand for twelve hours
before charging. The acid should be
tested periodically, as impurities in
it may lead to self-discharge, heat-
ing, and other battery troubles.

glass, glazed

ACCUMULATOR CHARGING
FROM ALTERNATING CURRENT.

First Charge. The first charge is
of critical importance to the life of
a battery, and the manufacturers’
instructions should be followed im-
plicitly. The usual period is thirty-
six hours, and the charging rate ap-
proximately half of this period. The
period and rate vary with different
makes of cell, and depend on the
formation of the plates and the den-
sity of the solution used. During the
charge the temperature of the elec-
trolyte should be kept below 100° F.,
and if this figure is exceeded the
charging rate should be reduced or
the charge suspended until normal
temperature is regained. High tem-
peratures cause the active material
in the grids to expand and to loosen,
resulting in flaking, loss of capacity,
and shorting of the plates.

Batteries will give much better ser-
vice and last longer if the tempera-
ture during charge or discharge
periods is kept within the limits of
70° F. and go® F. At the end of
the charging period the cells should
be gassing freely and the density of
the acid have attained a maximum
value. The vent plugs should be re-



ACCUMULATOR CHARGING

moved during the first charge to
allow the gas generated to disperse.
This gas is highly inflammable and
explosive, and on no account should
a naked flame be allowed to be
brought near to the cells.

USING ACID OF 1-840 SPECIFIC

GRAVITY
Acid, 1-840
Required Specific l Water. Specific Gravity.
Al <
AT Parts by Parts by
Volume. Folume.
1:400 14 10
1°350 18 10
1-300 21 1o
1-250 27 10
1-225 29 10
USING ACID OF 1400 SPECIFIC
GRAVITY
Acid, 1-400
Required Specific Water. Specific Gravity.
. pacia
Cravity at 70° F. Parts by Parts by
Volwme. Volume.
1°300 45 10
1-280 58 10
1275 625 10
1265 64 10
1°255 6:65 10
1-250 675 10

The fact that so many electrical
undertakings are changing over from

DIRECT ~y

direct current to alternating current
renders necessary information on
charging accumulators from this
source of supply. 1t is impossible to
charge an accumulator from alternat-
ing current until it has been recti-
fied or converted into unidirectional
or direct current by one of the
methods now to be described.

Fig. 6 illustrates the difference
between direct and alternating cur-
rent. It will be observed that alter-
nating current derives its name from
the fact that the current *‘alter-
nates”’; it consists of a series of
pulses flowing first in one direction
and then in another, and if used
without rectification would be con-
tinually doing and undoing its work.
The usual means adopted for rectify-
ing alternating current is by means
of a chemical rectifier, a rotary con-
verter, a vibrating reed rectifier, the
Tungar, rectifier, a motor generator,
the mercury-vapour rectifier, the
valve rectifier, and the copper-oxide
rectifier. It will thus be seen that
rectification may be brought about
in three ways—chemically, mechanic-
ally, and electrically. For amateur
purposes, the metal rectifier is the
most suitable.

The Motor Generator. There are
on the market a number of motor
generators con-
sisting of an
induction

ALTERNATING

Fic. 6.—Graph illustrating difference between Direet and Alternating Current.

motor  driven
from the al-
ternating - cur-
rent mains.
and coupled to
a direct-current
dynamo. This
system has
much to re-
commend it,
but  unfortun-
ately it is ex-
pensive. There
are other



ACCUMULATOR CHARGING

motor generators somewhat similar
bu: ditfering in principle, having
rotary transformers incorporated in
the frame of the motor. The
mechanically driven rectifier makes
use of an A.C. motor (syvnchronous)

MOTOR

INPUT
AC.orD.C,

COUPLING

disaster in a gale and yet be sufficiently
sensitive to develop useful power in
winds of light or moderate velocity.
‘This brings us to the necessity for
some definition as to what constitutes
the differecce between a breeze and a

DYNANMO

ouTPuT
bD.C.

Fic. 7.—Diagram showing the principle of the Rotary Converter and Rotary Transformer. A motor, either
A.C. or D.C.. is driven from the mains and coupled to a D.C. generatar which charges the arcumulators. In

practice one machine acts both as motor and dynamo.

coupled to a commutator fed by the
alternating current, and from it is
delivered the direct current (see Fig.
7). ‘The chief defect of this type is
sparking at the commutator, necessi-
tating frequent renewal.

WIND - CHARGERS. — .Another
method of charging, which has much
to recommend it, consists of driving a
dvnamo or generator by means of
wind sails. Although wind power in
this country i+ apt to be rather
erratic, far too much of it at times
and not enough of it at others to
provide any useful results, it is a
notable fact that, taken over a long
period, careful  observations have
proved that serviceable wind power
is available for an average of eight
hours per day in the majority of
localities, if the site is carefully
chosen. .

The problem with wiud motors is,
of course, to control the variations in
speed arising from extreme weather
conditions, such as periods of calm,
on the one hand, and tempests on the
other. A wind motor to be successful
must be so constructed as to resist

hurricane. The Meteorological Office
has compiled a table known as ‘‘ Beau-
fort Scale Numbers '’ which are attri-
buted to winds of varying force
according to their characteristics as
below :

| {
Beaufort Corresponding | Velocities in
Scale l Wind | Misles per Hour
| [
o Calm Under 2
1103 Light Breeze ' 2to 12
4tos Moderate Wind l 13 to 23
6toy Strong Wind 24 to 37
8tog Gale 38 to 55
10 to 11 Storin 56 to 75
12 Hurricane Above 75

The indispensable parts in any such
outfit comprise (1) the constant-vol-
tage dynamo, (2) the propeller, (3) a
tailpicce to keep the propeller in the
wind, (4) the collector rings for con-
veving current from the movable head
to fixed terminal points, and (5) the
mast upon which the whole is
mounted.

So far as the generator is concerned
there are plenty of good secondhand
car lighting dynamos to be picked up

World Radio Histo
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Fic. 11.—~A Commercial Wind-Charger,
with furling tail.

.

Fics. 8 to 10.—An addition to the 2-blade main
propellerin the form of small blades hinged at one
end, which open out at excess speeds.
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cheaply. of a type illustrated in Fig.
12. This is one of the most popular
medels, and makes a very serviceable
uit, cutting in for charging at
850 r.p.m. and giving its full output
of 12 volis 13 or 14 amperes at about
1.350 r.p.m. If larger models happen
to be available they can, of course, be
used, and the lower the cutting-in
speed the more serviceable will they
be in light winds.

The Propeller ltem (2), the pro-
peller, will no doubt demand some
little patience and several modifica-
tions before a satisfactory home-made

COmsyTATOR IND
BRAC ALT

1POR L C om0y
P

carrying it consisting of a length of
seamless steel conduit about 1 in.
diameter, such as used in electric wir-
ing, attached to the revolving head
by saddles at each extremity.

The Rctatable I{ead. The rota-
table heacl with the collector rings
needs plaaning out with a view to
utilising whatever material happens
to be available in the workshop, and
dimensions are of secandary import-
ance, so long as the collector is not
toc small, say, 3 in. in diameter. The
main idea is sketched out in Fig. 13,
but is not to scale, for reasons stated

9 " el il ik J
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CYNAMO DISVMANTLED

FiG. 12.—A car lighting dynamo, showing construction.

article is arrive:l at.  Lightness and
strength is, of course, essential, as the
centrifugal effect and thrust will be
considerable at high speeds. A well-
seasoned piece of straight grained pine
or cedar will be required, in one piece
6 ft. long and 1} in. thick, tapering
from 6} in. wide at the hub to 3} in.
ar 4 in. at the tips, fashioned on the
hnes shown in Figs. g and 11, the pitch
af the blades being about 35 degrees
measured from the plane of rotation.
The boss needs strengthening by a
flanged double-arm casting, keyed to
the dynamo shaft and retained by an
end lock nut.

‘The design and proportions of the
sheet-metal tailpiece are obtainable
from Fig. 9, the extension arm

above. As shown in this figure, the
wood mast A terminates in four angle
pieces of 1} in. by 1} in. mild steel B.
not less than 12 in. long, which are
arranged to grip the mast with four
straps anl bolts 8. These angle pieces
stand up six inches beyond the end
of the mast, and a flanged steel plate
C is screwed to them to form a rigid
metal top. Above this is the rota-
table table E to which the dynamo is
fixed, and from the underside of which
extends a central tube G carrying the
two insulated sliprings H. From these
rings current can be collected, what-
ever may be the position in which the
dynamo is pointing, by means of two
insulated cartridge-type carbon brush-
holders K. An outer casing L. which

World Radio Histol
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serves for their mounting is fixed to C
and formns a protection from wet or
dust, and is drawn in section to ex-
pose the collector rings.

Fic. 13.—Details of the rolaluble head.

Connections from the dynamo
terminals are brought down through
the hollow stem G, one being attached
to each slipring. Between the under-
side of the slipring assembly and the

+0B o~

Fic. 14—A shunt-wound 2-pole dynamo.

fixed head C may be placed a ball
thrust washer D to carry the whole
weight of the dynamo and propeller.
The extremity of the stem at N is
guided and supported by passing

* périénce,

through a cross strap riveted to the
angles B, with a nut P to prevent it
from rising,

The design of the head is to be
taken as a suggestion, and subject to
variation according to nwans and ex-
It forms a workable basis
for building up a practicable wind-
driven lighting installation capable of
providing a good tht to four or five
bulbs of 25-watt size, when w orking
in conjunction with a 12-volt car
accumulator,

-1 Mechanical Governor. Some
attempts have certainly been made
to steady the charging current by
the addition of a mechanical governor
or wind-diverter, or even a small wind
vane attached to the tail to move the
propeller into less effective positions
with increasing force of the wind. One
example is given in Fig. 10, sho\\mg
an addition to the 2-blade main pro-
peller in the form of =small blades
hinged at one end which open out at
excess speeds by centrifugal effect and
cause the wind stream to diverge be-
fore reaching the main propeller
blades. This device is used in the
‘" Wincharger ”’ outfits manufactured
by an American Company. In these

Fig. 15.—A constant voltage dynamo.

the natural regulation of the constant-
voltage dynamo is augmented by the
action of the air-brake, seen at right
angles to the propeller, when a critical
speed is exceeded.  An English set is
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illustrated in Fig. 11, which relies
principally on the self-governing pro-
perties of the dynamo, aided by a
furling action of the wind motor-tail.
The operation of this device, as sup-
plied by the makers, is as follows, the
parts referred to being illustrated in
Fig. 11. When the furling handle is
moved downwards to bring the set
into operation, a metal collar B iz
slid down the shaft against the tension
of spring A. The whole of the head
gear is free to rotate within the metal
collar. A forked member C is en-
gaged with the collar and is moved
downwards about its pivot by the
collar, A lever arm F atiached to the
forked member engages the tail
bracket E, causing it to be moved out-
wards against the tension of spring D.
When furling, the reverse takes place.
Release of the furling handle relieves
spring A and allows the metal collar
to slide up the headgear. This lifts
the forked member, the lever arm 19
is disengaged from the tail bracket,
and the tail is thus returned to the
furled position by spring D. In the
event of very strong winds likely to
cause excess speeds the tail is swung
back and out of the wind with a con-
sequent regulation of the dynamo
speed.

The Electrical Circuit. Apart from
details of design, such as are shown in
the foregoing illustrations, the elec-
trical circuit is similar in all such out-
fits, and in its simplest form without
any switches, instruments, or other
complications, consists of placing the
dynamo and battery in parallel.

But there must be some automatic
means of preventing current from the
battery discharging back through the
dynamo when the latter is not running
fast enough to charge. Also, switches
are required to control individual
lamps, and an ammeter to measure
the charge or discharge current in the
accumulator circuit.

Readers who feel that the profes-

sionally made wind-electric charging
sets are bevond their means, may care
to consider those illustrated in the
foregoing as suggestions for building
up home-made outfits with such varia-
tions as they care to introduce, and
making use of such muterial as hap-
pens to be available, modifying the
general design accordingly. They will
be well advised, however, to regard
simplicity of design as the first essen-
tial, and bhear in mind that the wind-
electric outfit is not always a fine-
weather equipment, and must be sub-
stantially built so as to withstand
storm and tempest.

Any lighting system to be practic-
able mus! be so desigoned as to allow
a reasonably constant voltage to he
maintained at the terminals, Much
the same problem contronts the auto-
mobile industry; the considerable
variations of engine speed which occur
during road use have to be counter-
acted by some means before lighting
from the car dynamo can become
satisfactory, and in this there is a
definite resemblance between motor-
car generators and wind-driven dyna-
mos. In the car, engine speeds must
of necessity vary in order to meet the
conditions imposed by gear-changing,
gradients, traffic conditions, etc. In
the wind generator similar speed varia-
tions are unavoidable with changes in
the wind velocity. The battery being
charged. however, helps to ““ absorb
the fluctuation.

Constunt 1oltage Generator. The
motor industry solves this problem by
the development of the so-called
‘‘ constant voltage ’’ generator, which
permits of a fairly constant voltage
being obtained from its terminals at
widely different driving speeds by a
special construction, and by the use
of a ** floating battery *’ used in con-
junction with it.

There are, in fact, a good many dif-
ferent devices for obtaining constant
voltage at varying speeds, but the
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cooling fin inter-
spersed at frequent
points to dissipate
the heat and thus
prevent damage.
Various methods
of connection are

AC
MAINS

S

possible, according
to the use to which
the rectifier is to
be put. The metal
rectifier is wvery
robust in construc-
tion and has a
higher  efficiency
than most other
types of rectifier.

AC
MAINS

AC
Fic. 16.—Two dard methods of

accumulators,

most popular is the one known as
‘“ third-brush control.”” In the case
of the ordinary shunt-wound z-pole
dynamo, such as used for stationary
lighting sets, engine-driven at a
closely gaverned speed, there are two
brushes only at opposite positions on
the commutator, sce Fig. 14. The
windings form two distinct circuits,
one through the armature A and
brushes to the main terminals B and
so direct to the lamps or battery; the
other is an independent and separate
circuit C through the fields only, a
small current being ‘‘ shunted *’ from
the main terminals for the sole pur-
pose of exciting the field magnet coils.

Metal Rectifiers. This type of rec-
tifier has developed to such an extent
that it competes favourably with the
valve rectifier.

In brief, the principle upon which
the metal rectifier operates is that
copper in contact with a certain oxide
permits of the flow of current in one
direction only.

In the metal rectifier which is used
in wireless. discs of copper, oxidised
copper, anmd lead are mounted on a
non-conducting tube, with a large

ploying a metal rectifier for charging

10

Fig. 16 shows
t h e theoretical
symbol for the
metal rectifier, ar-
ranged in what is known as the Bridge
Circuit.

A smaller type of rectifier has also
been developed for use in the high-
frequency circuits, and this is com-
monly referred to as a ‘‘ cold valve **
(which see).

Transforming Alternating Current.
Unlike direct current, alternating-
current voltage can be transformed to

MAINS,

F1c. 17.—Dissolve a teaspoonful of salt in a glass of
water and dip the ends of the charging wires in the solu-
tion, Bubbles of gas will form on the negative wire.
(See also Figs. 26 and 27.) Take care that the two

wires do not touch one another.

higher or lower potentials without
the use of rotary converters. This
means that a simple piece of appar-
atus can be used in place of the re.
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sistance, the advantage being that
the excess voltage need not be dissi-
pated and, therefore, wasted.
Cleanliness is another very import-
ant. factor in accumulator manage-
ment.  Dirt and dampness on an ac-
cumulator permit the current to leak
away, in addition to attracting and
holding small quantities of acid.
This is lable to cause corrosion and
rotting of wooden crates, etc.
Neutralising Spilled Electrolyte.
1f electrolyte is spilled, it should be
immediately treated with a necutral-
ising solution, such as sodium carbon-
ate (soda) and water, or ammonia
and water. Either of these liquids
is excellent for checking the cffects
of acid on clothing. Benches, trays,
and other fittings which have become
acid-sodden should bLe treated with
a solution of 1 Ib. of soda to 1 gallon
of water, and then dried before coat-

Method. Witk D.C. mains, connect
the + pole of & D.C. voltmeter to the
(supposed) positive main, and allow a
wire from the — terminal of the meter
to momentarily touch the (supposed)
negative muain., I correctly connected,
the hantd of the meter will swing in
the proper direction. If reversed, the
hand wil tend to swing backwards.
Make sure that the connection is
broken immediately, for a reversed
councction might bend the hand of
the meter. The meter st have a re-
sistance of at least 200 ohms per volt.

Second method. Dip the ends of
the twe wires into a glass containing
a weak solution of salt and water.
Bubbles of colourless gas will e
formed on the negative wire. Be
sure that the wires are not allowed
te touch, and it is necessary to
connect a lamp of ' m4ins *’ voltage
in serics with the wire to avoid the

ing with acid-proof paint. danger of short circuits (sce 17ig.
Finding Polanty of Mains: First 17).
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Fic. 18.—Simple cell ready Fic. 19.—State of cell when Fic. 20.—Smte of cell when
for charging. charged. discharged. Nute the acid be-
comes weaker, having been used
up in forming lead sulphate.
IX .
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CHARGING ACCUMULATORS
FROM DIRECT CURRENT.—Unlike
alternating current, which, as has
been explained earlicr, needs to be
rectified or made uni-directional be-
fore it can be used for accumulator
charging, direct current does not need
any special apparatus other than that
necessary to restrict the flow of cur-
rent to the correct charging rate—a
comparatively simple matter. This
present section deals with direct-cur-
rent charging from lighting mains.
The other methods will be dealt with
later in this section. Should any
doubt exist regarding the nature of

| MANS
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*

/6“_?:

QOQOQ

Fic. 20a.—A typical arrangement of Lamp
Resistances.

the supply, this may be easily ascer-
tained on application being made to
the offices of the supply company.

Mains Voltuge for Accumulator
Charging. The voltage of the current
for accumulator charging is imma-
terial, providing that it is in excess
of the total voltage of the cells to
be charged and (this is most im-
portant) that the current that is al-
lowed to flow is restricted to a suit-
able amount by means of a resistance.
Voltage or potential, as it is some-
times termed, is not capable of pro-
ducing a heating or chemical eflect,
but it has the power of forcing cur-
rent through a conductor, and as it
is the actual current flowing that
counts, it is the volume of this that
must be restricted to a suitable
amount. A good deal of misconcep-
tion exists on ihis point.

L]
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The Safe Charging Rate. The
maximum safe charging rate of an
accumulator is approximately one-
tenth of its actual capacity. For in-
stance, the charging rate of a 6o-
ampere-hour cell would be 6 amps.
Any excess would cause heating and
disintegration of the plates.

Determining the Resistances to be
Used. Tt will be apparent that the
resistances to be used will differ with
different voltages of charging supply
and also with cells of different ca-
pacity. The ideal voltage for charg-
ing a 6-volt battery would be
approximately 8, as in this case there
would be no necessity to interpose a
resistance, the difference of the volt-
age of supply and that of the bat-
tery being charged not being sufficient
to cause an excess amount of current
to tlow. With increase of the volt-
age of supply, however, such as by
the use of lighting mains, suitable
resistances are necessarv, and the
higher the voltage the greater must
be the resistance. Incidentally, high
voltages are wasteful, inasmuch as
no use is made of the excess, though
it figures in the total cost of the
units used. Carbon filament lamps
are used for charging purposes chietly
because they take almost four times
as much current per candle-power as
do metal-filament lamps (see table
below}.

CURRENT PASSED BY CARBON
FILAMENT LAMPS

Cur mt' .

o a'm-l Voltage of Suppiy.

peres | s
er

Lame. 5. 50. | 100-200. 200-250.
E ‘ [ o7 | 8 c.p. | 16¢.p.
1 8cp.| 16cp. | 32 C-p- watts
1 | 6ep. f16¢.p.| 32c.p. | 6oc.p. (4 Wal
2 60 C.p. | 100¢.p. per ¢.p-

12c¢.p.|32¢.p.
| [ t

Example 1. Suppose the batteiy
has to be charged at 10 amperes and
the voltage of supply = z50.
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Total
= 2,500.

Divide this vzlue by the wattage
of the lamps available to get the
number required. Thus the number
of 6o-watt lamps required =243
42 approx.; 1oo-watt lamps=25, etc.

Example 2. To find the current
which a certain number and value
of lamps will allow to flow.

Four lamps of 6o watts each are
available and the town supply is 250
volts.

watts required = 2350 x 10

Current flowing =
Number of lamps x wattage of each
“Voltage of supply

240

4 % 60
2350 250

= = -g6 ampere.
250

A Typical Charging Arrangement.
In practice the first essential is to

find out what the charging rate of
the accumulator is, a fact which, as
a rule, is stated on the label, though,
as mentioned earlier, it is approxi-
mately one-tenth of the capacity.
The next matter is to provide a
suitable arrangement for holding the
lamps. A simple way of doing this
is to mount a number of batten-type
lamp holders on a board, as shown
in Fig. 20a. The method of connect-
ing the lamps and the accumulator
is clearly shown, and from a study
of this it will be apparent that the
current can be regulated to a par-
ticular ampunt by the removal or in-
sertion of lamps. Any number of
lamps up to the maximum can be
used, but it must be understood that
the fewer that are used the longer
will the charging time be, owing to
the reduced amount of current pass-

COMPAR. ITI VE RESISTANCES

Relalive

Malerial. Res;stauces
Copper o . o
German bmer o . . II'7 to 185
Eureka o o o 20'3
Nichrome . . . . 55%0
Silver . . . 004
Gold o . . . 15
Aluminium o 0 0 1°0
Bronze (aLnut) o . o 15
Zinc o D . . 3:6
Tungsten o . . 39
Nickel . . . 43
Phosphor Bronze \.\bout) o . 47
Platinum . . 53
Iron o . . 61
Tin . . . 81
Lead o o . x2°1
Mercury o . 57'8

Carhon (1t-out) . 2,500 to 6,000

CURRIENT-CARRYING CAPACITY OF WIRES

EUREKA RL'SISTANCE WIRE
Dia- | - Length | Wt. per
P meter | THNS ptr ahm‘ Olhums x,oo%
S.WG. o per in. per yards
inches. | sC mrhes. | yard- | Sy,
|
16 ~064 147 1738 ‘ 021 (3720
18 048 19-6 96-8 037 | 2093
20 036 256 54°4 006 |11-77
22 | -028 322 329 1°10 7-120
2 ‘022 400 203 1477 | 4392
26 | -018 48-8 13°7 204 2:942
28 ‘014 57'8 9-2 301 1-989
30 *012 67'1 05 5'57 1°399
32 ‘010 | 752 49 ‘ 7'35 1-:059
34 009 | 855 36 1012 0-7688
36 007 901 2°4 | 1484 0-5249
38 006 | 118'0 15 J 23-80 03272
Curren? || Current
S.aV.G. Capacity | S.W.G. Capacity
{(Amps.}). (Amps.).
10 19°305% 19 1-8855
1 15-855 20 1-527
12 12+7425 21 1-206
13 9872 22 0°9237
14 7°5403 23 0-6786
15 6108 24 05702
16 48255 | 25 04703
17 36945 | 26 0-3818
18 2715 ” 2 0°31068

,13

| Current Current
S.W.G. | <Capacity S.w.G. Capacity
| (4mps.). ! {Amps.)-
28 | -258 ) ‘0545
29 <218 ] | ‘0425
30 | ‘1812 39 0318
31 1586 40 0272
32 *1374 a1 ‘0228
33 *1178 | a8 ‘0189
34 10098 il 43 ‘0153
35 *OB3I | 44 012
36 ‘0081 45 i 0093
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ing. A table giving the amount of
current that different lamps will pass
on different voltages is given on
an earlier page, and the worked ex-
amples which follow it should make
the calculation clear.

Whilst the accumulators are being
charged, the light from the lamps,

Fic. 208.—Simple Charging Arrangement from
D. ins.

which is only slightly less brilliant
than usual, is being wasted, and this
suggests a method of charging whilst
the lamps are in use. One method
of doing this is clearly shown by Fig.
208,

In this case one lead to a single
peadent lamp is cut and a wire
joined on to each end. These wires
are then simply connected to the
accumulator, observing, of course,
the correct polarity as detailed be-
fore. Amother method. which is ap-
plicable to either a single or three-
light fitting, is to remove the screw-

on cover of a switch and connect a
wire to each of the contacts. The
two wires, after their polarity has
been determined, are then connected
to the accumulator in the usual
manner.

When it is desired #0 adopt this
latter method as a permanent fitting,
it is essential that the two wires from
the switch should be attached to some
form of insulated board, and the ter-

" minals, or other attachments for the

14

accumulator, should be protected so
that they will not be short circuited
or touched when no accumulator is
connected to them.

Determining  Resistance  Values.
Ordinary metal filament lamps are
one of the most popular and con-
venient forms of resistance obtain-
able. The actual value of charging
resistance required will vary, as al-
ready explained, according to the
voltage of the charging supply, the
voltage of the accumulator to be
charged, and the charging rate re-
quired.

To determine this, comnect a bank
of lamps and an ammeter in series
with the battery, as suggested earlier,
and increase or decrease the number
of lamps until the correct rate of
charge (as indicated by the am-
meter) is obtained. Fig. 20c shows
the complete charging circuit.

Charging from a Dynamo. Those
who are not so fortunate as to have
electricity in their homes may be in-
terested in another method of accu-
mulator charging. This consists of
a small dynamo driven by a small
petrol engine. The dynamo should
have an output of 100 volts at 33
milliamps., and 4 volts at 2 amps.

Charging Hints. 1f it is intended
to charge accumulators on a large
scale, have the charging-room well
ventilated in order to dispose of the
gases generated in the accumulator.
Never bring a flame or spark near to
an accumulator during or shortly
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after charge, as the hvdrogen given
off is highly inflammablec.

Avoid high temperatures. The
temperature of any accumulator on
charge should be kept below 110° F.
If this is exceeded, the charge should
be suspended for a time, otherwise
the life of the accumulator may be
shortened.

Never charge at rates greater than
those specified by the makers of the
accumulator.  Continue the charge
until all the cells are gassing freely
and at an even rate, and the specific
gravity of the electrolyte will not
rise any higher. For testing the
gravity of the electrolyte, use a hy-
drometer with a graduated float,
shewing the actual strengths of the
acid.

CURRENT-CARRY'ING
OF LAMPS

CAPACITY

Carbon-filament Lamps

Candle-power. 1 oltage. Current passed.
8 110 <254
16 110 *509
32 110 1-018
© 8 220 127
16 220 <209
32 220 509

Metal-filament Lamps

Cundle-power. Vollage. Current passed
8 110 “00
16 110 -18
32 110 .36
8 220 *049
16 220 “09
32 220 .18

Charging Accumulators from the
Lighting Mains. It is here presumed
that more than one accumulator is to
be charged. It has already been ex-
plained that only direct current can
be used for charging accumulators,
and where the source of supply is
alternating current, it must be recti-
fied in accordance with the instruc-

tions, «nd by one of the methods
described earlier.

The reader has a choice of several
methods. The simplest method where
many accumulators are to be charged
is to arrange a number of them, total-
ling in veoltage that of the mains
(or slightly less than that of the
mains) in series and connect them

“direct to the house supply, making

suitable a-rangements in the form

Ioc

SWITCH o (
+

BATTERY

Fic. 26c.—The complete Charging Circuit.

a slab of slate or marble on

of
which to support the c=lls during
charge.

This method
practicable in the majority of cases,

is, however, hardly
and even where it would be it is
recommended that the local electrical
company De consulted first. Ama-
teurs can, with advantuge, rig up a
lamp resistance board, using batten-
meunting lamp holders, tor by this
means {using lamp resistances of a
voltage to suit the mains supply, but
of various wattages or candle-powers)
it is a comparatively simple matter
to arrange a series of lamps to suit

World Radio Histo
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the charging rate and voltage re-
quired. No ammeter is required, and
the only disadvantage is the cost of
charging (the installation itself is
extremely low in cost), for the cur-
rent dissipated through the lamp re-
sistances, whilst having to be paid
for, is wasted.

It is also possible to charge accu-

mulators by means of a motor gener-*

ator, but this does not come within
the scope of this section,

If it 15 desired to charge a small
number of cells, say one or two, by
means o! the lamp-resistance method,

nect this wire to the negative accu-
mulator terminal, making quite sure
that the wire is of the correct cur-
rent-carrying capacity (see page 13),
and the other wire to the positive
accumulator terminal. These ter-
minals are marked + and on
the top or sides of the accumulator.
Positive is red and negative black.
Do not put the switch in the “on’’
position whilst the accumulator is
being charged. Otherwise you will
short circuit it, and it will be ruined.
TLeave the accumulator on charge
until the plates gas freely, that is,

until bubbles issue freely

TUMBLER
SWITCH

Fi16. 200.—Charging from House-lighting Switch.

the first thing to do is to remove the
switch cover, after having wired the
lamp resistance in parallel.  Next
determine the polarity of the mains
by connecting a length of wire to
the switch terminals (taking care to
keep the switch in the ““off”’ posi-
tion), baring the other two ends,
and then immersing them in a cup
(non-metallic) of water to which a

few drops of vinegar have been
added. Keep the two ends of the
wire as ‘far apart as possible.

Bubbles will issue from the wire con-
nected 10 the negative terminal as
already explained.

It is now only necessary to con-
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from them.

The arrangement just
described is shown dia-
grammatically in Fig.
20D.

Using Lamp Resist-
ances. The {ollowing
simple  example  will
clearly illustrate the use
of lamp resistances for
accumulator charging.

Let it be supposed that
it is required to charge a
2-volt accumulator from
150-volt D.C. mains, and
that the charging rate is
to be 2 amps. Connect
a number of lamp resist-
ances in circuit until, by taking am-
meter readings, the correct charging
rate is obtained.

Connecting Cells. 1If it is conveni-
ent to do so, the accumulators may
be connected in series groups and
parallel groups. For example, if
twenty cells are to be charged, you
may arrange two groups of ten cells,
each connected in series, and then
connect the two groups in parallel or
vice versa. This system is known as
series parallel, and its chief advantage
lies in the fact that it permits cells
of assorted capacities tc be charged
at the same time and without risk of
over-charging.

MAINS
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Corrosion. To prevent corrosion,
wipe with a rag, wet with ammonia,
and then ceat with pure vaseline.
Once corrosion has started, it must
be removed from all metal surfaces
by scraping, filing, or with a wire
brush. Ammonia and vaseline should
then be applied as before. Pay par-
ticular attention to keeping the top

therefore veryv necessary to make up
the water lost by evaparation, but
quite unnecessary to add acid. Fresh
acid should only be added when
some af the original electrolyte has
been lost through spillage, and it
should then be carefully adjusted to
the co-rect strength before adding.

Never allow the level of the clec-

Rybber Bulb

Cravity

Rgadg'g il Class

1240 - Jas
T Barrel

Lead
Shot

Pubber
Mozzle

Fic. 21, —Hydrometer.

of the affectel accamulator clean
and dry. Vaseline is specified as a
preventive of corrosion, because ord-
inary grease contains animal or vege-
table fats which increase rather than
prevent the evil.

Use Distilled Water only. Under
normal conditions, nothing but pure
distilled water shoul¢ ever bLe added
to an accumulafor. \Water evapor-
ates, sulphuric acid Joes not. 1t is

trolyte to fall helow the tops of the
plates  The hest time to add dis-
tilled water is just before charging.
as the gassing of the accumulator en-
sures the liquid being well mixed.
Never carry or store water in any
metallic  vessels other than lead.
Glass, earthenware, or lead-lined ves-
wels are the most satisfactory, and
they should be kept clean and well
covered to keep out imipurities,

17



ACCUMULATOR CHARGING

Precautions. When handling and
mixing acid, the precautions already
given and here tabulated should be
observed:

" (1) Use glass, china, earthenware,
or lead-lined vessels.

(2) Pour the acid carefully into
the water—not the water into the
acid, as this may cause spluttering
and possible personal injury.

(3) Stir very thoroughly and use
a wooden spoon or paddle.

(1) Allow the liquid to cool be-
fore taking hydrometer readings.

Chemical Action Explained. Be-
fore praceeding further, it would,
perhaps, be as well to explain the
chemical action which takes place in
a cell during charge and discharge.
In a fully charged cell (Fig. 19) the
negative plate is spongy lead (Pb)
and the positive plate lead peroxide
(Pb0),), while the electrolyte is a
mixture of sulphuric acid and water
(H,50, and ,0). This electrolyte
is now at its maximum strength.

When the cell is placed on dis-
charge, the acid splits up into H, and
S0O,. The H, combines with some
of the oxygen in the lead peroxide
and forms H,O, while the SO, com-
bines with the liberated Pb to form
lead sulphate (PbSO,). As the dis-
charge continues the gravity of the
electrolyte falls, both plates become
entirely sulphated, and the current
finally ceases to flow. The strength
of the acid is now at its minimum
(Fig. 20).

Direct current must now be passed
through the cell in order to recharge
it.  When this is done, a reverse
action to the above will take place.
The lead sulphate on the plates is
converted into lead peroxide and
spongy lead, while the acid which
has combined with the active ma-
terial in the plates is driven back
into the electrolyte.

Having obtained a clear under-
standing of the above facts, it will
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now be apparent why specific gravity
readings are the most reliable means
of ascertaining the state of charge
in an accumulator. It has beep ex-
plained that the density of the elec-
trolyte increases on charge and de-
creases on discharge. This density
or specific gravity is measured by
means of a hydrometer (Fig. 2z1).
This hydrometer should have a
graduated float showing the actual
strengths of the acid as in the en-
larged view (Fig. 21). Another type
is shown in Fig. s54.

Use of the Hydrometer. Hydro-
meters of the ‘' floating ball’’ type
are practically useless to the accumu-
lator man, as they give no indication
when the acid is too strong or too
weak.  Electrolyte fifty points in
excess of the strength specified by
the makers is quite sufficient to ruin
the plates in most accumulators.

Hydrometer readings can some-
times give a false indication. If,
for instance, acid has been added to
an accumulator instead of water, a
hydrometer reading might incorrectly
indicate the accumulator to be fully
charged.

To correct such false readings, the
accumulator should be placed on
charge until the gravity will not
rise any higher. The eclectrolyte
should then be adjusted by removing
some of the liquid and replacing with
distilled water until working strength
is obtained.

To adjust low specific gravity,
charge until no further rise takes
place, then empty out the electrolyte
and replace with the correct strength.
Charge again until the accumulator
gasses freely and leave it so gassing
for one hour, and then make any
further slight adjustments that may
be necessary.

Additional causes of false hydro-
meter readings are:

(1) An inaccurate or cracked hy-
drometer float.
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(2) Taking readings when freshly
added water has not had time to mix
with the acid.

(3) Wide variations in electrolyte
temperatures.

Hydrometer readings may always
be supplemented by means of voltage
tests. Use an accurate moving-coil
voltmeter, reading 3-0-3 volts, and
take all readings while the cells are
on discharge. Voltmeter readings
taken on open circuit are liable to be
misleading. Low voltages registered
on open circuit indicate that the
cells are exhausted or unhealthy, but
high readings do not always mean
that the cells are in good condition.

Ilaving discussed the charging and
general treatment of a normally
healthy accumulator, let us now con-
sider the various unhealthy cells
which every accumulator man is
called upon to handle {rom time to
time. o

Overcharging. A furred or Dblis-
tered appearance of the negative
plate is often an indication of over-
discharging. 1If hydrometer readings
suggest the presence of strong acid,
charge fully, and then make the
necessary adjustments or change the
clectrolyte entirely.  Over-discharg-
ing cannot be remedied, but it should
be checked at once, and the accu-
mulator given a long, slow charge at
a reduced rate. 1! the evil has gone
unchecked for a considerable period,
the accumulatar may require new
plates.

Excessive frothing on charge and
discoloration o! celluloid boxes is
another indication of too strong acid.
Frothing is sometimes caused by the
presence of an impurity in the elec-
trolyte, and in this case the accu-
mulator should be treated as for
strong acid. Wash thoroughly with
distilled water before adding the
fresh electrolyte.

Swollen or hroken positive plates
are often a sign of over-charging at
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too high a rate. Ill-treatment of this
nature causes high temperatures and
subsequent ‘ growing ”’ of the posi-
tive plates. It is impossible to cure,
and a seriously affected accumulator
generally mquires new plates

A small deposit of sediment in the
bottom of a cell is no canse for alarm,
as there is a slight deposit in cven
a brand-new cell. Excessive deposit,
however, ndicates that the active
material is being forced out of the
plates—probably through over-
charging.

White deposits of lead sulphate or
hydrate ar: caused by l:aving the ac-
cumulator standing in a discharged
condition or allowing the level of
the electroivte to fall below the tops
of the plates. Small deposits may
often be removed by means of a
long, slow charge at, say, hall the
normal rate, but a seriously sul-
phated ceil will often require new
plates and separators.

Reversed Charge. [t sometimes
happens that an accumulator is ‘' re-
versed ''—i.e. connected to the charg-
ing board so that the current flows
through in the wrong direction. In
this case an attempt should be made
to recondition the accumulator by
means of a prolonged, slow charge
in the right Jdirection. This treatment
is generally successful unless the re-
versal has been going on for a con-
siderable period.

Choosing a Vireless Accumulator.
The average wireless set to-day re-
quires an accumulator capable of giv-
ing a small supply o! current over
an cxtended period. A few years
ago radio valves were exceptionally
‘“ greedy,” but nowadays their cur-
rent consumption is comparatively
small.  Accumulator makers have
kept pace with these changes, with
the result that the thick-plate type of
accumulator has been evolved.

These cells have exceptionally thick
and robust plates, specially designed
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to give a small flow of current for a
considerable period. Moreover, they
are not so liable to deteriorate if left
standing in a discharged or semi-dis-
charged condition for any reasonable
length of time.

For about 12s. it is possible to pur-
chase a splendid 2z-volt accumulator
of this type, which will work the
average three-valve set for about a
hundred and fifty hours. Using the
set five hours per day, this gives a
period of one month between re-
charges, and is about the cheapest
and most satisfactory form of low-
tension supply for wircless receivers
obtainahle.

TFor tnese reasons, the owner of
any sct taking 1 ampere or less is
strongly advised to consider the thick-
plate type of accumulator, which will
prove very satisfactory for his re-
quirements.

There are, of course, a number of
enthusiasts with much larger sets re-
quiring a low-tension current of 1 am-
pere or even more.
thin-plate type of accumulator is
still the best proposition. Thin-plate
cells are constructed to stand a far
higher mte of discharge than the
massive-plate type, but they are, as
a rule, more expensive to operate, as
they require more frequent charging.
The purchaser of one of these cells
must remember that, to keep the ac-
cumulator in first-class condition, it
is essential to recharge at least once
@ month—whether it has been in use
or not.

The first question to be asked will
almost  inevitably be—‘ Wet or
dry? " For all-round satisfaction a
good wet accumulator is unbeatable.
The main argument in favour of the
wet accumulator is that it gives a
fairly constant supply of current until
the voltage drops below 1-7 volts per
cell,

The mament you put a dry battery
on your set, the vollage begins to fall

I'or them, the -
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slightly—and this gradual fall con-
tinues until the battery is useless.
Now the voltage drop in a wet ac-
curnulator is not gradual—it is rapid,
but it does not take plice until the
end of the charge is reached. This
ensures a steady flow of current dur-
ing discharge and improved recep-
tion.

There is, unfortunately, always the
question of expense to be considered.
Not all can afford to lay out the
money for a new set of wet accumu-
lators. Dry batteries are cheaper to
buy, but in the long run will prob-
ably prove the more exj.ensive.

For about £3 10s. one can obtain
a splendid large-capacity 10o-volt wet
accumulator (fully charged). This,
with reasonably good care, should
give at least four years’ service, and
the only expense after the initial
outlay will be for occasional recharge.

The Size of an Accumulator. Many
wireless amateurs purchase accumu-
lators far too small for the sets they
use. It is necessary, whea purchasing
an accumulator, to estimate how much
current in ampere-hours is to be taken

from it. Most accumulator manufac-
turers clearly state on the label
affixed to the accumulator its dis-

charge rate, which should not be ex-
ceeded.  For example, suppose you
have a three-valve set using three
-25-amp. valves, the total current
consumption per hour will be 75
amp., and it is no use purchasing an
accumulator which will not stand this
rate of discharge. Another factor is
that you require the accumulator to
work the set for at least a fortnight
on one charge. In selecting an ac-
cumulator, proceed on the following
lines : total up the current consump-
tion of the valves used in your set;
assume this to be -75 amp., and that
you wish to use the set for three
hours every evening. If vou use the
set for three hours every evening it
will be consuming -75 amp. for

World Radio History|
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twenty-one hours a week, equal to
approximately 16 ampere-hours.  In
a month this would total G4 ampere-
hours, and to allow a slight margin
to meet the case an 8o ampere-hour
accumulator should be purchased.

\Whether the accumulator is re-
quired for a wireless: set or for any
other purpose it is necessary, in order
that. you should choose the correct
tvpe, to know what current is to be
taken from it.
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SEDIMENT

Fic. 22.—Sediment should be remaved periodically,
to prevent short-circuiting of plates.

ACCUMULATOR PASTES.—The
following ingredients are required: 4
parts by weight redlead (Pb,0,}, 1 part
by weight litharge (PbO), 1 part by
weight sulphuric acid (1-12 specific
gravity). Add the acid gradually to
the mixture of redlead and litharge,
stirring well until a fairly stiff paste
has been formed. Thorough mixing
is essential, and care must be taken
not to make the paste too thin.

How to Apply. DPlace the grid on
a 4at board and use a scoop to place
the paste in the grid. A wooden
spreader should then be used to force
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the paste into the pockets of the grid.
A piece of newspaper is then placed
on top of the plate, and another flat
board on top of that. This e¢nables
the plate te be turned over so that
it can be pasted on the opposite side.

Drying. Stack the plates carefully
in a warmn room to dry. After three
or four davs dip the plates in sul-
phuric acid (1-25 specific gravity)
and re-dry.

Paste for Negative Plates. Use the
following ingredients: 5 parts by
weight litharge, 1 part by weight of
1-10 specific gravity sulphuric acid.
AMix, apply, and dry as for positive
plates.

For a high-rate discharge cell, the

paste for the negative plates can be
varied as below :
. Litharge, 9996 per cent.; lamp-
black, -03 per cent.; wood flour, -o1
per cent. One-sixth of the total
weight of the above of 1-I0 specific
gravity sulphuric acid.

Use acid of 1-12 specific gravity,
charge at the rate of about -0z amp.
per square inch of the plate arca,
counting both sides of the plate.

ACCUMULATOR REPAIR.—Ac-
cumulator failures and troubles are
usually due to one of the following
causes : sulphated plates, short cir-
cuits inside the battery, low level of
acid, wrong specific gravity of acid,
buckled plates, shedded plates (that
is, plates from which some of the
paste has fallen out), loose conncc-
tors between the cells. fanlty ter-
minal connections.  The usual voltage
and specitic gravity tests of in-
dividual cells will indicate the faulty
cells and the probable cause of the
trouble, bwt it is possible for a bat-
tery to have a comparatively low
output or capacity whilst the voltage
and specific gravity readings are
apparently correct.

Examination of the Eattery. Open
the case and scrape away as muck

World Radio Histo
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dust and dirt as possible by means
of a brush; then clean off all grease
and acid with a cloth moistened in a
solution of washing soda or a brush
dipped in petrol. Do not allow the soda
to mix with the electrolvte. Examine
the terminal connections. If they are
loose, tighten them; if they are badly
corroded, scrape them clean. Ex-
amine the connections to the battery
and make sure that they are not
fraved. Look for cracks in the seal-
ing compound, test the level of the
clectrolyte, and if the level is low
fill up with pure distilled water so
that the level is about } in. above
the top of the plates. After the bat-
tery is fully charged test the specific
gravity of each cell after it has gassed
frecly for some time. If the battery
is in good condition, the reading
should be 1-250 to 1-300. .

Diswnantling and Repair. Accumu-
lators of the bitumen type are usu-
ally made up of single containers in
a wooden case with both lower and
top covers burnt on to the connect-
ing straps and terminals. RBefore any
repair can be undertaken the accumu-
lator should be drained and thor-
oughly washed out.

Remaving Connecting Bars. Use a
drill of the same size as the post, and
drill a hole partly through strap and
terminal. Place a piece of bar iron on
the edge of the case, and with a screw-
driver prise off the connecting bars,
removing the cover and compound.
The compound softens at about 200°
<. It should be heated up with a
blowlamp, after the vent plugs have
been removed and all gas blown from
the inside of the cell by means of a
pair of bellows. It has been known
for explosions to occur through failure
to observe this precaution. Keep the
flame on the move, and then with a
large screwdriver, which has been
heated, clean out the compound along
the edges of the case and work it
about until the cover is free. It will
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then be found possible to remove the
plates by means of two pairs of pliers
gripping the terminal posts. In cases
where a blowlamp cannot be used,
imnierse the battery in boiling water.

Examining the Plates. Gently prise
the plates open and make a prelimin-
ary examination. If the condition is
fairly good remove any visible short
circuit and insert a small piece of
ebonite to prevent the trouble re-

VASELINE

F16. 23.—Method of preventing corrosion of terminals
y means of a vaseline gland.

curring. Now place the group of
cells back in the container, fill up
to the correct level with acid, re-
place the connecting straps, and
charge at about one-third of the nor-
mal rate until the colour of the plates
is good, and see that they are gassing
freely. No attempt should be made
to straighten the plates or replace
the separators until this charge has
been given, as this charge anneals
them and renders then soft and work-
able. After charging, drain and re-
move for further examination. Open
out the plates, remove a few separa-
tors, and joggle the plates free of
each other and the separators. It
will be found that positive plates
suffer more than negative. A slight



ACCUMULATOR REPAIR

rub with the finger on the negative
plates should produce a shiny lead
appearance. If they are hanl, bulged,
and have a rough granulated ap-
pearance, and if the positives are
cracked, soft, or brittle or thin, due
to shedding, the plates are useless,
and new ones should be obtained.
If the positives and negatives are
hard, white with sulphate, and dry,
do not waste further time upon them.
If the plates are usable wash them
under the tap, and interleave wooden
boards of the correct thickness, finally
pressing them between wooden cramps
in the jaws of a vice. Charged nega-
tives should not be kept out of acid
or water for more than a few minutes
at a time.

The Posttive Plates.
to the positive plates. These are
rather more delicate; if they are
buckled they may be straightened in
the vice in the same manner as the
negatives, or the edges may be gently
gone over with a pair of parallel jaw
pliers.

Lead Burning. This requires con-
siderable experience and apparatus.
Plates of different ages or types
should not be used for the repair of
any particular group, but a positive
group need not necessarily be of the
same age as the negative group used
with it. If all the plates are bad it
is cheaper to buy a new set, but if
only one or two require replacing this
may be attempted.

If the plates to be replaced are on
the outside, saw them off just below
the connecting strap. If one or two
inner plates are to be replaced, break
them off at the lug close to the junc-
tion with the connecting strap by
bhending backwards and forwards with
a pair of pliers.

Saw slots in the strap to receive
the lugs of the new plates with a
good fit.

A burning rack is now reqaired to
hold the plates firmly in position.

Now attend
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An oxy-coal, gas, or acetylene flame
is required ror burning. The parts
to be joined should be thoroughly
cleaned by scraping, and heat being
applied caretully by a small pointed
jet, lug and connecting strap are
melted together, lead being added as
required.

Renewing the Separators. Always
renew the separators after the plates
are removed. when they are made of
wood. Hard rubber and ebonite
separators can usually be used again.
After replacing the asserabled plates
and separators in the cell, immedi-
ately fill with electrolyte of specific
gravity 1-300 to } in. above the tops
of the plates. Scrape the inside clear
of compound ready to receive the
covers, Clean these with boiling
water. The covers can be fitted over
the plate posts before or after fitting
in the boxes. When the cover has
been fitted, pour sufficient compound
around the edges to effectively seal
the top, and level off by application
of the gas flame or a piece of hot
iron. If the cover is a loose fit, a
piece of ashestos string can be in-
serted to siop the compound from
running through. The compound is
heated in a plumber’s ladle on an
ordinary gas-ring. Next charge the
battery at about one-third of its
normal rate. and if at aay tilne dur-
ing this period the temperature ex-
ceeds 100° F. reduce the charging
current. Continue the charge until
no further rise in voltage or specific
gravity takes place for a space of
four hourg, after which the charge
may be coasidered complete.

Adjusting the Electrolyte. Various
changes will have taken place in the
newly added electrolyte. due to the
action of sulphate soaking into
separators and plates, and the effect
of charging. At the end of charge,
if the specific gravity of any cell is
above 1-300 draw off some of the
electrolyte and replace te correct level
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with distilled water. Use good-quality
acid when necessary to replace it.

If the specific gravity is below 1-300
draw off some of the clectrolyte and
make up with acid of 1-400 or 1°350
specitic gravity. Charge the battery
again to mix the electrolyte thor-
oughly, and test again. Continue the
adjustment, until with the electrolyte
at the correct level the specific gravity
is 1-300. Never add any but dis-
tilted water. Tap water should never
be used.  Refer to the tables on
page 4.

Correction for Temperature. The
values given on page 4 are correct fora
temperature of 70° F. A correction
must be made if the temperature
differs  from  this.  To obtain the
actual specific gravity at 70° F. add
one point to the reading obtained for
every 3° the temperature is above
70°, subtracting one point for every
3° below this temperature.  Some
makers prefer a lower specific gravity,
and in such a case the table given
here should be used.

Actual Hydrometer Readings at

- L Temperatures shown below to
.,omhlwn' give 1-280 at 60° I
L) S S
Cells, | | i 100°
40°F.(50°F. |60°L". 70°F . 80°F .|90°F. ¥

Fully
charged 1-288 1-284/1-280 1-276 1-272 1-268|
Half dis- ,
charged 1-207|1°204(1°200'1:196 1°193{1-189
Fully dis-|
chargcdl

1:264
1-186
1098

}
I'IISII‘II3‘I‘IIO‘I'107 I‘IO.‘II‘IOI

To ensure satisfactory working the
battery should now bhe charged at
its normal rate until fully charged,
when it should be discharged through
a coil or water rheostat at its normal
discharge rate until the voltage equals
an average of 1°8 per cell. This dis-
charge current should bhe kept at a
constant value by varying the rheo-
stat, and the number of hours for
which the battery will give out this
current should be noted. The pro-
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duct of hours and amperes gives the
capacity in ampere-hours.

Effects of Quercharging a Battery.
Except in the case of a sulphated
cell, when gassing takes place at the
plates at all times, gassing on a large
scale only occurs when the chemical
changes at the plate are nearing com-
pletion. Consequently, continued
gassing after such completion of
charge has taken place is simply
wasting energy. In any case, the
charge should be reduced so that gas-
sing is not excessive. If continued in
excess the gas which is being pro-
duced in the pores of the plate causes
disruption of the paste, loss of capac-
ity due to shedding, and perhaps
short circuiting. A battery is kept
in better condition if at some period-
ical time, say once per week or fort-
night, it is given a prolonged gassing
charge, as this ensures all the active
material being in a healthy condition.
This will give an efficient battery, but
overcharging generally is of no value,
and may be detrimental both to the
life and capacity of the cells, It is
indicated by high specific gravity at
all times.

Effects of Under-charging.
ally under-charging, on the other
hand, is bad policy. It is not good
practice to get as much out of a bat-
tery as possible nor to use it without
sense or reason. Nothing undermines
the efficiency of a battery so much
or reduces its useful life to such a
degree as persistent under-charging.
If the voltage per cell is allowed to
fall below 1-8 repeatedly, and dis-
charge is continually drawn from it
at this or lower values, sulphation in-
variably occurs. The sulphate so
formed is the same as that produced
when a battery is left for long periods
in a discharged state, and is of the
hard, greyish crystalline kind, which
is an insulator, and is so hard to get
rid of. Under-charging is indicated
by low specific gravity.

Habitu-
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really another
electrode
which {orms
two other
cells with the
positive and
negative
plates and
the acid.

To make a
cadmium test,
place the cad-
mium between
the plates
and the centre
sections

Fi6. 24.—Testing a fully charged A 1 with a Cadmium Tester. .
as escribed,
and make
The Cadmiuni Test for Faulty contact with the other voltmeter
Plates. An instrument known as a  terminal on + and — lead ter-

cadmium tester i5 really a voltmeter
with a central zero reading on its
scale, an arrangement which permits
of polarity tests. Two ftlexdble leads
are attached to it. The positive lead
is of the ordinary type, but the nega-
tive lead has a picce of cadmium
about 4 in. long by } in. diameter
soldered to it. This cadmium ex-
tremity has a  perforated  rubber
covering or chouiie tube covering, so
that when usel the metal cannot
make direct contact with the plates.
This nega-

tive lead
placeced
through one
of the vent
holes into
the liquid
between  the
two  plates,
and  prefer-
ably in the
centre of
the section.
It will
readily
be perceived
that the cad-
mium is

is

P.W.E.—R
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minals of the cell alternately. The
reading with the contact on the +
terminal should be to the right of

zero and about 24 to 2:5 volts.  The
reading with the contact on  the

—terminal should be to the left of
zero and about —o15 1o —o0-2 volt.
‘This is obviously equal to a voltage
of 2 p+015=255 volts between
battery terminals. If the positive
reading is appreciably less than 2-4
volts, or the negative near zero or
even on the + side of zero the posi-

Fic. 25.~Tusting a discharged Accumulator with the Cadmium Tester,
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tcive or negative plates respectively
are defective. Towards the end of
charge the cell voltage is obviously
the sum of the two readings ob-
tained. ’

Celluloid Accumulators. Celluloid
cases are either moulded or built up.
Plastic celluloid is made from a mix-
ture of nitrate cellulose and gum cam-
phor in amylacetate, pressed in a
mould or rolled into sheets. The
sheets, cut to size, have their edges
stuck together with a paste made of
celluloid and amylacetate.

The only advantage of the celluloid
jar is its transparency. Its great dis-
advantage is its intlammability.

Examination of plates can be made
without opening out. To open out,
when necessary, insert the blade of
a knife in the join between cover and
side of jar and prise open.

To repair case after overhaul of
plates, scrape the edges of case and
cover with a knife. Dissolve some
scrapings of celluloid in amylacetate
to form a thick solution and apply
this to the edges to be joined. Clamp
in position by clips until set. Keep
all terminals and connectors coated
with vaseline to prevent corrosion.

Nickel-iron Cells. Top up with
distilled water to level indicated above
plates; never add acid or use it in
any way in dealing with this type of
battery. Keep filler plugs tight, and
do not expose electrolyte to air longer
than neeessary.

Keep cells clear of dust and mois-
ture. The specific gravity of the
electrolyte falls with age and must
be completely renewed when it falls
below a certain value. Nickel-iron
cells are worked at specific gravity
1-190 and are considered exhausted
when this falls to 1-160. The cells
can be stored for any length of time
if charged and then partially dis-
charged. Before being put in service
again charge fully. To prepare the
liquid electrolyte from the solid, in

which form it is supplied, add 1 1b
of solid to 2 Ib. of distilled water,
or by volume 1 gallon of water, which
is about equal to 10 lb., to 5 lb. of
solid. Do the dissolving in perfectly
clean iron, glass, or earthenware re-
ceptacles.  Galvanised or soldered
vessels .should not be used. The
slightest trace of lead battery acid
in the electrolyte will lower the capac-
ity of the cell, and greater quanti-
ties will destroy it.

The Nickel-Iron-Alkali  Accumu-
lator. In this type of cell the posi-
tive plate is a stout steel frame in
which are fixed a great number of
perforated steel tubes filled with
alternate layers of nickel hydroxide
and nickel. The negative plate, also
of steel, binds together a large num-
ber of rectangular pockets filled with
powdered iron oxide.

The electrolyte is a solution of
potassium hydrate having a specific
gravity of 1-jy00. This alkali does
not attack the steel grids or con-
tainers, but if exposed to the air it
combines with carbon dioxide and
forms useless potassium carbonate, so
that the containers must be almost
air-tight, yet permitting gas to escape
from the inside. The electrolyte is
necessary to bring about the transfer-
ence of oxygen from one plate to the
other on charge and discharge, but does
not change in composition or specitic
gravity value during the working of
the cell. Voltage readings, there-

-fore, form the only means of deter-

mining the state of the cell.

The voltage of any cell depends on
the materials used for the plates.
That of the nickel-iron type is found
to be 1-25 when fully charged, and
about 11 volts when discharged. Its
great advantages over the lead-acid
type are its smaller weight, greater
robustness or mechanical strength, ab-
sence of acid, and freedom from
troubles caused by short circuiting.
The nickel-iron-alkali accumulator
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DYNAMO discharge only the surface of the
plates is acted upon, and acid dif-
/) / fusion being limited, the capacity

2, suffers temporarily. A safficiency of

charge must, of course, have been
-+ given to the plates to convert the
paste to chemically active material
in the first case. If a lead-acid cell
be discharged below 1-8 volts per cell,
trouble may ensue. The conducting
sulphate of the discharged negative
plate is converted to hard non-con-
ducting sulphate, which is so difficult
to reconvert to useful spongy lead,
and covers up areas of useful paste
from the action of the acid. The
capacity therefore decreases when
such sulphate is produced, and in the
endeavour to get rid of it, shedding
of paste, with consequent loss of

MAIN
TERMINALS

Fic. 26.—Method of testing a Dynanmo for Polarity.
(See also Fgm. 17.)

has been used with marked success

for motor-cycle lighting.

Cuapacity of a Cell. Cavacity de-
pends on the amount of active ma-
terial available, the charge put into
the cell, the rate of discharge, the
temperature and the state of the cell
as regards sulphation, and short cir-
cuit. The condition of the plates has
a great deal to do with the capacity
of a cell and its ability to hold a
charge.

The amount of active material
available depends on the quantity
upon the plates and the acid which
has access to it. At slow rates of
discharge, the acid can circulate into
the pores of the plates, and thus the

greater portion of the paste will be i . .
chemically active. At high rates of Fic. 27—1“""2’;2‘",:",{—',';%‘;"')" for P°l.‘"""
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capacity or internal short circuiting
of plates, results with decreased
capacity, and still more sulphating.
Temporary loss in capacity therefore
always results from too-rapid dis-
charge, whilst prolonged discharges
below 18 volts, or leaving the cells
in a discharged state results in sul-
phation and permanent injury, which
it is almost impossible to rectify.

Removing  Sediment and Sludge.
If only cne cell of a battery is de-
ficient, and it is required to empty
the box of acid and sludge after the
plates are taken out, this should be
done by a syphon or sludge pump.
The case should not be tipped, or
the deposit in the good cells gets
mixed with plates and separators to
their detriment, considerably shorten-
ing their life,

A syphon can be made from a piece
of lead tubing to which is attached
a longer length of flexible rubber
tubing.  The syphon, filled with
water and with both ends closed,
should be placed with its lead end
below the liquid level in the box, and
the other hanging to a lower level
outside, and then the ends opened.
Acid will then be drawn over, and
the sludge, stirred about by the
piece of lead tubing, will come over
with it. Meanwhile, water is run
into the box for so long as is neces-
sary to rid it of all traces of scdi-
ment.

Battery  Charging by Rotary
Machines. A number of single
machines of the rotating type for
rectifying A.C. are available when
accumulator charging is to be done
on a large scale. Connections at one
end are ta the A.C. supply, whilst
from the commutator end of the
shaft connections are made through
an automatic cut-in and cut-out to
the batteries on charge. In larger
sizes a transformer is used, connected
between the A.C. supply and the slip
rings Jor terminals. The machine
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works with very little attention and
has an output of 50/60 volts, jo am-
peres.  This would charge up ten
G-volt or five 12-volt batteries in
series, or a larger number at a lower
amperage than 3o in parallel.

A wall-type series resistance regu-
lator enables the set to be used for
charging as low as one 6-volt battery
alone, or more in series, according to
the value of the resistance inserted in
the rheostat.

For large garages and charging
equipments, larger types of rotary
converters  or  motor-generator  sets
are perhaps more convenient. These
may be ordered for any given output
on the D.C. side, and suitable for
connection to any A.C. supply at any
voltage and frequency. The particu-
lars  required are the number of
phases, single-, two-, or three-phase,
of the A.C. supply, the voltage and
frequency; and the output in volts
and amperes required on the D.C.
side for charging the maximum num-
ber of batteries at once. Reckon
about 3 volts per cell when calculat-
ing the D.C. voltage.

Portable Accumulators. One of the
many difficulties with which the de-
signers of portable wireless sets have
had to contend is the question of the
low-tension accumulator.  An ordin-
ary dry battery can, of course, he
used for the high-tension supply, but
the standard low-tension accumu-
lator is quite unsuitable for use in a
portable set owing to the danger of
spilled acid.

As a result of this, nearly all port-
able sets are fitted with special un-
spillable cells of either the *‘free
acid”* or ' jelly acid”’ type. These
small unspillable cells require rather
more careful handling than the ordin-
ary low-tension  accumulator, and
some practical hints on their main-
tenance now follow.

Firstly, the average unspillable cell
is very often too small for the job !
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The fault lies, not with the battery
makers, but with the designers of
the sets, who leave a ridiculously in-
adequate space for the housing of the
low-tension battery. 1t is obviously
false economy to fit a four- or five-
valve set with a cell ot cnly 15 to
20 ampere-hours’ capacity, as the cell
will spend as much time at the charg-
ing station as it will an the set!

It is this smallness of many un-
spillable cells that gives risc to a
large percentage of our battery trou-
bles during the summer months.
These cells are not designed to hold
their charge over a lorg period and,
even when fully charged. they should
never be allowed to stand for more
than a month without a freshening
charge, If this precautien is neg-
lected, the cells show a tendency to
sulphate, and soon become quite use-
tess.

Sulphation takes place much more
rapidly if the cell is left in a dis-
charged or partially discharged con-
dition, and this is, unfortunately, all
too frequently the case with unspill-
able accumulators. Let us suppose
that the portable has been used in
the garden during the weck-end and
then closed up and forgott-n for per-
haps a couple of weeks. The cell
has been left in a half-charged state
and, when wanted, will probably be
found to have the plates covered with
a white deposit of lead sulphate.

Slight traces of sulphate may be
removed by slow and careful charg-
ing, but a seriously sulphated cell
will require extensive repairs, costing
about half the price of a new accumu-
lator.

Another point in connection with
these small-capacity portable cells is
that they require more careful treat-
ment at the charging statton. If we
are using a 60 ampere-hour cell, and
are getting about 50 ampere-hours
from it, we scarcely notice the de-
ficiency. But a drop of ¢nly 5 am-
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pere-hours in the capacity of a 20
ampere-hour cell is a serious loss,
and charging bills hegin to mount
up at ar alarming rate. Tt is advis-
able to take your batferies to the best
charging station and to ensure that
they are ahways returned in a fully
charged condition. '

The following few simple rules
will enable you to obtain better ser-
vice from your unspillable cells.

Charge  whenever the  specific
gravily falls to 1100 or the voltage
to 1-8. In any case, charge at least
once a month.

Unspillable cells of the *“ free acid "’
type may be tested in the usual way
by taking hyvdrometer readings of the
specific gravity of the electrolyte. It
is, however, impossible to test the
gravity of a ‘“jelly acid’ cell, and
the only way to ascertain the state
of charge is by taking voltage read-
ings.

Maintain the acid level by adding
distilled water only, but be careful
not to fill above the ‘‘danger line.”’
Even an unspillable cell may leak if
the correct volume of electrolyte is
exceeded. '

Keep all terminals and connections
clean and well coated with vaseline,
and make sure that the filling plug is
screwed up tight.

ACCUMULATOR TROUBLES—
CAUSE AND CURE.—One of the
most  common causes of battery
failure s over-discharging and then
leaving the battery in a discharged
condition. During the autumn and
winter 1months the risk is, of course,
greatly ceduced, as the battery (par-
ticularly when employed for multi-
valve sets) is often in almost constant
use, and is therefore charged and dis-
charged at fairly frequent intervals.

In the summer, however, the wire-
less set or radiogramophone is no
longer in such demand.

Theretore, it is necessary to take
precautions that the wireless accumu-
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lators (and also wet high-tension bat-
teries, when such are used) are not
left discharged and neglected, or sul-
phation will inevitably follow and,
unless immediate steps are taken to
check it, the affected batteries soon
become bevond repair.

Sulphation. 1t is worth repeat-
ing that certain types of batteries
are far befter equipped to withstand
sulphation than others. Most bat-
tery manufacturers market—under
various names-—cclls of the “*slow-
discharge ** type. They are generally
assembled in glass containers, and
have exceptionally thick and robust
plates. These plates are so con-
structed as to give a small supply of
current over a long period, and are
admirably suited for the average two-
or three-valve set, or for bell work.

If the Latteries are of this type,
the risk of sulphation—even if the
battery is to stand idle for several
months — need cause no alarm.
Merely see that the cell is given a
long, slow discharge, clean and vase-
line the d‘erminals, and it should
stand for a period of quite six months
without the slightest ill effect. It is
advisable to examine the cell from
time to time to ensure that white
specks of lead sulphate are not form-
ing on the edges of the plates.

Celluloid Cases. Batteries capable
of standing a much higher rate cof
discharge than the above are fre-
quently assembled in celluloid cases,
and consist. of a large number of thin
plates with  wooden  or  ebonite
scparators.  While suitable for being
charged and discharged more quickly
than the thick-plate type, these cells
require more careful treatment when
not in use.

Stopping  Acid  from  Creeping.
When the acid in a high-tension
battery begins to ‘‘creep,”’ the wire-

less enthusiast is placed in a decidedly
unpleasant  situation. Unless  the
problem is tackled correctly and im-
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mediately, the nuisance will persist,
until eventually the acid will spread
all over the cells, connectors, and
even down to the battery box and
to the floor. This acid ‘“creeping "’
is more common in batteries known
as ‘““open topped.”” The prevention
and cure may be carried cut by any
amateur with very little trouble and
expense by adopting the procedure
which is outlined below.

First of all, take the plates out of
the cells and empty them of acid.
Replace the plates and fill up the cells
with pure distilled water to } in.
above the top of the plates. Now
put on charge for thirty hours. At in-
tervals, see that the water covers
the plates. On no account must the
tops of the plates be allowed to pro-
trude the very slightest amount above
the surface of the water.

After Dbeing thoroughly charged,
empty the water out and wash the
cells clean and then dry. Next, not
quite boil them in ammonia water for
five minutes. Clean and then dry
thoroughlv.

When handling the plates in this
condition, the utmost care should be
exercised that the paste is not dis-
lodged.

Melt a sufficient quantity of paraffin
wax in a dish. Take great care not
to tip the wax into the flame. Take
each cell and dip the top about } in.
into the wax. The connecting bars
of the plates must be treated in the
same way.

Allow the wax to harden and then
re-assemble the battery. Fill up with
fresh acid of correct specific gravity
and charge in the manner already de-
scribed.

What is the Electrolyte? Tt con-
sists of a mixture of pure sulphuric
acid and distilled water. If you are
filling your own batteries and *“break-
ing down "’ strong acid to the required
strength, the precautions already
given should be observed :



ACCUMULATOR TROUBLES — TYPES

When refilling the accumulator, use
a small celluloid or glass funnel,
taking care not to spill or splash the
acid over the top surface of the ac-
cumulator, for carelessness of this

POSITIVE QLATE .

L WOODEN SEPARATOR

Fic. 28.—Section of a Heavy-duty type of
Accumalator
description is the chief cause of cor-
rosion of terminals.

Corrosion is best prevented by re-
moving all traces of acid from ter-
minals and connections (by wiping
with a rag moistened with ammonia)
and then coating all metal parts with
pure vaseline.

Once corrosion has started, it is
necessary to scrape the affected parts
clean, remove all traces of acid as
before, smear with vaseline and then
carry out the instructions given on
earlier pages.

Rale of Discharge. No harm is
Jdone to the plates if the battery be
discharged at any rate of current that
it will deliver. The higner the rate of
discharge, however, the faster the
drop in voltage, and if a battery is
Jdischarged at higher than the *‘nor-
mal’’ rate the full number of ampere-
hours will not be obtained. A high
rate of discharge should not be con-
fused wita overcharging i(too many
ampere hours taken out af the bat-
tery). If a battery bie accidentally

3z

over-discharged, and immediately re-
charged, very little damage will be
done.

ACCUMULATOR TYPES. —The
accumulator is obtainable in a number
of differrnt types, the principal differ-
ences being in the container or dis-
position of the plates. The most com-
mon form consists, of course, of the
celluloid container” with thin plates
having a large discharge rate. The
glass container usually has the thick-
platearrangement givingslow discharge
rates but large capacity. In addition,
there are of course the larger moulded
case accumulators used for cars, etc.

The accumulator of to-day consists
primarily of a number of positive and
negative plates bunched together and
immerse] in a dilute solution of sul-
phuric acid. Each set of plates is
connected 1o a commen terminal, and
the individual plates are kept apart
by means of wood or ebonite separa-

tors. The outside plates are always
negatives, so that there is always one
more negative than positive (Fig.
28).

The positive plates are of lead
peroxide while the negatives are
composed of spongy lead. These

active materials, as they are called,
are imprisoned in the plate grids in

o/
7

Fie. 29.—A Positive Accumulatos
Plate of the Rosette type.
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Fi1c. 30.—Section of a Slow Discharge
type of Accumulator.

a number of different ways.  The
grids are merely supports for the
active material, and are generally
made of an alloy of lead and anti-
mony—this being harder than pure
lead.

In many accumulators the active
material is ** pasted ’* on {o the grids,
while others employ the “*box " type
of plate, consisting of a narrow, per-
forated box filled with active material.
Again, the active material is some-
times forced’into the grid in the form
of rosettes of gimped lead tape (Fig.
29).

Thick-plate Cells. There is, of
course, a very popular type of ac-
cumulator which often has only two
plates.  These are known as the
slow - discharge or thick - plate
type, and are particularly suitable
for working bells or supplying the
low-tension current for wireless sets,
These cells have excepticnally thick
and robust plates specially designed
to give a small flow of current over
an extended period (Fig. 30).

Thick-plate cells are intended
for small discharge rates only, say
up to 2 amperes, and the rate of
charge should be kept correspond-
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ingly low. The robust design of the
plates renders them singularly free
from sulphation, and the cells are
therefore able to stand for consider-
able periods without recharging.

Plates of similar design are em-
ployed in the modern high-tension
battery, and in any accumulator
where the discharge is slow or inter-
mittent. and where recharging may
only be carried out at infrequent
intervals. Slow-discharge cells are
particularly  suitable for operating
bells, telephone, electric clocks, and
burglar, or fire, alarms,.

Thin-plate Cells. Thin-plate cells,
as shown in Fig. 28, are recom-
mended for heavier duty than the
‘“slow-discharge ”” type. The con-
struction of the plates renders fre-
quent recharging essential, as they
are more susceptible to sulphation.
These cells will give comparatively
heavy currents over long periods, but
should be recharged at least every
three or four wecks.  They stand up

to a quick charge, and discharge
better than the ** thick-plate ' types,
and are  suitable  for multi-valve

radio sets, model driving, and simi-
lar tasks. These cells are assembled
in both glass and celluloid cases, but
owing to its heat-resisting properties
the glass-case tyvpe is always recom-
mended for use in tropical climates.

The thin type of plate is also fitted
in the small unspillable cells supplied
for portable wireless sets and elec-
tric hand lamps. These cells have

—

F16. 31.—The Grid ready for pasting.




ACCUMULATOR TYPES

an acid trap which permits the gases
to escape, yet renders the spilling of
elcctrolyte impossible.  Another im-

F16.32.—2-volt Cellfor Radio purposes. The moulded

glass container obviates the use of separators.

portant feature of their design is that
the plates are always immersed in
the acid even when the receiver is in
either the carrying or operating posi-
tion. Many of these portable cells
are renderet doubly unspillable by
filling them with ** jelly " eiectrolyte;
although their capacity for holding a
charge is considerably reduced.

Thin-plates are also’ employed in
the construction of the modern car
starting and lighting battery.

These batteries are assembled in
non-conducting  composition  con-
tainers, or ebonite boxes in wooden
trays., They have a large number of
plates per z2-volt cell (sometimes
twenty-five. or more), and are de-
signed  to withstand exceptionally
heavy rates of charge and discharge
\see Fig. 23).

When the electric starter of a car

P.W.E.—B*
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is pressed, the current from the bat-
tery drives the starting motor, and
this in turn ‘‘cranks’ the engine.
While the engine is running, it drives
a charging dynamo and generates
carrent for recharging the battery.

This rate of recharge is very high
—anything from 8 to 20 amperes
under normal running conditions—
while the strain placed upon the bat-
tery during the actual start is truly
tremendous. A standard car battery
of 100 ampere-hours capacity will
deliver a starting current of about
260 amperes for five minutes, or 120
amperes for twenty minutes.

Motor-cycle batteries, while not
called upon to deliver such large
currents as car batteries, are of simi-
lar robust construction. lead and
tail lamps and an electric horn place
a very heavy strain upon the bat-
tery, which has to be particularly
strong to withstand the abnormal
vibrations to which sll motor-cycle
accumulators are subject.

For the lighting of trains and buses
and the propulsion o1 electric vehi-
cles a special type of battery is
again necessary. One method of
accomplishing this is to enclose the
active positive material in slitted
ebonite tubes instead of the cus-
tomary grid of lead or lead alloy.
These slitted tubes altow the electro-
lyte free access to the active ma-
terial, yet hold the latter in position
more satisfactorily than the ordinary
flat lead grid. This gives a longer
life, and enables the battery to
withstand the abnormally heavy de-
mands made upon it from time to
time.

Plante and Faure. In the large
batteries for house-lighting and simi-
lar work, various types of plates are
employed, but all are modifications
of the two principal methods named
after their inventors—Plante and
Faure,

In the Plante type of plate, the

World Radio Histo
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active material is ‘‘formed’ in a
thin layer on the lead grid, and a
large surface is therefore nccessary
in order to get sufficient volume of
active material. This difficulty is
usually overcome by grooving or
laminating the plate, and thus pro-
curing a surface arca of about ten
times that of a plain lead sheet of
similar size. The Faure tvpe of
plate is generally a pasted grid or a
lead grid containing pellets of active
material.  Box-type negative plates
are often used in conjunction with
Plante positives, and the whole as-
sembled in large glass containers.
Tremendous batteries of this type
are built up (some have a capacity
of over 2,000 ampere hours), and
are used for a variety of purposes
—house, yacht, and factory lighting,
or supplying the extra power required
by electric sub-stations during ‘‘ rush
hours.”” They are also installed as
emergency equipment (automatically
coming into operation when the nor-
mal supply fails) in banks, hospitals,

cinemas, large stores, and public
buildings.

Edison or Nickel-Iron Accumu-
lators. It will be noticed that the

foregoing types of accumulators are
mostly of the lead-acid type, but this
volume would be incomplete without
some reference to the Edison or
nickel-iron type of battery—the only
practical accumulator that does not
embody the use of lead.

The plate grids of the Edison ac-
cumulator are of steel, and carry per-
forated steel tubes or pockets con-
taining the active material. The
positive plate is packed with alter-
nate iayers of metallic nickel and
nickel hydrate, while the negative
is packed with iron oxide. All con-
tainers, - terminals, and connectors
are of steel, and the electrolyte is a
solution of potassium hydrate.

These cells are remarkably strong,
and the absence of any corrosive acid
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is a great advantage. Furthermore,
they do not deteriorate if left stand-
ing in a discharged condition, and
the plates do not buckle or sulphate
—serious defects in the lead-acid ac-
cumulator. The only disadvantage
of the Edison type of accumulator is
its low voltage, which is only about
1-3 volts per cell.

Unspillable Accumulators. As al-
ready stated, there are instances, as
with portable wireless sets, where it is
necessary that the accumulator should
be unspillable. Most manufacturers
now list an accumulator of this type,
and it is marketed in two forms.
The first consists of the usual acid-
filled accumulator with a non-leak-
ing valve fitted in place of the usual
vent, and the second consists of an
accumulator with either a gless-wool
or jelly electrolyte.

An accumulator filled with jelly
electrolyte has one very obvious ad-
vantage over the more common or
acid type—-it is unspillable. In ad-
dition to being of speciul value for
portable wireless sets, jeliy acid cells
climinate the possibility of damage
to furniture and carpets through spill-
ing or leaking.

Jelly electrolyte consists of sul-
phuric acid to which a given propor-
tion of sodium silicate has been
added. Jellification takes place at
varying speeds according to the pro-
portions in which the two chemicals
are mixed. A suitable mixture which
jellifies in five or six minutes is—-1
part of pure sodium silicate (1-200
specific gravity) to 3 parts of cold
sulphuric  acid  (1-400  specific
gravity).

As jellification takes place fairly
rapidly it is essential to arrange that
the entire operation may be carried
through without any hitch or delay.
The cell to be filled with jelly acid
should be given a first charge, using
ordinary free sulphuric acid. This
acid should then be poured off, and
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the cell inverted and allowed to drain
for about half an hour.
ACETONE.—A colourless liquid
related to acetic acid; pyro-acctic
acid, sometimes used in wireless for
jointing and repairing celluloid. Used
as a solvent for fats, camplor, and
resins, for making chloroform. Also
known as dimethyl-ketone and methyl-

acetyl. It is very inflammable. (See

Amyl Acetate.) -
ACIDOMETER.—Apparatus for

measuring the strength of acids. A

hydrometer (which see).

ACLINIC LINES.—Any line on a
diagram or map which represents the
magnetic equator.

ACOUSTIC.—The sense of hearing,
the science of sound is known as
acoustics.

ACOUSTIC FEED-BACK.— The
cffect produced when the sound from
loudspeakers feeds back to the micro-
phone.

ACOUSTIC WATT.—Fhe unit of
sound energy, based on a reference
level of 10-1y watt per squ. certimetre.
(See Bel, Decibel, Neper, anc Phon.)

ACOUSTIC WAVES.—S o und
waves,

ACTINOMETER.—A pparatus
which measures the actinic value of
light.

ADAPTOR, SHORT-WAVE.—See
Circuit and Short-wave Adapior.

ADMIRALTY UNIT.—The unit of
capicity
known as the
Jar (which
see).

ADMIT-
TANCE .—
Anything

" Fic. N 3?‘ —ThT wire passed which aids
i ke (naufator to form ® ¢yrrent  flow
in a circuit.

Mav be calculated by dividing 1 by
the impedance, The unit is the Mho
(ohm reversed).

AEO LIGHT.—A lamp used in the
production of sound or ' talkie”
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films, and yielding a glow which has
greater actinic value than a neon
lamp. A microphone is employed to
convert the speech and music into elec-
trical vibrations, which are changed
into light variations (through the
medium of the Aeo Lighi), and are
thus recorded on the fiim.
AERIALS AND EARTHS.—The
two most important factors in the
efficiency of an aerial are insulation

Fic. 34.—For a Single-wire Aerial
!hrce lrlnuhturs should be fitted at

each ens

and height. The encrgy collected by
the aerial is quite small, and, con-
sisting of ‘‘ high-frequency currents,"’
takes the shortest path to carth.
One must therefore take care that the
shortest path to earth is through the
tuning coil of the set, and not via
the mast ar house to which the aerial
is fixed. For the same reason the
actual aerial wire should be suspended
in such a position that it does not
run parallel with any earthed body,
such, for instance, as a wall or roof.
Three feet should be considered the
very minimum distance which should
be allowed between the aerial and
any other earthed body.

The Mast. The most satisfactory
mast consists of sections af steel tub-
ing screwed together, with the bottom
section about 2 in. in diameter, and
the top about 1 in. Lengths of the
timber known as =2-in. quartering
may also be bolted together to form
quite a good strong mast. A pulley
should be fixed at the top to enable
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the aeriul to be lowered periodically
in order that the insulators may be
cleaned. The mast should be sup-
ported by guys at either side and at
the back. These may be of either
rope or galvanised wire, and should
each be broken in two places and
insulators inserted.

Where a total length of 6o ft. can
be obtained, use a single-wire aerial,
but if the amount of space at vour
disposal will only allow a run of
about 30 ft. or less, then use a
double-wire aerial with the two wires
spaced by means of a bamboo stick,
with a separation of 3 ft. Do net
have the wires closer than this.

Egg and Reel Insulators.
sulators of either the egg or reel
variety are both cheap and effi-
cient, and in the case of a single-
wire aeral, six should be the mini-
mum to use, three at either end.
They should be joined together to
form a chain, as shown in Fig. 34,
and at the lower (or garden) end
one end of the chain should be at-
tached to a length of good quality
rope threaded through the pulley.
One ena of the aerial should be se-
curely fixed to the other end of this
chain. At the house end, the other
chain of three should be fixed to a
pole, or a length of galvanised wire
attached to a staple in the wall or
chimney stack, so that when the
aerial is attached to the end of this
chain the down lead will hang about
3 ft. from the wall, and, if possible,
directly above the window through
which it is eventually to be led.

The Aerial and Lightning Switch.
The best material for an aerial is the
stranded copper wire, knownas 7/ 22s.
This consists of seven separate
strands of No. 22 gauge copper wire,
twisted together like a rope, and is
quite cheap. At the house end, the
aerial wire should be passed through
the hole in the end insulator to form
a double bight, as shown in Fig 33.

In-
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In this way the aerial and lead-in are
all in one, with no connection to be-
come corroded. I, however, owing
to your having insufficient wire or
any other reason, a joint has to be
made, it should be thoroughly sol-
dered, and then bound with insula-
tion tape of the rubber variety, or
painted, to aveid corrosion.

Outside the window a lightning
switch should he fitted, and this
should be of the type known as
““ double-pole-double-throw **  (unless,

TO ALRI. .

TO ALAAL TERMIMAL
ON AECLEIVER )

TO LARTH
N RECEIVER

F1G. 35.—The method of connecting up the
Lightning Switch.

of course, you can afford one of the
proper lightning arresters).  The
method of connecting up the switch
is shown in Fig. 35, and if wired up
in this manner the aerial is com-
pletely disconnected from the house
when the switch is in the ““ off ** posi-
tion. The wire to carth should be of
the same material as the aerial proper,
or of some thicker wire. Do not use
anything thinner.

The Earth Connection. There is
no doubt that the ideal earth connec-
tion is a buried plate of metal. This
should be as large a$ convenient (a
7-1b. Dbiscuit tin is quite good), and
the carth wire should be securely sol-
dered to it. Dig a hole about 3 ft.
deep, place at the bottom a layer of
coke or some similar rubble, put the
earth plate on this, and cover with
another layer of coke. Iall in the
hole and saturate with water. Re-
member that the earth connection
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Fi6. 37.—OQutdoor aerials and earths.

38



T~ L1D Or MeTaL Cover

CorRECT

_—> METHOD

RN INCORRECT
"4"— = METHOD

ATTACHING INSULATORS

Down
AD
A SrorT
SAFETY WIRE CrLamp
SUPPORTS AERIAL =
e JOINT “X’GIVES Way °
—
Down~ LEAD
SwircH
PIECE OF TIN
PROTECTIMG
AERIAL SWITCH
FRom THE /
WEATHER L{,A;E i
AcriaL
ACeamp
SwircH Horomne Down
LEaD 7o WarL
RELIEVES STRAN
ON AERIAL
SWITCH.
70 LARTH
INCORRECT —————
\ PuLLev

EARTH LE£D
A
DOM/I:\IO-‘Z/IEVjD THE EARTH LEAD MOST //// 7
Ve e OFTEN BREAKS AT THE 74
: PoinT WHERE IF ENTERS 7
= THE GROUND UNLESS PROTECTED

Wire SwouLo BE Usep
FOR ATTacHING PuULLEY

To MasT. THE PULLEY SHOULD
Be WELL GreaseD >

Fic. 38.—Practical hints concernirg aerials.
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should be kept as damp as possible to
keep the resistance low. Of course, if
a buried earth is inconvenient, a con-
nection to the water pipe may be
made, but this should be a main pipe,
if possible, and connection made by
means of a proper earth clip. What-
ever type of earth is employed, keep
the lead to it as short as possible.
Do not let it travel all round the
house, but take it by the most direct

route.

Gas pipes are not recommended for
the earth, not so much on account of
the danger which exists, but because
most of the joints are painted, and,
therefore, if this has been well done,
the sections of pipe are insulated from
one another.

An  Aderial Earthing Switch. A
common practice with many 4ma-
teurs is to use a single-pole switch
for earthing the aerial when their
wireless set is not in use, the earth
terminal of the set Dbeing directly
A
is to use

connected to earth all the time.
better arrangement

much

a switch which entirely isolates
the receiver from the aerial and
carth when placed in the earth posi-
tion.

A simple switch, which answers
the purpose very efficiently, is shown
in Figs. 42 to 46. The materials re-
quired to make it coasist of a picce
of %-in. cbonite, 44 in. long by 3 in.
wide, four stout terminals with
clamping nuts, a strip of sheet brass
5% in. long by § in. wide and 7% in.
thick, in. long,

2

two brass screws
and a wooden bobbin.

Construction Details. Mark out the
chonite as indicated in Fig. 45 and
drill six holes through, the two to
take the fixing screws being counter-
sunk.

To make the switch arms, cut the
brass into two picces of equal length,
and set out the position of the holes
and slots according to the dimen-
sions given in Fig. 46. The slots are
made by first Jdrilling holes in the
cenire lines, and then with a hack-
saw cutting away the metal.

- .
Fic. 40.—Conventional signs for outdoor and frame aerials, shown also pictorially.
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F1G. 43.—A front elevation.
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F1G. 46.—Denails of the Switch Arms.
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All-wave
Systems.

Anti-interfeyence  Aerial
The aerial system (which
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terminal ;
of set Ebonile

777
s

F1G. 44.—A side elevation.

includes the acrial, lead-in wire, earth
wire, and the coil connected between
aerial and earth termimals) will re-
sonate at a particular irequency de-
pendent upon its inductance and
capacity. When the grid circuit to
which this is coupled is tuned, the
aerial is also tuned, due to the coup-
ling between the aerial and grid coils,
but the resonance is most pronounced
at the natural frequency of the aerial
system. At harmonics of that fre-
quency it will also provide strong
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TRANSFOPMER

resonance and thercfore it should be
possible to find a length which will
give maximum responsc¢ at two or
three different frequencics or wave-
lengths. In practice this is not easy

T

LONG-WavE AEria

/

37:

o s

—p
=

,..«moza

F1c. 47.—The Spider-web anti-interference aerial.

10 fect or so in length, being included
in addition to the normal aerials.
These may be arranged in many ways,
and one of the most convenient is
depicted in Fig. 48. Here the two

MEDIUNM -WAVE AERIAL

SHORT WavE
4fF @raL

Fig. 48.—All-wave anti-interferencc aerial.

to attain, and it is preferable to use
separate aerials, each chosen to re-
sonate at a frequency roughly in the
centre of the waveband covered by
the tuning coil being used. Thus for
a three-band receiver three separate
aerials are desirable, a short wire, say
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broadcast aerials are joimed end to
end (insulated at the junction), and
the short-wave aecrial is suspended
from the point at which they are
joined.

In some cases it may le necessary
to use even more than these three
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F1c. 49.—Connections for two types of impedance-matching t-ansiormer for anti-interference aerials.

aerials, including other lengths to
resonate at some other part of the
wavebands covered. Such an aerial
is known as the spider-web aerial, a
diagram of it being given at Fig. 47.
1t will be seen here, however, that the

S0 TvRnS

A

S0 Tuens

—

15 SRECED TURNS WOUND OVER PIPER
IERGRATOR & ANCHORED WI7TH SEALING WAX

BRowN PAPER SERRATIR
LAPPED Ratund WiNanGs,

aerials each consist of a dipole, or
half-wave aerial, cach built up from
two quarter-wave acrials, and this
necessitates twin feeder wires from
the ceatre point. The advantage of
an aerial of this type is that the

S74G6E 3

SEALING !
Wax

Fi6. 494.—Construction.| details of the transformers for anti-interference a rials.
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feeder wire (or lead-in) will not pick
up any energy, as it is either screened
or transposed throughout its length.
This is the arrangement which has to
be adopted if local interference is éx-
perienced, as the aerial array may be
placed well away from the building
(out of the area of interference) and
the lead-in will play no active part in
picking up the signals. If a very long
feeder is needed it will be necessary
to include two transformers in the
aerial system, one at each end of the
lead-in, to balance out losses. This
is carried out by using a step-down

transformer at the aerial end and a

step-up transformer at the receiver.
The two sections of the transformers
which are connected together form a
low-impedance circuit, and conse-
quently the capacity between the
feeders will not have such a marked
effect upon the signals, which would
otherwise be seriously interfered with.
The usual way of arranging such a
feeder is to use parallel-laid insulated
wires in a heavy rubber cable. An
alternative scheme is to use a single
wire laid inside an insulated cable
with a braided metal screen sur-
rounding it, and this screen may form
one of the feeder wires by being con-
nected to one side of both trans-
formers. The separate schemes are
shown in Fig. 49. The majority of
modern impedance-matching trans-
formers employ iron-cored coils pro-
viding a high inductance-capacity
ratio, and are accordingly beyond
the scope of the average amateur to
build. A design whiclr has been"
found to offer good results from an
all-round point of view is to.wind the
aerial transformer (that is the one
joined direct to the multi-aerial
system) with a primary of 100 turns
of 28 D.C.C. wirc on a 1-in. diameter
former, and to split this into two
equal sections, separated by 1

Over the centre space three or four
layers of thick brown paper are

‘reason,
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wound, and in the centre of this 15
turns of a similar gauge of wire are
wound for the secondary. The ends
of this winding should be anchored
with sealing wax or Chatterton’s
compound, and taken straight across
the primary at right angles before
being led through anchoring holes
in the ends of the former for con-
necting purposes.

This coil should be mounted inside
a small aluminiumn screening can, and
the bottom of this should be sealed
with a disc of waxed wood or ebonite.
Chatterton’s compound or some
similar wax will make it waterproof,
and the holes through which the ends
of the aerial and lead-in are passed
should also be sealed. The receiver
transformer will be wound in exactly
the same manner, but the larger
winding (which is in this case the
secondary) must be tapped to pro-
vide the necessary wave-change selec-
tion points. The ideal system is to
use a two-point switch sa that equal
tappings are selected from each end
of the secondary, although in many
cases it is quite sufficient simply to
transfer one connection by stages
down the secondary, leaving the
carthed end permanently connected.

The receiver transformer should be
mounted as close as possible to the
aerial and earth terminals of the re-
ceiver, and the leads to these ter-
minals should also be screened.

It must be emphasised that these
details will not apply to every set,
and therefore the constructor must be
prepared to carry out some experi-
ments as previously mentioned.

Wire for Aerials and Earths.
Stranded 7/22 insulated copper wire
is best for both aerial und lead-in.
It is not generally known that high-
frequency currents travel on the sur-
face of the wires; therefore, the more
wires included in the aerial, within
the greater will be the sur-

face on which these currenis can
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travel and the lower will be the re-
sistance to their passage. The earth
should be for preference as short as
possible and, as stated earlier, be of
at least the same gauge as the aerial.

The earth should have as low resist-
ance as possible, and to ensure this a
soldered connection should for prefer-
ence be employed.

Useful Hints. The lead-in should
be kept as far as possible from any
earthed objects. The aerial itself
should be situated at right angles to
any adjacent telephone wires or
overhead tramway cables. If the
aerial is fixed parallel to them it will
be screened and the reception will be
difficult, and the set will suffer from
considerable interference.

A vertical aerial, that is to say, one
suspended from the top of the pole,
is extremely efficient, although it is
often not possible to erect a mast of
the desired height. It is not neces-
sary to-day to use multiple wire
acrials. It is important to note that
local authorities object to the erection
of an aerial passing over a street or
other highway. The electric bell
system may be used as an aerial if a
variable or fixed condenser of suit-
able capacity is connected between it
and the set. o o

The Earth Connection. As already
stated, the earth lead should be as
short as possible. A main water pipe
makes the best earth, but if it is not
convenient to make such a connection
an earthing tube driven into the soil
may be used. It is important with
this sort of carth to keep the soil
around the earthing tube moist. In
any damp district trouble due to dry-
ness will not arise. The connection
to the earth tube frequently corrodes
and needs periodic attention. When
dismantling it scrape the contacting
surfaces quite bright, and after re-
assembling coat the connection with
paint.

It is stressed that the principal
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feature of the earth connection is
dampness, and therefore any chemi-
cal or other device which will retain
the earth in that condition should
be used as a guarantee that the re-
sistance of the earth is low. There
are a number of chemicals which may
be used for the purpose, the chief of
which are sal-ammoniac and ordinary
washing soda. A large quantity of
either of these commodities buried
beneath the earth will ensure that the
ground is kept damp. It is, of course,
necessary to renew the chemical from
time to time.

Another form of carth consists of
soldering the earth-wire connection
to a sheet of zinc or an old galvan-
ised-iron bath and burying it at least
3 ft. beneath the surface.

Provisian should be made for pro-
tecting the set from lightning. An
aerial-earthing switch may be pur-
chased quite cheaply. If such is
not fitted, the aerial and earth ter-
minals should be disconnected from
the set, and the two ends twisted to-
gether.

Aperiodic Aerial Coil. The effective
length of the aerial can be modified
by including a small untuned coil
in series with the aerial and earth.
This is placed near the secondary coil
(which is the coil that is tuned by the
tuning coandenser), and the signals in
this way are induced into the coil
instead of being conducted into it.
Here is the way to make the coil.
Obtain a quantity of No. 26 D.C.C.
wire. About 2 oz. will be enough.
This must. then be wound in a hank
of the same diameter as the coil to
which it is eventunally to be coupled.
The simplest way to do this is to
wind it round a bottle or some simi-
lar object and then slip it off after-
wards. Wind on a total of thirty
turns, making tapping loops at the
fifth, tenth, fifteenth, twentieth, and
twenty-fifth  turns., Now tie this
finishedd hank on to the present coil,

World Radio Histo
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and cornect onc end of it perman-
ently to the earth connection. From
the aerial terminal a short length of
flex should be connected, and this
must be joined to one of the tapping
loops, the particular one to use de-
pending on the degree of sclectivity
required (IFig. 49a).  (See also Short-
wave Aerials, pp. 180 and 181.)

AERIAL, NATURAL WAVE.
LENGTH OF.—The natural wave-
length of an aerial is approximately
four and a half times its electrical
length  (length  between  insulators
plus length of lead-in).  Standard
aerial ot 100 ft. has a natural wave-
length aof about 120 metres. If con-
nected direct to the grid of the de-
tector valve, it would receive trans-
missions on this wavelength,

AERIAL, P.M.G.—The¢ maximum
length of aerial, inclusive of lead-in,
permitted by the Postmaster-General
is 150 ft.

AERIAL, REFLECTOR.—An ar-
rangement  generally  employing a
dipole aerial, for preventing a signal
from being radiated in all directions,
or for ensuring maximum reception
in a given direction. Tt consists of a
vertical or horizontal aerial behind
which is erected a similar aerial (not
connected to anything), the spacing
between these being adjusted accord-
ing to the frequency of the signals.
A multi-reflector svstem will gener-
ally have the reflectors arranged in
the form of a parabola with the aerial
at the focal point.

AERIAL TUNING CONDENSER.
—The variable condenser by means
of which the aerial tuning induct-
ance (the aerial coil) is tuned to a
required wavelength. Usual capacity
0005 mfil.  (See also Condensers and
Variable Condensers.)

ZETHER.—See Ether.

A.F.—Audio Frequencies
see).

A.F.C.—See Automatic Frequency
Control.

(which

A.G.C,, also A.V.C., meaning auto-
matic volume control or automatic
gain control. (Sce also A.V.C.)

AIR CHOKE.—A coil of wire of
such a size that it has a large im-
pedance and therefore offers a high
resistance to high-frequency oscillat-
ing currents, and therefore prevents
the passage of such currents. (See
also Chokes.)

AIR CONDENSER.—A condenser
with air space as diclectric, e.g. a
variable condenser which is not of the
solid-diclectric type.  (See also Con-
denser and Variable Condensers.)

ALL - WAVE AERIALS. — See
Aerials, p. 43.

ALPHABET, WIRELESS PHON-
ETIC.—The phonetic alphabet gener-
ally used for wireless telephone call
signs is as follows: A, Ack; B, Beer;
C, Charlie; D, Don; I£, Edward; F,
Freddic; G, George; H, Harry; I, Ink;
J. Johnnie; K, King; 1., London; M,
Monkey; N, Nuts; O, Orange; P, Pip;
Q. Queenie; R, Robert; S, Sugar; T,
Toc; U7, Uncle; V, Vic; W, William;
X, N-ray; Y, York or Yorker; Z,
Zebra.

Fic. 50.—Variable condenser with air dielectric.
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ALTERNATING CURRENT.—A
current whose direction of dow surges
first in one direction and then in
another, and at a regular period (see
tig. 6).

ALTERNATION..—A complete
element of an alternating-current
cycle from zero point of one wave to
zero point of the next.

ALTERNATOR.—A type of dy-
namo in which alternating current
is delivered through slip rings, as
against the usual method of using a
commutator.

ALUMINIUM.—An extremely light
and white elemental metal, much
used for chassis in commercial re-
ceivers.,  (See also Chassis.)

ALUMINUM.—American
aluminium.

AMATEUR WAVEBANDS.—Sec
Wavebands, Amaleur.

AMBROIN.—Insulating  material
consisting of a mixture of fossil copal
and silicates.

AMMETER.—An instrument for
measuring the current (in amperes)
flowing in a circuit. It must be con-
nected in  series with the circuit.
Usual and cheapest type is the mov-
ing iron. Other types: the hot wire
and the moving coil, which see. (See
also Meter.)

AMP.—Abbreviation for ampere.

AMPERE.—The unit of measure-
ment of current. The current which
will flow through a resistance of 1 ohm
under a pressure of 1 volt. With
small currents, such as that taken
from an IL.T. battery in wireless
circuits, the milliampere is the unit
used. This is equal to one-thousandth
of an ampere. Even smaller cur-
rents are measured in microamperes.
(Formerly Weber, which see.)

AMPERE-HOUR.—This unit,
chiefly used in connection with accu-
mulators, is equal to 1 coulomb per
second for 3,600 seconds, or 3,600
coulombs,

term for

AMPERE TURNS.—The number of
turns in the coils of an clectromagnet,
multiplied Dby the currert flowing
through them.

AMPLIFICATION.—Ia an ampli-
fying valve the overall amplification
is to be measured by comparing the
signal voltage applied to the grid of
the valve with the voltage developed
across some  plece ot apparatus,
termed the ‘“load,”” included in the
anode circuit of the wvalve. By
studying Ohm’s Law {given on a
later page} it will be observed that,
for a given value of anode cur-
rent, the voltage drop across the
load will be proportional to the im-
pedance of the load. It would there-
fore appear that the highes the load
impedance the greater the voltage
drop across it, and hence the greater
the degree »f amplification

To an extent this is correct for the
actual formula for the total stage gain
in a resistance-capacity coupled stage:

Gain — :H--uinlusn"enl bnd x lexlplil‘A'ati-nllfacu!r of valve
Anode sesistance of valve % resistance of load

(See also Stage gain. DPush-pull,
Quiescent push-pull, Class 4, Class B,
and Class AB.

AMPLIFICATION FACTOR.—The
ratio between change in plate current
and change in grid potential.

World Radio Histo
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AMPLIFIER.—A valve used in the
amplifying stages of a receiver. A
complete unit coupled to an existing
receiver for increasing its output.

AMPLITUDE MODULATION.—
The term applied to the modulation
system of a transmitter when the
““carrier”’ wave has its amplitude
varied ar modulated by another wave-
form caorresponding to the sound af-
fecting a4 microphone, or variations in
light intensity in the case of television
picture transmission. The frequency
of the ‘‘carrier” wave is not af-
fected.

AMYL ACETATE.—Chemical com-
pound used for dissolving celluloid;
also for making celluloid jointing
cement; odour similar to pear drops.

ANELECTRIC.—Any body unaffec-
ted (i.e. does not become electrified)
by friction. The reverse of dielectric.

ANGLE OF INCIDENCE.— The
angle from the perpendicular at which
the sound waves impinge upon a sur-
face.

ANGSTROM UNIT.—A standard
of measurement of the wavelength of
light. One Ang-
strom unit equals
one ten-millionth
of a millimetre, or
one ten-thousandth
of a micron (which

see). (See Lux,
Lumen, Foot-=
candle

AnooE CurrENT

[}
|
|
}6/@/0 Voirs
[}
i
|

Fic. 52.—Grid volts/
anode current curve for
anode nd rectifica-
tion.

ANION.—Obsolete term for nega-
tive ion. The electro-negative con-
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stituent of an electrically decomposed
compound, appearing at the anode of
a voltaic battery. (Opposed to Cation,
which see.)

ANNEAL.—To soften (a metal) by
heating and quenching er heating and
gradual cooling. Brass may be an-
nealed by the former method; steel is
hardened by it.

ANODE. — The positive voltaic
pole. The point where, or the path
by which, a voltaic current enters an
electrolyte. The plate of the valve,
The opposite of Cathode.

ANODE OF ACCUMULATOR.—
The positive pole or plate.

ANODE BEND RECTIFICATION.
—A process of rectification which
depends upon the bend in the lower
part of the grid volts anode current
curve, If you examine such a curve
(one is always supplied with a valve
by the manufacturers) you will see
that at the bottom of the curve it
tends to become horizontal. The
result of applying a large negative
grid bias to the valve is to bring the
working point to this bend. \When
oscillations are received by the grid
of the valve the anode circuit can
only increase at positive half-cycles,
no change being recorded (theoretic-
ally) at negative half-cycles. The
result of this is to rectify the incom-
ing oscillations. A certain amount of
amplification also takes place.

ANODE OF VALVE.—Terminal to
which high-tension current is applied.
The plate of the valve.

ANTENNA.—American term for
aerial (which see).

ANTI - BREAK - THROUGH
CHOKE.—Coil of wire connected in
the aerial lead to prevent the passage

‘of medinm-wave signals when receiv-

ing long-wave signals. (See also
Cliokes, High-frequency Chokes, and
Break Through.)
ANTI-INTERFERENCE
AERIALS.—See Aerials, p. 43.

ANTINODES.—In a series of
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oscillations the points of greatest
amplitude. Known also as loops.
APERIODIC.—A circuit which is
untuned—or possesses high resist-
ance, thus precluding oscillation.
ARC.—\Vhen a current ‘‘ jumps '’
an air gap it is said to ‘‘arc
AREOMETER.—Another term for
hydrometer, used to determine the
specific gravity of a liquid. Some
hydrometers of the *‘floating-ball
type are practically useless to the
accurmnulator user, as they give no in-
dication when the acid is too strong
or too weak.
. Hydrometer readings can some-
times give a false indication. If, for
instance, acid had been added to an
accumulator instead of water, a
hydrometer reading might incorrectly
indicate it to be fully charged. Ad-
ditional causes of false hydrometer
readings are: An inaccurate or cracked
hydrometer float; taking readings
when freshly added water has not had
time to mix with the acid; wide varia-
tions in electrolyte temperatures.
Hydrometer readings may always
be supplemented by means of voltage
tests. Use an accurate moving-coil
voltmeter, reading 3-0-3 volts, and
take all readings while the cells are
on discharge. Voltmeter readings
taken on open circuit are liable to be
misleading. (Sce also Hydromneter.)
ARMATURE.—See Loudspeaker.
ARMSTRONG.—The circuit em-
ploying what is known as the super-

e

£ ¢7
f

Fic. 53.—The Armstrong Circuit,
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regenerative prin-
ciple. The value
of the circnit ele-
ments are rather
critical, and the ar-
rangement is now
chiefly used for
ultra short
w a v e reception.
(See also Circuit.)

ARTIFICIAL
AERIAL.—A non-
radiating trans-
mitting aerial. A
‘““dumb " aerial.

ASTATIC.—Be-
ing in neutral
equilibrium. A n
astatic coil is one
wound in  two
sections, half the
winding being on
one coil and half
on the eother, but
wound in ihe op-
posite  direction.
The ‘““aeld”  of
each coif is there-
fore meutral-
ised.

ASTATIC GAL-
VANOMETER.
—A  galvanometer
(which see) having
an astatic pair of
index hngers or
needles.

A.T.C. — Aerial
Tuning Condenser.

A.T.I. The
Aerial Tuning In-

ductance, T h e F'G“?“vaﬁt‘f:,'_"'
aerial tuning
coil.

ATMOSPHERICS.—Crackling
noises in the receiver. These do not
occur in this country c¢xcept during
periods of thundery weather. What
is often punt down to atmospherics is

lorld Radio Histo
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nothing more than crackles caused by
a worn-out H.T. battery or some
faulty or dirty connection in the set.
It you have any doubts as to the
cause, disconnect  the  aecrial  tem-
porarily. If the crackles cease, thev

=

Fic. 55.—Autodyne Circu:t.

are due to atmospherics,
Interference and Noises.)

ATOM.—AIll matter is composed of
minute particles or atoms; elements
consist of atoms of one kind—carbon,
copper, gold, ¢tc.  Compounds con-
sist of groups of atoms, Thus water
consists of two atoms of hydrogen and
one atom of cxygen, forming a mole-
cule of water.

ATOMIC WEIGHT.—The weight
of one atom of any clement, as com-
pared with an atom of hvdrogen,
Atomic weight of hydrogen is unity.

ATTENUATOR.—.\ circuit or piece
of apparatus for reducing or cutting
off the output from a transmitter, re-
ceiver, or amplifier.

ATTENUATION.-—A\ lengthening
out, or a thinning. “T'e term is ap-
plied in wireless to o weakening of
the frequency response at the ends
of the scales. For instance, if the
constants of a circuit are designed
in such a manner that the high notes
are cut off, we say that the high
notes are attenuated.

AUDIBLE SPECTRUM. —This ex-
tends above and below the visible
spectrurn (which see).  Below infra-

(Sce also

52

red we find radio frequencies, and
below  these alternating and  audio
frequencies.  Above the visible band
we  find  X-rays, ganuina-rays, and
others not vet named, although the
cosmic rays arc found in these ex-
treme upper ranges.

AUDIO FREQUENCIES.—Fre-
quencies of less than 10,000 cycles
per second are assumed to be audible,
and so are described as of audible
frequency.  (See Radio Frequencies.)

AUDION.—The de¢  Forest  and
Fleming types ot valve, The main
feature is the second plate, which
makes it a rectifier and amplifier.

AUTODYNE.—Where the induct-
ances of the grid and plate are part
of a common coil in a circuit, that
circuit is of the autodyne type (Fig.
55)-

AUTOMATIC CALL DEVICE.—
An arrangement used chiefly on ships
for giving an audible signal when
distress calls are made. It usually
consists of a sele~*2- <o designed that
a series of four-szeond dashes roken
by spaces of one second caus: bells
to sound the alarm.

AUTOMATIC FREQUENCY CON-
TROL.—The tetn apjpliee to an
arrangement which canses a circuit
automatically to be tuned after the
main control has been  turned to
approximately  the correct wave-
length setting.  In its simplest form
it consists of a double-dinde valve,
cach diode of whicl is coupled to the
oscillator circuit in a superhet. The
out-of-balance ¢ffect of the signals on
the two diodes, after rectification, 1s
fed back to the oscillator circuit and
causes a readjustment of this to bring
the set into tune and thus an equal
voltage across the two diodes.

AUTOMATIC GRID BIAS.—The
object of biasing a valve is to render
the potential of the grid less than
that of the cathode, that is, the fila-
ment in batterv-fed valves. With
ordinary battery bias, the cathode is
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at a potential cqual to the potential
at the negative end of the high-ten-
sion supply, and by connecting the
positive pole of the grid-bias battery
to the same spot, the grid potential
is equal to the voltage of as much of
the grid battery as is included in the
grid circuit. In order to bias the
valve, it really does not matter in the
least whether the cathode is at zero
voltage and the grid at some negative
potential, or whether the grid is at a
zero potential and the cathode at
some positive potential.  This latier
condition is that which usually ob-
tains when automatic biasisused. In
most of these arrangements, the grid
is maintained at the same potential
as the negative terminal of the high-
tension supply, while the cathode is
raise<] to a higher potential by the
inclusion of a resistance in the lead
connecting the cathode to the high-
tension negative terminal.

Voltage Drop. This will he made
clear by a reference to Fig. 56, which
shows the essential connections for
automatic bias to an indirectly heated
low-frequency output valve. In this
diagram, certain refinements, such as
the decoupling arrangements, are
omitted for the sake of simplicity.
1t will Dbe seen that the full high-

tension voltage exists between  the
points A and B, the point B being
at zero potential. 1t is obvious,

therefore, that there will be a drop
of voltage, equal in all to the total
high-tension voltage, along the com-
plete valve circuit.

Advantages of Automatic Bias.
The advantages of automatic or self-
biasing are manv. In the first place,
if the value of the biasing resistance
is correctly calculated, there is no
possibility of under biasing or over
biasing the valve. Also the biasing
resistance automatically controls the
value of the anode current, for should
the anode current rise, due, perhaps,
to an increasc in anode voltage, the
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drop through the biasing resistance
will rise in proportion, the negative
bias will be increased, and the anode
current again reduced to its normat
value. Further, the biasing resist-
ance does not deterioraie as does a
grid-bias battery, does nat vary in
value, and needs no replacement. Tf
desired, the bhiasing resistance can be
made variable, or semi-variable.

There is one disadvantage. Any
biasing veoltage thus applied s
subtracted from the total H.T.

Bihs RESISTANCE

LA A
F1G. 56.—A resistance inserted in the cathode lead of
an indirectly heated valve.

voltage.  This makes no practical
difference to  the efficiency of the
average mains set where 200 or 250
volts 11 T. is available frem a mains
unit, aml the maximum bias voltage
required dues not exceed 20 or 3o
volts. TIn the case of some of the
bigger oatput valves, however, which
are designed to operate at about jou
volts on the anode, cach valve
requires over 100 volts grid bias, the
loss, if this amount of bias were sub-
tracted from the available goo volts
II.T., would be serious.

Biasing Resistance. Biasing resist-
ances generally should be of the wire-
wound *ype, and must be capable of
carrying the full anode current of
the valve continuously without over-
heating. In the case of early stage
low-frequency amplifiers aml screened-
grid valves, ordinary spaghetti re-

as
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sistances are quite suitable, but for
output valves, where a certain amount
of preliminary adjustment of grid bias
is usually necessarv, it is advisable
to use a variable resistor, or, prefer-
ably, a fixed resistor and a variable
resistor in series. This allows of
adjustment, but at the same time
prevents the valve from being run
entirely without bias if, by mistake,
the variable portion is reduced to
zerc. For variable-mu valves, where
continuously adjustable bias is re-
quired, the resistance must naturally
be of the variable type. The cal-

EXTERNAL ANOOE Cireunpp
HT+

Bias LeSISTANCE

DEcourPLING
Resisrance K=

FIG. 57.—The arrangement of Fig. 56 with a
ecoupling Circuit added.

culation of the correct value of bias-
ing resistance is a simple matter, and
is merdy the application of Ohm’s
law. The formula is:

Value of biasing resistance in ohms=

Desired bias in volts
Anode current in amps.

As the anode current is usually ex-
pressed in milliamps., the value of the
biasing resistance is found by multi-
plyving the desired bias voltage by
1,000 and dividing by the anode
current in milliamps.

As a typical example, take an
output valve requiring a grid bias of
32 volts at full anode voltage, the

GRID BIAS

anode current being 30 milliamps.
The correct resistance for self bias
would be 32 multiplied by 1,000 and
divided by 30, or 1,066:6 ohms.
Actually, a total resistance of 1,250
ohms would be used, consisting of a
750-ohm fixed resistor in series with
a variable resistor of 500 ohms maxi-
mum.

Decoupling Resistance. In addition
to the biasing resistance itself, cer-
tain additional apparatus is usually
required, by way of decoupling. If
the anode supply is not efficiently
smoothed, and a bad mains ripple is
present, there is a risk that this may
be transferred to the grid by the bias
arrangement, when the anode current
will be correspondingly modulated,
and serious mains hum result. More-
over, there is always a chance that
the biasing circuit may pick up mains
hum from some other part of the
apparatus, while any other low-fre-
quency component in the anode cur-
rent will have a similar effect. To
reduce this risk, a grid decoupling or
smoothing circuit may be employed.
This consists of a high resistance,
usually of about 30,000 ohms, in-
cluded in the grid return, and by-
passed to the cathode through a
condenser which, in the case of most
low-frequency valves, should be of
2 mifd. capacity.

Such decoupling is not essential,
but should be added without hesita-
tion if serious hum is noticed. The
condenser value of 2 mfd. is ample,
and in many cases, especially in early
low-frequency stages, 1 mfd. may be
sufficient. On the other hand, where
a very bad hum is present, especially
if the output valve is a pentode, it
may be necessary to use a 4-mid.
condenser for decoupling the bias to
the last valve. Different designers
prefer different arrangements of the
auto-bias circuit, but the circuits
given are tried arrangements, and
quite suitable for the types of valves
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for which they are recammended.
Fig. 57 is the complete arrangement
for an early stage indirectly heated
L.F. amplifier, such as the input
valve of a gramophone amplifier. It
may also be employed where the de-

A

2 .
MFO [Bmssws Res: N\
1 i AAAA—AANA~
NG BUsBAR “DECOUPLING RESISTANCE
Fie. 58.—An alternative arrangement of Fig. 57,
in which the cathode is maintained at the normal
negative potential,

tector valve of a receiver is required
to act also as first low-frequency am-
plifier with a pick-up.

Precisely the same arrangement
may be used for a pentode output
valve of the indirectly heated type,
but for three-electrode output valves
a slightly different system
is preferable. For a triode,
the value of the biasing re-
sistance is usually of the
same order as the resistance
of the load, and the loss of
power in the biasing resist-
ance, if this resistance were
included in the load circuit,
would be serious. This is
avoided in the circuit shown

a directly heated triode or pentode
output valve, a connection between
the common negative wire and the
centre-tap of the filament winding
taking the place of the cathode lead
in Fig. 58. For screened-grid high-
frequency valves, the circuit is as
shown in Fig. 6o. This arrangement
is similar to that in Fig. 56.

For Portable Sets. It should not
be forgotten that automatic bias can
just as simply be applied to battery-
operated receivers. The essential cir-
cuit is shown in Fig. 61. Here a wire-
wound resistance capable of carrying
the total H.T. current of the set is
connected between H.T. - and L.T. —,
and thus biases the output valve.

AUTOMATIC TONE COMPENSA-
TION.—The object of this scheme is
to compensate for the high-note cut-
off introduced when reaction is ad-
vanced to its limit. The idea is that
an L.F. transformer of a type which
emphasises ‘the high-notes is used
after the regenerative detector valve
and the differential reaction condenser
is so connected that when its capacity
is reduced to a minimum it completes

OHT#

FlLAMENT
TRNS FORMER

in Fig. 58, where the

cathode is maintained at ACMAams

the common potential of 2

the set, and a negative wmep

potential given to the grid

by the biasing resistance 4 fr—

connected  between  the LJecovrins J

common negative wire and S stinies

the H.T. terminal. Necarve) B1aSSING RESISTRNCE
Bus Bar

Fig. 59 gives the variant
of this circuit for use with

Fic. 59.—A Battery-heated Valve arranged in the same

manner as g,
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COMPENSATION — BALANCING CAPACITY

HT Ar —OHT

o~ *
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Mo _ g/ﬁs .
Bras I TooEssT
RESISTRNCE
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EmRrH l LT

AecrRrve Bus Bar & O
F1c.60.—The biasing resistance Fic. 61.—A p to provide bias for two

arranged in the cathode lead of a
S.G. valve.

the circuit of a fixed condenser joined
in parallel with the primary winding
of the special L.F. transformer. The
effect of the condenser is to reduce
the high-note response.

AUTOMATIC TUNING. — See
Push-button Tuning.

AUTOMATIC VOLUME CON-
TROL, OR A.V.C.—A system by
means of which the volume of sound
delivered by the loudspeaker is of
constant intensity regardless of the
station being received. A.V.C. thus
prevents overloading of the detector
valve by a powerful local transmitter
and also overcomes fading on distant
stations. The principle of A.V.C. is
that the signal voltage fed to the de-
tector valve is employed to produce
a ncgative bhias voltage which is ap-
plied to preceding variable-mu ampli-
fiers. The negative voltage produced
is directly proportional to the de-
tector signal voltage, and it produces
a reduction in amplification of the
V.-M. valve or valves. As the reduc-
tion in amplification is proportional
to the signal voltage it will be seen
that the result mentioned above can
be obtained. Most A.V.C. systems
depend upon the use of a ** Double-

56

r A d uj
battery-heated valves.

Diode ”’  detector valve or else a
“Cold Valve.”” (See also Quiet Auto-
matic Volume Control and Delayed
Automatic Volume Control.)

AUTO TRANSFORMER.—A trans-
former having a single winding in-
stead of the usual two windings. Part
of it is tapped off to form the primary,
the other part forming the secondary.

AUXILIARY ANODE.—The third
electrode of a valve—the grid.

A.V.C.—Automatic Volume Con-
trol (which see).

B

B.A.—DBritish Association, also the
screw-thread system used in the
wireless and electrical industries. (See
British Association Screw Threads.)

BACK E.M.F.—Back or opposite
electro-motive force. Back E.M.F.
in an accumulator or battery is due
to polarisation. Produced in a cir-
cuit by self-induction due to wvary-
ing input current.

BAFFLE BOARD.—A board on
which is mounted the cone of the
loudspeaker. Its use is to accentuate
the bass notes.

BALANCING CAPACITY.—Any
artificial or capacity earth. Extra
capacity inserted in the aerial circuit
to replace the earth.
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BALLISTIC GALVANOMETER.—
An instrument for measuring con-
denser discharges and similar currents
af short duration.

BAND-PASS TUNING.—A system
of tuning which enables a
verv high degree of selec-
tivityy  to  be

obtained

types of band-pass tuner. (Refer
to Fig. 634.) (See also Tuning
Coils.)

BAND-SETTER.—The larger of

the two condensers employed in band-
spread tuning.

BAND-SPREAD TUNING. — A
method of ensuring good short-wave

signals in which two condensers
are employed in
GRID parallel across

the tuning coil.
One of these is a

S—_—
—
There are three ways ~
cfarranging this band-
pass tuning circuit,”
the differences being in the manner of
coupling the two tuned circuits. For
the aerial circuit, a coil of the ordin-
ary size is tuned by a condenser as
is usual, and a similar arrangement
is used in conjunction with this tuned
circait, but connected in the grid
circuit of the valve. To connect these
two tuned circuits togethes, in some
cases a fixed condenser having « value
of ‘o1 is used (Fig. 62).
In some cases
an  inductance  or
resistance is  used
10 couple the cir-
cuits  (Fig. 63). A
combination of these
two devices, with the
~oupling  inductance
arranged in a nega-
tive manner,  pro-
duces the best signal
strength, combined
with the best selectivity, ard this
is the arrangement which is incor-
porated in the better commercial

P.W.E.—C

highk capacity
and the other a
very small ca-
pacity, and this
‘spreads '’ out
the tuning and
thus gives a
FILAMENT similar effect
X to a very accur-
Fic. 6123;34: p(z::’aﬂx:“l’l“’ ate reduction
drive tuning
dial.

BANK.—A bank of condensers. A
number of condensers self-contained
as one unit.

BARRETTER.—An Ancrican term.
In D.C. mains receivers, for instance,
designed for a 100-volt supply and
connected to a zoo-volt supply, it will
be necessary to include a lamp in
series with the receiver to dispose of
the excessive 100 volts. Such a lamp
is called a Barretter or Ballast Lamp.

€RID
LT A

FILAMENT
Fic. 63.—An Inductance or
R, 1.d B.

N ety | - Lo
luner. Thedostted and broken
lines show alternative methods
of coupling the two portions of
a Band.pass Tuner.
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Y

I—H

come the loss result.
ing from secondary
emission.

BEAM WIRELESS.
—A process in which
ultra-short wave-
lengths in conjunc-
tion with direc-
tional  aerials are
used. The result
of this combina-

GRID

BASKET
COlILS.—
Flat coils of the

—3
FILAMENT

tion is to direct the
wireless signals in a
narrow channel in-
stead of giving an
equal radiation in all

basket - weave
type. Now ob-
solete.

BATTERY ELIMINATOR.—A de-
vice for connection to the house
supply mains for obtaining high-ten-
sion supplies without the use of dry
batteries. For D.C. supplies, this
simply consists of a smoothing circuit
and appropriate voltage-dropping re-
sistances. The smoothing circuit
consists of an iron-core choke having
a large inductance value, and a large-
capacity condenser joined across the
smoothed side of the mains leads.
For A.C. supplies it is necessary to
rectify the alternating current, and
therefare some form of rectifying cir-
cuit is included before the smoothing
circuit. For rectifying purposes it is
possible to use metal rectifiers or
valve rectitiers. The metal rectifier
consists of a combination of metals
which permit of a flow of current in
one direction only, and the valve
rectifier consists of a valve with two,
or three electrodes. The two-elec-
trode valve gives ‘‘ half-wave '’ recti-
fication, and the three-electrode gives
‘“full-wave ’’ rectification. (See also
Eliminators.)

BEAM POWER.—Term applied in
modern valves, where electron flow
is directed in beam formation to over-

pass Tuner.
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Fig. 64.—A combination directions. Owing to
of C ty led  and hi 1
Inductive-coupled  Band- this, only a very

small power is neces-
sary to cover large dis-
tances, as all the energy takes one line.

BEAT RECEPTION.—One method
of detecting signals by making thern
interact with artificially produced os-
cillations, local to the receiver, but of
different and higher frequency. This
gives rise to a ‘‘ beat,”’ the difference
between the two frequencies.

BEL.—The unit of sound intensity.
The bel is too large for measuring
the output of wireless apparatus, and
therefore one-tenth of the bel, or a
decibel (which see), is employed for
this purpose. (Named after Alexander
Graham Bell, inventor of the telephone
(1847-1922). See also Decibel, Neper,
Phon, and Acoustic Watt.)

BELLINI TOSI AERIAL.—A
double-frame aerial, having the two
sections arranged at right angles.

B.E.M.F.—Back Electromotive
Force.

BERNE BUREAU.—The broad-
casting stations of Europe are subject
to certain regulations laid down by
a governing body having its head-
quarters in Berne. The most im-
portant duty of this body is that
of settling the wavelength of each
station, and this is done in such a
way that no station may use a wave-
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length whose frequency is closer than
1o kes. to any other station.

BIAS.—The voltage applied to a
valve to ensure its correct working as
an H.F. or L.F. amplifier. A valve
operating as an anode-bend detector
also requires an application of bias to
bring the working point to the cor-
rect portion of the curve. (See also
Grid Bias and Automatic Grid Bias.)

BICHROMATE CELL.—A cell
containing two plates or rods of car-
bon which are immersed in a solution
of sulphuric acid, Dbichromate of
potash, and water, with a zinc plate
between the two carbon plates. Such
a cell yields 2 volts, and is of low
resistance (Fig. 65).

BIFILOR WINDINGS.—Windings
which are non-inductive.

BIG BEN TIME SIGNAL.—See
Time Signal.

BI-GRID VALVE.—A valve hav-
ing two grids, an anode, and a
cathode. This valve differs from a
screen-grid valve, which has also two
grids, in that one of the grids of the
latter valve is biased to negative the
results of the space charge. In the
bi-grid valve the two grids are used
separately for such purposes as com-
bined oscillator and  frequency
changer and for onc¢ or two other
special purposes in superhets.

BILLI.—A synonvmous term for
millimicro (one billionth).

BILLI CONDENSER.—A tubular
condenser consisting of two telescopic
tubes—one metal and the other of an
insulating material with a metallic
lining.

BIMORPH.—Another term for the
piezo-crystal used in some speakers,
microphones, pick-ups, etc. (See
Piezo-Electricity.)

BINDING POST.—An
term for a terminal.

BINDING SCREW.—The Ameri-
can term for a terminal.

BIPOLAR.—Possesaing two poles.

BLATTNERPHONE. — A system

American
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of recording sounds by means of the
magnetic properties of steel. The
apparatus consists, in essentials, of
a powerful electro-magnet with the
two poles arranged opposite each
other and with only a small gap
separating them. At each end of the
machine are two spools, one of which
contains a length of thin steel tape.
This is taken across through the gap
of the magnets and so to the other reel
or spool. The tape then feeds from one
spool to the other when the mechanism
is set in motion, in the same manner as
a typewriter ribbon. The sounds which
are to be recorded are fed into the
electro-magnet in the same manner as
the wireless signals are applied to a
loudspeaker, and the resulting mag-
netic variations are impressed on the
steel tape. This apparatus is now
known as the Marconi-Stille Recorder.

BLOCK CONDENSER.—A number

of fixed con-
densers con-

3 & nected  to-
gether. A
3 ]  bank of con-
% ? densers.
§ ¢ BLOCK -
/ 1 ING CON.
i | DENSER.—
1 : A term
Al ; e
% 7 which was
il H .mploved i
9 Iif cmployed in
/ A the early
§ g days for a
% e TR 4 ‘“by - pass
T el condenser.”’
Fic. 65.—Section of the BLUE
i G arbonrods;  GLOW. — A
D, porous pet ; E, zinc; M. valve gives

mercury. .
L rise to blue

glow when excessive current is flow-
ing from filament to plate. Blue glow
significs that the valve is ‘‘soft’'—
not completely exhausted of air.
BLUE PRINTS.—A photographic

copy of a drawing. Probably the
quickest way of building a set exactly
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to specification is to use a full-size
blue print. Although primarily in-
tended for the guidance of the be-
ginner, there is no doubt that even
the expert home constructor will find
his work greatly speeded up by using
a blue print instead of relying on the
usual small wiring diagram. Besides
that, there is the question of accuracy.
With some modern receivers of very
compact design the accurate position-
ing of the components is of utmost
importance.

First stand the components which
are to be mounted on the baseboard
direct on the blue print and examine
it very carefully. This will give you
some idea of what the finished receiver
will look like, besides showing you
if you have forgotten any of the
parts. You can now either take them
all off and stand them on the base-
board in approximately their right
positions, and then make the final
adjustments by careful measuring
from the blue print, or you can stand
them on the table while you mark
the positions by placing the print on
the baseboard and pricking through
it with a sharp bradawl. The latter
method is perhaps the better so long
as you make the marks clear. The
same method can be employed with
the panel.

It may be that some of the com-
ponents you are using are not the
same make or quite the same pattern
as those shown on the blue print.
You may be using the alternatives
to those specified in the list. In this
case it is usual to mount the com-
ponents with the terminals in as
nearly the same position as those
shown on the print. This may mean
turning the component round. How-
ever, in the case of unshielded coils
or chokes it is better to lengthen or
shorten the leads rather than alter
the position of the components in
relation to others.

Do not necessarily mount all the

components right away. If they are
at all crowded you will find it best
to fix them one by one, and complete
as much of the wiring as possible
each time. In the case of sets em-
ploying under-baseboard wiring, all
holes for the wires to pass through
should be drilled before mounting the
components. In sets of this type you
will usually find the underside of the
baseboard will have to be marked out
as well as the upper. Any skirting
to the baseboard should be fixed last
of all. As you wire each component,
cross off the corresponding wire shown
on the blue print. When you have
finished, all the wires should have been
marked off. If any are not you know
you have missed them out. At this
stage, however, you will not have
crossed them all off, since you still
have to fix the panel to the baseboard
and wire up any final points between
the two. This is the best method, as
if all the components and panel are in
position first it is such a fiddling busi-
ness making connections in the corners.
Do not spread your blue print on
the baseboard and panel and fix the
components directly on top of it with
the idea of tearing it away when the
parts are all fixed. It is difficult to
clear it away properly from between
cach component. Also yvou will most
likely want it as soon as it has been
‘“scrapped.’””  \When drilling holes
for chassis-type valve holders, etc.,
do not drill straight through from one
side, but turn the work over as soon
as the point of the bit comes through.
BOARD OF TRADE UNIT.—
1,000 watt-hours. 1 kilowatt hour,
or 3,415 British Thermal units, or
3,600,000 joules, or 1 kelvin.
BOLOMETER.—A particular type
of Wheatstone Bridge possessing a
quickly-heating resistance,
BOOSTER.—The booster is a
piece of electfical apparatus for in-
creasing voltage. A dynamo wired
in series with it superimposes or
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adds its voltage to that of the mains.
All methods of accurmnulator charging
have certain drawbacks, which the
booster entirely eliminates. For ex-
ample, in electrical equipment, in
which the battery is simultaneously
on charge and discharge, the accumu-
lator is arranged to be supplied
from a shunt-wound dynamo, a por-
tion of the current from which will
pass to the lamps.” Assume that the
generator in snch an installation gives
50 amps., and that the accumulator

lighting circuit irrespective of whether
the battery is on charge or not, for
the booster will impose its voltage
sufficiently to charge all of the cells
of the accumulator simultaneously
and at an equal rate. A great ad-
vantage is immediately obvious, for
it will not be necessary to run the
generating plant to charge the bat-
tery so that, say, it can be used at
night.

Another type of booster is the auto-
matically reversible, and it is chiefly

T Booster Generat
' .
] \
i ” \
] Motor
Fic. 66.—Circuit di howing how the B is d

is distributing 20 amps. to the cir-
cuit. It will readily be seen that the
end cells will be charged at the nor-
mal rate, but the 20 amps. imparted
to the circuit must be subtracted
from the normal charging rate of the
cell interposed between the negative
end of the accumulator and the par-
ticular cell wired to the discharge
switch. It follows that 8o per cent.
of the cells will be charged at 2o
per cent. lower rate than the re-
mainder. Ior this reason the life of
such cells is comparatively short.
The booster entirely gets rid of this
trouble.

A bhooster suitable for accumulator
charging can conveniently consist of
a shunt motor driving a shunt-wound
dvnamo. It may also consist of a
small shunt-wound dynamo driven
from an extension of the shunt motor
shaft. It functions in the following
way : the constant vollage generator
will supply the amperag: for the

used where an electrical load is im-
posed whiech is subject to consider-
able variations up or down. Such a
case would be in starting an electric
crane or a tramcar, and in such cases
the plant must be capable of an out-
put sufficient to deal with the heaviest
current drain. The period between
the load, therefore, necessitates run-
ning the plant very much below its
maximum capacity. By connecting
an accummlator in parallel with a
shunt dynamo the latier would be
aided by the discharge of the former
when the voltage of the shunt dyvnamo
dropped on account of electrical load.
Pursuing this point further, it will be
seen that once this load is imposed
the voltage of the accumulator would
also drop, thus rendering necessary
some further aid. This assistance is
forthcoming in the form of the re-
versible booster, which, wired in
series with the accumulator, will in-
crease the voltage to an amount equal

01



BOOSTER — BREAK THROUGH

to the voltage drop of the battery.
This it does automatically and thus
maintains at a constant voltage the
booster and battery system.

Another type of reversible booster

[T

+ Bus

Pegu/a{or)

Feeders Cor/

Carbon
/Pi/es

By ]

G
enerator

<

versible, and the chief features of it
are the carbon piles which act as
regulators. A lever is situated Dbe-
tween these two sets of piles, and a
soft iron core is attached to one end
of the lever. A
solenoid surrounds
the iron core. A
spring is secured
to the opposite end
‘of the lever, the
tension of which is
adjusted to coun-
teract the pull of
the solenoid. Any
required load on
the generator can
thus Dbe adjusted
to a nicety. Any

+ Bus

-

~Bus

Excizer\ Motor I Boostex,
(r

variations cause a
change in the car-

=

bon piles which,
varying the resist-
ance, thus controls
the degree of feel
excitation in the

I
]

booster. For ex-

F1G. 67.—Arrangement of Automatic Reversible Booster.

depends for its operation on varia-
tions in its output and not at all on
variations in dynamo voltage. It is
claimed that this type maintains a
more even load than
The diagram shows one of the most
popular systems in use, known as
the Entz. It consists of three chief
parts—the booster, the exciter, and
the motor itself. The complete plant
as sold is fixed to one bedplate cast-
ing. An examination of the diagram
indicates a divided busbar, and be-
tween this division is placed the coil
which carries the generator current.
In series with the main Dbusbars is
connected the booster armatures, and
the batiery is connected to the chief
busbar. Only one field coil is fitted
to the armature of the booster.
The Entz booster is instantly re-

the former.*
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ample, if the elec-
trical pull of the
solenoid on the
lever causes a deflection or extension
of the spring, a compression and re-
lease ‘of the carbon piles will take
place, and if the spring conquers the
thrust of the solenoid there will he
a reversal of direction of excitation.

BORNITE.—An ore of copper.
One of the elements of the Bornite-
Zincite crystal detector,

B.O.T.—Board of Trade. (Sce
Board of Trade Unit and Abbrevia-
tions, page vi.)

BRAUN TUBE.—The original name
given to the Cathode-ray Oscillo-
graph, a device for producing visible
indications of oscillating currents.
(See also Cathode-ray Tube.)

BREAK THROUGH.—A trouble-
some form of interference sometimes
met with in dual-range coils. It is
the breaking through of one or more
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powerful medium-wave local stations
on to the long waves. Im extreme
cases the station or stations on the
medium waves which are causing the
trouble can be heard all over the dial
when the set is switched on to the
long waves. Usually, however, it is
not quite so bad as this, the inter-
ference being most noticeable at the
lower end of the tuning dial and
very gradually decreasing towards the
upper end.

Curiously enough, the cause of the
trouble is usually due to an attempt
on the part of the designer of the
coil to obtain selectivity on the long-
wave band. In order to do this it is
usual to employ either a separate
aerial coil of comparatively few turns
coupled to the lcng-wave grid coil,
or to tap the long-wave coil near the
carthed end. This, of course, gives
the desired selectivity as regards the
long-wave stations themselves, but
introduces break through with it from
the medium waves.

Examine the diagram, (Fig. 68),
which ,shows a typical dual-range
circuit. In this case when the switch

I

Fic. 68.—Circuit of a Dual-range Coil

with which break thwough may occur.
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\

Fic. 69.—Another typical Dual-range
Circuit,

is in the ‘“in’’ position the medium-
wave circuit consists of an aerial, or
primary coil A, of from five to fifteen
turns, and a grid, or secondary, coil
13, coupled to it of about sixty turns.
When the switch is ‘‘ out.”’ the wind-
ings C and D are included in series
with A and I3 respectively so as to
bring the total inductance up to that
required for tuning in the long-wave
stations. Now C may consist of
twenty or thirty turns, and this, to-
gether with A, gives an aerial coil
of about forty turns. This winding
is not of tself very selective, and
being of about the right wavelength,
brings in the powerful medium-wave
local sufficiently strong to impose
the signal on to the grid coil BD.
In other words, the mediam-wave sta-
tion ‘' breaks through.”” In the case
of the circuit shown in Iig. 69, which
is another popular arrangement for
a dual-range coil, the effect is simi-
lar. 1lere the long-wave primary cir-
cuit consists of windings A and C,
but C this time is not a separate coil,
but a tappe:d portion of 1), The prac-
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tical differ-
ence is that
the circuit
of Fig. 08
is more
tightly
coupled on
the long
waves than
that of Fig.
09.

Any at-
tempts at a
cure must
be in the
direction of
keeping the
natural

— wavelength
- of the prim-

Fic. 70.—A very common .
Circuit employed in commercial 3Ty €0il AC
coils. Break through does not well away
occur, but it is unselective on the from the

long waves, .
medium-

wave band. Fig. 70 shows a very
popular circuit much used in commer-
cial coils where only the medium-wave
winding is tapped, but here, of course,
there is no attempt at selectivity on
the loug waves, \With the circuits
given in Figs. 68 and 69 there are
two courses open. One is to raise
the natural wavelength of AC above
the medium wave and the other is
to take it well below it. The usual
practice is to raise it. Fig. 71 shows
one method. This consists of intro-
ducing a separate coil E in series
with A and C. This raises the wave-
length of the primary circuit suffi-
ciently high to clear the medium band
and at the same time does not de-
crease the selectivity. The coil E
should consist of about fifty or sixty
turns, and should be placed a little
way from the tuning coil or with its
axis at right angles to that of the
tuning coil so as to prevent inter-
action. Screening is hardly necessary
unless space is very limited. The de-
sign of the coil is not critical, and

pile winding is quite suitable, espe-
cially as this method tends to limit
the external field. Fig. 72 shows a
very simple and effective method
which can be applied to the circuit of
Fig. 68. A fixed condenser of 0003
mfd. or 0005 mfd. is placed across
C. This again increases the wave-
length of the aerial coil without in-
creasing the coupling. In this way
the selectivity on the long waves
still remains good.

Taking the wavelength of the aerial
winding below the medium band is
not generally considered good prac-
tice, since it can only be done by
making both A and C very small,
and this naturally increases the selec-
tivity on both the medium and the
long waves to a degree which is not
always desirable. However, it has
been found that where great selec-
tivity is necessary this method is ad-
mirable. The circuit is precisely the
same as in Fig. 71, but A consists of
about five turns tightly coupled to B,
that is, wound on top of B, and C
is a tapping of about fifteen turns.

There is one advantage in this

C

Fic. 71.—The in-
sertion of a loadi
coll to cure break
through.

iy




BREAK THROUGH — BRITISH BROADCASTING STATIONS

method, and that is, there is no fear
of trouble arising ‘through the use
of a condenser in series with the
aerial as a selectivity control. It
sometimes happens that when reduc-
ing the setting of such a condenser a

Fi6.72.—Another cure
for break through on
home-made coils.

o B N 0

point is reached where break through
occurs. This is because the natural
wavelength of the primary circuit is
lowered. Obviously, this cannot occur
with the second method, since the
natural wavelength of the primary
circuit is already below the medium-
wave band, and the reducing of the
condenser setting would ouly tend to
lower it still further. \Vhere, how-
ever, trouble of this sort does arise,
the only cure is to increase the setting
of the series aerial condenser and
make up for the reduced selectivity
by decreasing the coupling between
the primary and secondary circuits.
If the coil is a home-made one, this
can easily be arranged, either by re-
ducing the number of turns in the
tapped portion C, in the case of Fig.
69, or by placing the windings C and
D farther apart, in the case of Fig.
Zi2. (See also Anti-break-through
Choke, Chokes, and High-frequency
Chakes.)

P.W.E.—C* 65

BRIDGE.—A Wheatstone Bridge.

BRIDLE.—The rope which is at-
tached to each end of a spreader for
suspending an aerial.

BRITISH ASSOCIATION SCREW

THREADS
(See also Screws and Wood Screws.)
Absolute A 5- | Approximate
Dimenstons in | f,ﬁ:?: Dimensions in
No. | Millimetyes. | Number of Inches.
Full . Threads Full .
Dia. | Pk | br Inch. | Dia. | Fitch-
25 | o25 0-07 3628 -o10 | -0028
24 | 029 008 317'5 011 *0031
23| 033 | oo9 282-2 013 | 0035
22 | 037 010 2540 -015 | -0039
21 042 o011 2309 017 *0043
20 | 048 012 2116 ‘019 | 0047
19 | 054 014 181°4 *021 ~0055
18 | 062 015 1693 ~024 +0059
17 | o070 017 149°4 «028 0067
16| 079 | 019 1337 031 | -0075
15| ogo 021 121°0 *035 0083
14 | 1°0 023 1104 *039 | *009I
13| 1°2 o025 101+6 c047 | -0098
12| 1°3 028 907 *051 *0110
11 1'5 031 81-9 *059 0122
10| 147 035 72:6 -0067 0138
91 1°0 039 651 *075 { -0154
8| 22 043 591 087 | 0169
7| 2% 048 29 -098 0189
6| 28 0'53 479 110 0209
5 32 059 430 *126 ~0232
4 l 36 066 385 ‘142 0260
3| 41 073 34°8 +161 -0287
2| 47 0-81 314 -185 | -o0319
1| 53 0:90 282 209 | +0354
_ol| 6o 1°00 254 -236 | -0394
BRITISH BROADCASTING
STATIONS
(See also Short-wave Stations, Euro-
pean Broadcasting Stations, and
International Call Signs.)
B.B.C. Empire Call Signs
Mcls. | metres.
GSA—A for Aerial 6-05 | 49'59
GSB—B for Broadcasting 5 951 | 31°54
GSC——C for Corporation o 958 | 31°31
GSD—D for Daventry . 1175 | 2553
GSE—E for Empire o o 11-86 | 2528
GSF—F for Fortune . o 15°14 | 19-81
GSG—G for Greeting 0 1779 | 16:86
GSH—H for Home 0 5 21°47 | 1397
GSI—1 for Island . s 5 15:26 | 19-66
GSJ—] for Justice 5 | 2153 | 1393
GSJ2—] for Justice . 21-56 | 1391
GSL—L for Liberty 611 | 49°10
GSN—N for Nation 11-82 | 2%-38
GSO—O for Ocean o 1518 | 19°76
GSP—P for Progress 1531 | 1960
GST—T for Transmitter 2155 | 13°92
GST2—T for Transmitter 2164 | 1386
GSU—U for Unity . 726 | 41°32
GSV—V for Valour . . 17:81 | 16-84
GSW—W for Westminster . | 723 | 4149




BRITISH SYSTEM OF UNITS — CABINET CONSTRUCTION

Fre- |Wave-|
Station | quency | length | 02T | Programme
kels. | metres *
Droitwich . 200 | 1,500 | 150 | National
Moorside Edge| 668 | 44971 70 | North
Regional
Westerglen . 767 | 3911 70 | Scottish
Regional
Westerglen . | 1,149 | 261°1 50 | Scottish
National
Burghead 767 | 391°1 60
Washford 804 | 37371 70 | Welsh
| Regional
Peninon 804 | 3731 5 —
Brookman’s 877 [ 342'x| 70 | London
Park. 0 | | Regional
‘Lisnagarvey . 977 | 307°1 | 100 | Northern
Ireland
Regional
‘Droitwich 1,013 | 296°2 70 | Midland
| Regional
Stagshaw 1,122 | 2674 60 -
Brookman’s
Park. .| 1,149 | 2611 20 | National
Moorside Edge | 1,149 | 2611 20 | National
‘Westerglen . | 1,149 | 261-1 50 | National
Aberdeen 1,285 | 2335 5 =
Start Point . | 1,050 | 285°7 | i00 West
«Clevedon 1,474 | 203°5 20 Regional
Alexandra mc/s. »
Palace | 45 67 17 |\ Vision
(Television) | 41°5 72 3 Sound

BRITISH SYSTEM OF UNITS.—
The foot - pound - second system
{F.P.S.). The poundal is the Unit,
consisting of the energy of one pound
moving 1 foot in 1 second.

BRITISH THERMAL UNIT.—
252-0 calories, or 1,005 joules, 7781
ft.-1b,, or 1-4147 horse-power-second.

B.Th.U.—British Thermal Unit.

BUS BAR.—-A bar connecting

. 73.~The American style of Cabinet.
66

The Proposed Wavelengths of B.B.C.
Stations on and after March 4th, 1940

(Suspended)
. New Present
Station Wavelength | Wavelengih
Droitwich . 1,511 1,500
North Regional . 447°1 449°1
Burghead and 5comsh
Regional 380-2 391°1
Peninon and West Re-
gional 344°4 3731
London Reglonal 3275 342°1
Northern Ireland Re-
gional . 285-4 307°1
M\dland Regxona] 276 296-2
London Nat., Northern
Nat., and Scottish
Nat. o 262-9 261°1
Stagshaw . 253 267-4
Start Point (new slatum) 2455 —
Norwich (new station) 214 —
Aberdeen . 2126 233°5
Clevedon (new stahon) 203-8 —_

several cells or pieces of apparatus.
An omnibus bar.

BUZZER.—A smaller trembler coil
of similar design to an electric bell.
Chiefly used for testing circuits.

B.W.G.—Birmingham Wire Gauge.

BY-PASS CONDENSERS.—A con-
denser inserted in a circuit to provide
an alternative and easy path for
some frequency which it is desired
should not proceed to other parts of
the circuit. A good illustration is in
a decoupling circuit, where a resist-
ance is inserted in the anode lead
to prevent the passage of
H.F. currents, and at the
high potential end of the
resistance a fixed con-
denser is joined to pro-
vide a bypass, or easy
path, for these IH.F. cur-
rents. This condenser is
joined direct to the earth
connection of the receiver.

C

CABINET CON.
STRUCTION .— The
actual size is, of course,
ruled by the dimensions
of the set itself, and it is
impossible to begin until
this has been decided.



CABINET CONSTRUCTION

well be plywood, as that
will not be seen, and, in
marking it out, remember
to make allowance for any
terminal strips or leads
which have to pass through.

The General Construction.
Mark out the boards care-
fully with a square and
ruler, being particularly
careful to see that the two
ends are exactly the same
size. The three upright
parts are glued and screwed
ta the base, and, if the lid

Fic. 74.—The base is improved by the addition of
beading glued in the corner angle of the two parts,

‘The boards should be § . thick for
the smaller sets—say, with a panel
of 10x7 in.—and } in. thick for the
larger ones. The simplest construc-
tion is shown by the cabinet illus-
trated in Iig. 73.

Overlapping Paris. The base and
lid, it wilt be noted, overlap the sides
about } in., and this allows the edges
of the former parts to be rounded oft
nicety, at the same time reducing the
possibility of the nails or screws
splitting the material. The back can

FiG. 77.—This shows plainly how corner
moulding simplifies the construction.

is not ready to fit on, it is advisable
to nai' some thin strips to hold the
top edges upright until that part is
ready. Another good plan is to have
a thin baseboard first, and then a
larger and thicker one beneath. This
bottom bward can be glued entirely,
and the angle of the two parts de-
coratel by the corner ornamental
beadirg, as shown.

The lid itself can be completed

. l_-‘u:s.h 7?'dngd 76.—Thi;_is the simplest method of either as onec piece or in two parts.
B’("‘;‘.‘s'"i'p Ifor :";‘;;:‘ﬁd inges. Thedewilshowsthe  ['his allows hinging, so the top may
]

World Radio Histo
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be lifted to get at the *‘works.”
Another method, of course, is to
screw and glue the top down en-
tirely, hut this necessitates the with-
drawal of the set if anything goes
wrong inside. If the lid is to be in
two pieces (as in the cabinet shown),
a thin strip is cut to hold the front
edges of the ends together, whilst

o

d: 1

which is
decorating the cabinet.

Fic. 78.—Fancy b

the main picce of the lid is hinged
on at the back.

The Grain in the Lid. Use a com-
plete board for the lid, and saw off
the strip for the front. If two dif-
ferent boards are used, the grain of
the top will vary and not look so
well. A third method is to cut the
lid into three, so that a strip is
screwed and glued to the back edges,
another to the front, and the mov-
able lid hinged between. The method
of hinging is illustrated (see Fig. 76),
but it is also advisable to glue a strip of
wood along the top inner edge of the
plywood back, in order to provide
greater strength for the flange of the
hinge. All the way through the build-
ing of the cabinet tests must be made
with the square to ensure that the
parts are at right-angles, horizontal,
and vertical, whilst sufficient room
must be ensured for the putting in
of the set itself. A more elaborate
cabinet can, of course, be built by
means of a built-up base of a box-
frame style, whilst transfers or some
of the wooden carved ornaments may
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be added in order to decorate if so
desired. In putting on these trans-
fers or ornaments, do not overdo it,
but add just one or two simple pieces
which will lend dignity and a little
colour to the job.

A more simple method of construc-
tion is, of course, by the use of the
corner moulding.  This moulding
(see Fig. 79) has a groove into
which the sides of the cabinet can
slide, thus forming a pillar at each
corner and providing strength as well
as covering any bad joints which
might otherwise be seen. This mould-
ing is obtainable with a 3-in. groove,
is cut to the height of the sides, and
is glued and screwed at the corners
through the base and top as before.
All screws, of course, must be sunk
well into the wood, so that their
heads are below the surface, and the
holes filled with plastic wood to ren-
der them invisible,

The use of this moulding certainly
simplifies the construction of the

FiG.79.—The shape and grooves of the corner moulding
are clearly seen here,

cabincts in every case. Where it is
used, the worker must allow a little
greater width than the dimension of
the baseboard between the ends.
Thus, if the baseboard of the set is
14 in. long, a space of 14} in. must
be allowed between the inside surfaces
of the ends of the cabinet. The
shape of the moulding on the corner

turns over 3 in. inwards, and this
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space must be cllowed so that the
panel of the set can get between. The
groove in this edge can either be
filled with a small strip, or the ebon-
ite panel so fitted that it comes in
line and prevents the groove showing.

A professional finish is possible
with these cabinets by the use of or-
dimary stains and Hobbies Lightning
Polish. Having temporarily tested
and constructed the cabinet, take it
to pieces again und clean up all parts
thoroughly with glasspaper.  Take
care, however, not to round edges
which should be left square, but get
a mice rounded surface on any turned
beaded edge. 1irill screw-holes be-
fore putting the parts finally to-
gether.  The pieces can now be col-
oured down all one shade by the use
of a spirit stain, If water stain is
used, it is apt to make the wood
swell, and, anyhow, to raise the grain
so that the work will need glass-
papering down again. The depth of
colour is varied by the addition of
further coats or more crystals into
the liquid. When the stain is fixed,
the polish can be applied in the
ordinary way with a bob. Remember
thot the edges will take considerably
more than the rest of the work, and
see that it is not dragged over to
leave a long sineary ribbon. A more
simple plan is t0 mix some varnish
with the polish, and apply it care-
fully and quickly over the parts with
a varnish brush. This, of course,
will provide quite a bright polished
surface, but, to the critical eye, the
body of the varnish wiil always be
apparent. This, too, mmkes it more
ligely to become scratched and show
any such marks. Polish, to be ap-
plied properly, must be put on with
a bob. Leave the completed cabinet
until the polish has thoroughly set
before bringing it into use, and then
put the set in position. If it is likely
to be withdrawn, it can simply be
slid into position, but, if preferred,

CALIBRATING A RECEIVER

it can be fitted in by putting orna-
mental beading or moalding round
the edge of the front of the panel to
form a frame for the tuning dials,
etc.

CABLE.—Any large rope of wire
of plural strands. o

CAGE AERIAL.—Any aerial con-
sisting of several wires arranged on
spreaders in the form of a cage.

CALIBRATING A RECEIVER.—
Those who are able to receive foreign
stations are often mystified by receiv-
ing a station, and, being unable to
understand the announcements, can-
not obtain an idea whether it is a high-
powered sfation at a great distance,
or a low-powered station nearby. It
is convenient to be able to make a
note of the various stations heard
on a set, and at the same time to
be able to know where to set the
tuning dials to pick up any station
when one sees from the-newspapers
or some ather periodical that a cer-
tain item is being broadcast which
one would like to hear. It is not
very difficult to draw up a chart
which will make it possible to do all
this, and it need only cost a few
pence. It will be found a most in-
teresting job drawing the chart, and
if it is afterwards fixed inside the
lid of the wireless set it will always
be handy for reference.

Marking out the Paprr. A sheet of
squared paper will be required, gener-
ally known as graph paper. This is
usually obtainable from most good
stationers or artists’ supply stores.
It does not matter whether the
squares are in tenths of an inch or
millimetres, the actual size chosen
depending on the room the chart
is to occupy when finished. Rule
along onme of the lines near the
bottom of the sheet, and mark along
this the numbers corresponding to
those on the tuning dial. This may
be o to 100 or o to 130, it does not

69




CALIBRATING A RECEIVER — CAPACITY

make any difterence which it is.
Now at the left-hand side of the sheet
rule a vertical line running from the
line marked with the o. Along this
line clearly indicate the metres (or
frequencies in kilocycles, whichever is
wanted) corresponding to the tuning
range covered by the condenser. If
the tuming condenser is of the type
known as a ‘‘log’’ scale, then it is
preferable to mark the tuning range
in kilocycles® For the other types
of condenser use the metre scale. If
it is pseferred the constructor may
mark this in both the frequency and
the wavelength. Having done this,
one may settle down to the more in-
teresting job of calibrating the set.

First of all tune in to the local
station. If possible, avoid the use of
reaction when carrying out this cali-
bration. Having tuned in to the
exact spot, make a careful note of the
reading on the dial. Now find this
spot on the bottom line of the chart,
and run the pencil up the vertical line
above this spot until it arrives at the
place where the horizontal line corre-
sponding to the wavelength of the
station crosses it. Make a small dot
at this spot. Now tune in another
loud station, and carry out the same
process. When one has, say, three or
four dots on the chart, carefully join
them up with a light pencil line. Now
find the wavelength of a station which
has not yet been marked, but which
can be received, and run along this
line until the pencil line is reached.
Drop down the vertical line and see
the dial reading this gives. If now
the dial & set to this spot the station
should be heard, but if any slight
retuning is necessary, carry this out,
and make the necessary alteration to
the pencil line.

Identifying a Station. To use the
chart in identifying a station which
may be received, note the dial read-
ing, and, as explained above, find
its wavelength. If now one takes the

list of stations given in the press, one
should have no difficulty in ascertain-
ing what the station is.

If the set consists of a detector
valve followed by L.F. stages, one
will have to use reaction during the
compilation of the chart, and to
avoid variations due to the varying
amounts of applied reaction, use this
at its maximum. For receivers using
H.F. stages, it is preferable to cali-
brate the condenser which tunes
either the M.F. transformer, tuned
anode, or detector circuit. 0

CALL SIGNS, INTERNATIONAL.
—See International Call Signs.

CALORIE.—Same as Calory.

CALORY.—The unit of heat. The
degree of heat required to raise a
gramme of water at 15° Centigrade
by 1° Centigrade (C.G.S. system).

CANAL RAYS.—Diacathode Rays
(which see).

CAPACITANCE.—The  potential
difference existing between a body
and surrounding bodies when a quan-
tity of electricity is imparted to it.
Unit, the Farad.

CAPACITY.—The property of
storing electricity under electrical
pressure (see also Condenser). The
property which some metallic bodies
possess of storing electricity is known
as the *‘ self-capacity,”” and this must
not be confused with the capacity be-
tween one metallic body and another.
The term ‘‘self-capacity’ is also
often applied to the capacity exist-
ing between adjacent turns of an
inductance. If two metal plates are
joined to the terminals of a battery,
and the plates are separated by air,
a certain capacity will exist between
those plates. If the distance between
the plates is kept constant, but in
place of the air'a sheet of glass is
placed between the plates, the
capacity will alter. Similarly, the
difference between different insulators,
or as they are correctly called ‘* di-
electrics,”” will vary the capacity.
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CAPACITY BRIDGE.—A device
for measuring the value of an unm-
known condenser. It consists in princi-
ple of a device similar to a Wheat-
stone bridge, and the unknown eon-
denser is ‘‘ balanced ’’ against known
values in the remaining arms of the
bridge. (See also Wheatstone Bridge.)

CAPACITY EARTH.—A counter-
poise earth; or an earth consisting of
some large body of metal. Sometimes
referred to as a balancing capacity.

CAPACITY REACTANCE.—The
portion of the aggregate impedance
due to capacity.

CARBORUNDUM.—A compound
of carbon and silicon made by heating
sand and coke in an electric furnace.
Also, a crystal rectifier used in con-
junction with steel.

CARB.OY.——A large glass jar used
to store acids.

CASCADE.—The same as Series.

CATHODE.—The negative pole
or plate of a cell. Tlie source of
electrons in a thermionic valve.

CATHODE RAY TUBE.—An
electrical device for giving a
visual indication of the magnitude,
shape, etc., of an oscillating current.
It may also be employed, by suitably
connecting it in circuit, to provide
actual images of valve characteristics
and other wireless data. It consists
of a large glass tube which is conical
in shape. The large end, or the base
of the cone, is coated on the inside
with some fluorescent. material. At
the point of the cone, or the narrow
end of the tube, is sealed a cathode.
A short distance from this cathode
is fixed an anode. The arrangement
so far, then, is a replica of an or-
dinary wireless valve, and it works
on practically the same principle. If
a negative potential is applicd to the
cathode and a positive potential ap-
plied to the anode. a stream of elec-
trons will be shot ofi from the

— CELLS IN ;SERIES

. .cathode, and will be driven witk
great force on to the anode.

In the oscillograph a small pin-
hole is made in the anode, and the
force of the electron bombardment
drives some of the electrons through
this pinhole. The tube is not com-
pletely vacuated, but contains a
residuum of gas, and tne gas tends
to conduct the electrons which pass
through the hole, so that a stream
of electrons passes from the anode
down towards the fluorescent screen
or plate. Immediately beyond the
anode are two pairs ot plates, one
pair disposed horizontally and the
other vertically. These are suitably
connected to a circuit so as to form
magretic fields, or fields of stress
between the plates, and these fields
divert the stream of electrons. The
fluorescent plate glows where the
stream strikes it, and the size of the
hole and all other internal details of
the oscillograph have to be so designed
that the spot of light on the plate is
only a mere point. Various improve-
mentson the above simple arrangement
have been carried out. (See also
Braun Tube and Television.)

CATION.—Obsolete term for posi-
tive ion. An clement which in elec-
trolysis is evolved at the cathode,
Sometimes spelt Cathion. Opposed to
Anion (which see).

C.C.—Cubic centimetres,

CELLS IN PARALLEL.—AIl posi-
tive poles joined together and all
negative poles joined together. An
arrangement for obtaining a greater
current from a number of small cells.
The voltage remains unchanged.

CELLS IN SERIES.—Positive pole
of one cell joined to negative of the
next cell. An arrangement for ob-
taining a greater voltage from a num-
ber of small cells. In this arrangement
the capacity will remain unchanged.
A good example is a high-tension bat-
tery, where individual cells of 1-5
velts are joined together.

71




CENTI — CHARACTERISTIC CURVES

CENTI.—One-hundredth.
CENTIGRADE.—The system of
measuring temperatures, in which boil-

[

ANODE CURRENT IN MILLIAMPERES

N~

48 /5 ~/2 -9 -6 -F -0
RID VorTs
F16.80.—~The ordinary grid-volts anode current curves.

ing-point is 100° and freezing-point
o°. '
CENTRE TAP.—See Tupping.
C.G.S.—The centimetre - gramme -
second system of units., (See also
Absolute Units.) *
CHARACTERISTIC CURVES,
MAKING.—When you buy a valve
of well-known maXe you will find in
the box a small pamphlet—the actual
arrangement differing with different
makes of wvalves, but all of them
give certain data relative to the
valve, and these details are known
as the valve's *‘ characteristics.” In
addition to the tabulated details,
there is a chart similar to that shown
in Fig. 8o. The right- or left-
hand edge of the squared section
bears a number of figures marked
‘“Anode Current,”” and the thick
lines running across the squares are
labelled with figures termed ‘‘ Anode

7

Volts.””  Sometimes these three sets
of figures are referred to by the tech-
nical references Vg for grid volts, Va
for anode volts, and Ia for anode
current. ‘The grid volts line is usually
divided into two parts, a zero line
being placed near the right-hand
edge, and the volts to the left of
this being marked ‘‘ negative,”” and
those to the right ‘‘ positive.”” Now,
this set of curves will give us all the
details which are known as the
valve’s characteristics, and they may
be ascertained in the following man-
ner.

How to ascertain a 1Valve's Char-
acteristics. Connect up a  valve
holder, grid-bias battery, 1I.T. bat-
tery, and L.T. battery, as shown in
the diagram Fig. 82, A milliam-
meter should be inserted in the anode
lead between plate and HL.T. positive,
Now prepare a piece of squared paper
with a zero grid-potential line, as
shown in Fig. 8o, and mark the
right-hand line with a series of num-
bers from o to 30, aund insert a valve
in the valve holder. With no grid
bias and 60 volts H.T., note the cur-
rent indicated by the milliammeter.

ANOOE VorTs
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Fic. 81.—An enlarged view of the section shown in
Fig. 80.
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On the squared paper on the zero
line make a dot where the hne cor-
responding to the anode current in-
Now plug the grid-bias plug

tersects.

CURVES, MAKING

in grid volts. (The signm x, which
is the Greek letter mu. is used for
this pariicular charactenistic.) When
preparing the curves as explained

=16, 82.—How to arrange the necessary parts in order to read a valve amd prepare your own curves. or check your

valves,
anto the 1-5-volt socket, and note above, it was noticed that as the
the anode current, making a dot on grid bias was increased and the

the chart above the 1-5-volt line at
the point of intersection with the
new anode current. Proceed in this
way with various IL.T. and G.B.
values, joining up all the dots for
each H.T. value. The result of this
will be a set of curves exactly the
same as those supplied by the valve
makers, and the various figures, such
as amplification ratio, slope, etc.,
may now be found.

Amplification Ratio. This figure
(which is wrongly termed ‘‘ Amplifi-
ration Factor’’) is the ratio of
thange in anode voltage to change

H.T. volts teft unaltered, the anode
current decreased. In our example,

you will se¢ that with 100 volts
H.T. and no volts om the grid,
the anode current is, roughly, 15
milliamps.  \When the grid bias is

increased by 3 volts the anode cur-
rent will drop to just under 10 milli-
amps., a drop of approximately ©
milliamp:. Therefore, te obtain the
same anode current without alter-
ing the bias it will be necessary to
increase the I.T., and in the example
you will sec that about 24 volts are
required to get the same anode cur-
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CHARACTERISTIC CURVES, MAKING

bias is increased, and therefore
the slope is 2 milliamps. per volt,
or, as it is expressed on the valve
chart, 20 mA/v.

Impedance. This is one of the
most important figures to know,
as upon it depends the value of

resistance, etc., which is to be
used in coupling the valve to a
subsequent stage. No further

working has to be done to obtain

this figure, as the two previous
items, slope and amplification
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ANODE Vor 75
Fic. 83.—The Dynamic Valve Curves—which are the

most important curves to have.

rent. We have therefore to add 24
volts H.T. for every 3 volts G.B.
added, and this ratio, 24 over 3, is
the amplification ratio, which in this
case is 8 (see Fig. 80).

A relerence to the diagram will
make this clear.

Slope. This term is the same as
‘“ Mutual Conductance.”” It is the
change in anode current divided by
change in grid volts, or, put in
another way, the anode - current
change per volt grid-potential change.
For this factor, the anode potentiul,
or H.T., must be left untouched,
and the grid bias only altered. As
the bis is in-

creased, we have ZERO GRID

just seen that the Vorrs
anode current will
decrease. There-
fore we can obtain
a set of figures
from which we can
see, as in our €x-
ample, that the
anode current de-
creases 2 milli-

Anvooe CURRENT

ratio, are used to ascertain the
impedance.  Simply divide the
amplification ratio by the slope,
and mulitiply the answer by 1,000,
which in the example we are using
will be 8 divided by 2 multiplied
by 1,000, or 4,000, and this figure
is quoted in ohms.

Unfortunately, the above details
—those which are given to you by
the valve manufacturers—are what
are known as ‘‘ static characteristics,””
that is, they are only applicable to
a valve which receives constant volt-
ages, and as everyone knows by now,
when the valve is being used to
receive signals the grid and anode
voltages are constantly changing. It
is therefore impossible to ascertain
from the curves we have so far
studied such details as the ‘‘maxi-
mum undistorted output,” correct
““anode load,”” percentage of ‘‘ second
harmonic distortion,”” etc., and we

NorMAL
GrIO VoL TS

DovBLE
GRID VouLTS

amps. for every ANoDE VoLTs
volt that the grid Fic. 84, —The Dynamic Curves simplified.
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have therefore to prepare a set of
curves known as ““dynamie '’ curves.
These curves, unfortunately, are
rather difficult for the amateur to
prepare, and what is still more un-
fortunate, the valve manufacturers
for some reason or other
hesitate to publish them
for us. As a matter of
fact, during the last few
months there has been a
suggestion that

the manufac-

turers are alive  /VORMAL
L voos --f-
to the position, ~, oocnyr

as dynamic
curves are now
issued with

some types of - LT ke

power triangle

CURVES, MAKING

Undistorted QOutput. The curves
shown in Fig. 83 may be expressed
in a much simpler way for the pur-
pose of explaining the manner of
ascertaining the undistorted output
of the valve and the (xrcentage of

NORAIAL

ZERO

power valve, marked out
But if with one

type of valve,

why not with them all? However,
to get back to our study of these
curves. Fig. 83 shows the way these
are drawn, and it will be observed
that the values of both grid bias
and H.T. are carried to a value
higher than is normally uscd. Actu-
ally, in order to make use of these
curves we must show the current at
the correct working point, that is,
correct anode volts and correct grid
volts, and in addition at half and
double these values. 1t is taken for
granted that the reader appreciates
the fact that during the operation of
the valve (we are, of course, dealing
with the valve as an L.F. amplifier)
the grid potential varies, when the
valve is operating on the proper part
of its characteristic, from half the
applied bias to double that bias. If
it does not do this, then distortion
is taking place. The effect of the
variation in bias is, as our other
curves have shown us, equivalent to
a change in anode volts, and, there-
fore, the dynamic curves will show
the anode current at various grid and
anode volts.
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second harmonic distortion, etc. We
therefore draw Fig. 84, which is the
anode-current curve at normal grid
bias, double and half-grid bias, all
the other lines in Fig. 83 being omit-
ted. The diagonal line running across
the curves is what is known as the
*“load line,”" and this gives the value
of the resistance, which must be in-
cluded in the anode lead to obtain
the maximum outpuat from the valve,
or in other words, the correct match-
ing resistance. The line is drawn by
placing a ruler on the curves with
its edge at the point where the
normal grid-bias line, normal anode-
current line, and normal anode-volt-
age line al! intersect. The ruler is
then swung about this point until
an equal distance separates the zero
grid-volts line and the line corre-
sponding to double the normal grid
bias. (Actually the distances should
not be equal, but one side should be
slightlv larger than the other, in
order to obtain what is kaown as a
5 per cent. distortion scale—but this
need not confuse us at the moment.)
Having drawn this line, we drop a
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vertical line at the point of inter-
section of zero grid volts, and draw
a horizontal line at the point of
intersection of the load line and the
line corresponding to double the grid
bias. This gives us a triangle as
shown in Fig, 85. Now, the formula
for finding the undistorted output is:

I max- 1 nmin) X (E max—E min)
i 5 - d

In other words, it is the anode cur-
rent difference multiplied by  the
anode woltage difference, divided by
8. This figure is the most important
in the list of valve details, as it
gives a true indication of the power
which the. valve will deliver. For
instance, if we know that Cossard’s
P.5 valve will give an undistorted
output of 500 milliwatts (or -5 watts),
and that Mullor’s D.7 gives an un-
distorted output of goo milliwatts,
we know that the latter valve is
nearly twice as loud as the former.

There are several other factors
which can be ascertained from these
dynamic curves, but these are dealt

FOIL
COVERING

with elsewhere in this volume under
their separate headings.

CHASSIS.—The supporting base
(usually of aluminium or foil-covered
wood, but sometimes of wood or
bakelite) on which are placed the
components of a receiver or trans-
mitter.

In its simplest form a chassis is
that which is built of wood and cov-
ered with metal foil, and is seen in
Fig. 86, and while these are all very
well in their way, an all-metal chassis
makes a wireless set into a real en-
gineering job.

An all-metal chassis can be built
up in a variety of ways, and alumin-
ium has the advantage of being
casily workable. Fig. 87 shows one
method of constructing a chassis, It
will be noticed in this arrangement
that no sheet-metal bending is re-
quired. The metal panel is attached
to the platform with a convenient
length of angle aluminium, and the
same matcrial is used for the re-
turned portion or terminal panel.
Thus the chassis comprises three flat
pieces of sheet aluminium and a
couple of
lengths of
angle. This
material,
by the way, is
obtainable in
various gauges
and with equal
and unequal
width of sides.
For the present
purpose, how-
ever, } in. to
# in. width by
16 to 18 S.W.G.
thickness
is most suit-
able. The sheet
aluminium and

Fic. 86.—A simple way
of making a “metal "

Chassis. A n framework

covered with metal foil.

76

angles are
joined together
by drilling holes
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through both pieces and fixing with
smaM brass screws and nuts. In an-
other adaptation of this arrangement
an ebonite terminal strip may easily
be incorporated as shown in Fig. 88.
One further advantage to be obtained
from the adoption of this or a simi-
lar form of construction is that, after
marking out the positions of holes

required to

accommo-

ANGLES FULL LENGTH

F1G. 87.—A metal Chassis using angle-irons instead of bending the aluminium.

bolts for the components or for the
passage of wires, the chassis members
may be taken apart, thus leaving the
essential portions in the flat, thereby
greatly facilitating drilling, and more
especially will this convenience be
appreciated where an irregular-shaped
hole or two has to be pierced with
a fret-saw.

The more usual form of chassis now
employed is made Ly bending sheet
metal into a fairly wide ehannel-section
formation, the panel
being either riveted
or bolted on to one
of the flanges or
narrow edges. Fig. 89
shows such a chassis.
Another form of bend-
ing is illustrated in Fig. go. In this
the panel platform and terminal panel
are in one piece, and the remaining

PLATFORM

ANGLE

portion of the front panel below the
platform 15 completed by the addition
of an angle piece running the whole
length. The fitting of side pieces in
wood or metal as in Fig. 93 would
make this unnecessary.

A simpler form of chassis is now
available for the home constructor,
consisting of a plywood base upon
which is a coating of metal, sprayed
on unde- pressure and giving the

date fixing same effect as a sheet of metal. This
1s easy to work, and the
surface may be scraped

away with a pen-knife or
similar implement when
it is desired to mount a
component. which must
not be earthed. If
this ty'pe of chassis
is used for short-
wave apparatus,
the metal surface
should not be em-
ploved for carth-
return purposes,
as it may become
damaged  due to
handling and thus
give rise to a high-resistance joint.
It is also possible to make a similar
type of chassis, having the working
facilities of the wooden structure,
with the advantages ol the metal

arrangement, by using «rdinary ply-
wood for the foundation and cover-
ing it with a layer of good copper or
short-wave

aluminium  foil. For

Fi6. 88.—How to fix an
ebonite strip at the rear
of a metal Chassis for
terminal connections.

World Radio Histol
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apparatus the copper is preferable,
and all earth-return leads may be
made through the foil, using holding-
down bolts or screws as the anchor-
ing points for the earth connections.
It is also possible to solder the con-
nections at these points, but if the
latter is not adopted, the point at
which the wire is attached should be
very carefully cleaned if ILTF. cur-
rents are to be fed through the coil.
A wort of warning should be added
here not to use the various types of

F1G. 89.—The most common form ot
metal Chassis, Note how the panel is
bolted to the front.

metallised paper which may

be ob-
tained from various sources, such as

wall-paper and similar material,
which consists of fine metallic powder
held in position by some adhesive
material which does not provide con-
tinuity in an electrical sense, and
therefore the utmost care should be
taken if such material is selected.
For the same reason it is not worth
while” attempting to use small pieces
of foil-covered paper, joining them
together by overlapping and sticking
them down, as this will also break the
continuity between adjacent pieces of
foil.

78

Now, unfortunately these long right-
angled or modified forms of bends
are not easy to make with the means
at the disposal of home constructors
generally, and while beating the
metal over an object with a square
edge with a hammer or mallet might
produce a very nice antique effect,
the resulting chassis would not please
the discriminating wireless enthusiast.

Method of Bending. The only re-
liable way of making bends of this
description is to employ some me-
chanical means, and the following is
a short description of a simple appli-
ance for this purpose. Reference to the
illustrations, Figs. 91 and gz, in which
the bender is seen in operation, shows
it to be a contrivance which anyone
with a very clementary knowledge of
woodwork could quickly make. The
essential parts are
a baseboard with
clamping bar fitted
to it with a bolt
and wing nut at
each end. The
bending flap is
hinged to the base-
board, and is pro-
vided with a short
handle for extra
leverage. Just a
word of warning: do not use timber
that is too light for the job. It should
be 1 in. to 1} in. thick, the latter
for preference; use a good pair of
steel hinges, either back flap or butt
pattern will do, secured with good
stout screws, Arrange the position
of the hinges so that the unsupported
part of the bending flap is divided
into three equal parts. The bending
face of this flap, when lying flat,
should coincide with the top face of
the baseboard, so arrange the hinges
accordingly. See that the front edge
of the clamping bar lies parallel with
the flap when it is in a vertical posi-
tion. The two clamping screws are
3-in. Whit. countersunk-headed ones;
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tight-fitting holes, afterwards counter-
sunk on the underside, are drilled in
the baseboard to receive them, and
the matching holes in the bar are
drilled to give a slight clearance.
Provide two large diameter washers
for the wing nuts to butt against.

¥n order that the work to be bent
should come out square, it will be
necessary to pull the flap through an
angle of a little more than go°, so
make an allowance for this by
planing the front edge of the clamp-
ing bar 1° or 2°
out of square, at
the same time
making sure that

should be worked

!

s

and with a steel rule placed against
these marks, strike a well-defined
line with a sharp-pointed scriber as
shown in the illustration. The re-
maining edges are scribed off square
with the ready-finished edge. To

a

make a gond job of the chassis the
metal must be kept free from buckles,
and great care must be taken to main-
tain the flat surface during cutting
operations.

So for this reason work
outside the wanted
portion, bending the
scrap part as it is cut
to provide an easy
path for the snips.
Any roughness or ir-

there will be room B regularity caused by
for a thickness of / o a slight deviation
metal of the gauge P/ ; from the line in any
to be used between } / /
the bending faces. |’ / ///
A  small radius 4 e

j

!

along the bottom
front edge of the
clamping bar ; this
will leave a similar
radius in the
corner of the work
being bent.
Marking Out and
Cutting. Having
decided on the sort
of chassis to be
made, the construction should be pro-
ceeded with as follows. M possible,
buy the aluminium already cut to re-
quired sizes with the edges, of course,
clean cut and square with one an-
other. Make allowance in the length
for bends, Dbut provided that the
radius in the corners is not too small,
it will be sufficiently accurate to make
the length before bending the total
ot the lengths of the siles. Should
the material require cutting to size,
it will presumably have at least one
clean-cut edge; if so, tlis is the one
to work from. Make a mark at each
end on the opposite side of the metal,

W
g
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of comstructing panel,

s® ’ l

FiG. 90.—An alternative method

. pa baseboard,
and terminal strip in one piece.
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place is easily re-
movable by draw-
filing with afine file.

The bending may now be com.
menced. Make a pencil line where
each bend is required, keeping these
lines, of course, parallel with the re-
spective edges. Undo the wing nuts
and slide the metal under the clamp-
ing bar until bending line coincides
absolutely with the front edge of the
bar, afterwards tightening the nuts
well down. Raise the lever until it
is in a vertical position, when bend
may be examined for squareness.
Owing to the slight spring-back on
the metal a little extra bending may
be necessary. lHaving attained the
desired result, the remairing bend or
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F1G. 91.—Sheet aluminium should
be cut a3 shown here, with a pair
of tinman’s shears,

Fic. 91a, — Marking out
should be done with a steel
straight-edge and a scriber,

Fig. 92.—(Left One method of
bending aluminium. (Below) A
simple nding or forming jig.
(Left bottom) A further method of

nding aluminium sheet.




CHATTERTON’S COMPOUND
bends may be completed in like the type provided with a quadrant

manner. and positive locking device, the end
.
A
. F1c. 93.—Wooden side piec
///// attached to the base teo Iq:\::

rigidity, and to avoid the short
v Vi extensian at Fig. 89,
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The remaining work consists of of one leg being sharpened to a keen
drilling and needs no conument, ex- point.  Hold the alumirium on a
cept that expanding cutters are hard surface to prevent the leg in the
neeced for cutting large holes such as centre hole from pushing tarough and
are required in screens. A small hole enlarging it.

Fi6.94.—Conventional and actual diagram of two forms of L..F. Choke.

is drilled in the centre of the required CHATTERTON’S COMPOUND.—
hole and the metal is cut through A mixture of 1 part of Stockholm
from either side with a pair of tar, 3 parts gutta-percha, and 1 part
dividers. These dividers must be of resin. Thss forms a black insulating
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substance of a plastic character.

CHOKE.—A coil possessing high
self-induction, used to impede or
check the amount of alternating cur-
rent flowing in a circuit. It provides
tsmpedance (which see).

CHOKE, MAKING A.—For the
home-made choke a former and a
quantity of wire are required. Two
terminals may be used for connec-
tions, although these are not essential.
If onec is lucky enough to own, or
aave the use of, a lathe, obtain a length
of ebonite rod 1 in. in diameter, and

e /”—.1

F16. 95.—A home.made

Former.

turn out slots about } in. deep by

just over ] in. wide. Six such slots
will be needed, and there is no need
.for great accuracy in the spacing.
In order to make the choke easy to
handle and mount, it is best to leave
an inch or so at each end to carry
the ends of the actual winding. M
one is not fortunate enough to be
able to use a lathe, obtain a piece
of }-in. diameter ebonite rod and a
similar length of ebonite tube having
1-in. walls and an internal diameter
of 3 in. From this tube cut five
rings 4 in. wide and two rings 1 in.
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wide. These should be slid over the
rod and stuck in position with Chat-
terton’s Compound. Fig. %5 shows
the appearance of the former, no
matter by which of the above two
ways it is constructed.

The most suitable gauge of wire
is No. 36, and to enable the re-
quired number of turns to be ac-
commodated in the slots it should be
preferably of the enamelled variety.
Anchor one end through two holes

pierced in the end of the tube,
and in the first slot wind 3500
turns. At the five-hundredth turn

allow the wire to run across the
scparating flange, and continue the

windings in the second slot. Be
careful that the wire continues in
exactly the same direction. Wind

another 300, and carry on in this
way until you have 300 turns in
each slot, that is, 3,000 turns in
all (z oz. of wire will be sufficient
for this). Anchor the end of the
wire, and the H.F. choke is com-
plete. If desired, a piece of celluloid
or cellophane may be wrapped round
it to keep out moisture and to give
it a finished appearance. (See also
High-frequency Chokes, and Anti-
break-through Choke.)

CHOKE-CAPACITY COUPLING.
—A form of low-frequency coupling,
in which a low-frequency (iron-
cored)} choke 1is included in the
anode circuit of a valve, and the grid
of the following valve is coupled to
the preceding anode by the custom-
ary condenser. A grid-leak resist-
ance is joined to the grid, and the
valve receives negative bias through
this lcak. It therefore only differs
from resistance-capacity coupling by
the use of a choke in place of a re-
sistance in the anode circuit. (Sce
also Low-frequency Couplings.)

CHOKE COUPLING.—S¢e Coup-
ling.

CIRCUIT.—The path through
which a current flows from negative
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Fic. 96.—Crystal Circuit using tapped coil.
List of Components for Fig. 96

1 crystal detector.
Plug-in coil holder.
\ Plug-in coils.

Terminals, connecting wire, and

( SCrews.

0005 mfd. variable condenser (C1).

Fic. 97—The very sim'ples! Crystal Circuit.
List of Components for Fig. 97 |
0005 m{d. variable condenser (C1). |
1 crystal detector.

Terminals, connecting wire, and ‘
SCIews.

to positive poles.

Gramophone Amplifier, etc.)

‘TypicalL CIRCUITS

Two simple crystal circuits are
shown in Figs. 96 and 97.

Circuit No. 1. The simplest
form of single-valve receiver is
shown in Fig. ¢8. The tuning
arrangements consist of three
baseboard mounting coil holders
screwed on to a baseboard side
by side, with just sufficient space
between them to allow the largest
size of coil to be comfortably in-
serted. Care should be taken
with the connections to the coil
holders, the earth lead being
taken to the pin of the aerial
and grid coil holders, and the
anode lead being taken te the
pin of the reaction coil holder.
A set of plug-in coils will enable

you to listen on any wavelength. For
the normal broadcast band the coils
should be as follows: Li—a No. 35

L]

(See also under
Hariley, Reinartz, Armstrong, etc.)

coil; Lz2—a No. 6o coil; and L3—
a No. 50 coil. The H.T. should

e
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Fic. 98.—Circuit No. 1 : A simple One-valve Circuit.

have a value of Go volts, and the
valve should be of the general pur-
pose type.
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List of Components for Circuit No. 1

‘0005 mfd. variable condenser (Cri).

-0003 mfd. variable condenser (C2).

-0002 mfd. fixed condenser (C3).

1 2-megohm grid leak and holder (R1).

1 valve holder.

3 baseboard mounting coil holders.

1 on-and-off switch (S1).

Set of plug-in coils.

H.1". choke.

Terminals,
SCrews.

1

connecting  wire, and

on all wavelengths you will require a
complete set of coils, and these should
consist, for the broadcast bands, of
the following: Nos. 35, 50, 6o, 75,
100, 150, 250. Instead of a No. 75,
another 6o may be used in some
cases. For the long-wave stations
the centre coil is a No. 250, and the
left-hand and right-hand coils are re-
spectively 1ooand 150. For the short
waves you will require a set of short-
wave coils. These are wound with

very thick bare wire and have only
a few turns.

They are generally num-

e
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F16. 99.—Circuit No. 2 : a similar circuit to Fig. 98, employing a different system of reaction
control.

Circuit No. 2. This (Fig. 99} is a
stmilar arrangement to the previous
set, except that differential reaction
control is fitted, and other little re-
finements are incorporated.

This receiver is a simple one-
valve set, which is so designed that
it may be used for reception on
all wavelengths from 20 metres
up to 2,000. The actual construc-
tion calls for no skill, and it forms
an ideal set for the new-comer to
wireless.

In order that you may use the set
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bered according to the number of
turns, and Nos. 2, 4, 6, 8, and 10
will cover the band from about 20
to 100 metres, whilst Nos. 15 and
20, in conjunction with the smaller
sizes of the broadcast range, will en-
able you to cover the gap from 100
metres up to the breadcast band.
The largest of the coils should always
be in the centre socket, and the other
two sizes should be so chosen that
the right degree of selectivity and
smooth control of reaction will be
obtained.
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1ist of Components for Ciwrcuit No. 2

panel, 12 x 7 in.

baseboard, 13 x g in.

cabinet to fit.

-0005 variable condenser with dials.
-0002 differential reaction condenser.
‘0003 fixed condenser.

2-megohm grid leak.

holder for same.

on-and-off switch.

valve holder.

coil holders.

jon-ohm potentiometer.

H.F. choke.

terminals.

4-way battery ccrd.

[ R PV R e T i el B R

Circuit No. 3. Fig. 100 shows a
simple one-valver employing home-
made coils.

List of Components for Circuit No. 3

‘0005 mid. variable condenser (Ci).
‘0003 mfd. variable condenser (Cz).

A\

0002 mfd. fixed condenser {C3).

1 H.F. choke.

1 2-megohm grid leak and holder (R1).

Valve holder.

On-and-off switch (S1).

Terminals, connecting
SCTews.

wire, and

Circuit Nc. 3. Fig. 101 shows a
two-valve set, designed for purity of
reproduction.  Plug-in coils are used.
Remarks in Circuit No. 1 relative to
this part of the circuir will also
apply. The resistance Rz, the con-
denser C4, and the resistance Rj
are all incorporated in the commer-
cial type of resistance-compling unit,
and this mav be ised imstead of
the separate components if desired.
The second valve should Le of the
IL.F. type, and the H.T. :hould have
a value of 120 volts, with the grid
bias adjusted according to the particu-
lar instructions of the valve maker.

P
—b ©

HF.C

Fic. 100.—Greui®No. 3 : Another simple One-valve Set.
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List of Conmponents for Circuit No. 4 o1 mfd. fixed condenser (Cy4).
1 2-megohm grid leak and clips (R1).

‘0005 mifd. variable condenser (Cr). 1 100,000-0ohm resistance and holder
oon2 mid. differential reaction con- (R2).

eenser (C3). 1 3-megohra resistance and holder
*0002 mid. fixed condenser (C2). (R3).
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¢ valve holders.
I on-and-off switch (S1).
3 coil holders.

Set of coils,
Terminals, connecting wire, and
SCTews. 0
Circuit No. 5. Fig. 102 is a
similar set to the preceding one, but
this time an ordinary L.F. trans-
former is employed. In order to
keep the quality of reproduction on
a hkigh standard, this transformer is
parallel fed, that is, the primary is
not placed direct in the anode cir-
cuit of the detector valve, and there-
fore no current passes through its
primary. ;This keeps its inductance
high and preserves the bass notes.
Further, the values of the grid con-
denser and leak have been modified
to give what is known as power grid
detection.  Consequently, provided
plenty of H.T. is employed, this
receiver will give absolutely tiptop

quality.

List of Componenis for Circuit No. 5

‘oons mfd. variable condenser (C1).

rooo1 mfd. fixed condenser (C2).

‘o002 mfd. differential condenser (C3).

1 1-mfd. fixed condenser (Cj4).

1 25,000-ohm resistance and holder
(R1).

1 30,000-ohm resistance and holder
(R2).

1 L.F. transformer,

3 coil holders.

Set of coils.

2 valve holders.

On-and-off switch (Sr}.

Terminals, connecting wire, and
screws, 5
Circuit No. 6. The two-valver
shcwn in Fig. 103 is designed

primarily for long-distance headphone
work, and consists of a screen-grid
H.F. stage followed by a simple de-
tector valve. The aerial circuit con-
sists of a No. 60X coil, and the coils
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L2, L3, and L4 are included in a
commercial six-pin coil unit. Several
firms make this H.F. transformer, as
it is called, and therefore any par-
ticular make may be chosen by the
constructor. Care should be taken
that the transformer for use with
S.G. valves is obtained, as there is a
different type of transformer for the
triodes, or ordinary three-electrode
valve. Differential reaction control is
employed for stability, and the de-
tector valve may be of the H.F. or
general purpose type. As there are
two tuned circuits in this receiver,
care will have to be exercised in tun-
ing in, as, unless Doth circuits are
tuned to the wavelength of the de-
siredd station, nothing will be heard,
unless, of course, the station is very
close.

List of Components for Circuit No. 6

2 o003 variable condensers (C1 and
Cz2).

I -0002 fixcd condenser {C3).

1 2-megohm grid leak and
(R1).

1 differential reaction condenser (Cy).

1 H.F. choke.

I 6-pin H.F. transformer and base.

1 plug-in 2-pin coil holder.

1 6oX coil.

2 valve holders.

I

T

holder

on-and-off switch (S1).
erminals, connecting
screws.

wire, and

Circuit No. 7. This unit (Fig.
roy) has heen designec for attach-

ment to cxisting sets. Those pos-
sessing  ordinary receivers, which
have been built for the broadcast

band, often wish they were able to
tune down to the short waves and
pick up stations situated as far away
as America or on the other side of
the globe, Kenya, etc. These short
waves seem to come in remarkably
well, and the short-wave unit here
described may be connected to any
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) | Fi16. 102.—Circuit No, 5: A Two-valve Circuit with L.F. Transformet Coupling. i
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F1c. 103, —Circuit No. 6 : Two-valve Set for Long-distance Headphone Reception.
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ordinary receiver (provided it is not
a mains-driven set), and which will
enable reception to be carried out on
the very shortest of wavelengths at
present in use. The
unit is quite cheap,

serted without touching its neigh-
bour. The only two terminals re-
quired in this unit may be mounted
on a spare piece of ebonite, or one

0"

and the total expendi-
ture need not exceed
£1. No extra valve is
needed, as will be ex-
plained on the follow-
ing page, the detector
valve from the set being
used.

The list of compon-
ents should be studied,

and practically any
make of standard de-
sign may be used.

The only point which

requires careful atten-
tion is the method of
conmection used in the
variable condensers.
These must be fitted
with ‘* pig-tail’”’ con-
nections if  rustling
noises are to be avoided
when tuning in on the
short waves. Most of
the better makes of
variable condenser now
employ this method of
connection,

Having obtained the
various parts, proceed
to mark out the panel,
using as your guide the

Condenser
*0002 mtd

measurements given on
the ‘‘ wiring diagram.”
The exact size of the
holes will depend, of
course, on the particu-
lar make of component
chosen. Mount up the
condensers and then proceed to fix
the remaining components to the
baseboard. Pav particular attention
to the coil holders, allowing sufficient
space between them to permit the
largest of the coils to be safely in-

Plugin Adaptor (Grid Pin has

Eorth) Aerial

Connect to
Earth terminal

no connection) on set.

F1c. 104,—Circuit No. 7: Wiring Diagram for Short-wave Acinptcr Unit.

of the special terminal blocks may be
purchased.

When everything is in its place
you may proceed to wire up. This
should be carried out with heavy-
gauge wire, say 16 or 18 bare copper,
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well spaced, and by the most direct
method. Do not try to make this
part of the work look neat by taking
the leads a long way round with
nice right-angle bends. Where short
waves are concerned the leads must
be as short and direct as possible.
Do not let any wire run within } in.
of another unless it crosses at a dead
right-angle. Attention to this part
of the work will be well repaid in
efficient working. Note also that the
moving vanes of both condensers are
connected together and ta earth.

When the unit is wired you wiil have
to make the actual connecting link
with your present recciver, and this
will have to be made of such a
length that it will comfortably reach
your present detector socket. Three
single lengths of flex are required,
and to avoid mistakes these should
preferably be of different colours.
Alternatively, you may cut three
lengths of ordinary flex and bind the
ends of each picce of flex with a
different-coloured  thread. These
three strands are connected up in the
following way. One strand to each
of the filament terminals of the valve
holder in the unit, and to each fila-
ment pin of the valve adapter; the
remaining strand from the plate ter-
minal of the valve holder to the
plate pin of the adapter. No connec-
tion whatever is made to the grid pin
of this adapter.

Ilaving finished this part of the
work, carefully check over all con-
nections, and when you are quite
surc no mistakes have been made,
vou may proceed to connect it to
your present recciver. This is quite
a simple job. Take out the detector
valve of the set, and plug it into
the valve holder of the short-wave
unit.  The valve adapter is then
plugged into the now empty valve
holder of your existing set.  The
aerial and earth leads should then
be disconnected ifrom your receiver,

01

and taken to the two terminals on the =
unit. The earth terminals of receiver

and adapter should be joined with a

short length of wire. If the receiver

is now switched on, the short-

wave unit becomes a very efficient

one-valve short-wave set, and the

low-frequency stages of your present

receiver serve to amplify the received

signals.

The following refinements may be
mentioned to ensure maximum results
in short-wave work. If oscillation
seems rather erratic, carefully ad-
just the position of the arm of the
potentiometer. If this does not seem
to help matters, look at the ILF.
choke in your existing receiver. This
may not be good enough for short-
wave work, and vou should there-
fore obtain one which is efficient on
all waves. Tuning on the short
waves is very critical, and you will
have to adjust the tuning dial with
much more care than you are accus-
tomed to employ on the ordinary
broadcast band. If you buy a com-
plete set of short-wave coils, try the
cffect of different sizes of coil in
the left-hand, or aperiodic aerial,
coil  holder.  Generally speaking,
this coil skould be two sizes smaller
than that used in the centre holder,
and the right-hand, or reaction coil,
should be of a size between these
two.

For those who wish to make their
own short-wave coils, it is best to
make up a set having =z, 4, 6, 8, 10,
12, 14, and 16 turns of No. 16 gauge
tinned copper wire, wound round a
3-in. diameter former and then al-
lowed to spring off. The four smaller
sizes should be allowed to space
themselves out with about } in. be-
tween the turns, and the four larger
ones should have a space between
turns equal to the thickness of the
wire. The ends of the coils may be
made fast to ordinary plug-in coil
holders, and provided care is taken
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in handling them, they will be found
to keep themselves quite rigid.

List of Components for Circuit No. 7

Panel, 10x7 in.

Baseboard, 10x 8 in. or g in.

1 -oo025-mfd. variable condenser, with
slow-motion dial.

1 -ooo1-mfd. variable condenser, with
slow-motion dial.

3 baseboard mounting coil holders.

1 -oo02 fixed condenser.

1 3-megohm grid leak and holder.

1 400-ohm potentiometer for base-

mounting.

board

List of Components for Circuit No. 8:

The wavelength range covered by
the set, with the coils recommended,
whether commercial or home-made,
is roughly 15 metres to 120 metres
VWithin this range there are some-
thing like 120 high-powered broad-
casting stations, all of which are well
within the range of the set. Un-

fortunately, some of them do not.

operate regularly, and others are only
received in this country at times
when the average British listener is
unable to listen-in.

Dozens of other stations may be
logged, as one would expect, includ-
One -ocor mfd. short-wave

tuning condenser and slow-

HI+ motion dial.

+ O One -0003 mfd. reaction con-
denser. .
-~ One -0002 mfd. fixed condenser,
PHON| y v'o One short-wave H.F. choke.
as One L.F. transformer (ratio
4 or 5tor).

One 1 megohm grid leak,

One 3 megohm grid leak.

One on/off switch.

One set short-wave coils.

Two 4-pin valveholders.

Seven terminals (aerial, earth,
T.a, HT.e, HT.—

+ LT.—,and L.T. 4 ).

LT+  Ebonite panel, 12 X 8 in.

4 Baseboard, 12 X g in.
Ly~ Two wander plugs (G.B.—
and G.B.+}).

F1c. 105.~Circuit No. 8 : Circuit for a Short-wave Two-valve Set.

1 anti-microphonic valve holder.
1 set of short-wave cotls.

1 plug-in valve adapter,

Flex, wire, screws, etc.

2 terminals.

Circuit No. 8. This i a set
(see Fig. 105) designed for those

who are tired of receiving the iocal
stations only, and yet do not feel
like tackling a complicated multi-
valver far receiving the more distant
stations. The short-wave receiver is
an ideal set for everyone—as you re-
ceive programmes from seemingly
impossible distances, with the mini-
mum of trouble and the minimum of
expense.

Flex, wire, screws, etc.
One general purpose valve
One L.F. valve.

ing amateur transmissions from sixty-
four different countries, and many of
the broadcasting stations transmit for
many hours both during the daytime
and also at night.

The most conspicuous of all the

"“landmarks’’ is Rome on 254
metres. It is receivable at a tre-
mendous strength throughout the

whole evening. Immediately below
this, and audible by 10.30 p.m. or
just after, is W8XK, the short-wave
edition of the famous KDKA station.

The best American station, how-
ever, is \WW2XAD, on 19°56 metres.
This starts at about g9 p.m., at which
time it is not always