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PREFACE TO THE SEVENTH EDITION

N this Seventh Edition I have included new terms and definitions
I 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 transformers, oscillator coils,
mains transformers, and chokes. Additionally, the title of the work
has been changed from the WIRELESS CONSTRUCTOR'S ENCYCLOPZEDIA
to the PRACTICAL WIRELESS ENCYCLOPEDIA. There have been no
radical changes in design since the last edition went to press in March
1938, and the present edition, therefore, reflects the latest position
of the science and its kindred subjects.

Well over 200,000 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 effort to present in
encyclopadic 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. I am gratified to note that it has become the standard
work of reference for radio designers, students, and teachers. Once
again 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, Practical Wireless).



ABBREVIATIONS

A.—Anode, or plate.

A.A.—Artificial aerial.
A.C.—Alternating current.
AE.—Aerial.

A.F.——Audio frequency.
.C.—Automatic frequency control,
.C.—Automatic gain control.
.C.—Aerial tuning condenser.
.I.-—Aerial tuning inductance,
.C.—Automatic volume control.
.E.
L

-Automatic volume expansion,
-British Association.
Broadcast listener.
.O.--Beat frequency oscillator.
B. O T. Unit—Board of Trade unit 1,000
watt-hours, or 1 kilowatt-hour.
C.C.C.—Closed circuit or secondary con-
denser or S.T.C.
C.C.I.-Closed circuit or secondary tuning
inductance or S8.T.I
cm. —centimetre.
C.P.—-Candle power.
C.W.—Continuous waves.
D.A.V.C.—Delayed A.V.C.
db.—decibel.
D.C.-Direct current.
D.C.C.—Double cotton covered.
D.E.—Dull emitter.
D.F.—Direction finding, or direction finder.
.P.—Difference of potential.
.P.D.T.—Double pole double throw.
.P.S.T.--Double pole single throw.
.8.C
X

dddldddddd.
'!IO><<'-]'-]O'!I

.—Double silk covered.
~—Long distance.
Earth.
\d F.- -Electro-motive force.

mpccccc

Phase Angle .
Power.......
Quantity . . .
Reactance ..
Reluctance.

I.C.W.—Interrupted continuous waves.

I.F.—Intermediate frequency.

L.P. -In primary (of transformer) ; start of
primary.

I.S.—In secondary (of transformer); start
of secondary.

kw.—Kilowatt 1,000 watts.

L.F.-—-Low frequency.

L.F.C.—Low-frequency choke.

L.R. -Low resistance.

L.S.—-Loudspeaker.

L.T.-Low tension,

mfd. -micro-farad.

mhy.—-microhenry.

mm,- -millimetre.

mmfd.—micro-micro-farad.

O.L.-~Output load.

O.P.—-Out primary (of transformer); end
of primary. Also output.

0.S8. -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.

Pot.--Potentiometer.

P.V.—-Power valve.

Q.A.V.C.—Quiet automatic volume control.

Q Code.--See p. vii.

Q.-M.B.—Quick make and break.

Q. P.-P.—Quiescent Push-pull,

R.F.—Radio frequency (same as high fre~
quency).

R.M.S. Value--Root-mean-square value,

Rx. - Receiver.

5.C.C.—Single cotton covered.

F.-—Filament, S.I1.C.--Specific inductive capacity.
G.-Grid. S.P.-Series parallel.
G.B.—-Grid battery or grid bias. S.P.D.T.—Single pole double throw,
G.C.--Grid condenser. S.P.S.T.—Single pole single throw,
G.L.—Grid leak. 8.8.C.—Single silk covered.
H.F.—High frequency (same as radio S5.T.C.—Secondary tuning condenser.
frequency). S.T.I.--Secondary tuning inductance.
H.F.C.—High-frequency choke. S.W.G.—Standard wire gauge.
H.P.--Horse power. S.W.L.—Short-wave listener.
H.R.--High resistance. T.R.F.—Tuned radio frequency.
H.T.--High tension. T.T. Tonic train.
I.C.—Intermittent current, Tx.—Transmitter.
SYMBOLS
Admittance ........................ .. Y Resistivity............................
Amplification Factor.............. " Self-inductance 00 l‘:
gapacity .................. (l:
urrent .. ...,
Conductance .. .. ... G :xp:::-.h.o.ﬁx: ......................... A:
Dielectric Constant . ; . pere-hour.........................
B.O.T. Unit 1,000 watt-hours, or 1 kilo-
Efficiency................... K] watt-hour
Electrostatic Flux Density. . D Coulomb C
E.M.F. (voltage) ............, E Farad .... ... .. e CF
Energy................... w Henry : " H
;‘reql:’ency ettt zf Joule........ ... ... ....... J
mpedance . ... % N . y
Magnetic Field........ .. H g}:‘::o" SIDEREL 'kv‘a
Magnetic :::ux ..... goooac g Volt . ittt Uy
Magnetic Flux Density .. .............. B 0p i cotreereeree o
Period Time........... T :',t‘;l:t (X 3800000000000 o V‘Q
Permittivity . 5 Watt-hour 11T . Wh
P
Q
X
S
R

Resistance...............

s




THE INTERNATIONAL CODE OF ABBREVIATIONS

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

Q CODE

QRA —The address of the stationis ...

QRB—The approximate distance between
our stations is . . .

QRG—Your frequency is . . . kilocycles.

QRH—Your frequency varies.

QRJ—I cannot receive ycu.

QRK—Your signals are good.

QRM—Interference.

QRN—Atmospherics.

QRO—Increase power.

QRP—Decrease power.

QRT—Stop transmitting.

QRU—I have nothing more for ywu.

QSA—Signal strength (see QSA code
below).

QSL—An acknowledgment of reception
(i.e. QSL card).

QSO—A communication or contact.

THE QSA CODE

QSAl1—Hardly perceptible.

©SA2—Weak signals, readable only now
and then.

QSA3—Fairly good reception, readable
with difficulty.

QSA4—Good, readable signals.

QSAS5—Very good signals, perfectly read-
able.

X—Slight static.

XX—Strong static.
XXX-—Very strong static.
N—No static.

F—Slight fading.

FF—Fairly strong fading, but the trans-
mission still intelligible.

FFF—Very stromg fading, with complete

loss of transmission at times.

R CODE

R1—Very faint signals, unintelligible.
R2—Weak reception, unintelligible.

R3—Weak reception, but partly intelligible.

R4—Fair signals, just Intelligible.
R5—Moderately strong signals.
R6—Good reception.

R7—Good, clear reception that comes
through interference.

R8—Very strong signals heard several feet
from the 'phones.

R9—Extremely strong signals.

T CODE

T1—Very bad A.C. ripple.
T2—Rough, A.C. ripple.

T3—Bad ripple on note.

T4—Small ripple on note.
T5—Nearly D.C., but bad key thumps.
T6—Good note, but not quite pure.

T7—Pure D.C. note, but key clicks notlce-
able.

T8—Pure D.C. note, but not as good as T9.

T9—Flne, steady, crystal-comtrolled D.C,
note.
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Fic. L.—Diagram of the conventional signs used in drawing a wireless circuit, which merely consists of a number of these signs joined together.

Pictorial diagrams showing the actual components represented are given in the book in their correct alphabetical order.




THE PRACTICAL
WIRELESS ENCYCLOPADIA

A

ABAC.—A graphical diagram which
enables results of formule tc be ob-
tained by using a ruler. The most
complicated formule may thus be
used by the non-mathematical con-
structor. The basis of the Abac
system is d'Ocagne’s theorem, pub-
lished in France in 1899. A nomogram.

ABAMP.—The absolute electromag-
netic unit of current—that current
which, passing along a wire of 1 cm.
length, bent into an arc of 1 cm.
radius, will exert a force of one dyne
on a unit magnetic pole placed at the
centre. One abamp equals 10 amperes;
one ampere equals one-tenth of an
absolute unit of current. (See Weber.)

ABBREVIATIONS.—See page vi.

ABSCISSA.—The horizontal 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 measurement, in which the unit 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 2 gramme that

“TINPUT o

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 frequencies 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—

THEORE TTICAL
SyarB0oL

Fic. 3.—Theoretical snd actual diagram of an
Accumulator. Note-that the thick lire 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, and 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 are made up ot pastes
(see under Accumulator Types) im-
mersed in a solution known as the
electrolyte. This consists of dilute
sulphuric acid in either liquid, paste,
or jelly form. It was Galvani who,
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

Fi1G. 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, so it will be seen that series

accumula-
tors have a

= G-
.

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

| ’ = +

AN

Fic. 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.

Generallv 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 ‘0oz to the specific
gravity for every 5° F. For tempera-
tures below 60° F. deduct -0oz for
every 5° F. to obtain the requisite
equivalent at 60° F.

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 alter owing to
evaporation, it is preferable to dilute
the acid as and when required. In

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

A new battery should net 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 mayv lead to self-discharge, heat-
ing, and other battery trcubles.

glass, glazed

ACCUMULATOR CHARGING
FROM ALTERNATING CURRENT.

First Charge. The first charge is
of critical importance to the life of
a battery, and the manuiacturers’
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 cuuse 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 Ekept 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 shculd 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
Water. l ifir ]
Required szgiﬁc Specific Gravity.
ey e Pasts by
| Volume. Volume.
1400 14 10
1 350 18 10
1300 21 10
1250 27 10
1-225 29 10

! !

USING ACID OF 1-400 SPECIFIC

GRAVITY
1 B £l
Acid, 1-400
Water. [ 2 oo
Required Specific | Specific Gravity.
L H ‘
eyt ogls Parts by Parts by
| Volume. | Volume.
| |
1°300 45 | 10
1-280 58 | 10
1:275 625 | 10
1265 64 | 10
1255 6:65 | 10
1-.50 675 l 10

The fact that so many electrical
undertakings are changing over from

DIRECT~

direct current to alternating current
renders necessary information on
charging accumulators from this
source of supply. It 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

Fic. 6,—Graph illustrating difference between Direct and Alternating Current.

. ALTERNA T/A:}G

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



WIND-CHARGERS

motor generators somewhat similar
but differing in principle, having
rotary transformers incorporated in
the frame of the motor. The
mechanically driven rectifier makes
use of an A.C. motor (synchronous)

MoTor

COouPLING

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 definiticn as to what constitutes
the difference between a breeze and a

Dynamo

F16. 7.—Diagram showing the principle of the Rotary Converter and Rctary Transformer.

A.C. or D.C.. is driven from the mainx and cou
practice one machine acts both as motor and dynamo.

coupled to a commutator ted by the
alternating current, and from it is
delivered the direct current (see Fig.
7). The chief deject 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 ¢f driving a
dynamo or generator by means of
wind sails. Although wind power in
this country is apt to be rather
erratic, far too much of it at times
and not enough of it at others to
provide any useiul 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 wind motors is,
of course, to conirol 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

A motor, either

to a D.C, generator which charges the arcumulators. In

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 :

Corresponding

Beaufort Velocities in
Scale { Wind Miles per Hour
[ I Calm Under 2
1to3 Light Breeze 2to12
4t05 Moderate Windl 13 to 23
6to7 Strong Wind 24 to 37
8tog Gale 38 to 55

10 to 11 Storm 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
tailpiece to keep the propeller in the
wind, (4) the collector rings for con-
veying current from the movable head
to fixed terminal points, and (5) the
mast upen  which the whole s
mounted.

So far as the generater is concerned
there are plenty of good secondhand
car lighting dynamos to be picked up
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Fie. 9.

Fics. 8 to 10.—An addition to the 2-blade main
propeller in the form of small blades hinged at one
end, which open out at excess spceds.

DYNAMO

Fic. 11.—A Commercial Wind-Chargcr.

with furling tail.




WIND-CHARGERS

cheaply. of a type illustrated in Fig.
12. This is one of the most popular
models, and makes a very serviceable
unit, cutting in for charging at
850 r.p.m. and giving its full output
of 12 volts 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 (z), the pro-
peller, will no doubt demand some
little patience and several modifica-
tions before a satisfactory home-made

COMIUTATOR FAD
BRACHET

(FOR CVC OTNAMO)

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 Rotatable Head. The rota-
table head with the collector rings
needs planning out with a view to
utilising whatever material happens
to be available in the workshop, and
dimensions are of secondary import-
ance, so long as the collkctor 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

COMMUTATOR FIELD
con

-
DRIVING END
BRACKET

ARQMATYRE

CYNAMO DISMANTLED

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

article is arrived 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 {t. long and 14 in. thick, tapering
from 6} in. wide at the hub to 3} in.
or 4 in. at the tips, fashioned on the
lines shown in Figs. g and 1, the pitch
of 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
picces of 14 in. by 1} in. mild steel B,
not less than 12 in. long, which are
arranged to grip the mast with four
straps and bolts S. These angle pieces
stand up six inches beyond the end
of the mast, and a flanged steel plate
C is screwed to them te 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 earrying 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




WIND-CHARGERS

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

F16. 13.—Dctails of the rotatable 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 oC

(&G

Fic. 14.—A constant voltage 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

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 means and ex-
perience. It forms a workable basis
for building up a practicable wind-
driven lighting installation capable of
providing a good light to four or five
bulbs of 25-watt size, when working
in conjunction with a 12-volt car
accumulator. :

A 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, showing
an addition to the 2-blade main pro-
peller in the form ot 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

Fic. 15.—A shunt-wound 2-pole 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

World Radio Histo
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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 is
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 e¢n-
gaged with the collar and is moved
downwards about its pivot by the
collar. A lever arm F attached 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 F
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 beyond 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 intrsduce, and
making use of such matenal as hap-
pens to be available, modifving the
general design accordingly. They will
be well advised, however, to regard
simplicity of design as the first essen-
tial, and bear 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 must be so designed as to allow
a reasonably constant voltage to be
maintained at the terminals Much
the same problem confronts 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 «peed varia-
tions are unavoidable with changes in
the wind velocity. The battery being
charged, however, helps to ‘‘ absorb *’
the fluctuation.

Constant Voltage 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 spec¢ds by a
special construction, and by the use
of a “ floating battery ”’ used in con-
junction with it.

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

AC
MAINS

AC
MAINS

AC

F16. 16.—Two standard metkods of employing a metal rectifier for charging
accumulators,

most popular is the one known as
‘“ third-brush control.”” In the case
of the ordinary shunt-wound 2-pole
dynamo, such as used for stationary
lighting sets, engine-driven at a
closely governed speed, there are two
brushes only at opposite positions on
the commutator, see 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 ficlds 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, and lead are mounted on a
non-conducting tube, with a large

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

MaIng,

Fic. 17.—Dissol ve a teaspoonful of saltin 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 attracfing and
hadding small quantities of acid.
‘This is liable to cause corrosior and
rotting of wooden crates, etc.

Neutralising  Spilled  Electrolyte.
1{ electrolyte is spilled, it should be
immedliately treated with a neatral-
ising solution, such as sodium carbon-
ate (soda) and water, or ammonia
and water. Either of these lquids
is excellent for checking the cffects
of acil on clothing. Benches, trays,
and other fittings which have become
acid-sodden should be treated with
a solution of 1 lb. of soda to 1 gallon
ot water, and then dried before coat-
ing with acid-proof paint.

Finding DPolarity of Mains: First

5

Q

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

Second method. Dip the ends of
the two wires into a glass containing
a weak solution of salt and water.
Bubbles of colourless gas will be
formed on the negative wire. Be
sure that the wires are not allowed
to touch, and it is necessary to
connect a lamp of ‘‘ mains '’ voltage

in series with the wire to avoid the
danger of short circuits
17).

(see Fig.

Fic. 18.—Simple cell ready
for charging.

Fic. 19.—State
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CHARGING ACCUMULATORS
FROM DIRECT CURRENT.—Unlike
alternating current, which, as has
been explained earlier, 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

*Lﬁm
SHTCH
+
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Fic. 20a.—A typical arrangement of Lamp
esistances.

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

Mains Voltage 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 effect,
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 this point.

12

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 6Go-
ampere-hour cell would be 6 amps.
Any excess would cause heating and
disintegration of the plates.

Determining the Resistances to be
Used. 1t 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 G-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 flow. With increase of the volt-
age of supply, however, such as by
the use of lighting mains, suitable
resistances are necessary, 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

Current|

T Voltage of Supply.
peres — -
per
Lamp. | 25. 50. | 100-200. 200-250,
! -

3 e — 8c.p. | 16c.p.
%+ — l 8c.p.| 16c.p. | 32¢.p. At"
1 | 6cp.|16¢.p.| 32c.p. | 6oc.p. [4 Vatts
2 [rzcp. [32e-p-| 60 c.p. per c.p.

|xooc.p.

Example 1. Suppose the bz;;ny
has to be charged at 10 amperes and
the voltage of supply = 250.
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watts required = 250 x IO

Divide this value by the wattage
of the lamps availubie to get the
number required. Thus the number
of 6o0-watt lamps required =24§¢ =
42 approx.; roo-watt lamps =25, etc.

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

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

Current flowing =

Number of lamps » wattage of each
n Voltage of supply
4x60 240

250 250

= 96 ampere.

A Typical Charging Arrarngement.
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 amount 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-

RESISTANCE WIRE DATA
Eureka. German Silver.

S.W.G. — — —||— S— B
Ressstance , Current Ressstance ” Current
per yard. Yards per ib. | Capacsty. per yard. l Yards per ib. Capacity.

! | - I
18 037 48 35 0117 51 35
20 066 8s 2'5 0315 90 25
22 1°10 140 15 0°520 147 15
24 1-77 227 10 0844 238 10
26 2°65 340 o's 126 349 0’5
28 391 | 502 025 1-85 527 02§
30 558 714 0°2 2:65 750 02
32 7'35 943 015 350 984 01§
34 10°13 1,300 01 l 482 1,360 o1
36 1484 1,905 oS 706 2,000 0§
38 2381 3,060 . 11-33 3,295 =
40 3718 4,761 = | 17:70 4,920 =
1
CURRENT-CARRYING CAPACITY OF WIRES
Current | Current Current Current
S.W.G. Capacity SWG. | Capacsty S.W.G. Capacsly S.W.G. Capacity
(Amps.). || [ (Amps.). I (Amps.). (Amps.):
[ |

10 19°305 19 ‘ 1 8855 28 258 | 37 0545
1 15'855 20 1527 29 +218 38 ‘0425
12 12:7425 21 1 206 30 1812 39 ‘0318
13 9-872 22 09237 31 +1586 40 ‘0272
14 7'5405 23 o 6786 32 ‘1374 41 ‘0228
15 6108 24 0 5702 ‘ 33 -1178 | 42 ‘0189
16 48255 Il 25 0°4703 ' 34 0998 43 | ‘0153
17 36045 | 26 0-3818 35 0831 44 ‘012
18 2:715 ” 27 03168 36 0681 [ 45 0093

13
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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,

F1c. 208.—Simple Charging Arrangement from
Mains.

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.
20B.

In this case one lead to a single
pendent 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. Another method, which is ap-
plicable to either a single or three-
light fitting, is to remove the screw-

14

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 wusual
manner,

When it is desired to 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
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, connect 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. 2oc 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 35
milliamps., and 4 volts at 2 amps.

Charging Hints, 1If 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 hydrogen given
off is highly inflammabie.

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
shartened.

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 gmaduated float,
showing the actual strengths of the
acid.

CURRENT-CARRYING CAPACITY

OF LAMPS
Carbon-filament Lamps
Candle-power. T oltage. Current passed.
8 | 110 | 254
16 110 *509
32 110 1-018
8 220 c127
16 ‘ 220 209
32 | 220 -509

Metal-filament Lamps

Candle-power. | Voltage. ‘ Current passed

8 110 09
16 110 <18
32 | 110 *36

8 220 *049
16 220 -09
32 220 ‘13

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-
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tions, and 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 voltage that of the mains
(or slightly less than that of the
mains) in series and connect them
direct to the house supply, making
suitable arrangements in the form

oc¢C

SWITCH-»
-1 1+

Fic. 20c.—The complete Charging Circuit.

of a slab of slate or marble on
which to support the cells during
charge.

This method is, however, hardly
practicable in the majority of cases,
and even where it would be it is
recommended that the local electrical
company be consulted first. Ama-
teurs can, with advantage, rig up a
lamp resistance board, using batten-
mounting lamp holders, for by this
means (using lamp resistances of a
voltage to suit the mains supply, but
of various wattages or candie-powers)
it is a comparatively s:mple matter
to arrange a series of lamps to suit
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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 is desired to charge a small
number of cells, say one or two, by
means of 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.
Leave the accumulator on charge
until the plates gas freely, that is,

until bubbles issue freely

TUMBLER
SWITCH

5 o

F1c. 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 to 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 following
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. 1f 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 to 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 coat 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
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therefore very necessary to make up
the water lost by evaporation, but
quite unnecessary to add acid. Fresh
acid should only be added when
some of the original electrolyte has
been lost through spillage, and it
should then be carefully adjusted to
the correct strength before adding.

Never allow the level of the elec-

veiaubols

’ll'l““

Fic. 21.—Hydrometer.

of the affected accumulator clean
and dry. Vaseline is specified as a
preventive of cocrosion, 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 should ever be added
to an accumulator. Water evapor-
ates, sulphuric acid does not. It is
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trolyte to fall below the tops of the
plates. The best time to add dis-
tilled water is just before charging,
as the gassing of the accumulator en-
sures the liquid being well mixed.
Never camry or store water in any
metallic vessels other than lead.
Glass, earthenware, or lead-lined ves-
sels are the most satisfactory, and
they should be kept clean and well
covered to keep out impurities,
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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,

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

Chemical Action Explained. Be-
fore proceeding 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
(PbO,), while the electrolyte is a
mixture of sulphuric acid and water
(H,80, and H,0). This electrolyte
is now at its maximum strength.

When the cell is placed on dis-
charge, the acid splits up into H, and
S0,. 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 been 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. 2r1).
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. 54.

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 electrolyte
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 niake 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 camdition.

Having discussed the charging and
general treatment of a rormally
healthy accumulator, let us now con-
sider the various unhealtty cells
which every accumulator man is
called upon to handle from time to
time.

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

Excessive frothing on charge and
discoloration of 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 broken positive plates
are often a sign of over-charging at

or blis-
negative
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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 seriounsly affected accumulator
generally requires new plates

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

White deposits of lead sulphate or
hydrate are caused by leaving the ac-
cumulator standing in a discharged
condition or allowing the level of
the clectrolyte to fall below the tops
of the plates. Small deposits may
often be iemoved by means of a
long, slow charge at, say, half the
normal rate, but a seriously sul-
phated cell will often require new
plates and separators.

Reversed Charge. It 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 dJirection. In
this case an attempt should be made
to recondition the accumulator by
means of a prolonged, slow charge
in the right direction. This treatment
is generally successful unless the re-
versal has been going on for a con-
siderable period.

Choosing a Wireless Accumulator.
The average wireless set to-day re-
quires an accumulator capable of giv-
ing a small supply of current over
an extended 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 2-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-
chargex, and is about the cheapest
and most satisfactory form of low-
tension supply for wireless receivers
obtainable.

For these reasons, the owner of
any set taking 4 ampere or less is
strongly advised to consider the thick-
plate tvpe 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. For them, the
thin-plate type of accumulator is
still the best proposition. Thin-plate
cells are constructed to stand a far
higher rate 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
a 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 moment you put a dry battery
on your set, the voltage begins to fall
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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 place 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 expensive.

For about £3 10s. one can obtain
a splendid large-capacity 1oo-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, when 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 you use the
set for three hours every evening it
will be consuming -75 amp. for
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¢wenty-one hours a week, equal to
approximately 16 ampere-hours. In
a month this would total 64 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 tor any
other purpose it is necessary, in order
that you should choose the correct
type, to know what current is to be
taken from it.
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SEDIMENT

Fic. 22.—Sediment should be removed periodically,
to prevent short-arcuiting of phtes.

ACCUMULATOR PASTES.—The
following ingredients are required : 4
parts by weight rediead (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. Place the grid on
a flat 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 enables
the plate to be turned over so that
it can be pasted on the opposite side.

Drying. Stack the plates carefully
in a warm room to dry. After three
or four days dip the plates in sul-
phuric acid (1-25 specitic 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.
Mix, 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, -or
per cent. One-sixth of the total
weight of the above of 1°10 specific
gravity sulphuric acid.

Use acid of 1-12 specific gravity,
charge at the rate of about ‘o2 amp.
per square inch of the plate area,
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 connec-
tors between the cells, faulty ter-
minal connections. The usual voltage
and specific gravity tests of in-
dividual cells will indicate the faulty
cells and the probable cause of the
trouble, but it is possible for a bat-
tery to have a comparatively low
output or capacity whilst the voltage
and specific gravity readings are
apparentlr correct.

Examination of the Battery. Open
the case and scrape away as much

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 electrolyte. 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
frayed. ILook for cracks in the seal-
. ing compound, test the level of the
electrolvte, 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
freely for some time. If the battery
is in good condition, the reading
should be 1-250 to 1-300.

Dismantling 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. Before any
repair can be undertaken the accumu-
lator should be drained and thor-
oughly washed out.

Remowing 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 bars (Fig. 22),
removing the cover and compound.
The compound softens at about 200°
F. 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

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,
immerse 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
by 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
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rub with the finger on the negative
plates should produce a shiny lead
appearance. If they are hard bulged,
and have a rough granulated ap-
pearance, and if the posit.ves are
cracked, soft, or brittle or thin, due
to shedding, the plates are useless,
and new ones should be abtained.
If the positives and negatives are
hard, white with sulphate, and dry,
do not waste further time upen 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 Positive Plates.
to the positive plates. These are
rather more delicate; if they are
buckled they may be straighiened in
the vice in the same manner as the
negatives, or the edges mayv 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 grouap 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 Delow
the connecting strap. If one or two
inner plates are to be replacec, break
them off at the lug close to the junc-
tion with the connecting sfrap by
bending 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 required to
hold the plates firmly in position.

Now attend

23

An oxy-coal, gas, or acetylene flame
is required for burning. The parts
to be joined should be thoroughly
cleaned by scraping, and heat being
applied carefully 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 ¢an usually be used again.
After replacing the assembled plates
and separators in the celi, immedi-
ately fill with electrolyte of specific
gravity 1-30o 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 efiectively 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 asbestos string can be in-
serted to stop’ the compcund from
running thrsough. 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 time 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 hours, after which the charge
may be considered 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 1300 draw off some of the
electrolyte and replace to correct level
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with distilled water. Use good-quality
acid when necessary to replace it.

If the specific gravity is below 1300
draw off some of the electrolyte and
make up with acid of 1-400 or 1-350
specific 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-
tilled water. Tap water should never
be used. Refer to the tables on
page 4.

Corrertion for Temperature. The
values given on page 4 are correct for a
temperature of 70° F. A correction
must be made if the temperature
differs from this. 7To obtain the
actual specific gravity at 70° F. add
one point to the reading obtained for
every ;° 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
Temperatures ‘shoun below to

Condition; give 1-280 at 60° F.

Cells, | - °FI R
40°F.’s0 .'60 F.

|
2
|

o
80°F.

70°F. 90°F .

Fully
charged

Half dis
charg

Fully dis
chargcd]rx 15|

|
1288 1:284'1-280|1-276|1-272|1-268|1-264

1-207(1'204{1:200|1-196{1-193}1-189|1-186

1-107|1°104|1°101

1-113l1~uo 1-098

To ensure satisfactory working the
battery should now be 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 be kept at a
constant value by varying the rheo-
stat, and the number of hours for
which the battery will give out this
curren: should be noted. The pro-
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duct of hours and amperes gives the
capacity in ampere-hours.

Effects of Overcharging 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. Habitu-
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.
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F1c. 24.—Testing a fully charg=d A 1

with a Cadmi

really another
electrode
which  forms
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
Tester.

The Cadmium Test for Faulty
Plates. An instrument known as a
cadmium tester is really a voltmeter
with a central zero reading on its
scale, an arrangement which permits
of polarity tests. Two flexible leads
are attached to it. The positive lead
is of the ordinarv type, but the nega-
tive lead has piece of cadmium
about 4 in. long by # in. diameter
soldered to it. This cadmium ex-
tremity has a perforated rubber
covering or ebonite tube covering, so
that when used the metai cannot
make direct confact with the plates.
This nega-
tive lead is
placed
through one
of the vent
holes into
the liquid
between the
two plates.
and prefer-
ably in the
centre of
the section.
1t will
readily
be perceived
that the cad-
mium is

o

>

Qi»ﬁ' 0
(Vo -

o

P.W.E.—B

Fi6. 25.—Testing a discharged A I
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as described,

and make
contact with the other voltmeter
terminal on + and lead ter-
minals of the cell alternately. The
reading with the contact on the +
terminal should be to the right of
zero and about 2-4 to ='5 volts. The
reading with the contact on the
—terminal should be to the left of
zero and sbout —o-15 to —o-2 volt.
This is obviously equal to a voltage
of 2:4+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-

with the Cadmi

Tester.
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tive 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 onlv advantage of the celluloid
jar is its fransparency. 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; mever 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 necessary.

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 Ib
of solid to 2 lb. 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 1-400. 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, in order that gas may 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 specific
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 1°1 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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discharge only the surface of the
plates is acted upon, and acid dif-
fusion being limited, the -capacity
suffers temporarily. A sufficiency 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

F16. 26.—Methed of testing a Dynamo for Polarity.
(See also Fig. 17.)

has been used with marked success
for motor-cycle lighting.

Capacity of a Cell. Capacity de-
pends on the amount of active ma-
terial available, the charge put into
the cell, the rate of .lischarge, the
temperature and the state of the cell
as regards sulphation, and short cir-
cuit. The cordition of the plates has
a great deal to do with the capacity
of a cell amd 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
chemically active. At high rates of
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Fic. 27.—Meth?d of testing Mg;r):s for Polarity.

See also Fig. 17,
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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 1'8 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 aone 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 syphan 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 sedi-

ment.
Battery  Charging by  Rotary
Machines. A number of single

machines of the rotating type for
rectifying A.C. are available when
accumulater charging is to be done
on a large scale. Connections at one
end are te 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 tramsformer is used, connected
between the A.C. supply and the slip
rings or terminals. The machine
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works with very little attention and
has an output of 50/60 volts, 30 am-
peres, This would charge up ten
6-volt or five 12-volt Llatteries in
series, or a larger number at a lower
amperage than 30 in parallel,

A wall-type series resisiance 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, be
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 lzave a ridiculously in-
adequate space for the housing of the
low-tension battery. It is obviously
false economy to fit a four- or five-
valve set with a cell of only 15 to
20 ampere-hours’ capacity, as the cell
will spend as much time at the charg-
ing station as it will on the set!

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

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 week-end and
then closed up and forgotten for per-
haps a couple of weeks. The cell
has been left in a half-charged state
and, when warted, 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 station. 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 only 5 am-

PAIR — TROUBLES

pere-hours in the capacity of a 20
ampere-hour cell is a serious loss,
and charging bills begin to mount
up at an alarming rate. It is advis-
able to tuke your batteries to the best
charging station and to ensure that
they are always returned in a fully
charged condition.

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

Charge whenever the specific
gravity falls to 1-100 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 hydrometer 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 aof electrolyte is
exceeded.

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

ACCUMULATOR TROUBLES—
CAUSE AND CURE.—One of the
most common causes of battery
failure is over-discharging and then
leaving the battery in a discharged
condition. During the autumn and
winter months the risk 18, of course,
greatly reduced, as the battery (par-
ticularly when employed for multi-
valve sets) is often in almost constant
use, and is therefore charged and dis-
charged ut fairly frequent intervals.

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

Therefore, 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 beyond repair.

Sulphation. 1t is worth repeat-
ing that ctertain types of batteries
are far better equipped to withstand
sulphation than others, Most bat-
tery manufacturers market—under
various names—cells 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 hatteries are of this type,
the risk of sulphation—even if the
battery is to stand idle for several
months — need cause no
Merely see that the cell is given a
long, slow discharge, clean and vase-
line the terminals, 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 cf
discharge than the above are fre-
quently assembled in celluloid cases,
and consist of a large number of thin
plates with wooden or ebonite
separators. \While suitable for Leing
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-

alarm. |

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 out 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 he allowed to pro-
trude the very slightest amount above
the surface of the water.

After being 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
thoroughly.

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? 1t 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:

30




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

Fic. 28.—Section of a Heavy-duty type of
ccurnrulator.
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 afiected parts
clean, remove all traces of acid as
before, smear with vaseline, and then
carry out the instructions given on
earlier pages.

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

3%

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

ACCUMULATOR TYPES. —The
accumulator is obtainable in a number
of different 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 giving slow 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
immersed in a dilute solution of sul-
phuric acid. Each set of plates is
connected to a common 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

GRID

Fic. 29.—A Positive Accumulator
Plate of the Rusett- type.
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Fic. 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 to 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-late 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 particularlv suitable
for working bells or supplying the
low-tension current for wireless sets.
These cells have exceptiomally 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-
ploved 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 "’ tvpe. 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 weeks. 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 type is always recom-
mended for use in tropical climates,

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

3

Fic. 31.—The Grid ready for pasting.




ACCUMULATOR TYPES

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

Fi6.32.—2-volt Cellfor Radio purposes. The maulded
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 rendered doubly unspdlable by
filling them with ‘ jelly ' electrolyte;
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 2-volt cell (sometmnes
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
current for recharging the battery.

This rate of recharge is very high
—anything from 8 ‘o0 20 amperes
under normal running conditions—
while the strain placed upon the bat-
tery during the actual start is truly
tremendous. A standarc 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. Head 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 all motor-cycle
accumulators are subject.

For the lighting of trains and buses
and the propulsion of 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 allow 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
lifc, 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
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active material is ‘‘formed’ in a
thin layer on the lead grid, and a
large surtace is therefore necessary
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 area of about ten
times that of a plain lead sheet of
similar size. The Faure type 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 electrie 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
all 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 layers 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 glass-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 special value for
portable wireless sets, jelly acid cells
eliminate 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
tfor about half an hour.
ACETONE.—A colourless  liquid
related to acetic acid; pyro-acetic
acid, sometimes used in wireless for
jointing and repairing celluloid. Used
as a solvent for fats, camphor, and
resins, for making chlorofarm. Also
known as dimethyl-ketone and methyl-

acetyl. It is very inflammuble, (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 »f hearing,
the science of sound is known as
acoustics.

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

ACOUSTIC WATT.—The unit of
sound energy, based on a reference
level of 10-4; watt per squ. centimetre.
(See Bel, Decibel, Nepey, and 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 Adaptor.

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

ADMIT-
TANCE .—
Anything
hFIG.h 3?1_“7 twire Fassed which aids
ldoruol;ll: bitghel'lnsunor to form a f:urnent flow

in a circuit.
May be calculated by dividing 1 by
the impedance. The usit 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 Light), and are
thus recorded on the film,
AERIALS AND EARTHS.—The
two most important factors in the
efficiency of an aerial are insulation

Fic. 34—For a Single-wire Aerial
three Insulators should be fitted at
each end,

and height. The energy collected by
the aerial is quite small, and, con-
sisting of ‘* high-frequency currents,”’
takes the shortest path to earth.
One must therefore take care that the
shortest path to earth is through the
tuning coil of the set, and not via
the mast or 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 of 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 aerial 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 60 ft. can
be obtained, use a single-wire aerial,
but if the amount of space at your
disposal will only allow a run of
about 30 ft. or less, then use a
double-wire aerial with the twa wires
spaced by means of a bamboo stick,
with a separation of 3 ft. Do not
have the wires closer thar this.

Egg and Reel [Insulators. In-
sulators of either the egg or reel
variety are both cheap and effi-
cient, anl in the case of a single-
wire aerial, six should be the mini-
mum to use, three at either end.
They shauld be joined togetker 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 end 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, it passible,
directly above the window through
which it is eventually to be led.

The Aevial and Lightning Switch.
The best material for an aerial is the
stranded copper wire, known as 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 insulater to form
a double bight, as shown in Fig. 33.
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In this way the aerial and lead-in are
all in one, with no connection to be-
come corroded. 1f, 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 avoid corrosion.

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

10 ALRIm..

TO AERIAL TERMINAL
on “Ctlv‘ﬂ-}

al’

TO LARTH
O RECLIVER.

Fic. 35.—The method of connecting up the
L.ightning Switch.

of course, vou 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 earth 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 as convenient (a
7-1b. biscuit tin is quite good), and
the earth wire should be securely sol-
dered to it. Dig a hole about 3 ft.
decp, place at the bottom a layer of
coke or some similar rubble, put the
carth plate on this, and cover with
another layer of coke. Fill in the
hole and saturate with water. Re-
member that the earth connection

World Radio Histo
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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 recormmended 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 Aerial Earthing Switch. A
common practice with many ama-
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 bemng directly
connected to earth all the time. A
much better arrangement is to use

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

A sunple switch, which answers
the purpose very eficiently, is shown
in Figs. 42 to 46. The materials re-
quired to make it consist of a piece
of #-in. ebonite, 4} in. long by 3 in.
wide,  four stout terminals with
clamping nuts, a strip of sheet brass
5} in. long by § in. wide and 5 in.
thick, two brass screws 2 in. long,
and a wooden bobhin.

Construction Details. Mark out the
ebonite 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 pieces of equal length,
and set out the positien of the holes
and slots according to the dimen-
sions given in Fig. 46. The slots are
made by first drilling holes in the
centre lines, and then with a hack-
saw cutting away the metal.

e 5

(7%

Fic. 40.—Conventional signs for outdoor und frame nerials, shown also pictorially,
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k— ——3"

Fs holes (csunk) &

¥
Fic. 45.—How to mark out the Ebonite Base.

I Aerial lead in wire Part of wooden
\’{ 4 bobbun

1

7

Earth wure

7

Fic 43.—A front devation, Fic. 44.—A side elevation.

% includes the aerial, leac-in wire, earth

-ﬂ%%%w_r%_{ wire, and the coil conuected between
C BN aerial and earth terminals) will re-
P _f sonate at a particular frequency de-
]'—2% —>l pendent upon its inductance and
capacity. When the gril circuit to
[w o q)) e which this is coupled is tuned, the
aerial is also tuned, due to the coup-

S 25— F ling betwwen the aerial and grid coils,
Fic. 46.—Details f the Switch Arms. but the resonance is most pronouncyd
at the natural frequency of the aerial

All-weave Anti--nterference  Aerial  system. At harmonics of that ire-
Systewms. The aerial system (which quency it will also provide strong
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IRANSRORMER

resonance, and therefore it should be
possible 1o find a length which will
give maximum response at two or
three difierent frequencies or wave-
lengths. In practice this is not easy

T

LONG-WavE Afrma

J

J-recoea
Fic. 47.—The Spider-web anti-interference aerial.

10 feet 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

MEDIUM -WavE AERaL

J

SworT Wave
AF @4,

FiG. 48.—All-wave anti-interference 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 joined end to
end (insulated at the junction), and
the short-wave aerial is suspended
from the point at which they are
joined.

In some cases it may be necessary
to use even more than these three
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F1G. 49.—Connexctions for two types of impedance-matching transiormer 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.
It will be seen here, however, that the

=

SO TvenS

A

S0 NS

-

S746€/
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ELARATOR & ANCHORED WTH SEALING WAX

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

S74GE 3

FiG. 492.—Constructional details of the transformers for anti-interference aerials.
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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 ex-
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 cach end of the
lead-in, +o balance out losses. This
is carried out by using a step-down
transformier 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 thie 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 which “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. wire on a 1-in. diameter
former, and to split this into two
equal sections, separated by 3} in.
Over the centre space three or four
layers of thick brown paper are
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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 aluminium 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 so 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
earthed 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 and 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
reason, the greater will be the sur-
face on which these currents 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 ercct a mast of
the desired height. It is not neces-
sary to-day to use multiple wire
aerials. 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.

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 earth 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 1s 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 commoditics 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 earth 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.

Provision 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 uantuned 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 condenser), 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 eventually 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 toial of thirty
turns, making tapping loops at the
fifth, temth, fifteenth, twentieth, and
twenty-fifth turns. Now tie this
finished hank on to the present coil,
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and connect one 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 selectivity
required (Fig. 40a). (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 of 100 ft. has a natural wave-
length of 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 100 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. It 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 system 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 mfd. (See also Condensers and
Variable Condensers.)

ATHER.—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. (See also 4.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 dielectric, e.g. a
variable condenser which is not of the
solid-dielectric 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; E, Edward; F,
Freddie; G, George; H, Harry; 1, Ink;
J, Johnnie; K, King; L, London; M,
Monkey; N, Nuts; O, Orange; P, Pip;
Q, Queenie; R, Robert; S, Sugar; T,
Toc; U, Uncle; V, Vic; W, William;
X, X-ray; Y, York or Yorker; Z,
Zebra.

Fi6. 50.—Variable condenser with air dielectric.
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ALTERNATING CURRENT.—A
current whose direction of flow surges
first in one direction and then in
another, and at a regular period (see
Fig. 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 termn for
aluminium.

AMATEUR WAVEBANDS.—See
Wavebands, Amateur.

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 H.T. battery in wireless
circuits, the milkampere is the unit
used. This is equul 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 ccnnection with accu-
mulators, is equal to 1 coulomb per
second for 3,600 seconds, or 3,600
coulombs.
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AMPERE TURNS.—The number of
turns in the coils of an electromagnet,
multiplied by the current flowing
through them.

AMPLIFICATION.—in 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 piece of 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 abserved 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. Tt would there-
fore appear that the higher the load
impedance the greater the voltage
drop across it, and hence the greater
the degree of amplificat:on.

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

Gain= Resist.  of load x ion tactor of valve
“ Anode resistance of valve -+ resistance of load
(See

also  Stage gain, Push-pull,
Quiescent push-pull, Class A, Class B,
and Class AB.

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

ST

Fic. 51.—Ammeter.

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.

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. ¢ne Angstrom unit equals one
ten-millionth of a millimetre, or onc
ten-thousandth of a micron (which
see). (See Lux, Lumen, Foot-candle.)

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

ANNEAL.—To soften (a metal) by
heating and
quenching or heat-
ing and gradual
cooling. Brass
may be annealed
by the former
method: steel is
hardened by it.

FnooE CuRRENT

|
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| Grro Vours
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Fic. 52.—Grid volts’

anode current curve for

anode bend rectifica-
tion,
i
ANODE.—The positive voltaic

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

ANODE OF ACCUMULATOR.—
The negative terminal.

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 nalf-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. — Obsolete
aerial (which see).

ANTI - BREAK - THROUGH
CHOKE.—Coil of wire connected in
the aerial lead to prevent the passage
of long-wave signals when receiving
medium-wave signals. (See also
Chokes, High-frequency Chokes, and
Break Through.)

ANTI-INTERFERENCE
AERIALS.—See Aerials, p. 43.

ANTINODES.—In a series of
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 etermine the
specific gravity of a liquid. Some
hydrometers of the ‘‘floating-ball*’

term fcr
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type are practically useless to the
accumulator user, 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 suffi-
cient to ruin the plates.
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.

Additional causes of false hydro-
meter readings ate:

(1) An  inaccirate
hydrometer float.

(2) Taking readings when {freshly
added water has not had time
to mix with the acid

(3) Wide variations in electrolyte
temperatures.

ot cracked

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.  (See also Hydrometer.)

ARMATURE.—See Loudspeaker.

ARMSTRONG.—The ciwcuit em-
ploying what is known as the super-

X

F1c, 53.—The Armstrong Circuit.
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regenerative:  prin-
ciple. The wvalue
of the circuit cle-
ments are rather
critical, and the ar-
rangement is now
chiefly used for
ultra short
w a ve reception.
(See also Circuit.)

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

ASTATIC.—Be-
ing in neutral
equilibrinm.  An
astatic coil is one
wound in  two
sections, half the
winding being on
one coil and half
on the other, but
wound in the op-
posite  direction.
The ‘‘fiela”” of
each coil is there-
fore neutral-
ised.

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

A.T.C. — Aerial
Tuning Condenser.

A.T.I. The
Aerial Tuning In-

Fi1c. 54.—Another type
duct..qnce. T h € Hydrometer.
aerial tuning

coil,

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

World Radio Histol
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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.
If you have any doubts as to the
cause, disconnect the aerial tem-
porarily. If the crackles cease, they

\

Fic. 55.—Autodyne Circuit.

are due to atmospherics.
Interference and Noises.)

ATOM.—AIl matter is.composed of
minute particles or atoms; elements
consist of atoms of one kind—carbon,
copper, gold, etc. 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 element, as com-
pared with an atom of hydrogen.
Atomic weight of hydrogen is unity.

ATTENUATOR.—A 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. Tihe term is ap-
plied iu wireless to a weakening of
the frequency response at the ends
of the scales. For instance, if the
constamts 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
spectruin (which see). Below infra-

(See also
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red we find radio frequencies, and
below these alternating and audio
frequencies. Above the visible band
we find X-rays, gamma-rays, and
others not yet named, although the
cosmic ravs are 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 of valve. The main
feature is the second plate, which
makes it a rectifier and amplitier.

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 selector so designed that
a series of four-second Jashes broken
by spaces of one second cause bells
to sound the alarm.

AUTOMATIC FREQUENCY CON-
TROL.—The term applied to an
arrangement which camses 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-diode valve,
each diode of which is coupled to the
oscillator circuit in a superhet. The
out-of-balance effect of the signals on
the two diodes, after rectification, is
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 battery-fed valves. With
ordinary battery bias, the cathode is
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at a potential equal 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 latter
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
raised 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 be 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.
It will be seen that the full high-
tension voltage exists between the
points A and B, the point B being
at zero potential. It 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 many. 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 increase in anode voitage, 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 normal
value. Further, the buasing resist-
ance does not deteriorate as does a
grid-bias battery, does not vary in
value, and needs no replacement. If
desired, the biasing resistance can be
made variable, or semi-variable.

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

Erns ReSISTONCE

AT -
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 H.T. is available from a mains
unit, and the maximum bias voltage
required does not exceed 20 or 3o
volts. In the case of some of the
bigger output valves, however, which
are designed to operate at about 400
volts on the anode, as each valve
requires over 100 volts grid bias, the
loss, if this amount of bias were sub-
tracted from: the available j4o0 volts
H.T., would be serious,

Biuasing Resistance. Biasing resist-
ances generally should be of the wire-
wound type, 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 and screened-
grid valves, ordinary spaghetti re-

World Radio Histo



AUTOMATIC GRID BIAS

sistances are quite suitable, but for
output valves, where a certain amount
of preliminary adjustment of grid bias
is usually necessary, 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 wvariable portion is reduced to
zero. Tor variable-mu valves, where
continuously adjustable bias is re-
quired, the resistance must naturally
be of the variable type. The cal-

Exrernar Anooe Creeul
HT+

Bias LESISTANCE

DEcovrLING
Resisravce HI=

F1c. 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 merely 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-
plying 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
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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-
nium.

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,
usnally of about 50,000 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 mid. 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-mfd.
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 recommended.
Fig. 57 is the complete arrangement
for an early stage indirectly heated
L.F. amplifier, sach as the input
valve of a gramophone amplifier. It
may also be employed where the de-

2
MFD

NeG BusBAR DECOUPLING RESISTANCE

Fic 58.—An alternative arrangement of Fig. 57,
in which the cathode is maintained at the normal

megative potential.

tector valve of a 1eceiver 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
in Fig. 58, where the
cathode is maintained at
the common potential of
the set, and a negative
potential given to the grid
bv the biasing resistance
connected  between  the

2
MFO

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. 50.

For Portable Sets. 1t should not
be forgotten that autom:.tic 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 outpat 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 reacticn condenser
is so connected that when its capacity
is reduced to a minimum it completes

LS
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common negative wire and
the H.T. terminal.

Fig. 59 gives the variant
of this circuit for use with
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] /V:Gﬁr/y:j
Bus BraR
F1c. 59.—A Battery.heated Valve arranged in the same

B1RSSING RESIS rRNCE

manner as Fig. 58,
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F1c.60.—The biasing resistance Fic. 61.—A cted up tc provide bias for two

arranged in the cathode lead of &
.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 negative bias 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-
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) 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.—British Association, also the
screw-thread system used in the
wireless and electrical industries.

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 vary-
ing input current.

BAFFLE BOARD.—A Dboard on
which is mounted the cone of the
loudspeaker. Its use s 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
of short duration.

BAND-PASS TUNING.—A system
of tuning which enables a
very high degree of selec-
tivity to be obtained.

types of band-pass tuner. (Refer
to Fig. 04.) (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
high capacity
and the other a
very small ca-
pacity, and this
‘“spreads’’  out
the tuning and

+

There are three ways
of arranging 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 bv a condenser us
is usual, and a similar arrangement
is used in conjunction with this tuncd
circuit, but connected in the grid
circuit of the valve. To connect these
two tuned circuits together, in some
cases a fixed condenser having a value
of -or is used (Fig. 62).

In some cases
an  inductance  or
resistance  is  used
to couple the cir-
cuits (Fig. 63). A
combination of theuse
two devices, with the
coupling  inductance
arranged in a nega-
tive manner,  pro-
duces the best signal
strength, combineid
with the best selectivity, and this
is the arrangement which is incor-
porated in the better commercial

P.W.E.—C

Fic. 62.—A Capacity-coupled
Blnd'pa’ﬂ Tune!.

thus gives a
similar effect
to a very accur-
ate reduction
drive  tuning
dial.

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

BARRETTER.—An American term.
In D.C. mains receivers, for instance,
designed far a 100-volt supply and
connected to a 200-volt supply, it will
be necessary to include a lamp in
series with the receiver 10 dispose of
the cxcessive 100 volts. Such a lamp
is called a Barretter or Ballast Lamp.

GRID

FILAMENT

IRIEPSANMA

FILAMENT

FiG. 63.—An Inductance or
Resistance-coupled  Band-pass
Tuner. Thedotted and broken
lines show akernative methods
of coupling the two portions of
a Band.pass Tuner.



BASKET COILS — BERNE BUREAU

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-
tion is to direct the
wireless signals in a
in-

CRID

FILAMENT

narrow channel
BASKET stead of giving an
coIreLs.— equal radiation in all
Flat coils of the Fig. 64.—A combination directions. Owing to
basket - weave ‘f,"duf:i';:ig;p,:g"dg,;;‘f this, only a very
type. Now ob- e—d pass Tuner. small power is neces-
solete, = sary to cover large dis-

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
therefore some form of rectifving cir-
cuit is included before the smoothing
circuit. For rectifying purposes it is
possible to use metal rectifiers or
valve rectifiers. The metal rectifier
consists of a combination of metals
which permit of a flow of current in
one direction only, and the wvalve
rectifier consists of a wvalve with two,
or three electrades. 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-
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tances, as all the energy takes one line.

BEAT RECEPTION.—One method
of detecting signals by making them
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,
Piion, 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
10 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, bichromate 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
gnds, 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 one or two other
special purposes in superhets.

BILLI.—A synonymous 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
pirzo-crystal used in some speakers,
microphones, pick-ups, etc. (Sce
Piezo-Electricity.)

BINDING POST.—An American
term for a terminal.

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

BIPOLAR.—Possessing two poles.

BLATTNERPHONE. — A system
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of recording sounds by means of the
magnetic properties of steel. The
apparatus consists, in essentials, of
a powerful clectro-magnet with the
two poles arranged opposite each
other and with only a small gap
separating them. At each end of the
machine ate 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
clectro-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-
nected to-
gether. A
bank of con-
densers.
BLOCK -
ING CON.-
DENSER.—
A term
which was
employed in
the early
days for a
‘““by - pass
condenser,”’
BLUE
GLOW. — A
valve gives
rise to blue
glow when excessive current is flow-
ing from plate to filament. Blue glow
signifies 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

F1G. 65.—Section of the
Bichromate A, glass
jar; B and C, carbon rods;
D, porous pot ; E, zinc; M,
mercury.
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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
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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
ecach 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 you will most
likely want it as soon as it has been
‘“scrapped.””  When drilling holes
for chassis-type wvalve lholders, etc.,
do not drill straight through from one
side, but turn the work over as soon
as the point of the bit comes through
and dnll from the underneath,
BOARD OF TRADE UNIT.—
1,000 watt-hours. 1 kilowatt hour,
or 3,415 British Thermal units.
BOLOMETER.—A particular type
of Wheatstone Bridge possessing a
quickly-heating resistance.
BOOSTER.—The booster is a
piece of electrical 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 accumulator 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-waund dynamo, a por-
tion of the current from which will
pass to the lamps. Assume that the
generator in such 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

BOOSTER
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F1c. 66.—Circuit diagram showing how the Booster is connected,

is distributing 20 amps. to the cir-
cuit. It will readily be seen that the
end cells will be charged at the nor-
mul 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 20
per cent. lower rate than the re-
mainder. For this reason the life of
such cells is comparatively short.
The booster entirely gets rid of this
trouble.

A booster suitable for accumulator
charging can conveniently consist of
a shunt motor driving a shunt-wound
dynamo. 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 voltage generator
will supply the amperagz for the

01

used where an electrical load is im-
posed which 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 accumulator in paradlel with a
shunt dymamo the latter would be
aided by the discharge ot the former
when the voltage of the shunt dynamo
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, whikh. wired in
series with the accumulator, will in-
crease the voltage to an amount equal
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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

+ 8US

RECULATOR CoIL

WJ—E

versible, and the chief features of it
are the carbon piles which act as
regulators. A lever is situated be-
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 be adjusted
to a nicety. Any

FEEDERS
GENERARTOR
- BUS
[ ey
PID I
] EXCITER HOTO\R | BoOSTER
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variations cause a
change in the car-

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

booster. For ex-

Fi1c. 67.—Arr t of A

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 former.
The diagram shows one of the most
popular systems in use, known as
the Entz. It consists of three cheap
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 busbars is
connected the booster armatures, and
the battery is connected to the chief
busbar. Only one field coil is fitted
to the armature of the booster.
The Entz booster is instantly re-
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ic Reversible Booster.

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 Le
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. (See
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. In extreme
cases the station or statipns on the
medium waves which are causing the
trouble can be heard all over the dial
when the set is swilched 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
earthed 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. 068),
which shows a typical dual-range
circuit. In this case whem the switch

I .

Fic. 68,—Circuit of a Dual-range Coil
with which break through may occur.
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Fic. 69.—Anothe.r lypical 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
B, coupled to it of about sixty turns.
When the switch is “‘ ont’’ the wind-
ings C anl D are included in series
with A and B 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 torty turns. This winding
is not of itself 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 medium-wave sta-
tion ‘‘ breaks through.”” In the case
of the circnit shown in Fig. 69, which
is another popular arrangement for
a dual-range coil, the effect is simi-
lar, llere the long-wave primary cir-
cuit consists of windings A and C,
but C this time is not a separate coil,
but a tapped portion of D. The prac-



BREAK THROUGH

tical differ-
ence is that
the circuit
of Fig. 068
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

e— wavelength

. of the prim-

Fic. 70.—A very common Ii) AC
Circuit employed in commercial aTy €Ol

coils. B lhroulgh does not  well away

occur, but it1s unselective on the from the

lona ‘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 long waves. With the circuits
given in Figs. 68 and Gg there are
two conrses 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 fram 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 -ooo5 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

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

i



BREAK THROUGH — BRITISH BROADCASTING STATIONS

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

F16.72.—Another cure
for bresk through on
home-made coils.

e C D

—

point is reached where break through
occurs. This is because the natural
wavelength of the primary circuit,
which in the particular coil used
would normally be well above the
break-through range, is lowered suffi-
ciently to bring it into the danger
zone. 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 only tend to
lower it still further. Where, how-
ever, trouble of this sort does arise,
the only cure is tc increase the setting
of the series aerial condenser and
niake up for the reduced selectivity
by decreasing the coupling between
the primary and secondary circuits.
I5 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

P,W.E.—C*

D farther apart, in the case of Fig.

72. (See also anti-break-through
choke, Chokes, and High-frequency
Chokes.)

BRIDGE.—A \Vheaistone 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.)
(Dimensions in Millimetres)

p = pitch
d = depth = p X 6
Fonrznula
r = radius = B
11
Outside | Pitci Root Tap
No. | Pitch | Diameter| Diamcter Diameter Drilb
mm. | mm. mm. mm. Stze.
e m—
o 1-00 6-0 5°401 480 7
X 090 { 53 4760 422 16
2 o-81 47 4-213% 373 22
3 073 41 3660 322 29
4 0-66 36 3°20% 2-81 31
5 | o059 32 2-845 2°49 37
6 | 053 28 2-480 216 43
7 0-48 25 2-210 1-92 46
8 043 2-2 1940 1-68 48
9 039 1-9 1-665 143 *
10 035 1-7 1°490 1-28 54
11 031 | IS 1315 113 56
12 028 1-3 1-130 ot 59

BRITISH BROADCASTING
STATIONS
(See also Short-wave Stations and
FEuropeun Broadcasting Stations,
and International Call Signs.)
‘ B.B.C. Empire Call Signs

melres

Mcls

GSA—A for Aerial 605 | 49'59
G3B--B for Broadcasting 951 | 3154
GSC—C for Corporation 958 31-31
GSD—D for Daventry t1-75 | 2553
GSE—E for Empire z1-86 25-28
GSF—F for Fortune . 15°14 19-81
GSG—G for Greeting . 17°79 16-86
GSH-—H for Home 2147 1397
GSIL--1 for Island 15-26 19-66
GSJ--] for Justice 1°53 1393
GSJjz2—] for Justice =156 i3-91
GSI. —L for Liberty 6-11 49°10
GSN—-N for Nation 11-82 2538
GSO—O for Neean 1518 2976
GSP—P for Progress . 1531 19-60
GST—T for Transmitter 2153 1392
(STz-—'l for Transmitter 1064 1386
i for Unity 726 | 41-32

V for Valour o 781 16-84
(;S\\’—\\’ foi \\'esumn:ter o | 41°49

7723
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BRITISH SYSTEM OF UNITS

Fre- | Wave- ,
Station 'qucm:yi length ,};o;:/er Programme
kels. lmetres °
Droitwich . | 200 | 1,500 | 150 National
Moorside Edge | 668 | 449-1 70 | North
Regional
Westerglen . 767 | 391°1 70 | Scottish
Regional
Westerglen . | 1,149 | 261°1 50 | Scottish
| National
Burghead . 767 | 391°1 6o —-
Washford 804 | 3731 70 | Welsh
Regional
Penmnon 804 | 3731 5 —_—
Brookman's 877 | 3421 70 | London
Park. o |l | Regional
Lisnagarvey . 977 3071 | 1o | Northern
Ireland
Regional
Droitwich | 1,013 2962 70 | Midland
Regional
Stagshaw 1,122 | 26774 60 -
Brookman’'s
Park. 1,149 | 261-1 20 | National
Moorside Edge | 1,149 | 2611 20 | National
Westerglen . | 1,149 | 261°1 50 | National
Aberdeen 1,285 | 233°§ 5 —_
Start Point . | 1,050 | 285-7 | 100 | West
Clevedon 1,474 | 203°5 20 Regional
Alexandra mc/s.
Palace | 45 67 17 Vision
(lelevnslon) 415 | 7-2 | 3 | fSound

BRITISH SYSTEM OF UNITS.—
The toot - pound - second system
(F.P.S.). The poundal is the Unit,
consisting of the energy of one pound
moving 1 foot in 1 second.
B.T.U.—British Thermal Units.
BUS BAR.—A bar connecting
several cells or pieces of apparatus.
An omnibus bar.

F16. 73.—The American style of Cabinet.
66

— CABINET CONSTRUCTION

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

P New | Present
Station Wuu::lm.'th Wavelength

Dronwxch 1,311 1,500
North Reglonal 44771 4491
Burghead and Seottish

Regicnal 3502 391°1
Penmnon and West Re-

gional 3444 3731
London Reglonal o 3275 342°¢
Northern Ireland Re-

gional . 285-4 3671
Midland Reglonal 276 296 2
London Nat., Northern

Nat., and Scottish

Nat. . 2629 2641
Stagshaw 0 | 253 267-4
Start Point (new stanon) 2155 | —
Norwich (new station) 214 | -
Aberdeen , 2126 233°S
Clevedon {new statwn) 2048

BUZZER.—A smaller trembler coil
of similar design to an electric bell.
Chiefly used for testing circuit con-
tinuity. The buzzer portion is a
make-and-break arrangement.

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 H.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
to 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 # in. thick for
the smaller sets—say, with a panel
of 10x7 in.—and 3} in. thick for the
larger ones. The simplest construc-
tion is shown by the cabinet illus-
trated in Fig. 73.

Overlapping Parts. The base and
lid, it will be noted, overlap the sides
about } in., and this allows the edges
ot the former parts to be rounded off
nicely, at the same time reducing the
possibility of the mnails or screws
splitting the material. The back can

Fic. 72.—This shows plaily how corner
noulding simplifizs the construction.

is not ready to fit on, it is advisable
to nail 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 heneath. This
bottom board can be glued entirely,
and the angle of the two parts de-
corated by the corner ornamental
beading, as shown.

The lid itself can be completed
Fics. 75 and 76.—This is the simplest method of ~ either as one piece or in two parts.

f:;":stt’i)'}irb:!:;:'ﬁ“’f hinges. The detailshowsthe  ‘This allows hinging, sc the top may
67
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CABINET CONSTRUCTION

be lifted to get at the ‘‘works.”
Another method, of course, is to
screw and glue the top down en-
tirely, but 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

e e e
o Sl )l T i

Fig. 78.—Fancy beading which is excellent for
decorating the cabinet.
the main piece 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. 70),
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 }-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

F16. 79.—The shape and grooves of the corner moulding
are clearly seen here.

cabinets 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 § in. inwards, and this




CABINET CONSTRUCTION — CALIBRATING A RECEIVER

space must be zllowed 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-
dinary stains and Hobbies Lightning
Polish. Having temporarily tested
and constructed the cabinet, take it
to pieces again and clean up all parts
thoroughly with glasspaper. Take
care, however, not to round edges
which should be left square, but get
a nice rounded surface on any turned
beaded edge. Dirill 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
that the edges will take considerably
mocre than the rest of the work, and
see that it is net dragged over to
leave a long smeary ribbon. A more
simple plan is to mix some varnish
with the polish, and apply it care-
fully and quickly over the parts with
a wvarnish brush. This, of course,
will provide quite a bright polished
surface, but, to the critical eye, the
body of the varnish will always be
apparent. This, too, makes it more
likely to become scratched and show
any such marks. Polish, to be ap-
plied properly, nrust 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,

it can be fitted in by putting orna-
mental beading or moulding 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.

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 low-
powered station at a great distance,
or a high-powered station nearby. It
is converient 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 other periodical that a cer-
tain item is being broadcast which
one would like to hear. It is not
very difucult to draw up a chart
which will make it passible 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 Pater. A sheet of
squared paper will be required, gener-
ally known as graph paper. This is
usually cbtainable 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 rcom the chart
is to occupy when finished. Rule
along one 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
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CALIBRATING A RECEIVER -~ CAPACITY

make any difference 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 tuning 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 preferred 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 Jine. 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 is 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 H.F. transformer, tuned
anode, or detector circuit.

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’’ 1is 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.

70




CAPACITY BRIDGE

CAPACITY BRIDGE.—A device
for measuring the value of an un-
known condenser. It consists in princi-
ple of a device similar to a Wheat-
stone bridge, and the unknown con-
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.

CARBOY.—A large glass jar used
to store acids.

CASCADE.—The same as Series.

CATHODE.—The positive pole of a
cell or piece of electrical apparatus.
The terminal by which the current
leaves the cell or piece of apparatus.

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 applied to the
cathode and a positive potential ap-
plied to the anode, a stream of elec-
trons will be shot off from the

— CELLS IN SERIES

cathode, and will be driven with
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
residuunm of gas, and the 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 of plates, one
pair disposed horizontally and the
other vertically. These are suitably
connected to a circuit so as to form
magnetic fields, or fields of stress
between the plates, and these fields
divert the streamm 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 cut. (See also
Braun Tube and Television.)

CATION.—Obsolete term for posi-
tive ion. An element. 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 obta:ning 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 15
volts are joined together.
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CENTI — CHARACTERISTIC CURVES

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

ANODE CURRENT IN MILLIAMPERES

-

[~

48 /5§ ~/2 -9 -6 -F -0
Grio Vocrs

F1c.80.—The ordinary grid-volts anode current curves.

ing-point is 100° and freezing-point
o°.
CENTRE TAP.—See Tapping.
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 make you will find in
the box a small pamphlet—the actual
arrangement differing with different
makes of valves, 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

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 Valve's Char-
acteristics. Connect up a valve
holder, grid-bias battery, H.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 H.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, and insert a valve
in the valve holder. With no grid
bias and 6o volts H.T., note the cur-
rent indicated by the milliammeter.
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Fic. 81.—An enlarged view of the section shown in
Fig. 80.




CHARACTERISTIC

On the squared paper on the zero
line make a dot where the line cor-
responding to the anode current in-
terseets. Now plug the grid-bias plug

CURVES, MAKING

in grid volts. (The sign g, which
is the Greek letter mu, is used for
this particular characteristic.; When
preparing the curves as explained

Fic. 82.—How to arrange the necessary parts in order to read a valve and prepare your own curves, or check your
valves.

into the 1-5-volt socket, and note
the anode current, making a dot on
the chart above the 1-3-valt line at
the point of intersection with the
new anode current. Proceed in this
way with varioas H.T. and G.B.
values, joining up all the dots for
each H.T. value The result ci 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 jound.

Amplification Ratio. This figure
(which is wrongly termed ‘* Amplifi-
cation Fuctar®’) is the ratio of
thange in arode voltage to change

above, it was noticed that as the
grid bias was increased and the
H.T. volts left unaltered, the anode
current cecreased. In our example,

you will see that with 100 volts
H.T. and no volts on the grid,
the anode current is, roughly, 15

milliamps.  When the grid bias is
increased by 3 volts the anode cur-
rent wil! drop to just under 1o milli-
amps., a drop of approximately 6
milliamps, Therefore, to obtain the
same anode current without alter-
ing the bias it will be necessary to
increase the H.T., and in the example
vou will see that about 24 volts are
required to get the same anode cur-
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o0 bias is increased, and therefore
AL the slope is 2 milliamps. per volt,
§\4§ or, as it is expressed on the valve

s 2 3 = \0, chart, 2:0 mA/v.
'\&') 'u.g §"" ‘19 Impedance. This is one of the
o Ve most important figures to know,
E% %,\"jq',""o as upon it depends the value of
&] 'F—-' > bﬂ 0? 5 resistance, etc., which is to be
AN / O’oﬂ Y, q"",' 4— used in coupling the valve to a
Os I /‘0.,; A, (Y3 subsequent stage. No further
g , p o "1":—' working has to be done to obtain
N 4 , this figure, as the two previous
< / / items, slope and amplification
A v, - ratio, are used to ascertain the
S ) impedance.  Simply divide the
o8 N ‘3 M ‘z‘ ,§ ,,9; § § aml;)}iﬁcation ratis };)y the slope,
ANODE VoL 7S and multiply the answer by 1,000,

F16. 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 reference 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 potential,
or H.T., must be left untouched,
and the grid bias only altered. As
the bias is in-
creased, we have
just seen that the
anode current will
decrease.  There-
fore we can obtain
a set of figures
from which we can
see, as in our ex-
ample, that the
anode current de-
creases 2 milli-

voLrs

AnvooE CURRENT

ZERO GRID

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
GrRID VoLTS

DovBLE
GRIO VouTs

amps. for every
volt that the grid

ANooE VorTs
F16. 84.—The Dynamic Curves simplified.
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have therefore to prepare a set of
curves known as ‘‘ dynamic’® 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- M

turers are alive o’g’gz‘-
to the position, Corpernr |
as dynamic

curves are now

issued with

s R
some types O * power triangle °
power valve. murked out.

CURVES, MAKING

Undistorted Output. 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 percentage of

NORIMAL

ZERO

But if with one

type of valve,

why not with them all? Tlowever,
to get back to our study of these
curves. Fig. 83 thows 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 nermally used. Actu-
ally, in order tc 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. It is taken for
granted that the reader appreciates
the fact that during the operation of
the valve (we are, of caurse, dealing
with the valve as an L.F. amplifier)
the grid potental 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 :his, then distortion
is taking place. The effect of the
variation in hias 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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Normar Anvooe Vorrs

second harmonic distortion, etc. We
therefore draw Fig. 84, which is the
anode-current curve at normal grid
bias, double and half-zrid bias, all
the other lines in Fig. 83 being omit-
ted. The diagonal line runuing 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 output from the valve,
or in other words, the cozrect 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 all 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
slightly larger than the other, in
order to obtain what is known 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 mn;(—:l min) x (B r_nax—‘_E min)
8

In other words, it is the anode cur-
rent difference multiplied by the
anode wvoltage 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 ;
WOODEN CHASSIS |/

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
easily 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 material 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, 1 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 wooden framework
covered with metal foil,
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angles are
joined together
by drilling holes



CHASSIS CONSTRUCTION

through both pieces and fixing with
small 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 paositions of holes

required  to

accomm o-

portion of the front panel below the
platform is campleted 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 uonstructor,
consisting of a plywood base upon
which is a coating of metal, sprayed
on under pressure and giving the

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

away with a pen-knife or
similar implement when
it is desired to mount a

| TERMINAL PANEL

(4]
F 2 component, which must
/// ////e now be earthed. If
7 this type of chassis
= 7\ %7 is used for short-
- R wave apparatus,
\ the metal surface

should not be em-

R
ANGLES FULL LENGTH

Fic. 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 oi chassis now
employed is made by bending sheet
metal into a fairly wide channel-section
formation, the panel
being either rivete:l
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

‘

ployed for earth-
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 ©of the metal
arrangement, by using ordinary ply-
wood for the foundation and cover-
ing it with a layer of good copper or
short-wave

aluminium  foil. For

F1G. 88.—How to fix an
ebwnite strip at the rear
of a metal Chassis for
terminal connections.

[World Radio Histo '
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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 H.F. cur-
rents are to be fed through the coil.
A word of warning should be added
here not to use the various types of

.,/

/ Y,

F1G. 89.—The most common form of [/
metal Chass's. 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 cansists 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 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.

is

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
cdge 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. o1 and gz, in which
the bender is seen in operation, shows
it to be a contrivance which anyone
with a very elementary 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
stont 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. Sce 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
§-in. Whit. countersunk-headed ones;

lorld Radio Histo
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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.

In 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
there will be room
for a thickness of
metal of the gauge
to be used between
the bending faces.
A small radius
should be worked
along the bottom
front edge of the
clamping bar ; this
will leave a similar
radius in the
coraer 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. 1f possible,
buy the aluminium already cut to re-
quired sizes with the cdges, of course,
clean cut and square with one an-
other. Make allowance in the length
for bends, but provided that the
radius in the corners is not too small,
it will be sufficiently accurate to make
the length before bending the total
of the lengths of the sides. Should
the material require cutting to size,
it will presumably have at least one
clean-cut edge; if so, this is the one
to work from. Make a mark at each
cud on the opposite side of the metal,

Fic. 90.—An alternative method
of constructing pane!, baseboard,
and terminal strip in one piece.
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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
make a good job of the chassis the
metal must be kept free from buckles,
and great care must be taken to main-
tain the ilat 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-
regularity caused by
a slight deviation
from the line in any

I

place is easily re-
movable by draw-
filing withafine 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 #dge 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. Having attained the
desired result, the remaining bend or

lorld Radio Histo



F1c. 91.—Sheet aluminium should
be cut as sl.own here, with a pair
of tinman'’s shears.

Fic. 91a. —Marking out should
done witn a steel straight-
edge and a scriber.

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

bending aluminium sheet.

8o
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like

N

bends may be completed in

manner.

/.I
7
//

/
%ﬁuml

The remaining work consists of
drilling and needs no comment, but
the illustrations show a method of
cutting large circular holes such as
are required in screens. A small hole

T}J

the type provided with a quadrant
and positive locking dev:ce, the end

Fi1c. 95.—Wooden side picces
attached to the base to pive
rigidity, and to avoid the short
extension at Fig. 89.

g
)

of one leg being sharpened to a keen
point.  Hold the aluminium on a
hard surface to prevent the leg in the
centre hole from pushing through and
enlarging it.

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

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

World Radio Histo
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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
impedance (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 one is lucky enough to own, or
have the use of, a lathe, obtain a length
of ebonite rod 1 in. in diameter, and

r— /”—1

F1c. 95, —A home.made

ormer,

turn out slots about } in. deep by
just over } in, wide. Six such slots
will be meeded, and there is no need
for great accuracy in the spacing.
In order to make the choke casy to
handle and mount, it is best to leave
an inch or so at each end to carry
the ends of the actual winding, If
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
}-in. walls and an internal diameter
of 4 in. From this tube cut five
rings } 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. 95 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 the two
holes, leaving sufficient for connec-
tions, and in the first slot wind 500
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 500, and carry on in this
way until you have 500 turns in
each slot, that is, 3,000 turns in
all (2 oz. of wire will be sufficient

for this). Anchor the end of the
wire, and the H.F. choke is com-
plete. I 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 is included in the
anode circuit of a valve, and the grid
of the following valve is coupled to
the preceding anode by the custiom-
ary condenser. A grid-leak resist-
ance is joined to the grid, and the
valve receives negative bias through
this leak. It therefore only differs
from resistance-capacity coupling by
the use of a choke in place of a re-
sistance in the anode circuit. (See
also Low-frequency Couplings.)

CHOKE COUPLING.—See Coup-
ling.

CIRCUIT.—The path through
which a current flows from positive
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F1c. 96.—Crystal Circuit using tapped coil.
List of Companents for Fig. 96
0005 mfd. variable condenser (C1).
1 crystal detector.
Plug-in coil holder.
Plug-in coils.
Terminals, connecting wire, and

screws.

e

e
—

Fic. 97.—The very sim.plest Crysual Circuit.
List of Components for Fig. 97
-0005 mfd. variable condenser (Cr).
1 crystal detector.

Terminals, connecting wire, and
screws.

to negative poles. (See also under
Hartley, Reinart:, Armstrong, etc.,

Gramophone Amtlifier, etc.)

TyricAL CIRCUITS

Two simple crystal circuits are
shown in Figs. 9t and 97.

Circuit No. 1. The simplest
form of single-valve recciver is
shown in Fig. ¢8. The tuning
arrangements cansist of three
baseboard mounting coil holders
screwed on to a baseboard side
by side, with just sufficient space
between them to allow the largest

coil; Lz2—a No. 6o coil; and L3—
The 11.T.

a No. should

/

1

50 coil.

ol

size of coil to be camfortably in-
serted. Care should be taken
with the connections to the coil
holders, the earth lead being
taken to the pmn of the aerial

and grid coil holders, and the

’-4
‘s

anode lead Deing taken to the '7
pin of the reaction coil holder. F16. 98.—Circuit No. 1: The simplest One-valve Circuit.

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

have a value of Go volts, and the
valve shculd be of the general pur-
pose type.
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List of Components for Circuit No. 1
-0005 mfd. variable condenser (Ci1).
‘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.

1 H.F. choke.

Terminals,
SCrews.

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 Go 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 100 and 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-

:

o ——<

L.

FiG. 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
similar arrangement to the previous
set, except that differential reaction
control is fitted, no terminals are used,
and other little refinements are incor-
porated.

This receiver is a simple one-valve
set, which is so designed that it may
be used for reception on all wave-
lengths trom 20 metres up to 2,000.
The actual construction calls for no
skill, anc¢ 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 broadcast 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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List af Components for Circuit No. 2

panmel, 12 x 7 in.

baseboard, 13x 9 in.

cabinet to fit.

-oap5 variable condenser with dials.
-ooe2 differential reaction condenser.
‘0003 fixed condenser.

2-megohm grid leak.

hoider for same.

on-and-off switch.

valve holder.

coil holders.

400-ohm potenticmeter.

H.F. choke.

terminals.

4-way battery cord.

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

R N SO R N

List of Components jor Circuif No. 3

-ooa5 mfd. variable condenser (Cr1).
-0003 mfd. variable condenser (C2).

\%

‘o002 mfd. fixed condense: (C3).

1 H.F. choke.

1 2-megohm grid leak and holler (R1}.

Valve holder.

On-and-off switch (S1).

Terminals, connecting
screws,

wire, and

Circuit No. 4. Fig. 10t 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 circuit will also
apply. The resistance R2, the con-
denser Cy4, and the resistance R3
are all incorporated in the commer-
cial type of resistance-coupling unit,
and this may be used instead of
the separate components if desired.
The second valve should be of the
L.F. type, and the H.T. should have
a value of 120 volts, with the grid
bias acdjusted according to the particu-
lar instruct:ons of the valve maker.

% o

éﬁ.ﬁc
f=)

—
h 4

Fic. 100.—Circuit No. 3 : Another simple One-valve Set.
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List of Components for Circuit No. 4 -o1 mfd. fixed condenser (C4).
1 2-megohm grid leak and clips (R1).

0005 mlid. variable condenser (C1). 1 100,000-ohm resistance and holder
‘o002z mfd. differential reaction con- (Rz2).

denser (C3). 1 25,000-ohm resistance and holder
r0o002 mid. fixed condenser (C2). (R3).
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2 valve holders.

1 orn-and-off switch (Si1).
3 cail holders.

Set of coils.

Terminals, connecting wire, and’
SCTews.
Circuit No. 5. Fig. 10z 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 high 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 modifted
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 Components for Circuit No. 5

-0005 mfd. variable condenser (Cr).

-ooor mfd. fixed condenser (C2).

0002 mifd. differential condenser (C3).

1 1-mfd. fixed condenser (C4).

25,000-0hm resistance and holder
(R1).

30,000-ohm resistance and holder
(Rz2).

1 L.F. transformer.

3 coil holders.

Set of coils.

2 valve holders.

On.and-off switch (S1).

-

Terminals, connecting wire, and
sCrews.

Circuit No. 6. The two-valver

shown 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 far use with
S.G. valves is obtained, as there is a
different type of transformer for the
triodes, or ordinary three-electrode
valve. Diflerential 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 both circuits are
tuned to the wavelength of the de-
sired station, nothing will be heard,
unless, of course, the station is very
close.

List ‘of Components for Circuit No. 6

2 -0005 variable condensers (Ci and
C2).

1 o002 fixed condenser (C3).

1 2-megohm grid leak and
(Rrx).

holder

1 differential reactipn condenser (C4).

1 H.F. chcke.

1 6-pin H.F. transformer and base.

1 plug-in z-pin coil holder.

1 6oX coil.

2 valve holders.

1 on-and-of switch (S1).

Terminals, connecting wire, and
SCTEWS.

Circuit No. 7. This anit (Fig.
104) has heen designed for attach-
ment to cxisting sets. Those pos-
sessing orlinary 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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Fic. 102.—Circuit No. 5: A Two-valve Circuit wit
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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

\/

oe

X/
K

requires careful atten-
tion is the method of
connection 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

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. Pay particular attention
to the coil holders, allowing sufficient
space between them to permit the
largest of the coils to be safely in-

amD A
g NO
CONNETTION,

AERRL

Conrect to earth
termmat of set

Fic. 104.—Circuit No. 7: Wiring Diagram for Short-wave Adapter 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 to earth.

\When the unit is wired you will have
to make the actual connecting link
with your present receiver, 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.
Aiternatively, you may cut three
lengths of ordinary flex and bind the
ends of each separate strand 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
sure no mistakes have been made,
you may proceed to connect it to
your present receiver. 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 from your receiver,

91

and taken to the two terminals on the
unit. The earth terminals ot receiver
and adapter should be joined with a
short length of wire. 1f 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
seemas 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 you should there-
forc obtain one which is eificient 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

effect of different sizes of coil in
the left-hand, or aperiodic aerial,
coil holder.  Generally speaking,

this coil should 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 2, 4, 6, 8, 10,
12, 14, and 16 turns of No. 16 gauge
tinned copper wire, woumd 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



CIRCUIT

in handling them, they will be found
to keep themselves quite rigid.

List of Components for Circuit No. 7

Panel, 10x 7 in,

Baseboard, 10x 8 in. or ¢ in.

1 ‘ooa25-mfd. variable condenser, with
slow-motion dial.

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

3 baseboard mounting coil holders.

I 0002 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.
Within 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 -o0ocor mfd. short-wave
tuning condenser and slow-
motion dial.

LRSS
Nl'l.f ioo
H

sroges "I=o

One -0003 mfd. reaction con-
denser.
One 0002 mfd. fixed condenser.
One short-wave H.F. choke.
One L.F. transformer (ratio
4 or 5 to1).
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, HT.2 HT. -,
e e LT —, alnd L.T.8+ )
x “bonite panel, 12 x 8 in.
220 Baseboard, 12’ x g in.

LT- Two wander plugs (G.B.—
O and G.B.+).

Fic. 185.—Circuit No. 8 : Circuit for a Short-wave Two-valve Set.

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

1 plug-in valve adapter.

Flex, wire, screws, etc.

2 terminals,

Circuit No. 8. This is a set
(see Fig. 105) designed for those
who are tired of receiving the local
stations only, and yet do not feel
like tackling a complicated multi-
valver fur receiving the more distant
stations. The short-wave receiver is
an ideal set for everyone—as you re-
ceive programmes from seemingly
impossikble distances, with the mini-
mum of trouble and the minimum of
expense.
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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 W2XAD, on 1956 metres.
This starts at about 9 p.m., at which
time it is not always very strong,
but by 10 or 11 p.m. it is quite



CIRCUIT

uncomfortable in the headphones, un-
less it is an abnormally bad night.

It will be noticed that the broad-
arranged

casting stations are in

other simply by his pladng in the

‘ group.”’

W2XAD, on 1956 metres, how-

ever, is isolated and therefore all the

more conspicuous.

Spread over the entire short-
wave spectrum are the Trans-
atlantic  telephony stations.
Most of them have some dis-
torting system to prevent
eavesdropping, but, neverthe-
less, they provide a useful test
both of the receiver and of
radio conditions.

The amateur wave bands in
greatest use in most countries
are just above 20 and 40 metres.
On the 20-metre band, almost
any evening, the Americans
can be heard in scores. Most
of them work in Morse, but
there are about a dozen par-
ticularly good telephony sig-
nals. WIiICCZ at Cape Cod is
always among the best. Others

7T\

M FC

™
N

heard regularly are W3ZX and
WB8DLD, respectively, at Col-
lingwood, N.J., and Cleveland,
Ohio. Such is the ‘‘skip dis-
tance’’ of this wave that the
Americans will probably be
stronger than the numerous
British stations thai work with
them. Although in this coun-
try there are about. two thou-
sand licensed and active ama-
teur transmitters, you will not
hear much of them unless you
move to a point 1,000 miles or

Fic. 106.—Circuit No. 9: Two-valve Set suitable for working with a battery eliminator.

10000

groups on the short waves. One
‘““band '’ is in the region of 25
metres, another round about 32, and
a third in the neighbourhood of 48-
50 metres. This uakes it fairly easy
to distinguish one station from an-
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more away.

On 40 metres, particularly
on a Sunday morning, scores
of Britishers may be heard on
‘“ phone ’’ as well as Morse.

Circuit No. 9. This re-
ceiver (Fig. 106) is best operated
from the electric-light mains, and

will give the most power for a two-
valver, in view of the fact that a
pentode valve is used for the output
stage. The detector part of the re-
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ceiver is similar to Circuit No. 10,
and the L.F. transformer should have
a ratio of 3: 1. H.T.2 should be as
high as the valve will take, and
H.T.1  should
be adjusted to
give best re-
sults, so far as

+3

Any reputable make of component

may be used for the circuits herein
described.

Circuit No. 10. Fig. 107 shows a

O+

ﬂf/

quality and sig-
nal strength
are concerned.
Use a general- %
purpose valve
for the detector,
and make quite
sure that the
pentode  valve
has  sufficient
grid bias. The
valvemakers'
instructions
should be very
carefully ad-
hered to in this
respect.

List of Com-
ponents for

3453

)

1}

Circuit No. 9

1 -o005 - mfd.
variable con-
denser (Cr).

1 -ovor - mid.
fixed con-
denser (C2).

1 -0002 differen-
tial condenser
(C3).

I 25,000 - ohm
grid leak and
holder (R1).

1 low - ratio
L.F. trans-
former.

3 coil holders.

2 valve holders.

Set of plug-in coils.

1 on-and-off switch (Si).

1 H.F. choke.
Terminals, connecting wire, and
screws.

Fic. 107.—Circuit No. 10: A Simple Three-valve Circuit.

ol

simple three-valve set, con-

very
sisting of a simple detector followed
by two transformer coupled L.F.

stages. The first transformer should
be of low or medium ratio, say 27
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or 3 :1, and the second may be of
the 5 : 1 type. Plug-in coils are em-
ployed for tuning. The valves re-
quired are detector, L.F., and power,
the first valve having about 6o volts
H.T., the second 100 volts, and the
last, or power, valve having the
maximum which the makers recom-
mend. As mentioned in previous cir-
cuits, pay particular attention to the
adjustment of the grid bias, as you
will thereby prolong the life of both
H.T. battery and valves.

List of Components for Circuit No. 10

1 -o005-mfd. variable condenser (Ci).
1 -ooo2-mfd. fixed condenser (C2).
1 -ooo2 differential reaction condenser
(C3).
1 2-megohm grid leak and holder
(R1).
H.F. choke.

L.F. transformers.

-

valve holders.

coil holders.

[T SV SV )

on-and-off switch (S1).
Set of plug-in coils.

Terminals, connecting wire, and

SCrews.

Circuit No. 11. This is a three-
valve receiver employing the superhet
feature, and to keep the number of
valves to a minimum (thus giving
economy of operation) a Westector or
cold valve is employed in place of
the second detector. Coupling to the
cutput valve is by means of a special
high-ratio auto-transformer, and al-
though economical to operate, this
receiver may be relied upon to pro-
vide a considerable number of sta-
tions, with a very high degree of
selectivity.

List of Components for Circuit No. 11

1 set 3-gang superhet coils.

1 3-gang superhet midget variable
condenser and disc drive.

2 ‘‘Practical Wireless’' IL.F. trans-
formers (110 kc/s).

1 -oo2-mfd. preset condenser.

1 50,000-ohm potentiometer.

1 1-mfd. fixed condenser.

2 '5-mfd. fixed condensers.

1 ror-mfd. tubular condenser.

2 -ooo1-mfd. fixed condensers, type 34.
3 resistances, 150,000, 100,600, 30,000.
1 L.F. transformer.

1 potentiometer bracket.

1 3-point on-off switch.

1 7-pin sub-baseboard valve holder,
terminal type.

1 5-pin sub-baseboard valve holder,
terminal type.

1 4-pin sub-baseboard valve holder,
terminal type.

1 Westector, type WO.
3 wander plugs (H.T.+1, H.T.+2,
H.T

2 spade terminals (L.T.+, L.T.-).

3 G.B. plugs (GB.+, GB.-1,
G.B. —-2).

2 terminal strips (A.-E. and L.S.).

1 Metaplex chassis, 11 x 10 in., with
2}-in. mnners.

3 valves, pentagrid, var.-mu H.F.
pentode, and output pentode.

1 P.M. loudspeaker.
120-volt H.T. hattery.
G.B. 16}-volt battery.
1 L.T. 2-volt accumulatar.

-

Circuit No. 12. This is an all-wave
receiver designed to utilise ordinary
plug-in coils for the short waves, but
with standard screened coils for the
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broadcast wavelengths, and the change
from one band to another is carried
out by means of a special multi-
switch unit. Three pentodes are em-
ployed for maximum gain, and the
first valve employs variable-mu con-
tiol, that is, the volume may be con-
trolled by varying the grid bias

applied to the wvalve. Resistance-
capacity coupling is employed be-
tween the detector and output

pentodes, and this preserves quality
as well as cheapening initial costs.
The connections to the switch unit
are given to enable this part of the
constructional work to be followed,
but for the remainder the standard
type of layout should be followed.
That is, the ganged tuning condenser
should be mounted in the centre front
of the chassis, with the two-gang
broadcast coil unit on the left. The
volume control should be mounted
on the right of the condenser, and the
secand two valves (V2 and V3) should
be placed one behind the other at the
rear of this control. The four-pin
short-wave coil holder should be
mounted behind the two-coil unit,
and V1 and the six-pin coil holder
should then be mounted in a line be-
tween the four-pin holder and Va.
The reaction condenser and the multi-
switch unit should be mounted in
the centre of the under side of the
chassis and extension handles con-
nected to the spindles for control
purposes. This avoids using long
conaecting leads, and two component-
mounting brackets must be mounted
on the front of the chassis to hold
the extension handles firm.

In the f{following lists of com-
ponents, whilst names of makers have
been omitted, it should be mentioned
that kit suppliers are willing to supply
complete sets of parts as used in the
original receiver. In ordering men-
tion this volume and the circuit
number to enable the maker to select
the right kit.

F.W.E.—D*

List of Components for Circuit No. 12

—

2-gang coil unit.

N

short-wave coils.

-

2-gang ccndenser (C1, Cz).

2-bank multi-switch.

-

1 -ovors-mfd. differential reaction

condenser (C3).

-

horizontal drive with trimmer.

3 valve holders (two 4-pin, one 5-pin),
V3.

coil holders (one 4-pin, one 6-pin).

N

extension rods.

N

1 volume centrol, 50,00c ohms, with

3-point switch (R7}.

6 fixed resistunces: -5 megohm (Rr),
1,000 chms (R2), 100,000 ohms
(R4), 100,000 ohms (Rs5), 2
megohms (R3), 1 megohm (R6).

condensers: ‘1 mfd. (C64, -1 mid.
(C8), -or mid. (Cs), -or mfd.
(Coy), -anos mfd. (C4), -ooor mid.
(C7), 003 mfd. (Cro).

~J

5 component brackets.
2 terminal strips: A. E. and L.S,
1 100-mA. fuse and holder.

3 valves: Var.-mu pentode, straight
pentode, and output pentode.

—-

Metaplex chassis 1ox 6 x 3 in.

1 speaker.

1 cabinet.

7 plugs: H.T.x, HTz HT.S3,
H.T.-, G.B.+, G.B.—1. G.B.
—2.

2 spades: L.T.+, L.T.-.

Circuit No. 13. The receiver now
described (see Fig. 110) is entirely
self-contained, although provision
has been made for the attachment
of an external aerial and earth, where
this is found to be necessary. No
great skill is required in the con-
struction cf the complete set, al-
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though those readers who are handy
with wood-working tools will be able
to exploit their skill in the construc-
t:on of the case.

The Frame .derial. The {rame
(154 x 154 x 54) should be made
first, and this is made from $}-in.
softwood, the screws holding the
joints being countersunk to avoid con-

(leaving a length for connection),
and anchor off.

Half an inch away from this last
turn make another pair of holes at
which to commence the long-wave
winding.  This commences with g
turns. of wire, each turn touching,
after which a hole is made and a
loop passed through as before, the

T = 4.7 49
? - MT. 48
[—our.w
L8
> L7
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8

Fic. 110.—Circuit No. 13: Circuit diagram for a Three-valve Portable Set,

tact with the wire of the aerial. Two
pieces of }-in. square-section strip-
wood are screwed on the inside of the
frame 7 in. from the top. The actual
winding consists of Na. 26 D.C.C.
wire wound in the following man-
ner. Pierce two small holes near one
edge of the frame, and thread the wire
round the holes to make a firm an-
chorage, leaving a few inches of wire
for subsequent connection to the
switch. Wind on tightly 15 turns of
wire, allowing a space of 5 in. be-
tween each turn. At the fifteenth
turn pierce a hole through the frame
and pass a large loop of wire through
the hole, afterwards wedging the wire
in the hole with a small splinter of
wood and a drop of glue. Continue
the winding for a further 4 turns,
pierce two holes, cut off the wire

winding continuing for another 350
turns. Each section of these wind-
ings should be in the same direction.
The two loops of wire are bared and
joined together, eventunally being
taken to the centre contacts of the
switch nearest the edge of the panel
(Fig. 111). The remainder of the
connections to the switch are clearly
shown in the dmwing.

A small type of accumulator, pre-
ferably filled with jelly acid, a H.T.
battery of 108 or 120 volts, both of
the type built for portable receivers,
and a g-volt grid-bias battery will
then occupy the bottom of the re-
ceiver. A little care should be exer-
cised in the choice of these com-
ponents in view of the small space
available.

The Valves. The valves required
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are a screen-grid, general-purpose, and
L.F. type, the screen-grid valve
going in the socket on the right
(when viewing the receiver from the
back), the general-purpose valve in
the centre, and the L.FF. valve in the
remaining socket. Attach the leads
to the accumulator, plug H.T.+1
into a tapping round about 8o volts,
H.T. + 2 about 6o volts, and H.T. + 3
into the maximum voltage available.
This latter plug will have two wires
attached to it, one from the loud-
speaker and one from the H.F.
choke. This latter component must
be of the type specially designed for
use with H.F. valves, the ordinary
type not being generally suitable.

No difficulty should be experienced
in operating the set, the centre knob
being used to tune in the required
station, the small knob on the left
bringing the volume up to the re-
quired strength. The switch when
pressed down will bring the long-wave
aerial into action; when raised, the
short-wave aerial is in use, and in
the centre position the valves are
switched off. The actual position of
the receiver has a great deal to do
with the selectivity, the top of the
set being pointed in the direction of
the station for maximum strength.
A turntable will be found very use-
ful for the purpose of searching, al-
though of course it is not essential.
When an outside aerial and earth are
employed, very much louder signals
will be obtained, but the selectivity
will fall off.

List of Components for Circuit No. 13

Ebonite panel, 154 x4 in.
‘0005 variable condenser.
‘0001 reaction condenser.
+0002 fixed condenser.
0003 fixed condenser.
2-megohm grid leak.

3 valve holders.

L.F. transformer.

H.F. choke (S.G. type).

2 flush-mounting sockets.

3-pole change-over switch.

Loudspeaker, chassis portable type.

4 Ib. No. 26 D.C.C. wire for frame
aerial.

Wood for cabinet,
grille.

Screws, (lazite for terminals,
up, wander plugs, etc.

silk gauze for

wiring
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Fic. 111.—The Switch Conncchou to the Aerial
of Circuit 3.

Circuit No. 14. The circuit shown
(in Fig. 112) is a verr good all-
purpose arrangement, consisting of
screen-grid H.F. stage, detector, and
output valves, the latter being trans-
former coupled. This will give very
good-quality loudspeaker results from
a large number of stations and is
really simple to handle. The aerial
circuit consists of a simple screened
coil of modern type, and the H.F.
transformer a similar type of coil.

List of Components for Circuit No. 14

1 double-gang condenser, -cco5 mid.
(Cr and C2).

2 Screened coils.

1 -ooors5-mfd. differential reaction

condenser (Cs).
1 5: 1 L.F. transformer.

100
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3 chassis-mounting valve holders. 1 on-off switch.

1 H.F. choke. 1 4-point switch.

1 20,000-ohm 1-watt electronic re- s-way battery cord, fitted with
sistance (Rz). wander plugs marked H.T.—,

1 2-megohm 1-watt grid leak (Ri). H.T.+2, and H.T.+, and spade

¢ 2-mid. tubular fixed condenser terminals marked L.T.+ and
(€Co). LT -.

~.T
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Fic. 112.—Circuit No. 14: A Beginner's Three-valve Set.

"~

Metaplex chassis, 12 x 10 in., with
1}-in, runners,

1 1-mfd. fixed condenser (C3).

1 -0002-mfd, fixed condenser (C4).

q q component brackets.
2 terminal socket strips; one marked p

A and E, the other L.S. and valves: screen-grid, detector, and
P.U. power.

r20-volt high-tension battery.
g-volt G.B. battery.

1 grid bias battery clip, type No. 2. 1 2-volt accumulator.

W

[«
-

solid plugs (for use with terminal
strips).

=

1 fuse holder and fuse hulb. 1 cabinet.
101
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Circuit No. 15. This circuit (Fig.
113) combines two of the latest types
of valve—the pentode and the screen-
grid. Consequently, the range and
volume of the three valves easily
equal that of a simple type of five-
valver. The aerial circuit and H.F.
transformer consist of a pair of
modern coils operated by two switches
actuated by a common control. All
the other components have been
chosen with a view to high efficiency,
and  there-

1 1-mfd. ditto.

I 30,000-ohm 1-watt fixed resistor.
1 10,000-ohm ditto.

1 2-megohm grid leak.

2 4-pin chassis-mounting valve holders.
1 L.F. transformer.

1 16-henry 15-m/A L.F. choke,

2 toggle switches, and operating rod.
1 r0003-mfd. reaction condenser.

fore the list

NTe2
E——_y T

of parts
should be
rigidly ad-
hered to.
The L.F.
choke in the
ancde  cir-
cuit of the
pentode
valve must
be of the
type  espe-
cially made
for the pur-

,ﬂFc‘

By

N2 A e

pose. The or-

dinary type

of L.F.
choke  will

not do. If
funds allow,
a special
pentode matching output unit may be
used instead of the choke and con-
denser.

List of Components for Circuit No. 15

2 '0005-mfd. variable condensers.

I pair tuning coils,
standard screened H.F. choke.
choke,

‘ooo1-mfd. fixed condensers.

1

special screened H.T,

‘01 fixed condenser.

= o N

2-mfd. fixed condenser.

1

3-point on-off switch,

1 50,000-ohm potentiometer.

4 terminals, aerial, earth, L.T. +, and
LT.—.

6 wander plugs, G.B.—2, G.B. -1,
H.T —, H.T. +1, H.T. + 2,
G.B. +.

1 10-gauge metal panel and chassis.
1 7-way battery cord.

Connecting wire, bolts, and nuts.
1 loudspeaker.

1 120-volt H.T. battery.

1 G.B. battery.
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. 114.—Circuit No. 16 : Four-valve Circuit with two valves in Push-Pull.

List of Components
for Circuit No. 16

2 -ooo5-mfd. variable
condensers (C1 and
C2).
‘0oo2-mfd. variable
condenser (C3).
1 -ooor-mfd. fixed
condenser (Cs).
2 2-mfd. fixed con-
densers (C4 and CO0).
1 25,000-ohm resist-
ance and holder
(R1).
H.F. choke.
input push - pull
transformer.
output push - pull
transformer.
1 on-and-off switch
(S1).
1 20,000-ohm spag-
hetti resistance (R2)
valve holders.
baseboard mounting
coil holder.
1 60X coil.

1 H.F. transformer
and six-pin base.
Terminals, connecting
wire, and screws,

-

-

-

-




CIRCUIT

1 2-volt L.T. accumulator.

3 valves: var.-mu screen grid, H.F.,
and output pentode.

Circuit No. 16. Although employ-
ing four valves, Fig. 114 is actually
a three-stage receiver. In place of
the usual output valve, two valves
are used in push-pull. The result of
this is to give a greater output; in
fact, it works out roughly at double.
Special transformers have to be used
both in front of and behind these two
valves, and these are made by
several well-known firms. The sig-
nal which is passed on from the
detector valve, which works on the
power-grid principle, is sufficient to
fully load the two push-pull valves,
and therefore sufficient signal strength
can be obtained for a small hall, or
a large room for dancing. The aerial
circuit consists of a plug-in coil of
the X type, whilst the H.F. trans-
former should be a commercial arti-
cle.  When purchasing the valves,
you should ask for two matched
valves for the last stage. Most manu-
facturers will now do this, and better
results are of course obtained when
the two valves are working to-
gether.

Circuit No. 17. This is a simple
three-valve mains receiver, entirely
selt-contained, and possessing ade-
quate selectivity for all normal re-
quirements. Due to the elimination
of trimming adjustments, the receiver
is extremely simple to set up, and the
layout may follow the circuit dia-
gram, with the small components
mounted on the under side of a
chassis if this form of construction
is preferred. The mains section should
be built on the rear of the chassis
and kept clear of the aerial side of
the receiver in order to avoid hum
difficulties. To simplify matters it is
possible to build the receiver portion
as a separate unit and to mount the
Icudspeaker on the mains section,
erected in another part of the cabinet.
A receiver of this type may be used
for the construction of a radio-gramo-
phone, and the mains section and
speaker may then be mounted in
the lower part of the cabinet, with
the receiver about it connected
through a multi-cable.

List of Components for Circuit No. 17

1 double-gang condenser -ovoj (C1
and C2).
2 screened coils.

«f

Fic. 115.—Circuit No. 17: A Simple Three-valve A.C. mains receiver.
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CIRCUIT

-ooo15-mfd. differential reaction
condenser (C7).

on-off switch, type $38.

5:1 L.F. transformer.

H.F. choke.

mains transformer.

smoothing choke.

2-in. component brackets.

terminal socket strips (one marked
Aerial and Earth, and one
marked L.S. and P.U.).

solid plugs for use with terminal
strips.

L.T.
chassis-mounting
holders.

100,000-ohm resistor (Rg).

switch.

5-pin  valve

50,000-ohm resistor, (R7y).

40,000-ohm resistor {Rz).

1

-

-

-

-

N

-

-

30,00u-0hm resistor (R1).

5,000 ohm resistor (Ry).

1,000-ohm resistor (RO).

350-ohm resistor (R8).

250-ohm resistor (R3).

1-megohm resistor (R5).

20-mfd. electrolytie condensers (C8
and Cr1o).

4+ 4 mid. fixed condenser (C11 and
Cr2).

2-mf®. fixed condenser (Cg).

-ooo1-mfd. tubular fixed condenser
(C6Y.

-1-mfd. tubular fixed condensers
(C4 and C3).

1-mfd& tubular fixed condenser(Cs).

metallised chassis, 16 x 10 in., with
34-in. runners.

H.F. pentode valve.

SMCH

HFC

Fic. 116.~CircuitNo. 18 : A Universal (A.C./D.€.) Mains Three-valver.
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CIRCUIT

1 triode valve,

1 power valve.

1 Cossor rectifier.
Wire, screws, flex, etc.

Circuit No. 18. Many districts are
at present supplied by D.C. mains,
and it is proposed to change these
eventually to A.C. To avoid scrap-
ping a receiver it may be built as
what is known as the Universal type,
that is, suitable for use on either
A.C. or D.C. mains without modifi-
cation, This circuit employs three
pentodes to provide maximum ampli-
fication, and is designed to tune
down to the short waves in addition
to the normal broadcast wavelengths.
It will be noted that to simplify
matters the aerial circuit is untuned,
and if desired a good short-wave H.F.
choke may be included in place of
the -25-megohm resistance shown in
this part of the circuit. The tuning
is carried out by means of a special
all-wave tuning unit into which five
coils are inserted. This unit has its
own selector switch and indicating
plate, and thus enables the user in-
stantly to select the desired wave-
band without the complication of
changing coils. The lower bands
may be selected to suit individual
requirements, a good range of coils
will be found in most manufacturer’s
lists for use with the tuner. The
coils given in the list of components
will cover the following bands: 2o0-
45, 49-80, 85-170, 200-500 and 1,000-
2,000 metres. The switch and other
coil units are omitted from the cir-
cuit diagram in order to avoid com-
plication,

List of Components for Circuit No. 18

1 Metaplex chassis, 14 x 10x 3 in.
1 ebonite or plywood panel, 14 x 8in,
4 5-pin chassis-mounting valve holders.

1 side-contact chassis-mounting valve
holder.

1 5-range coil chassis with switch.

5 coil units for above chassis, types
SW.24, SW.25, SW26, S\Wa28,
and SW.29.

-0005-mfd. slow-motion condenser.

-

1 -oco2-mfd. midget condenser (for
reaction).

all-wave H.F. screened choke.

-

all-wave unscreened II.F. choke.

-

30-henry smoothing choke.

-

8 1-watt metallised resistances; one
each, 40,000 ohms, 40,000 ohms,
20,000 ohms, 600 ohms, 200
ohms, ‘1 megohm, -25 megohm,
and 5 megohm.

3 rooo1-mfd. tubular condensers.

3 fixed condensers, ‘1 mfd., 1 mfd.,
and 2 mfd.

1 25-mfd. electrolytic condenser.
2 8-mfd. reversible electrolytic con-

densers.

1 1,000-ohm volume control poten-
tiometer.

1 1:35 L.I. transformer.

4 Cossor valves, types 13VPA,

13SPA, 4oPPA, and 40SUA.
1 Philips barretter, type C.1.

Circuit No. 19. This four-valver
is designed to provide large volume
with a fair selection of stations, and
consequently two L.F. stages are
employed with a single H.F. stage.
Transformer coupling is employed in
beth L.F. stages, although in the
case of the second stage the trans-
former is parallel-fed, and therefore
a commercial unit designed for the
purpose is used. Two screened coils
are used, and thus interaction is
avoided, and as the coils are carefully
matched by the makers, a two-gang
or two-section condenser may be
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CIRCUIT

employed for tuning, giving single-
knob control. The first valve is of
the variable-mu type, and thus a
volume control may be fitted to
modify the grid bias applied to it and
therefore regulate the volume ob-
tained. The receiver may be built
upon an ordinary flat wooden base-
board, and no difficulty should be
experienced in wiring this simple cir-
cuit. The output filter enables an
extension speaker to be employed
without difficulty, and any length of
lead may be used for this purpose.

List of Components for Circuit No. 19
1 coil unit.

I

—

Lo N

-

3

6 terminals,

3:1 L.F. transformer.
parallel-fecd unit,

1,000-chm 1-watt resistor.
10,000-0chm 1-watt resistor.
2-megohm grid lealk.

volume control with 3-pt. switch.
4-pin valve holders, baseboard.
500,000-ohm volume control.
fuse, 100 m/A., and holder.
terminal mounts.
A, E,
and P.U.

LS. —, LS.+,

AT

Five-way battery cord.

A

i

Fic.

2-gang -o0oo5-mfd. condenser with
concentric triminer.

-0003-mfd. preset condenser.
-0003-mfd, reaction cendenser.
2-mid. fixed condcnsers.
‘0002-mfd. condenser.
-0ooo1-mfd. condenser.
-0005-mfd. condenser.
standard screened H.F. choke.
H.F. choke.

L.F.16 L.F. choke.

5

o e M

—

1
107

._» GB~
117.—Circuit No. 19: A Simple Four-valve Battery Set.

wander plugs, G.B.—,
G.B.1, G.B.z, G.BB.3.

wooden baseboard 12 ¢ 10 in.

G.B. +,

120-vo.t H.T. battery.
9-volt G.B. battery.

2-volt L.T.
loudspraker.

accumuiator,

VP215 valve.
IHHL210 valve.
1.2 valve.

P220A valve,




CIRCUIT

Fic. 118.—Circuit No. 20 : A Long-range Four-valve Battery Set.
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Circuit No. 20. This circuit is a
very powerful four-valver, designed
to provide long range of reception.
It will be noted that two stages of
H.F. amplification are employed,
both of which are screen-grid valves.
A set of three-ganged coils is em-
ployed, and they are tuned by a two-
gang condenser (for the first two
coils), and a single condenser for the
third coil. This enables the maximum
performance to be obtained without
tricky trimming adjustments, and
avoids one of the difficulties gener-
ally met with by the beginner when
endeavouring to adjust a three-circuit
tuner. High quality is ensured by the
employment of resistance-capacity
coupling between the detector and
the output wvalve, which in this
case is a pentode. A tapped out-
put choke is provided, so that exten-
sion leads may be used to feed the
loudspeaker if desired.

List of Components for Circuit No. 20

1 3-gang coil assembly.

1 2-gang condenser with drive.

—t

single-gang condenser with drive
1 0003 preset condenser.

1 S.G. choke.

1 S.G. choke.

screened H.F. choke.

-

-

L.F. transformer, ratio 3:1.
pentode output choke.

1-mfd. fixed condensers,

N o=

-0003-mfd. fixed condensers.

-0002-mfd. fixed condenser.

-

2 *1+-1 C-mfd. fixed condenser.

chassis-mounting valve holders,
three 4-pin and one 5-pin.

-

4 1,000-ohm 1-watt type resistors.
I 100,000-0hm 1-watt type resistor.

-t

5,000-0hm I-watt type resistor.



CIRCUIT

2-megohm grid leak with wire ends.

terminal mounting blocks.

4-way battery cord.

terminals: A, E, Pick-up (2), and
L.S. (2).

fuse holder, with fuse.

[« S

[

50,000-ohm potentiometer.

1 -0o003-mfd. differential reaction con-
denser.

1 3-point switch.

1 ebonite panel, 16 x 8 in.

1 chassis, 16 x 10 in., with 2-in.

runners.

4 valves: type 2208G, 22056, 210HF,

strips found in a well-krown construc-
tional toy. The speaker grille is 54 in.
in diameter, and is covered on the in-
side with silk or the special fabric ob-
tainable from any geod radio dealer.
The cabinet is afterwards covered with
leatherette glued in position, and a
carrying handle is attached to the
cross-strips on the uppes surface. The
front of the cabinet is attached by
hinges to the lower edge so that it
may be lowered to insert the batteries
and make tests or voltage measure-
ments.

The frame aerial is wound on the
inside of the front, spacing-strips of
ebonite being screwed dJiagonally in
the four corners. These strips are no

and 220PT.
lcnger on the market but may be
made by obtaining a piece of $-in.
Circuit No. 21. This is a four- ebonite and cutting strips } in. wide

valve portable receiver, with self-con-
toined frame aerial and a Class B
output stage giving considerable
volume.

The framework of the cabinet is
constructed from stripweod 1 in. wide
by } in. thick, and this is screwed
together by meuans of short metal

and 2} in. in length. Drill holes at
each end so that they may be screwed
to the front of the cabinet and then
with a hacksaw make eight cross-
cuts about } in. deep, followed by
two further slots, muade by making
two cuts and breaking out the inter-
vening piece of ebonite so that these

FRAME RERIAL 50000
L/
¥ 2
3 e 100.000 0.
I g
J 0003 MFD —
(] € o/ MFO
€ €
0002 MFO
I4
T
0005 ‘]z
mFO. 6 PEG
2
— L ]
. /|
—- 5 A
~ 0005 6.6,
| ) / I 5 MFD. \ I
WRvE . ]

P [-0003 0. 3’02
SWITEM

Fic. 119.—Circuit No. 21 : A Four-valve Portable.
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CIRCUIT

two slots are nearly } in. in width.
All of the slots should be cut at an
angle, so that when the wire is wound
in it will be prevented from falling
out. One end of the 24-gauge wire is
soldered to the upper right-hand con-
tact of the tuning condenser, and the
wire is then passed across to the
upper slot of the nearest spacer. Run
the wire across to the left, through
the upper slot on the left-hand spacer
and down to the lower spacer, across
the lower edge, and so continue to
the slot where you commenced.
Carry the wire through this slot
again, and make a further turn, re-
peating the process so that there are
three turns in the first slot. Pass to
the second slot, and wind three turns
in this, after which two turns only
are wouml in each remaining slot
until eight slots have been used.
There now remain the two wide slots.
The end of the 24-gauge wire must
be cut, and it should be soldered,
together with the beginning of the
34-gauge wire, to the upper terminal
of the three-point switch. The long-
wave winding consists of twenty-three
turns in each slot, and the finish of
the winding is joined to the lower
terminal of the left-hand tuning con-
denser.  Upon completion of the
frame-aerial winding the slots may be
sealed with sealing-wax or Chatter-
ton’s compound.

Normaily, the receiver should be
perfectly stable in operation, but it
was origmally found that, due to the
compact form taken by the receiver,
some constructors experienced in-
stability. This is due to the fact that
many of the wires were run too close
together. and thus the first step to
take if this trouble is experienced is
to space out the wiring as much as
possible.  Initially, no screening of
leads should be introduced, but if it
is found impossible to obtain stable
werking the lead from the anode of
the S.G. valve may be passed through

a length of ordinary screened sleev-
ing and the sleeving connected by
means of a short length of wire to
the nearest earth terminal. The leads
to the reaction condenser may also be
screened in a similar manner, whilst
in a very severe case of instability,
the two leads to the loudspeaker may
also be similarly screened. It must
be emphasised, however, that such
extreme screening should not be
necessary unless the wiring is very
badly carried out or some other diffi-
culty arises.

List of Components for Circuit No. 21

2 bakelite variable condensers, 00035
mfd.

I '0003 variable condenser,

H.F. choke.

dual-range coil.

1
1
1 10,000-ohm wire-end resistor.

50,000-ohm wire-end resistor.

-

100,000-ohim wire-end resistor.
4-pin chassis-type valve holders.
7-pin chassis-type valve holder.
on-off switch.

3-pt. switch.

-

Class B driver transformer.

-

2-megohm grid leak with wire ends.
‘o1-mfd. fixed condenser.

-

‘oo03-mfd. fixed condenser.
-ooo2-mfd. fixed condenser.
‘0o2-mfd. fixed condenser,
-1-mfd. fixed condenser.
1-mfd. fixed condenser.

220 S.G. valve (metallised).
210 H.T°. valve (metallised).
215P valve.

1 240B valve.

1 loudspeaker, Class B.

Quantity 24 D.C.C.and 34 D.S.C. wire,

II0



CIRCUIT

T 120-voit H.T. battery.

1 9-volt G.B. battery.

1 2-volt accumulator.

wander plugs, H.T.+,

G.B.+, and G.B.—.

2 spades, L.T.+ and L.T.—.

Connecting wire, flex, screws, wood
for case, leatherette, carrying
handle, and hinges.

H.T.—,

-

Circuit No. 22. This circuit of a
12-watt amplifier is a comprehensive
one capable of delivering sufficient
volume for a small hall for dancing
purposes, but may be coupled to a
radio unit for reproducing the wireless
programmes. The output stage is of
the push-pull type, and the input cir-
cuit is split so that the operator may
use a microphone and pick-up and
iade from one to the other for an-
mouncement purposes. The com-
ponents should preferably be mounted

on a rigid metal chassis and precau-
tions should be taken to avoid shocks
from the high voltages which are
present.

List of Components fer Circuit No. 22

1-push-pull input transformer.
2 volume controls—500,000 ohms.

11 fixed resistances: 30,000 ohms
(R11); 2 100,000 ohms (Rg, Rio);
250,000 ohms (R0); type Fi. 2
750 ohms (R3, R7): 30,000 ohms
(R5); 50,000 ohms (Ry4); type Fr1.
20,000 ohms (R8); type F3. 2

1,600 ohms (Rrz, Ri3); type
Spirohm.
10 fixed condensers: 4 mfd. (C8),

type 95; 2 8 mid. (Cy4, C7), type
8o5; 4 mifd. (C3), type 812; 2
8 mfd. (Cg, Cio0), type FT150V;
2 25 mfd. (C1, Cy), type FT25V;
-25 mfd. (CO), type 250; -02 mid.
(C2), type 300.

£
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Fic. 120.—Circuit No.22: A 12-watt Amplifier.
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CIRCUIT

L.F. chokes: mA.;

2011 /150 mA.

2 s0H /25

1 mains transformer: 400-0-400V /120
mA.; 4V/2:5A; 4V /23; 4V /2A;
4V /2A,

5 valve holders: two 5-pin; three
4-pin; type V1 without terminals.

6 insulated terminals.

1 on-off switch.

1 fuse plug.

18 in. metal-screened lead.
Connecting wire and screws.

5 valves: MH4 (non-met.); MLy
(non-met.); 2 PX25A; MU14.

Metal chassis.

1 12-watt speaker with separate push-
pull cutput transformer to match
two PXz25A.

A Battery Universal Amplifier.
This amplifier is called ‘* Universal,”
as it is so wired that it may be con-
nected to any battery receiver,
whether crystal or valve. A glance
at the wiring diagram (Fig. rz21) will
show thaf no terminal has been pro-
vided for the H.T. negative lead, and
also that a grid-bias battery is sup-
plied for the amplifier. These two
facts are easily explained, however.
In any wvalve receiver the H.T.—
wire is connected to one or other of
the L.T. terminals, and, therefore,
when the two L.T. terminals on this
amplifier are joined to the correspond-
ing terminals on the receiver with
which the amplifier is used, the H.T. —
lead is automatically joined in cir-
cuit. The existing receiver may em-
ploy a grid battery, but in this case
there is mot the slightest objection
to having a separate battery for the
amplifier, especially as a valve will
be needed in this case taking a higher
value of bias, and then two of the
g-volt batteries may be joined in

112

series, and the higher value of bias
obtained in this way.

The above remarks apply, of
course, only to the use of the ampli-
fier with a valve set. In the case
of a crystal receiver being used, the
H.T.— lead is joined to the L.T.—
terminal, and in addition a lead is
taken from this terminal to earth.
So much for the design of the am-
plifier, and now to deal with its
construction, which is of the very
simplest, and should cause no trou-
ble, even to the very youngest novice.

The only components are a trans-
former, valve holder, switch, ter-
minal strip and terminals, wire for
wiring-up, grid-bias leads, and wan-
der plugs. The ratio of the trans-
former will depend on the use to
which the amplifier is put. If added
to a crystal set, the transformer
should have a ratio of 7:1. If used
after a single detector valve, the
ratio may be 5:1; whilst if added to
a receiver employing two or more
valves, then the ratio should not be
more than 3:1.

The panel of the amplifier may be
constructed from 3-ply or any other
wood, although if you wish to match
your present set you may employ
ebonite. This is an unnecessary ex-
pense, however. In the centre of the
panel mount the on-and-off switch.
The transformer and valve holder are
screwed down to the baseboard as
shown in the wiring diagram, leaving
sufficient space at the right-hand side
for two grid-bias batteries side by
side. The terminal strip with the six
terminals fitted is then screwed to the
rear of the baseboard. Use glazite or
some similar wire for wiring-up, and
take care that the two leads to the
primary of the transformer (that is,
those lettered P. and H.T.) are con-
nected to the input terminals, so
that when these latter are con-
nected to the ’‘phone terminals of
your present set, they will be in



CIRCUIT — COHERER

the correct direction. For this reason
it is preferable to use tne type of
terminals which have engraved let-
tering so that no mistake can occur.

The input terminals are then joined
to the ’phone or L.S. tcrminals of
your present recciver, and if this is a
valve set, two insulated leads should
then be joined from the two L.T. ter-
minals on the amplifier to the corre-
sponding terminals on the set. A
separate flexible lead is joined to the
L.S.+ terminal on the amplifier to
an appropriate tapping on the H.T.
battery. If added to a crystal set, a
separate lead should also be joined to
the L.T.— terminal, and this lead
should be plugged into the H.T.-—-
tapping. Adjust the grid-bias tap-
ping according to the H.T. value
and the valve makers’ instructions.

- our +

g o

LT+ LT-&HT7-

CLASS A-B.—The method of L.F.
amplification where the voltage ap-
plied to the grid is half-way Detween
the normal bias and the double value
used for Class B working.

CLASS B.—A form of push-pull
amplification in which two similar
valve assemblies are mounted in one
glass envelope. The valves are of the
type which require no grid bias, and
the working point is zo arranged that
grid current flows. TI'he transformer
used to feed this dual valve is of the
step-down variety (as compared with
the step-up of ordinary L.F. amplifica-
tion), ard the secondary winding has
to be of extremely low resistance to
avoid distortion due to the grid cur-
rent. The transformer is called a
‘“driver '’ transformer, and the valve
which feeds it is called the *‘ driver ™’

valve. The out-
MTH#LLSH £S5 put s arranged as

) g . Q/ E') in push-pull. (See
— — — = &= Driver Transformer
and Driver Valve.)

! o= C L O S E

{ 27N COUPLING. — The

| ﬁl“'“:!ﬂ"‘g!||% G8 e B A arrangement of two

. “ & N, ==a| inductauces to ob-

i | - ! “ oo W tain maximum in-
1l N SN\O O /- 1] o :: duced currents.

al '3 HOW CLUBS. — See

© e = T i @ 1| Directory of Radio
o ~wo Wo| Societies. p. 148.

ﬁ‘ 5 :: COAXIAL.—Term

: ne n| applied to a special

— L= cable for television

Fic. 121,—A One--valve Amplifier.

Components for Universal Amplifier

1 L.F. transformer; 1 valve holder;
1 on-and-off switch; 6 terminals;
Elonite strip.

CIRCUIT, REJECTOR.—Sc¢e¢ Re-
jector Circuit.

CLASS A.—The method of L.F.
amplification where the valves receive
thecorrect values of grid bias. (See also
Amplification, Class A-B,and Class B.)

113

land-line  transmis-
sion and H.F. work.
One conductor s
placed inside the other.

CODE.—See Morse, (Q.R.T., Colour
Codes, and Abbreviatioas on p. vii.

COERCIVE FORCE.—The mag-
netomotive force required to annul
the residual magnetism of a sub-
stance.

COHERER.—A form of detector in
which a non-conducting tube is filled

World Radio Histo




COIL

with metallic filingsloosely packed. The
application of a current to the filings
causes them to ‘‘ pack '’ or ‘‘ cohere”’
and so provide a conducting
path.

SEACTION

Garo Corne.

F1c. 122.—Theoretical and actual diagrams of an Aerial Tuning Coil.

COIL.—An aerial tuning induct-
ance, incorporated so that the circuit
will respend or tune to various fre-
quencies. (See also Chokes and High-
frequency Chokes, and a companion
volume, ** Coils, Chokes, and Trans-
formers, and How to Make Them,”
Tuning Coils and Tuning Systems.
For Osciilator Coils, see Intermediate-
frequency Transformers.)

Making Tuning Coils. The first
type of coil here described is known
as the ‘* basket-weave '’ variety. It
should not be confused with the
basket coil, gencrally wound on card-
board. The ‘‘ basket-weave '’ coil is
self-supporting, very easy to make,
and probably the most efficient of
all.

Fig. 123 shows the only ‘‘appara-
tus’’ necessary. This is a circular
wooden block, 24 in. in diameter (to
standardise the turn numbers), round
the edge of one flat surface of which
are a number of nails. These nails
should be driven in } in. from the
circumference, and should be equally

spaced. For the purpose of this de-
scription we will take it that there are
eleven of them, although you may
use any number that is not divisible
by two or three.

The best
way to space
out these
nails evenly
is to draw a
circle of

2 in. dia-
meter con-
centric,  of
Goo course, with
he circum-
Core the circum

ference of
the block. Tf
you then
mark the
positions for
the nails,
just under
§ in. apart,
starting from any given point, you
will find them practically regular.

If you like to operate with a
protractor and draw angles of 33°
all round, you will be still more
accurate.

Knock the nails in sufficiently hard
to prevent them from bending inward
under
pres -
sure, but
not so
hard that
they can-
not be ex-
tracted.

Winding
the Coil.
The actual
winding
is  simple.
Take the

FiG. 123.—The wooden block and
nails for making a Basket-weave
end of Gil

the wire,
twist it

round any given nail,
and go off round the circle as
follows. Take it inside the second
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nail, outside the third, inside the
fourth, and so on. When you have
got back to the starting point you
will find the second turn naturally
goes out-
side the
nail that
it was pre-
viously
inside,
and, when
you have
continued
for ten
turns or
s0, you will
see the coil
take shape.
On reaching the desired number of
turns, simply bind the coil round
with cotton in six places (it is best
to tie the cotton round the ‘‘thin”’
portions where two sets of turns cross
—that is, midway between any two
nails), pull the nails out, and the
coil is complete. The ends are simply
twisted once round the nearest nail.
Reference to Fig. 124 will show the
general idea and, roughly, the ap-
pearance of the finished coil.
Previously it was said that the
number of nails must not be a multi-
ple of three. This is because it is pos-
sible to make an even neater coil, as a
““de luxe’’ job, by taking your wire
inside two nails, outside the next
one, inside two again, outside one
once more, and so oa. ‘You may
experiment with various methods of
winding, since these slight alterations
will not seriously affect the turn num-
bers given in the table farther on.
These ‘‘ basket-weave’’ coils are
particularly suitable for short-wave
work, since no two adjacent turns
are really concentric. Any turn is
only touching its next-door neigh-
bours at the points that were half-
way between the nails when the
winding was being carried out. In
the case of the first type, concentric

Fi1G. 124.—The finished Coil.

turns are spaced from each other by
one other turn, and, with the second
type, there are three ditferent kinds
of turns before a return to the first
one is made.

The ** Sub-100-Meire'' Coil. Now
for more detailed particulars. For
wavelengths above 100 metres, the
coils will be rigid enough with No. 22
D.C.C. wire, Naturzlly D.S.C. may
be used, but it hardly warrants the
extra expense. For the ‘‘sub-100-
metre '’ coils No. 18 should be used,
since they have few turns and are
not too rigid otherwise. Further, the
use of thick wire has the desirable
effect of increasing the spacing be-
tween turns.

The following table gives a rough
indication of the turn numbers re-
quired for various ranges. It is
made out for a -0005 condenser above
100 metres, and a r0o01 below:

RTIG Wa:)elfngth Range
Metres
2 8- 14
5 13~ 27
9 25- 42
12 30~ 6o
18 55~125
25 100-180
50 160~-400
75 220-500
100 360-740

Fic. 125—The Coil mounted on & strip
of ehonite.
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Another and more elaborate scheme
is shown in Fig. 128. In this case a
hole is drilled in the centre of the
cardboard, and two shaped pieces of
ebonite are bolted, one on either side,
through this hole, and again at the
bottom,

The remarks made previously about

FiG. 126 —The Coil ready for mounting.

the reaction coil still apply—use the
next smallest in the scale through-
out.

The true ‘‘basket'’ coil was used
long before the so-called °‘‘basket-
weave '’ coil was first invented. It is
probably still the most popular type
of home-made coil, for two reasons.
First, it is absurdly simple to make.
Secondly, it is very rigid, and will
stand a greater amount of knocking
about than any of the self-support-
ing types of coil.

The **frame’’ of the basket
coil is a circle of cardboard,
with slits cut in it to accom-
modate the winding. Simply
as a precaution against the
possibility of its absorbing

moisture, it is advisable
to ‘“dope’’ the cardboard,
though not too liberally,

with shellac or varnish. 1t
should be emphasised,

though, that this treatment is not
for any reason connected with a more
efficient dielectric material! The re-
verse, unfortunately, may be the
case, but at the same time the losses
are not high enough to worry about.

Fig. 126 shows the arrangement.
This consists of a circular piece of
cardboard of any diameter, with slots
running towards the centre and stop-
ping on the circumference of a circle
with a diameter of 1} in. This dia-
meter should be kept constant for all
sizes of coil, and naturally the num-
ber of turns in the coil will decide
the outside diameter,

Eleven or nine slots are the usual
numbers, but any odd number of slots
may be used.

Winding. The winding procedure
is similar to that for ‘' basket-weave *’
coils. Siinply bore a hole just inside
the unslotted area of the cardboard,
twist round sufficient wire to make
connection to the mounting scheme,
and go off round the circle, winding
outside one ‘* prong,’’ inside the next,
and so on until the required number
of turns has been wound on. Then
make the end fast through a hole in
the nearest prong, and you have a
very serviceable coil.

Two hints that will save unneces-
sary waste of time are these: (1)
make your slots roughly three times
the diameter of the wire to be used;
and (2) pull the wire tight as you
go along. The second may seem too
obvious to need mentioning, but
there is a fascination about winding

Fic. 127.—How the Coil is mounted.
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these coils that tends to make the
novice run blithely on, only to find
a contraption like a wire entangle-
ment in his hands at the finish!

Below are given the turn numbers
for wavelengths of 100 Imetres up-
wards, and carrying on higher up the
scale than in the table given on an
earlier page.

PSS ASTISASSITLIL
SIMILAR PIECE OF EBONITE
ON EITHER SIDE OF COI

F1c. 128.—The finished Coil.

The Wavelength Ranges. These
are approximately correct with a
0005 condenser, and for wire of

No. 24 gauge up to 500 metres, above
which No. 30 is used.

Wave Range | No. of

Metres Turns Gaugs
100— 220 | 24 | No. 24
150— 340 35 No. 24
250— 560 55 No. 24
500— 1,000 95 No. 30
Q00— 2,000 | 190 No. 30

1,800- 3,800 | 300 No. 30
3,500— 7,000 550 No. 30
6,000-19,000 1,000 No. 36

Some of the turn numbers may
seem peculiar in relation to the
ranges covered, but you must re-
member that the diameter is steadily
increasing. The very largest are apt

to become a little unwieldy, and
really substantial cardboard should
be used.

An ideal set of coils for all wave-
lengths could well be made up by
using the ‘‘basket-weave'' type up
to 200 metres or s, and carrying
on with cardboard-sapported basket
coils after that. Remember, incident-
ally, to standardise your
direction of winding for all
the coils.

On the subject of ‘‘ dop-
ing,”” it cannot be em-
phasised too strongly that
the self-supporting type
should never be doped at
all. The others should
likewise never be smeared
all over with shellac, as is
sometimes done, after they
have been finished. The
former is the anly part that
needs it, aad you can be
very sparing with that!

Mounting the Coil. As
regards the mounting of
basket coils, probably the
best scheme is to fit one edge
of the cardboard former into a slot
cut in the piece of ebonite that is
to take 1he terminals or plugs. Fig.
127 shows a suggestion tor doing this
neatly.

The figures given are for use when
the coil is a closed circuit, without
an aerial tapped on to it.

A Reaction Receiver. ‘Where the
coils are to be used in a reaction re-
ceiver, it is well to make the whole
set once only, and it will usually be
found that for a given coil in the
grid circuit, the next smaller coil will
serve for reaction.

As regards the mounting of the
coils, tie them down to a strip of
ebonite with a plug @t each end, as
shown in Fig. 128. This makes quite
a rigid job for experimental purposes,
and the wide spacing between the
plugs makes for greater efficiency
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than one generally associated with
two-pin cail mounting.

If it is not desired to use a series
of plug-in coils, naturally one large
*’ basket-weave '’ coil
may be wound, and
tappings brought out
at the necessary
places. For this pur-
pose it is best to give
the wire un outward
twist where it takes a
turn round one of the
nails. The loop
formed may be bared
afterwards, and con-
nection made by a
crocodile clip in the usual way.

Making a Dual Coil. The coil

Fic. 129.—The completed Coil.

shown in Fig. 129 has been specially
designed for easy construction.

The results are also an improve-
ment in that the coil is a ‘* General
Purpose ”’ one, and can be used in
circuits ranging from a crystal set
to screened grid,

The materials required are few, and
the only item which need be bought
is the wire, which is usually sold at
10d. or 1s. per 4-oz. reel (although

actually only 2 oz. of wire is needed).

The coil is ‘* pile wound,”” which
makes for easier winding, and saves
the tedious method of layer winding

FoLoeo

TApPE BEFORE FOLOING
OVER )

==
E

TAPE AFTER FOLOING

Fic. 130.—How the tape ishfolfded over before being wound on

the former.

—which is the bugbear of amateurs.

In ‘‘pile winding’’ the wire is
simply wound on anyhow (the turns
on top of each other), in the slots or
spaces on the coil, and the whole
winding can be done in a quarter of
an hour by this method.

The reaction winding has been
placed between the short- and long-
wave windings, and this gives far
more even results in both wave bands.
The reaction is also provided with a
tapping (a most useful feature not
found on manufactured coils), which

Larae Naw.
=" FIXED TO TABIE

3, P

——— wire

Fic. 131.—A nail driven in the bench to
hold the reel while the wire is wound on
the coil.
is a proved success, and provides a
simple method of adjustment.
To start the Former. This is
wound with five windings of insulat-
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CARDBOARD FORMER is commenced.
% SroRT WavE HiINCING Ih)rlm 'twoh S’Eall
o =Ees - ==V o7 2 oles 1in the firs

e = OUND STRAIGNT ON
%° es Tust-’ /FMMFP slot (bottom
:41'——‘ ; : slot), thread the
¥ f wire through
% % several times to
h‘; ! - Layvers oF vsuiaTing Tape  Secure i, and
P e R) | | LAYERS OF TAE onEack leave about 6 in.
2 Wivorng R o Al £
Spaces S of wire inside o

£ ~ o

oR WIRE: > Ye* Seace Berween the former ) for
R i LAavers connecting
2% up.  Wind fifty
i . turns in the first
Fic. l}Z.—gltlecr::Il‘n details of slot, then cross
over and con-

ing or electricians’ tape (as it is
called). These ‘‘ windings *’ are } in.
apart; about four layers of tape to
each ‘“‘winding’’ will suffice to form
the ‘“slots "’
or spaces for
the wire to
be wound in.

The insu- JF Hores FoR
lating tape ';_’:;‘;:':f"’
A
showuld otk
be doubled SmALL Wooo
. . Screws
as 1t 1is

wound on, Fic. 133.—The top wooden Strip.
as shown

in Fig. 130. This operation, although
sounding tedious, actually only takes

a few minutes. The reel of wire is
then taken and slipped over a long
nail (Fig. 131), which is
clamped in a vice or nailed on
the table top, and the winding

8

Owey Wooo
ScrREW THROUGH
Hoce 1~ STRIFP
FOR FixinG Con.
0 azE

Core.
FORMER

= —_—
Cort. BASE
Fic. 135.—The Coil fixed to the base.

=
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7o Wood STRIP

C’TERMI NALS

tinue: winding in
second slot, cross
over again from
second slot to the third slot, thus
winding fifty turns in each slot,

making a total of 150 turns on the
Drill

long-wave winding (Fig. 132).

HovE For
FIXING TO BARSE

SmarL Wooo A
ScREWS ——7
Fi1c. 134.—The bottom wooden Strip.

two more holes and secure coil end
as before. The easiest way is to
count ten turns and then jot it down
with a pencil, then wind ten more,

A

13

< EBCNMITE STRIP

Woop Coi Base
J '/4 X Z g% 3/8'
ReACTION
~TERIMINALY

B Screw HoLes FOR
FIXING Ta BASEBOARD

F1G. 136.—A top view of the
Coil.



EBONITE STRIPS
72.rA?M/~.«lu_ HoLEeS

ComPLETE 70 TURNS Yl
END OF REACTION
-~ WINOING [0} QO I
LN £
/ /np AT SOT Turw A
3%
INSULATIVG TRPE
o HOLEg FOR WooD SCREWS TO

= 3 = /PflAcrro'v Winvoine FIx STRIP TO WooD BASE.
= TEL0r Fre Tor CORNERS ROUND.

Tivo OF THESE REQUIRED
s i Fic. 138.—The Ebonite Strip.
the reaction.
SraseT Or SworT Ware

e WinOoivG TAKEN TO
GRIO TERMINAL O
| EsomTe STRIe

=111 START OF Sacorno 25
RS JOINED TO ENO OF FIRST
’ 25 TURNI AND TAKEN To AZRIAL O
£8oviTE STRIP

S74rT OF Lone Wave Joimen

70 TOEND OF Snomr Wave avo
TAKEN TO SWITCH TERMINAS ON
P_T'\ [ £BoriTE STRIP
)
&,
50 !

END OF Lome Wave Winvoine
TAKEN TO £EARTH TERMINALY
| On E8OMmTE ITmIS

The Short-wave Windings. Fic. 139.—The various connections.

70 HF. CHOKE
A2z gy
,f
0003 Q003 )

CLT , - @ € - ===

J '

SHORT : S0 ruRNS

WAVE i '
25 TURNS Lc‘ng »12; < bt ede@TRP : Z’
A oPTIONAL s g
coiL ' b
| 20TURNS 1 2

0005 \

'

S - mmmd
WAVE LONG R2. .

CHANGE /50 WAVE N
SWITCH rURNS coiL > g
[ [ LT,
BATTER
—— + 0003 r

F16. 140.—~A circuit diagram showing the Coil fitted in the set.
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and so on. No mistake or miscount
is then made, and one can complete
the whole of the windings in a few
minutes.

The short-wave windings are not
wound in slots owing to the small
amount of wire used, but be careful
that these windings are sound on
fairly tight to prevent them °‘spring-

fixing to the coil ends. One strip is
used for fixing the coil to the base
(Fig. 135), and the others as the re-
action terminal strip (Fig. 130). Be-
fore fix:ng this, connect up the re-
action windings (Fig. 137) and ter-
minals to the strip, for if the strip
(top) is fixed before connecting up,
difficulty will be experienced in

ing '’ after completion. reaching the windings from the in-
side of the coil. The base is now
Al A2 I3 made, and the ebonite terminal strips
o o | (FFig. 138) are cut to size and fixed
—this is really a simple job, and
the sketches should make everything
quite clrar. The actual connections
S @ 5 are shown in Fig. 139, and the theo-
-:0003 retical vircuit and wvractical wiring
diagrams are given in Figs. 140 and
A £ 143, so that no
TQ’( L‘.’;‘?‘a‘i’é}&g‘ further explanation

O, is necessary.
Points to Watch.
'\d. s D¢ not forget to
- test the coil before
3] 2 fitting it to the
R2 s set. This test is
s c E for cqntm_ulty, and
is quite simple, as
: a break which is
T c’so,‘sgggggg' n'ot discovere(l'ur.l-
Tius wire 1 3 f'" ;\fter t}‘le coil is
ISSES . H installed in a set
S 2 may lead to end-
less  trouble in
searching for a
WAVE CHANGE fault in the re-

TUNING

by IR |
-

Fic. 141.—How the Coil is fitted in the set.

Holes are drilled in the tormer for
all the winding ends, and these are
pushed inside the former.

The Wouden Strips. To connect
up, these ends are brought down in-
side the former, to their respective
terminals, taking care that the dif-
ferent ends do not touch.

The two wooden strips are next
cut to size (Figs. 133 and 134), and
holes are drilted in them ready for

P.W.E.—E

SwiTCH ma:nder of the cir-

cuit. Connect up
as Fig. 141, first
using the two owuter terminals on the
reaction coil. If reaction is too fierce
reduce the high tension on your first
valve (detector) to as low as 30
volts if necessary. 1f this fails, con-
nect to the middle terminal on the
reaction coil as shown in Fig. 140,
but be careful to adjust with only
one wire at a time, preferably the
one leading to the plate and H.F.
choke, leaving the wire on R.2 (which
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COIL-WINDING TABLE
(LONG-WAVE COILS.)

1
[ Inductance I Inductance Inductance
| 1,600 Microhenrys. [ 2,100 Microhenrys. 3,000 Microhenrys,

Dia- ! @ I | Turns 9 Turns } Turns
meter of A ol'og Wire. per | .;Io.l of . Wire, per ‘;I"":f Wire. per
Former. ’ Slot. Lith ' | Sot. J o Slot.

|- _—

7 A 4 36 enam. 8o 4 36 enam. 92 5 38 D.S.C. | 95

. 5 l 36 D.S.C. l 69 5 | 36enam. 8o 6 36 enam. | 8s
| _ | 1 |
| ll 1
3 36 D.S.C. | 71 3 | 36enam. | 81 3 36 enam. 97
}in. 4 36 l).S.Q. 57 | 4 36 D.S.C. 65 4 36 enam. 78
5 34 D.S.C. 53 | 5 | 34emam. | 60 5 | 36 D.S.C. 72
3 34 enam. or 56 3 | 36 D.S.C. 65 30| 36 enam. | 77
36 D.S.C. J ’
2in, 4 34 D.S.C. 45 4 34 D.SC. 51 4 | 36D.S.C. 61
5 34 D.S.C. 38 5 34 D.S.C. 44 5 34 enam, or 53
36 D.S.C. 1
L L1 ‘ S - .
(MEDIUM-WAVE COILS.)
; B -
Inductance Inductance Inductance
175 Microhenrys. | 200 Microhenrys. 230 Microhenrys.
I — | —

Dia- I | Length . Length . I Length
meter of|  Wire. Turns. in Wire. | Turns, | oin Wire. Turns. in
Former.| ' ' inches. | | tnches. | | inches.

in 32 enam. 84 1:01 32 enam. 93 111 30 D.S.C. 115 171

1} in. | 30D.S.C. | 93 1-38 | 30 D.S.C. 102 1°52 32 enam. 102 | 1L22]

— — - |

tgin. | ¥ DSCo | 7y 110 30D.S.C. | 82 122 30 D.S.C. 90 134

| 28D.C.C. | 94 221! | | |

tin . 30DSC. | 63 094 | 30D.SC. 68 101 30 D.S.C. 76 1413

W s nsc | 67 116 28 D.S.C. 73 126 28 D.S.C. S0 138

| | — — _— = |
5 | 30D.S.C. | 54 0-805 | .C. | 50 0-88 | 30 D.S.C. 65 097
2 ’ 28D.S.C. | 58 101 | .C. | 6y 113 | 28 D.S.C. 70 12
S =
| 26pcC. | 70 | 106 | S| 8 | a8 | aDeC | 86 | auo
tin 28 D.S.C. 52 0925 C. 57 1-01 28 D.S.C. 62 1-10
2.1 Ly D.CC. 65 2:08 .C. 72 2:30 24 D.C.C. 8o 2:56
. [ 8DSC | 47 | o83s C | s 091 | 28DSC. | 56 10
<=7 24 D.CC 58 1-85 .C. 64 204 24 D.C.C. 70 |z
| S . - -
in | 26 D.S.C. 41 0-86 g C | 45 095 ‘ 26 D.S.C. | 49 [ 103
3 m- | LD 50 | 1I90 .C. 55 2:09 22 D.C.C. 61 | 232
|

| | |

!

leads to reaction condenser) severely tape. One piece of wood 3} x 3} in.
alone. by about § in. thick. Two strips of

Materials Required. Onecardboard wood 2} x1 in, by about } in. thick.
former, 4% x- 2} in.,, 2 oz. No. 30 Two strips of ebonite 3} x 1 in. up to
enamelled wire. }in. thick. One doz. small brass wood

Seven terminals (any type, bell or screws (about } in. long). One $-in.
telephone]. One small roll insulating wood screw (for screwing coil to base).
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0003 méd. §
PRE-SET

PRIMARY | SECONDARY

E. oo AVC.

Fic. 142—In this HF. Transformer coupling between Fic.

the two windings is carried out inductively.

Making 465 Kcf/s LF. Trans:
formers. A transformer to tune to
465 kc/s—which approximates to an
equivalent wavelength of 650 metres
—can be made by using 120 turns of
36-gauge d.c.c. or enamelled wire for
primary and for secondary. This is
the total numbecr of turns on each
former, although they are split up

fe——2——— TIN

LLEADS

SOLDERING TAQS
3"

EBONITE BASE

Fx. 143,—A simple form of LF. Transformer in
which variable coupling can be introduced.

~fsscett

L——>-GRID

CANISTER

SYSTOFLEX
OVER

HT+ HT+

£ oRAVC. —>GRD

. 144.—In this arrangement a small
variable condenser provides the coupling and
thus the selectivity may be varied.

into 'sections to minimise self-
capacity .
The transformer c¢an be used as

shown in the circuit in Fig. 142 by con-
necting 2 ro0o3-mfd. pre-set condenser
across each winding for trimming pur-
poses. It is better to employ one of
the new types of trimmer on steatite
or similar bases.

3y following the formt of construc-
tion shown in Fig. 143 it is possible
to alter the coupling between primary
and secondary, and thus to vary the
band-width covered; in other words,
to obtain variable selectivity. The
only objection is that the selectivity
cannot be varied by means of an ex-
ternal control, and is therefore only
pre-set, being adjustable only after
removing the screening can and prob-
ing inside the sct.

There are various methods of pro-
viding an external adjustment, one
of the simplest being bv using a -ooo1-
mfd. variable condenser to provide
*“ top-capacity ”’ band-pzss coupiing.
1t is wire«l between the high-potential
ends of the windings, us shown in
Fig. 144 between the anode terminal
of the primary and the grid terminal
of the secondary. When using this
system, the I.F. transformer should
be mounted near to the panel control,
so that the extremely short leads can
be used between the condenser and
the transtormer. Still further to as-
sist in eliminating unwanted ‘* pick-
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Fic. 145.—~Variable selectivity is carried out in this
I.F. Transfarmer by rotating one of the windings.

up ”’ and coupling, it is often an ad-
vantage to screen the leads. With the
arrangement described, preliminary
adjustment can be made by varying
the distamce between the two coils,
the variable condenser being used
only when the set is tuned to a signal.
In general, it will be found that the
coils must be well separated, for
otherwise the coupling will be too
great.

Another arrangement is to mount
the two coils so that one of them can
be rotatec. The idea is shown in Fig.
145. Another system is to place a
third coil (which is not connected to
any part of the circuit) between the
primary and secondary windings.
The form of construction referred to
is illustrated in Fig. 146. Each wind-
ing is divided into three sections } in.
apart, amd there is a space of 1 in.
between primary and secondary. In
this space are wound fifty turns of
30-gauge enamelled wire, the ends of
the wincing being connected to two
terminals of a wvariable resistance,

having a value of about 2500 ohms
—the exact resistance is not very
critical,

When the resistance is set to its
maximum value, the coil provides a
fair degree of coupling between
primary and secondary, but when it
is moved to zero the coupling is ap-
preciably reduced. Thus the degree
of selectivity is increased, as is re-
quired when listening to distant sta.
tions or when interference is experi-
enced.  Experiment with different
sizes of coupling winding.

It will be understood that with any
of the forms of I.F. transformer de-
scribed it is necessary to include the
'oooj-mfd.  pre-set  condensers  in
parallel with the two windings for
trimming purposes.

Oscillator Coils. In making an
oscillator coil for use in conjunction
with these 465 kc/s 1.F. coils, it will
be necessary to understand the prin-
cipal difference between an oscillator
coil and one used for tuning tc the

fb— . —

SECONDARY

124

RIBBED EBONIT
FORMER €

F1G. 146.—A third winding is used in this I.F. Trans-

former to control the degree of selectivity.
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signal frequency. An aerial coil has
to cover Yhe wavelength ranges (very
approximately), 200 to 6oo metres,
and goo to 2000 metres. The corre-
sponding  frequency ranges  are,
roughly, 1500 kc/s to 500 ke/s and
333 kc/s to 150 ke/s, and these are
quite different from the tuning ranges
which must be covered by the oscil-
lator coil. The ranges of the latter,
in kilocycles per second, are 1965 to
965, and 7938 to O1s5 (the original
figures, plus 465). This is for a super-
het using the now general inter-
-nediate frequency of 465 kc/s.

The ratios between maximum and
minimum for the two ranges are also
Jifferent. For example, whereas the
ratio between maximum and minimum
frequencies covered by the aerial cir-
cuit on short waves is 3:1, the cor-
responding ratio in the case of the
oscillator circuit is only about 2:1.
©On long waves there is still greater
divergence, for the aerial circuit fre-
quency ratio is about 2}:1, and the
oscillator ratio is about 1}:1.

Considered in another way, the
wavelength ranges of the oscillator
coil approximate to 150 metres to
3jro metres, and 375 metres to 500
metres. This means that the oscil-
lator coil requires to have fewer turns
of wire than the signal-frequency coil.
On medium waves the oscillator coil
requires about three-quarters of the
number of turns used for the standard
coil, and on long waves less than half
the number of turns is required.
Thus, if the aerial coil is wound on
a 1-in. diamecter paxolin former, the
numbers of turns for the two wind-
ings are about 100 and 300; the cor-
responding oscillator coil requires
about 735 to 150 turns.

A typical frequency-changer circuit
using a pentagrid valve is shown in
Fig. 147. In the figures given ahove
an approximate allowance has been
made for the maximum frequency
(minimum wavelength) difference, but

we have still to compensate for the
difference in ratio of the coverages.
This is done in part by the specially
shaped vanes of the oscillator section
of the 465 kc/s superhet tuning con-
denser, but further compensation
must! be provided bv use of a pad-
ding an.] tracking condenser (C.3 and
C.4 in Fig. 147). These two con-
densers are of the pre-set type, and
should have maximum capacities of
-00016 mfd. amd -ooo3 mfd.
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Fic. H7.—T'heorcticl| circuit of the frequency-
changing stage of a sup-rhet receiver.

Using the number of turns men-
tioned above, the reaction winding
shoula have about 1e0o turns, these
being arranged as shown in Fig. 148.
The complete coil should be screened.

The position is less complicated
when the oscillator coil is intended
for use in a set with 110 kc/s inter-
mediate #requency, for the frequency
and trequency-ratio variations are
then much less. Thus, if the aerial
tuning circuit covers the range 1500
kc/s to 300 kc/s and 333 kc/s to
150 keys, the corresponding oscillator
frequencics are 1610 kc/s to 610 ke/s
and 413 kc/s to 2060 kc/s; these
ranges are equivalent to wavelength
variations of approximately 160
metres to 500 metres, and Goo metres
to 1150 metres. Thus the approxi-
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Fic. 148.—Constructional details of an efficient
oscillator coil.

niate numbers of turns on a 1-in.
diameter former would be 85 and 240;
the reaction winding should have
about 120 turns in all.

The circuit for a 110-kc/s fre-
quency changer is given in Fig. 149,
a pentagrid again being used. The
special superhet (110 ke/s type, of
course) tuning condenser provides the
correct tracking, but a long-wave pre-
set padding condenser of ‘0oz mfd. is
required to compensate for the dif-
ferent frequency ratio. This is short-
circuited by the wave-change switch
on medium waves, but is actually in
series with the oscillator section of
the tuning condenser on long waves.
Its effect is to reduce the maximum
resonant wavelength when the tuning
condenser approaches its maximum
capacity, but it has a negligible effect
on low settings; the -ooo3-mid. pad-
ding condenser used in the 465 kc/s
I.F. circuit has a similar function. In

tial when using 110 ke/s I.F. If it
were not used, there would probably
be a good deal of second-channel in-
terference.  Even when using 465
kc/s, a band-pass circuit is desirable,
but not quite as important, since

second-channel troubles are less
severe.
When experimenting with the

home-made oscillator coils, it is essen-
tial to deal with each wavelength
separately. First turn to medium
waves and, with the condenser set to
tune to a wavelength of the local
station, try the effect of setting the
trimmers. If it is found that what
appears to be accurate tuning can be
obtained when neither trimmer is at
its maximum or minimum capacity,
it can be assumed that the windings
are reasonably correct. On the other
hand, if one of the condensers can be
turned to its full capacity, it will
be an indication that the oscillator
coil needs to be modified. Thus, if
the trimmer of the oscillator section
is ‘' full in,”” additional turns must
be used on the medium-wave section
of the coil; if the trimmer of the aerial
section is ‘‘ full-in ''—or if the oscil-
lator one is ‘* full-out "’—a few turns
must be removed. A rough guide to
the extent of the discrepancy can be

passing, it should be mentioned that
although a single-circuit aerial tuner
is shown in Fig. 149 for simplicity, a
band-pass filter is a practical essen-
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F1c. 149.—Here is the circuit of the frequency changer
stage of a superhet employing an L.F. of 110 ke/s.
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obtained by connecting a ‘ooor-mfd.
variable condenser in parallel with
the condenser section, whose trimmer
is screwed right down. Should this
condenser require to be set to more
than half its total capacity, a start can

Insulaling Tape

250 Jurns of
/Vo 36 SWG. Enam.

Fic. 150.—Constructional details of an LF. trans-
/s,

former for 110

be made by removing about five turns.
The same general method of pro-
cedure can be adopted on long
waves, after setting the pad-
ding and tracking condensers
to various positions in order to 3
r:ote their effect. After obtain-
ing a ** balance "’ when the set
is tuned to the powerful local c
station, it should be tuned to
another and the tests repeated.
Intermediate -frequency
Transformers for 110 Kilocycles. Anin-
terminate-frequency  transformer of
the band-pass type can be made as
shown in Fig. 150. A 1-in, diameter
paxolin former is fitted with six
washers, so that four winding sections
are provided; two of these will take
the primary, and two the secondary
windings. First, a strip of insulat-
ing tape } in. wide is wound twice
round the former, and then a washer
is pressed closely against it. A second
strip of similar width is then wound
on at the other side of the washer,
atter which a second washer is fitted.
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Another strip of insulating tape and
a third washer complete the winding
se