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PREFACE TO THIRTEENTH EDITION

CONSIDERABLE amount of new matter has been added to the present
edition, and the text has been entirely reread, amended and where neces-

sary brought up to date. )
F. J. Camm

PREFACE TO TWELFTH EDITION"

HE first edition of this book was published in 1932 and its appearance

coincided with the first issue of Practical Wireless. In founding that journal
I felt that the large public for which it was intended to cater should at the same
time have at hand a really comprehensive volume arranged in encyclopzdic
form which would serve the dual purposes of an instruction manual and a work
of reference. The reader encountering new terms, or wishing to consult a not
easily-remembered formula was thus able, with equal facility, to refer to this
encyclopzdia; and, if he desired, for example, to trace a fault in a receiver, to
wind a coil, make a transformer, erect an aerial or study short-wave technique,
he found upon consulting the subject that those aspects of radio were included
in expanded sections. This book was then, and it remains, the only work of its
type, and I am naturally gratified to know that it has become the standard work
of reference.

The justification of the idea which prompted its preparation is provided by
its remarkable sales, for in the past eighteen years, during which the market
has avidly absorbed eleven editions, over 300,000 copies have been sold. They
have journeyed all over the world. Copies can be found on board ship, in radio
laboratories, in the radio dens of the Bush, in public libraries, and the libraries
of colleges and scientific institutions; in fact, copies are almost as widely
broadcast as the radio waves with which the volume treats. The sales have
exceeded by tens of thousands those of a best seller in fiction.

In a new industry such as radio, changes are rapid. New branches of the
science are introduced, and the nomenclature expands with the developments.
The task of revising each edition so that it reflected these changes to keep
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PREFACE

readers’ knowledge up to date was a heavy one, but as edition succeeded
edition I made great efforts faithfully to record every fact, every figure, every
new term and every change in technique which had arisen after the previous
edition had gone to press.

There is a practical limit to which such expansion can go without entirely
upsetting the pagination, reducing existing matter, and resetting the whole
book. That limit was reached with the eleventh edition, and it was upon the
publisher’s request for a twelfth that it was decided to reset and to prepare an
entirely new volume but with the same underlying idea as the previous editions.

Since the eleventh edition was published, a great deal has happened in the
world of radio, and in this twelfth edition, upon which I have been engaged for
the past two years, I have packed information on all of these new aspects, and
included the unchanging data such as Ohm’s Law, and all of the standard terms
and definitions, at the same time deleting matter which had become obsolete.

It was not found possible further to compress the previous volume to include
the mass of new matter which it was my duty to include. A book, like a boot,
must comfortably accommodate what it is intended to contain, without undue
compression. The practical information on the making of various components
has been retained. The constructor, for example, will find herein information
on the building of intermediate frequency transformers, oscillator coils, mains
transformers, coils and chokes, etc.

New sections deal with Radar, Television, Remote Control, Oscillators,
Kirchoff’s Laws, Photo-electric Cells, an entirely new series of modern circuits
for receivers and amplifiers, Automatic Station Selection, Car Radio, Electron
Multipliers, Quartz Crystals, Amateur Transmission, Fault Finding, Building
a Television Receiver, the New Colour Code, Aerials, Meters, Table of Inter-
national Call Signs, New Valves and all of the officially approved Service Terms,
etc.,, etc. The opportunity has been taken to amend, and to amplify where
necessary, such information as has been included from the previous edition.
The book has been re-illustrated throughoui:. It is a work which indexes itself
and it incorporates the accumulated knowledge of radio science.

The opportunity is here provided for me to express my gratitude to the
many thousands of my readers who have written to me making suggestions for
future editions, and also expressing their gratitude for the instruction they

have received at my hands.
F. J. Camm

vi



ABBREVIATIONS

A.—Ampere ; also Anode, or plate.
A.A.—Artificial aerial.
A.C.—Alternating current.
A.E.—Aerial.

A.F.—Audio frequency (same as Low frequency).
A.F.C.—Automatic frequency control.
A.G.C.—Automatic gain control.
A/h.—Ampere-hour.
A.M.—Amplitude modulation.
A.P.C.—Automatic picture control.
A.T.C.—Aerial tuning condenser.
A.T.I.—Aerial tuning inductance.
A.V.C.—Automatic volume control.
A.V.E.—Automatic volume expansion.
B.A.—British Association.
B.C.L.—Broadcast listener.
B.E.M.F.—Back electromotive force.
B.F.O.—Beat frequency oscillator.

B.T.U.—Board of Trade unit = 1,000 watt-hours,
or 1 kilowatt-hour.

B.Th.U.—British thermal unit.

B.W.G.—Birmingham wire gauge.

C.C.C.—Closed circuit or secondary condenser or
S.T.C.

C.C.I.—Closed circuit or
inductance or S.T.I.

C.G.S.—Centimetre-gramme-second system of
units.

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.

Det.—Detector.

D.F.—Direction finding, or direction finder.
D.P.—Difference of potential.
D.P.D.T.—Double pole double throw.
D.P.S.T.—Double pole single throw.
D.S.C.—Double silk covered.
D.X.—Long distance.

E.—Earth.

E.M.F.—Electro-motive force.
F.—Filament.

F.M.—Frequency modulation.
F.P.S.—Foot-pound-second.
G.—Grid.

G.B.—Grid battery or grid bias.
G.C.—Grid condenser.

G.L.—Grid leak.

H.F.—High frequency (same as radio frequency).

secondary tuning

vil

H.F.C.—High frequency choke.

H.P.—Horse power.

H.P.I.—Height position indicator.

H.R.—High resistance.

H.T.—High tension.

I.C.—Intermittent current.

I.C.W.—Interrupted continuous waves.

I.F.—Intermediate frequency.

I.F.F.—Identification, Friend or Foe.

LP.—In primary (of transformer);
primary.

1.S.—In secondary (of transformer); start of ~
secondary.

Kw.—Kilowatt = 1,000 watts.

Kw/h.—Kilowatt hour.

L.F.—Low frequency (same as Audio frequency).

L.F.C.—Low-frequency choke or low-frequency
coupling.

L.P.R.—Long-playing record (33% and 45 r.p.m.).

L.R.—Low resistance.

L.S.—Loudspeaker.

L.T.—Low tension.

mA.—milliampere.

M.C.—Moving coil.

mfd.—microfarad (uF).

mhy.—microhenry.

M.K.S.—Metre-kilogramme system of units.

mm.—millimetre.

mmfd.—micro-microfarad (zuF).

M.U.F.—Maximum usable frequency.

uF.—Microfarad.

wpF.—Micro-microfarad.

N.B.F.M.—Narrow band frequency modulation.

O.F.—Outside foil.

O.L.—Output load.

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

0.S.—Out secondary (of transformer); end of
secondary.

.—Plate, or anode.
P.A.—Public address.
P.D.—Potential difference, same as D.P. -
pF.—Picafarad.
P.M.—Permanent magnet.
Pot.—Potentiometer.
P.V.—Power valve.
Q.A.V.C.—Quiet automatic volume control.
Q Code.—See page ix.
Q.M.B.—Quick make and breadk.
Q.P.-P.—Quiescent push-pull.
Rd.—Dynamic Impedance.
R.F.—Radio frequency {&nsii: as high frequency).
R.M.S. Value.—Root-mean-square value.

start of



ABBREVIATIONS—contd.

R/T.—Radio telephony.
Rx.—Receiver.

S.C.C.—Single cotton covered.
S.G.—Screen grid.

S.H.M.—Simple harmonic motion.
S.I.C.—Specific inductive capacity.
S.P.—Series parallel.
S.P.D.T.—Single pole double throw.
S.P.S.T.—Single pole single throw.
S.R.—Specific resistance.
S.S.C.—Single silk covered.
S.T.C.—Secondary tuning condenser.
S.T.I.—Secondary tuning inductance.

SYMBOLS

Absorption Factor . . .
Admittance . - . . .
Ampere . - . - -
Ampere-hour . . R . -
Amplification Factor , . .
Anode A.C. Resistance (Impedance .
Anode Circuit Inductance
Anode Current ., . . B .
Anode Potential . . - - R
Capacity - . - - . .
Conductance . - - . .
Current .
Current (Instantaneous) . . .
Current (R.M.S.) . . . .
Dielectric Constant . . .
Efficiency . R . . . .
Electrostatic Flux Density . . .
E.ML.F. (voltage) - . . .
Energy . . - . . .
Frequency - .

Grid Current and Potential . -
Impedance . . R -
Magnetic Field . . - .
Magnetic Flux . - - .
Magnetic Flux Density . R -
Period Time . . . - .
Permittivity . . . B .
Phase Angle . . . . .

Pg:bnia

Ra, Ro

—
9

sF

£BOS A= maQ

<
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QFHmemNg ™

S.W.G.—Standard wire gauge.

S.W.L.—Short-wave listener.

T.R.F.—Tuned radio frequency.

T.S.F.—French abbreviation for wireless : ‘“Tele-
graphie sans Fils”’ (telegraphy without wires).

T.T.—Tonic train.

TV.—Television.

Tx.—Transmitter.

U.H.F.—Ultra high frequency.

V.F.0.—Variable frequency oscillator.

V.H.F.—Very high frequency.

V.M.—Velocity modulation.

W/T.—Wireless Telegraphy.

Power R R . - . . P
Quantity . . . . . . Q
Reactance . . . . X
Reluctance . . . . S
Resistance. - . . . R
Resistivity. . R . - P
Self-inductance . - . - L
UNITS
Ampere . . . . . A
Ampere-hour . . R A/h
B.O.T. Unit = 1,000 watt-hours, or 1 kilowatt-
hour
Coulomb . . . . R . C
Farad . . , , . . F
Henry . . . . . ., H
Joule . . . . -
Kllovolt-ampere R . . . kVA
Ohm . . . , . ., 2
Volt . . . . , .V
Volt-ampere . . . . VA
Watt . . . . . . W
Watt-hour. . . . . Wh
PREFIXES
Kilo - . . . . .k
Mega . . M
Micro R . . . R 7
Milli . . . - m
Pica . . . . PP

LETTER SYMBOLS
The symbols given below are the most important and the most firmly established of those recom-

mended b

the International Radio Propagation Conference, held in Washington in 1944, and en-

dorsed by the General Assembly of the International Scientific and Radio Union in 1946.

foE.—Ceritical frequency, E layer, ordinary wave.

foF1.—Critical frequency, F1 layer, ordinary wave.

foF2.—Critical frequency, F2 layer, ordinary wave.

fxE.—Ceritical frequency, E layer, extraordinary
wave.

fxF1.—Critical frequency, F1 layer, extraordinary
wave.

fxF2.—Critical frequency, Fz1 ayer, extraordinary
wave.

Es.—Highest frequency of sporadic-E reflections
at vertical incidence, ordinary wave.

viii

bEs.—Blanketing frequency, sporadic-E ionisa-
tion, ordinary wave. -

h’E.—Minimum virtual height of E layer.

h’F1.—Minimum virtual height of F1 layer.

h’F2.—Minimum virtual height of Fz layer.

h’Es.—Minimum virtual height of sporadic-E
ionisation.

MJ)E, Md)F1, (Md)F2.—Maximum usable fre-
quency factor for d km. transmission by the
layer indicated.



THE INTERNATIONAL CODE OF ABBREVIATIONS

The chzef Abbreviations used by Amateurs to form a

rapid of

ng information in code

INTERNATIONAL Q CODE

Abbrev. Question Answer for Advice
QRA ‘What is the name of your station ? The name of my station is . . .
QRB | How far ?approximately are you from my The approximate distance is . . . miles.
- station
QRD ‘Where are you bound and where are you I am bound for...from...
rom
QRG will yiou tell me my exact frequency in kilo-  Your exact frequency is . . . kc.
cycles
QRH Does my frequency vary? Your frequency varies.
QRI Is my note good ? Your note varies.
QRJ ' Do you receive me badly ? I cannot receive you.
Are my signals weak? Your signals are too weak.
QRK Do you receive me well ? I receive you well.
Are my signals good ? Your signals are good.
QRL Are you busy? I am busy. Please do not interfere.
QRM Are you being interfered with ? I am being interfered wit
QRN Are f'ou troubled by atmospherics? I am troubled by atmospherlcs.
QRO Shall I increase power ? Increase power.
QRP | Shall I decrease power ? Decrease power.
QRQ Shall I send faster? Send faster (. . . words per minute).
QRS Shall I send more slowly ? Send more slowly (. . . words per mmute)
QRT Shall I stop sending ? Stop sending.
QRU Have you a dythmg for me? I have nothing for you.
QRV Are you rea I am ready
QRX Shall I walt? When will you call me again? Wait (or wait until I have finished com-
. mum'Gcai:\i/}‘lg with . . .). I will call you at
QRZ Who is calling me? You are being called by . . .
QSA ! What is the strength of my signals? (1 to 5). The strength of your signals is . . . (1 to 5).
QSB Does the strength of my signals vary? The strength of your signals varies.
QSD | Is my 1;eymg correct? Are my signals dis- Yoll)lrdkeymg is indistinct. Your signals are
tinct ad.
QSL * Can you give me acknowledgment of receipt? I give you acknowledgment of receipt.
QSM Shall I repeat the last telegram (message) Repeat the last telegram (message) you have
I sent you? sent me.
Qso Can you communicate with . . . direct (or I can communicate with . . . direct (or
through the medium of) ? through the medium of . . .).
QSP | Will you retransmit to . . .? I will retransmit to . . . .
QSsVv . Shall I send a series of V’s? Send a series of V’s.
QsX Will you listen for . . . (call sign) on...kc.? I am listening for . .. (call sign) on ... kc.
QSzZ Shall I send each word or group twice ? Send each word or group twice.
QTH Wha‘ti 1s? your position in latitude and longi- My position is . . . latitude . . . longitude.
tude
QTR What is the exact time? The exact time is + « «
AMATEUR ABBREVIATIONS
Abbrev. Meaning Abbrev, Meaning
ABT About. CO Crystal oscillator.
AGN Again. CUD Could.
ANI ny. CUL See you later.
BA Buffer amplifier. DX Long distance.
BCL Broadcast listener. ECO Electron-coupled oscillator.
BD Bad. ES And. |
BI Y. FB Fine business (good work).
BK Break in. FD Frequency doubl
BN Been. FM From.
CK Check. GA Go ahead, or Good afternoon.
CKT Circuit. GB Good-bye.
CLD Called. GE Good evening.

P.W.E. =1 * ix
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AMATEUR ABBREVIATIONS—contd.
Abbrev.

Meaning

Good morning.
Good night.
Radio amateur.
Laughter.

Hear, or here.
Heard.

Have.

Later.
Milliamperes.
Meter oscillator.
Nothing doing.
Nothing.

No more.
Number.

Now.

Old boy.

Old man.

Old timer.
Power amplifier.
Please.

Received all sent.
Rectified A.C
Received.
Receiver.

MISCELLANEOUS INTERNATIONAL A

Meaning
All after . .
All before .
All that has _]ust been sent.
All between.
I am closing my station.
Yes.
No.
Word.

QSA CODE (Signal Strength)

Hardly perceptible; unreadable.

Weak, readable now and then.

Fairl (% good; readable, but with
culty.

QRK CODE (Audibility)

Faint signals; just readable.
‘Weak signals; barely readable.
Weak signals; but can be copied.
Fair signals; easily readable.
Moderately strong signals.

RST CODE (Readability)

Unreadable.

Barely = ziable, occasional words
A nguianalne.

Readable with considerable diffi-

culty.

SIGNAL STRENGTH

Faint, signals barely perceptible.
Very weak signals.

Weak signals.

Fair signals.

Fairly good signals.

QSA4
QSAs

R6
Ry
R8
Rg

4

5

6

O 0o

TONE

Extremely rough hissing note.

Very roufh A.C. note, no trace of
musicality.

Rough, low-pitched- A.C. note,
sllghtly musical.

Rather rough A.C. note, moder-
ately musical.

ooy own

9

Meaning
Say.
Said.
Signature.
Signals.
Schedule.
Single superheterodyne receiver.
Thanks.
Tomorrow.
Thanks. .
Tuned plate tuned grid.
Transmitter.
You.
You are.
Very.
Words.

Young lady.
Your.

Kind regards.
Love and kisses.

BBREVIATIONS
Meaning

Agreed.

Are we agreed ?

Word after . ..

Word before . . .

Atmospherics.

Resume sending.

Minute/minutes.

I resume transmission

Good; readable.
Very good; perfectly readable.

Good signals.

Good strong signals.
Very strong signals.
Extremely strong signals.

Readable with practically no
difficulty.

Perfectly readable.

Good signals.

Moderately strong signals.
Strong signals.

Extremely strong signals.

Musically modulated note.

Modulated note, slight trace of
whistle.

Near D.C. note, smooth ripple.

Good D.C. note, just a trace of
ripple.

Purest D.C. note.

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

X
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STANDARD THEORETICAL SYMBOLS
ar

! P%—%i—l_ T

Aerial Frame Dipole  gzr¢p Chassis Crystal E/ectr/c cell Battery

ﬂr—
-

(General)  Aerial Aerial (Not Earth) Detector Crystsl

" nlé .

" i

" o

~ n =
n il
il i 7
HF  Oust-Cored Oust-Cored /ron-Cored Variable Tapped

Variometer /ndUCtanceﬁ-ansf mr Inductance Transfmi: Inductance ﬁ'ansfmr Inductance /nductance

A ko[-

| NGRS .
Fuoeg Tapped  Variable Pot'meter D/wo'er Ganged Controls Baliast Resistor

Resistance Resist.  Resist. (Old Symbol) (Pre-set) (Barretter)

b gk g

Fixed  Electrolytic "Z}jﬁ,‘,’ C%%r;dn%r:, Pre—set F;—?—,‘,’;?,?,’;,? Variable Condsts, ODifferential

Condenser Condsr ~ Negative Plate Condsr  Condsr  (Both Symbols Used) Condsr.

Mol s W./: e b

P 2

iy

Double- Double-Pole Multi-point 3-Point  2-Point Spring
On -Off Pole Double-Throw Mu/t/ Pole Rotary Wave-change Rotary  Loaded
Switch  On-Off Sw. Switch Rotary Sw. Switch  Switch Switch  Switch

Jad -k 1§ =T

Electric Bell E/ectr/c_ Metal Rectifier Spark Indicator Press GPO.Key Vibrator

(ora) (New) ~Celt (Both Symbols Used) Gap Lamp Button or Relsy
A \'
H K \ or —_— "\/
: i \
o e / ocC, AC.
. Wires Wires Screened Twisted  Shorting Fuse Fuse Direct  Alternating
Connected Crossing Lead Flex Link~ (Both Symbols Used) Current  Current

Conventwnal signs used in drawing a wireless circuit, which merely consists of a number of these
signs joined together. Pictorial dia, Erams showing the actual D ts represented are given in
the book in their correct alphabetical order.
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STANDARD THEORETICAL SYMBOLS (continued)

OO O ® © )=

Piezo
Microphone  Mic, Carbon Crystal Pick-Up E/ectr/c Moving Coil

(010 Symbol) (Geners) — Mic. Wic.  (General) Pick-Up Pick-tp ~ee%phones.  Jack

lovin Moving Coil LS, : ¢ : : l
Loudspeaker Co 9 With g‘nerg/sed Meter — Motor Generator Galvanometer Neon
(General) LS. Field Winding  (General)

gGattery Yalves  fllresely Heateg),

= =

LHET88@ G

Diode  Triode Push-Pull ScreenGrid Var-Mu Triode- Heptode Octoge  BOSGNET
Triode (Tetrode) Tetrode Hexode (Pentagrid) Triode

| Maing Valves [indirectly Heated)

;@f =

Pentode Push-Pull " Diode- 'Ha/f—Wave Full-Wave  Trjoge  Oouble Triode- Heptode

Pentode Pentodei Rectifier Rectifier Triode  Hexode (Pentagrid)
r’.*..\,
| '___
)/ ‘\_."]) (d
ub/e- Doub/e- . Tunin
T"f,,’?“ Besm  Dlode.  Diede  Pentose Double  Gas-Filled Triode  Jndicator
Metallised Tetrode  Triode  Pentode Pentode  (O/d) (New) (Magic Eye)
Envelope
Fn-:usrnu Anaees ___..a-ﬂ.. Farumeg anomes -
i ] )
r%] —I I I I| 11— - l',
i | _—._l_tg\ : —| f=l ;
Mrdinoier defieceor ¢ -'r:l‘ﬂﬂ'-:..hmr Deﬁmtar
Piates T Couis \H\A’
Electrostatic Cathode Ray Tube Electromagnetic Cathode Ray Tube
pr:-'ng

L €= a=id gIpmeEm

Balanced  Magnetron With Velocity Modulated
Output  Concentric Line  Cavity Resonator Emmgrwrrr ':. . Teoe
Magnetron Output (Rhumbatron) With Magnetic Focusing

A further selection of conventional signs.

xii



PRACTICAL
WIRELESS ENCYCLOPAEDIA

ABAC. A graphical diagram constructed
from any standard formula, enabling
results of that formula to be obtained
without calculation by using a rule. The
most complicated formule may thus be
used by the non-mathematical construc-
tor. The basis of the Abac system is
d’Ocagne’s theorem, published in France
in 1899. A monogram

LRI A | o

“/ lnput —__ _ ___+L

F1G. 1. Acceptor or wave-trap circuit.

ABAMPERE. 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 abampere
equals 10 amperes; one ampere equals
one-tenth of an absolute unit of current.
1 ampere = 3 X 10° statamperes, or 0°I
abampere; 1 abampere = 3 X 100 stat-
amperes. (SeeStatampere, Unit Magnet-
ic Pole, and Weber.)

ABBREVIATIONS. See page vii.

ABCOULOMB. See Coulomb.

ABFARAD. See Farad.

ABHENRY. See Henry.

ABMHO. See M ho.

ABOHM. See Ohm.

ABSCISSA. The horizontal distance of any
ordinate from the axis of a graph. Plural,
abscissce. Refer to Ordinate.

ABSOLUTE UNIT OF CURRENT. The
current which, flowing in a circular con-
ductor of radius 1 cm., will produce at the
centre a magnetic field of strength 2 =
gauss. The ampere is equal to one-tenth
of an absolute unit of current. (See
Abampere.)

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 a
gramme that at the end of 1 second it will
have a_velocity of 1 cm. per second.

ABSORPTION FACTOR. Symbol a. The

ratio of luminous flux in lumens absorbed
by a body to that incidentuponit. A lumen
is that luminous flux emitted per unit
solid angle by a point source (uniform) of
a luminous intensity of one International
Candle or 0-98 of the English Standard
Candle. (See Lumen.)
In radio, reduction in the intensity of an
electromagnetic wave, due to eddy
currents and dielectric losses in the earth.
Also called Attenuation Factor (which see).

ABSORPTION POINT. A frequency at
which stray coupling between two or more
circuits gives rise .to noticeable loss of
energy from one of them.

ABVOLT. See Volt.

A.C. Abbreviation for alternating current
(which see).

ACCEPTOR CIRCUIT. A tuned circuit
consisting of inductance and capacity so
designedthata certain band of frequencies
is accepted in preference to all other fre-
quencies (Fig. 1). An instance is given in
the Acceptor Wave-trap, where a coil with
series condenser is arranged in series with
the aerial lead to the receiver. When the
acceptor circuit is tuned
to the frequency of an
interfering station that A—lll'———-
frequency is accepted, or
absorbed, and therefore
is received by the wire-

less receiver. (See Rejec- 7heore{'/cal
tor Circuit.) Symbol.
ACCUMULATOR. A de-
FIG. 2. Theo-

vice for storing electric-
ity (see Fig. 2). Itcon-
sists of a container of
either glass or celluloid,

retical diagram
of an Accumula-
tor. Note that the
thick line is al-

in which are fitted two 5y ti’ﬁ:jf;‘:}:’;‘le
sets .of plates. These diagram.

1



ACCUMULATOR

plates are made up of pastes (see under
Accumulator Paste, p. 15) immersed in a
solution known as the electrolyte. This
consists of dilute sulphuric acid in either
liquid, paste, or jelly form. (See JFelly
Electrolyte.) It was Galvani who, in 1793,
whilst conducting some experiments, ob-
served that the legs of a frog began to
twitch when they were used as a conductor
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. A primary cell is one which
gives an electric current by the immersion
of two dissimilar plates (usually carbon
and zinc) in a chemical solution. An ac-
‘cumulator, or secondary cell, must have
an electric current passed through it, a
proportion of which it stores. An accumu-
lator is rated according to its voltage, and
its capacity for stormg is known as ’its
ampere-hour capacity.

Cells in Series. Most single-cell accumula-
tors have a voltage between one and two or
perhaps a fraction over two, but to ob-
tain a higher voltage one may connect any
number of cells in series (see Fig. 3), that
is to say, by joining the negative terminal
of one cell to the positive terminal of its
neighbour.. By this means the voltages of
the cells are added together to give any
value desired. In high-tension batteries,
for instance, about seventy dry cells may
be connected in series to give about 100
volts.

The number of the cells will govern the
voltage, whilst the size of the individual
cells will decide the extent of the total
capacity.
Cells in Parallel. A large accumulator pos-
sesses greater storage capacity than a small
one and, although size does not affect the
voltage, the larger battery will have a
larger ampere-hour capacity. 'The equiva-
lent of a large battery may also be obtained
by connecting a number of smaller dnes in
parallel, this being accomplished when all
the positive terminals are connected to-
gether and also all the negative terminals,
as shown in Fig. 4. The voltage will not be
increased, however, so that series con-
nection (referred to earlier) gives increased
voltage, but parallel connection gives
lower resistance and consequently greater
capacity

ACCUMULATOR ACID. (See also felly
Electrolyte.) The acid solution consists of
pure brimstone sulphuric acid diluted
with distilled water to the required speci-
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fic gravity; acid of the correct specific
gravity can be purchased. Instructions
regarding the correct specific gravity are
usually attached to the battery, and should
be carefully followed. The density speci-
fied 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 tables
below).

USING ACID OF 1-840 SPECIFIC

GRAVIT Y
Aczd 1 840
Water
Reguired S, peﬁiﬁc Spemﬁc Gravity
Gravity at 70° F. Parts by Parts by
Volume ' Volume
1°400 1§ 10
1350 10
1-300 21 10
1-250 27 10
1-225 29 10

USING ACID OF 1-400 SPECIFIC

GRAVITY
1 .
Acid, 1-400
Water i i
Required Spec;i ific | Spfzczﬁc Gravity
Gravity at 70° F. ' pioyc by Parts by
! Volume Volume
1°300 | 4'5 10
1-280 ! 55 10
1275 62 5 10
1-265 64 10
1°255 665 o
1-250 675 10

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 temperatures below 60° F. de-
duct ooz 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 brimstone sul-
phuric acid is supplied in carboys, and
can be obtained broken down to any
specified density required for battery elec-
trolyte, but as this density may alter owing
to evaporation, it is preferable to dilute



ACCUMULATOR ACID AND PASTE

the acid as and when required. In mixing
the solution, glass, glazed earthenware, or
lead vessels should be used. The water
must be poured in first, and the acid
added gradually, 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 not be filled with

Fi1G. 3. Accumulators connected in series.

solution until ready for charging, and
before filling the acid should be cooled to
atmospheric temperature. After filling, the
battery should be allowed to stand for
twelve hours before charging. The acid
should be tested periodically, as im-
purities in it may lead to self-discharge,
heating, and other battery troubles.
ACCUMULATOR CHARGING FROM
A.C. AND D.C.
First Charge. The first charge is of critical
importance to the life of a battery, and the

ACCUMULATOR CHARGING FROM A.C.

and if this figure is exceeded the charging
rate should be reduced or the charge sus-
pended until normal temperature is re-
gained. High temperatures cause the
active material in the grids to expand and
to loosen, resulting in flaking, loss of
capacity, and shorting of the plates.

Batteries will give much better service and
last longer if the temperature during

charge or discharge periods is kept within
the limits of 70° F. and go° F. At the end
of the charging period the cells should be
gassing freely and the density of the acid
have attained a maximum value. The vent
plugs should be removed during the first
charge to allow the gas generated to dis-
perse. This gas is highly inflammable and
explosive, and on no account should a
naked flame be brought near to the
cells. :

The fact that so many electrical under-

manufacturers’ instructions should be fol-
lowed implicitly. The usual period is
thirty-six hours, and the charging rate
approximately half of this period. The
period and rate vary with different makes
of cell, and depend on the formation of the
plates and the density of the solution used.
During the charge the temperature of the
electrolyte should be kept below 100° F.,

-

F1G. 4. Accumulators connected in parallel.

'

takings are changing over from direct cur-
rent to alternating current renders neces-
sary information on charging accumulators
from this source of supply. It is impossible
to charge an accumulator from alternat-
ing current until it has been rectified or
converted into unidirectional or direct
current by one of the methods now to be
described.

3



ACCUMULATOR CHARGING FROM ALTERNATING CURRENT

Fig. 5 illustrates the difference between
direct and alternating current (which see).
The usual means adopted for rectifying
alternating currentis by means of a chemi-
cal rectifier, a rotary converter, a vibrating
reed rectifier, the Tungar rectifier, a motor
generator, the mercury-vapour rectifier,
the wvalve rectifier, the copper-oxide
rectifier and the selenium rectifier. For
amateur purposes, the metal or selenium
rectifier is the most suitable.

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 control the variations in speed
arising from extreme weather_conditions,
such as periods of calm, on the one hand,
and tempests on the other. A wind motor
to be successful must be so constructed as
to resist disaster in a gale and yet be

D/'rect\

M Atternating

Valts

1 FIG. 5. Graph illustrating differ-
_j ence between Direct and Alterna-
ting Current.

The Motor Generator. There are on the
market a number of motor generators con-
sisting of an induction motor driven from
the alternating-currentmains, and coupled
to a direct-current dynamo. This system
has much to recommend it, but unfortun-
ately it is expensive. There are other
motor generators somewhat similar but
differing in principle, having rotary trans-
formers incorporated in the frame of the
motor. The mechanically driven rectifier
makes use of an A.C. motor (synchron-
ous) coupled to a commutator fed by the
alternating current, and from it is de-
livered the direct current (see Fig. 6). The
chief defect of this type is sparking at the
commutator, 'necessitating frequent re-
newal.

Wind-Chargers. A method of charging
which may be used in open districts with-
out mains supply consists of 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 useful results, it is a notable
fact that, taken over a long period, careful

sufficiently sensitive to develop useful
power in winds of light or moderate
velocity.

This introduces the necessity for some
definition as to what constitutes the differ-
ence between a breeze and a hurricane.
The Meteorological Office has compiled a
table known as ‘‘Beaufort Scale Numbers”
which are attributed to winds of varying
force according to their characteristics as
below :

Beaufort Corresponding Velocities in
Scale Wind Miles per Hour
o Calm Under 2
1to3 Light Breeze 2to 12
4tos Moderate Wind | 13 to 23
6to?y - Strong Wind 24 to 37
8toog ' Gale 38 to 55

10 to II Storm 56 to 75

12 Hurricane Above 75

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

So far as the generator is concerned there
are plenty of good secondhand car lighting
dynamos to be picked up cheaply, of a
type illustrated in Fig. 7. This is one of
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the most popular models, and makes a
very serviceable unit, cutting in for charg-
ing at 850 r.p.m. and giving its full output
of 12 volts 13 or 14 amps. 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. Item (2), the propeller, will
no doubt demand some little patience and
several modifications before a satisfactory
home-made article is arrived at. Lightness
and strength is, of course, essential, as the
centrifugal effect and thrust will be con-
siderable at high speeds. A well-seasoned
piece of straight grained pine or cedar will
be required, in one piece 6 ft. long and
13 in. thick, tapering from 64 in. wide at
the hub to 33 in. or 4in. at the tips,
fashioned on the lines shown in Figs. ¢
and 11, the pitch of the blades being about

oty

with four straps and bolts S. These angle
pieces stand up 6 in. beyond the end of
the mast, and a flanged steel plate C is
screwed to them to form a rigid metal top.
Above thisis the rotatable table E to which
the dynamo is fixed, and from the under-
side of which extends a central tube G
carrying the two insulated sliprings H.
From these rings currentcan be collected,
whatever may be the position in which the
dynamo is pointing, by means of two in- -
sulated cartridge-type carbon brush-
holders K. An outer casting L. which
serves for their mounting is fixed to C and
forms a protection from wet or dust, and
is drawn in section to expose the collector
rings.

Connections from the dynamo terminals
are brought down through the hollow stem
G, one being attached to each slipring.
Between the underside of the slipring

F1G. 6. Diagram showing the principle of the Rotary Converter and Rotary Transformer. A motor, either A.C.
or D.C. is driven from the mains and coupled to a D.C. generator which charges the accumulators. In practice
one machine acts both as motor and dynamo.

35° 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 carrying it consisting of
a length of seamless steel conduit about
1 in. diameter, such as is used in electric
wiring, attached to the revolving head by
saddles at each extremity.

The Rotatable Head. The rotatable 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 collector is not too-

small, say, 3in. in diameter. The main
idea is sketched out in Fig. 12, but is not
to scale, for reasons stated above. As
shown in this figure, the wood mast A ter-
minates in four angle pieces of 1% in. by
14 in. mild steel B, not less than 12 in.
long, which are arranged to grip the mast

assembly and the fixed head C may be
placed a ball thrust washer D to carry the
whole weight of the dynamo and pro-
peller. 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 experience. It

forms a workable basis for building up a
practicable wind-driven lighting installa-
tion 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,

5
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showing an addition to the 2-blade main
propeller in the form of small blades
hinged at one end which open out at excess
speeds by centrifugal effect and cause the
wind stream to diverge before reaching the
main blades (see also Fig. 8). This deviceis
used in the windcharger outfits manufac-
tured byanAmerican company.Inthese the
natural regulation of the constant-voltage
dynamo is augmented by the action of the
air-brake, seen at right angles to the pro-
peller, when a critical speed is exceeded.
* An English set is illustrated in Fig. 11,
which relies principally on the self-
governing properties of the dynamo, aided
by a furling action of the wind-motor tail.
The operation of this device, as supplied

Brush
Springs

Commutator End
Bracket
(For cVve. Dynamos)

Terminal

Brush Spring 2
over

Levers

F1G. 7. A car lighting dy

Brushes

Commutator End Bracket/
For 3rd Brush Dynamos)

turned to the furled position by the spring.
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 fore-
going illustrations, the electrical circuit is

. similar in all such outfits, and in its simp-

lest form without any switches, instru-
ments, or other complications, consists of
placing dynamo and battery in parallel.
But there must be some automatic means
of preventing current from the battery dis-
charging back through the dynamo when
the latter is not running fast enough to
charge. Also, switches are required to con-
Finsg Fresng

Conf Bty

Armature

Commutator k
i
Driving End
Bracket

, showing constri

by the makers, is as follows, the parts re-
ferred to being illustrated in Fig. 11.When
the furling handle is moved downwards to
bring the set into operation, a metal collar
is slid down the shaft against the tension
of a spring. The whole of the head gear is
free to rotate within the metal collar. A
forked member is engaged with the col-
lar and is moved downwards about its
pivot by the collar. A lever arm attached
to the forked member engages the tail
bracket, causing it to be moved outwards
against the tension of another spring.
When furling, the reverse takes place.
Release of the furling handle relieves
the spring and allows the metal collar to
slide up the headgear. Thislifts the forked
member, the lever arm is  disengaged
from the tail bracket, and the tail is thus re-
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trol individual lamps, and an ammeter to
measure the charge or discharge current
in the accumulator circuit.

Constant Voltage Generator. The ‘“‘con-
stant voltage” generator permits of a fairly
constant voltage being obtained from its
terminals at widely different driving
speeds by a special construction, and by
the use of a “floating battery’’ used in con-
junction with it.

There are, in fact, a good many different
devices for obtaining constant voltage at
varying speeds, but the most popular is
the one known as-“third-brush control.”
In the case of the ordinary shunt-wound
2-pole dynamo, engine-driven at a closely
governed speed, there are two brushes
only at opposite positions on the com-
mutator (see Fig. 13). The windings form



FIG. 9.
FiGs. 8 TO 10. An addition to the 2-blade mair
propeller in the form of small blades hinged at one
end, which open out at excess speeds.

1714z
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two distinct circuits, one through the
armature A and brushes to the main ter-
minals B and so direct to the lamps or
battery; the other is an independent and

F1G. 12. Details of the rotatable head.

separate circuit C through the fields only,
a small current being “‘shunted’” from the
main terminals tor the sole purpose of
exciting the field magnet coils.

Metal Rectifiers. This type of rectifier has
developed to such an extent that it com-
petes 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-conduct-
ing tube, with a large cooling fin inter-

Fi1Gs. 13 AND 14. (Left) A shunt-
wound 2-pole dynamo. (Right)
A constant voltage dynamo.

spersed at frequent points to dissipate the
heat and thus prevent damage.

Various methods of connection are poss-
ible, according to the use to which the
rectifier is to be put. The metalrectifier is
very robust in construction and has a
higher efficiency than most other types of
rectifier.

Fig. 15 shows two theoretical circuits for
the metal rectifier, arranged 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 commonly referred to
as a ‘“‘cold valve’ (which see).
Transforming Alternating Current. Unlike
direct current, alternating-current voltage
can be transformed to higher or lower
potentials without the use of rotary con-
verters. This means that a simple piece of
apparatus can be used in place of the re-
sistance, the advantage being that the ex-
cess voltage need not be dissipated and,
therefore, wasted. ’
Cleanliness is another very important fac-
tor in accumulator management. Dirt and
dampness on -an accumulator permit the
currentto leak away, inaddition to attract-
ing and holding small quantities of acid.
Thisisliableto cause corrosionandrotting
of wooden crates, etc.

Neutralising Spilled Electrolyte. If electro-
lyte is spilled, it should be immediately
treated with a neutralising solution, such
as sodium carbonate (soda) and water, or
ammonia and water. Either of these
liquids is excellentfor checking the effects
of acid 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 of water, and
then dried before coating with acid-
proof paint.

Finding Polarity of Mains: First Method.
With D.C. mains, connect the + pole of
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a D.C. voltmeter to the (supposed) posi-
tive main, and allow a wire from the —
terminal of the meter momentarily to
touch the (supposed) negative main. If
correctly connected, the hand of the meter
will swing in the proper direction. If re-
versed, the hand will tend to swing back-
wards, Make sure that the connection is
broken immediately, for a reversed con-
nectionmightbend the hand of the meter.
The meter must have a resistance of at
least 200 ohms per volt.
Second Method. Dip the ends of the two
wires into a glass containing a weak solu-
tion of salt and water. Bubbles of colour-
less gas will be formed on the negative
wire. It is necessary to connect a lamp of
“mains” voltage in series with one of the
wires to avoid the danger of short circuits
(see Fig. 16). )
ACCUMULATOR CHARGING FROM
DIRECT CURRENT. Unlike alternating
current, which, as has been explained
earlier, needs to be rectified or made uni-
directional before 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 com-
paratively simple matter. Should any
doubt exist regarding the nature of the
supply, this may be easily ascertained on

application being made to the offices of the
supply company.

Mains Voltage for Accumulator Charging.
The voltage of the current for accumulator

Mains

e B

i
S
F1G. 16. Dissolve a teaspoonful of salt in a glass of
water and dip the ends of the charging wires in the

solution. Bubbles of gas will form on the negative
wire. (See also F1GS. 25 and 26.)

charging is immaterial, providing that it is
in excess of the total voltage of the cells to
be charged and (this is most important)
that the current that is allowed to flow is
restricted to a suitable amount by means of
a resistance. Voltage or potential, as it is
sometimes termed, is not capable of pro-
ducing a heating or chemical effect, but it
has the power of forcing current through
a conductor, and as it is the actual current
flowing that counts, it is the volume of

-+

™ . AC,
! Mains
Accumulator i
- ' o
e
+
o
Aceumufeine
1
— i
s ! e

FIG. 35. Two standard methods of.employing a metal recti fier for charging accumulators.
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this that must be restricted to a suitable
amount. :

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

Determining the Resistances to be Used. It
will be apparent that the resistances to be
used will differ with different voltages of
charging supply and also with cells of
different capacity. The ideal voltage for
charging a 6-volt battery would be ap-
proximately 8, as in this case there would
be no necessity to interpose a resistance,

CURRENT PASSED BY CARBON
FILAMENT LAMPS

Current Voltage of Supply
in am-
peres
per 2 o |100-200 200-250
Lamp 5 5 5
1 — — 8c.p. | 16 c.p.
1 — 8 c.p. | 16 c.p. | 32 c.p. At
1 6 c.p. | 16 c.p. | 32 c.p. | 60 c.p. ([ 4 watts
2 12 c.p. | 32 c.p. | 6o c.p. |100 c.p./ per c.p.

Example 1. Suppose the battery has to be
charged at 10 amps. and the voltage of
supply = 250.

Total watts required = 250 X 10 = 2,500.
Divide this value by the wattage of the

lamps available to get the number

re-
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FIG. 17. (Left) Simple cell ready for charging. (Centre,

) State of cell when charged. (Right) State of cell when

discharged. Note the acid becomes weaker, having been used up in forming lead sulphate.

the difference of the voltage of supply and
that of the battery 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. Incident-
ally, 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 chiefly because they
take almost four times as much current
per candle-pawer as do metal-filament
lamps (see table followingand on page 12).

10

quired. Thus the number of 6o-watt
lamps required = 2§ = 42 approx.;
100-watt lamps = 23, etc.

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

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

= Number of lamps X wattage of each

Voltage of supply

A Typical Charging Arrangement. In prac-
tice the first essential is to find out what
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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. 18. The method
of connecting the lamps and the accumu-
lator is clearly shown, and from a study
~ of this it will be apparent that the current
can be regulated to a particular amount by
the removal or insertion 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 passing. A table giving
the amount of current that different
lamps will pass on different voltages is
given on the next page, and the worked
examples which follow it should make the
calculation clear.
Whilstthe accumulators are being charged,
the light from the lamps, 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

LE’RI KA RESISTANCE WIRE

method of doing this is clearly shown by
Fig. 19.

_In this case one lead to a single pendant
lamp is cut and a wire joined on to each

Mains

arrangement of lamp

l | F1G. 18. A typical
resistances.

end. These wires are then simply con-
nected to the accumulator, observing, of
course, the correct polarity as detailed
before. Another method, which is applic-
able to either a single or three-light fitting
is to remove the screw-on cover of a
switch and connect a wire to each of the
contacts. The two wires, after their
polarity has been determined, are then
connected to the accumulator in the usual
manner (see Fig. 21).

CcoM. PARA TIVE RESI STAN: CES

| Maserial RRe!atwe
Dia- ! Length Wt. per atert esistances
S.W.G. ™eter g;%’,'f per ohm| O;ms 1,000 Copper . _ B 10
. in 'D.S.C. in ard yards German Sllver. . . . I11°7t0 185
inches | inches 4 inlb. Eureka . . . . 293
} o _- _Jl_._ | __ _  Nichrome B 550
I - N %ilwﬁr . . 094
16 ' 064 147 1738 | o21 | 3720 o . . : - I's
18 -048 196 068 037 2003 %lummxu{)n . 1°6
20 036 | 256 544 066 1177 ronze (about) . . 1’5
22 ;028 ° 322 3209 I'IO 7°120 T‘"C ' ' : 3:6
24 022 + 400 203 I'77 4392 Nimgsten - 39
26 ‘018 488 137 264 2'042 P};c eh B . 43
28 014 ° 578 o2 301 1089 0 osphor ronze (about) . 47
30 012 67°1 65 5'57 1°399 I atinum. - . gg
32 o1o ' 752 ' 4'9 735 . rosg gom ok 8
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ACCUMULATOR CHARGING FROM DIRECT CURRENT

When it is desired to adopt this latter
method as a permanent fitting, it is essen-
tial that the two wires from the switch
should be attached to some form of in-

FI1G. 109. Stmple charging arrangement
from,D.C. mains.

sulated board, and the terminals, 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.
Determinming Resistance Values. Ordinary
metal filament lamps are one of the most
popular and convenient forms of resist-
ance obtainable. The actual value of
charging resistance required will vary, as
already explained, according to the volt-
age of the charging supply, the voltage of
the accumulator to be charged, and the
charging rate required.
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 ammeter) is obtained. Fig. 20 shows
the complete charging circuit.
Charging from a Dynamo. Those who are
not so fortunate as to have electr1c1ty in
their homes may be interested in another
method of accumulator charging. This
consists of a small dynamo driven by a
small petrol engine. The dynamo should
have an output of 100 volts at 35 milli-
amps., and 4 volts at 2 amps.
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Charging Hints. If 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
after charge, as the hydrogen given off is
highly inflammable.

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

Never charge at rates greater than those
specified by the makers of the accumu-
lator. Continue the charge until all the
cells are gassing freely and at an even rate,
and the specified gravity of the electrolyte
will not rise any higher. For testing the
gravity of the electrolyte, use a hydro-
meter with a graduated float, showing the
actual strengths of the acid (Fig. 22).

CURRENT-CARRYING CAPACITY
OF LAMPS
Carbon- filament Lamps

Candle-power Voltage Current passed
8 110 254
16 110 *509
32 110 1°018
8 220 ‘127
16 220 209
32 220 *500

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 ‘18

Corrosion. To prevent corrosion, w1pe
with a rag soaked with ammonia, and t'hve:n
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 of the
affected accumulator clean and dry. Vase-
line is specified as a preventive of corro-
sion, because ordinary grease contains
animal or vegetable fats which increase
rather than prevent the evil (see Fig. 24).
Use Distilled Water only. Under normal
conditions, nothing but pure distilled
water should ever be added to an accumu-
lator. Water evaporates, sulphuric acid
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does not. It is 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

ag. i
A wrbch—.
- +

FIG. 20. The complete charging circuit.

original electroyte has been lost through
spillage, and it should then be carefully
adjusted to the correct strength before
adding.

Never allow the level of the electroyte to
fall below the tops of the plates. The best
time to add distilled water is just before
charging, as the gassing of the accumu-
lator ensures the liquid being well mixed.
Never carry or store water in any metallic
vessels other than lead. Glass, earthen-
ware, or lead-lined vessels are the most
satisfactory, and they should be kept clean
and well covered to keep out impurities.
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 before taking
hydrometer readings.

Chemical Action Explained. Before pro-
ceeding further, it would, perhaps, be as
well to explain the chemical action which
takes place in a cell during charge and dis-
charge. In a fully charged cell (Fig. 17) 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,SO, and H,0). This
electrolyte is now at its maximum
strength.
When the cell is placed on discharge, the
acid splits up into H, and SO,. The H,
combines with some of the oxygen in the
lead peroxide and forms H,O, while the
O, combines with the. liberated Pb to
form lead sulphate (PbSO,). As the dis-
charge continues the gravity of the elec-
trolyte falls, both plates become entirely
sulphated, and the current finally ceases
to flow. The strength of the acid is now at
its minimum (Fig. 17).
Direct current must now be passed
through the cell in order to recharge it.
When thisis done, a reverse action to the
above will take place. The lead sulphate
on the plates is converted into lead per-
oxide and spongy lead, while the acid
which has combined with the active
material in the plates is driven back into
the electrolyte.
It will now be apparent why specific
gravity readings are the most reliable
means of ascertaining the state of charge
in an accumulator.
Causes of false hydrometer readings are :
(1) An inaccurate or cracked hydrometer
float.
(2) Taking readings when freshly added
water has not had time to mix with the
acid.
(3) Wide variations in electrolyte tem-
peratures.
Hydrometer readings may always be sup-
plemented by means of voltage tests. Use

fa LIt

F1G. 21. Charging from house-lighting switch.

\
an accurate moving-coil voltmeter, read-
ing 3-0-3 volts, and take all readings while
the cells are on discharge. Voltmeter read-
ings taken on open circuit are liable to be

13
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misleading. Low voltages registered on
open circuit indicate that the cells are ex-
hausted or unhealthy, but high readings
do not always mean that the cells are in
good condition.

Overcharging. A furred or blistered appar-
ance of the negative plate is often an in-
dication of over-discharging. If hydro-
meter readings suggest the presence of
strong acid, charge fully, and then make
the necessary adjustments or change the
electrolyte entirely. Over-discharging can-
not be remedied, but it should be checked
at once, and the accumulator given a long,
slow charge at a reduced rate. If the defect
has gone unchecked for a considerable
period, the accumulator may require new
plates. ]

Excessive frothing on charge and dis-
coloration of celluloid boxes is another
indication of too strong acid. Frothing is
sometimes caused by the presence of an
impurity in the electrolyte, and in this
case the accumulator 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 too high a
rate. Ill-treatment of this nature causes
high temperatures and subsequent “‘grow-
ing”’ of the positive plates. It is impossible
to cure, and a seriously affected accumu-
lator 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 plates—probably through over-
charging.

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

Reversed Charge. It sometimes happens
that an accumulator is “reversed”—i.e.
connected to the charging board so that
the current flows through in the wrong
direction. In this case an attempt should
be made to recondition the accumulator
by means of a prolonged, slow charge in
the right direction. This treatment is
generally successful unless the reversal
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has been going on for a considerable
period.

Choosing a Wireless Accumulator. The
battery wireless set of today requires an
accumulator capable of giving a small
supply of current over an extended period.
These_cells have exceptionally thick and
robust plates, specially designed to give a
small flow of current for a considerable
period. Moreover, they are not so liable
to deteriorate if left standing in a dis-
charged or semi-discharged condition for
any reasonable length of time (see Fig. 28).
It is possible to purchase quite reasonably
a 2-volt accumulator which will work the
average three-valve set for about 150
hours. Using the set 5 hours per day, this
gives a period of one month between re-
charges, and is about the cheapest and
most satisfactory form of low-tension
supply for wireless receivers obtainable.
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 accumulator in first-class con-
dition, it is essential to recharge at least
once a month—whether it has been in use
or not.

The moment a dry battery is putinto use
the voltage begins to fall slightly—and
this gradual fall continues until the battery
is useless. Now the voltage drop in a wet
accumulator 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 during discharge
and improved reception.

The Size of an Accumulator. Many wire-
less amateurs purchase accumulators far
too small for the sets they use. It is neces-
sary, when purchasing an accumulator,
to estimate how much current in ampere-
hoursis to betakenfrom it. Most accumu-
lator manufacturers clearly state on the
label affixed to the accumulator its dis-
charge rate, which should not be exceeded.
For example, suppose it is required to
operate a three-valve set using three
-25-amp. valves, the total current con-
sumption per hour will be 75 amp., and
it is wasteful and expensive to buy an
accumulator which will notstand this rate
of discharge. Another factor is that the
accumulator is needed to work the set for
at least a fortnight on one charge. In
selecting an accumulator, proceed on the
following lines : total up the current con-
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sumption of the valves used in the set;
assume this to be *75 amp., and that the
setisto be used for 3 hours every evening.
It will be consuming *75 amp. for 21 hours
a week, equal to approximately 16 ampere-
hours. In a month this would total 84
ampere-hours, and to allow a slight
margin to meet the case an 8o ampere-
hour accumulator should be purchased.
ACCUMULATOR PASTES. The follow-
ing ingredients are required : 4 parts by
weight redlead (Pb,Oy), 1 part by weight
litharge (PbO), 1 part by weight sulphuric
acid (112 specific gravity). Add the acid

ACCUMULATOR REPAIR

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 sulphuric acid (125
specific gravity) and re-dry.

Paste for Negative Plates. Use the follow-
ing 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 :

Frbéien
S

F1G. 22. The hydrometer.

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 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 wf that. This

Litharge, 9996 per cent.; lamp-black,
‘03 per cent.; wood flour, ‘o1 per cent.
One-sixth of the total weight of the above
of 1-10 specific gravity sulphuric acid.
Use acid of 1-12 specific gravity, charge at
the rate of about -02 amp. per square inch
of the plate area, counting both sides of
the plate.

ACCUMULATOR REPAIR. Accumulator
failures and troubles are usually due to one
of the following causes : sulphated plates,
short circuits inside the battery, low level

15



ACCUMULATOR REPAIR

of acid, wrong specific gravity of acid,
buckled plates, shedded plates (that is,
plates from which some of the paste has
fallen out), loose connectors between the
cells, faulty terminal connections. The
usual voltage and specific gravity tests of
individual cells will indicate the faulty
cells and the probable cause of the
trouble, but it is possible for a battery to
have a comparatively low output or
capacity whilst the voltage and specific
gravity readings are apparently correct.

Examination of the Battery. Open the case
and scrape away as much dust and dirt as
possible by means of a brush; then clean

FIG. 23. Sediment should

be removed periodically,

to prevent short-circuit-
ing of plates.

)
Erdvmens

off all grease and acid with a cloth mois-
tened 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. Examine the connec-
tions to the battery and make sure that
they are not frayed. Look for cracks in the
sealing compound, test the level of the
electrolyte, 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 battery 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. Accumulators of
the bitumen type are usually made up of
single containers in a wooden case with
both lower and top covers burnt on to the
connecting straps and terminals. Before
any repair can be undertaken the accumu-
lator should be drained and thoroughly
washed out.

Removing 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 screwdriver prise off the con-
necting bars, removing the cover and
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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 blow-
lamp cannot be used, immerse the battery
in boiling water.

Examining the Plates. Gently prise the

_ plates open and make a preliminary ex-

amination. If the condition is- fairly good
remove any visible short circuit and insert
a small piece of ebonite to prevent the
trouble recurring. Now place the group of
cells back in the container, fill up to the
correct level with acid, replace the con-

. necting straps, and charge at about one-

third of the normal 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
them soft and workable. After charging,
drain and remove for further examination.
Openoutthe 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 nega-
tive. A slight rub with the finger on the
negative plates should produce a shiny
lead appearance. If they are hard, bulged,
and have a rough granulated appearance,
and if the positives are cracked, soft, or
brittle or thin, due to shedding, the plates
are useless, and new ones should be ob-
tained. If the positives and negatives are
hard, white with sulphate, and dry, do not
waste further time upon them. If the
plates are usable wash them under the tap,
and interleave wooden boards of the cor-
rect thickness, finally pressing them be-
tween wooden cramps in the jaws of a
vice. Charged negatives should not be
kept out of acid or water for more than a
few minutes at a time.

The Positive Plates. Now attend to the
positive plates. These are rather more
delicate; if they are buckled they may be
straightened in the vice in the same man-
ner as the negatives, or the edges may be



gently - gone over with a pair of parallel
jaw pliers.

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

If the plates to be replaced are on the out-
side, saw them off just below the connect-
ing strap. If one or two inner plates are to
be replaced, break them off at the lug close
to the junction with the connecting strap
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. An oxy-coal, gas,
or acetylene flame is required for burn-
ing. 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 re-
moved, when they are made of wood.
Hard rubber and ebonite separators can
usually be used again. After replacing the
assembled plates and separators in the cell,
immediately fill with electrolyte of specific
gravity 1-300 to % in. above the tops of the
plates. Scrape the inside clear of com-
pound ready to receive the covers. Clean
.these with boiling water. The covers can
be fitted over the plate posts before or
after fitting in the boxes. When the cover
has been fitted, pour sufficient compound
around the edges to effectively seal the
top, and level off by application of the gas
flame or a piece of hot iron. If the cover is
a loose fit, a piece of asbestos string can be
inserted to stop the compound from run-
ning through. The compound is heated in
a plumber’s ladle on an ordinary gas-ring.
Next charge the battery at about one-
third of its normal rate, and if at any time
during this period the temperature exceeds
100° F. reduce the charging current. Con-
tinue the charge until no further rise in
voltage or specific gravity takes place for a
space of 4 hours, after which the charge
may be considered complete.

Adjusting the Electrolyte. Various changes
will have taken place in the newly added

ACCUMULATOR REPAIR

electrolyte, due to the action of sulphate
soaking into separators and plates, and the
effect of charging. At the end of charge, if
the specific gravity of any cell is above
1-300 draw off some of the electrolyte and
replace to correct level with distilled
water. Use good-quality acid when neces-
sary to replace it.

If the specific gravity is below 1:300 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 elec-
trolyte thoroughly, and test again. Con-
tinue the adjustment, until with the elec-
trolyte at the correct level the specific

Karging
""“a_r

FIG. 24. Method of preventing corrosion of terminals
by means of a vaseline gland.

gravity is 1-300. Never add any but dis-
tilled water. Tap water should never be
used. Refer to the tables on page 2.

Correction for Temperature. The values
given on page 2 are correct for a tempera-
ture of 70° F. A correction must be made
if the temperature differs from this. To
obtain the actual specific gravity at 70° F.
add one point to the reading obtained for
every 3° the temperature is above 70°,
subtracting one point for every 3° below
this temperature. Some makers prefer a
lower specific gravity, and in such a case
the table given here should be used.

Actual Hydrometer Readings at
. Temperatures shown below to
Condition give 1-280 at 60° F.

0,
Cells

o

40°F.[50°F.|60°F.|70°F.|80°F. 9o°F.

Full ,
ciarged 1-288(1°284|1°280|1°276(1°27211°268-1°264
Half dis- | .
charged |1-207|1'204|1°200,1°196(1-193|1°189 1186
Fully dis- :
charged |1°115(1°113 1°110 I'107(1°104{8* IETHE. 1]
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To ensure satisfactory working the battery
should now be charged at its normal rate
until fully charged, when it should be dis-
charged through a coil or water rheostat
at its normal discharge rate until the volt-
age equals an average of 18 per cell. This
discharge current should be kept at a con-
stant value by varying the rheostat, and
the number of hours for which the battery
will give out this current should be
noted. The product of hours and amperes
gives the capacity in ampere-hours.
Effects of Overcharging a Battery. Except
in the case of a sulphated cell, when gass-
ing takes place at the plates at all times,
gassing on a large scale only occurs when
the chemical changes at the plate are near-
ing completion. 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 gassing is not excessive. If con-
tinued in excess the gas which is being
produced in the pores of the plate causes
disruption of the paste, loss of capacity
due to shedding, and perhaps short cir-
cuiting. A battery is kept in better con-
dition if at some periodical time, say once
per week or fortnight, it is given a pro-
longed gassing charge, as this ensures all
the active material being in a healthy con-
dition. 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. Habitually
under-charging, on the other hand, is bad
policy. It is not good practice to get as
much out of a battery as possible nor to
use it without intelligence. 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 discharge is continually
drawn from it at this or lower values, sul-
ohation invariably 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, grey-
ish crystalline kind, which is an insulator,
and is difficult to get rid of. Under-charg-
ing is indicated by low specific gravity.
The Cadmium Test for Faulty Plates. An
instrumentknown as a cadmium tester is
really a voltmeter with a central zero read-
inginits scale, an arrangement which per-
mits of polarity tests. Two flexible leads
are attached to it. The positive lead is of
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the ordinary type, but the negative lead
has a piece of cadmium about 4 in. long
by # in. diameter soldered to it. This cad-
mium extremity has a perforated rubber
covering or ebonite tube covering, so that
when used the metal cannot make direct
contact with the plates. This negative lead
is placed through one of the vent holes
into the liquid between the two plates, and
preferably in the centre of the section. It
will readily be perceived that the cad-
mium is 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 as described, and make contact
with the other voltmeter terminals on +
and — lead terminals of the cell altern-
ately. The reading with the contact
on the + terminal should be to the right
of zero and about 24 to 25 volts. The
reading with the contact on the — ter-
minal should be to the left of zero and
about — o'15 to — o2 volt. This is
obviously equal to a voltage of 2°4 + o°15
= 2-55 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 positive or
negative plates respectively are defective.
Towards the end of charge the cell voltage
is obviously the sum of the two readings
obtained (see Fig. 27).

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

The only advantage of the celluloid jar is
its transparency. Its great disadvantage is
its inflammability.

Examination of plates can be made with-
out 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 a case after overhaul of plates,
scrape the edges of case and cover with a
knife. Dissolve some scrapings of cellu-
loid 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.

Capacity of a Cell. Capacity depends on
the amount of active material in the cell,



the charge put into the cell, the rate of dis-
charge, the temperature and the state of
the cell as regards sulphation, and short
circuit. The condition of the plates has a
great deal to do with the capacity of a cell
and its ability to hold a charge.

The amount of active material available
depends on the quantity upon the plates
and the acid which has access to it. At
slow rates of discharge, the acid can cir-
culate into the pores of the plates, and
thus the greater portion of the paste will
be chemically active. At high rates of dis-
charge only the surface of the plates is
acted upon, and acid diffusion 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 dis-
charged below 1-8 volts per cell, trouble
may ensue. The conducting sulphate of
the discharged negative plate is converted
to hard non-conducting 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

FI1G. 25. Method of testing a dynamo for polarity.
(See also F1G. 16.)
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Mains Terminals

Weak Acig

FIG. 26. Method of testing mains for polarity. (See
also F1G. 16.)

therefore decreases when such sulphate is
produced, and in the endeavour to get rid
of it, shedding of paste, with consequent
loss of 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 discharge, whilst prolonged dis-
charges below 1-8 volts, or leaving the
cells in a discharged state results in sul-
phation and permanentinjury, which it is
almost impossible to rectify.

Removing Sediment and Sludge. 1f only one
cell of a battery is deficient, and it is re-
quired 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, con-
siderably shortening their life.

A syphon can be made from a piece of lead
tubing to which is attached a longer length
of flexible rubber tubing. The syphon,
filled with water and with both ends
closed, should be placed with its lead end
below the liquid level in the box, and the
other hangingto a lower level outside, and
then the ends opened. Acid will then be
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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 necessary to rid it of
all traces of sediment (see Fig. 23).

Portable Accumulators. Many portable sets
are fitted with special unspillable cells of

F1G. 27. Testing a_fully charged accumulator with
- a Cadmium Tester.

either the “free acid”’ or “jelly acid” type.
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, imposs-
ible to test the gravity of a “jelly acid”
cell, and the only way to ascertain the state
of charge is by taking voltage readings.
Maintain the acid level by adding distilled
water only, but be careful not to fill above
the “danger line.” Even an unspillable
cell may leak if the correct volume of
electrolyte is exceeded.

Keep all terminals and connections clean
and well coated-with vaseline, and make
st'.u;le that the filling plug is screwed up
tight.

Nickel-Iron-Alkaline Accumulators. The
nickel-iron-alkaline battery as used for
lighting and starting purposes on com-
mercial vehicles is capable of withstanding
a considerable amount of neglect and
rough usage. The state of charge when the
cells are stored is not of very great import-
ance, but the best conditions are main-
tained if the cells are fully charged and
then half discharged before storing. The
electrolyte consists of a solution of potas-
sium hydrate in distilled water, and is
supplied at the correctdensity by the bat-
tery manufacturer. The specific gravity
does not alter with the state of charge,
and gassing is not an indication of full
charge.
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The temperature of the solution is an im-
portant factor, and should be kept within
_similar limits to that of the lead-acid type.
Acid must not be allowed on or in an alka-
line cell, and considerable damage will
result if this is permitted. Hydrometer
tests are useful in determining whether a
change of electrolyte is desirable. These
tests should not be taken during a charge,
norafteradding distilled water for topping
up until a further charge. The temperature
of the solution should be noted, and cor-
rections made to obtain the density read-
ings at 60° F. The correction constant is
00025 for each 10° F. variation, and this
amount should ‘be added to the density
readings for temperatures above 60° F.,
and subtracted for temperatures below
that value. The normal specific gravity of
the solution used in Ni-Fe cells is 1-190.
This density will gradually decrease dur-
ing the charge and discharge operations
over a period of about twelve months,
until a specific gravity of 1-170 is reached.
At this point the battery will have lost its
efficiency, and the electrolyte should be
emptied out and renewed.

The normal density of the solution as used
in Edison storage cells is 1-200, and when
this decreases to 1160 it should be re-
newed. Alkaline cells must not be allowed
to stand empty. Glass or enamel ware
should be used for filling purposes, and

F1G. 28. 4 2-volt cell for radio purposes. T he moulded
glass container obviates the use of separators.
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vessels previously used for acids must not
be allowed to come in contact with the
solution. -
Choked vent plugs may cause excessive
swelling of the steel cell cases, and the
plugs should be tested periodically to en-
sure that efficient ventilation is main-
tained.

The charging voltage of alkaline cells com-
mences at 1°4 volts and rises to 1-8 volts
per cell, so that it is necessary for the
charging voltage of the D.C. supply to be
not less than 1-85 times the number of
cells charged in series. The first charge
must be at the normal current for double
the normal period. On discharge, the volt-
age of this type of céll should not be
allowed to drop below 1-0 volt per cell.
When the cells are charged the cases are
electrified, and short circuits will occur if

-contact is made between them by metal
spanners used for tightening terminals or
for other purposes, and extensive damage
may result. The same types of charging
equipment described for acid cells can be
'suitably applied for charging alkaline cells.

ACETONE. A colourless and inflammable
liquid (CHj)2CO related to acetic acid,
but containing less oxygen, pyro-acetic
spirit, sometimes used in wireless for
jointing and repairing celluloid. Used as a
solvent for fats, camphor, and resins, for
making chloroform. Also known as dim-
ethyl-ketone and methylacetyl. (See Amyl
Acetate.)

ACIDIMETER. Obsolete name for the
apparatus used for measuring the strength
of acids. A hydrometer (which see).

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

ACORN VALVE. A type of miniature valve
similar in size and shape to an acorn and
having a ring seal about half way along its
length.

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

ACOUSTIC FEED-BACK. The effect pro-
duced when the sound from a loudspegker
feeds back to the input (microphone, etc.).

ACOUSTIC WATT. The unit of sound
energy, based on a reference level of
10716 watt, or 10-° ergs pér sq. centimetre
per sec. (See’Bel, Decibel, Neper and Phon.)

ACOUSTIC WAVES. Sound waves.

ACTINOMETER. Apparatus which mea-
sures the actinic value of light.

ACTIVATION (Quartz Crystal). Clean-
ing and edge-grinding processes to in-
crease the activity of quartz crystals.

P.W.E.—2
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ACTIVITY (Quartz Crystal). The ability
of quartz crystals to oscillate.

ADAPTOR, SHORT-WAVE. A device
which, coupled to a receiver designed for
reception on medium and long wave-
bands, adapts it for the reception of pro-
grammes radiated on short waves.

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

ADMITTANCE. The property of an elec-
tric circuit, by means of which a current
flows under the action of a potential
difference. May be calculated by dividing
1 by the impedance. The unit is the Mho
(ohm reversed).

AEO LIGHT. A lamp used in the produc-
tion of sound or “talkie” films, and yield-
ing a glow which has greater actinic value
than a neon lamp. A microphone is em-
ployed to convert the speech and music
into electrical vibrations, which are
changed into light variations (through the
medium of the Aeo Light), and are thus
recorded on the film.

AERIAL. A wire or rod elevated above
ground level and used to radiate a signal
or to pick up a radiated signal. It can take
many forms, and for standard broadcast
reception usually consists of a horizontal
wire running from the house to a suitable
pole or tree in the garden. For ultra-short-
wave working it may consist of a short rod
only about 2 ft. in length. Whilst an aerial
is mainly capacitive, it also possesses in-
ductance. Capacity must exist whenever a
difference of potential is possible, i.e.
every substance possesses capacity—ex-
cept the mythical perfect conductor; also,
whenever magnetic lines-of-force cut a
material, the property known as induct-
ance exists. It is obvious that if an aerial
possesses inductance and capacity dis-
tributed throughout its substance, then it
can behave as a tuned circuit, giving maxi-
mum results when its resonant frequency
is equal to the frequency of the transmitter
or receiver to which it is attached. As in
the case of a tuned circuit, the aerial’s
resonant frequency can be adjusted by
variation of its capacity or inductance.

The Hertzian Doublet. Heinrich Hertz, in
1885, investigated electro-magnetic radia-
tion and developed the Hertzian Doublet
as an efficient radiator. He discovered that
the more capacitive the radiator (aerial)
the more eflicient it became, also maxi-
mum radiation was obtained when the
resonant frequency of the aerial was the
same as the frequency of the energy
supplied. The capacity of the Hertzian
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Doublet is mainly concentrated at the
ends, thus giving an almost linear current
distribution, and facilitating calculation
(Fig. 30).

Standing Waves. The following are the
properties governing the manner in which
an aerial radiates.

In Fig. 29 is a length of wire supplied
with radio frequency energy. Consider a
voltage pulse leaving the source of radio
frequencies : it passes along the wire at a
speed almost that of light, reaches the end
of the wire, is reflected and journeys back
again; thus, an alternating voltage from
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F1Gs. 29 AND 30. (Left) Reflection of voltage pulse.
(Right) The Hertzian Doublet.

the source would pass its effects up and—
by virtue of reflection—down the wire.
As shown in Fig. 31 (A) and (B), the two
travelling waves would give rise to station-
ary or standing waves provided that the
length of wire was a multiple or sub-
multiple of the wavelength of the energy
provided. Current waves will rise, the
current being maximum when the voltage
is minimum. Fig. 31 (C) shows the voltage
and current distribution along a wire one
wavelength long.

It can be seen that the position of the
standing waves upon an aerial is governed
by the length of wire in terms of the
wavelength supplied, also that the
position of the standing waves will in-
fluence the directional properties of the
aerial.

The dipole aerial is an unearthed sym-
metrical aerial not having linear current
distribution (see Figs. 35, 36 and 37).
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Practical Considerations of Aerial Length
and Wavelength. It has been stated that
the more capacitive the aerial the more
efficient it becomes, thus, whenever pos-
sible, it is advisable to tune the aerial by
the use of a correct length rather than the
insertion of an inductance. Obviously on
short waves it is practicable to have the
length of the wire A/4, A/2, etc., but on
long waves such an aerial would have to
be a mile or more in length and is out of
the question. In such cases we have to
resort to' ‘“loading” coils effectively to
lengthen the aerial for maximum results
with the wavelength concerned. Loading

coils, however, are not to be desired,

because of the reduction of the aerial’s
overall efficiency.

Marconi Aerials. Marconi discovered that
if the dipole type of aerial was earthed at
one end, it was possible to double the
wavelength transmitted, because the
length of wire required was reduced to
half that of the dipole. Fig. 33 shows a A/4
Marconi aerial. Notice the aerial’s “im-
age,” giving an effect the same as a A/2
dipole—if the earth is a perfect conductor.
Owing to the fact that the earth is not a
perfect conductor, losses occur; these
losses can be minimised by the use of a
good earth conductor or a counterpoise
system.

Inverted-L and T-type Aerials. It is some-
times advantageous to obtain added length
of aerial for the longer wavelengths by
bending the top of the aerial over, forming
an inverted-L or a T-shaped system (Fig.
32 (A) and (B)). Also, because of the effect
of the horizontal or “roof”’ portion of the
aerial in concentrating capacity at the end
of the vertical or ‘“feeder” portion, the
current distribution becomes almost linear
and a larger current flows in the “feeder.”
Examination of Fig. 34 shows that’it is not
advantageous to have the aerial length
equal to one wavelength or multiples of a
wavelength unless special precautions are
observed. Radiation from adjacent A/2
sections would oppose and cancellation
result. In practice a little radiation occurs
horizontally and a “funnel’ exists at about
35° from the earth around the aerial.

For the smaller wavelengths (higher fre-
quencies) the aerial length required does
not prohibit the use of a vertical aerial.
Fig. 36 (A) shows a Marconi Az aerial
with its voltage and current distribution.
Fig. 36 (B) shows how the A/3 aerial can
be effectively lengthened by the use of a
loading coil for longer wavelengths, whilst
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Fig. 36 (C) shows the effect of placing a
condenser in series with the aerial.

Dipole Aerials. Unlike the Hertzian Doub-
let the dipole aerial has its capacity dis-
tributed, causing the current to be maxi-
mum in the centre (Fig. 38). In order to
supply energy to the A2 aerial it is
obvious that maximum current may be
supplied at its centre or voltage at one of
its ends. An acceptortcircuit (series reson-
ant circuit) supplies large currents at
resonance whllstarejector circuit (parallel
tuned c1rcu1t) glves large voltages; thus an
acceptor feeding into the centre or a
rejector feeding into one end would be

feeder to the A/2 dipole a reJector circuit
becomes necessary.

It is obvious that if an efficient feeder
system ‘is desired the wires must not
radiate. Each wire has opposite voltage
and current distribution, so that radiation
from them is effectively cancelled—pro-
viding that the lines are equal in all
respects. In order that the lines can be
balanced, suitable condensers are inserted
in each and adjusted until the currents are
equal.

This method of feeding, the resonant line
method, is satisfactory for comparatively
short feeders, but becomes undesirable
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FIG. 40, (Left) The effect ofearth
conductivity upon a Alz aerial.

satisfactory. In order to bridge the dis-
tance between the aerial and the trans-
mitter the wuse of feeders becomes
necessary.

Resonant Line Feeders. In Fig. 35 a practi-
cal method of coupling the aerial and
transmitter is shown. Remember that the
length of the feeders is important. Ex-
amining the voltage and current distribu-
tion along a feeder we see that for
centre feeding the A/2 dipole we would
require an acceptor circuit at the trans-
mitter end, whereas in the case of the A/4
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for long feeders because of the difficulty
in preventing radiation and other losses in
the lines.

Non-resonant Feeders. Radiation from
aerials is due to the presence of standing
waves, which, in turn. are caused by
reflection of iravelling waves from the
ends of the aerial, thus if reflection was
prevented then radiation would cease.
Similarly, the prevention of the formauon
of standing waves upon feeder lines will
make them non-resonant.

It has been proved that if the impedance
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(z) of the feeder has the same value as the
impedance of the aerial then no reflection
occurs. This is because energy is absorbed
by the aerial at the same rate that it
arrives from the feeders. There are
several methods of obtaining this con-
dition, one of which is shown in Fig. 37.
The spacing of the wires, junctions,
feeder lengths, etc., must be carefully

of aerials are usually shown by the aid of
polar diagrams.

A polar diagram indicates the field
strength of the radiation (as a distance
from the centre of the diagram) with rela-
tion to the direction of the radiation with
respect to the aerial. As radiation occurs
in both horizontal and vertical planes, two
polar diagrams are necessary to show the
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F1G. 42. Transposed or horizontal doublet aerial.
E, earthing switches; CC, coupling coil; RR, 600-ohm

resistance; L1 and L2, 40 ft. aerials.

adjusted to obtain a non-resonant con-

dition in the feeder.

Directional Properties of Aerials. It has
been mentioned that the manner in which
standing-waves form upon the aerial
governs its directional properties—with
other factors. The formation of standing-
waves depends upon the length of the
aerial in terms of the wavelength to be
employed.

The general structure of the aerial system;
vicinity of houses, rivers, railways, etc.,

frequency, conductlvxty of the earth
height of the aerial above the ground, etc.,
all affect the directional properties of
aerial systems.

Polar Diagrams. The directional properties
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aerial. F,
3o ft.; G and H, 2 ft. minimum;
BC, broadcast aerial.

“cage”

full directional properties of the aerial
concerned.

Consider a A/z dipole situated in free
space, i.e. away from all influencing fac-
tors. Fig. 39 (A) and (B) shows its direc-
tional properties in a plane horizontal to
the dipole and a plane vertical to the
dipole, respectively.

If the aerials are of the earthed type
(Marconi) then the directional properties
are modified by the presence of the earth.
Fig. 40 gives the vertical polar diagram
of a A/2 aerial, assuming that the earth is
a perfect conductor, if, however, as is the
case, poor earth conductivity is met with,
the polar diagrams are modified as shown
by the dotted lines.
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If a dipole is suspended close to the earth,
radiation reflected from the earth will in-
fluence the directional properties. Ob-
viously, the reflected and reflecting waves
will add or cancel in a manner governed
by the relative positions or phase, thus,
the height of the dipole above the earth is
an important factor. (%ce Frame Aerial.)
A RIALS AND EARTHS. A satisfactory
mast consists of sections of steel tubing
screwed together, with the bottom section

FIcs. 45 AND 4
1 (Left) A “ﬁsh
Fishing rod ing-rod”’ type of
type vertical aerial.
(Right) An “L”

type aerial with
a counterpoise
earth.

/
-

about 2 in. in diameter, and 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 the
aerial to be lowered periodically in order
that the insulators may be cleaned. The
mast should be supported by guys at
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AERIALS AND EARTHS

either side and at the back. These may be
of either rope or galvanised wire, and
should each be broken in two places and
insulators inserted.

Where a total length of 6o ft. can be
obtained, use a single-wire aerial, but if
the amount of space available will only
allow a run of about 30 ft. or less, then
use a double-wire aerial with the two
wires spaced by means of a bamboo stick,
with a separation of 3 ft. Do not have the
wires closer than this.

Egg and Reel Insulators. Insulators of
either the egg or reel variety are both
cheap and efficient, and in the case of a
single-wire aerial, six should be the mini-
mum to use, three at either end. They

Insulators
Apript
,

. f‘uc,nrwoors-:v -' i
- wacth LR R T

should be joincd together to form a chain
and at th: lower (or garden) end one end.
of the chain should be attached to a
length of good quality rope threaded
through the pulley. One end of the
aerial should be securely fixed to the
other end of this chain. At the house
end, the other chain of three should be
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FiGs. 47. (Left) Two aerials erected as shown obviate the use of a mast. (Right) A divided aerial: K1 and
K2 are equal in length to half the wavelength. K3 equals 4% in.
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fixed to a pole, or a length of galvanised
wire attached to a staple in the wall or
chimney stack.

The Aerial and Lightning Switch. The best
material for an aerial is the stranded
copper wire, known as 7/22. This con-
sists of seven separate strands of No. 22
gauge copper wire, twisted together like a
rope, and is quite cheap. At the house end,
the aerial wire should be passed through
the hole in the end insulator to form a
double bight. In this way the aerial and
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AERIALS AND EARTHS

of coke. Fill in the hole and saturate with
water. Remember that the earth connec-
tion should be kept as damp as possible to
keep the resistance low. Of course, if a
buried earth is inconvenient, a connection
to the water pipe may be made, but this
should be a main pipe, if possible, and con-
nection made by means of a proper earth
clip. Whatever type of earth is employed,
keep the lead to it as short as possible.
Television Aerials. A uniform scheme of
catalogue suffix numbers for television
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F1G. 48. Practical hints regarding aerials.

lead-in are all in one, with no connection
to become corroded.
If, however, owing to insufficient wire or
anyotherreason, a joint has to be made, it
should be thoroughly soldered, and then
bound with insulation 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”.
The Earth Connection. There is no doubt
that the ideal earth connection is a buried
plate of metal. This should be as large as
convenient (a 7-lb. biscuit tin is quite
good), and the earth wire should be
securely soldered into it. Dig a hole about
3 ft. deep, place at the bottom a layer of
coke or some similar rubble, put the earth
Fplate on this, and cover with another layer

P.W.E.—2%

aerials to indicate clearly the channel for
which an aerial is suitable has been agreed
upon by the manufacturers.

The channel number is marked clearly on
aerial packages.

Some manufacturers use a colour code, as
shown below :

Frequencies  Cata- - Optional
N gz‘;ﬁ;’;}, Mecls logue ' colour
Vision Sound suffix code
1 London 45'00  4I'50 /1 Yellow
2  North
England| 5175 4825 /2 'Light blue
3 . 56775 5325 | /3 Red
4 Midlands | 61-75 5825 /4  Green
5 6675 6325 | [5 Darkblue

The scheme was initiated by the Aerials
Panel of the Radio and Electronic Com-
ponent Manufacturers’ Federation to
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simplify storekeeping and records, not
only for manufacturers but for whole-
salers and retailers.

Basically, any television aerial consists of
a rod cut to one-half the wavelength of the
television transmitter, with a connection
taken from the centre. As, however, the
sound and vision are transmitted on
different wavelengths, or frequencies, the
aerial is cut to a point mid-way between
the two in most cases, although some
aerial manufacturers cut for vision, as
this is the most critical part of the received
signal. If you make your own aerial, you
can experiment and find which is the
most satisfactory length for your own
particular local conditions. For the Lon-
don transmission the length of the aerial
should be about 11 ft. and for the Sutton
Coldfield transmission it should be about
7 ft. 9 in. A few inches either way on
these measurements may make quite a
difference in some places.

The type of television aerials now com-
mercially available are shown in Figs. 49
to 54 and can be classified as follows :

Types of Aerial " Pro perties and General Remarks

(a) (B)—“H?” | This type is directional and must
or“X” be oriented according to the
Aerial. | site. Reception will depend

largely upon the height at
which it is mounted.

Possesses certain directional pro-

(c)—Inverted
“v» perties which can be used to

Aerial. reduce interference.
(d) (f)—Multi- _ Highly directional for weak
element areas, must be mounted as
Aerial. high as possible.

(e)—Tilted wire A long wire aerial of highly
Aerial. directional properties which
requires space for erection.

(g)—Indoor Reception may vary from room
Aerial + to room and house to house.
(fitted in The picture may be affected
same room by persons moving in the room
as, or or by the presence of other in-
integral door aerials fitted in the same
with, the building. Generally unsuitable
receiver). forsteel-framed buildings.

(h)—Single Reception will depend largely
Dipole upon the position and height
Aerial of mounting. The optimum
(mounted position may vary even with
outdoors). similar buildings situated near

to one another.

(#)—Indoor Some types of loft aerial have
Aerial (fitted directional properties which
in loft). § assist in reducing interference.
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Wide experience has shown that reception
conditions for which these types are
generally suitable are as follows :

Reception Conditions

Type(s) of Aeria
Signal Strength | Interference
Very strong Slight (2) (B) ()
Very strong . | Moderate 1
or or (W6
Strong Slight
Moderate Moderate | (a) (b) (c) (e)
Very strong
Strong Severe
Moderate or (a) (®) (e)
or Moderate
Weal '
. Very weak I Slight @) ()

All-wave Anti-interference Aerial Systems.
The aerial system (which includes the
aerial, lead-in wire, earth wire, and the
coil connected between aerial and earth
terminals) will resonate at a particular fre-
quency dependent upon its inductance
and capacity. When the grid circuit to
which this is coupled is tuned, the aerial
is also tuned, due to the coupling be-
tween the aerial and grid coils, but the
resonance is most pronounced at the
natural frequency of the aerial system. At
harmonics of that frequency it will also
provide strong resonance and therefore it
should be possible to find a length which
will give maximum response at two or
three different frequencies or wave-
lengths. In practice this is not easy to
attain, and it is preferable to use separate -
aerials, each chosen to resonate at a fre-
quency roughly in the centre of the wave-
band covered by the tuning coil being used.
Thus for a three-band receiver three
separate aerials are desirable, a short wire,
say 10 ft. 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. 577. Here the two broadcast aerials are
joined end to end (insulated at the junc-
tion), and the short-wave aerial is sus-
pended from the point at which they are
joined. ‘

In some cases it may be necessary to use
even more than these three aerials, includ-
ing 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. 55. It will
be seen here, however, that the aerials
each consist of a dipole, or half-wave
aerial, each built up from two quarter-



For properties and gencral remarks

see page 30.

F1GS. 49 TO 54. Types of indoor and outdoor television aerials.




AERIALS AND EARTHS

wave aerials, and this necessitates twin
feeder wires from the centre point. The
advantage of an aerial of this type is that
the 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 experienced, as the
aerial array may be placed well away from

the building (out of the area of inter- .

ference) and the lead-in will play no active
part in picking up the signals. If a very
long feeder is needed it will be necessary
to include two transformers in the aerial
system, one at each end of the lead-in, to
balance out losses. This is carried out by
using a step-down transformer at the aerial
end and a step-up transformer at the
receiver. The two sections of the trans-
formers which are connected together

Transformer — =

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, separ-
ated by % in. Over the centre space three
or four layers of thick brown paper are
wound, and in the centre of this fifteen
turns of a similar gauge of wire are woxund
for the secondary. The ends of this wind-
ing 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 connecting
purposes.

This coil should be mounted inside a
small aluminium screen can, and the

i 1]
"

F1G. 55. The spider-web anti-interference aerial.

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 paral-
lel-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 surrounding
it, and this screen may form one of the
feeder wires by being connected to one
side of both transformers. The separate
schemes are shown in Fig. 56. The
majority of modern impedance-matching
transformers 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
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bottom of this should be sealed with a
disc of waxed wood or ebonite. Chatter-
ton’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 second-
ary) must be tapped to provide the
necessary wave-change selection 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 receiver, and
the leads to these terminals should also be
screened.

\

AERIALS AND EARTHS

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 surface on which these

Serrening FoVTy

FIG. 56. Connections for two types of impedance-matching transformer for anti-interference aerials.

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

currents can travel and the lower will be
the resistance 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.

Long Wave . Medium Wave
ﬁ ze" i3l ra ™, Aerial ) J:]'-Il
T
-
a_:,.-.-'-_‘— By —_—
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e
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F1G. 57. All-wave anti-inter ference aerial.
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AERIALS AND EARTHS

The earth should have as low resistance
as possible, and to ensure this a soldered
connectionshould preferably beemployed.
The lead-in should be kept as far as
possible from any earthed objdcts. 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 suffer from considerable interference.
Indoor aerials, which may be fixed to the
picture rail, are satisfactory for the modern

100 Turns Close Wound ™,
Split Winding

Stage !

drawn Paper Séparator

\_dﬂ,ﬂ vof Round Windings /

<. As Shown

AERIAL SYSTEM

OF. The natural wavelength of an aerial
is approximately four and a half times its
electrical length (length between insula-
tors plus length of lead-in). An aerial of
100 ft. has a natural wavelength of about
120 m. If connected direct to the grid of
the detector valve, it would receive trans-
mission on this wavelength. (See also
W avelength.)

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

AERIAL, REFLECTOR. An arrangement

Feage F
fs Snewced Turns Wound "Over Paper
Seporatar And. Anchored With
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F1G. 58. Constructional details of the transformers for anti-interference aerials.

receiver. It is not necessary today 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 suitable capacity is
connected between it and the set.
(See also Television, for details of tele-
vision aerials. See also Frame Aerials.)
AERIAL ARRAY. (See Beam Aerial.) .-
AERIAL-ISOLATING STAGE. A device
which allows a common aerial system to
be used by two receivers simultaneously.
AERIAL, NATURAL WAVELENGTH
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generally employing a dipole (which see)
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
(unconnected), the spacing between these
being adjusted according to the fre-
quency of the signals. A multi-reflector
system will generally have the reflectors
arranged in the form of a parabola with
the aerial at the focal point.

AERIAL SYSTEM. The assembly of aerial
and theelectricaland mechanical devices for
supporting, insulating and/or rotating it.



AERIAL TUNING CONDENSER

AERIAL TUNING CONDENSER. The
variable condenser by means of which the
aerial tuning inductance (the aerial coil)

Ll

-_,___h_,;:_:,-.,_

F1G. s59. Twin-gang variable condenser with air
daelectric; above, the theoretical symbol.

is tuned to a required wavelength. Usual
capacity for medium and long wavebands
is -ooos WF. For short-wave receivers,
. the value is -ooo1 WF. or less. (See also
Condensers and Variable Condensers.)

ETHER. (See Ether.)

A.F. Audio Frequencies (which see).

A.F.C. (See Automatic Frequency Control.)

AFTERGLOW. The phosphorescence of a
cathode ray screen after it has ceased to be
excited by the electron beam.

A.G.C,, also A.V.C., meaning automatic
volume control or automatic gain control.
(See also A.V.C.)

AGEING. The-formation of crystallites
and deposits of foreign matter on the
major faces of quartz crystal plates, result-
ing in loss of activity.

AIR CHOKE. A coil of wire of such a size
that it has a large impedance and therefore
offers a high resistance to high-frequency
oscillating current, preventing the passage
of such current. (See also Chokes.)

AIR CONDENSER. A condenser with air
space as dielectric, e.g. a variable con-
denser which is not of the solid di-electric

) >

AMP
type. (See also Condenser and Variable
Condenser.)

ALL-WAVE AERIAL. (See Aderial, p. 21.)

ALPHABET, WIRELESS PHONETIC.
The phonetic alphabet generally 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; I, 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.

ALTERNATING CURRENT. A current
whose direction of flow surges first in one
direction and then in another, and at a
regular period (see Fig. 5). The trace of
A.C. produces a sine curve.

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 dynamo in
which alternating current is delivered
through slip rings, as against the usual
method of using a commutator.

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

AMMETER. An instrument for measuring
the current (in amperes) flowing in a cir-
cuit. It must be connected in series with

FI1G. 60. Ammeter.

the circuit. Usual and cheapest type is the
moving iron. Other types: the hot wire
and the moving coil, which see). (See also
Meter.) :
AMP.—Abbreviation for ampere.
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AMPERE

AMPERE. The unit of measurement 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 a H.T. battery in
wireless circuits, the milliampere is the
unit used. This is equal to one-thousandth
of an ampere. Even smaller currents are
measured in microamperes.
1 ampere = 3 X 10° statamperes = o-I
abampere; 1 statampere = 3-33 X 10!
abamperes; 1 abampere = 3 X 10%
statamperes (see Abampere). 1 ampere
turn/weber = 1-257 X 1078 gilbert/max-
well. )

AMPERE-HOUR. This unit is equal to 1
coulomb per second for 3,600 seconds, or
3,600 cdulombs.

AMPERE TURNS. The number of turns
in the coils of an electromagnet, multiplied
by the current flowing through them.

1 ampere turn = 1-257 gilberts or 12°57
pragilberts.

1 ampere turn = 1-257 gilberts; 1 ampere
turn/inch = o°495 oersted = 495 pra-
oersteds; 1 ampere turn/metre = 0-01257
oersted = 12-5%7 praoersteds.

AMPERE’S RULE. Refers to the deflection
direction of a magnetic pointer that is
influenced by a current; an analogy being
that if a person is assumed to be swim-
ming with the current and facing the
indicator, the north-seeking pole is de-
flected towards the left hand, the south
pole being deflected in an opposite
direction.

AMPERE’S THEOREM. The magnetic
field from current flowing in a circuit is
equivalent to that due to a simple' mag-
netic shell, the outer edge coinciding with
the electrical conductor with such strength
that it equals that current strength.

AMPLIFICATION. In an amplifying
valve the overall amplification is 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 valve. For a given value
of anode current, the voltage drop across
the load will be proportional to the im-
pedance of the load.

The formula for the total stage gain in a

resistance-capacity coupled stage :

G ain . __Resistanczi of loa_d X amplification fa:ctor of valve
Anode resistance of valve -} resistance of load

(See also Stage Gain, Push-pull, Quiescent

Ptgh-pull, Class A, Class B, and Class

AB.)
AMPLIFICATION FACTOR (Mu or p).
The ratio between change in plate poten-
36
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tial or voltage and change in grid poten-
tial.

p=Ya=Va o E
E,
equals the grid voltage applied to restore
the anode current reading produced by
Va3, to that flowing when the anode volt-
age was V. Vg and V,, represent the
anode voltages. The Mu can be expressed,
therefore, as the ratio of change of anode
volts to change of grid volts to produce a
constant anode current.
__ Mutual Conductance X Impedance

Orp=—="= 1,000

when Mutal Conductance is expressed in

mA. /volt.

AMPLIFIER. A valve used in the amplify-
ing stages of a receiver. A complete unit
coupled to an existing receiver for increas-
ing its output. (See also Inverted Amplifier,
and Circuit.)

AMPLITUDE MODULATION. The term
applied to the modulation system of a
transmitter when the “‘carrier” wave has
its amplitude varied or modulated by
another wave-form corresponding to the
sound affecting a microphone, or varia-
tions in light intensity in the case of tele-
vision picture transmission. The fre-
quency of the ‘“carrier” wave is not
affected.

AMPLITUDE SEPARATION. The pro-
cess of separating parts of a waveform
differing considerably in amplitude.

ANELECTRIC. Any body unaffected (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 surface.

ANGSTROM UNIT. A standard of
measurement of the wavelength of light.
One Angstréom unit equals one ten-
millionth of a millimetre, or one ten-
thousandth of a micron (which see). (See
Lux, Lumen, Footcandle.)

ANION. Obsolete term for negative ion.
The electro-negative constituent of an
electrically decomposed compound, ap-
pearing at the anode of a voltaic battery.
(Opposed to Cation, which see.)
ANNEAL. To soften (a metal) by heating
and quenching or heating and gradual
cooling. Brass may be annealed by the
former method; steel is hardened by it.
ANODE. The positive voltaic pole. The
point where, or the path by which, a
voltaic current enters an electrolyte.



ANODE

The plate of the valve. The opposite of
Cathode.

ANODE BEND RECTIFICATION. A pro-
cess of rectification which depends upon
the bend in the lower part of the grid-
volts anode-current curve. If such a curve

Anoge Luvrzal

Grig Vs

F16. 61. Grid voltslanode current curve for anode
bend rectification.

is examined it will be seen that at the
bottom of the curve it tends to become
horizontal. The result of applying a large
negative grid bias to the valve is to bring
the working point to this bend. When
oscillations are received by the grid of the
valve the anode circuit can only increase
at positive half-cycles, no change being
recorded (theoretically) at negative half-
cycles. The result of this is to rectify the
incoming oscillations. A certain amount
of amplification also takes place (see Fig.

61).
ANODE DISSIPATION. (Class A)

Watts = Vo X L

1,000
When V, = anode volts, and I, = anode
current in mA,.

ANODE EFFECT. That very quick current
drop that is caused by film formations of
gas on an anode or plate situate in elec-
trolysis.

ANODE OF ACCUMULATOR. The
positive pole or plate.

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

AREOMETER

ANTENNA. American term for aerial
(which see).

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

ANTI-CLUTTER GAIN CONTROL.
A  device which automatically and
smoothly increases the gain of a radar re-
ceiver from a low level to the maximum,
within a specified period after each trans-
mitter pulse, so that short-range clutter-
producing echoes are amplified less than
long-range echoes.

ANTI-II)\ITERFERENCE AERIALS. (See
Aerial.

ANTI-JAMMING. Reducing the effects of
enemy jamming.

ANTI-JITTER CIRCUIT. A valve stage
which is operated by unwanted voltage
fluctuations of a D.C. supply to produce a
stabilised voltage output for the reduction
of jitter in the display.

ANTINODES. In a series of oscillations,
the points of greatest amplitude. Known
also as loops.

APERIODIC. A term applied to a circuit
which is untuned—or possesses high
resistance, thus precluding oscillation.

APERTURE. The open end of a flare,
reflector, etc. The significantlinear dimen-
sion of this.

APERTURE ILLUMINATION. The dis-
tribution of the field intensity over the
area of an illuminated aperture.

APPLETON LAYER. An electrically con-
ducting layer, existing 140 miles above the
earth, but at times extending up to
300 miles. Known as the F layer. Caused
by the ionising action of the sun on the

gases comprising the earth’s outer
atmosphere. (See Heaviside. Layer and
Ionosphere.)

ARC. When a current “jumps’’ an air gap
it is said to ‘‘arc.”

ARCHIMEDES’ PRINCIPLES. (1) A body
in liquid loses part of its weight, the loss
to equal the weight of the liquid dis-
placed. (2) The gas pressure on bodies
immersed in gases is equally transmitted
in every direction.

AREOMETER. Another term for hydro-
meter, used to- determine the specific
gravity of a liquid. Some hydrometers of
the “floating-ball” types are practically
useless to the accumulator user, as they
give no indication when the acid is too
strong or too weak.
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Hydrometer readings can sometimes give
a false indication. If, for instance, acid had
been added to an accumulator instead of
water, a hydrometer reading might in-
correctly indicate it to be fully charged.
Additional causes of false hydrometer
readings are: An inaccurate or cracked
hydrometer float; taking readings when
freshly added water has not had time to
mix with the acid.
Hydrometer readings may always be sup-
plemented by means of voltage tests. Use
an accurate moving-coil voltmeter, read-
ing 3-0-3 volts, and take all readings while
the cells are on discharge. Voltmeter read-
ings taken on open circuit are liable to be
misleading. (See also Hydrometer.)
ARMATURE. (See Loudspeaker.)
ARMSTRONG. The circuit employing the
super-regenerative principle. The value of

|
L. = T

FIG. 62. The Armstrong circuit.

the circuit elements are critical, and the
arrangement is now chiefly used in ultra-
short-wave reception (see Fig. 62).
ARTIFICIAL AERIAL. A non-radiating
transmitting aerial. A “dumb”’ aerial.
ASPECT RATIO. The proportions of the
raster in the television receiver. In the
present British system this is 4 : 3.
ASTATIC. State of neutral equilibrium.
An astatic coil is one wound in two sec-
tions, half the winding being on one coil
and half on the other, but wound in the
opposite direction. The “field” of each
coll is therefore neutralised. )
ASTATIC GALVANOMETER. A gal-
vanometer (which see) having an astatic
pair of index fingers or needles.
ASYMMETRICAL EFFECT. An in-
accuracy of reading in radio direction
finding that is due to unequal current
distribution in the two halves of the loop.
This is said to be the result of either
inductive or geometric asymmetry.
ASYI)\ICHRONOUS. (See Non-synchron-
ous.
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A.T.C. Aerial Tuning Condenser.

A.T.L The Aerial Tuning Inductance. The
aerial tuning coil.

ATMITE. (See Metrosil.)

ATMOSPHERICS. Crackling noises in the
receiver. These do not occur in this
country except during periods of thundery
weather. Not to be confused with crackles
caused by a worn-out H.T. battery or
faulty or dirty connection in the set. In
this case disconnect the aerial temporarily.
If the crackles cease, they are due to atmo-
spherics. (See also Interference and Noises.)

ATOM. All matter is composed of minute
particles or atoms; elements consist of
atoms of one kind—carbon, copper, gold,
etc. Compounds consist of groups of
atoms. Thus water consists of two atoms
of hydrogen and one atom of oxygen,
forming a molecule of water.

ATOMIC WEIGHT. The weight of ,one
atom of any element, as compared with an
atom of hydrogen. Atomic weight of
hydrogen is unity.

ATTENUATION. A lengthening out, or a
thinning. The term is applied in wireless
to a weakening of the frequency response
at the ends of the scales. For instance, if
the constants of a circuit are designed in
such a mannerthat the high notes are cut
off, it is said that the high notes are
attenuated.

ATTENUATION FACTOR. A ratio of
initial and received amplitude, it being
determinable from e?*, where x = dis-
tance and @ = the circuit attenuation con-
stant. (See Absorption Factor.)

ATTENUATOR. A circuit or a piece of
apparatus for reducing or cutting off the
output from a transmitter, receiver, or
amplifier.

AUDIBLE SPECTRUM. This extends
above and below the visible spectrum
(which see). Below infra-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
rays are found in these extreme upper
ranges.

AUDIO FREQUENCIES. Frequencies of
less than 10,000 cycles per second are
assumed to be audible, and so are des-
cribed 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 amplifier.

AUTODYNE. Where the inductances of



AUTODYNE

the grid and plate are part of a common
coil in a circuit, that circuit is of the auto-
dyne type (see Fig. 63).

The tight coupling provided by the com-
mon coil ensures constant operation, pro-
vided that the condenser used is of a
suitable value. Probably the most popular

F1G. 63. Autodyne circuit.

form taken by this type of circuit is the
Hartley although the arrangement used in
the well-known Reinartz circuit also
utilises the autodyne principle.
AUTOMATIC AIMING. A system ‘in
which a mechanism actuated by thesecho
signal automatically keeps a radar beam
pointing at a moving object.
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 thata series of 4-second dashes
broken by spaces of 1 second cause bells
to sound the alarm.
AUTOMATIC FOLLOWING. As Auto-
matic Aiming, but with the addition of
Automatic Range Measurement. The use of
the term Automatic Following to mean
Automatic Aiming is deprecated.
AUTOMATIC FREQUENCY CONTROL.
An arrangement whereby the frequency of
an oscillator is automatically maintained
in the neighbourhood of a desired value.
The term applied to an arrangement
which causes a circuit automatically to be
tuned after the main control has been
tuned to approximately the correct wave-
length setting. In its simplest form it con-
sists of a double-diode valve, each diode
of which is coupled to the oscillator cir-
cuit in' a superhet. The out-of-balance
effect of the signals on the two diodes,
after rectification, is fed back to the oscil-
lator circuit and causes a readjustment of
this to bring the set into tune and thus an
equal voltage across the two diodes.
AUTOMATIC- GAIN CONTROL

AUTOMATIC GRID BIAS

(A.G.C.). A device, actuated by the re-
ceived signal, which varies the overall
amplification of the receiver so as to
maintain the output level for a given
modulation depth substantially constant:

AUTOMATIC GAIN STABILISATION.
Making the gain of a receiver independent
of unwanted variations in circuit con-
ditions.

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 filament in battery-fed valves.
With ordinary battery bias, the cathode is
at a potential equal to the potential at the
negative end of the high-tension 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 does not matter whether the cathode is
at zero voltage and the grid at some nega-
tive potential, or whether the grid is at a
zero potential and the cathode at some
positive potential. This latter condition is
that which usually obtains when auto-
matic bias is used. In most of these
arrangements, the grid is maintained at
the same potential as the negative ter-
minal 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

Resistance

*
i &

H,T-

F1G. 64. A resistance inserted in the cathode lead of
an indirectly-heated valve.

a reference to Fig. 64, which shows the
essential connections for automatic bias
to an indirectly heated low-frequency
" outputvalve.In this diagram,certain refine-
ments, such as the decoupling arrange-
ments, are omitted for the sake of
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AUTOMATIC GRID BIAS

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
complete valve circuit.

Advantages of Automatic Bias. The ad-
vantages of automatic or self-biasing are
many. In the first place, if the value of
the biasing resistance is correctly calcu-
lated, there is no possibility of under bias-
ing 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 voltage, the drop
through the biasing resistance will rise in

External Anode Circuit

Bias Resistance

Decoupling
_~ Resistance

i HE-

F1G. 65. The arrangement of F1G. 64 with a
decoupling resistance added.

proportion, the negative bias will be in-
creased, and the anode current again re-
duced to its normal value. Further, the
biasing resistance does not deteriorate as
does a grid-bias battery, does not vary in
value, and needs no replacement. If de-
sired, 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. voltage. This makes no practi-
cal difference to the efficiency of the aver-
age 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 30 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 subtracted from the
available 400 volts H.T'., would be serious.
Biasing Resistance. Biasing resistances
generally should be of the stable type,
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and must be capable of carrying the
full anode current of the valve continu-
ously without overheating. In the case of
early stage low-frequency amplifiers and
screened-grid valves, ordinary fixed resis-
tances are quite suitable, but for output
valves, where a certain amount of pre-
liminary adjustment of grid bias is usually
necessary, it is advisable to use a variable
resistor, or, preferably, a fixed resistor and
a variable resistor in series. This allows of
adjustment, but at the same time prevents
the valve from being run entirely without
bias if, by mistake, the variable portion
is reduced to zero. For variable-mu valves,
where continuously adjustable bias is re-
quired, the resistance must naturally be of
the variable type. The calculation of the
correct value of biasing resistance is a
simple matter, and is merely the applica-
tions of Ohm’s law. The formula is :
Value of biasing resistance in ohms =

Desired bias in volts

Anode curren't in amps.
As the anode current is usually expressed
in milliamps., the value of the biasing re-
sistance is found by multiplying the de-
sired 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 anode current being 30
milliamps. The correct resistance for self
bias would be 32 multiplied by 1,000 and
divided by 30, or 1,006°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 maximum.
Decoupling Resistance. In addition to the
biasing resistance itself, certain additional
apparatus is usually required, by way of
decoupling. If the anode supply is not effic-
iently smoothed, and a bad mains ripple
is present, there is a risk that this may be
transferred to the grid by the bias arrange-
ment, when the anode current will be
correspondingly modulated, and serious
mains hum result. Moreover, there is
always a chance that the biasing circuit
may pick up mains hum from some other
partof the apparatus, whileanyotherlow-
frequency componentin the anode curren
will have a similar effect. To reduce this
risk, a grid decoupling or smoothing cir-
cuit may be employed. This consists of a
high resistance, usually of about 50,000
ohms, included in the grid return, and
by-passed to the cathode through a con-
denser which, in the case of most low-
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frequency valves, should be of 2 pF.
capacity.

Such decoupling is not essential, but
should be added without hesitation if
serious hum is noticed. The condenser
value of 2 pF. is ample, and in many
cases, especially in early low-frequency
stages, 1 puF. 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 for which they are recom-
mended. Fig. 65 is the complete arrange-
ment for an early stage indirectly heated
L.F. amplifier, such as the input valveof a
gramophone amplifier. It may also be em-
ployed where the detector’ valve of a
receiver is required to act also as first low-
frequency amplifier with a pick-up.
Precisely the same arrangement may be
used for a pentode output valve of the in-
directly heated type, but for three-
electrode output valves a slightly different
system is preferable. For a triode, the
value of the biasing resistance is usually of
the same order as the resistance of the
load, and the loss of power in the biasing
resistance, if this resistance were included
in the load circuit, would be serious. This
is avoided in the circuit shown in Fig. 66,
where the cathode is maintained at the
common potential of the set, and a nega-
tive potential given to the grid by the bias-
ing resistance connected between the
common negative wire and the H.T.
terminal.

Fig. 67 gives the variant of this circuit for
use with a directly heated triode or pen-

Decoupling
Resistancel

Biasing s,
iasing it 11

EpF
4—'\“\”\'—“\'\1‘-’\!\'\_

Neq’ Bus-Bar

FIG. 66. An alternative arrangement of FIG. 65 in
which the .cathode is maintained at the normal
negative potential.

AUTOMATIC TONE COMPENSATION

tode 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. 66. For

Wy ——
T

Decoupling 1
Resistance ) , o

Negative / Biasing Resistance

Bus Bar

Fi1G. 67. A directly-heated valve arranged in the
same manner as FIG. 66.

screened-grid high-frequency valves, the
circuit is as shown in Fig. 68. This
arrangement is similar to that in Fig. 64.
It should not be forgotten that automatic
bias can just as simply be applied to
battery-operated receivers. The essential
circuit is shown in F g. 69. Here is a wire-
wound resistance a able of carrying the
total H.T. current of the set is connected

_between H.T.— and L.T.—, and thus
biases the output valve.

AUTOMATIC RANGE BEARING. A
system in which range, bearing, or eleva-
tion is determined automatically by a
mechanism actuated by the echo signal.

AUTOMATIC STROBE PULSE. A strobe
pulse whose timing is automatically ad-
justed to coincide with that of a given
echo even though the range of -the corre-
sponding object varies.

AUTOMATIC TONECOMPENSATION.
The object of this is to compensate for the
high-note cut-off introduced when re-
action is advanced to its limit. An L.F.
transformer of a type which emphasises
the high-notes is used after the regenera-
tive detector valve and the differential re-
action condenser is so connected that
when its capacity is reduced to a minimum
it completes the circuit of a fixed con-
denser 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.

4



AUTOMATIC TUNING
AUTOMATIC TUNING. With rotary

switch selection, an ordinary multi-con-
tact rotary switch is used, a particular
station being received at each switch
position. Fig. 70 shows a suitable circuit
where four stations are provided for, three
on medium waves and one on long.

A 4-pole, 4-way switch is used. Two
switch sections select pre-set condensers
in pairs. The other two sections short the
long-wave sections of the coils in three
positions for medium-wave reception.
The fourth position gives long-wave
reception.

In use, the two pre-sets P1 should be

adjusted to one of the desired stations.

Pre-sets P2 and P3 are also adjusted for
two other stations in the same way. The
stations obtained with P1, P2 and P3 will
be on the medium-wave band. The pre-

sets P4 are then adjusted for the long-wave
band. In each case the switch is turned to
the appropriate position, and the stations
will be automatically selected afterwards
by rotating the switch.

Adding M anual Tuning. If it is felt manual
tuning is also needed for the reception of
foreign stations, etc., it may be connected
as in Fig. 71. Here, one pair of pre-sets
is abandoned, a 2-gang, -ooos pF. con-
denser being brought into circuit at that
position of the switch. The receiver can
thus be tuned in the ordinary way, with
the automatic selection of three stations
when required.

In this circuit separate wave-change
switching is shown, so that manual tuning
is possible on both wavebands without
much switching. A double-pole switch
only is needed here. If a 4-pole, 5-throw

RESISTANCE VALUES FOR DECOUPLING AND VOLTAGE DROPPING
VOLTAGE DROPPED

7
Cumrznt 8 9 . 10 20 30 | 40 ] 50 60
1 8,000 9,000 | 10,000 | 20,000 30,000 40,000 50,000 | 60,000
2 4,000 4,500 5,000 | 10,000 , 15,000 20,000 25,000 | 30,000
3 2,500 2,500 © 5,000 7,000 10,000 | 15,000 17,500 | 20,000
4 2,000 2,500 i 2,500 5,000 0,000 | 10,000 12,000 [ 15,000
5 1,500 2,000 | 2,000 5,000 7,000 0,000 10,000 | 12,000
10 1,000 1,000 i 1,000 2,000 . 2,500 | _fueo 5,900 7,000
15 500 500 ; 1,000 1,500 - 2,000 2,500 ~ 5,000 5,000 } 1 watt
20 500 500 500 1,000 1,500 ' 2,000 2,500 I 2,500 1
25 500 500 500 £.00 1,500 tsmo [ 2,000 2,500 |} 2watt
30 300 | 300 500 1,000 1,820 1,500 2,000 065
40 250 | 250 300 300 1,440 1,000 1,500 1LEB2 | 3 watt
50 . 250 500 500 1,000 1,000 ; 1,000 |
- T T 7 1'wait 2 watl 3 wait )
Current : -
mAd. 70 8o 90 100 125 | 150 175 200
1 soo04 | Bopos | 90,000 | 100,000 | 125,000 | 150,000 | 175,000 | 200,000
2 1 E50a 40,330 45,000 50,000 62,500 75,000 87,500 | 100,000
3 ZE,000 10,003 Ju000 1 ja,000 4a.oen | ogocnn godn | Taroan
4 17,500 | zoooa | ipgoc o gsaoan | 3seoe [ seooo | gopoe | goosn Iir 1 watt
5 15,020 | 37599 | ap@ea | aeoee | 2iooo | saooo | gaoes | aecess )
10 7,530 g,Fa0 g | keoop foaEoda | 15,088 0 1RGO iodon | 2 watt
15 5,800 F.a0 fore | Tooo goer [ oioEse  irgec . iLooa | 3 watt
20 5o I Y5oo 0 K000 F.n0n £ g.ooc . iooen | 4 wart
25 %, 5z 2,500 [ 5,000 ipoop ! f 5,000 S.D:DJ Tpne U Ress | 5 watt
30 T %590 2,530 | 3,55 3,000 f 5,003 _If C.Con ': e 0 fooa | 6 watt
40 nome | zaon 550 a5 f asee f sewe | soez 0 nom Swan
50 . .00 500 r 2000 3,0Wd If sieo | zm00 f 2,500 | e 10 watt
4 watt 5 watt 7 watt 8 watt o watt 10 watt

T he values given above are correct to the nearest stundard value.
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switch were used, it could be connected
as follows : position 1, manual tuning on
L.W.;position 2, manual tuning on M.W.;;
positions 3, 4 and 5, automatic selection
of long- or medium-wave stations. (Wave-
change switching would be obtained as in
Fig. 70.)

Reaction. Reaction is added to Fig. 71,
and is controlled by a normal variable con-
denser. Reaction could be used in the
circuit shown in Fig. 70 if additional
sensitivity were required, but a panel con-
trol should be avoided if possible, a pre-
set being used. If automatic selection of
weak stations is intended and a panel

i
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AUTOMATIC TUNING

will switch on and operate on long waves.
The ‘0003 pF. condenser is then adjusted
to the Light Programme.

Upon either of the central three buttons
being depressed the top switch will spring
out, changing to medium-wave reception.
The pre-sets of these switches may be
adjusted for medium-wave stations, for
example, Third Programme, . I"gfIi_:_ihL!:_d.i
and West Programmes.

When switching off depress the lower
button. It will then remain in until any
of the other buttons are depressed, accord-
ing to the programme desired.

Some degree of reaction can be added by

"I:;I . ----l " ':'l
=1l = .
< é \f— = ||e 1 'J(IJ
I3 |l sl
.o - | 198 %
Ll 1 o5 S
Hear -5 st
E Resistance ‘[:
] t L \ o
7 Earth LT
Negative Bus Bar at

FIG. 68. The biasing resistance
arranged in the cathode lead of
ar H.F. valve.

reaction condenser not wanted, a switch
with an additional section may be used
and an individual pre-set reaction con-
denser provided for each position of the
selection switch.

Push-button Switching. The majority of
push-button switches have a single-pole,
double-throw action with each button.
To enable such a switch to be used, one
tuned circuit only can be adopted. If
constructed as in Fig. 72, with a loosely
coupled aerial circuit, this will be
sufficiently selective for receiving the
major B.B.C. programmes. By careful
arrangement it is also possible to avoid
additional wave-change and on-off switch-

ing.
IngFig. 72, all the switches spring to the
left, except that which is depressed. If the
lower switch is depressed, the receiver is
off. This switch will spring into the “‘on’
position when any of the other buttons
are depressed.

If the top button is pressed, the receiver

FIG. 69. A common resistance connected up to provide

bias for two battery-heated valves.

the -ooo2 pF. pre-set connected to the
reaction coil.

Pre-set Capacitances. These must be
chosen with a maximum capacitance near
that required. If too large condensers are
used, it may be found that the minimum
is too high for a station near the bottom
of the band. (Plates may be removed to
avoid this.) Normally -ooos pF. pre-sets
will be suitable for most stations, but
with most coils one of these would have a
minimum capacitance too high to receive,
say, the West Programme on 2168
metres. A -ooo1 or -00o2 pF. maximum
component may therefore be necessary
here.

Amplifiers and Volume Control. A simple
and efficient battery-operated amplifier is
shown in Fig. 73. This is suitable for any
of the circuits shown, giving reasonable
volume and quality.

In all cases, a volume control is desirable.
This could be ordinary V.M. bias in Figs.
70 and 71. For G; a low-frequency
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control could be added to the circuit. To
do this the 25 megohm leak in Fig. 73 is
replaced by a potentiometer of similar
value, the grid of the L.F. valve being
taken to the slider of the component. If
five stations were to be selected with a
5-way switch, then the volume control
could have an internal on-off switch, the
lower push-button being used to switch in
an additional pre-set condenser.

Push-button Selection with R.F. Stage. This
is best arranged by obtaining a switch in
which double-pole double-throw switches
are operated by each button. The simple
switch may be wired as in Fig. 74,

The filament circuit of the R.F. and
detector stages of the receiver (or F.C.,
I.F. and second detector stages in a super-
het) should be broken. It is then con-
nected so that depressing one button on
the push-switch makes the circuit com-
plete. A second button is also connected
so that the aerial is connected to the
receiver when the switch is depressed.
Pressing these two buttons will then
enable the receiver to be tuned and
operated as before.

The other three push-buttons select
stations as in the circuitin Fig. 72. Upon
any of them being depressed, the first two

Hit
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F1G. 70. A simple two-valver with a rotary 4-position switch assembly to provide choice of four stations.

however, to give on-off, manual and two-
station selection.

In Fig. 74 the on-off switching is
obtained as in Fig. 72. "The two pre-
determined stations are obtained by the
next two buttons, a double-pole, double-
throw effect being obtained as one switch
springs out when the other is depressed.
These pre-sets are also obtained through
the lower buttons being out.

When both the lower buttons are de-
pressed, the pre-sets are disconnected and
a 2-gang condenser brought into circuit
for manual tuning. Both these buttons
will stay in until the ‘“off”” button or
either of the other buttons is operated.
As addition to Normal Receiver. Fig. 75
shows how push-button selection may be
added to a receiver without interfering
with the manual tuning of circuits (which
may be of superhet or all-wave design).
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switches spring open, connecting the
aerial to the push-button detector and
switching on the filament of the push-
button detector. The anode of this new
detector is connected to the L.F. coupling
of the receiver, so that the signal is
amplified by the receiver in the required
way.

The necessary addition is shown to the
left of the line AA in Fig. 75, the coil
connection, etc., not being shown for
clarity. These are as in Fig.

Practical Layout. So that the method of
connecting push-button switches is quite
clear a wiring diagram is shown in Fig.
76. This unit forms an adaptor which
may be added to any battery-operated
receiver, as outlined in the circuit shown
in Fig. 7s.

A double-pole, double-throw switch is
used for transferring aerial and filament
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F1G. 71. The same type of switch is used in_this circuit, but manual tuning is provided and
a reaction circuit is included.
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F1G. 72. Push-button switching in its simplest form is indicated in this circuit diagram.
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connections. Lead X is taken to the
aerial terminal of the receiver, and lead Y
to the filaments of the R.F. and detector
valves (see Fig. 75). The remainder of
the circuit is as in Fig. 72, and the coil
connections are numbered to agree with
that circuit so that any coil may be used.
A screened one is most suvitable.

The diagram shows how switching is
accomplished, one of the buttons always

AVOGADRO’S LAW

less 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 detector valve is em-
ployed to produce a negative bias voltage
which is applied to preceding variable-mu
amplifiers. The negative voltage produced
is directly proportional to the de-
tector signal voltage, and it
produces a reduction in ampli-

EEICI"D
LIPS

HFC f'u

AED

BT
-"h‘J“e"

oy

g
To Earth v, a- &E-F
Line eeE

fication of the H.F. valve or
valves. As the reduction 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-Diode” detector
valve or else a “Cold Valve.”
(Seealso Quiet Automatic V olume
Control and Delayed Automatic
Volume Control.)
AUTOMOBILE RADIO. (See
Car Radio.)
. AUTO TRANSFORMER. A

HT+

L=
o

. -

7o Detector
+ve Filament

Fi1G. 73. A simple L.F. amplifier in which the grid
resistance of the first stage may be replaced by a variable

component to provide volume control.

being in the “‘in” position once the switch
has been fitted to the panel. The double-
pole switch should be marked ‘“Normal
Operation” in one position and ‘Push-
button Operation’’ in the other. The latter
position will then provide automatic
selection of four transmissions by means
of the buttons, one being on long
waves.
For Light Programme, Third Programme,
Midland and West Programmes pre-sets
A, B, C and D should be set to approxim-
ately -0oo25 pF. (or -ooo3 pF. for the
higher wavelength station). Pre-sets which
have a capacity range accommodating
these values should therefore be used.
Other stations may, of course, be chosen.
(See Push-button Tuning and also Figs.
74 to 76.)
AUTOMATIC VOLUME CONTROL,
or A.V.C. A system by means of which
the volume of sound delivered by the
loudspeaker is of constant intensityregard-
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- transformer having a single

winding instead of the usual
two windings. Part of it is
tapped off to form the primary,
the other part forming the
secondary.
This type of component is
often used in commercial
broadcast receivers to econo-
mise in the cost of the usual mains
transformer. The main objection to the
use of this type of transformer is that the
H.T. negative line in the broadcast
receiver is usually connected to the metal
chassis, and with the auto-transformer
one side of the mains becomes “live” to
the chassis. Thus the equipment is
dangerous to handle unless the mains plug
is first removed from the mains outlet
socket.
An auto-transformer may be used as an
L.F. coupling component, but this
arrangement is not now generally em-
ployed.

AUXILIARY ANODE. The third elec-
trode of a valve—the grid.

A.V).C.—Automatic Volume Control (which
see).

AVOGADRO’S LAW. Defines that equal
volumes of all gases at a similar pressure
‘and temperature have the same number of
molecules.

L
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BAND-PASS TUNING
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F1G. 76. Practical layout for a push-button operated single valver.

B

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

BACK BIAS. (a) A continuous negative
voltage, derived from interfering signals,
applied to the grids of one or more valves
in a receiver to reduce overloading by the
interfering signals. (b) The application of
a continuous voltage to metal rectifiers to
increase the impedance. (The opposite
condition is forward bias.) (c) A voltage
applied to the grid of a valve (or valves) to
restore a condition which has been upset
by some external cause.

BACK ECHO. An echo due to a back lobe
of an aerial.

BACK E.M'F. Back or opposite electro-
motive force. Back E.M.F. in an accumu-
lator or battery is due to polarisation. Pro-
duced in a circuit by self-induction due to
varying input current.

BACK-TO-FRONT RATIO (in D.F.).
The ratio of the signal voltage on the
‘reciprocal bearing to that on the correct
bearing.
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BAFFLE BOARD. A board on which the
loudspeaker is mounted. Its use is to
ensure good bass reproduction.

BALANCE-TO-UNBALANCE TRANS-
FORMER. A device for matching a pair
of lines balanced with respect to earthto a
pair of lines not balanced with respect to
earth.

BALANCING CAPACITY. Any artificial
or capacity earth. Extra capacity inserted
in the aerial circuit to replace the earth.

BALLISTIC GALVANOMETER. An in-
strument for measuring condenser dis-
charges and similar currents of short dura-
tion.

BALUN. A balance-to-unbalance trans-
former for matching a balanced two-wire
line or dipole to a coaxial line, consisting
of a quarter wavelength coaxial shield
around the outer conductor of the coaxial
line and connected to it at the end remote
from the junction of the lines.

BAND-PASS TUNING. A system of tun-
ing which enables a very high degree of
selectivity to be obtained.

There are three ways of arranging this cir-
cuit,the differences being in the manner of
coupling the two tuned circuits. For the
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aerial circuit, a coil of the ordinary size is
tuned by a condenser as is usual, and a
similar arrangement is used in conjunction
with this tuned circuit, but connected in
the grid circuit of the valve. To connect
these two tuned circuits together, in some
cases a fixed ‘o1 pF. condenser is used
(Fig. 77)-

In some cases an inductance or resistance
is used to couple the circuits (Fig. 78). A
combination of these two devices, with the
coupling inductance arranged in a nega-
tive manner, produces the best signal
strength, combined with the best selec-
tivity. (Refer to Fig. 79.) (See also Tuning
Coils.)
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F1G. 77. A capurity -ruxpiiid band-pass tuner.

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 parallel
across the tuning coil. One of these is a
high capacity and the other a very small
capacity, and this “spreads’ out the tun-
ing and thus gives a similar effect to a
very accurate 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 for
a 100-volt supply and connected to a 200-
volt supply, it will be necessary to include
a lamp in series with the receiver to dis-
pose of the excessive 100 volts. Such a
lamp is called a Barretter or Ballast Lamp.

BARRIER OR PENETRATION FRE-
QUENCY (Cut-off frequency). The fre-
quency below which a radio wave fails to
penetrate a layer, e.g. the E layer, at the
angle required for reflection from a higher
layer, e.g. the F layer, to ensure transmis-
sion over the given distance without ex-
cessive attenuation.

BASKET COILS. Flat coils of the basket-
weave type. Now obsolete.

BAUR’S CONSTANT
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FI1G. 78. An inductance or resistance-coupled band-pass
tuner. The dotted and broken lines show alternative
methods of coupling a band-pass tuner.
BATTERY ELIMINATOR. A device for
connection to the mains for obtaining
high-tension supplies without the use of
dry batteries. For D.C. supplies, this sim-
ply consists of a smoothing circuit and
appropriate voltage-dropping resistances.
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 neces-
sary to rectify the alternating current, and
therefore some form of rectifying circuit
is included before the smoothing circuit.
For rectif ying purposes it is possible to use
metal rectifiers or valve rectifiers. The
metal rectifier consists of a combination
of metals which permits of a flow
of current in one direction only, and
the valve rectifier consists of a valve with
two or three electrodes. The two-electrode
valve gives “half-wave” rectification, and
the three-electrode gives ‘full-wave”
rectification. (See also Eliminators.)
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F1G. 79. A combination of capacity-coupled and
inductive-coupled band-pass tuner.

BAUR’S CONSTANT. The voltage neces-
sary to cause a discharge through a deter-
mined insulating material 1 mm. thick.
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The law of dielectric strength is that
breakdown voltage necessary to cause a
discharge through a substance propor-
tional to a 2/3 power of its thickness.
BEAM. A radiation of electro magnetic
energy restricted mainly to a small solid

angle.

BEAM AERIAL. An ordered assembly of
elements spaced and fed in such a manner
that the radiation is concentrated in one
or more directions. Sometimes referred to
as an Aerial Array. (See Aerial.)

BEAM POWER. Term applied in modern
valves, where electron flow is directed in
beam formation to overcome the loss re-
sulting from secondary emission.

BEAM SWITCHING. (a) A method of
obtaining more accurately the bearing
and/or elevation of an object by compar-
ing the signals received when the beam is
in directions differing slightly in bearing
and/or elevation. When these signals are
equal, the object lies between the direc-
tions in a known angular relation to them.
(b) A small periodic oscillation or conical
motion of a beam by which improved
accuracy of bearing and elevation is ob-
tained by comparison of signal amplitudes
at various points during the cycle. Of the
two methods (a) is the discontinuous and
(b) the continuous variety.

BEAM WIDTH. The angular width of a
beam, at a sufficiently large distance from
the transmitter, measured between the
directions in which the power intensity is
half the maximum.

BEAM WIRELESS. A process in which
ultra-short wavelengths in conjunction
with directional aerials are used. The
result of this combination is to direct the
wireless signals in a narrow channel in-
stead of giving an equal radiation in all
directions. Owing to this, only a very
small power is necessary to cover large
distances, as all the energy takes one line.
(See also Standard Beam Approach.)

BEAT FREQUENCY. The number of
beats per second which results from com-
bining two frequencies. The effect pro-
duced when the frequencies are substanti-
ally equal and the beat frequency is
zero is known as Zero Beat.

BEAT RECEPTION. One method of de-
tecting signals by making them interact
with artificially produced oscillations,local
to the receiver, but of different and higher
frequency. This gives rise to a ‘beat,”
the difference between thetwofrequencies.

BEAUFORT SCALE. A numerical scale of
wind velocity ranging from o for a calm
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BICHROMATE CELL

to 12 for a hurricane. If V = Velocity
in m.p.h.,, and B = Beaufort number,
then V = 1-87VB3,

BEAVERTAIL BEAM. A fan beam whose
horizontal width is greater than its vertical

width.

BECQUEREL EFFECT. A change in elec-
trode potential observed by illuminating
an electrode (surface) in an electrolyte.

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

BELLINI-TOSI AERIAL. A double-frame
aerial, having the two sections arranged at
right angles, used for direction finding.

BELOPOLSKY EFFECT. Those spectrum
lines displaced by a small, measurable
amount when a light beam is reflected
from a system of moving mirrors, the light
being analysed with a spectroscope.

B.E.MLF. Back Electromotive Force.

BEND. A continuous change in the direc-
tion of the longitudinal axis of a wave-

guide.

BERNE BUREAU. The broadcasting sta-
tions of Europe are subject to certain
regulations laid down by a governing body
having its headquarters in Berne. The
most important 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 wavelength whose fre-

- quency is closer than 10 kc/s. 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 correct portion of the curve.
(See Grid Bias and Automatic Grid Bias.)

BIAS RESISTORS. For automatic bias
circuits, the value of the bias resistor can
be determined by

E
R = 1 X 1,000,

when R equals the value of the bias resis-
tor in ohms; E the value of the grid-bias
required and I the anode current in milli-
amps.of the valve,or the total H.T. current
of the circuit. (See Automatic Grid Bias.)
BICHROMATE CELL. A cell containing
two plates or rods of carbon which are
immersed in a solution of sulphuric acid,
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bichromate of potash, and water, with a
zinc plate between the two carbon plates.
Such a cell YICldS 2 volts, and is of low
resistance (Fig. S8o.)
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FI1G. 8o. Sectionofa
bichromate cell. A,
glass jar; B and C,
carbon rods; D,
porous pot; E, zinc;

" [ M, mercury.
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BIFILAR WINDINGS. Windings which
are non-inductive.

BIG BEN TIME SIGNAL. (See Time
Signal.)

BI-GRID VALVE. A valve having two
grids, an anode and a cathode. This valve
differs from a screen-grid valve, which has
also two grids, in that one of the grids of
the latter valve is biased to negative the
results of the space charge. In the bi-grid
valve the two grids are used separately for
such purposes as combined oscillator and
frequency changer and for special pur-
poses in superhets. (See Valve.)

BILLI. A synonymous term for milli-
micro (one billionth).

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

BIMORPH. Another term for the piezo-
crystalusedinsomespeakers,microphones,
pick-ups, etc. (See Piezo-Electricity.)

BINDING POST. An American termfora
terminal.

BINDING SCREW. The American term
for a terminal.

BIPOLAR. Possessing two poles.

BLANKETING FREQUENCY. Thelowest
frequency at which an area of sporadic E
ionization is partially penetrated, as in-
dicated by the return of a wave from a
higher layer. The term is usually applied
to vertical-incidence transmission.

BLANKING. The reverse of gating, i.e. the
reJectlon of part of the content of a signal
either in frequency-range or time or in
some other characteristic.

BOOSTER

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

BLEEDER. A resistor connected across a
voltage supply in order to draw a steady
current.

BLIP. A deflection or change of intensity,
on a cathode-ray tube display, produced
by the signal from a responsor.

BLOCK CONDENSER. A number of fixed
condensers connected together. A bank of
condensers.

BLOCKING CONDENSER. A term which
was originally employed for a ‘“by-pass
condenser.”

BLOCKING OSCILLATOR. A self-quench-
ing oscillator which becomes cut off before
half a cycle of oscillation is completed.

BLUE GLOW. A valve gives rise to blue
glow when excessive current is flowing
from filament to plate. Blue glow signifies
that the valve is “‘soft’’—not completely
exhausted of air or containing residual gas.

BOARD OF TRADE UNIT. 1,000 watt-
hours. 1 kilowatt hour, or 3,415 British
Thermal units, or 3,600,000 joules, or
1 kelvin.

BOLOMETER. A particulartype of Wheat-
stone Bridge possessing a quickly-heating
resistance.

BOOSTER. Electricalapparatusforincreas-
ing voltage (see Fig. 81). A dynamo wired
in series with it superimposes or adds its
voltage to that of the mains. All methods
of accumulator charging have certain
drawbacks, which the booster eliminates.
For example, in electrical equipment, in
which the battery is simultaneously on
charge and discharge, the accumulator is
arranged to be supplied from a shunt-
wound dynamo, a portion 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
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Fi1G. 81. Circuit diagram showing how the booster is connected.

is distributing 20 amps. to the circuit.
It will readily be seen that the end cells
will be charged at the normal rate, but the
20 amps. imparted to the circuit must be
subtracted from the normal charging rate
of the cell interposed between the nega-
tive 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 remainder. For this reason the life of
such cells is comparatively short. The
booster entirely gets rid of this trouble.

A booster suitable for accumulator charg-
ing 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 amperage for the
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 advantage is immediately obvious,
for it will not be necessary to run the
generating plant to charge the battery so
that, say, it can be used at night.

Another type of booster is the auto-
matically reversible, and it is chiefly used
where an electrical load is imposed which
is subject to considerable 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

o o
we = —=I__ Carbon
- e mn = Piles
+ve Busbar +ve Busbar
— e em o
Regulator EZ l—;l
Coil s
PP = =
Fepgers = Ceneratar
Ii—l_ N N
R IJ E T
—ve Gutdar S P .
Exeiter Saester

41

b

F1G. 82. Arrangement of the Entz automatic reversible booster.
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current drain. The period between the
load, therefore, necessitates running the
plant very much below its maximum
capacity. By connecting an accumulator
in parallel with a shunt dynamo the latter
would be aided by the discharge of 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 reversible booster,
which, wired in series with the accumu-
lator, will increase the voltage to an
amount equal 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 de-
pends for its operation on variations 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. Fig. 82 illustrates one of the
most popular systems in use, known as
the Entz. It consists of three chief parts—
the booster, the exciter, and the motor
itself. The complete plant as sold is fixed

Y

F1G. 83. A4 typical dual-range circuit.

to one bedplate casting. An examination
of the diagram indicates a divided bus bar,
and between this division is placed the coil
which carries the generator current. In

P.W.E.—3

BOYLE’S LAW

series with the main bus bars is connected
the booster armatures, and the battery is
connected to the chief bus bar. Only one
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F16. 84. Circuit of a dual-range coil with whic h
break through may occur.

field coil is fitted to the armature of the
booster.
The Entz booster is instantly reversible,
and the chief features of it are the carbon
piles which act as regulators. A lever is
situated between these two sets of piles,
and a soft iron core is attached to one end
of the lever. A solenoid surrounds the iton
core. A spring is secured to the opposite
end of the lever, the tension of which is
adjusted to counteract the pull of the
solenoid. Any required load on the genera-
tor can thus be adjusted to a nicety. Any
variations cause a change in the carbon
piles which, varying the resistance, thus
controls the degree of feed excitationin the
booster. For example, if the electrical pull
of the solenoid on the lever causes a de-
flection or extension of the spring, a com-
pression and release of the carbon piles
will take place, and if the spring conquers
the thrust of the solenoid there will be 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 Abbreviations, page vii.).

BOYLE’S LAW. Defines that if the pres-
sure is not high the volume of a specified
quantity of gas varies inversely as the
pressure in a constant temperature.
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BRAUN TUBE

BRAUN TUBE. The original name given
to the Cathode-ray Oscilloscope, a device
for producing visible indications of oscil-
lating currents. (See also Cathode-ray
Tube.) N

BREAK. An alternative term for echo,
limited to a lateral discontinuity in a

_range-amplitude display.

BREAK THROUGH. A troublesome form

of interference sometimes met with in

e

FIG. 85. A wery common circuit employed in com-
mercial coils. Break through does not occur, but it is
unselective on the long waves.

dual-range coils. It is the breaking
through of one or more powerful medium-
wave local stations on tothelong waves. In
extreme cases the station or stations onthe
medium waves which are causing the
trouble can be heard all over the dial when
the set is switched on to the long waves.
Usually, however, it is not quite so bad as
this, the interference being most notice-
able 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 selec-
tivity 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 long-wave grid coil,
or to tap the long-wave coil near the
earthed end. This, of course, gives the de-
sired selectivity as regards the long-wave
stations themselves, but introduces break
through with it from the medium waves.
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Examine the diagram (Fig. 84), which -
shows a typical dual-range circuit. In this
case when the switch is in the “in”
position the medium-wave circuit con-
sists 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 “out’ the
windings C and 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, together with A, gives an aerial
coil of about forty 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-
wavestation “‘breaks through.” In the case
of the circuit shown in Fig. 83, which is
another popular arrangement for a dual-
range coil, the effect is similar. Here the
long-wave primary circuit consists of
windings A and C, but C this time is not
a separate coil, but a tapped portion of D.
The practical difference is that the circuit

FI1G. 86. The insertion of a loading coil to cure
break through.

of Fig. 85 is more tightly coupled on the
long waves than that of Fig. 83.

Any attempts at a cure must be in the
direction of keeping the natural wave-
length of the primary coil AC well away
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from the medium-wave band. Fig. 85
shows a very popular circuit much used in
commercial 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. 84 and 85 there are two courses
open. One is to raise the natural wave-
length of the AC above the medium wave
and the other is to take it well -below it.
The usual practice is to raise it. Fig. 86
shows one method. This consists of intro-
ducing a separate coil E in series with A
and C. This raises the wavelength of the
primary circuit sufficiently high to clear
the medium band and at the same time
does not decrease the selectivity. The
coil E should consist of about fifty or sixty
turns, and should be placed a little way
from the tuning coil or with its axis at
right angles to that of the tuning coil so
as to prevent interaction. Screening is
hardly necessary unless space is very
limited. The design of the coil is not
critical, and pile winding is quite suitable
especially as this method tends to limit
the external field. Fig. 87 shows a very
simple and effective method which can be
applied to the circuit of Fig. 84. A fixed
condenser of -00o3 pF. or -ooos pF. is
placed across C. This again increases the
wavelength 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 wind-
ing below the medium band is not good
practice, since it can only be done by

making both A and C very small, and this

naturally increases the selectivity on
both the medium and the long waves to
a degree which is not always desirable.
However, it has been found that where
great selectivity is necessary this method
is admirable. The circuit is precisely the
same as in Fig. 86, 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. There is no likeli-
hood of trouble arising through the use of
a condenser in series with the aerial as a
selectivity control. It sometimes happens
that when reducing the setting of such a
condenser a point is reached where break
through occurs. This is because the
natural wavelength of the primary circuit
is lowered. Obviously, this cannot occur
with the second method, since the natural
wavelength of the primary circuit is

BRITISH THERMAL UNIT

already below the medium-wave band,
and the reducing of the condenser setting
would only tend to lower it still further.
Where, however, trouble of this sort does
arise, the only cure is to increase the set-
ting of the series aerial condenser and
make up for the reduced selectivity by
decreasing the coupling between the prim-
ary and secondary circuits. If the coil is a
home-made one, this can easily be ar-
ranged, either by reducing the number of -
turns in the tapped portion C, in the case
of Fig. 83, or by placing the windings C
and D farther apart, in the case of Fig. 87.
(See also Anti-break-through Choke,
Chokes, and High-frequency Chokes.)

BRIDGE. A Wheatstone Bridge.

BRIDLE. The rope which is attached to
each end of a spreader for suspending an"
aerial.

BRIGHTEN. To change the modulator
potential of a cathode-ray tube so-as to
allow the trace to appear or to become
more intense.

BRITISH ASSOCIATION SCREW

THREADS
(See also Screws and Wood Screws)
Absolute . Approximate
Dimensions in A%’;g:" Dimensions in
No. Millimetres NII-‘Z'I] erdof Inches
Full : reacs | Full :
ia Pitch | per inch Dia. Pitch
25 025 0'07 3628 ‘010 +0028
24 | o029 [ 317°5 *oII ‘0031
23 0°33 009 2822 *013 ‘0035
22 | 037 o'10 2540 ‘015 | 0039
21 0°42 o'I1 230°9 ‘017 | ‘0043
20 0°48 0°12 211°6 ‘019 | ‘0047
19 | 054 o'14 181°4 ‘021 ‘0055
18 0'62 o°15 169°3 *024 *0059
17 o*70 o°'17 149°4 ‘028 *0067
16 079 o°'19 1337 ‘031 *0075
15 0'90 o021 1210 ‘035 *0083
14 10 023 110°4 ‘039 | 0091
13 12 o2 101°6 047 -0098
12 13 o2 907 ‘051 ‘0110
11 I's 031 819 ‘059 | ‘o122
10 |17 0°35 72°6 067 -0138
9| 19 039 651 ‘075 | ‘0154
8 22 o4 50°1 -087 +0169
7 25 0'4 52°9 ‘098 0189
6 28 0°53 47°9 ‘110 *0209
5 32 0°59 430 ‘126 ‘0232 .
4 36 066 385 ‘142 -0260
3 41 073 348 ‘161 0287
2 | 47 081 314 185 | -0319
1 53 o0'9o 282 *209 ‘0354
o 6-0 1°00 25'4 236 ‘0394
BRITISH SYSTEM OF UNITS. The

foot-pound-second system (F.P.S.). The
poundal is the Unit, consisting of the
energy of one pound moving 1 ft. in 1
second.

BRITISH THERMAL UNIT. 2520
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calories, or 1,005 joules, 7781 ft.-lb., or
1-41477horse-power-second. Abbreviation:

B.Th.U
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F1G. 87. Another cure for break through on home-
made coils.

BUFFER CONDENSER. The condenser
connected across the secondary winding of
vibrator transformers to provide the cor-
rect time-constant.

BUFFER STAGE. A valve-coupled stage
specially designed to prevent load fluctua-
tions of subsequent stages from affecting
the frequency or other characteristics of
preceding stages (B.S.1.).

BUNCHER. The combination of elec-
trodes which cause wvelocity modulation of
electrons in a velocity-modulation valve.

BUNCHING. The formation of regions of
maximum electron density moving for-
ward with the stream. The electrons form-
ing the bunches are not necessarily
moving together, but their velocmes are
related to one another.

BUS BAR. A bar connecting several cells
or pieces of apparatus. An omnibus bar.
BUTTERFLY CIRCUIT. A circuit
designed for covering a wide range of
frequencies; the moving tuning element
varies the inductance and capacity simul-
taneously without the use of sliding con-
tacts. The circuit is balanced and the
angle of rotation of the condenser plates

is 9o°.

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

B.W.G. Birmingham Wire Gauge.
BY-PASS CONDENSER. A capacitor,

used to provide a path of comparatively
low impedance over a certain range of
frequences :

A condenser inserted in a circuit to pro-
vide an alternative and easy path for some
frequency which it is desired should not
proceed to.other parts of the circuit. In a
decoupling circuit, a resistance 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 condenser is
joined to provide a bypass, or easy path,
for these H.F. currents. This condenser
is joined direct to the earth connection of
the receiver.

CABLE. Any large diameter rope or wire

of plural strands.

CAGE AERIAL. Any aerial consisting of

several wires arranged on spreaders in the
form of a cage.

CALIBRATING A RECEIVER. It is con-

venient to be able to make a note of the
various stations heard, and at the same
time to be able to know where to set the
tuning dials to pick up any station. A
chart will make this possible.

Marking out the Paper. A sheet of squared
paper will be required. Rule along one of
the lines near the bottom of the sheet, and
mark along this the numbers correspond-
ing to those on the tuning dial. This may
be o to.100 or o to 180, it does not 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. The constructor may mark this in
both the frequency and the wavelength.
First of all tune in to the local station. If
possible, avoid the use of reaction when
carrying out this calibration. 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 corresponding
to the wavelength of the station crosses it.
Make a small dot at this spot. Now tune in
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another loud station, and carry out the
same process. When one has, say, three or
four dots on the chart, carefully join them
up with a light pencil line. Now find the
wavelength of a station which has not yet
been marked, but which can be received,
and run along this line until the pencil line
is reached. Drop down the vertical line
and see the dial reading this gives. If now
the dial 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 re-
ceived, note the dial reading, and, as
explained above, find its wavelength.
If the set consists of a detector valve fol-
lowed by L.F. stagés, 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.

CALL SIGNS, INTERNATIONAL. (See
International Call Signs.)

CALORIE. Same as Calory (preferred).

CALORY. The unit of heat. The degree of

- heat required to raise a gramme of water
at 15° C. by 1° C. (C.G.S. system).

CANAL RAYS.—Diacathode Rays (which

see.)

CAPACITANCE. The potential difference
existing between a body and surrounding
bodies when a quantity of electricity ‘is
imparted to it. Unit, the Farad. (See Cold
Impedance.)

CAPACITOR. The modern term for a
condenser (which see).

CAPACITY. The property of storing elec-
tricity under electrical pressure (see also
Condenser). The property which some
metallic bodies possess of storing elec-
tricity is known as the ‘self-capacity,”
and this must not be confused with the
capacity between one metallic body and
another. The term “‘self-capacity” is also
often applied to the capacity existing be-
tween adjacent turns of an inductance. If
two metal plates are joined to the ter-
minals 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 dielectrics, will vary the
capacity.

CAPACITY BRIDGE. A device for

measuring the value of an unknown con-

CAR RADIO

denser. It consists in principle of a device
similar to a Wheatstone bridge, and the
unknown condenser 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.

CAR RADIO. Before proceeding to the
more practical aspects, it should be made
perfectly clear that it is necessary to have
a licence for a car radio receiver. The
licence which is applicable to a ‘“domes-
tic” receiver does not cover the set fitted in
a car. In taking out the licence at the post
office it is desirable that the clerk should
be asked to endorse the licence to show
that it does apply to a receiver installed in »
a car. That would save a good deal of
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F1G. 88. Showing one form of under-car aerial, and
a popular single rod roof type.

trouble in the event of being stopped by
the police and asked to produce the
licence; and, in some cases, particularly
with Service personnel, a receiver may not
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be in use at the address stated on the
licence.

Most British-built car-radio sets are made
in two types, for 6- and 12-volt operation,
but many of the American receivers are
made in 6-volt models only. In the latter
case it is necessary to fit a voltage-drop-
ping resistor if the receiver is to be fitted

The use of a voltage-dropping resistor is
perfectly satisfactory, provi dd that the
resistor is mounted in such a pasilivti—say
under the bonnet—that there is a free
circulation of cooling air around it. This
method of feeding the receiver has one
rather serious disadvantage, however,
which is that the power consumption from

Smoothing Condensers Vibrator Step - Up Vibrator
Rectifier Transformer /ntfrrupter*
i b =t
- T I.-'( a o \ : o D——f—o
- 4 esou 25CF
" () ] AL interrupted
\ n—]—-' Jr . .I[ XA
1
3 o el
l". S .
250 ¥oitr BC Smcadhing Car Battery
Fenaothed Chake g-i1dv B0 T

F1G. 89. A schematic diagram of the fundamental arrangement for the power supply.

in a car having a 1z-volt supply. Do not
attempt to gouytact 1 set between one
side of the luwiety and a tapping; there
are objections to this, and they will be
referred to later.
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FI1G. 9o. A popular form of car radio aerial. It is
known as the “fishing rod’’ type.
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the supply is double the power actually
taken by the set. The average 6-volt car
radio takes litween 9-5 and 5 amps.; a°
12-volt st wsually talkes between z anid
3 amps. Cansumpt:on is dependent to s
fair degree on the circuit arrangenint in
the receiver.

Circuit Details. Practically every car radio
uses a superhet circuit, but whereas the
simpler types of set have only four valves,
others have six or seven. In general, the
greater number of valves is to be pre-
ferred, because this means that there is a
pre-frequency-changer H.F. stage. This
gives increased amplification and also, in
general, better A.V.C. In some cases the
vibrator used for stepping up the voltage
for H.T. is of the self-rectifying type,
whilst in others the vibrator acts merely
as an interruptor; in the latter case a valve
is required for rectification.

Positive or Negative Earth. Apart from
the voltage from which the set is designed
to operate, there is a question of polarity
to cunsider. As teuders will be aware, the
negative pale is earthed on some cars,
whilst positive earthing i used on others.
The metal case of a car radio is generally
earthed, earth-bonding being obtained
through the mounting bolt or bracket em-
ployed. It is generally possible to modify
a ‘“‘negative-earth” receiver to ‘‘positive-
earth,” and vice versa, but if possible it is
far better to obtain a set with an earth
system appropriate to the car into which



it is fitted. Sometimes, the system of
earthing can be reversed by withdrawing
the vibrator unit and replacing after turn-
ing through about 9o°; this is by no means
standard, however, so if a-change is to be
made, each individual set should be con-
sidered on its merits if the makers’
instructions are not available.

Aerial Types. Assuming that the above
points have been satisfactorily cleared and
a set is available for fitting, the question
of the installation itself can be considered.
It is well to start by deciding on the type
and position of aerial to be employed. In
the case of a car with a wooden-framed,
fabric-covered roof, a roof aerial is most
satisfactory, as shown in Figs.-88 and 92.
Thesingle- or “V’-rod type canusually be
fitted by means of the rubber suction cups
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provided, after applying a suitable adhe-
sive to the insides of the cups. The cups
should simply be pressed firmly down on
to the metal parts of the roof at the front
and rear. Should the roof have a sliding
portion the third or centre suction cup
may present a difficulty, and it wil