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“A” BATTERY—An appliance for fur-
nishing electrical current to light the
filaments of a vacuum tube, and cause
emission of electrons (see Theory of
Vacuum Tube Operation). This bat-
tery may be in any of several forms,

VACUUM TuBE
TUBE SOCKET

TORAGE |
SATTERV

PHEOSTAT)

—|l[}

Fig. 1. Method of connecting the *“A’' bat-
tery to a vacuum tube in radio receiving cir-
cuits. The lower diagram shows the ‘A"
battery as represented in schematic drawings

the two in popular use being the stor-
age type (see Storage Battery), and
the dry cell (see Dry Cell). Fig. 1
shows method of connecting the “A”
Battery in a vacuum tube circuit.

Photos by courtesy of National Carbon Co., Inc.

Fig. 2. A storage battery such as used for
“A" battery current supply

In Fig. 2 a popular type of storage
battery is shown. Batteries of this
type come in many individual forms,
the usual voltage being standardized
at 6 volts. However, for use with cer-
tain tubes, 2 and 4 volt storage bat-
teries are available. For general radio
work, using the low-consumption
tubes, the battery, as shown in Fig. 2,
can hold a charge of from 60-80 am-
pere hours. (See Storage DBattery.)

The other common form of “A’ Bat-
tery is the dry cell, usually having a
difference of potential (voltage) of 1.5
volts. Fig. 3 illustrates a popular type
of dry cell. In connecting a number
of cells for use with a vacuum tube,

A

tne method of connecting will depend
on the voltage rating of the particular
tube. If the tube is rated at 1.5 volts,
a single dry cell may be used as in
Fig. 4, or several may be connected in
parallel (g.v.} shown in Fig. 5, the
total voltage however, being only the
voltage of one cell. Taree dry cells
connected in series (q.v.) will give 4%
volts, IMg. 6. A ¢prnection for dry
cells, known as series-perellel or mul-
tiple (g.v.), i3 shown in Fig. 7. This
connection will &lso produce 4% volts
and at the same time increzze the life
of the cells. Four dry cells connected
in series will give six wolts for use
with a standard six-vol{ tube, Fig. 8.
Dry cells are only used witn six-volt
tubes where the tube has a current
rating of % ampere, and seldom more
than one tube is used in this manner
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Fig. 3. A dry cell “A” battery

due to the relatively high discharge
and consequent short life of the bat-
tery.

A storage battery can be used for
the “A” Battery current with a 4-volt

1% VOLTS

RHEOSTAT

Fig. 4. This circuit shows how one dry cell
is used as the “A" battery for types of tubes
requiring 174 volts filament current

VACUUM TUBE .

RHEOSTAT

Fig. S.
in parallel for increased amperage or longer
life of the “A’" battery

Several dry cells may be connected

tube if the comaection is made as in
Fig. 9. Here a standard 6-volt stor-
age battery is tapped at the four volt
terminal.

VACUUMM TUuBE -

SOCKET

Three dry cells connected’in series
give 414 volts, serving as the *“A’ battert

Fig. 6.

for the U.V.199 or C299 type of tubt

Fig. 7. A series—parallel connection of three
dry cells for longer life of the *A’ battery
with 414 volt tubes

VACUUM TUBE —

SOCKET

6 VOLTS

Fig. 8. Four dry cells connected in series
give: 5 volts for low consumption tubes

VACUUM TUBE

SOCKET

4 vOLTS

Showing method of tapping at. 4-volt
terminal of a 6-volt storage battery for type
U.V.199 or C299 tubes or other 4-volt tubes

Fig. 9.
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Abampere

Another connection for low voltage
tubes can be made as illustrated in
Fig. 10. Here only one cell of the
storage battery is used. This cell can
be used until exhausted when the other

vACUUM TUBE

Fig. 10. How a single cell of a 6-volt storage
battery may be employed to furnish “A” bat-
tery current for 174 volt tubes

cells can be used in the same manner.
When the three cells are exhausted,
the storage battery may be charged
by means of a charger (q.v.).

ABAMPERE—A unit of current used in
special theoretical work. It has a
value of 10 amperes (q.v.) and is not
generally used in electrical work.

ABBREVIATIONS, AMATEUR — The
transmitting amateurs of the United
States use their own peculiar abbrevi-
ations in their inter-communication
work. These are used to lessen the
interference between transmitting sta-
tions as it permits conversation in a
much quicker manner. The abbrevia-
tions generally used are listed below.
Simplified spelling is always resorted
to, words being spelled according to
their sounds. Some such words are
given, but others are so obvious that
they are not listed. There are also the
standard “Q” signals adopted by the
International Radiotelegraphic Con-
vention, to be found in official publi-
cations and given under the heading
“Abbreviations, International Radio-
telegraphic Convention.”

ACCW—A transmitter using rectified
alternating current as the plate
supply.

AFTRN or P.M.—Afternoon.

AMMTR—Ammeter.

ARRL—American Radio Relay League.

BCL—Broadcast listener, one who does
not have a transmitting station.

BC STATION—Broadcast Station.

BFRE—or B4—Before.

BLO—BIlow.

BOTTLE or V.T.—Vacuum Tube.

C—See or Call.

CGE—Cage.

CM—City Manager of A. R. R. L.

CTPSE—Counterpoise.

CUL—See you later or call you later.

CW—Continuous wave transmitter.

DCCW—A transmitter using direct
current as the supply for the plate.

DM-—-District Manager of A. R. R. L.

DOPE—Information, or in another
sense, a varnish for coating induc-
tance coils.

DS—District Superintendent of the
A.R.R. L.

DX—Distance, receiving or transmit-
ting.

FB-—Fine Business.
FONE—Phone.
GA—Good afternoon.
GLD—Glad.
GM—Good morning,
GN—Good night.
FRQ—Frequency.

HAM—Being a term for the transmit-
ting amateur.

HI—High or I am laughing—it’s
funny, according to use in sentence.

HI LOS—High loss.
HR—Here.

HV-—Have.

KCK BCK—Kick back.
KONGRATS—Congratulations.
KY—Key.

LW LOS—Low loss.

LW WVE—Low waves.
MGHT--—Might.
MIKE—Microphone.
MSG—Message.
NITE—Night.

OM—OIld man.
OP—Operator.
OPS—Operators.
ORS—Official Radio Station.
OT—Oscillation transformer.
OW—Female operator.

PEEP-PEEP—Continuous wave trans-
mitter,

QCW—Listen for my CW transmitter.

QCW?—Shall I listen to your CW
transmitter?

QRMER—An operator who persists
in interfering with other stations
after being warned to stop.

QSR—I will relay the message.
QSR?—Will you relay the message?
QSS—You are fading.

QSS?—Is my signal fading?
RDO—Radio.

RECVR—Receiver.

RELY—Relay.
ROCKCRUSHER—Spark transmitter.
SA—Say.

SIGS—Signals.

SPIKE—Message file.

SPK—Speak.

SUREFIRE—Something positive in
action.

THG—Thing.
THT—That.
TLL—Till.

TM—Traffic manager of A. R. R. L.
TMR—Tomorrow.

TRAFFIC—The handling of messages
among the stations.

U—You.
UNLIS—Unlicensed.
UR—Your.
VLTMTR—Voltmeter.
WL—Will.
WRLS—Wireless.
WVL—Wavelength.

“X” LICENSE — Experimental Li-
cense.
YL—Young lady.

“Z”—Special license.
73—DBest regards.

ABBREVIATIONS — RADIO — ELEC-
TRICAL—A letter or group of letters
of the alphabet arranged so that there
is a definite electrical meaning when
used in radio telegraphy or telephony.
These abbreviations are the means by
which technical writings are simpli-
fied, i.e., Alternating Current is sim-
ply A.C. when used in general teleg-
raphy. As most of the latest radic
text ﬂooks use these abbreviations, the
following are given to aid the reader
in understanding the various abbrevi-
ations:

A.C.—Alternating Current.
A.F.—Audio Frequency.
B.E.M.F.—Back Electromotive Force.
B. & S.—Brown & Sharpe Wire Gauge.
B.S.W.G.—Birmingham Standard Wire

Gauge.
C.—Capacity.
C.G.S. — Centimetre-gramme-second
(q.v.).

C.W.—Continuous Waves.
D.C.—Direct Current.
D.C.C. — Double Cotton
(Wire).
D.S.C.—Double Silk Covered.
E.—Induced Pressure (See Abvolt).
E.M.F.—Electromotive Force.
H.F.—High Frequency.
H.F.C.—Iligh Frequency Current.
I.LR.E.—Institute of Radio Engineers.
L.—Inductance (in Formulae).
L.F.—Low Frequency.
L.F.C—Low Frequency Current.
M.A.—Milliampere.
Mfd.—Microfarad.
P.D.—Potential Difference.
R.—Electrical Resistance.
R.F.—Radio Frequency.
R.P.M.—Revolutions per Minute.
R.P.S.—Revolutions per Second.
S.G.—Specific Gravity.
S.H.M.—Simple Harmonic Motion.
S.S.C.—Single Silk Covered.
S.W.G.—Standard Wire Gauge.
W/L—Wavelength.
X’s—Atmospherics.

Covered

ABBREVIATIONS, INTERNATIONAL
RADIO TELEGRAPHIC CONVEN-
TION—AIl messages and conversa-
tions are not transmitted in regular
form, various forms of abbreviations
being widely used to increase the speed
of transmission and to reduce cost.
It also has the tendency to decrease
the interference as messages are sent
swiftly in half the time. In wireless
telegraphy, abbreviations have been
adopted as international, and today
there are very few ships or shore sta-
tions that do not use at least part of
them daily. Below we give the Inter-
national Radiotelegraphic Abbrevia-
tions as adopted at The International
Radiotelegraphic Convention. An ex-
ample of the use of the abbreviations
is as follows:

A station wishing to learn the name
of a ship which is seen off the coast,
sends in code the letters QRA?, which
means, what is the name of your ship?
The station or ship answers with the
letters, QRA S.S. Lapland, thus in a
few seconds the question had been
answered.




Abbrevia-
tion Question
cQ ——————
TR —_——
PRB Do you wish to communicate by

means of the International Sig-

Answer or Notice

Signal of inquiry made by a station
desiring to communicate.

Signal announcing the sending of
particulars concerning a station
on shipboard.

Signal indicating that a station is
about to send a high power.

I wish to communicate by means of

nal Code? ...........civiunn... the International Signal Code.
QRA What ship or coast station is tuat?..Thisis ..................
QRB What is your distance?............ My distance is ..............
QRC What is your true bearing?......... My true bearing is......... degrees.
QRD Where are you bound for?.......... I am bound for..............
QRF Where are you bound from?........ I am bound from.............
QRG What line do you belong to?........ I belong to the...... % 6000000 Line.
QRH What is your wave length in meters?.My wave length is.......... meters.
QRJ How many words have you to send?..I have ............. words to send.
QRK How do you receive me?............ I am receiving well.
QRL Are you receiving badly? Shall I

send 207 ... I am receiving badly. Please send 20.

for adjustment? for adjustment.
QRM Are you being interfered with?...... I am being interfered with.
QRN Are the atmospherics strong?....... Atmospherics are very strong.
QRO Shall I increase power?............. Increase power.
QRP Shall I decrease power?............. Decrease power.
QRQ Shall I send faster?................ Send faster.
QRS Shall I send slower?............... Send slower.
QRT Shall I stop sending?............... Stop sending.
QRU et iee e I have nothing to transmit.
I have nothing for you.
QRV Are you ready?.................... I am ready. All right now.
QRW Are you busy?.......... ... ..., I am busy (or, I am busy with....
Please do not interfere).
QRX Shall I stand by?.................. Stand by. I will call you when
required.
QRY When will be my turn?............. Your turn will be No. ............
QRZ Are my signals weak?.............. Your signals are weak.
QSA Are my signals strong?............. Your signals are strong.
QSB Is my tone bad?................... The tone is bad.
Is my spark bad?.................. The spark is bad.

QSC Is my spacing bad?................. Your spacing is bad.

(When an abbreviation is followed by a mark of interrogation, it refers to the
question indicated for that abbreviation)

ABSCISSA—A term in geometry adapt-
ed to radio use in making curves to
show various values. The abscissae
are the horizontal lines, and the ordi-
nates are the vertical lines. In the
diagram, the line AY is the axis of
ordinates (q.v.) and the line AX the
axis of abscissae. Fig. 2 shows a sim-
ple curve indicating the relation be-
tween voltage and current (amperes)
in an arc (gv.). The volts are given
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A~ ABSscCIssA&
Fig. 1. !ndicatilrinﬁe aAXistoo;( abscissae by the

as ordinates and the amperes are
shown as abscissae.

The distance of any point from the
axis of ordinates, measured on a line
parallel to the other axis represents
the value of the quantitv and locates
a point on the curve. Where abscissae

and ordinates are known, it is a sim-
ple matter to plot a series of points
and then draw the curve through these
points. (See curve.) Thus, in Figure
2, the curve shows the operation of the
arc to be such that when the voltage
is zero, the current is 20 amperes;
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> 10 12 149 16 0
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ABSCISSA

Fig. 2. _A simple curve to illustrate the re'a-
tion between volts and amperes

when the voltage is 60, thc cuvrent is
6 amperes, etc.

ABSORPTION, ELECTRIC—(See Soak-
ing-in.)

ABSORPTION MODULATION—In the
production of modulated (see modula-
tion) waves, used to transmit speech
in radio, it is necessary first to produce
undamped (q.v.) waves of high or
radio frequency (q.v.). Then other

Accumulation of Electricity

waves of low or audio frequency (gq.v.)
are superposed or run together with
them. Now, if we insert a microphone
(g-v.) in the aerial circuit (q.v.) of the
transmitting station, providing that
the resistance (qg.v.) of that instru-
ment is such as to reproduce accurately
the vibrations of the voice or music,
it is possible to vary the current out-
put of the system producing the high
frequency currents, so as to transmit
the voice vibrations. If the micro-
phone has resistance comparably low
with the antenna or antenna resist-
ance (g.v.), then the high frequency
power output is handled (apportioned)
equally between the aerial and micro-
phone. The result is the production
of fairly well modulated waves. There
are, however, better methods of modu-
}ati'ng the waves for which see Modu~
ation.

ABVOLT—The CGS unit (g.v.) indicat-
ing the pressure or induced E.M.F.
(electromotive force) (q.v.) set up be-
tween the ends of a wire one centi-
meter long, moving with a speed of
one centimeter per second across the
magnetic lines of force (flux lines)
(g.v.) of a uniform magnetic field of
unit intensity or flux density. An
abvolt is therefore a very small unit
and 100,000,000 (108) are required to
equal one volt. In all formulae for
determining the output or E.M.F. that
can be expected to be produced by a
certain alternator (q.v.), the result is
in abvolts, and the complete formula
usually provides for obtaining the ac-
tual volts. This is done by dividing
the result in abvolts by 100,000,000 or
108 as it is generally expressed. (See
Alternator also abampere.)

A. C.—Abbreviation for Alternating
Current. (See Alternating Current.)

ACCELERATION-—The rate at which
the speed of a body in motion increases
within a certain period of time. If
we assume a train running at a cer-
tain rate of speed when the brakes
are applied, the speed will decrease,
and if measured over a period of one
second, there will be a definite amount
of decrease or a rate of decrease. This
is known as megative acceleration or
deceleration. When the train is speeded
up there will be a definite change (in-
crease) in velocity. The rate of change
of velocity per unit of time is the
acceleration. (See Velocity also Fre-
quency.)

ACCEPTOR—A supplementary combina-
tion of inductance (q.v.) and capacity
(q.v.) tuned to the frequency of the
desired signal and connected in series
in the receiving antenna. Generally,
a coil (g.v.) and condenser (q.v.) of a
value to correspond with a certain
given wavelength—thus literally to
“accept” the desired signal. (See
also Rejector.)

A series combination of inductance
(q.v.) and capacity (q.v.) connected
in series with a high-frequency C.M.F.
When tuned to resonance with the im-
pressed E.M.F., the impedance drops
to a low value, limited by the resis-
tance of the system

ACCUMULATION OF ELECTRICITY
—The process of storing electrical en-
ergy as (1)—a storage battery (q.v.)
in which electric charges are placed to
be later withdrawn and expended at
will for various purposes, or (2)—the
collection of energy by a condenser
(g.v.) wherein the electvons (q.v.)
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Accumulator

or minute charges of electricity are
stored up momentarily on the plates
or electrodes of the condenser (q.v.)
and then released into the circuit.

ACCUMULATOR—(See Storage Bat-
tery.)
ACID—An active chemical compound

formed by combining hydrogen with
various acid radicals. Acids are much
used in radio, particularly in storage
batteries (q.v.). The most commonly
used acid in this connection is sul-
phuric acid—a compound or union of
hydrogen, sulphur and oxygen in cer-
tain definite proportions as indicated
by the chemical symbol H; SO.. (See
Fluz, Soldering.)

ACIDIMETER or ACIDOMETER—AnN
instrument used to determine the spe-
cific gravity (q.v.) of an acid solu-
tion. It is similar to a hydrometer
and used in the same manner. Much
used for testing strength or purity of
acids or solutions. Operates on the
principle that the strength of an acid
will be directly proportional to the
quantity of carbonic acid gas which
it will liberate from a carbonate of
soda or potash. (See Hydrometer.)

ACLINIC LINE—An imaginary line on
the earth’s surface assumed as pass-
ing through points where there is no

magnetic inclination or dip of the
needle of a compass. (See Agonic
Line.)

ACOUSTICS—The science of sound or
the study of the cause and effect of
vibrations which effect the hearing.
Generally speaking, the production and
transmission of sound.

ACOUSTIC WAVE—The term occa-
sionally used to denote a sound wave.

ACTINIC RAY—A light ray or beam
of invisible radiant energy (q.v.).
Rays of light, generally considered as
lying at the blue or extreme left of
the spectrum (q.v.) and being of such
short wavelength as to be invisible to
the eye. These rays have the power
to induce or bring about chemical ac-
tion. The most powerful actinic rays
arel the violet (X Ray) and the ultra-
violet.

ACTIVE CONDUCTOR—(See Conduc-
tor.)

ACTIVE MATERIAL—The spongy part
of a plate of a storage battery. The
part which changes in nature and ap-
pearance due to the flow of electric
current and having the ability to re-
develop the current by a secondary
chemical change.

ACTIVE PRESSURE—The active elec-
tromotive force (q.v.) or the pressure
which produces a current. The term
is used to distinguish this pressure
from one impressed on the circuit.

A component in phase with the cur-
rent in an alternating current (q.v.)

ACTIVE SPARK—A spark produced
from energy contained in a charged
condenser, which produces active oscil-
lations (q.v.). .
Thus, the spark discharge from a coil
without any method of storing energy
will be “inactive.” When a condenser
is inserted in such manner as to allow
it to store up energy and then dis-
charge, the resultant spark will be
“active.”

6

Fig. 1 shows a simple spark coil
circuit with the secondary discharging
across a gap. This is an Inactive

INACTIVE SPARK

BATTERY

Fig. 1. Showing how an inactive spark is

produced

ACTIVE S'/PARK

BATTERY

Fig. 2. The active spark is produced by
means of a condenser in the circuit as shown

Spark. Fig. 2 represents the same
coil with a condenser in the circuit to
store up the energy before discharging
across the gap (q.v.). This is an Ac-
tive Spark.

ADAPTER, AERIAL—A device for util-

izing an electric light line as an aerial
for the reception of radio signals. Es-

IHustration by courtesy of Dubilier Condenser and

Radio Corp.

sentially, two or more fixed mica con-
densers of comparatively high capac-
ity, in series with two metal legs at-
tached rigidly to a standard plug for
insertion in socket of electric light
fixture. Terminals are provided for
connection to receiving apparatus. The
illustration shows one of the popular
types of Aerial Adapters which con-
sists of merely a condenser to prevent
the voltage of the line from passing

directly to,
ments.

ADAPTER, TUBE—A device similar in
form to a vacuum tube socket. Usu-
ally comprises a cylindrical form or
shell of either metal or insulating ma-
terial with legs identical with the tips
or legs of a vacuum tube. A recep-
tacle is allowed for the insertion of a
tube, and the lead from each tip re-
cess is so connected to a leg or tip
at its base, as to permit the use of a

or through, the instru-

Ilustsation by courtesy of Pacent Elec. Co., Ine.

non-standard base tube in a standard
socket (q.v.). The illustration shows
adapter for U.V. 199 or ©-299 type of
tube. When it is desired to employ a
tube having a non-standard base in a
set already equipped with standard
sockets, without the necessity of
changing the sockets, an adapter may
be used. (See Socket.) ’

ADHESION, ELECTRIC—Affinity of
one body for another due to dissim-
ilar charges of electricity passing
through or being carried by them.
The electrical equivalent of magnetic
attraction.

ADJUSTABLE CONDENSER — (See
Variable Condenser.)

ADJUSTABLE GRID LEAK—A form
of grid leak (g.v.) that can be easily

SYMsoL

Wpters

¥ s
Hiustration by courtesy of Allen-Bradiey Co.

adjusted over a wide range of values
without removal from the circuit. The
illustration shows one type of Ad-
justable Grid Leak.

ADJUSTABLE RESISTANCE — (See
Variable Resistance.)

ADMITTANCE—The inverse of impe-
dance (q.v.). In an alternating cur-
rent (g.v.) the Admittance acts in the
opposite manner to impedance. A cir-
cuit having low impedance is said to
have relatively high Admittance.

AERIAL—A system of wires suspend-
ed in the air or in any form in which
they may be insulated or kept free
from surrounding objects, used for
the purpose of receiving or transmit-
ting impulses as in radio transmission
and reception. The term Aerial is
actually identical with Antenna, but
due to the general English definition
of Antenna, authorities are gradually
coming to distinction between trans-
mission and reception Aerial systems
by referring to a receiving device of
this nature as an Antenna, and when
used to transmit, as an Aerial.

There are different tvoes and forms
of Aerials, varving mainly according
to purpose and facilities. The stand-



ard and perhaps more commonly used
receiving Aerial consists of a single
wire as in Fig. 1 or several wires as
in Fig. 2. The wire used is usually
of copper, as this metal combines low
resistance with economy, strength, and

Generally speaking, an Aerial should
be as high above the ground as pos-
sible, of course within practical limits.
From 25 to 100 feet is the most prac-
tical height to use. Where the Aerial
is suspended at a substantial height

INSULATOR . ROPE
S INSULATOR
Y
i
\
"\ AERIAL WIRE
\ope NS.14 OR LARGER
LEAD IN—
‘-—_:‘ — 4
e— |
- =. LIGHTNING ARRESTER™ —
™ GROUND
—_ T s LEAD IN INSULATORS

THE “T" TYPE AERIAL IS _SIMILAR IN
CONSTRUCTION BUT WITH THE

LEAD IN TAKEN IN THE CENTER,

I _
~— ——~— ROPES TO ~=~
A PREVENT SWINGING
% OF AERIAL
AERIAL WIRES
NOT SMALLER

FLAT TOP INVERTED L= AERIAL

Fig. 2.

THAN NO. 4 B&S.

TO THE RADIO SET.

Method of erecting a multi-wire aerial,

-

Fig. 1. A single wire aerial in the form of an inverted L. If a long wire is used, the lead-ix
may be connected in the center, forming a T type

pULLEY\

This type of aerial may be made in either

the inverted L or T form as shown

durability. The theory of the action
of the waves either received by or
transmitted from an Aerial system
will be found under the heading “Elec-
tromagnetic Waves.”

The exact type and extent of an
Aerial will depend entirely on the avail-
able facilities and the particular pur-
pose for which it is intended. These
various forms will be taken up under
their respective headings. In the re-
ceiving Aerials, Figs. 1 and 2, a cer-
tain definite wavelength (q.v.) is ob-
tained by arranging a certain length
to the wires of the Aerial system in-
cluding the ground and lead-in. (See
Fundamental Wave-Length of Aer-
ials.) In the single wire Aerial, the
lead-in is usually taken from the end
nearest the receiving apparatus, but
where a particularly long Aerial is to
be used, it is customary to attach the
lead-in to the centre of the suspended
wire. The former is known as an in-
rerted L type and the latter as a
T type Aerial. These designations will
apply as well where a number of wires
are used as in Fig. 2.

Aerial

ings or trees closely surround the
Aerial.

The insulation of an Aerial is of
particular importance, and especially
so in the case of a transmitting Aerial.
The reason for insulating an Aerial is
to prevent the currents from escaping
to the ground by way of trees, build-
ings, or the masts to which the Aerial
18 attached.

Fig. 3 shows a method of arranging
an indoor Antenna system where it is
not possible to use the out-door type.
The construction may be essentially
the same as the usual form of outdoor
Aerial and can be arranged in a num-
ber of different ways. Very often a
wire is merely suspended around two
sides of a room and insulated from the
moulding. One end will be connected
as a lead-in to the receiving apparatus.
In constructing an indoor Antenna, it
is well to remember that the effective
length of the Antenna is not much
greater than the direct distance from
the receiving set to the farthest point
of the Antenna.

Fig. 4 shows a different type of
Aerial known as the Cage type. The
illustration shows an inverted L, and
the T arrangement. Fig. 5 shows a
Fan Aerial and Fig. 6 the umbrella
type. The illustration, Fig. 7, shows
one type of loop Aerial (q.v.) and
Fig. 8 the same general type in
somewhat different form. Owing to
the fact that the theory of operation
of a loop Aerial is somewhat different
than the ordinary types, it will be
described more fully under the head-
ing “Loop Aerial.” Fig. 9 illustrates
a form of Aerial Adapter which is ar-
ranged to allow the electric light wires
to be used as an Aerial. (See Adapter
Aerial.) Fig. 10 shows an wunder-
ground Aerial system designed by Dr.
Rogers and which is not appreciably
affected by atmospheric disturbances.
(See Strays.) This form of Aerial,
however, is generally impractical due
to the difficulties in construction.

Aerials for transmitting may be of
the same general types as receiving
Antennas arranged outdoors, with the
exception as explained previously, that
heavy insulators must be used owing
to the high voltage employed. Aerial
for transmitting will depend for size
on the wave-length desired.

Fig. 11 illustrates several types and
arrangements of counterpoise (q.v.).

INDOOR
AERIAL

Fig. 3.

the incoming waves will be less likely
to be obstructed by surrounding trees
or buildings, and in the case of trans-
mission the same factor will apply,
inasmuch as the waves may be ob-

structed in their transmission, if build- |

Showing one method of installing an indoor aerial.

While this illustrates a multi-wire
type, a single wire run around the moulding of the room may give excellent results

In the case of the receiving Aerial a
single wire may be from 75 to 150 feet
in length, or if a number of wires are
used, the over-all length may be con-
siderably less. (See Fundamental
Wave-length.)
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Fig. /. The selenoid type loop aerial

Fig. 8. The spiral type loop aerial
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AERIAL CAPACITY—(See Capacity
of Antenna.)

AERIAL CIRCUIT—Consists of aerial
and earth or ground, including all
coils or inductances, condensers, etc.,
which may be connected with the aerial
and earth and forming a direct path
between those points.

AERIAL SWITCH—A device to trans-
fer the aerial and ground connections

from the transmitting circuit to the
receiving circuit or vice versa. Its

Fig. 1. A simple Aerial Switch

object is to separate the high tension
current of the transmitter from the

Aerial Tuning Condenser

low tension of the receiver. The
switch is usually installed in a con-
venient position so that the operator
inay change from transmitting to re-
ceiving by one motion of the hands. A

Va

S E— L

YO TRANSMITTER TO RECEIVER

———— i
G

Fig. 2. Circuit for a simple Aerial Switch

simple form of aerial switch is illus-
trated in Fig. 1. The circuit for same
is shown in Fig. 2. A more efficient
circuit is the one shown in Fig. 3. This
circuit requires another blade to con-
trol the primary current to the trans-
former. The latter circuit is most

Fig. 4. An Acrial Switch with an extra blade

satisfactory as it entirely disconnects
the current to the transformer, doing
away with the possibility of danger-
ous shocks to the operator. The switch
commonly used in such circuits is
shown in Fig. 4.

The switches used in the various
commercial wireless stations are o
course more complicated. There is a
need to control many circuits with the
simplest possible method. In order to
do this it was found more convenient
to only change the aerial connections,
and allow the ground connection to
both the receiver and transmitter to
remain permanently. This of course
necessitates a small air gap in the
aerial for the transmitter. This is
called an anchor gap (qwv.). This
small appliance allows the transmitter
to be connected continuously to the
aerial as the high voltage from the
transformer discharges across the
small air gap, as provided for in the
anchor gap (g.v.). Fig. 5 shows the
circuit when this type of aerial trans-
fer is to be used. When the switch
handle is pushed down it makes con-
nections with the receiver, when it is
raised, the transmitter is ready to be
used as the primary current is con-
nected also.

AERIAL TUNING CONDENSER—A
condenser (q.v.), usually variable,
connected in the aerial circuit (q.v.)
for the purpose of adjusting the
natural period of the receiving circuit
to the period of the incoming waves
(see Wavelength) or signals coming
from the aerial. In the illustration is

shown an Aerial Tuning Condenser.
9
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Fig. 5. An Aerial Switch employed in conjunction with an Anchor Gap as explained on page 7

Any capacitive (g.v.) means of es-

tablishing or varying the oscillation |
«constant (g.v.) of the receiver.

‘A wvariable condenser such as commonly used for
an Aecrial Tuning Condenser (sce page 7).

AERIAL WIRE—The wire forming the
aerial (q.v.). Copper is generally used
for this purpose as it offers very little

By

s0LiI0 COPPER CLAD 7 STRAND

BRASS OR
COPPER
STRIP

resistance (q.v.) to the feeble currents
in receiving.

The illustrations show various types
of wire as used for aerials. Among

10

i the illustration.

| them there are the solid copper wire,
copper clad steel wire, stranded wire,
|  braided wire and brass or copper strip.

AERO - FERRIC INDUCTANCE — The
inductance (q.v.) of coils wherein the
magnetic circuit (q.v.) is completed
through both air and iron.

AEROPLANE ANTENNA — Receiving
or transmitting antenna (q.v.) used
on an aeroplane. The commonest form
is a suspended wire shown as A in

The ground or coun-

WEIGHT

terpoigse (q.v.) in this case may be
another wire suspended on and in-
sulated from the fuselage as indicated
at B. When the plane is in flight, the
hanging wire trails up and backward,
depending on the speed of the plane
and the size of the weight used. This
type of antenna will be slightly direc-
tional (q.v.) in the direction the plane
is traveling. If it is impractical to

use a trailing wire antenna for any
reason, a loop or coil of wire may be
used, the results of course being less
satisfactory. The metal frame of the
plane is often used as a counterpoise

(q.v.)
A, F.—Abbreviation for Audio-Fre-
quency (q.v.)

AFTER-GLOW—Fluorescent phenomena
in a vacuum tube after current has
been withdrawn.

AGONIC LINES—Lines imagined as
passing through points on the earth’s
surface where the magnetic inclination
or dip of a magnetic needle (compass)
is zero. (See Aclinic Lines.)

AGING, VACUUM TUBE — Gradual
diminishing of the brilliancy of a tube
due to the deterioration of the fila-
ment (q.v.) and the coating or deposit
on the bulb. A tube is said to be
Aging when it gradually loses
power to emit electrons (q.v.)

AIR CONDENSER— Condenser utilizing
air as the dielectric. The majority of
variable condensers used in radio work
employ the air dielectric, that is, the
space between plates is merely an air
gap. Most fixed condensers (qg.v.) use
some substance such as mica, or sheets
of waxed paper as a dielectric.

AIR CORE TRANSFORMER—A trans-
former used in®radio, having no metal
core, the lines of force having their
path through air. (See Amplifier,
Radio Frequency.)

ALBIZ, Count—Managing Director of
the Compariia National de Telegrafia
sin Hiols in 1910, of Scotch origin.

He was born in Madrid in 1858 and
received a schooling at the Madrid
University and London University
College. He was a Tory member of
Parliament.

ALEXANDERSON, Ernst Fredrick
Werner (1878)—Radio engineer and
inventor. Born at Upsala, Sweden,
January 25th, 1878, he was educated
at the High School and University of

its

Photo by courtesy of General Elec. Co.
E. F. W. Alexanderson

Lund, Sweden, at the Royal Institute
of Technology, Stockholm, and at Ber-
lin. In 1902 he joined the General
Electric Company, and has been for
some years their consulting engineer.
He holds the post of chief engineer to
the Radio Corporation of America, and



is a member of the American Institute
of Radio Engineers. Alexanderson
has read many papers on electrical
subjects before the chief technical so-
cieties of America.

Alexanderson is famous for his work
on high-frequency alternators used in
Radio telegraphy. The Alexanderson
alternator 1s connected directly or in-
ductively to the aerial and earth, and
constitutes the simplest possible con-
nection for producing continuous or
undamped waves. It is a machine of
great speed and many field poles, and
frequencies as high as 200,000 cycles
are obtained. For long distance work,
employing very long wavelengths, this
high-frequency alternator is largely
used. Alexanderson is also responsible
for the magnetic amplifier, patented in
1913, and has carried out successful
experiments on duplex wireless tele-
phony. In the Alexanderson micro-
phone transmitter the modulation is
mainly effected by variations in the
tuning of the aerial circuit.

ALEXANDERSON ALTERNATOR —A
type of high-frequency alternator
(g.v.) which produces continuons os-
cillations (q.v.)

ALLOY—A compound of two or more
metals. (See Woods Metal.)

ALTERNATING CURRENT—AnN elec-
tric current that does not flow steadily
in one direction—as from positive to
negative—but completely reverses its

1

o

direction or polarity (g.v.) at certain
definite intervals. In other words, the
current flows first in one direction and
then reverses and flows in the opposite
direction—these changes being re-
ferred to as changes of phase (q.v.).
An electric current is either direct
(g.v.), alternating, or pulsating. The
latter is an alternating current that
has been rectified. (See Rectified
Current.) Practically the only direct
current that is employed or appears
in a radio receiver is that supplied
by the “A” and “B" Batteries (q.v.).
In an alternating current, the change
in direction or polarity takes place in
a steady, even manner.

An understandable analogy for al-
ternating current is its comparison
with a pendulum. In Fig. 1 the pen-
dulum is supposed to be the alternating
current or impulse. Now when the
bob is swung from its natural - (neu-
tral) position A, which may be con-

sidered as zero value of voltage or
current, it will move to a maximum
point, either B or C. If we assume B
to be the positive side, then the bob

Alternating Current

A and B. At 12 noon the tide is at
zero or “ebb” and there is no motion
in either direction. Now the flow
starts toward shore line A and grad-

MAXIMUM
SHORELINE. A __C _ o cceeene- e o
A
AMPLITUDE
E 6PM 9PM 12 MIDNIGHT”
EBB Z€ 12 NOON 3PM ZERO (MO MOTION 7N EITHER DIREC/TION
AMPLITUDE
e cccocpuonnGdoacese=se=s == D ------- - -
SHOR|E LINE MASMUM

Fig. 2

will move to B which will be the max-
imum positive amplitude (g.v.). It will
then fall back to zero again, and with
the power behind it, the momentum in
this case, will rise on the other side
to C, which is the maximum negative

ually rises toward that side until at 3

8 . it has reached its maximum
height. In the case of an alternating
current, we may consider that at 3
P. M. the current has reached max-
imum value on the positive side or in

ALTERNATING CURRENT
SINE WAVE
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amplitude. The bob will then fall back
to A once more and will have under-
gone a complete change of direction
and values; it will have gone through
a cycle (g.v.). That is to say, it will
have risen from zero- A to positive
maximum B, then back to A, rising
on the other side to negative maximum
C and back to A. Now the length of
time re(I]uired for this complete cycle
(see Alternation), is known as the
time period of vibration or phase
change. If, for example, it required
one-sixtieth of a second for this
change to take place, then we say that
the frequency (q.v.) is sixty cycles,
because obviously, a change requiring
one-sixtieth of a second will occur sixty
times in one second.

The action of alternating currents
may also be likened to that of ocean
tides. In Fig. 2 the curved line repre-
sents the water in motion and is to be
compared with current in motion in
an alternating circuit. For the sake
of clarity, we can assume that the tide

rises and falls between two shore lines, .

a positive direction. It then reverses
and falls toward zero until at 6 P. M.
it has reached the zero voint. In the
case of the current, it will have be-
come zero. Motion again starts in the
other direction and the tide rises once
more, but in the opposite direction,
toward shore line B. By 9 P. M. it
will have reached maximum height in
this direction, or in the case of the
current it has reached maximum value
or amplitude (q.v.) at D on the nega-
tive side. It then falls back again to
zero, and at 12 midnight has come
back to its original starting point,
having gone through all stages of
value or height from zero to maximum
at one shore and then back to zero;
then from there to maximum at the
other shore and back to zero. The
action of the alternating current then
will ‘have been to flow from zero to
positive maximum, back to zero and
reversing, from zero to maximum on
the negative side, then back to zero.
It will have completed one cycle. The
time required for the tide to go

11



Alternating Current

through these changes E to F is 12
hours and is known as the time period
or period (q.v.). Therefore, the time
required for a complete change in the
case of alternating current wil] be re-
ferred to as the period. The number
of times that these changes take place
within a certain time limit is known
as the frequency (q.v.)

The current value in Fig. 3 is as-
sumed to be 10 amperes, and the cur-
rent values at any moment are shown
as ordinates (q.v.), (vertical) while
the time is shown in the Abscissas
(gv.) (horizontals). If the above
curve is to be assumed as representing
the Sine wave of an Alternating cur-
rent having a frequency of 60 cycles
per second, the total time in the chart
would be one-thirtieth of a second.
Thus, Time A to C would be one-six-
tieth second, the Time of one complete
cycle. A B is a positive Alternation
and B C a negative Alternation, D and
E represent maximum current values
in each direction.

If the above Sine Wave is to be used
as an example of a high frequency
oscillation as in radio, the Time of
one 1cycle can be assumed as about

——— second. (See Frequency-
1,000,000

Oscillation - Sine - Phase - Character-
istic of Alternating Current.)

The frequency of an alternating cur-
rent depends on the number of poles
(field magnets) and the speed of rota-
tion when the A.C. is generated by an
alternator. (See Alternator.)

ALTERNATING CURRENT, THEORY
OF PRODUCTION OF-—Electric cur-
rent in motion along a conductor al-
ways has a magnetic field (magnetic
flux) surrounding it. If this current
1s passed near a number of turns of

S

AL

Fig. 1

wire, the lines of flux will link with
the wire turns in the circuit. The
number of flux lines through a coil will
depend upon the current. A change
of current will change the number of
linkages. If two turns of wire are
used, the circuit will link twice with
the same magnetic flux. Thus, a
change in the current or a change in
the number of turns of wire will alter
the linkages.

Now in the case of Fig. 1, the mag-
net being placed near the coil causes
lines of force to pass through the coil.

Each turn of wire will link the flux
lines. Now any change in these link-
ages between the flux lines and wire
turns will produce an E.M.F. (electro
motive force) in the circuit of the wire
turns. This is calied an “induced cur-
rent” because it iz induced by the
change in linkages. Yn Fig. 1, we have
a coil of wire in a cirvcuit with some
sensitive measuring iustrument for
minute currents, in this case a gal-
vanometer. Near it we have a bar
magnet. When this magnet is moved
toward or within the coil, a current is
induced in the circuit by reason of
the change in linkages. This current
is always in a direction to oppose the

12
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change that causes it. (See Lenz
Law.) “Whenever an induced current
arises by reason of some change in the
linkages, the magnetic field about the
induced current is in such direction as
to oppose the change.” When the mag-
net 1s moved toward the coil, the
change in linkages creates or induces
a current that flows in the eircuit in

;[ L
B

such manner as to make A act as a
North pole. As the North pole of the
magnet is toward this point A, the
similar poles will oppose each other
according to the simple law of mag-
netic attraction and repulsion. Now
if we attempt to withdraw the mag-
net, the change will alter the linkages
again, this time creating an induced
current that makes A act as a South
RIOle, thus attracting the magnetic

orth pole and opposing in the op-

Fig. 3

posite manner, the change in linkages
that have created the current.

. We already know that if a conductor
13 moved across a magnetic field, an
E.M.F. is induced in the conductor.
The action is the same whether the

conductor is moved across the mag-
netic field or vice versa. In Fig. 2, a
magnet is shown in position on an
axis—C D for rotation within the loop
A B. As the magnet is rotated, the
North pole passes across A, an E.M.F.
is created toward F in the same direc-
tion. As the position of the magnet
reverses in rotation and S passes A
while N passes B, a current is induced
in the opposite direction, both times
in accordance with the law previously
stated. Thus, if a meter is connected
between the ends of the loop at E F
and the magnet rotated, a current will

be registered. With each half turn
of the magnet, this current will re-
verse its direction. Therefore, we have
produced an alternating current that
changes direction with each reversal
of the position of the magnets. This
is the simple AC generator or alter-
nator. The illustration, Fig. 4, shows
a standard type of low frequency
alternator.

ALTERNATION-—In an alternating cur-
rent, is the rise from zero to maximum
amplitude and back to zero on either
side, i.e., positive or mnegative direc
tions. Two alternations—one positive
and one negative—make a complete
cycle. (See Alternating Current.)

ALTERNATOR-—A machine for the pur-
ose of changing mechanical energy
into electrical energy. Fig. 1 shows
an alternator in its elementary or

Fig. 1

simplest form—merely a conductor,

C moved across a magnetic flux
(q.v.) (Note: For a complete ex-
planation of the production of alter-
nating currents, see “Alternating
Current, Theory of Production of.”)
Here the conductor B C is moved to
the right across the magnetic flux
shown as dotted lines between N and

FIMLO mAGNLTS

S, the poles of the magnets. As the
conductor moves across the flux lines
of the magnet, an electro-motive force
(q.v.) or electric current is set up or
induced in the conductor, this force
being in such a direction that the cur-
rent produced will create a flux or
magnetic field, in the same direction
as the flux on the side of the conductor
that comes first into contact with the
flux lines N S on moving the conductor.
In this case E.M.F. (electromotive
force) is in the direction B to C in
the conductor. In order to establish
a circuit and utilize the current pro-



duced in this manner, it is only neces-
sary to attach wires to both ends of
the conductor as shown by the dotted
loop. Now at this moment the con-
ductor is being traversed by a current
having a definite polarity, that is to
say, it is flowing in one direction only.
When the direction of the flux lines
N S are reversed, as by reversal of
the magnet, or the conductor is turned
so that the other end comes into con-
tact with the flux lines, then the di-
rection of the current in the conductor
will reverse and it will flow in the op-
posite direction. In other words, .with
every reversal of the position of the
conductor in its relation to the mag-
netic flux N S, or the reversal of the
direction of the flux lines, with respect
to the conductor, the E.M.F. that is
created will change its direction of
flow. (See Alternating Current.)

In an alternator it has been shown
that the result is approximately the
same whether the magnet is rotated or
the conductor is rotated through the
magnetic flux. In either case the
moving member is known as the rotor

Fig. 3

(g.v.) and the stationary member 1s
called the stator (g.v.). The mag-
nets producing the flux lines may be
stationary or they may revolve; in
either case they are referred to as the
“field” (q.v.).

It has been shown that with every
change in the relative position of the
field magnets and the armature (q.v.),
irrespective of which member is the
rotating one, a change of direction of
the induced E.M.F. takes place. Then
it is apparent that in order to increase
the number of changes, that is, to in-
crease the frequency (q.v.), it is only
necessary to use (1) a greater number
of field magnets, or (2) have the arm-
ature or conductor pass the magnets
more frequently by means of greater
speed in the rotating member, or by
means of both. Now each of these
changes is an alternation (see Alter-
nating current) and two such changes
will be a cycle (g.v.). Let us suppose
that the moving member of a certain
alternator has a rotary speed of 720
revolutions per minute and there are
10 poles or magnets. As frequency is
figured by the changes per second, it
will be necessary to reduce this num-
ber to the revolutions per second.
Thus, there will be 12 revolutions per
second. This figure multiplied by the
number of poles (q.v.), which we as-
sume as 10, indicates 120 alternations
per second. As there are two alterna-
tions to each cycle (g.v.), the fre-
quency in this case will be 60 cycles.
The equation is as follows:

P N
F = c— X —
2 60

where F is the frequency, P, the num-
ber of poles and N the speed of rota-
tion per minute. The exact voltage or

E.M.F. obtained will depend on the
number of poles and the speed of ro-
tation, and also on the distribution of
the field windings and total flux from
all the poles or magnets. In designing
alternators the effective E.M.F. (elec-
tromotive force) is expressed by the
formula:

KPgoNZ
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E is the effective electromotive force
of the alternator.

K represents the E.M.F. factor of the
alternator. This factor depends upon
certain charcteristics of the poles and
also the distribution of the windings
on the armature.

P is the number of poles of the field
magnates.

& is the number of lines of magnetic
flux that flow from one pole across the
gap to the armature—known as the
useful magnetic flux per pole; (see
Maxwells).

N is the speed of rotation of the rotor
in revolutions per second.

Z is the total number of conductors
on the surface of the armature.

10* represents the number 100,000,000
—the calculation given would be de-

termined in abvolts (¢g.v.), —————
100,000,000

volt and it is therefore necessary to
reduce it to volts by division.

In the “revolving field” alternator,
as explained above, the field magnets
are rotated and the conductor remains
stationary. The windings in which the
E.M.F. is produced, are placed in slots
in the inner surface of the stator, the
stator and the windings composing it
being the armature.

In the alternators of the revolving
armature type, the conductors or arm-
atures are the rotating member and
the field magnets remain stationary.
Fig. 2 shows the revolving armature
type of alternator in diagrammatic
form. A small direct current gener-
ator (q.v.) may be used to excite or
build up the field. That is to say, a

Fig. 4

current is sent through the field mag-
nets (windings in this case) for the
purpose of increasing or building up
the flux density (gq.v.). This is known
as an “exciter” (q.v.). The exciter
may be mounted directly on the end
of the rotating shaft of the alternator,
or mounted separately and connected
to the alternator rotor shaft by means
of a belt. This permits a heavy field
to be built up by the electro-magnets
used in place of the ordinary magnet
shown in Fig. 1. If the machine is to
be single phase (g.v.) there will be

Alternating Current

two collector rings (g.v.), the two
phase type will have four rings, and
the three phase six rings. The illustra-
tion Fig. 2 shows the general design
of a single phase alternator. In this
case there will be of course onlv two
rings to collect the E.M.F. set up by
the machine. Fig. 3 illustrates the

general scheme of armature winding
for a two phase machine. Here there

are actually two separate E.M.F.’s set
up by the separate windings and the
ends of each of these windings are
connected to collector rings as shown.
In the three phase arrangement there
may be three separate windings and
six collector rings.

The use of the revolving armature
type for comparatively small voltages
is due, as mentioned previously, to the
fact that they are easily constructed,
and also the advantage that the ex-
citer need not be an external source,
but may be a separate winding with a
commutator (qg.v.) mounted on the
main shaft. The revolving field type
of course allows much greater space
for the armature winding, inasmuch
as the stationary member is not lim-
ited to any particular space, whereas
the moving member must be arranged
as small as possible to do away with
mechanical troubles. Thus, the sta-
tionary armature can be wound and
properly insulated for great voltages.
For this reason the revolving field is
generally used in high power work.
Another point of importance is that
where the armature revolves, the
windings must be made very carefully
as the centrifugal force due to rapid
rotation of the members places a great
strain on them.

One of the widely used forms of alter-
nator for extremely high frequencies,
is the Alexanderson, named after its
originator, Ernst Alexanderson (q.v.),
a noted engineer. This machine 1s of
the inductor type. It is a well-known
fact that magnetism is more readilg
established through iron than throug
air, and therefore when iron is placed
in the air gap of a magnetic circuit,
the lines of force or flux lines are
greatly increased. Then when the
iron is withdrawn, the flux lines fall
to their original value. We have seen
that as changes of flux take place
throughout a magnetic circuit an elec-
tromotive force is induced in a coil or
conductor (armature) surrounding the
magnetic circuit. Now, if iron is
periodically inserted into and with-
drawn from the magnetic field, an al-
ternating current will be set up in the
coil surrounding the field. This prin-
ciple is made use of in the inductor
alternator and the field and armature
thus remain stationary, contrary to
the usual form of an alternator. Now
if we arrange to have pieces of iron
moved rapidly in the gap between field
and armature, changes of flux_ will

13



Alternator, Single Phase

take place. Obviously, it is easv in
this manner to create many changes
of flux within a certain time, and
therefore the alternating current set
up (E.M.F.) will have a high fre-
quency as seen by the explanation of
this phenomena given previously.
These moving pieces are so arranged
that they practically close the gap be-
tween field and armature with only
enough clearance to prevent the ro-
tating member striking the stationary
members. This is briefly the principle
of the Alexanderson alternator. Fig.
4 shows the general plan of an in-
ductor alternator. On the right shows
the scheme of winding in slots around
the entire form, and as there are
necessarily many windings in order to
obtain the high frequency, they are
generally single turns of wire, each
turn having a separate slot. On the
left is given a general idea of the
arrangement of the rotor, which in
this case, as explained previously, is
neither field nor armature, but iron
teeth arranged on the periphery of
the moving disk. The field is increased
or excited in the usual manner by
means of a source of direct current.
In the assembly, the relation of the
moving disk to the field and armature
is shown. Fig. 5 is a commercial type
of Alexanderson Alternator having a
frequency (q.v.) of 100,000 cycles
used for high power radio transmis-
sion (q.v.).

ALTERNATOR, SINGLE PHASE—(See
Alternator.)

ALTERNATOR, POLYPHASE—(See
Alternator.)

AMMETER OR AMPERE METER—An
instrument for measuring current in
amperes in a circuit. Is connected in
series with a circuit. Exists in a va-
riety of forms. The operation of the
most commonly used type depends
upon the fact that the force a magnet
exerts depends upon the number of
ampere turns (q.v.). Therefore, the
greater the current sent through its
coils, the greater will be its attraction
for a balanced armature. Fig. 1
shows a common form of ammeter.

SYMBOL

Photo by courtesy of Weston Elec. Inst. Co.
Fig. 1

AMMETER, THERMAL — Commonly
known as “Hotwire Meter.,” Also
called “Aerial Ammeter” and “Radio
Frequency Ammeter.” Operates on
the principle of thermal expansion,
i.e., the tendency of a wire to expand
with heat of current passing through
it. Is used to measure current in am-
peres at extremely high voltages as in
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radio transmission. Figure 2 shows a
Thermal Ammeter which is generally
employed in radio work.

SYMBOL

Photo by courtesy of Weston Elec. Inst. Co.
Fig. 2

AMP.—Abbreviation for Ampere.

AMPERE—The practical unit of the
rate of flow of electricity. It is the
unit current, or the rate of flow when
one coulomb (g.v.) flows each second.
The value or strength of electric cur-
rent is almost invariably given in am-
peres. This unit is used to express the
flow of a definite quantity of elec-
tricity in a second. If, for example,
ten coulombs pass a given point in a
circuit in one second, then we say that
the current in that circuit is ten am-
peres. (See Coulomb, Milli-ampere,
Micro-ampere.)

AMPERE, Andre Marie—A distin-
guished French physicist, born 1775,
died 1836. Noted for his researches
in the field of electro-dynamics.

AMPERE-HOUR—Commercial unit of
quantity. Is that quantity which flows
in one hour through a circuit carrying
a current of one ampere. It is equal
to 3,600 coulombs.

AMPERE, INTERNATIONAL—Symbol
a—is defined as the unvarying electric
current which deposits silver at the
rate of 0.00111800 gram per second
from a specified solution of nitrate of
silver in water.

AMPERE’S RULE FOR DEFLECTION
OF NEEDLE—“If one swims with the
current and looks at the plus (+4) or
north seeking pole of a magnetic
needle it will be deflected to the left,
while the negative (—) or south seek-
ing pole will be urged to the right.”

AMPERE’S THEORY OF MAGNETISM
—The theory advanced by Ampere
that an electric current continually
circulates around each molecule of a
magnetic substance and that the
process of magnetization i8 one of ar-
ranging these currents in such manner
that they all take the same direction.

AMPERE TURNS—Expressed by the
product of number of turns of, and
the number of amperes flowing
through, the coils of an electro-mag-
net. Thus, one ampere turn would be
one ampere flowing through one turn.
The ampere turn is very frequently
used as a unit of magneto-motive force
(g.v.) due to the ease with which it
can be obtained.

AMPERE VOLT OR VOLT AMPERE—
The expression sometimes used to de-
note watts (q.v.). For examplée 1 volt
ampere will be one watt, as watts are
equal to the product of the volts and
amperes in D.C. circuits. (See Effici-
ency, also Watts.)

AMPLIFICATION CONSTANT — The
factor expressing the maximum volt-
a%e amplification (q.v.) that it is pos-
sible to obtain with a given vacuum
tube. Thus, if a certain tube will per-
mit amplification of eight times the

original voltage, the amplification
constant is said to be 8. (See Vacuum
Tube.)

AMPLIFICATION FACTOR—The ratio
of the change of instantaneous volt-
age, between filament and plate of a
vacuum tube to a small change of in-
stantaneous voltage between filament

and grid for a given constant plate
current:
3Vp

3Veg

The ratio of power (radio signals),
voltage or current output of an am-
plifying device to the power, voltage
or current delivered to the input ter-
minals. Generally speaking the de-
gree of increase in amplitude or’ vol-
ume by insertion of an amplifying de-
vice in the circuit. (See Amplification
Voltage.)

Y=

AMPLIFICATION, VOLTAGE-—In a

vacuum tube the ratio of the voltage
apparent between the terminals of an
impedance in series with the plate,
to the voltage impressed on the grid.
(See Amplifier.)

AMPLIFIER—One of the most impor-

tant features of the wvacuum tube
(g.v.) is its ability under certain con-
ditions to amplify or increase the in-
tensity of electric currents. Such
tubes are generally referred to as am-
plifier tubes and an amplifier is under-
stood to be one or more such tubes
with the necessary associated circuits
to accomplish amplification.

X—In the accompanying diagram.a
circuit of a typical one stage audio
frequency (q.v.) amplifier is shown in
conjunction with the detector circuit
(g.v.). In this case the radio fre-
quency signals (q.v.) are impressed at
the points A-B from the aerial and
ground circuit. The resulting signals
at points C-D are aundio frequency or
voice frequency because they have
undergone a change or rectification
(g.v.). Now, if we consider only the
solid lines, the circuit will be an or-
dinary detector circuit and the signals
at C-D can be heard by merely con-
necting the phones at that point in
place of the primary of the trans-
former—P-B. However, by sending
these currents through the trans-
former and impressing them on the
second tube it is possible to obtain
signals at points E-F of much greater
volume and yet having the same gen-
eral characteristics or sound. The
signals or currents will have under-
gone amplification—the effect of the
amplified tube on a local source of
power increase the amplitude, but the
form or nature of the signals or waves
will be the same. (This statement is
not entirely true as amplification is
generally accomplished only at the ex-
pense of some slight changes in the
nature of the waves). They will,
however, sound about the same in the
phones at E-F as they will when the
phones are placed at C-D, the volume
at E-F being greater due to the am-
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pliﬁcation. (See Distortion). Now
1t must not be assumed that an ampli-
fier in itself actually has the ability to
increase power without some assist-
ance. It is no more possible to ob-
tain something for nothing in elec-
tricity than it is in mechanics. What
actually takes place is that the am-

audio frequency. The signals that
have been rectified (q.v.) or changed
to audio frequency may be amplified
by means of a similar arrangement of
somewhat different type. The latter
would be known as audio frequencv
amplification. The increase in power
is accomplished without any material
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A single stage radio frequency amplifier as used in conjunction with a tuner and detector
Showing the method of amplifying rectified signals at audio frequency

plifier tube and associated circuits
control local power—in this case the
voltage of “B” battery—in such a
manner as to boost or amplify the
power of the signals without materi-
ally changing their nature. Therefore,
an ampliglr may be considered as a
device which modifies the effect of a
local source of power in accordance
with the variations of input power,
and produces an increased output
power or a means of stepping-up or
increasing the amplitude or volume of
a signal or series of signals. (See
Amplifier Action or Vacuum Tube.)
(See Amplifier, Audio Frequency, Am-
plifier Radio Frequency, also Trans-
former.)

MPLIFIER ACTION OF VACUUM
TUBE—The tendency of a vacuum
tube to increase the power or voltage
of incoming signals under proper con-
ditions. In the illustration is shown
a simple vacuum tube circuit. The
incoming signals are impressed on the
tube at points A and B. Now it has
been noted that small changes of volt-
age at the grid (g.v.) will produce
much greater changes at the wnlate
(g.v.). (See Vacuum Tube, Theory
of Operation.) In other words, the
constant changes in value of the in-
coming signals that are impressed at
A-B will produce comparatively larger
changes in the current at the plate and
therefore larger changes of voltage in
the output circuit at C-D. These
changes will of course manifest them-
selves in the form of signals in the
phones placed at C-D. Now if these
voltages are impressed on a resistance
(g.v.) of suitable value-——such as the
primary of an amplifying transformer
—they can be sent to another tube and
again amplified. (See Amplifier, Audio
Frequency.) In other words the
amplifying action of a vacuum tube
means the ability of that tube to use
input power—the power of the signals
delivered to the tube—to control a
local source of power such as the “B”
battery voltage used on the vlate of
the tube, and deliver increased power.
The signals to be increased or ampli-
fied in this manner may be Radio Fre-
quency (q.v.) or Audio Frequency
(q.v.), each instance requiring a dif-
ferent type of amplifier (q.v.). The
radio frequency signals are amplified
by means of a tube and suitable ap-
g:ratus (transformer or resistance)

fore they have been changed to

change in the nature of the signals or
wave form (q.v.)

AMPLIFIER, INTERMEDIATE FRE-
QUENCY—An arrangment of a radio
frequency amplifier to increase the

Amplitude

rectified by the detector. In the il-
lustration is shown a single stage of
radio frequency amplification. This
is the transformer coupled type. In
this case the incoming signals of radio
frequency are increased in strength
and then passed on to the detector tube
VT2. If further amplification is de-
sired, more stages may be used, the
number being held within certain lim-
its due to distortion (q.v.). If more
than three stages are used, it is often
difficult to control the feed-back effect
(q.v.) and efficiency is cut down.

AMPLITUDE—The current or voltage
on an A.C. or H.F. circuit at any in-
stant.

The greatest vertical distance above
or below zero of the crest or trough
of a wave is the maximum amplitude
of the wave. In the accompanying
illustration the numerals at the left
(ordinates q.v.) may be assumed to be
volts, current (amperes), or voice vi-
brations. A is the zero point; B the
maximum positive, C the maximum
negative, and D the length of the wave.
Thus, A. B will be the maximum posi-
tive amplitude, A C the maximum
negative amplitude, and D the wave
length. B is known as the crest or
Node-—C is the trough or antinode.

X—Now if in a certain train or
group of waves, the amplitude of one
wave is less than the one immediately
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A single stage radio frequency amplifier as used in conjunction with a tuner and detector

strength of signals at the intermediate
frequency (q.v.) as used in a Super-
Heterodyne receiver. This is usually
a radio frequency amplifier using

preceding it, there is said to be damp-
g (q.v.), the degree of this damping
or diminishing in amplitude being re-
ferred to as decrement (g.v.). Thus,
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Line wave showing two cycles of an alternating current, indicating the amplitude and damping

transformer coupling (q.v.) the trans-
formers being designed to cover ex-
tremely high wave-lengths. (See
Super-Heterodyne, also Transformer.)

AMPLIFIER, RADIO FREQUENCY —

An amplifier used to increase the vol-
ume of the incoming signals at radio
frequency (g.v.) before they have been

if we assume that in Fig. 1 the current
or amplitude of the first wave is 10
amperes, and the next wave has an
amplitude of only 5 amperes, then the
damping or decrement is 50 per cent,
because the amplitude has decreased
that much. Similarly, if the first
wave amplitude were 10, and the sec-
ond were 9 amperes, then the decrease
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Arrester

Super Regenerative and Super Hetero-
dyne. The principle of regeneration is
one that has revolutionized the art of
radio reception and broadcasting. The
vast majority of present day receivers
use regeneration in one form or an-

| complicated one. (See Regeneration,
Super Regeneration and Super Hetero-
dyne.)

ARRESTER—A device used for by-pass-
ing heavy electrical discharges in the
atmosphere in the vicinity of the an-

other. Basically, regeneration is the tenna when they strike the antenna.
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x Fig. 1. The Original Armstrong Circuit.

process of returning a certain portion
of the unrectified or radio frequency
(g.v.) current from the plate circuit.
of the detector tube to the grid circuit.
This has the effect of reducing the
resistance of the grid circuit and thus
permitting more ready passage of the
weak impulses. The result is not only
to greatly increase the sensitivity of
the detector to weak signals, but ac-

tually to step up or amplify the vol- |

ume of the received signals. In Fig. 1,
coils L1 and L2 are the aerial tuning
units in conjunction with the variable
condenser, C1; C2 and C3 are variable
condensers of low capacity; L3 1s_the
plate control for regenerative action;

It ordinarily consists of a small gap
between two metallic points connected
in series with the antenna and ground
in order to protect the apparatus and
property against danger. (See Light-
ning Arrester.)

A. R. R. L.—Abbreviation for American
Radio Relay League.

| ARTIFICIAL ANTENNA — See Mute
Antenna.

ARTIFICIAL MAGNET—A magnet pro-
duced by magnetizing a piece of steel
that previously had no magnetic at-
traction. May be produced by rubbing
a natural magnet or another artificial
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Fig. 2. The Armstrong 3

T is the telephone receiver, G, P and F
are respectively the grid, plate and
filament elements of the tube; R the
filament rheostat, and A and B the
batteries for filament and plate. In
the illustration Fig. 2, C1 is the aerial
tuning condenser, L1 the primary coil
of a standard vario coupler; V1 the
grid variometer and V2 the plate or
regeneration variometer. L2 is the
secondary of the vario coupler, and the
balance of the elements are as in Fig.
1, GL being the customary grid leak
and condenser. Regenerative receivers
have come into some disfavor owing to
their tendency to radiate annoying
signals into the antenna, and also the
howling within the set when not prop-
erly adjusted. While regeneration in
some form or other is used in the
majority of receivers, it is not widely
used now in its original state. (See
Neu)trodyne, Tuned Radio Frequency,
ete.

There are many types of regenera-
tive set, some extremely simple and
others more complicated. The original
Armstrong regenerative circujt is
shown in Fig. 1. Fig. 2 shows a more
modern application of the regenerative
principle and at the same time a more
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magnet across a piece of hard steel
in the same direction a number of
times. (See Electro-magnet.)

ASSUMED DIRECTION OF CURRENT
FLOW—The direction which an elec-
tric current is assumed to take in its
flow. Current is generally considered as
leaving the positive terminal of its
source, flowing through the circuits
external to the source, and thence to
the negative terminal of the source.
The direction of flow within the source
itself is from the negative to the posi-
tive terminal. (See Theory of Current
Flow.)

ASTATIC COILS—Coils wound in such
a manner that, when connected to-
gether, they neutralize each other’s ef-
fect and produce no external magnetic
field. They are used in the measure-
ment of inductance.

ASYMMETRIC CONDUCTOR — One
that permits the flow of greater cur-
rent in one direction than in another.
Non-symmetrical as to conductivity.

ASYMMETRICAI, EFFECT—The lack
of symmetry in the directional effect
in a .loop or frame aerial due to lack

g

of symmetry in construction. (See

Loop Aerial.)

ASYNCHRONOUS—A term used in re-
ferring to AC (Alternating Current)
motors or generators and also to dis-
chargers used in radio transmission.
As applied to alternating current ma-
chines it is signified that the speed of
rotation of the machine does not have
any definite relation to the frequency
of the currents produced—thus, out of
synchronism. (See Synchronous.)

An asynchronous radio circuit is one
which is not tuned to, or in syntony
with, the frequency of the oscillations
impressed on it. (See Aperiodic.)

ASYNCHRONOUS ROTARY DIS-
CHARGE—A spark discharge pro-
duced at electrodes of a rotary dis-
charger (q. v.) for transmitting radio
signals, in which the spark rate or
number of sparks per second has no
relation to the frequency of the alter-
nating current. (See Spark Dis-
charge.)

ASYNCHRONOUS SPARK GAP—See
Spark Gap.

ATMOSPHERIC ABSORPPTION — The
portion of the total reduction of radi-
ated power due to atmospheric con-
ductivity, reflection and refraction.
The amount of energy loss in radio
transmission due to atmospheric fac-
tors. This applies only to electro-
magnetic waves (q.v.) in motion in
the ether and should not be confused
with the reception losses due to at-
mospheric disturbances.

ATMOSPPHERICS — See X’s,
Static.

ATTENUATION —of the electric or
magnetic intensity or of the average
energy density in electric waves re-
fers to the reduction in strength with
increase of distance traversed due to
absorption or equivalent losses, as dis-
tinguished from the reduction in
strength due to geometrical divergence.
In free space, the geometrical diver-
gence of waves from a small source
involves a diminution of the average
energy density in accordance with the
inverse square law; plane waves (e.g.,
along wires) suffer no reduction by
divergence, but undergo attenuation
due to resistance and other line faults.
(See Attenuation, Geometrical Diver-
gence).

ATTENUATION., GEOMETRICAL DI-
VERGENCE—The gradual decrease in
strength of electromagnetic waves
(radio signals) as the distance which
they have traversed increases. The ef-
fect on the waves as they travel
through the air is essentially the same
as in the case of light waves. Now if
a beam of light is viewed one mile
from its source it will have a certain
intensity, but if it is viewed again
from a distance of two miles the in-
tensity will be much less. In the case
of radio waves, the intensity is said
to decrease as the square of the in-
creased distance traveled; that is to
say, if they have a certain power at a
distance of five miles from the trans-
mitter, the same waves at twice the
distance or ten miles will be found to
have a strength only one-quarter as
great. Similarly, if the waves travel
fifteen miles or three times the dis-
tance, the signal strength will be only
one-ninth that of the same waves at
a distance of five miles from the trans-
mitter.

AUDIBILITY—The measure of strength
of received radio signals as heard in a

Strays,



telephone receiver connected to the ra-
dio receiving apparatus. A radio tele-
graph signal which is at all audible
can be read, i.e., the dots and dashes
distinguished from one another; radio
broadcast programs heard with at
least some degree of clarity.

AUDIBILITY (Radio Telegraph) — A
measure of the ratio of the telephone
current producing a signal in a tele-
phone receiver to that producing a
barely audible signal. (A barely au-
dible signal is one which just permits
the differentiation of the dot and dash
elements of the letters sent in code.)
In the simple shunted telephone
method of measuring signals the audi-
bility is defined as:
s+t

s
where 8 and t are the impedances of
shunt and telephone respectively.

AUDIBILITY FACTOR—A measure of
signal strength obtained by observing
the resistance to be placed in shunt
with the telephones of a receiving sta-
tion to reduce the signals to unit au-
dibility. Approximately, the audibility
factor is proportional to the power ab-
sorbed from the signal waves by the
receiving apparatus. Unit audibility
is the strength of signal at which dots
and dashes can just be discriminated.

AUDIBILITY METER — A device for
comparison of the strength of received
signals, either from different stations

Photo by courtesy of General Radio Co.
An Audibility Meter.

or with different circuits by means of a
variable resistance shunted (placed)
across the phones. This resistance is
decreased until the signals are just
audible in the phones. Now, if another
station is tuned in, or the circuit
changed in some manner, the signals
may either be entirely inaudible or they
may be much louder, this giving an idea
of the comparative strength without
actual measurement. A popular type
of Audibility Meter is shown in the
above illustration.

For measurements with an audibil-
ity meter, the following shunt formula

is used:
s+t
K_

s
Where s is the impedance of the
shunt resistance and t the impedance
of the phones, then K is the audibility
constant. In general practice a series
resistance is devised to compensate for
the reduction in resistance of the shunt
circuit, this keeping the impedance of
the plate circuit constant.

AUDIO AMPLIFIER—An amplifier used
to increase the volume of signals of
audio frequency (q.v.). Audio ampli-
fiers are connected in the circuit of the

detector in place of the phones (input)
as shown in Fig. 1. This is the stand-
ard two stage audio amplifier. The
separate stages each consist of a vac-
uum tube, a transformer, socket for

SOCKET

TRANSFORMER

RHEOSTAT (J'IL

Autoplex

Noted for the fact that he is head of
the U. S. Naval Telegraphic Labora-
tory, Washington, D. C., and for his
work in measuring high frequency
currents.
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A standard two stage Audio Amplifier employing phone jacks for detector, first stage, and

second stage Audio Amplifiers.

the tube and a control rheostat. If
desired one rheostat may be used for
both amplifier tubes as the fillament
current (g. v.) can be the same if the
tubes are of a similar design. This is
known as “transformer coupled ampli-
fication.” Another much used method
is known as “resistance coupled am-
plification.”

\
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Fig. 2. A one stage Audio Amplifier connected to

a crystal receiving set.

Fig. 2 shows one stage of audio
frequency amplification connected to
a crystal receiving set. There are nu-
merous variations of audio amplifica-
tion. (See Push-Pull Amplification,
also Resistance Coupled Amplifier,
and Power Amplifier.)

AUDIO FREQUENCY — A frequency

corresponding to normally audible
sound waves, i.e., between 40 and 10,-
000 per second. The limits of audibil-
ity are given variously from 16 to 20,-
000 cycles, but for ordinary usage may
be taken as from 40 to 10,000 cycles per
second. In audio frequency amplification
as used in conjunction with the tuning
and detector apparatus of the radio
receiving set, the volume of the re-
ceived sound is amplified or increased
over that of the originally rectified
sound waves. (See Radio Frequency;
also Amplifier.)

AUDION—The name given by Dr. L. De

Forest to a wvacuum tube detector
which possesses a glowing cathode and
has a steady E. M. F. (Electromotive
force) permanently applied between
anode and hot cathode and two cold
anodes. (See Vacuum Tube.)

AUSTIN, Louis Winslo, Ph.D.—Born in

Ordwell, October 30th, 1867. Gradu-
ated at Middlebury College and stud-
ied at Clarke University and the Uni-
versities of Strasburg and Berlin.

AUTO-COHERER — A coherer having
automatic action to release the par-
ticles that cohere when circuit is es-
tablished. Now obsolete. (See Co-
herer.)

AUTODYNE RECEPTION—See Self-
Heterodyne Reception.

AUTO INDUCTIVE COUPLING—See
Coupling.

AUTOMATIC INTERRUPTER—A vi-
brating electro-mechanical device to
make and break an electric circuit by
using the energy passing through it.
The most common example is that of
a spark coil. An interrupter may be
used for several purposes. In the case
of a spark coil it is used to produce
sparks for transmission of signals. In
another form it may appear in a me-
chanical battery charger, in this in-
stance being used to interrupt the al-
ternating current and permit passage
of the current in one direction only.
A buzzer uses a type of interrupter—
a vibrating device producing a buzzing
sound having a pitch dependent on the
rapidity with which the vibrations
take place.

AUTOMATIC TRANSMITTER—AnN ap-
paratus for operating a sending key
mechanically. (See Wheatstone Trans-
mitter.)

AUTOPLEX—A type of radio receiver
employing one vacuum tube, operating

Grid Loud speaker
To aerial
orground
e’
P
(Ground It]
Optional) =, -
\ A
DL.1250 o 1500 . r
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Circuit of the Autoplex radio receiver.

along the lines of the Super-regenera-
tive principle and designed to operate
a Loud-speaker. The circuit comprises
two standard variometers, a 1500 turn

duo-lateral coil, and the usual vacuum
19




Auto-Receiver

tube, socket, batteries, ete. It is ex-
tremely critical in operation, but if
carefully assembled will give excellent
volume under good conditions. Illus-
tration shows the circuit diagram of
the Autoplex receiver.

AUTO-RECEIVER—A device for the
automatic reception and recording of
radio signals. It is essential in the
reception of signals transmitted by an
Automatic transmitter (see Wheat-
stone Transmitter) as the speed is too
high to permit reception by ear. There
are three general classes of automatic
receiver: a resonance intensifier in con-
junction with an inking arrangement;
a phonographic recorder and a re-
corder using photographic means. In
the latter method, a powerful beam of
light is projected on to a mirror which
is arranged to respond to the signals
in approximately the same manner as
a mirror galvanometer. In the phono-
graphic type, the signals are repro-
duced on a drum. (See Resonance In-
tensifier, Photographic Recorder, also
Phonographic Recorder.)

AUTO TRANSFORMER—A device for
changing voltage in a circuit carrying
alternating currents. A form of trans-
former having but one winding, any
part of which may be used as the
primary and any part as the secon-
dary. In Fig. 1 the two windings P
and S are continuous, although dif-
ferent sizes of wire may be used ac-
cording to the purpose for which in-
tended. In this case the voltage taken
from the secondary D E will be less
than the voltage Impressed at A B,
because the secondary has fewer turns
of wire than the primary. Now in
Fig. 2, this conditions is reversed, and
as the primary has only a few turns
of wire and the secondary has a com-

B—Abbreviation for Baumé, the scale
used in a hydrometer (gq.v.)

B. A. AMPERE—The standard ampere
fixed by the British Association for
the Advancement of Science.

BACK COUPLING—See Reactance Coils.

BACK ELECTRO-MOTIVE FORCE—{Xn
Electromotive force (E.M.F.) which
opposes the original electromotive
force. The more common term is
“Counter E. M. F.” In many arrange-
ments of electrical circuits there will
be an electromotive force set up in
such manner as to oppose the im-
pressed voltage or force. This will l_)e
true in the case of a choke coil In
which any variation in the pressure
or electromotive force applied to the
coil will result, under proper condi-
tions, in the production of a back or
counter-electromotive force that will
oppose the change in the original force.

This phenomena is frequently found
in electrical circuits; at times intro-
duced for a purpose and at others
self-introduced, and therefore demand-
ing consideration in design of appara-
tus. The rotation of the armature of
a motor creates a counter E. M. F.
opposed to the impressed E. M. F. and
upon which the driving power of the
motor depends. When an external E.
M. F. is impressed on a circuit in
which there exists a local E. M. F., the
flow of the current through that por-
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paratively large number, the voltage
obtained from D E will be greater than
that impressed at A B. The voltage
ratio is approximately proportional to

A B
A

// . P.—"\s. %
4 4
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Fig_ 1.

the ratio of wire turns. Thus, if the
primary has 100 turns of wire and a
pressure of 100 volts is placed at A B,
then the voltage at D E would be
within certain limits about equal to
the number of turns of the secondary.
In other words, if the number of turns
on the secondary is one-third the num-
ber of turns on the primary, then the
voltage at D E will be approximately
one-third that impressed at A B. The
main advantage of the autotrans-
former is that a saving is accom-
plished by having the primary and

B

tion of the circuit containing the lo-
cal E. M. F. will result in an increase
or decrease of energy depending on
whether the local E. M. F. is opposed
to, or in the same direction as, the
external E. M. F. (See Counter Elec-
tromotive force.)

BACK OSCILLATION—When the con-
denser of a transmitting circuit of the
spark type discharges across the
spark gap some of the high frequency
current may flow back through the
secondary of the transformer instead
of taking its normal path across the
gap. This back flow is usually referred
to as Back oscillation or kick back,
and is apt to break down (see Break-
ing Down of Insulation) the insula-
tion of the transformer if not pre-
vented or controlled. Back oscillation
is retarded ordinarily by means of
coils of wire having a certain arbi-
trary inductance value. When the high
frequency discharge from the conden-
ser has any tendency to break through,
the reactance of these coils becomes so
great that they act in effect as insu-
lators. As the capacity and inductance
of these coils might create an oscilla-
tory circuit of the same natural pe-
riod as the primary oscillator, they are
shunted with non-inductive carbon re-
sistances. These coils are termed
“choke” coils. |

BAKELITE — An insulating material
having widespread use in radio. It

secondary windings combined. The
chief disadvantage is that where ex-
tremely high voltages are used there is
always danger of the two windings be-
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coming crossed or shorted. (See
Short.) For this reason they are used
mainly for comparatively low voltages.
One of the most common forms is the
step-down type, known as a “bell-ring-
ing transformer.” These are used to
cut down the voltage of an electric
light line to suitable value for use with
small toys or bells. If the transformer
is used to increase the voltage, it is
known as a “step-up” transformer.
(See Transformer—Radio, Audio.)

AUTO TRANSFORMER COUPLING—

See Coupling.

possesses great strength and has a high
dielectric (insulating) value together
with the ability to withstand high
temperatures. This material is fur-
nished in many forms and under a
variety of trade names, being consid-
ered one of the best of the insulating
compounds.

Chemically known as Oaxybenzyl-
methylenglycol anhydride. It is pro-
duced by the union under heat and
pressure of phenol and formaldehyde
together with a small percentage of
some alkaline agent. Is heat resisting
up to about 500 degrees Fahrenheit—
disintegration setting in somewhere
above that point.

BALANCED CIRCUIT—An electric cir-

cuit arranged in such manner with re-
lation to adjacent or neighboring cir-
cuits as to do away with the effect of
mutual induction (q.v.).

BALANCED DETECTORS—A term ap-

plied to an arrangement of opposed
rectifying detectors for reducing the
effects of strong strays in receiving
apparatus. The detectors must be bal-
anced for violent electro-motive forces,
but not balanced for the moderate
E. M. F.s due to the signals. Actu-
ally, a method of eliminating stray
impulses in reception.

BALANCED METALLIC CIRCUIT—A

circuit through conductors (wire or
any metal) in which the total resist-



ance is the same on each side of the
circuit. (See Circuit.)

BALANCED ROTARY CONDENSER—
A variable condenser having some ar-
rangement for keeping the plates ac-
curately balanced in rotation at all

Fig. 1. A “Balanced-Plate” type Rotary Condenser.

points. Fig. 1 shows a form known
as the “balanced plate” type. In this
case the plates are so arranged that
half the movable plates are on one side
and half on the other side of the shaft.

ROTOR PLATE

COUNTER BALANCE
ON OPPOSITE END
OF SHAFT

Fig. 2. A Counter-Balanced Rotary Condenser and

illustration showing how the counter balance
is attached to shaft.

This maintains the balance of the part.
Fig. 2 shows another method known
as “counter-balanced.” The weight of
the balance is the same as that of the
movable plates and its position on the
other side of the shaft serves to main-
tain balance. The idea is to prevent
the plates slipping due to lack of bal-
ance and thus keep the setting at the
desired point after adjustment.

BALANCING—Any method of elim-
inating interference by reducing the
amplification of the undesired signals
while permitting full amplification of
the desired signals. (See Interference
Eliminator.)

BALANCING AERIAL—An aerial sys-
tem designed to permit reception of
signals from distant points without in-
terference from a powerful nearby
transmitter. The system involves the
use of two aerials, one for balancing,
the other for receiving. The receiv-
ing aerial is tuned to the wavelength
of the desired signals, while the bal-
ancing aerial is tuned to the wave-
length of the nearby station (the in-
terfering signals).

In operation the receiving circuit is
coupled to each aerial electro-magneti-
cally, and is acted on by both series of
oscillations  (distant and nearby
waves). By careful adjustment of
coupling and phase relation of the in-
duced currents, the interfering wave
may be balanced out in effect and the
desired oscillations received.

BALDWIN RECEIVER — Perhaps the

most sensitive type of telephone receiv-
er thus far developed. It employs what
is known as a “balanced armature,” the
signals being produced by the vibra-
tions of a diaphragm which is not acted
on directly by the magnets. The illus-
tration shows the general plan of a re-
ceiver of this type. The armature (A)
is of soft iron and is pivoted between
two U-shaped soft iron pieces (M1, M2)
mounted on the ring-shaped horseshoe
magnet (M) as indicated. The arma-
ture is acted on by the magnets in
response to incoming signals and the
movement of this element in turn acts

Principle plan of the Baldwin Receiver unit.

on the mica diaphragm (D) by means
of a fine brass wire (C). The usual
windings (R) are placed between the
two pole pieces, the armature being
mounted in a central slot. These re-
ceivers are much used both for head-
phones and for loud-speaker units. In
the latter case the mica diaphragm is
generally made heavier to handle the
more powerful vibrations due to the
amplification of the signals.

When no fluctuating impulses (sig-
nals) flow through the windings (R%,
there is no magnetic stress on the ar-
mature (A), because this member is
suspended centrally between the pieces
(M1) and (M2), the magnetic attrac-
tion of which are equal. Now when a
fluctuating impulse flows through the
windings (R) it produces a magnetic
flux which combines with the flux of
the permanent magnet (M) and the
total flux is distributed asymmetrically
or unevenly on both sides of the ar-
mature. The result is a rocking vi-
bratory movement to this member
which is in turn communicated by the
juncture wire (C) to the diaphragm
(D), producing the audible signals.
(For a comparison of this action with
the conventional telephone receiver ac-
tion, see Telephone Receiver.)

BALKITE BATTERY CHARGER—An

electrolytic battery charger which

makes use of a sulphuric acid solution
and tantalum as the valve metal.
Used for charging storage batteries
from alternating current.
tration.

See illus-

Photo by courtesy of Fansteel Products Co.

A Balkite Battery Charger.

Note: The name Balkite is derived
from the name of the man who per-
fected the process of extraction of tan-
talum from its ores.

Basket Wound

BALLAST TUBE—An automatic means
of regulating the filament current of
vacuum tubes. The device is enclosed
in a glass tube and is arranged to
permit passage of a certain fixed
amount of current. The ballast element
is a wire whose resistance changes
with the current through it, due to the
change of resistance with the tem-
perature of the wire. When the elec-
tromotive force increases beyond nor-
mal, the increased current raises the
temperature and hence the resistance,
so that the current is held to the nor-
mal value.

B. and S.—Abbreviation for Brown and
Sharpe Gauge (q.v.).

BAND OF FREQUENCIES—A contin-
uous range of frequencies extending
between two frequencies. (See Band
gef gVavelengths; also Band Pass Fil-

7.

BAND PASS FILTER—A filter arrange-
ment designed to permit passage of
all frequencies extending between two
definite frequencies but excluding all
other frequencies. (See Band of Fre-
quencies.)

BAND OF WAVE-LENGTHS—A con-
tinuous range of wave-lengths extend-
ing between two definite wave-lengths.
For example, the usual broadcast band
of wave-lengths is approximately 250
meters to 550 meters.

BANKED BATTERY—A battery that
has its cells connected in parallel.

BANK WINDING—A form of winding
for coils in which the turns are stag-
gered so that two or more layers may
be used without having large distrib-
uted capacity losses. The illustration
shows method of bank winding for two
layers. Note that in this form the
electrostatic capacity between any two
turns is only that between adjacent
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Method of hank winding wire on a coil form.

turns, representing only a small part
of the total winding, whereas on the
usual form of winging the adjacent
turns would represent a g portion
of the total inductance and hence the
effect of distributed capacity would
then be much greater. (See Distributed
Capacity.)

BARRETER—A receiving instrument
consisting essentially of a small mass
of conducting material that is heated
by the passage of an oscillatory cur-
rent, and arranged so that the conse-
quent alteration of electrical conduc-
tivity affects an indicating instrument,
such as a telephone receiver or gal-
vanometer.

BASKET COIL—Variometers—couplers,
etc. (See Basket Wound.)

BASKET WOUND—A method of wind-
ing coils, such as variometers or vario-
couplers. The winding is a lattice-
work of wires in skeleton form, the
object being to save weight and elim-
inate large losses such as occur in the
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Battery

y{)es using a great deal of solid in-
ulating material. The illustration
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Photo by courtesy of Amer. Radio & Research Corp.
A Basket Wound Variometer.
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shows a popular form of basket va-
riometer.

BATTERY — In the electrical field, a
group of primary or storage cells, dy-
namos, or condensers grouped together
to form a single unit. The term is
often used incorrectly to refer to a
single cell—as “dry battery,” the cor-
rect name for which is “dry cell.”
Thus a group of condensers joined to-
gether as one unit is termed a battery,
also a number of dynamos arranged
as a single unit for the production of
electrical energy. (See Dry Cell, also
Battery of Alternators, Storage Bat-
tery, “A,” “B"” Battery, etc.)

“B” BATTERY—An appliance for ob-
taining electricity of sufficient voltage
to supply the plate of a vacuum tube.

There are two types of “B” bat-
teries, viz.,, the dry cell type and the

Photo by courtesy of National Carbon Co., Inc.

Fig. 1-A. A popular type of “B” Battery of 2214
volts,

storage types. In order to obtain the
high voltage required for vacuum tube
plates, many small cells are connected
in series. The usual method is to con-
nect them together and seal in a square

Fig. 1-B. A “B" Battery showing the contents of
small cells.

package. Often taps are brought out
so that various voltages may be ob-
tained for critical vacuum tubes. The
most popular voltages which dry cell
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“B” batteries give are 224 and 45
volts. The storage “B” battery is sim-
ilar to the ordinary storage battery
with the exception that the cells are
much smaller, but contain more cells
in series. These can be charged in the
same manner as the “A” or storage
battery. In Fig. 1, we have a popular
type of “B” battery. This is tapped in
order that different voltages may be
obtained.

VACUUM TUBE
| PHONES

FILAMENT -~
TERMINALS

‘B BATTERY

i S 22! VOLTS

Fig. 2. Manner of connecting a ‘“B” Battery in
the circuit of a vacuum tube detector.

The manner of connecting up the
“B” batteries in radio receiving is
shown in Fig. 2. Here one battery of

AUDIO
FREQUENCY
TRANSF.

‘B’ BATTERY
67Y, voLTS

'A'am-./r ' . E,']
2. 22hV. RV

“B” Battery of 671% volts connected in
an amplifier circuit.

Fig. 3.

22Y; volts is used. In Fig. 3, three bat-
teries are connected in series so that
G714 volts are obtained.

A common “B” battery may be used
for the detector tube and the amplifier
as shown in Fig. 4.

TO AMPLIFIER
~POSITIVE-
45 VOLTS

TO DETECTOR
-POSITIVE-
22% VOLTS

4 TO'B’- DETECTOR
*B"- AMPLIFIER

2292 [a29%%
7 N 45

'B" BATTERY ‘B’ BATTERY
22Y% VOLTS 22% voLTS

How a common “B” Battery may be used
both for detector and amplifier.

Fig. 4.

If separate batteries for each tube
are desired, the circuit should be con-
nected as in Fig. 5. This lengthens the

life of the “B” battery as the drain
on the battery is much less, i.e., only

To
UILAMENT+ tTjo PH2
‘B’ BATTERY
45 VOLTS‘
°B* BATTERY N
22% VOLTS 1, *®
4
¥ 5@ /%
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TO AMPLIFIER
TO AMPLIFIER
FILAMENT & ,% TUBE me:sll

Fig. 5. Method of employing separate ““B” Bat-
teries for the detector and amplifier.

one vacuum tube is operated on each
hattery.

BATTERY OF ALTERNATORS —In
ordinary electrical work such as house
lighting, several alternators for the
production of alternating current may
be used together as one source of
power. Also in high-power radio trans-
mission, several high-frequency alter-
nators may be used together to pro-
duce added power. (See High-Fre-
quency Alternator.)

BATTERY TESTING INSTRUMENTS
—The various devices used for deter-
mining the condition of batteries used
as radio apparatus. (See Ammeter,
Voltmeter, also Hydrometer.)

BEAT FREQUENCY—The frequency or

number of vibrations per second of a
series of oscillations representing the
difference between two other series
having different frequencies. It is nu-
merically equal to the difference be-
tween the original two series of os-
cillations. Thus, if we have a series
of oscillations having a frequency of
100,000 cycles per second, and combine
it with another series having a fre-
quency of 90,000 or 110,000 cycles, the
beat frequency will be 10,000 cycles
or the difference between the other two
frequencies.

X. The frequency of recurrence per
second of either maxima of addition or
minima of opposition of two super-
posed periodic phenomena having the
same nature but of different frequen-
cies. The time measure of vibration
of a beat or heterodyne. (See Hetero-
dyne, also Beats.)

BEATS—When two sets of oscillations
of different frequencies occur in the
same system, the difference in the fre-
quency or rapidity of vibration causes
a new set of oscillations having a fre-
quency equal to the difference between
the original two sets. This may be ac-
cidental as in the case of certain types
of receivers such as the regenerative
type, in which case the beat oscillations
are undesired and cause interference
or disturbances in the set. Then again
a beat frequency may be purposely in-
troduced as in the case of the Super-
Heterodyne receiver. Here we have
the natural incoming oscillations from
the antenna combined with a series of
oscillations produced locally in the sys-
tem. The result is a new set of oscil-
lations where the incoming series and
the locally produced series are not of
the same frequency. (For more com-
plete explanation see Super-Hetero-
dyne Receiver.)

X. Where two periodic phenomena
are super-posed or run together and



the frequencies differ, the gradual
change in phase difference produces a
condition wherein the amplitudes are
in opposition at one instant and in
concurrence at a later instant with the
various intermediate stages during the
interval. (See Heterodyne, also Beat

Frequency.)

BEG OHM—A resistance of one billion
ohms. (See Megohm.)

BELIN, EDOUARD—French _scientist,
the inventor of what is considered the
first practical system of radio trans-
mission of photographs.

The device

Hrown photo.
Edouard Belin.

can be used for sending photos by cable
or telephone lines as well as radio.
(See Transmission of Photographs by
Radio.)

BELL, Alexander Graham (1847-1922)—
Scottish scientist. Born in Edinburgh,
March 3rd, 1847, he was educated at
the High School and University and
graduated as a doctor of medicine. In

Alexander Graham Bell.

1870 he went to Canada, and in 1872
became professor of vocal physiology
in the University of Boston. In 1876
he exhibited his apparatus for the
transmission of sound, afterwards de-
veloved into the telephone.

Bell was experimenting with an elec-
tric invention by means of which he
hoped to make speech visible to the
deaf. A delicate metal reed was caused
to vibrate by spoken speech and to
transmit an electric current to the op-
posite end of a wire, where the vibra-
tions of the first reed were reproduced
in a second reed by a magnet. He
found that it was possible to transmit
not merely vibrations of the original
reed, but to reproduce the sound itself
in the vibrations of the second reed.
In 1878 he invented the photophone,
to enable sound to be transmitted by
variations on a beam of light, and
later a phonograph. Bell was the au-
thor of many scientific papers, was
awarded the Albert Medal of the Royal
Society of Arts in 1902 and the
Hughes Medal of the Royal Society in
1918. He died Aug. 2nd, 1922.

BELLINI, Dr. Ettore—Born in Foligno,
Italy, April 13th, 1876. Educated at
the University of Naples. Noted as
Electrical Engineer to the Royal Ital-
ian Navy, and chief of the Naval Elec-
trical Laboratory at Venice. Joint in-
ventor with Captain Tosi of the “Ra-
diogoniometer” (q. v.), a device for
finding the direction of transmitted
radio signals.

BELLINI-TOSI
ometer.

BELLINI-TOSI DIRECTION FINDER
—See Goniometer.

BEZEL — In mechanics, generally a
groove and flange made to receive a
beveled edge. In its adaptation to
radio some liberty was taken with its
real meaning. Its significance in this

AERIAL — See Goni-

A Bezel on the panel of a radio receiving set.

sense is a small metal ring having a
wire mesh or glass center. It is fitted
into a circular hole in the panel of a
radio receiver and used as a peep hole
to enable the operator to know at all
times the conditions of the tubes, whe-
ther or not they are properly lighted.

BILLI CONDENSER—A variable con-
denser of low capacity, consisting of
two brass tubes, one of which is ar-
ranged to slide in and out of the other
for the purpose of varying the capac-
ity. Such condensers were much used
before the days of broadcasting, in
conjunction with any circuit using a
crystal and battery for detector. This
type of condenser has long been obso-
lete in the United States.

BINDING POST—A screw and nut ar-
rangement used on electrical units and
radio apparatus to make convenient
connections from an external source
to the desired point within the appara-
tus. Binding posts are provided, for
instance, to make handy connections
from batteries to the set and from the
aerial and ground leads. The illustra-
tion shows a popular type of binding

post.

Blondlot
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Photo by courtesy of The H. H. Eby Mfg. Co.

A group of Binding Posts as used on electrical and
radio apparatus.

BI-POLAR—Having two poles. Usually
a dynamo or motor whose armature
rotates between a field magnet having
only two poles. The most modern
types are of the Multi-polar variety.
(See Bi-polar Magnetic Field.)

BI-POLAR ARMATURE WINDING—
An armature wound in a manner to
permit its use with a dynamo having a
bi-polar magnetic field.

BI-POLAR MAGNETIC FIELD — The
magnetic field (q.v.) created between
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A Bi-Polar Magnet of & dynamo.

two magnetic poles. The illustration
shows a common form of bi-polar mag-
net for a dynamo. Bi-polar magnetic
fields are now used as a rule only for
direct current machines of low power,
such as those under 5 Kilowatts. (See
Dynamo, also Generator.)

BI-TELEPHONE RECEIVER—A head-
set with two receivers or phones as
generally used in radio. In the early
days of radio transmission it was the
custom to use only one phone.

BLONDEL, Andree—French electrical
expert. Born at Chaumont, France, in
1863, he graduated at Paris Univer-
sity, and studied electric waves, on
which subject he early contributed a
number of papers to various scientific
journals. In 1893 he invented the os-
cillograph, an instrument somewhat
similar to a mirror galvanometer, for
showing curves of oscillating or alter-
nating currents. This invention opened
up a fresh field in the study of alter-
nating currents. In the same year
Blondel explained for the first time
mathematically the effect of inertia in
the shunting of alternators. He is re-
sponsible for a system of acoustically
syntonic wireless telegraphy, and for
directed waves produced by a double
aerial. In 1902 he patented a method
for producing electric oscillations
for wireless telephony, and has writ
ten many papers on microphonic con-
trol for transmitters, wireless tel-
phony, the singing arc, etec.

BLONDLOT, Professor Prosper Rene—
French wireless expert. Born at
Nancy, France, in 1849, studied at
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Blower Motor

Paris, and became professor at the
faculty of sciences, Nancy, and after-
wards Honorary Professor and Cor-
respondent of the Institute of France.
Professor Blondlot is famous for his
studies of electro-magnetic waves, par-
ticularly with regard to their speed,
and the laws of propagation of wire-
less waves in various media.

BLOWER MOTOR—A motordriven fan
used to deliver a high pressure blast
at the spark gap to prevent arcing.
(See Spark Gap, also Spark Dis-
charger.)

BLOWOUT—See Magnetic Blowout.

BLUE GLOW — A condition within a
vacuum tube when the vacuum has be-
come poor. After continued use a tube
will often hold a small percentage of
gas, which causes a blue glow when
current is passed through it. A tube
in this condition is a poor detector or
amplifier and should be replaced. The
condition should not be confused with
the glow often caused by an excessive
voltage. In this latter case decreasing
the voltage to the normal value will
generally permit the tube to be oper-
ated efficiently. The blue glow in this
case is due to ionization of the residual
gas by the excessively high potential
impressed across the elements of the
tube.

BOARD OF TRADE UNIT— B.O.T.
1,000 Watt Hours. One and a third
Horse Power.

BODY CAPACITY—The effect of the
human body when tuning a radio re-
ceiving set. The hand when placed on
or near the controls very often throws
the receiver out of balance with the
incoming signals. In the case of very
sharp tuning this effect is more in evi-
dence and is likely to cause howls due
to self-oscillation. The howling is due
to the production of an audible beat
frequency in the system, caused by
the combination of the local oscilla-
tions with the incoming signal oscilla-
tions. The remedy may be to shield the
panel with metal foil or in some cases
to merely alter the direction of the
leads from the tuning condenser. The
experienced operator seldom pays
much attention to the phenomena, as
a little practice enables the listener-in
to compensate for the effect. To make
this more clear, if, when tuning the
set, the withdrawal of the hand from
the dial detunes the set or throws it
out of balance, it is due to the fact
that the hand has acted as a certain
amount of capacity in the circuit, and
naturally its withdrawal is equivalent
to a change in the condenser setting.
A simple system is to turn the con-
trol beyond the point of maximum vol-
ume, then when the hand is withdrawn
the capacity will drop to its proper
value. This can be mastered very read-
ily. If the tuning condenser is con-
nected across the secondary, i.e., one
side to the grid, and the other to the
grid return, the stator plates of the
condenser should be connected to the
grid of the tube. If metal foil or thin
copper sheeting is used for shielding
it should be connected to the ground
post of the set.

The tendency of the human body
to insert an arbitrary capacity in the
circuit. The phenomena is especially
noted where maximum volume is ob-
tained only by very ecritical control
close to the oscillating point, in which
case the circuit may be thrown out of
reonnnere.,
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BOLOMETER — Type of

BOLITHO CIRCUIT—A super-regenera-
tive circuit patented in England in
1919 by Captain J. B. Bolitho. The
circuit was originally intended to op-
erate a relay device. The circuit has
been adapted to use as an amplifier
for radio reception.
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Diagram of the Bolithoe Circuit.

In the illustration the phones may
be replaced by a loud speaker or relay.
In operation, T1 is held at a point
just below that where oscillation sets
in by means of T2 which is excited by
an oscillator O in the plate circuit and
coupled by means of coil L4 to the
tuned grid circuit through L2 and L3,
the coupling, as explained, being so
arranged that the tube is always just
below the oscillating point. A reac-
tion coil L4 is placed in the plate cir-
cuit of T2 in such manner as to op-
pose the magnetic linkage between
coils L2 and L3. The frequency of the
generator O is lower than that of the
received signals. As indicated, the
grids of both tubes T1 and T2 are
joined together and the tube T2 main-
tains the circuit in a receptive condi-
tion when tube T1 is tuned just below
the oscillating point.

The oscillator O makes the plate of
T2 alternately positive and megative
with the following effect: When the
plate of T2 is negatively charged there
1S no current in coil L4, this coil
therefore not affecting coils L2 and
L3, and permitting tube T1 to build up
self oscillation. When the plate is
made positive by the action of the os-
cillator, current flows through coil L4,
and as it is coupled in opposition to
coils L2 and L3 it neutralizes the coup-
ling between L2 and L3 and prevents
transfer of energy between the grid
and plate circuits of the tube T1. This
tends to stop the self oscillation and
makes the circuit receptive to the en-
ergy (signal) produced by outside sig-
nals in the aerial coil L1. The fre-
quency, of course, is determined by the
frequency of the oscillator O. The
system is especially adapted to the
reception of continuous wave signals.
(See Super-regenerative circuit, also
Feed-back and Regenerative circuits.)

R Wheatstone
Bridge having an easily heated resist-
ance, such as a very fine wire in one
arm. (See Wheatstone Bridge.)

BOOSTER—An expression signifying a

small dynamo used in conjunction with
main dynamo to temporarily raise,
when necessary, its normal pressure.
It is generally driven by a motor sup-
plied with energy from the main gen-
erator and thus becomes in effect a
continuous current transformer. Fre-
quently used for charging accumula-
tors of a generating plant. The term
“Boost” is also used to denote increase

or a stepping-up of any electrical
quantity. (See Amplification.)

BORNITE — A crystal rectifier much
used in radio reception. It is a nat-
ural sulphide of iron and copper, hav-
ing a metallic blue lustre. This min-
eral is used in combination with zinc-
ite or copper pyrites as a crystal de-
tector. Such combinations are gener-
ally known as “crystal to crystal” de-
tectors to distinguish them from the
ordinary variety using one mineral and
a wire contact.

BORON—A non-metallic chemical ele-
ment used in radio as one of the elec-
trodes for the 7. Y. K. Arc. Chemical
symbol B, atomic weight 11.0, specific
gravity 2.6.

B. O. T.—The customary abbreviation for

Board of Trade Unit. The unit repre-
sents 1,000 watt hours. (See Board of
Trade Unit.)

BOX AERIAL—A term occasionally ap-
plied to loop aerials. (See Loop aerial,
also Frame Aerial.)

BRADFIELD INSULATOR — A par-
ticular form of Lead-in Insulator, con-
sisting of an ebonite tube provided
with zinc cone and ebonite spark dises,
for breaking up continuous streams of
rain running down outside which might
cause the aerial to become grounded.
The whole is held in position, half way
through roof of operating room, by
means of a stuffing box. The aerial is
led in by means of a conducting rod
through center of tube. (See Petticoat
insulator.)

BRANLY COHERER — Early form of
Marconi Coherer. (See Coherer.)

BRANLY, EDOUARD—French radio ex-
pert. Born at Amiens, France, Oct.
23rd, 1844. He was educated at Paris
and afterwards became Fellow of the
University, doctor of physical science,
and doctor of medicine. Branley early
made a study of electro-magnetic
waves, and in 1890 and 1891 patented
methods of operating a local relay cir-
cuit from a distance by means of wire-
less waves. In 1900 he was awarded
the Grand Prix by the International
Jury of Superior Precept Instruction
for his exhibition of radio-conductors.

In 1890 Branly published an account
of his very extensive series of obser-
vations on the electrical conductivity

Edouard Branly.

of loosely packed metal filings, and he
made the extremely important obser-
vation that an electric spark at a dis-



tance had the power of suddenly chang-
ing the electric conductivity of loose
masses of powdered conductors. To
Branley is due the coherer named af-
ter him.

BRAUN, FERDINAND — Professor at
the University of Strasburg, and one
of the leading world authorities on Ra-
dio transmission. As early as 1899
Braun was granted a patent for closed
oscillating systems with an inductively
coupled antenna. The system was
claimed by Braun to possess a much
greater efficiency than the directly
coupled systems. The Braun transmit-
ting set, as manufactured by Siemens
and Halske, consisted of a large coil
worked into an electrolytic interrupter,
a set of Leyden jars, enclosed spark
gap, oscillation transformer wound
with insulated wire placed in oil, and
for the receiving set the standard type
of coherer relay and Morse register.
In 1899 Braun established communica-
tion between Cuxhaven and Heligoland,
using aerial wires 90 feet high, and
the inductive coupled aerial connection
for transmitting. In 1903 Braun joined
with Slaby, von Arco, and Siemens to
form the Telefunken system of trans-
mission. Professor Braun was awarded
the Nobel prize with Marconi in 1900,
for his work in wireless. Braun has de-
vised a method of directional wireless
which depends upon the interference
of electric waves travelling in the same
direction but different in phase. Three
simple vertical wire aerials are set up
in positions corresponding to the angu-
lar points of an equilateral triangle,
and oscillations are created in these
which differ from one another in phase.
In 1897 Professon Braun published a
description of his cathode ray tube, and
afterwards pointed out, in 1902, how
such a tube could be used to trace the
forms of alternating current waves.

BRITISH STANDARD WIRE GAUGE

—The standard wire gauge of Great
Britain. The table shows the various
diameters in thousandths of an inch
(mils.).

WIRE GAUGES IN MILS.

GAUGE New British Standard

0 000 000 500
000 000 464
00 000 432
0 000 400
000 372
00 378
0 324
1 300
2 276
3 252
4 232
5] 212
6 192
7 176
8 160
9 144
10 128
11 116
12 104
13 92
14 80
15 72
16 64
17 56
18 48
19 40
20 36
21 32
22 28
23 24
24 22
25 20
26 18

27 16.4

28 14.8

29 13.6

30 124

GAUGE New British Standard
31 11.6
32 10.8
33 10.0
34 9.2
35 8.4
36 7.6
37 6.8
38 6.0
39 5.2
40 4.8

BREAK or BREAKER — See Circuit
Breaker.

BREAKDOWN POTENTIAL or
BREAKDOWN VOLTAGE—The volt-
age necegsary to break down or punc-
ture a dielectric. The ability of any
insulating material to resist breakdown
is an important matter. An insulator
or dielectric material is usually given
a certain rating or point above which
it is likely to fracture. Thus, a con-
denser may have a breakdown rating
of 500 volts. That is to say that volt-

ages up to 500 and slightly over may
be handled with safety, but any large
increase above that figure may result
in puncture of the material by the

Broadcasting

BRIDGES—See Capacity Bridge, also

Wheatstone Bridge.

BRIDGING—A term occasiona11¥h used

for shunt (q.v.) connections. us, a
grid condenser is generally shunted or
bridged by a grid leak.

BROADCAST—Transmission of music,

news and other matters of general
interest and entertainment by means
of radio telephony. (See Broadcasting,
General Treatise on Methods.)

BROADCASTING, GENERAL TREA-

TISE ON METHODS—The applica-
tion of radio telephony to the trans-
mission through the ether of musical
programs, speech or any form of news
or entertainment, in such manner that
it can be readily received by anyone
possessing a radio receiver sufficiently
sensitive and capable of being tuned to
resonance with the particular waves
being sent out. While broadcasting in
its present world-wide scope is a com-
paratively new enterprise, it has ac-
tually been used to a more or less
degree since the practical development
of the wireless telephone. As near as
records can be determined, the first

Fig. 1. A bank of 250-watt transmitting tubes in a Radio Broadcast Station.

Note the small receiving

tube for comparison of size.

excessive potential or voltage. The
relation between dielectric strength
and breakdown voltage is shown in the
following formula:
V=cd%

Where d is the thickness of dielectric

in millimeters

V the potential difference in volts

c-a constant representing the po-
tential difference required to cause a
dielectric breakdown of a sample of the
material 1 mm. thick. (See Dielectric
Strength.)

BREAKING DOWN OF DIELECTRIC—
In a condenser, the gradual weakening
of the dielectric or insulating sheets
which eventually causes them to permit
direct passage of the current. For
example, if a force of 1000 volts is
applied for a considerable period to a
condenser that has been designed for
a maximum of 500 volts, the insulating
material between the plates would
probably be punctured by the current.
(See Break-down Potential.)

BREAKING DOWN OF INSULATION
—The same effect as referred to under
Breaking Down of Dielectric. The in-
sulation weakens and permits the ready
passage of electric currents. (See
Break-down Potential.)

actual broadcasting was done in 1912.
It was, however, not until after the
world war that it began to develop into
an industry of prominence. Now it
occupies a place of very definite im-
portance in everday life; carrying
news and entertainment into the re-
mote corners of the earth, far removed
from telephone or telegraph communi-
cation.

The fundamental principles of broad-
casting are essentially those of radio
transmission, with the addition of
means of combining the speech or
music vibrations with the regular radio
waves. First we have to consider the
radio waves of high-frequency—alter-
nating current that changes in direc-
tion many thousands of times each
second. These high frequency waves
are known as the carrier waves. The
frequency of these waves varies ac-
cording to the length of the waves
(wavelength), in the case of American
broadcasting stations, being between
250 and 550 meters in most cases,
which means a frequency range of
approximately 550,000 to 1,200,000
cycles.

Now by means of a microphone, a
device similar in principle to the
mouthpiece of an ordinary telephone,
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Broadcasring

but designed to handle large cur-
rents, the air pressure waves, i.e.,
speech or music, are converted into
variations of electric current. By use
of suitable amplifying apparatus, the
strength of the electric waves radiated
from the antenna is varied to cor-
respond electrically to the acoustic or
sound variations due to the speech or
music being impressed on the micro-
phone. The speech or music waves are
low frequency waves, generally rang-
ing between 100 and 4000 per second.
"Thus, while the carrier wave oscilla-
tions are of high frequency, the vari-
.ations in it are low frequency, cor-
responding to the ordinary speech or
music vibrations.

speech amplifier system, comprising
vacuum tubes and the necessary asso-
ciated eircuits.

These amplified currents are applied
to the grid of a control tube or bank of
tubes and result in large variations in
the plate current of the tubes. (See
Theory of Vacuum Tube.) The control
tubes are supplied with filament cur-
rent from storage batteries or special
low voltage D. C. generators, and the
high voltage applied to the plates of
the tubes is furnished by generators.
This power will vary in most cases
from about 1,000 to 5,000 volts. In
some broadcasting stations, the power
is obtained through high voltage direct
current generators, while in others, the

Fig. 2. Studio of a modern Radio Broadcast Station.

The process of varying the radiated |
wave in accordance with the sound |

waves is known as modulation. This
adjustment is of the utmost impor-
tance, as defects here result in dis-
torted or improperly modulated sound
‘waves and the reproduction cannot be
perfect. The reception of broadcast
programs is essentially the same as
that of ordinary radio signals, with the
exception that care must be used at
the receiving end to preserve the form
of the original vibrations. When dot
and dash signals are received, the tone
is of comparatively little importance,
whereas with voice or music it is essen-
tial that the tone quality be retained.

In broadcasting the high frequency
oscillations are produced by means of
.a tube or group of tubes, practically
identical with those used for reception,
but designed to handle large currents
and voltages. The majority of Amer-
ican stations use vacuum tubes of 250
watts power rating, one or more of
them being used to obtain the total
power required. These tubes are shown
in the illustration, Fig. 1.

When a program is being broadecast,
the action is somewhat as follows: The
artists are disposed before the micro-
phone with due regard to the effect of
certain instruments. That is to say, one
type of instrument may be placed near
the microphone, while another must be
placed farther away, owing to the dif-
ferences in tone and volume. T7This is
done to prevent any one tone or range
of tones from predominating. These
speech or music currents are converted
into electrical variations by the micro-
phone and then increased many times
in power or amplitude by means of a

2R

alternating current supply is stepped
up or transformed through high volt-
age transformers and then rectified by
means of special vacuum tubes.

The high frequency waves are ap-
plied to the antenna system tuned cir-

cuits and carefully modulated in ac- |

cordance with the variations of the
speech or music being transmitted. The
action of the transmitter and the
effect of the modulation must be care-
fully observed at all times during the
transmission of programs. (See Har-
monic Suppressor, also Oscillograph.)

Fig. 2 shows the studio of a modern
broadcasting station.

It is interesting

Fig. 3. Main contro] panels of a Radio Broadcast

Station.

to note that these studios are very
carefully arranged and the walls cush-
ioned to prevent troublesome acoustic
effects. There must be no reverbera-
tion—echoes—or the transmitted pro-
gram would be distorted by the addi-
tional or repeated tones. Fig. 3 shows
the main controlk panels. Fig. 4 illus-
trates the power generating system of
a typical broadcasting station.

The radio waves generated and radi-
ated from the broadcasting station
travel away from the antenna at tre-
mendous speed—that of light waves,
or about 186,000 miles per second.
These waves radiate off into space in

- O

Photos by ¢;ou_110:_\! of Station WRNY (New York)

Fig. 4, A section of the generator room with power plant in a Radio Broadcast Station.



much the same manner as light waves,
but a certain portion apparently fol-
low the curvature of the earth. When
these waves impinge on a receiving
. aerial they follow the path of least
resistance, and being then in the na-
ture of electrical impulses, they follow
the aerial and lead-in wire to the re-
ceiving set, and thence to the ground.
The receiver is arranged in such fash-
ion that it corresponds electrically to
the antenna circuit of the transmitting
station. That is to say, the receiver is
placed in resonance with the particular
signals desired. The usual system of
detecting, either with a simple crystal
or by means of vacuum tubes, may be
followed by special amplification which
will make the signals audible on a
loud speaker. In many cases the sig-
nals are amplified in their original
form (radio frequency amplification),
then rectified by the detector and fur-
ther increased in volume at audio fre-
quency. (See Modulation, Speech Am-
plifier, Electromagnetic Waves, etc.)

BROAD TUNING — A term used to
designate the lack of  selectivity in
reception or in transmission, the use
of several waves rather than a sharp,
pure wave. If a receiving set is of
such a nature that it is difficult or
impossible to receive the desired sig-
nals without hearing any other, the
set is said to be “broadly tuned.” (See
Tuning, also Selective Tuning.)

BROKEN CIRCUIT—See Open Circuit.

BROWN AMPLIFYING RELAY — An
arrangement whereby the compara-
tively weak signals received by a crys-
tal detector, usually of the carborun-
dum type, may be amplified or in-
creased in intensity, either to allow a
recording machine to be used or merely
to make the signals more readily audi-
ble in the ear phones. The device con-
sists essentially of an arrangement for
controlling and stepping up the vibra-
tions in conjunction with a small bat-
tery or dry cell.

One example of such a relay is
shown in the illustration. In this case
the soft iron cores cc are magnetized
by the permanent magnets mm, the
poles of which are marked n _and s.
R1 is a fine wire winding such as is
ordinarily used in ear phones and R2
is a larger winding placed over the
main magnets mm. Directly above the

=

The Brown Amplifying Relay Circuit.

soft core cc with the windings R1 is
placed a steel vibrating tongue V hav-
ing a contact D which touches lightly
contact G. Contact G is of a special
alloy of osmium and iridium and the
contact D is a carbon button, which in
contact with G forms a microphone.
The winding R2 is joined with the
telephone P and the battery B, all in
series with the microphonic contact.
When current (signal current) enters

Two -different types of Brushes.

the leads A—E through the windings
R1 the result is a change of flux in the
core of the magnet which vibrates the
tongue V. This in turn varies the
current of the battery B and causes
correspondingly greater sounds in_the
ear phones P. Several of these relays
may be connected together to permit a
much greater amplification of the orig-
inal signals.

BROWN & SHARPE GAUGE — The

American wire gauge adopted as stand-
ard for wires for electrical purposes.
Commonly known as B. & The
various sizes run from 40 to 0000, 40
having a diameter of .00314 inch, and
0000 being .46 inches in diameter. We
refer to wire having a diameter of
.00314 inch as being 40 B. & S. gauge.
(See page 26 for table.)

BROWN, Sidney George—Born in Chi-

cago, S. A., in 1873, of English
parents, he was educated at Harrogate
and London University. An early study
was made by him of the subject of
submarine telegraphy. During these
investigations he invented the magni-
fying relay for cables. Another im-
portant invention was the cable drum
relay. In the year 1898 he invented
the magnetic shunt. Since that time
many of his activities have been di-
rected to the solution of problems in
telephone and wireless telegraphy.

In particular the radio experi-
menter will know the telephone receiv-
ers bearing his name and the important
developments of the microphone relay.
In the field of land telegraphy and tele-
phony, his activities have resulted in
the invention of such items as the car-
bon telephone relay system, which is
largely used on land trunk lines for the
transmission and reception of tele-
phony.

He is a Fellow of the Royal Society
and Vice-President of the Radio So-
ciety of Great Britain. His writings
on technical subjects are extensive,
and numerous valuable patents have
been taken out by him, including the
vacuum tube oscillation generator in
1916 and ionic electric relays in 1918.

BRUSH—A device for collecting current

from the commutator (q.v.) of a dy-
namo or supplying current to the com-
mutator of a motor. Brushes are made
in a great variety of forms, the most

kFLEXIBLE 1 "'-,I_h

LEADS

COPPER =
GAUZE
BRUSH—

CARBON
BRUSH

At the left is
shown a carbon brush. and at the right a
copper gauze brush.

common being carbon blocks or brass
or copper gauze. The illustration shows
two different types.

BRUSH ANGLE—The angle formed by

a brush in its contact with the com-
mutator. The angle is usually 45°. If
the brushes do not bed properly, spark-
ing is apt to occur.

BRUSH DISCHARGE—A faintly lu-
minous discharge which takes place on
the surface of conductors charged to
high potential, due to ionization. This
effect can be noted at times on the an-
tenna of a powerful transmitting sta-
tion. (See Corona.)

Bunsen Burner

BRUSH HOLDER—Metal clamp capable
of adjustment which holds the brush
in position on the commutator of a dy-
namo or motor. (See Brush.)

BRUSH LOSS—The loss in watts or
power due to the friction of the brushes
against the commutator. This loss is
at a minimum when the brushes make
perfect contact at the proper angle.

BRUSH PRESSURE—A term used to
designate the pressure with which the
brushes bear on the commutator of a
dynamo machine and also referring to
the voltage or electrical pressure deliv-
ered at the brushes.

B. S. G.—Abbreviation for British Stand-
ard Gauge of Wire, commonly known
as B. S. (See British Standard Wire
Gauge.)

B. T. U—Abbreviation for “British Ther-
mal Unit,” being the commonly used
heat unit. The amount of heat required
to raise the temperature of a pound of
water one degree Fahrenheit at ordi-
nary atmospheric pressure.

BUCHER, Elmer E.—Born Akron, Ohio,
Nov. 11, 1885. Educated at high school
and private tutors. An American pio-
neer, Experimental Engineer with De-
Forest Wireless Telegraph Company in
1903; constructed several high power
stations in Middle West and Gulf Coast
and later for United Wireless, which
absorbed the Deforest Company. Or-
ganized training school for United
Wireless and instituted first radio
schools for Y. M. C. A. in New York
City. Supervised commercial opera-
tions and conducted research work for
United Wireless; later instructing en-
gineer Marconi Wireless Tel. Co. Tech-
nical Editor “Wireless Age” 1913 to
1917. Appointed Commercial Engineer
for newly formed Radio Corporation
of America in 1920, and since 1922
has been in charge of general sales
for that corporation. Author of nu-
merous standard works on radio, in-
cluding “Practical Wireless Telegra-
phy,” ‘“Wireless Experimenters’
Manual,” “Vacuum Tubes in Wireless
Communication,” and many others.
Holds numerous U. S. patents on radio
systems and devices.

BUCKLED DIAPHRAGM—Warping of
the diaphragm of a phone as used in
radio. Excessive voltages if applied di-
rect to the head-phones will often bend
the diaphragms. Any such defect may
seriously impair the operation of the
part and when it is noted that a dia-
phragm is bent or warped through
rough usage or the application of too
great voltages, it is best to replace it
immediately.

BUCKLING OF PLATES—During dis-
charge of a storage battery the plates
gradually expand, owing to the fact
that lead sulphate has about twice the
volume of the same quantity of lead
peroxide. Should this expansion or dis-
charge take place too quickly, the plates
will l;end or buckle. (See Storage Bat-
tery.

BUNSEN BURNER —A form of gas
burner frequently used in radio con-
struction for heating the soldering iron
where electricity is not available. By
special arrangement of the parts, the
gas is combined with the proper
amount of air before it reaches the
burning part. This is done by driving
the gas through a tube with small holes
drilled to allow the air to be sucked in.
This method promotes complete com-
bustion and gives a non-luminous flame

that heats the goldering iron without
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THE BROWN & SHARPE (B.&S.)
COPPER WIRE GAUGE—Below is a
comprehensive copper wire table, which
is the standard one in use in the United
States. The resistance and cross-sectional
areas of various sizes of conductors are
given, so that considerable calculating

stated as having a diameter of 9 mils.
The area of cross-section of the wire in
circular mils is found by squaring the
diameter in mils; thus the 9 mil conduc-
tor would have 9 times 9, or 81 circular
mils area. This is the end area of the
wire, of course, and is used in all electri-

of resistance, or ¥ of 59 ohms, that is,
25 ohms. The resistance per foot is found
by dividing the resistance in ohms per
1,000 feet by 1,000. This wire table is
for bare copper wire. Conductors, ac-
cording to the B. & S. standard gauge,
halve their sectional area in circular mils

can be done with the data at hand. A mil
means 1-1000 (one thousandth) of an
inch. Hence a wire with a diameter of 9
thousandths of an inch could also be

cal figuring. If the resistance per 1,000
feet of a certain size wire is, say, 50
ohms, then 500 feet of the same size wire
would have a proportionately less amount

(Cir.

Mils) for every 3 gauge sizes

smaller wire; and double their sectional
area in Cir. Mils for every 3 gauge sizes

increase.

b Size WEIGHT AND LENGTH. RESISTANCE. § :_
2 P2
E Square of q Pounds ?f ‘§ §‘§
B sl o D A T I I Il )
& AL Mils. Foot. Feet, Pound. Feet. per Uhm, und. OZ
Amperes.
0000 (460000 | 2116000 | 4477.2 639.60 1.564 051 | 19929.7 .0000785| 430
000 | 409.640 1678049 | 3550.5 507.22 1.971 063 | 158049 000125 | 262
00 [ 364.800 1330790 | 2815.8 402.25 2.486 080 | 12534.2 000198 | 208
0 [324.950 105592.5 | 2230.2 319.17 3.133 101 | 99453 000815 [ 165
1 [289.300 8369449 | 17709 25298 3.952 JA27 | 78828 .000501 130
2 1257630 66373.22 | 14044 200.63 4.994 160 | 6251.4 000799 | 103
3 229420 52633.53 | 1113.6 159.09 6.285 202 | 49573 001268 81
4 1204310 4174257 | 883.2 126.17 7.925 254 | 39316 002016 65
5 ]181.940 33102.16 | 700.4 100.05 9.995 321 | 31178 003206 52
6 |162.020 2625048 | 5554 79.34 12.604 404 | 24724 005098 41
7 | 144280 20816.72 | 440.4 62.92 15.893 .509 | 1960.6 008106 32
8 |128.490 16509.68 | 349.3 49.90 20.040 0643 | 15550 01289 26
9 |114.430 13094.22 | 277.1 39.58 25.265 811 1233.3 02048 20
10 | 101.390 10381.57 | 219.7 31.38 31.867 1.023 977.8 03259 16
11 90.742 8234.11 174.2 24.89 40.176 1.289 775.5 05181 13
12 80.808 6529.93 | 138.2 19.74 50.659 1.626 615.02 08237 10.2
13 71.961 5178.39 | 1096 15.65 63.898 2.048 488.25 .13087 8.1
14 64.084 4106.75 86.87 12.41 80.580 2.585 386.80 .20830 6.4
15 57.068 3256.76 68.838 9.84 101.626 3.177 306.74 33133 5.1
16 50.820 2582.67 54.67 7.81 128.041 4.582 243.25 .52638 40
17 45.257 2048.19 43.33 6.19 161.551 5.183 19291 83744 3.2
18 40.303 1624.33 34.37 491 203.666 6.536 152.99 1.3312 2.5
19 35.390 1252.45 26.50 3.786 264.136 8477 117.96 2.2392 1.96
20 31.961 1021.51 21.60 3.086 324.045 10.394 96.21 3.3438 1.60
21 28.462 810.09 17.14 2.448 408.497 13.106 76.30 5.3539 1.28
22 25.347 642.47 13.59 1.942 514.933 16.525 60.51 8.5099 1.08
23 22.571 509.45 10.77 1.539 649.773 20.842 47.98 13.334 .80
24 20.100 404.01 8.55 1.221 819.001 26.284 38.05 21.524 63
25 17.900 320.41 6.77 967 1044.126 33.135 30.18 34.298 .50
26 15.940 254.08 5.38 768 1302.083 41.789 23.93 54.410 40
27 14.195 201.49 4.26 608 1644.737 52.687 18.98 86.657 31
28 12.641 159.79 3.39 484 2066.116 66.445 15.05 137.283 823
29 11.257 126.72 2.69 384 2604.167 83.752 11.94 218.104 .20
30 10.025 100.50 2.11 302 3311.258 105.641 9.466 349.805 16
31 8.928 79.71 1.67 239 | 4184.100 133.191 7.508 557.286 13
32 7.950 63.20 1.33 190 5263.158 168.011 5.952 884.267 098
33 7.080 50.13 1.06 151 6622.517 211.820 4721 | 1402.78 078
34 6.304 39.74 847 121 8264.463 267.165 3.743 | 2207.98 062
35 5.614 31.52 658 094 | 10638.30 336.81 2.969 | 3583.12 049
36 5.000 25.00 525 075 | 13333.33 424.65 2.355 | 5661.71 039
37 4453 19.83 420 060 | 16666.66 535.33 1.868 | 8922.20 031
38 3.965 1572 315 045 | 22222.22 675.22 1.481 | 15000.5 025
39 3.531 12.47 2 038 | 26315.79 851.789 1.174 | 22415.5 020
40 3.144 9.88 210 030 | 33333.33 1074.11 931 | 35803.8 015
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depositing soot as in the case of an or-
dinary luminous flame.

BURSTYN, Dr. W.—Born in Austria,
1877. Educated at Vienna University.
Noted as: Developer of the quenched
spark system in radio transmission,
upon which he worked in conjunction
with Baron Lepel in 1907 to 1912.

BUS BAR—A single bar, usually copper,
which serves as a common connector
for a number of pieces of apparatus.
Also referred to as Omnibus Bar.

BUS BAR WIRE—Square copper wire,
usually tinned, much used in making
radio connections. This wire is gener-
ally furnished in lengths of two or two
and a half feet and is particularly effi-
cient for radio work, as it offers a low
resistance connection, makes a neat ap-
pearance, and is suitable for soldering
at joints.

BUSHING — Pieces of insulating ma-
terial, usually fibre or rubber composi-
tion, used to insulate parts of radio ap-
paratus or in mounting machine screws
or shafts of condensers and other
devices. The term is also applied to
brass®or other metal bearings through
which the shaft of a piece of appara.
tus is run.

BUTT JOINT—A method joining two
lengths of wire together by placing
them end to end or at right angles and

Showing how a Butt Joint is made.

soldering the joint. The illustration
shows a common butt joint.

BUZZER—An electric call signal device
that makes a buzzing noise caused by
the rapid vibrations of & contact

C—The chemical symbol for carbomn.
When printed in italics, it is also the
symbol for coulomb in electrical prac-
tice. It is the international symbol for
capacity.

CABLE—A number of wires stranded
together, used to carry electrical cur-
rents, heavily insulated and often cov-
ered by a sheath or outer coating of
lead, rubber, gutta percha, or braided
silk or cotton. The term is used very
often in a broad sense to signify any
heavy wire or strand of wires that may
be insulated more thoroughly than is
ordinarily the case. (See Conductor,
Stranded Wire, etc.)

CADMIUM—A chemical metallic ele-
ment somewhat resembling zinc. In
color, white with a bluish tinge. It is
useful in fusible alloys because of its
property for uniting readily with other
metals, having a low melting point.
Its electrical conductivity is about 25%
of that of silver. It is very useful in
the construction of a crystal detector,
the molten metal holding the crystal
firmly and as it melts at a low tem-
perature the heat will not affect the
sensitivity of the crystal. Cadmium is
also used in making cells, notably the
Weston Cell. (See Weston Cell.)

CAGE ANTENNA—An aerial havjng a
number of wires arranged in cylindri-

CALCULATION

breaker in a circuit using a small bat-
tery or cell. (See Testing Circuit.)

JIH
c

Diagram of a Buzzer circuit.

A £~

As the current flows from the posts
A B the electro-magnets C and D are
energized and draw down the vibra-
tor spring F. This breaks the contact
between E and F and as the current
no longer flows the magnets release
the spring F, which returns to its nor-
mal position and establishes the circuit
once more. This making and breaking
of the circuit takes place so rapidly
that the vibrator makes a buzzing or
humming sound, the speed with which
it vibrates determining the pitch of the
note. (See Frequency, also vibration.)

BUZZER EXCITER—A method of using

a buzzer to produce local signals in a
crystal receiving circuit to permit sen-
sitive adjustment of the detector. The
illustration shows a common method of
producing signals to test the receiving
set in this manner. In this case a small
coil having a few turns of wire is
placed in the buzzer circuit as indi-
cated and a similar one is placed in the
ground lead of the receiving set. When
the button is depressed the buzzer is
set in vilration and a transfer of en-
ergy takes®place between L1 and L2.
This causes an oscillating impulse
(g.v.) to flow through the receiver cir-
cuit. The detector can then be adjusted
to the most sensitive point at which it
can be left until outside signals are
heard. Another but less efficient
method of exciting the circuit is to con-
nect a short length of wire from the
contact point of the buzzer to the

C

cal form, suspended either vertically or
as a horizontal top. So named because
of its resemblance to a cage. (See
Aerial.)

OF CAPACITY—The
mathematical or comparative deter-
mination of capacity. There are va-
rious formulas in use for calculating
capacity under various conditions, such
as for capacity of various types of
condensers, or the capacity of a circuit.
Rough approximations of capacity of
condensers might be obtained by direct
comparison with a known value. Other
formulas are used for the calculation
of antenna capacity. For determining
the capacity of flat condensers, such as
fixed condensers used for transmitting
or receiving circuits, the following for-
mula is generally used:

S
C=0.0885K —
r

In this case, C is the capacity in
micro-micro farads; to obtain result in
the usual units of micro-farads, divide
the result by one million. S is the sur-
face area of one plate in square centi-
meters; r is the thickness of the dielec-
tric in centimeters and K a constant
depending on the material between the
plates of the condenser. (See Dielectric
Constants.)

CALIBRATION — A process

Calibration

ground connection of the receiving set.
The former system is much more prac-
tical and furnishes better test signals.

AERIAL oe*rzc*ronp
COUPLER
Buzzzf)
VARIABLE
CONDENSER
= BATT L, i PHONES
PUSH
BUTTON = GROUND .

Buzzer Exciter.

Coil L1 being placed in inductive re-
lation to coil L2, which is in the an-
tenna circuit, undergoes a change of
flux when the buzzer is excited. This
sets up a difference of potential across
coil L2 which charges the antenna
ground system and produces oscillation
at a definite frequency according to the
adjustment. Now if the secondary cir-
cuit is tuned to resonance with the pri-
mary circuit, the signals will be au-
dible in the phones when the detector
is properly adjusted. Also called
Buzzer Wave Generator.

BUZZER MODULATION—See Modula-
tion.

BUZZER PRACTICE SET—A combina-

tion of a buzzer and signalling key
arranged on a baseboard used for the
purpose of practicing signalling.

B. W. G.—The abbreviation for Birming-

ham Wire Gauge—a system of gaug-
ing wire used in England. (See B & S
Gauge, also British Standard Wire
Gauge.)

BY-PASS CONDENSER — See Con-
denser, also Filter.

CAL-ELECTRICITY — Electricity pro-

duced in the secondary of a trans-
former due to changes in temperature
of the core. This current is in addition
to the current normally induced in the
secondary. (See Transformer, Core,
also Core Losses.)

A whereby
instruments such as galvanometers

£ )
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STANDARO METER
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BATTERY
Fig. 2,

1.
Calibrating a Meter

ammeters, wavemeters, etc., are made
to indicate certain values. Before such
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Calido

instruments can be made use of, it is
necessary to mark the dials in such a
manner that the indicator showing on
the dial or scale will have a definite
meaning in terms of electrical values.
Thus, a voltmeter before calibration is
shown in Fig. 1. When it is placed
across a battery, the pointer will move
to some position on the white space,
but without indicating any definite
value. Now by testing with another
meter which is already marked or cali-
brated in volts, we find, for example,
that when the pointer is at the middle
point in its swing, it indicates 10 volts.
Similarly various other positions are
found to indicate more or less voltage
by comparison with the standard. This
is shown in Fig. 2. It will be under-
stood that one of the small switches
must be open at all times. The reading
of the calibrated meter is taken with
the other meter out of the circuit
(switch open), then the reading is
marked on the other meter at the point
indicated with the calibrated meter
out of the circuit. Such a method
would, of course, be inefficient and it
is shown only to give a rough idea of
the purpose and meaging of calibra-
tion. Another example of calibration
is in the case of a dial on a receiver.
Fig. 3 shows the usual form of dial
used in tuning a receiving set. The
dial is marked off to scale, from 1 to
100, the numbers having no particular
significance. Now if we find that when
the tuning dial is set at 20 it is ad-
justed for a wavelength of 260 meters,
we can put that figure in place of the
20. The same procedure can be fol-
lowed throughout the entire range of
the dial, and when thus marked in
terms of a definite quantity—wave-
length in meters in this case—the dial
is said to be calibrated.

Fig. 3.

A dial as used on radio receiving sets may be
Calibrated according to different wavelengths.

The actual method to be followed out
in calibrating will depend on the equip-
ment available and the accuracy de_a-
sired. If a standard of comparison 1s
available, it saves a great deal of work.
Thus, a voltmeter can easily be cali-
brated by means of a standard meter,
already calibrated, and a source of
steady voltage controlled by a rheostat.
An ammeter can be calibrated in the
same manner by using a standard am-
meter, and a wavemeter can be cali-
brated from another wavemeter of
known values. .

Calibration may be done in such a
manner that the readings require
mathematical solution to determine
their value in terms of actual volts,
amperes, meters and so on, or it may
be absolute, in which case the readings
are directly in terms of the quantity
and require no solution. (See Volt-
meter Calibration, Wavemeter Calibra-
tion, also Rough Calibration.)

CALIDO — An alloy containing nickel
and chromium with a small percentage
of iron. The melting point is very
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high, about 1550 degrees centigrade. !

Calido wire is much used as a resistance,
particularly for heating devices. The
chief characteristics are as follows:
maximum working temperature 1100
degrees centigrade; microhms per
cubic centimeter at 20 degrees centi-
grade, 100; temperature coefficient per
degree centigrade, 0.00034; specific
gravity, 8.2.

CALLAND CELL—A primary cell used
in French telegraph work. It is a form
of gravity cell having a negative elec-
trode of copper and a positive electrode
of amalgamated zinc, the electrolyte
being zinc sulphate. Crystals of cop-
per sulphate are used as a depolarizer.
(See Gravity Battery.)

CALORIE — The unit of heat in the
C. G. S. (Centimeter-Gram-Second)
(q.v.) system. It is equivalent to the
amount of heat necessary to raise fhe
temperature of one gram of water
from 0° to 1° centigrade. (See Thermal,
also C. G. S.)

CALORIMETER—In electrical practice,
an instrument used to measure the
heat generated in a conductor carrying
an electric current.

CAMBRIC, VARNISHED — Varnished
muslin used as an insulating material.
Also known as Empire Cloth. (See
Spaghetti.)

CANAL RAYS—When an electric dis-
charge takes place between the anode
and a perforated cathode in a vacuum
tube, fine pencils of light are seen to
pass through the perforations in the
cathode. These rays are called canal
rays, and consist of positively charged
particles. They produce phosphor-
escence on the wall of the tube.

Canal rays travel at a lesser velocity
and in the opposite direction to the
cathode rays. This-fact and also the
fact that the rays are deflected by pow-
erful electric or magnetic fields in the
opposite direction to cathode rays, is
taken as proof that they consist of
positively charged particles. (See
Cathode Rays.)

CAPACITANCE — A term very often
used as synonymous with capacity. Due
to the fact that capacity may refer to
the current carrying ability of a con-
ductor and also to electrostatic ca-
pacity, it has been suggested that
capacitance be used to refer only to
electrostatic capacity of a body or
device. Capacity would then refer to
current carrying ability. (See Ca-
pacity, also Electrostatic.)

CAPACITATIVE REACTANCE—That
part of the reactance of a circuvit
carrying alternating current which is
due to the capacity in the circuit. (See
Reactance also I'mpedance.)

CAPACITATIVE COUPLING — See
Coupling.

CAPACITY — Generally speaking, the
quantity of electricity in any form
which a body is able to store or contain.
The term is usually qualified to denote
the particular case, such as electro-
static capacity, which is a measure of
the ability of a condenser to store up
energy in the form of electrostatic
charges; also current-carrying capacity
of a conductor, which is considered as
the ability of a wire to carry a certain
amount of electric current without
overheating. The tendency in electrical
literature is to use the term capaci-
tance as applying to the electrostatic
capacity of a condenser. Thus, a cer-

tain condenser may have a capacitance
of 2 micro-farads. The unit of electro-
static capacity is the farad. This is
understood as the capacity of a con-
denser that will store one coulomb of
electricty under an electromotive force
of one volt. When V is expressed in
volts, C in farads, and Q in coulombs,
C=Q/V.

CAPACITY CIRCUIT — An electrical
circuit in which the capacity is very
large compared with the inductance.
The inductance may be considered
negligible.

CAPACITY CONVERSION FACTORS
—1In the calculation of capacity, as the
capacity of a condenser, there are sev-
eral different units. For instance, a
farad is a large unit of capacity and
is equal to one million microfarads, or
conversely, a microfarad is equal to
one millionth of a farad. In the same
way a farad is equal to one billionth
of an abfarad. The four units used in
capacity measurement are the farad,
micro-farad, micromicrofarad, stat-
farad and abfarad. The following
table gives the conversion factors for
these various units:

10° farads
1 abfarad = { 10" mfds.
9 X 10* stfds.

10-° abfd.
1 farad = { 10°* mfds.
9 X 10" stfds.
[10-** abfd.
1 mfd. = { 10-°*farads

9 X 10° stfds.
| 1/9 X 10-* abfd.
1 stfd. = { 1/9 X 10" farad
[1/9 X 10 mfd.
1 mmfd. = 10-° mfd.

In the table above, farad is abbreviated

Fd.; abfarad is shown as abfd.; micro-

farad is mfd., micromicrofarad is mmfd.

and statfarad is stfd. In dealing with

large figures containing many ciphers

the amount is shown as 1,000,000 is 10*
1

d -—— is 10 etc. (See Capa-
1,000,000
city, Farad, also Unit.)
CAPACITY EARTH or CAPACITY

GROUND—A substitute for the usual
ground connection where the wires or
plates are buried beneath the ground
or attached to a water or steam pipe.
It is in effect a second aerial, and is
placed either under the regular aerial
or to one side. It is more used in radio
transmission than in reception. (See
Counterpoise.)

CAPACITY ELECTROSTATIC — See
Capacity also Electrostatic Capacity.

CAPACITY FREQUENCY FACTOR—
The relation between the apﬁarent ca-
pacity of a condenser and the electro-
static capacity. (See Capacity, Con-
denser also Electrostatic.)

CAPACITY OF CONDENSERS IN
PARALLEL—When several condens-
ers are connected in parallel the result-
ant capacity is the sum of the individ-
ual capacities. It is written:

Capacity = C, + C. + C,, etc.

It will be evident that the resultant
capacity of condensers connected in
parallel is just the reverse of case for
resistances, where the total resistance
is less than that of the smallest in-
dividual resistance in the parallel con-
nection. (See Resistance Measurement
also Capacity of Condenser in Series,
also Condensers in Series and Con-
densers in Parallel.)



CAPACITY OF CONDENSERS IN
SERIES — When several condensers
are connected in series with each other
the resultant capacity is always less
than the capacity of the smallest con-
denser in the group. The capacity of
condensers in series is given as follows:

1
Capacity =
1 1 1
—+ — 4 —, ete.
C, C. (C

The resultant capacity is thus the reci-

procal of the sum of the reciprocals of

the several capacities. (See Condenser,

In Series.)

CAPACITY MEASUREMENT OF AN-
TENNA—A simple method for the
measurement of the capacity of an an-
tenna as given by Austin follows: The
illustrations show the general arrange-
ment. The inductance L in Fig. Ais a
coil that will increase the wavelength
(natural) of the antenna system 4 or 5
times; C is a calibrated variable con-

\4

ANT.

@ BUZZER

BATTERY

KEY
%
FIG.A eNDP

The first operation in the measurement of the
antenna. The wavemeter is shown below.

—
T

Circuit for the measurement of wavelength of
coil and condenser.

denser and W a standard wavemeter.
In operation the coil L is connected in
the antenna circuit, the buzzer is used
to excite the antenna circuit and the
wavelength is measured by w. The
coil L is then taken out of the antenna
circuit and shunted by the condenser
C. The condenser C is then varied
until the wavelength of the combined
coil L and condenser C is the same
as that obtained before with the coil in
the sntenna wreuit but without the
variable condenser. The capacity of
the condenser now will be approximate-
ly that of the antenna, ignoring the
distributed inductance of the antenna
-wstem. Fig. A shows the first opera-
tion, che measurcinent « di¢ antenna
with the coil in the circuit, and Fig. B

CAPACITY MUTUAL — See

CARBON RHEOSTAT—A

shows the measurement of the wave-
length of the coil and condenser. (See
Mutual Capacity, Wavemeter, Natural
Wavelength, also Distributed Capa-
city.)

Mutual
Capacity.

CAPACITY RESISTANCE—The resist-

ance to alternating currents offered by
a body possessing electric capacity.
(See Capacity, also Resistance.)

CAPACITY SWITCH—Any switch used

in a circuit to introduce or cut out
capacity (condenser).

CAPACITY (UNIT OF)—The unit of

capacity is the farad. A condenser
has a capacity of 1 farad when 1 cou-
lomb is required to raise its potential
from zero to 1 volt. Since the farad is
very large, its millionth part, or the
microfarad is generally used.

CARBON—A non-metallic chemical ele-

ment used for many purposes in elec-
tricity and radio. It exists in three
forms, two crystalline and one non-
crystalline. The first two are diamond
and graphite. the third charcoal. Car-
bon is asea as an eiectroae .a electric
arcs, as one of the poles in certain
types of primary cells, as a material
in place of wire for various forms of
resistance, and as brushes in motors
and generators. (See Diaphragm,
Carbon.)

rheostat o
variable resistance using carbon in
place of the customary wire. In its
simplest form a carbon rheostat may
be merely a piece of carbon having a
sliding contact. This is shown in Fig.

1. Owing to the relatively high resist-
CARBON STRIF.

Fig. 1.—A carbon rheostat with a rotary sliding

contact.

ance of carbon used 1 this manner,
such a controlling resistance will gen-
erally be termed a potentiometer (q.v.)
and used as such.

The most practical form of a carbon
rheostat is known as a carbon pile
rheostat. This type uses a number of
flat pieces of carbon of relatively low

CARBON
0I1sCS

Fig. 2.—A carbon pressure type rheostat.

resistance placed together and ar-
ranged with a knob and screw ia such
manner that the pressure can oe veried.

Carrier Wave

This change in pressure alters the re-
sistance of the mass and allows control
of the current for vacuum tubes. The
same principle is used for very high
resistances as well as for low values.
The principle will be seen from the il-
lustration Fig. 2.

CARBORUNDUM—An abrasive mate-
rial, a product of the electric furnace,
composed of silica and carbon. It is
used in radio as a crystal rectifier, al-
though the strides of radio have prac-
tically rendered it obsolete, many other
better crystals being in use. The chief
difficulty with its use as a rectifier or
crystal detector was the fact that for
efficient operation it required a cell or
battery and potentiometer to regulate

GND

Diagram of a radio circuit employing a carbor-
undum crystal detector.

the current flowing through it. The
simple crystal circuit using a carborun-
dum detector is shown in the illustra-
tion. C is a tuning coil, D the car-
borundum crystal and contact, P a
potentiometer and T the head phones.
(See Rectifier, also Detector.)

CARDBOARD TUBING—Tubing made
of laminations of paper pasted to-
gether. They are used for home made
coils of all descriptions, and while not
ag efficient as the composition tubing,
can be used for many purposes with-
out any great loss. As a general rule
it is better to use some of the numer-
ous compositions, such as bakelite or
rubber compounds.

CARPENTIER, JULES—French radio
expert. Born in Paris, in 1854, he
joined the Ecole Polytechnique in 1871,
and in 1876 was appointed principal
stores engineer of the Lyons Railway
Company, making a special study of
electricity. For his work in electricity
he obtained in 1881 the cross of Cheva-
lier of the Legion of Honor. One of
the early pioneers of radio in France,
he founded the Compagnie Generale
Radiotelegraphique, afterwards ab-
sorbed in the Compagnie Generale de
Telegraphie sans Fil. Carpentier is a
member of the Academie des Sciences,
Commander of the Legion of Honor,
and President of many scientific socie-
ties.

CARRIER WAVE—The continuous wave
(q.v.) of radio frequency generally
thought of as carrying the voice or
music waves from the radio broadcast-
ing station. Actually it is a radio
wave of high frequency, which is al-
tered in amplitude by the music or
speech transmitted. In action, this
continuous wave has another wave
super-imposed on it. This other wave
having wave form and amplitudes de-
termined by the voice or other sounds
being transmitted. The illustration
shows the carrier wave, the waves rep-
resenting speech or music and the com-
bination of the two. This effect of
varying the amplitude or strength of a
continuous wave by means of some sort
of program is known as modulation.
(q.v.) The wave representing the
speech or music is imposed on the car-
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Carrying Capacity

2ier wave resulting in the combined
wave which reaches the listener and
is translated by suitable apparatus
into approximately the same sounds
that are transmitted. (See Modula-
tion, Broadcasting, also Speech Vibra-
tions.)

CARRYING CAPACITY—See Current
Carrying Capacity.

CARTRIDGE FUSE—A fuse in which
the fuse wire is surrounded by some
non-inflammable substance, enclosed in
a cartridge-like tube and having brass
lugs soldered to caps at ends. Used to
prevent the hot wire from “flying”
when fused. (See Fuse.)

CASCADE—A term applied to pieces
of apparatus connected together in
series, particularly vacuum tubes. In
this case, the arrangement would be
such that each vacuum tube would
amplify the signal output of the pre-
ceding tube. The tubes will be so con-
nected that the output of one is intro-
duced as input to the next and so on
the total result being greatly increased
signal strength from the output of the
last tube. This term may apply to
either radio frequency or audio fre-
quency amplification. (See .fmplifier,
Radio Frequency, also Aundio Frequency.)
A simple cascade arrangement is
shown in the illustration. Fig. 1 is a
circuit with two stages of cascade
radio frequency amplification, and Fig.
2 a circuit using two stages of audio

CATHODE RAY TUBE — A vacuum
tube having a high vacuum, that is
from which practically all air has been
exhausted, used in the production of
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A czthode ray tube with socket.
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Fig. 1.—Circuit diagram showing two stages of cascade racio frequency amplification and detector.
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Fig. 2.—Dicgram of detector and two

frequency amplification with the usual
detector tube in each case. A combina-
tion of both radio frequency and audio
frequency stages of amplification
might also be used, the term cascade
amplification also applying here.

CATHION or CATION—The charged
particles which appear at the cathode
or move toward it through the elec-
trolyte of an electrolytic cell. (See
Anode.)

CATHODE or KATHODE—A negative
electrode. The term is often applied to
the filament of a vacuum tube to distin-

ish it from the anode or plate. (See
gl;ll, Electrolysis, also Anode.)
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stage cascade audio frequency amplifier.

| cathode rays. These tubes in their

modern form are used for many pur-
poses in studying the nature and form
of electric waves. The illustration
shows one of the latest types of tube,
known as the Cathode Ray Oscillo-
graph. This tube is used for the fol-
lowing purposes: examination of the
wave forms of various rectifiers, study
of wave forms of different types of
generators, study of vacuum tube char-
acteristics, examination of the charac-
teristics of X-ray and other types of
tubes, examination of radio frequency
| waves modulated as in broadcasting,

measurement of hysteresis and dielec-
tric loss in various materials, study cf
phenomena in arcs and sparks, together
with numerous other associated effects.
The development of this tube is one of
the marvels of science, enabling the re-
search engineer to virtually see the
electric wave, and to study exhaustive-
ly, electric phenomena otherwise in-
visible.

The Western Electric modification of
the Braun Cathode ray tube or oscillo-
graph, is a three electrode glass tube
about 30 centimeters (about twelve
inches) long, in the form of a cylinder
an inch and three-quarters wide,
spreading out in conical shape, the
tube being about three and a half
inches wide at the top. The cathode is
a filament coated with active oxides
and arranged to emit the number of
electrons required for the cathode
rays, at a dull red heat. The anode
or plate is a small platinum tube set
very near the filament. Between the
filament and the anodes is a small
circular screen having a hole just a
little smaller than the circular fila-
ment. A battery of several hundred
volts is connected between the filament
and plates with the positive ternminal
connected to the plate. The electrons
emitted from the hot filament are con-
trolled by this field in the same manner
as in an ordinary vacuum tube. A
small portion of these electrons pass
completely through the tubular anode
and constitute the cathode rays. These
rays are passed between two pairs of
deflecting plates set at right angles to
each other, and fly against the large
end of the tube. This end is covered
with a fluorescent mixture which rend-
ers the rays visible. These rays are
deflected in various ways. For ex-
ample, if an alternating current is ap-
plied the visible spot on the screen will
be drawn out into a line. (See Elec-
t7:o1)l, Vacuum Tube, also Wave Analy-
8is.

CATHODE RAYS—The stream of elec-
trons or electrical particles sent out
from the cathode or filament of a vac-
uum tube. These rays are negatively
charged. (See Cathode, Electrons, Vac-
uum Tube also Oscillograph.)

CAT-WHISKER—The fine wire used
with certain crystal detectors to make
contact with the crystal. Usually a
springy metal such as phosphor bronze
wire.

“C” BATTERY—One or more small

symsoL—I|Ijl—-

Fig. 1.—A 414 volt “C” battery. This type of
battery has a common positive terminal and is
tapped at negative terminals for 3 and 4% volts.

cells having a voltage generally be-
tween 2 and 10 volts, used in the grid
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Fig. 2.—A diagram showing how the *“C’ battery is connected in the audio frequency amplifier.

circuit of an amplifier tube for the pur-
pose of impressing a negative potential
on the grid of the tube. The method of
connecting it in the circuit is shown in
Fig. 2. Fig. 1 shows a typical 41
volt “C” battery. (See also Grid Bias
and “C” Battery Cwrve.)

“C” BATTERY CURVE—In order to
show the effect of a “C” battery on the
consumption of current from the “B”
battery in an audio amplifier, a curve
(q.v.) may be drawn as in the illustra-
tion. In this case the test was made
with a type UV 201A tube used as a

_ one stage audio frequency amplifier in
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PLATE VOLTAGE

Test conducted on UV201A tube using single
stage audio amplifier with conventional circuit.
Plate Voltage—Abscissae. .

Plate Current in milliamperes—ordinates.
A—Consumption curve without *“C” Battery.
B—Consumption curve with “C’ Battery.
(Note: 1.5 ma. at 45v plate rising to 5.75 ma.
at 90v plate without “C”. With *“C” Battery
consumption maximum is 2%4 ma. at 90v.)

a conventional circuit. It is readily
apparent on referring to the lines A
and B that when the “C” battery is in
use the consumption of current by the
plate is much less than without it.

CELL—A cell is one of the four chief
sources of electric energy. In a cell
the energy is created by an electro-
chemical process, using in its simple
form two unlike metals immersed in a
dilute acid or alkaline solution. In the
illustration Fig. 1 the common form of
electriccell is shown. C is a strip of
carbon and Z a strip of zinc. These
are placed in the jar in a conducting
solution of sal ammoniac. If the ex-
posed terminals from the carbon and

zinc strips are connected together by a
piece of wire, current will flow from
one side of the cell to the other through
the wire. The current flows from the
carbon or positive pole to the negative

CONNECTING WIRE

Fig. 1.—Common form of electric cell.

or zinc pole through the wire, complet-
ing the circuit through the solution
from zine to carbon. (See Current,
Direction of Flow.) The cell described
is known as a primary cell.

In Fig. 2 a simple storage cell or
secondary cell is shown. In this case

LEAD PLATES
ANODE

CATHODE

Fig. 2.—Storage or secondary cell.

there are two lead plates immersed in
a dilute solution of sulphuric acid. A
source of primary current (primary
cell) may be connected to the secondary
cell in the manner shown in Fig. 3 and
after being connected for a certain
length of time it will be found that the

stored in it. This process of placing

LEAD PLATES PRIMARY CELL

PEROXIDE OF LEAD
THIS PLATE BE-
COMES THE POSITIVE
POLE OF CELL

P

Fig. 3.—Primary cell connected to secondary or

storage cell.

electric charges in a secondary cell is
known as charging, and the current
stored up in it is known as the charge.
Now, if the wire is connected from one
terminal to the other it will be found
that electric energy can be withdrawn
in a similar manner to that of the
primary cell. A secondary cell may
contain several plates and several of
these cells may be connected together
to form a storage battery. (See Stor-
age Battery, Current, Production of,
also Anode and Cathode.)

CELL, SECONDARY—When a primary

cell is connected to a storage or secon-
dary cell, the current from the primary
cell flows into the secondary cell and in
effect deposits energy in that cell. Then
when the charging source (the primary
cell) is withdrawn, the secondary cell
can be used in practically the same
manner as the primary cell. A wire
connected from one terminal to the
other will permit passage of current.
The action of storing up energy in a
storage cell is approximately as fol-
lows: When the charging current flows
from plate to plate through the solu-
tion in the secondary or storage cell,
the plate connected to the positive (+)
pole (carbon or copper) of the primary
cell, receives a brown coating of perox-
ide of lead. At the same time the other
plate becomes spongy or porous. Now
as one plate has received a coating
while the other remains unchanged as
far as its surface is concerned—it acts
as a primary cell if the charging source
is taken away and the two terminals
connected. It now has all the essentials
of an ordinary chemical cell. As long
as the coating of peroxide of lead re-
mains on the surface of one of the
plates, the cell will be capable of de-
livering current.

When the coating has been worn off
or eaten away the cell is said to be in
a discharged condition. It will then be
necessary to go through the same pro-
cess of connecting a primary source
to the terminals in orJ:er to again de-
posit peroxide of lead on one plate. It
will therefore be evident that when the
storage cell is charged, current is not
actually stored in it, although in effect
it has received potential energy. What
has actually occurred is that the cur-
rent supplied to the cell during the
charging process has produced electro-
chemical changes, making the plates
dissimilar and thus producing a dif-
ference of potential. (See Current. Pro-
duction of). The wvoltage or electro-
motive force of primary cells varies
from .06 to 1.5 volts according to the
nature of the elements used and the
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Cell, Theory of Primary

grade of the electrolyte (q.v.). Sec-
ondary or storage cells o(} the lead
piate iype produce from 2.1 to 2.6 volts.
(For more complete explanation of the
theory and action of a secondary cell,
see Storage Battery. See also Electro
Motive Force, Current and Voltage.)

f£ELL, THEORY OF PRIMARY—It
has been explained under the heading
Cell, that a primary cell produces elec-
trical energy by chemical action. More
specifically the action of a simple cell
is as follows: When the copper and
zine, or carbon and zinc placed in a cell
are connected together by a conductor,
(wire or other conducting object) the
acid in the case of a sulphuric acid so-
lution, attacks the surface of the zinc
plate and forms a compound known as
zinc sulphate. While this sulphate is
being formed some of the hydrogen con-
tained in the sulphuric acid is liberated
in the form of bubbles which appear
on the copper plate. Some of these
bubbles escape into the surrounding air
by rising to the surface of the solu-
tion, but others cling to the surface of
the copper plate and gradually cover
it with a film of hydrogen. It may be
said here that the decomposition of the
zinc plate in the acid solution furnishes
the electro-motive force required to
cause the flow of current between the
plates, through the solution and
through the conductor. Now, hydrogen
is a non-conductor, and as the hydro-
gen gradually covers the copper plate,
the surface of the plate in contact with
the solution gradually decreases. The
flow of current from zinc plate to cop-
per plate in the solution is thus grad-
ually diminished, until eventalli we
can imagine the copper plate as being
entirely covered with hydrogen and no
longer in contact with the solution. In
addition to this insulating action of the
:eydrogen, it tends to set up a current
within the cell in the opposite direction
to the normal flow of current produced
by the chemical action. A cell in this
condition is said to be “polarized,” and
various means have been used to cut
down or eliminate the polarization ef-
fect. The purpose of these various
means is to prevent the hydrogen bub-
bles clinging to the surface of the cop-
per plate, thus allowing them to es-
cape to the top of the solution and
thence into the surrounding air. (See
Polarization, Current, Voltage, also
Storage Cells.)

SENTIMETER—A measure of length
in the metric system. It is one hun-
dredth part of a meter, or approxi-
mately .3937 inch. It is used as the
unit of length in the Centimeter Gram
Second System (q.v.).

ZENTIMETER GRAM SECOND or C.
G. S. A system of units of measure
employed in practically every branch
of engineering, particularly in electri-
cal practice. It is a decimal system,
the centimeter being the unit of length,
the gram the unit of weight and the
second the unit of time. All other
units are derived from these three.
When the magnitude of a quantity is
spoken of, it refers to the relative mag-
nitude of the quantity when compared
with some other quantity of the same
nature. The magnitude used as a
standard of comparison is termed a
«mit. Thus, if the length of a body is
measured in feet, as for example, ten
feet, it means that the magnitude of
the f)ody is ten times unity or ten times
one foot. Similarly a current of ten
amperes, is a current of magnitude ten
times as great as the unit quantity—
one ampere. Now an ampere is the prac-
tical unit of rate of flow of electric cur-
rent. The unit has a certain definite
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value. (See Ampere.) The magnitude of
any other similar quantity measured in
amperes will mean a value equal to a
certain number of units. In addition to
the C. G. S. system of units, there is
a practical system. This is commonly
used for ordinary calculations. Under
this system, the following are the main
units: The volt is the practical unit
of electro-motive force;—thz force re-
quired to maintain a flow of current of
one ampere through a resistance of one
ohm. The unit of current strength or
rate of flow of current is the ampere;—
the strength of current maintained by
a force of one volt through a resistance
of one ohm. The unit of resistance is
one ohm, and is the resistance of a
conductor or circuit that will permit
the passage of a current of one ampere
under the force of one volt. The unit
of quantity is the coulomb, which is
the quantity of current flowing in a
circuit when one ampere passes a given
point during one second of time. The
watt is the practical unit of electrical
power, being the power of a current
of one ampere flowing in a circuit un-
der the pressure of one volt.

It will thus appear that the practical
system is actually based on the C. G. S.
system. Calculations of an involved
nature necessarily make use of the C.
G. S. system, and when multiples or
sub-multiples are used they are ex-
pressed in Greek and Latin prefixes.
For example, a million ohms is 10°
ohms and is expressed as a meg-ohm.
“Meg” being derived from mega mil-
lian. Similarly a millionth of an am-
pere is expressed as a micro-ampere
or 10-8 AMPERE. The various units
under the C. G. S. and practical sys-
tems are taken up in detail under the
re;pective headings, as JOULE. ERG,
DYNE and so forth. (See also Induct-
ance (Unit of); Capacity (Unit of);
Electrostatic Units and Electromag-
netic Units.)

C. E. M. F.—The abbreviation for
counter electromotive force (q.v.).

C. G. 8. UNIT OF CURRENT—The
absolute electromagnetic unit of cur-
rent. It is the current which when
passed through a conductor bent into
a circle of one centimeter radius will
attract or repel a unit magnetic pole
placed at its center, with a force of one
dyne (q.v.).

CERUSITE—A kind of mineral used
as a rectifier in some types of crystal
detectors. It is a carbonate of lead hav-
ing a whitish-grey color. This mineral
is not as good a rectifier as some of
the others, but has the advantage of
more uniform sensitivity over prac-
tically its entire surface. (See Crystal
Detectors.)

CHALCOPYRITE—A crystal used in a
pericon detector, which is composed of
zincite and chalcopyrite in contact with
each other. It is a combination de-
tector suitable for use where it is sub-
ject to jarring, since it has nearly uni-
form characteristics over its entire sur-
face. It works without the aid of an
electric battery.

CHARACTERISTICS—A term broadly
applied in electricity to refer to any
distinguishing feature in electrical ap-
paratus. In radio usage the term is
generally applied to vacuum tubes. The
characteristic of a tube is understood
as the relation between the potential
(voltage) at the grid (q.v.) and the re-
sulting current obtained from the
plate. (q.v.) It may also occasionall
refer to other features of a tube, suc
as its current requirements or ampli-
fying quality as distinct from the ratio
of grid voltage to plate current. (See

Characteristic Curve, Vacuum Tube
Characteristics; also Plate Current.)

CHARACTERISTIC CURVE—A dia-
gram showing graphically in the form
of a curved line the relation of chang-
ing values. Thus, in the case of a
vacuum tube, a change in the grid volt-
age produces certain changes in the
plate current (q.v.) and these changes
may be plotted as curves. The tem-
perature of a wire carrying current in-
creases with increase in the current
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Characteristic chart of vacuum tube grid and
plate voltage.

passing through it, and this increase
may be shown by a curve. (See Vac-
uum Tube Characteristics.)

CHARGE—The presence of electricity
in a body. Is usually defined as an
excess or deficit of electrons (q.v.) on
an insulated body. In the case of a
condenser (q.v.) after it has accumu-
lated electrical energy it is said to be
in a charged condition, or to have an
electro-static charge. The charge in
a condenser is measured in coulombs.
(q.v.) A storage battery is said to
contain a charge when it has been con-
nected to a source of direct current for
a length of time, and the hydrometer
test shows the electrolyte at proper
specific gravity.

CHARGE, SPACE—See Vacuum Tubes,
also Space Charge.

CHARGED BODY—An
accumulated electrica
Charge.)

CHARGER, STORAGE BATTERY—
Any means of cohtrolling the current
delivered from a primary source for
the purpose of charging storage bat-
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body that has
energy. (See

RESISTANCE
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AMMETER

TO
DIRECT
CURRENT
SOURCE

Charging storage battery from direct current
source.

teries or other secondary cells. Charg-
ers are made in many forms and are
designed for either direct or alternat-
ing current. Direct current chargers
consist of certain resistances, with the
necessary meters and switches. A sim-
ple form of direct current charger is
shown in the illustration. In construct-
ing a direct current charger there are
several important details that must be



taken into consideration. The plates
of a storage battery require certain
charging rates in amperes, depending
on the size and number of the plates.
That is to say, the manufacturer speci-
fies that when charging, a certain num-
ber of amperes must be passed to the
battery from the charging source for
a definite number of hours. This figure
may be decreased but not increased.
As an example, some storage batteries
will take a charge of five amperes with-
out injury to the plates, which rate
would be ruinous for other batteries.
Now the question of obtaining the
proper amount of charging current
arises. The majority of house lighting
systems have a voltage of from 110 to
125 volts. (Reference is now made only
to direct current systems, alternating
current chargers being taken up later
on.) According to Ohm’s Law (q.v.)
the current fiowing in a circuit is di-
rectly proportional to the voltage and
inversely proportional to the resist-
ance. Voltage is the product of re-
sistance times the current, the resist-
ance in ohms and the current in am-
peres. Therefore if we desire a cur-
rent of five amperes from a source of
110 volts, it is necessary to have a re-
sistance of a value in ohms which,
when multiplied by the current in am-
peres,—five in this case—will produce
110. Conversely, we can divide the
voltage—110 by the current—5 to ob-
tain the correct resistance. This would
indicate a resistance of 22 ohms. There
is another factor which enters into the
%roblem however, the back pressure, or
ounter Electromotive Force exerted
on the charging source by the battery.
In the case of a six volt storage bat-
tery, this will be six volts. This must
be subtracted from the voltage of the
charging source to obtain the effective
value. Thus, the effective value in this
case would be 110 — 6 or 104 volts.
Then as explained before, dividing the
voltage by the current required, we
find that it is 104 = b or approximate-
ly 21 ohms. Then by placing a resist-
ance of 21 ohms in the circuit, as shown
in the illustration, and connecting the
battery as indicated, a charge of five
amperes can be applied to the battery.
The same result can be obtained by
placing an ordinary electric lamp in
series in place of the resistance. (See
Lamp Bank.) The internal resistance
of the battery is very small compared
to that of the line resistance, and can
be ignored. A point to remember is
that the voltage of the charging source
must always be higher than that of the
storage battery, because, as explained
above, the back or counter electro
motive force of the battery, must be
subtracted from the voltage of the
charging source to indicate the effec-
tive voltage. Thus, if the battery
exerts a counter electromotive force
of six volts and the charging source
is only six volts the counter force
would be equal to the charging force
and there would be no charging cur-
rent. When direct current is not
available and alternating current is
used to charge the battery, it will be
necessary to change it to direct cur-
rent. For this purpose it is essential
that some form of rect?‘ier be used.
This rectifier may be of a chemical,
mechanical or electrical type. These
various forms will be taken up under
their separate headings. (See Recti-
fier, Balkite. Tungar, Rectigon, Elec-
trolytic Rectifier, Tube Rectifier.)

CHARGING—The act of expending
electrical energy to place a charge in
or on a battery or body. The term is
used generally to indicate the process

CHARGING BOARD—A term

CHLORIDE BATTERY A

of impressing electrical energy on the
storage battery elements for the pur-
pose of making the battery a secondary
source of electricty. (See Charger,
Chemical Rectifier also Tube Rectifier.)

used
synonymously with charging panel to
denote an arrangement for controlling
the current used for charging storage
batteries. It generally consists of an
insulated panel with various switches,
fuses and resistances thereon to limit
the amount of current delivered, and
at the same time furnish a ready
means of connecting and disconnecting
the various circuits connected through
it. The fuses act as safety devices and
break the circuit when too great a cur-
rent is delivered. (See Fuse, Switch,
Charger.)

CHEMICAL RECTIFIER—Device for

changing alternating current to direct
current. (See Electrolytic Rectifier.)

type of
storage battery for heavy duty opera-
tion. The positive plate is made of
lead with a number of holes pierced
in it and each filled with a coil of pure
lead. This coil is forced into the holes
during manufacture and is said to en-
able the battery to withstand heavy
discharge without damage to the
plates. (See Storage Battery.)

CHLORIDE CELL—A cell (q.v.) which

uses in most cases, a positive plate
having lead as the active material, the
negative plate being made of metallic
zinc. A solution of chloride of zinc is
used, from which the name is derived.
(See Chloride Battery.)

CHOKE OR CHOKING—The action of

a device in a circuit wherein it tends
to choke, or hold back, certain forms
of current or certain frequencies while
permitting others to pass freely, or to
oppose fluctuations in the strength of
the current passing through it in the
circuit.

CHOKE COIL—A coil of wire pos-

sessing considerable self-inductance
and relatively little resistance. These
coils are used in various ways and for
a variety of purposes. When connected
in a direct current circuit, and possess-

LOUD SPEAKER

CONDENSfER

-
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CHOKE

TO RECEIVING SET PLATE
AND "8" BATTERY

Method of using choke coil in connection with loud

speaker.

ing the proper value, they have a tend-
ency to prevent any fluctuations in the
current and thus keep the current
smooth. An example of its use is with
a loudspeaker. A condenser will per-
mit passage of high frequency (alter-
nating) currents such as we find in
radio reception, but will effectively
block direct currents. On the other
hand a choke coil will pass direct cur-
rent without offering any appreciable
resistance, but will retard the modu-
lated currents (q.v.) It will be appar-
ent then that by a proper combination

Ohopper

of the two (Choke Coil and Condenser)
as in the illustration, the direct cur-
rents can be shunted around the loud
speaker and thus prevent injury to it,
while the necessary modulated currents
are allowed to pass through without
difficulty. Another use for the Choke is
in a circuit carrying alternating cur-
rents. In this case the choke will limit
the current in the cireuit without loss,
whereas an ordinary resistance, while
it would limit the current, would dis-
sipate a certain amount of energy.
Chokes may be made with iron cores
of the open or closed type, for low
frequency currents, or may only have
air for the core when used in high
frequency circuits. The closed core
type is the more common form. The
formula most commonly used in de-
termining the inductance of a choke
coil in henries is as follows:
1257 X u X A X N* X 10

1

Where L is the inductance in henries.

x is the permeability. (This varies
from about 1000 to 2000 in most cases).

A is the effective area of iron cross
section (square centimeters).

N is the number of turns of wire.
1 is the length of iron path (in centi-
meters).

L=

CHOKE, HIGH FREQUENCY — A

choke coil of high self-inductance (q.
v.) used in’ transmitting circuits to
prevent puncture of the secondary
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Position of choke coils in transmitting circuit.

windings of the transformer (q.v.).
When the condensers in a transmitting
circuit are charged or discharged, a
back pressure is exerted on the wind-
ings of the transformer supplying the
high voltage. The illustration shows
the position of these choke coils in the
transmitting circuit. (See Back Os-
cillation.)

CHOPPER—A device used in the aerial

circuit of a continuous wave (q.v.)
transmitter to break up the continuous
trains of waves into separate groups
and thus permit them to become aud-
ible. In the case of reception of or-
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Showing how chopper is used to interrupt signale

rom continuous wave transmitter.

dinary demped waves (q.v.) the head
phone produces signals that have a
frequency of vibration equal to the
number of wave trains per second.
When the transmitted waves are con-
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Circuit

tinuous there is c¢bvicusly no interval,
that is, there are no groups of waves
and they are therefore inaudible in the
usual receiving apparatus. The chop-
per is only necessary when crystal de-
tectors are used for reception. (See
Ticker, Beat Reception and Continuous
Wave Transmission.)

CIRCUIT—The path followed by an
electric current passing from its source
through a wire conductor or series of
such conductors, and back again to its
starting point. A closed circuit is one
that is continuous and will permit the
passage of current. An open circuit is
one that is not continuous and, being
broken or open at some point, will not
permit passage of the current. The
term is used very commonly, and broad-
ly covers any system for the conduct-
ing of electric current from its source,
through some electrical instrument or
appliance and back to the starting
point.

CIRCUIT BREAKER—Generally speak-
ing, any device for automatically
breaking or opening a circuit and thus
preventing flow of current through the
circuit. More specifically, it may be a

device similar to a switch, used to auto-
MOTOR

S2+
TO SOURCE
OF CURRENT

Fig. 1. Overload Circuit Breaker.

matically open the circuit when the
current falls below a certain point, or
rises above a certain fixed value. Thus
an overload circuit breaker is an ar-
rangement which will automatically
open the circuit if the current becomes
too great. This is shown in Fig. 1.
It is a simple form and consists of an
electro magnet which requires a cer-
tain force to operate it. When the cur-
rent in the circuit reaches a certain
point, the magnet operates, pulling
down the bar ‘“A” against the action
of the spring “P,” and thus breaking
the circuit. As long as the current is
not more than that fixed by the require-
ments of the circuit—the magnet being
arranged in accordance with the par-
ticular requirements -— the current
flows, the breaker operating to open
the circuit only when more than the
desired current is introduced into the
circuit. In the illustration we can con-
sider “S1” and “S82” as the source of
current, “M” as an electro-magnet in
series with the motor “D,” and “A-B”

TO SOURCE
OF CURRENT

Underload Circuit Breaker.

Fig. 2.

a switch, in which “A” has attached
to it a piece of soft iron. Now if the
current required for the motor is ten
amperes, the magnet can be so designed
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that it will not ac? on the baj “A”
antil 15 amperes flow throagh it. Thus,
as long as the current is less thaa this,
the circqit is continuous, but if the cur-
rent is increased to 15 amperes, the
magnet operates and attracts the bar
“A,” breaking its contact with “B”
and thus opening the circuit. In Fig.
2 a simple underload breaker is shown.
In this case the operation is the reverse
of that of the overload breaker. Here
the bar “A” is held down in contact
with “B” by the magnet “M” thus keep-
ing the circuit closed through the motor
“D”., Now assume that the motor re-
quires ten amperes and the magnet
requires the same amount to hold the
bar “A” in place against “B”. If then
the current in the circuit falls below
ten amperes, the magnet can no longer
hold the bar ‘“A” against the action
of the spring “P” and it rises, breaking
the contact between “A’ and “B” and
thus opening the circuit. These cir-
cuits are of course only assumed for
the purpose of illustrating the theory
of circuit breakers. Actually the sys-
tem is generally much more elaborate.
Circuit breakers are used for many
purposes—chiefly to prevent any sud-
den increase or decrease of current in
a circuit, and to control the flow of
current for charging batteries. (See
Charger-Storage Battery.)

CIRCUIT, BROKEN—A circuit that is

not continuous, having been opened
either purposely, or due to some defect
in the circuit. The term is usually ap-

lied where the circuit is opened by the
Ereaking of a wire, or through a faulty
contact.

CIRCUIT, OPEN — A circuit which is

open and through which current can-
not flow, or a circuit which is normally
open but which can be closed at will by

DRY CELL

Open circuit which can be closed by pressing
button “B”,

pressing a key or button. A common
example of open circuit is in the case
of an electric bell circuit. The illus-
tration shows such a circuit. Nor-
mally it is open and current does not
flow to the beﬁ, but on pressing the but-
ton B, the circuit is closed and current
passes to the bell. (See Circuit, also
Closed Circuit.)

PARALLEL — Circuits
starting at a common point and ending
at a common point. The illustration

<+——— LAMPS

Three parallel circuits.

shows three parallel circuits. Actually
each one is a part of the whole circuit.
(See Parallel Resistances.)

CLIMAX—A high

JIRCULAR MIL—The cross-sectional
area of cinductorr (wires) is usually
designated in terns of circular mils.
A circular mil is the area of a circle
haV}ng a diameter of one thousandth of
an inch. Thus a wire having a diam-
eter of one quarter of an inch is said
to have an area of 250 circular mils.
(See Square Mil.)

CLEAT—A form of porcelain insulator

used in house wiring. They are gen-
erally arranged in two parts, with cor-
responding grooves in which the wire is
held, and are nailed or otherwise
fastened to the wall. Cleats are about
the cheapest form of insulator and
where the voltages used are low, are
quite as effective as the more elaborate
types. Cleats are much used in radio
work, both for insulating lead in wires
coming from the aerial, and for insu-
lating the aerial itself.

CLERK-MAXWELL, JAMES—Born at

Edinburgh, Scotland, in 1831, and edu-
cated at Edinburgh and Cambridge
University, he became Professor of
Natural Philosophy at Aberdeen,
1856-69, and Professor of Physics and
Astronomy at King’s College, London,
1860-65. In 1871 he became the first

James Clerk-Maxwell.

holder of the new chair of experi-
mental physics at Cambridge, where
he died, November 15, 1879. Clerk-
Maxwell was recognized in his later
years as one of the greatest authori-
ties on physics of his time, and his
fame has been steadily increasing since
his death. Radio owes Clerk-Maxwell a
deep debt. Electricity was the chief
study of his lifetime, and his first im-
portant paper on the theory of electro-
magnetism was communicated to the
Royal Society in 1867. In 1873 he
published his “Electricity and Mag-
netism,” a work on the subject which
has never been surpassed. In it he
formulated his famous electro-magnetic
theory of light and his theories on
electric waves, which developed into
the modern system of wireless teleg-
raphy and telephony through the ex-
periments of Hertz.

resistance nickel
steel alloy, used extensively in rheo-
stats (q.v.s. It is one of the cheapest
and most practical alloys for low-
temperature resistance wire. Its chief
properties are as follows: Maximum
working temperature 540 degrees cen-
tigrade, resistance in microhms per
cubic centimeter at 20 degrees centi-



grade, 87.2; temperature coefficient per
degree centigrade, .00054, and having a
specific gravity of 8.14.

CLIPS—A clamp connector used for
various purposes in radio receiving
and transmitting circuits. (See illus-

tration.) In a receiving set a clip
may be used at the end of a flexible
wire for the purpose of varying the
connection to the various “B” battery
taps; clips are very frequently used in

Type of clip in general use.

making the connections to the storage
“A" battery, and for many other pur-
poses about the receiving set. One of
their principal uses in the transmitter
is in connection with the leads to the
oscillation transformer. Flexible leads
with clips attached come from the other
units of the transmitter and are
clamped at will along the various turns
of the oscillation transformer until the
point giving the desired wave length
or highest radiation reading is found.

CLOCKWISE—A term used to indicate
that the rotating part of an electrical
machine or instrument moves from left
to right (when facing it), or as the

Indicator needle moves from left to right in
clockwise motion.

hands of a clock. In the illustration
the needle or pointer of the meter
moves in a clock-wise direction. In an
electrical measuring instrument this is
always true where the zero point is at
the left part of the dial. The opposite
is known as counter-clockwise. When
looking at the armature of a motor or
generator, if the rotating part moves
from left to right it is said to have a
clock-wise motion.

CLOSE COUPLING The arrangement
of two coils acting as primary and sec-
ondary, placed close together in such
manner that the coup]mg or electrical
relation between them is close. In the

PRIMARY
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| sECONDARY

with

dary placed to pro-
duce close coupling.

illustration the secondary coil is shown
entirely within the primary. In other
words the transfer of energy will be
large in this case as the coupling is

close. If the secondary is withdrawn
a certain distance from the primary,
the effect is referred to as loosening
the coupling, and the coils are then said
to be loose coupled, the transfer of
energy from one to the other being
considerably less than in the case of
close or tight coupling. (See Coupling.)

CLOSED CIRCUIT—A circuit which
permits the continuous flow of elec-
tricity., The illustration shows an or-

BATTERY
Circuit closed.
dinary dry cell connected in circuit

with a small lamp. In Fig. 1A the
circuit is closed and current is per-
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Circuit open by means of switch.

mited to flow to the lamp. In Fig. 1B
the circuit is open and no current can
flow. A closed circuit is therefore an
electrical circuit that is continuous.
(See Circuit, also Open Circuit.)

CLOSED CIRCUIT CELL—A cell that
can be used in a closed circuit for a

Cockaday Circuit

considerable length of time without the
impairing effects of polarization (q.v.)
An open circuit cell is one that can
only be used intermittently, as for ex-
ample, with an electric bell where the
circuit is only closed for a brief period.
If an open circuit cell is used in a
circuit that remains closed for some
time, polarization sets in and ruins the
cell in a very short time. An open cir-
cuit cell might be used with the test
buzzer (q.v.) because in this case the
circuit is closed intermittently as the
key is depressed. (See Cell.)

CLOSED CORE—A core (q.v.) used in
transformers, chokes, etc., which is
continuous, forming a closed magnetic
path. The illustration shows the dif-
ference between a closed core and an
open core. In the open core type, one
end is the north pole, the other the
south pole, whereas in the closed core,
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Open core above on left. closed on right.

there are obviously no poles. The
closed core type is occasionally re-
ferred to as a non-polar core. (See
Core, Transformer, also Choke.)
CLOSED CORE TRANSFORMER—A
transformer (q.v.) having a closed
core. In the illustration the magnetic
path, or core, is continuous, being made

of strips of uniform size. This form
CORE
’ r
v 7 4 ¥ i
Tt
INPUT  F—F ouTPUT
—F
—F ]
r
¥
7/

N
N
A

Closed core transformer.

of core is known as “laminated.” An
efficient transformer is generally made
with a closed core. A transformer may
be for a variety of purposes, such as
step-up, step-down, audio frequency or
io frequency. (See Transformer.

C. M.—Abbreviation for circular mil
(q.v.)

Cm.—The abbreviation for centimeter,
the unit of length in the C. G. S. sys-
tem (q.v.).

COCKADAY CIRCUIT—A popular
radio receiving circuit devised by the
American experimenter, Lawrence M.
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Original 3 tube Cockaday Circuit.
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Cockaday Coil

Cockaday. It includes several radical
features not found in the usual sys-
tems. Receivers using this circuit are
generally made in three, four or five

four windings, i.e. tapped primary, sep-
arate closed circuit coil, grid or sec-
ondary winding and a single turn
looped around the closed ecircuit coil.

after the establishment of that means
of communication. In this system,
which is also called the ‘“American
Morse Code,” some of the characters

tube types. The chief value of this cir- (See Cockaday Circuit.) are made up with so-called spaces
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cuit lies in its extreme selectivity. It is
usually referred to as a four circuit
receiver, owing to the addition of a
sensitizing circuit to the regular three
circuit regenerative system. The dia-
gram for the three tube receiver is
given in Fig. 1. Here the primary
or aerial tuning circuit is seen to have
a single turn of wire, L1, wound |
around another coil L2, which is
shunted by a variable condenser Cl1,
thus forming a separate closed, tun-
able circuit, coupled very loosely with
the antenna circuit. The primary, or
antenna circuit, has in addition to the
single turn, a bank wound coil L3 con-
nected in the ground side of the open
circuit and tapped to permit coarse tun-
ing. Thus, the primary is coupled in-
ductively to the separate closed circuit,
which in turn is inductively coupled to
the grid or secondary circuit contain-
ing a coil L4 shunted by the condenser
C2, allowing tuning.

The tone of the music is varied by
means of the novel arrangement using
a condenser C4 connected to a three
point switch. When the switeh is
placed in the center position the con-
denser is eliminated from the circuit
and the wiring is standard. With the
switch on the top tap, the grid of the
tube is connected to the ground, thus
by-passing a portion of the oscillations
and giving a smooth soft tone with a
certain loss of volume. With the switch
arm on the bottom tap, the grid of the
last tube is connected to the plate cir-
cuit, thus producing a different note
due to the added grid-plate capacity.
Coil L2 in the grid circuit is tuned by
means of Cl, which is a variable con-
denser of .0005 mfd. capacity.

A peculiarity of the circuit is that
the length of the antenna has no bear-
ing on the tuning. This is due to the
semi-aperiodic primary and the fact
that the sensitizing or pick-up coil is
only one turn of wire, the inductance of
which, compared to the whole induc-
tance of the aerial circuit, is so small
that any change in the over-all induc-
tance has little, if any, effect.

This circuit, while originally having
three tubes, has been arranged in con-
junction with a standard push-pull
audio amplifier, as shown in Fig. 2,
making a five tube set with great
power and possessing the 'chara‘xcterlls-
tic of the original circuit with 1n-
creased amplification. (See Push-pull,
Cockaday Coil also Regeneralive Re- |
ceiver.)

COCKADAY COIL—The
the Cockaday circuits.
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CODE—Telegraph

codes consist of
characters formed by combinations of
dots, dashes and spaces which repre-
sent letters, numerals, and punctuation
marks. These characters are sent out
by the radio operator with the aid of
electrical impulses, and by using suit-
able receiving apparatus the receiving
operator hears the incoming signal and
is thus able to interpret the various
combinations of dots and dashes and
reproduce the original message. The
Morse Code of characters came into
general use in wire telegraphy shortly

Cockaday Circuit with push-pull amplifier.

|  which are part of the group signal,
and are necessary in distinguishing
those characters. The International
Morse code is a modified form of the
American Morse code, and no spaces
are used in the characters of the In-
ternational Code. The International
Morse Code is used all over the world
for radio telegraphy, and for wire
telegraphy in almost every country ex-
cept the United States, Canada and
parts of Australia. The American
Morse, owing to the fact that there are
fewer dashes in the characters, is about
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5% more rapid than the International
Morse. The American Morse and In-
ternational (Continental) Codes are
given herewith.

COEFFICIENT—In algebra, a number
or multiplier of a symbol. Thus in the
expression 5Y, the coefficient is 5. In
electricity, and in its radio applica-
tion, it is a number expressing the re-
lation or ratio between quantities, one
of the quantities generally being unity
(1) as a basis or standard for the co-
efficients. For example, let us assume
a copper wire is carrying an electric
current, the resistance of the wire at
32 degrees Fahrenheit being one ohm.
If we consider the resistance of the
wire at 32 degrees to be unity, or one,
then its resistance at any other tem-
perature will be some number or co-
efficient times one.

To make this clearer, let us take the
ratio of an inch to a foot. An inch is
one-twelfth, or approximately .0833, of
a foot. Any number of inches multi-
plied by this fraction will give another
number in feet. Therefore we say that
the coefficient, or multiplier, of an inch
as compared to a foot is .0833. A co-
efficient is thus any number by which
a quantity must be multiplied to give
another quantity.

In radio the most common cases of
coefficients are the following. The co-
efficient of coupling is the ratio be-
tween the mutual inductance (q.v.)
(between the two coils, primary and
secondary) and the square root of the
product of the total self-inductances
(q.v.) in the two circuits containing
the coils. Similarly, the coefficient of
amplification is the ratio of the effect
produced with an amplifier (q.v.) to the
effect produced without an amplifier.
(See Mutual Induction Coefficient,
also Self-induction Coefficient.)

COHEN, LOUIS, Ph. D.—Born in Rus-
sia, Dec. 16, 1876. Educated at Ar-
mour Institute of Technology, Univer-
sity of Chicago and Columbia Univer-
sity. Noted for his formulae and
tables for the calculation of alternat-
ing current problems. He has written
a book on the subject. Has evolved
many formulas for the measurement
of inductance and capacity. Has se-
cured a number of patents on radio
apparatus.

COHERER—A device formerly em-
ployed for detecting radio waves. In
its original form it consisted of two
metal rods separated by a narrow space
in a glass tube and the gap between
the rods filled with nickel and silver

Coherer used in radio receiving circuit.

filings. It was found that when the
electromagnetic waves or signals were
passed through the coherer the par-
ticles of filings clung together and be-
came conductors. Then by using some
device such as the tapper hammer of

an electric bell to strike the glass tube,
again separating the particles after
each signal, it was possible to keep the
coherer constantly in a state of change
between a conductive and a non-con-
ductive condition, thus making the sig-
nals audible. There were many vari-
ations of this type of detector, which,
however, is now obsolete. (See Mar-
coni Coherer.)

COIL—A term having very broad ap-
plication in electricity and radio. It
may be used to designate any arrange-
ment of a number of turns of wire,
usually copper, and used for almost any
purpose in the production of electric
and magnetic effects or phenomena. The
most common significance of a “coil”
in radio is in reference to a number of
turns of insulated wire wound on va-
rious forms and used for tuning (q.v.).
The term inductance coil is generally
used, although actually, any coil of
wire will have inductance. Coils come
in countless numbers and variety for
many purposes. A coil may be used
not alone for tuning—that is to adjust
a receiver or transmitter to resonance
with incoming or outgoing signals; it
may be used to connect two circuits, in
which case it is known as a coupling
coil; it may be used with a core (q.v.)
of iron wire, or laminated pieces, as a
choke coil (q.v.) or it may be used in
connection with high frequency appa-
ratus, such as used by physicians. Coils
are generally referred to by individual
names indicating their construction or
use. (See Inductance, Tuning Coil,
Vario-coupler, Choke Coil, Honey
Comb Coil, Pancake Coil, Spider Web
Cotl, Lorenz Coil, Duo Lateral Coils.)

COILL. ANTENNA—Or Loop Aerial
An antenna (aerial) constructed by
winding the wire around a square form.
The coil (or loop) antenna, because of
its comparatively small size, is often
mounted on a frame work which may
be rotated. If one end of the coil is
pointed toward the broadcasting sta-
tion, the antenna (aerial) will pick up
its signals with maximum intensity,
but if the coil is rotated from that po-
sition the signals from that station
grow weaker, until when the plane of
the loop is at right angles with the in-
tercepted signals no sound will be ob-
tained. It is a part of the radio com-
pass used at sea. (See Loop-Aerial.)

COLLECTOR RINGS—Insulated metal

rings attached to the armature (q.v.)
of an alternator (generator of alter-
nating current) in such fashion that
the alternating currents can be col-
lected and communicated to the brushes
without change, these rings are used
to collect alternating current from that
type of generator and brushes are used
to collect direct current from a direct
current generator.

COLLODION—A solution used by sur-

geons to cover slight abrasions or
wounds, forming a protective coating
similar to skin. It has been adapted
to radio use as an insulating coating
and is used as a binder on coils of va-
rious forms. It has been found more
efficient than shellac for this purpose.
A solution of pyroxylin or soluble gun-
cotton in ether, with a certain amount
of alcohol, depending on the purpose
for which intended. When used as a
coating for coils it serves as an insu-
lator and also to hold the coils in place,
but it should be sparingly applied.

COMBINATION DETECTOR—A de-
tector composed of two different crys-
tals in contact, instead of one crystal
with a fine wire to search out the sen-
sitive spots. Some combination detec-

COMMON CONNECTIONS—A

COMMUTATOR—In general

COMPASS,

Compressed Air Condenser

tors are composed of silicon and anti-
mony; zincite and bornite; lenzite and
cerusite, and zincite and chalcopyrite.
These detectors all function witﬁout a
battery and are simple to operate.

term
often applied to a connection that joins
several points. For example, in most
radio receivers the binding posts for
battery connections are arranged so
that the “B—" and the “A+4"” or “A—"
are connected to the same point. That
is to say the post is a common connec-
tion for these leads. The term is also
applied to a battery, as a “B” battery,
which is used for both detector and
amplifier. It is then known as a com-
mon ‘“B” battery. The other method
would, of course, be to use separate bat-
teries for the detector and amplifier.

electrical
use, a device for reversing the direction
of electric currents in a circuit. A
commutator as used with a generator
usually consists of a number of pieces
called segments, mounted on a circular
form but carefully insulated from each
other. The illustration shows a com-

COPPER BARS __
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Front and side view of Commutator.

mon form. In the case of an ordinary
motor, the commutator is employed to
distribute the current to the windings
and in a direct current generator it
serves to furnish a direct current to
the brushes although the current col-
lected from the windings of the arma-
ture is alternating.

RADIO — See  Direction
Finder, Goniometer, also Bellin-Tosi

Direction Finder.

COMPONENT—A part of the whole,

In mechanics it is one of the parts of
a stress or strain (mechanical force).
In electricity, component currents are
the several currents into which a single
current may be assumed to be sep-
arated, so that if assumed to be acting
together they would produce the equiva-
lent effect of the actual current. Thus
also, component E. M. F.s (electro-
motive forces) are understood as the
several components into which any
electro motive force may be divided.
Impedance (q.v.) is said to consist of
two components, the actual resistance
and the apparent resistance present in
the opposition offered to the flow of
current termed the reactance (q.v.)
by a circuit. For instance, the total
current in the plate circuit of a vacuum
tube responding to high frequency grid
voltages may be considered as made up
of two components, viz., a steady or
constant current and a high frequency
component superimposed on it.

COMPRESSED AIR CONDENSER—A

condenser which uses compressed air as
the dielectric or insulating masterial
between the plates. This type of con-
denser is used chiefly in transmitting
circuits. (See Condenser.)
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Compound Magnets

COMPOUND MAGNETS—A combina-
tion of several permanent magnets.
(See Magnets, Compound.)

COMPOUND WOUND—A dynamo or
motor field magnet wound with two
field windings, one of which is con-
nected in series, the other in parallel
with the armature (q.v.).

CONDENSER—In electricity or radio
practice a condenser consists of two or
more conducting surfaces placed in re-
lation to each other and separated by
an insulating medium such as air, im-
pregnated paper, mica, etc. The con-
ducting surfaces are generally referred
to as plates or electrodes (q.v.) and
the insulating material is known as
the dielectric (q.v.). Condensers are
used in radio for a variety of purposes,
their broad use being to allow tuning.
In action, a condenser permits charges
of electricity known as electrostatic
charges (q.v.) to be stored up and re-
leased periodically, according to the
frequency desired. They may also be
used to exclude certain types of energy.
(See Condenser, By Pass, also Filter.)
The action of a condenser may be com-
pared to that of a spring when placed
under a mechanical strain. In the il-
lustration Fig. 1A a flat spring S is
shown in a normal position, NB. In
1B a weight W is placed on the surface
of the spring. This weight will force
the spring down from its normal posi-
tion to one of the positions (a), (b),
(¢) or (d), according to the force ex-
erted and the strength of the spring.
If a heavier weight is then placed on
the spring it will depress still further
until we can imagine a point P in Fig.
1C at which the elasticity of the spring
is used up and the opposition is such
that it wiﬁ no longer depress and comes
to rest. When the weight is removed
the spring will fly back into normal po-
sition, Fig. 1D, and in doing so will
vibrate back and forth a number of
times, thus producing, or rather, re-
turning the energy that was stored in
it during the moment of stress.

Considered as analagous to a con-
densger, in the above case the weight
can be likened to the electrical charge
applied to the condenser, the resistance
of the spring may be considered some-
what similar to the capacity of the

Spring analogy of a condenser.

condenser, or the power returned on
release of the spring may be regarded
as the electrical power released by the
condenser when the charging force is
removed. The capacity of the con-
denser then will be seen as the ability
to store up energy placed in it.

40

In the case of the spring, if too great
a force is exerted, it may break down
or as would actually happen, the elas-
ticity would be lost. The same applies
in the case of a condenser. If the
charging force is too great, it may ex-
ceed the dielectric strength of the con-
denser and result in puncturing the in-
sulating material between the plates.
(See Breaking Down of Dielectric.)
The energy obtainable from a charged
condenser will be equal to the charge
placed in it providing there is no leak-
age or other loss. In a well-designed
condenser the leakage will be so negli-
gible that it need not be taken into con-
sideration.

The relation between the charge in a
condenser, the voltage applied and the
capacity of the condenser is expressed
as Q = C X E, where Q is the quan-
tity of the charge in coulombs, E the
potential in volts and C the capacity
In farads. (See Capacity, Condenser,
Variable; Condenser Fixed; Condenser
Transmitting, also Condenser Curves.)

CONDENSER, AIR—See Air Conden-

ser.

CONDENSER, ANTENNA—See Aerial

Tuning Condenser.

CONDENSER, BY-PASS—A condenser,

usually of the fixed (q.v.) type ar-
ranged in a circuit in such manner
that currents of a certain frequency
will pass freely around any obstruct-

©
©

BY-PASS
CONDENSER

Al

By-pass condenser across “B” battery.

ing object, as, for instance, a high re-
sistance element necessary to the cir-
cuit. An example of the use of a con-
denser in this manner is shown in the
case of a “B” battery where the battery
has a high internal resistance. A fixed
condenser is placed across the ter-
minals of the battery without injury to
it and offers a path of low resistance
for the high frequency radio currents.

CONDENSER CURVES—Curves show-

ing the relation of variations in wave-
length, frequency, and capacity with

Fig. 1. Compression type d

rotation of the dial of a variable con-
denser. Three types of condensers are
shown here, the compression, Fig. 1,
the straight line capacity, Fig. 2, and

the square law, Fig. 3. In Fig. 1A is
shown the relation of capacity and
wavelength changes when the dial of a
sample compression condenser was ro-

tated. The condenser was shunted
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Fig. 1A. Curve for compression type condenser.

across a fixed coil. It will appear that
the increase in cafpacity is gradual at
the lower part of the range but in-
creases very rapidly at the upper

Fig. 2. Straight line condenser.

ranges. This is due mainly to the re-
lation of the curvature of the upper
plate to the lower plate as will be seen
from the illustration, Fig. 1. These
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Fig. 2A. Curve for straight line condenser.
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condensers are very satisfactory on
about the lower two-thirds of their
range, but through the remainder of
their range a very slight adjustment
of the knob causes an extremely large
change in capacity, making them very
difficult to handle near their maximum
capacity. Fig. 2 shows the shape of
the variable plates in the straight line
capacity condenser and Fig. 2A illus-
trates the relation of wave-length and
capacity changes with rotation of the
dial. Here the capacity depends upon
the overlapping area and is therefore
proportional to the angle of rotation of
the movable plates. The capacity curve
appears as a practically straight line
running diagonally across the chart.
The wave-length, however, changes
rapidly at the lower range and very
gradually at the upper range as indi-
cated by the wave-length curve., Fig.



3 shows the shape and disposition of
rotor and stator plates of a condenser
so designed as to read directly in wave-
length from the settings of the dial.

Fig. 3. Square law condenser.

This is known as a square law con-
denser, and the relational curves are
shown in Fig. 3A. Here we find the
wave-length curve a straight line and
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Fig. 3A. Curve for square law condenser.

directly proportional to the angle
through which the dial is turned. The
line indicating the square root of the
capacity VC is a straight line, and as
the wavelength is the product of the
square root of the capacity multiplied
by a constant (varying with the in-
dividual condenser) the wavelength

curve must also be a straight line.
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Fig. 3B. Showing effect of straight line con-
denser on dial reading.

Such condensers are much used in wave
meters (q.v.). Condensers are also
made so that the frequency curve is a
nearly straight line, varying more or
less directly as the angle of rotation of
the plates. Fig. 3B illustrates the re-
sult when an ordinary straight line ca-
pacity condenser is arranged with a
dial calibrated directly in meters. It
appears that the readings are bunched
at the lower range (A to B) and
spread out at the upper ranges (C te
D). The reason for this can readily
lz)iseen by glancing at the curve Fig.

CONDENSER, FIXED—A condenser
which has a fixed or constant capacity,
allowing no variation of the value.
(See Condenser, also Condenser, By-
Pass.)

CONDENSER,

GRID—A  condenser,
generally of low capacity, of the fixed
or variable type, used in series with
the grid of the detector tube to prevent
excessive charges from affecting the
grid. These condensers generally have
a capacity between .00025 and .0005

Grid leak and condenser.

micro farads. Due to the blocking ac-
tion of these condensers, a high re-
sistance, known as a grid leak (q.v.)
is placed across the condenser or from
the grid to filament, thus allowing the
accumulated charges to leak off the
grid of the tube in time for the grid
to be free for the succeeding electric
charge. The grid leak may be consid-
ered as a valve controlling the amount
of energy that the detector can effi-
ciently take care of without overload.
(See Grid Leak.)

CONDENSER, IN PARALLEL—A con-

denser arranged in a circuit in such
manner that the current is divided be-
tween it and the other condenser or
coil with which it is connected. The

AERIAL
|___| VARIABLE
CONDENSER

INDUCTANCE GROUND

Coil and condenser in parallel.

illustration shows a wvariable con-
denser connected in parallel with a coil,
both placed in series between aerial
and ground and forming a tuned pri-
mary or aerial circuit. (See Parallel
Connections.)

CONDENSER, IN SERIES—A conden-

ser connected in a circuit with other
condensers or coils in such manner as
to form a continuous path, allowing the
current to pass through each unit with-

AERIAL VARIABLE

CONDENSER

T

GROUND-¥ =

Coil and condenser in series.

€ INDUGTANCE

out dividing. The illustration shows a
condenser connected in series with a
tuning coil, aerial and ground, thus
forming a tuned primary or aerial cir-
cuit. (See Condenser, in Parallel, also
Series Connections.)

CONDENSER, MICA—A condenser, us-

ually of the fixed type, employing
sheets of mica as the dielectric or in-
sulating material between the plates.
The condensers of small capacity used
in receiving circuits are generally
made with mica as a dielectric, but
owing to its cost and thickness it is
seldom used in low-power, high-capacity
condensers. Mica is also used in con-

CONDENSER,

CONDUCTANCE — Sometimes

Conductor

densers for high-power work such as
transmitting, when the capacity is low.
(See Condenser.)

CONDENSER, PHONE—A fixed con:-

denser of comparatively low capacity
used across the telephone receivers to
allow a by-pass for a certain portion
of the currents and thus prevent undue
strain on the phones. (See Condenser,
By-Pass.)

TRANSMITTING—See
Condenser, Mica.

CONDENSER, VARIABLE—Any con-

denser so arranged as to allow varia-
tion of its capacity. This may be ac-
complished in many ways, the usual
method being to have the plates divided
so that one series is movable with re-
spect to the others, the capacity chang-
ing with the rotation of the variable
plates. (See Condenser.)

called
the conductivity. The quality of a given
conductor in virtue of which it facili-
tates the flow of an electric current.
A conductor (q.v.) is a body having
large conductance and an insulator
(q.v.) is one having negligible conduc-
tance. Conductance is thus the oppo-
site of resistance. The unit of con-
ductance is the mho, the reciprocal of
ohm. The symbol is obviously derived
from ohm, reversed. It is the conduc-
tance of a column of mercury 106.3
cm. (centimeters) long, 1 square mm.
(milimeter) in cross-sectional area and
of a weight of 14.4521 grams.

CONDUCTIVE COUPLING—The asso-

ciation of one circuit with another by
means of inductances (coils) mutual to
both circuits.

CONDUCTIVITY, SPECIFIC—The re-

ciprocal of Specific Resistance; being
a standard of reference for comparing
the conductances of different sub-
stances. (See Specific Resistance, Con-~
ductance.)

CONDUCTOR—Any substance that of-

fers small resistance to the passage of
electric currents may be termed a con-
ductor. This term is the opposite of
insulator, but there is actually no line
of demarcation between the two, since
any insulator will permit the passage
of current when sufficiently high volt-
ages are used. For all practical pur-
poses, however, a conductor is consid-
ered as material that presents little
difficulty to the passage of current.
The most common conductor is copper,
usually in the form of wire. An idea
of the relative conductivity (power of
carrying electric current possessed by
various substances, pure copper being
taken as standard) of various sub-
stances can be gained from the table
following. The materials on the left
are comparatively good conductors
given in the order of their conductivity,
while those on the right are poor con-
ductors and generally used for resist-
ances. (Note: A resistance is used to
retard the flow of electricity without
necessarily stopping it entirely, where-
as an insulator 1s used to stop the pas-
sage of current.)

Silver
Copper
gr?j‘s German Silver
A(l) O Platinum Silver
Zine e %BNganin
i ercury
}’I}g;mum Graphite or carbon
Nickel
Tin

There are, of course, many other
substances that can be classed as good
conductors, or as poor conductors, but
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Connecting Up or Hooking Up

the above are more generally known
and used. It is a peculiar fact that
while good conductors become less con-
ductive as their temperature is raised,
insulators lose a certain amount of
their insulating properties as their
temperature is raised. As too great
current in a conductor will cause heat,
and as explained above, cause lessen-
ing of conducting ability, it will be ob-
vious that for the fullest efficiency a
conductor will necessarily be arranged
to carry the required current without
undue heating. It is understood also
that conductors in any part of a radio
circuit should be carefully gauged as
to size and the effective cross-section of
the conductor determined, in order to
offset the losses due to heating. It
must not be assumed from the forego-
ing that the larger the wire the greater
the efficiency—in fact a large wire is
often less satisfactory than a small one
in high frequency circuits.

When the conductor is to carry direct
current the only consideration is to
have the wire large enough to prevent
heat losses and at the same time not be
too bulky. Where the conductor is to
carry high-frequency (q.v.) currents
there are other factors to consider.
High frequency currents are said to
travel only on the outside of the wire
(see Skin Effect) and therefore it is
possible to use very fine wire for this
purpose when the very low current
values obtaining in reception are in
question. A phenomenon that must be
given attention, however, is that of
distributed capacity (q.v.). (For more
complete explanation of this subject
see Low-logs Coils. See also Bus bar.)

CONNECTING UP or HOOKING UP—
These general terms are used in radio
to refer to the process of wiring a re-
ceiver or any particular part of a re-
ceiver or other circuit.

CONSTANT—A quantity or magnitude,
which does not vary, derived from ac-
tual experiment, which is included as
a factor in most formulas for the pur-
pose of bringing theoretical calculations
into agreement with experience. Con-
stants are much used in radio calcula-
tions. As an illustration, different di-
electric or insulating materials used in
a condenser have different constants
which must be taken into consideration
when calculating the capacity of the
condenser. Thus, as a dielectric, air at
ordinary pressure is taken as the stand-
ard, the constant being stated as 1.
Flint glass has a high dielectric value,
its constant being stated as 10.10, other
materials varying according to their
comparison with air as a standard.
(See Dielectric.)

CONSTANT CURRENT—An unvary-
ing current. The term “constant” is
applied to voltage when it is steady and
unchanging, to resistance when it is
fixed and unvarying, or to almost any
value that does not change.

CONSUMPTION, CURRENT — The
term usually employed to denote the
current required or consumed by any
part of an electrical circuit or by the
circuit itself. A resistance in a circuit
consumes a certain amount of energy
because it dissipates it as heat en-
ergy. A filament in the case of a
vacuum tube, requires a certain amount
of current to heat it to brilliancy. If
the filament thus requires one-quarter
of an ampere we say its current con-
sumption is one-quarter ampere. (See
Plate Consumption.)

CONSUMPTION, PLATE—The current
required to energize the plate of a
vacuum tube. (See Plate Consump-
tion.)
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CONTACT BREAKER—A contrivance
for quickly and automatically making
or breaking an electrical circuit nor-
mally existing between two contacts.
(See Circuit Breaker.)

CONTACT DETECTOR—A form of
crystal detector in which a small wire,
or “catwhisker,” as it is called, makes
contact with the crystal in the detector
and acts as a rectifier of the high fre-
quency waves received from the broad-
casting station. (See Crystal Detector
—Theory of Operation.) .

CONTACT POINTS, or SWITCH
POINTS—Generally refers to a small
flat-headed machine screw used as a
contact point for a switch. The illus-
tration shows the types mostly used.

Various contact points.

Leads from various points of a tapped
coil may be connected to the several
contacts in order to permit variation
of the inductance. A ‘“‘contact point”
may also mean any point in an electri-
cal circuit at which contact is made to
close the circuit.

CONTACT RECTIFIER—See Contact
Detector.

CONTACT RESISTANCE—When two
connecting surfaces in a circuit carry-
ing electrical energy do not make abso-
lute or perfect contact, a certain
amount of resistance (q.v.) results. In
any part of a radio circuit where two
wires or conductors are joined to form
a circuit, it is essential that they make
a positive contact. The wires used for
connections in a radio receiver are gen-
erally soldered or fastened tightly by
nuts or bolts, or machine screws in or-
der to form a good contact. If this is
not done, energy may be wasted, due
to the resistance at the point of con-
tact.

CONTINUOUS OSCILLATIONS—Each
oscillation or vibration being of the
same amplitude as the preceding one.
(See Sine wave.)

C. W.—Abbreviation
wave (q.v.).

CONTINUOUS DIRECT CURRENT—

* A direct current which flows steadily
without interruption or reversal. The
current supplied from a battery for
radio use is continuous direct current,
while that portion of the high fre-
quency alternating current which is
rectified by a vacuum tube detector is
called pulsating direct current, as there
is an interval of time between the rec-
tified half of each incoming wave, due
to the other half not being rectified.
(See Current, Pulsating Direct, Pulsat-
ing Current, also Rectification.)

CONTINUOUS WAVES—AIlso called
Undamped or Sustained waves and
usually referred to as C. W. Electro-
magnetic waves, the separate oscilla-
tions (each vibration) of which are of
constant or unvarying amplitude. In
Fig. A a series of oscillations (q.v.)
are shown. It will appear that one
oscillation or cycle is of the same am-
plitude as the preceding one—the am-
plitude (q.v.) being considered as the

for continuous

height of the wave above the straight
line representing time or its depth be-
low that line. Each loop above the line
or below it represents an alteration
(g.v.) (the increase in current to maxi-
mum and back to minimum in either
direction) —the loops above the line be-
ing considered as positive alternations
and those below the line as negative
alternations. Now it is evident from
the sketch that each succeeding alter-
nation has the same strength (ampli-
tude) as that preceding it, and the
same is true of the complete cycle, con-
sisting of one alternation in each di-
rection. Thus the waves are continu-
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ous, or constant, as far as amplitude is
concerned. Now in Fig. B the ampli-
tude is not constant—it decreases with
each succeeding alternation and hence
with each succeeding cycle (two alter-
nations). After a comparatively few
oscillations the current has decreased
to zero, that is, the oscillations have
died out completely. In this case the
percentage of decrease in amplitude
from one cycle to another is known as
decrement or damping. Thus continu-
ous waves may be considered as waves
in which, with any train or group of
oscillations, each succeeding oscillation
has the same amplitude as that preced-
ing it.

CONTINUOUS WAVES—KEY MOD-
ULATED—Continuous waves (q.v.)
which have been broken into dots and
dashes of the telegraphic code by
means of a telegraphic key, these sig-
nals being made audijble at the receiv-
in_g end by the use of an oscillating re-
ceiver.

CONTINUOUS WAVES—MODULAT-
ED. AT AUDIO FREQUENCY—The
process of variation of the frequency
(vibration) of waves radiated by a
broadcasting station in accordance with
the sound waves is known as modula-
tion. Frequencies from 10,000 down to
about 32 are audible to the human ear
and are known as audio frequencies.
Hence continuous waves which are
modulated at audio frequencies are
waves which have been modulated (va-
ried) by having the voice or music im-
pressed on the microphone at the
broadcasting station, which in turn
causes the strength of the radiated elec-
tric wave to vary so as to correspond
electrically to the sound vibrations at
the microphone.

CONTINUOUS WAVE SIGNALS—See
Continuous Waves.

CONTINUOUS WAVE TRANSMIS-
SION—System of radio telegraphy
using waves as described under “Con-
tinuous Waves.”

CONVECTION CURRENTS—When a
hot and a cold body are separated by a
fluid which is free to circulate, heat is
transferred from the hot to the cold
body by currents of the fluid itself
flowing from one to the other; simi-
larly, all parts of a fluid which is being
heated quickly come to approximately



the same temperature. This transfer
of heat by currents of the fluid itself
is called “convection.” In electricity
“Convection Currents” are currents
arising from the motion of charged
particles thrown off in electrified
streams, i.e., the flowing of charged air
particles in streams from the pointed
end of a highly electrified conductor,
sometimes called “electric wind.”

CONVENTIONAL—This term is much
used in radio to denote a form estab-
lished by custom. A conventional cir-
cuit for some particular purpose is un-
derstood as a circuit which has been
generally used and which is generally
considered as standard. Broadly, the
most common form or use of anything.
The conventional method of amplifying
signals of audio frequency is by means
of audio frequency transformers. Any
other means is unconventional, al-
though it may produce similar results.

CONVERSION FACTORS—A numer-

ical factor which gives relation between
the magnitude of a quantity expressed
in terms of one system of units, and
the same quantity expressed in terms
of any other system of units. For ex-
ample, the yard is regarded in the
United States as 3600/3937 meter (a
meter is approximately 39.37 inches).
We say, therefore, that the conversion
factor between the yard and the meter
is 3600/3937 because any number of
yards multiplied by this figure or fac-
tor will give the result in meters. (See
Capacity Conversion Factors.)

CONVERTER—A term applied gener-
ally to any mechanical, electrical or
electro-chemical device which will con-
vert or change one form of energy to
another. More specifically in electricity
the term is used in reference to (1) a
dynamotor designed with two arma-
tures, mounted on one shaft, one being
a motor armature driven by the orig-
inal current, the other armature gener-
ates new current; this is also called a
“motor-dynamo” and it can transform
continuous (direct) current to higher
or lower voltages, or, (2) a rotary elec-
trical device used to change direct to
alternating current or vice versa.
(See Rotary Converter.)

ordinates and is referred to as an or-
dinate. Now if we place a number of
lines parallel to each axis (ordinates
and abscissas) and assign to each of
them a certain value, such as amperes,
to each abscissa, and volts to each or-
dinate, a line can be drawn through a
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Fig. 2. Curve showing assumed value of cur-
rent in amperes under assumed voltages.
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number of points to represent the vari-
ous values of each quantity as related
to the other. Thus, in Fig. 2 we have
a purely hypothetical curve represent-
ing the assumed value of current in
amperes under assumed voltages. In
the example, the curve at point A
shows approximately three amperes
under a pressure of ten volts. This
imaginary curve is, of course, shown
merely for the purpose of illustrating
the meaning of coordinates, ordinates,
abscissa, etc. (See Abscissa, Charac-
teristic curve, also Graph.)

COPPER PYRITES—Sometimes refer-

red to as Chalcopyrite. It is used in
radio reception as one of the elements
of a crystal rectifier (detector) gener-
ally in conjunction with zincite or tel-
lurium,

COPPER SULPHATE—A salt of cop-

per. Also known as blue vitriol or
copperas. A copper sulphate solution
is sometimes used as a preservative for
wooden aerial masts. It is used in
certain forms of primary cells (devices
for transforming chemical action into
electric current) and also produces sul-

Corrosion

CORE TRANSFORMER (Iron) —A
transformer having the wire wound
over an iron core, the iron forming a
path for the magnetic lines of force,
as distinguished from a transformer in
which there is no iron core—called air
core. (See Transformer.)

CORONA—The Latin word meaning
crown, originally applied to the crown
shaped lights occurring in the aurora
borealis. In electrical parlance it re-
fers to the luminous discharge which
occurs along high tension transmission
lines or the aerial wires of a high
power radio transmitting station. (See
Brush Discharge; also Corona Loss.)

CORONA LOSS—The energy loss due
to corona discharge. (See Corona;
also Brush Discharge.)

CORRECTION FACTORS—A formula
for the measurement of certain values
is generally made by using certain con-
ditions or types of apparatus as a
standard. For example a formula for
calculating the inductance of a coil is
made by using a particular type and
shape of coil as the standard. There-
fore the formula will be essentially cor-
rect for this type of coil, assuming that
its shape and other characteristics are
the same. If, however, the nature of
the coil to be tested differs from that of
the standard coil in some way not cov-
ered by the formula, a system of cor-
rection must be used to adjust the for-
mula to the particular case. Thus, the
formula for inductance of coils takes
into consideration the size of the wire
or the number of turns, the length of
the coil, its diameter and so on. How-
ever, it does not take into consideration
the ratio between the length of the coil
and its diameter. For this purpose a
correction factor (necessary considera-
tion) is needed to correct the result of
the formula to fit the individual occa-
sion. Thig correction factor is gener-
ally referred to as a constant (a.v.),
its” value being determined generally
from a chart prepared to cover various
ratios of length to diameter.

CORROSION — Chemical action which
causes destruction of the surface of a
metal. In the case of iron it is gen-
erally rust, corrosion of copper being

COORDINATES—A thing of the same

\" rank with another thing may be termed phuric acid when subjected to elec-

trolysis (a.v.). due to oxidation, or perhaps the action

a coordinate, For example, lines by
means of which the position of any
point as of a curve may be defined with
respect to certain fixed lines. In the
illustration Fig. 1 lines known as axes
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Fig. 1. Axis of coordinates.

of coordinates are shown. Such a sys-
tem as this will be the basis for curves
(q.v.) showing the relation between
varyin% values. If we assume the hori-
zontal line X as the axis of abscissas,
all distances measured parallel to this
line will be known as abscissas; dis-
tances measured parallel to the vertical
line Y being referred to as ordinates.
The line A-B is parallel to the axis of
abscissas X and is therefore an abscissa.
The line B-C is parallel to the axis of

CORD, PHONE—The cord or flexible
wire used to connect a headset (phone)
or loudspeaker to the terminals of a
receiver. Phone cord is usually copper
tinsel wrapped around a cotton_cord,
the whole covered by braided silk or
cotton threads. It cannot be used to
carry high currents, but is efficient for
the comparatively low currents flowing
through the phone circuit of a radio
receiver. Some phone cords are also
formed of a number of fine copper
wires covered with a suitable insulat-
ing material.

CORE—The central portion of a piece
of certain electrical apparatus. Thus
the center of a coil will be the core,
irrespective of its nature, whether air
or iron. The core of a choke coil (q.v.)

is usually made of a bundle of soft
iron wires or strips of iron. The core
of the closed type is called a_laminated
core, being made up of laminations or
layers of the core metal. (See Choke
or Choking Transformer, Closed Core.)

CORE LOSSES—The losses due to the
stray currents (q.v.) set up in an iron
core while under the stress (strain) of
a magnetic field (g.v.). Also losses due
to hysteresis and eddy-currents. (See
Magnetic flux, Eddy current, also Hys-
teresis.)

of stray currents causing electrolysis
(q.v.). This effect is very often noted
in the case of an aerial wire where the
wire is necessarily exposed to the action
of the atmosphere, rain, etc. The effect
is particularly important and undesir-
able where the lead in wire is joined to
the aerial.

If the two wires are not soldered se-
curely or at all, corrosion may set in,
which will produce in time a high re-
sistance connection and waste the val-
uable energy of the incoming signals.
This is the main point of danger in an
aerial system and the best protection is
to solder the joint carefully. As a mat-
ter of fact the remainder of the wire
may corrode to a considerable extent
without disastrous effect. In the case
of copper, the wire very quickly cor-
rodes when exposed. For this reason
insulated wire is sometimes used for
the aerial. As the current received by
an aerial travels only on the outer sur-
face of the wire (see Skin Effect), and
a corroded surface is not a particularly
efficient conductor, there seems to be
some basis for the use of insulated wire
for this purpose. Another instance of
corrosion is in a soldered joint within
a receiving set. All soldered joints
should be carefully wiped to remove
any trace of acid flux (q.v.), which
may remain to produce a destroying
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Coulomd

chemical effect on the wire and cause
loss of energy. (See Electrolysis, also
High Resistance Joint.)

COULOMB—The practical unit for elec-
trical quantity. It is defined as the
quantity of electricity delivered by a
current of one ampere flowing for one
second. Therefore a coulomb of elec-
tricity will pass each second in a cir-
cuit having one ohm of resistance and
a pressure of one volt. It is also used
to express the quantity of electricity
which a condenser having one farad of
capacity will absorb when placed under
a pressure of one volt. (See Capacity,
Electro-static, Volt, Ampere Hour,
Practical Units, CGS Units.)

COUNTER ELECTROMOTIVE FORCE
—Commonly known as Counter E. M.
F. Tt is an opposing electromotive
force which tends to resist or act
against the original electromotive
force. It may be introduced in a circuit
to prevent any fluctuation of the orig-
inal force. (See Back Electromotive
Force, also Choke Coil.)

COUNTERPOISE—A counterpoise is
generally a second aerial suspended
either below the main aerial or to one
side of it. It is used more often in
transmitting stations in place of the
usual ground connection, but is occa-
sionally also used in reception where it
is impossible to obtain an efficient
ground. (See Aerial.)

COUPLE, THERMO ELECTRIC—See
Thermo-Couple.

COUPLED CIRCUITS—The term gen-
erally used to refer to circuits that are
joined by coupling. (q.v.) In the il-
lustration the primary circuit (the
aerial ground and tuning devices) is
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Circuit in which primary and secondary are
joined by inductive coupling.

coupled or joined to the secondary cir-
cuit by inductive coupling. That is to
say, the signals impressed on the pri-
mary circuit are transferred to the
secondary circuit by means of induc-
tive coupling; when the lines of
magnetic force around the primary
coil cut the secondary coil, a voltage is
set up in this coil which causes a cur-
rent to flow in the secondary circuit,
and it is then said the coils are “induc-
tively coupled”, there being no con-
necting wires between them. Signals
might be transferred to the secondary
circuit by any of several means, but in
each case the method of joining the
two for the purpose of effecting a
transfer of energy is referred to as

“coupling the circuits.” (See Coupl-
ing.)
COUPLER—See “Coupler—(Loose)”

and “Coupler—(Vario)”.

COUPLER—(LLOOSE)—A tuner used
in a radio receiver, consisting of a pri-
mary and secondary coil so constructed
that the secondary coil slides on rods
in and out of the primary coil. When
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the secondary is entirely within the
primary the coupling is said to be
“tight,” and as the secondary is with-
drawn from the primary the coupling
becomes ‘“loose,” depending upon the
distance which the coils are separated.

COUPLER—(VARIO)—Form of tuner

used in a radio receiver, having pri-
mary and secondary coils arranged in
such a manner that the secondary ro-
tates on a shaft within the primary.
The degree of coupling is governed
by the variation of the angle between
the axes of the two coils.

COUPLING—The relation of one coil

of wire carrying alternating currents
to another in which energy is set up by
the first coil. It is used to define the
intimacy between the primary and sec-
ondary windings of various types of
oscillation transformers, couplers and
tuning devices. This transfer of
energy may be produced in several
ways, as by inductive coupling, con-
ductive_coupling or electro-static coup-
ling. The more common method is to
place the primary and secondary coils
in close proximity and produce the en-
ergy in the secondary through induc-
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Fig. 1.—Two slide tuner divided into primary
and secondary circuits by conductive coupling.

tion. The illustration Fig. 1 shows a
simple two slide tuning coil which is
divided into a primary and secondary
by conductive coupling. Here the
transfer of energy from the aerial and
ground, or primary circuit, to the sec-
ondary circuit (detector and phones)

=

Fig. 2.—Circuit in which primary and secon-
dary are inductively coupled by loose coupler.

is accomplished with little loss of en-
ergy as the circuit is through wire con-
ductors. This is also known as direct
coupling. Now in Fig. 2 a simple form
of loose-coupler is shown. This device

is made in numerous forms, the prin-
ciple of operation however, being the
same in all cases. Here one coil, the
secondary in this case, is made to fit
into the larger coil which is the pri-
mary. The energy flowing in the pri-
mary coil induces or sets up a similar
current in the secondary by reason of
its proximity. The energy in the sec-
ondary, however, will not be as great
as in the case of Fig. 1 where it is
transferred directly through a wire
conductor. The coupling shown in Fig.
2 will on the other hand, permit muc
closer adjustment to the desired sig-
nals.

The other method is known as ca-
pacitive or electrostalic coupling. This
is shown in Fig. 3. Here the sec-
ondary coil is not in direct inductive
relation to the primary, in fact it
might well be almost any distance
away were it not for the loss in effi-
ciency due to long connections. The
connection between the primary and
secondary coils is by means of conden-
sers. The transfer takes place through
these and is determined by the setting
of the condensers. It will appear that
from a standpoint of maximum trans-
fer of energy, the direct or conductive
coupling system is best. The factor of
tuning enters here however, and must
be considered. In order to eliminate
undesired signals the various systems
of coupling are resorted to. It is
known that selectivity—the ability to
tune out undesired signals while receiv-
ing the desired signals—is often ob-
tained only at the expense of a certain
amount of energy or volume. It is a
safe assumption therefore, that if
there is any such thing as maximum
efficiency in tuning apparatus, it must
be a general term covering both selec-
tivity and volume.

Coupling in its various forms is in-
tended to refer not only to receiving
circuits but to transmitting circuits as
well. Its application in transmitting
is covered under the heading Spark
!ransmission (q.v.).
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Fig. 3.—Electrostatic coupling between prim-
ary and secondary by means of variable con-
densers.

COUPLING COEFFICIENT — The
closeness of coupling is specified by a
quantity representing the ratio of the
mutual inductance between two coils to
the square root of the product of the
two self inductances. In its practical
sense coupling coefficient refers to the
inductive relation of two coils. Coup-
ling coefficient is defined as the ratio

Xm

X. X,
Where Xm is the mutual or common
reactance X is the total inductive or
capacitive reactance in the primary
circuit and X, the similar reactance in
the secondary circuit. (See Coupling,
Mutual Inductance.)




COUPLING, DEGREE OF—The extent
of relationship between coupled -cir-
cuits. In a grea} number o circuits
the coupling is arranged so that it may
be adjusted either close or loose, as the
requirements of the reception may be.
Variable coupling may be obtained
either by varying the distance between
the two coils of a loose coupler, or by
changing the angle between the coils
of a variocoupler. (See Coupling.)

COUPLING TRANSFORMER—(OS-
CILLATION TRANSFORMER) —
This is the “tuner” of the transmit-
ting circuit. It consists of primary
and secondary windings usually of flat
strips of copper, or copper ribbon, in-
stead of wire, in order to reduce losses
due to skin effect (q.v.). The primary
coil receives the energy in the form of
alternating currents from the gener-
ating device; these currents set up
lines of force which interlink with the
windings of the secondary coil con-
nected in series with the antenna sys-
tem, and in this manner the energy of
the oscillation (alternating) current is
transferred to the radiating system
(aerial and ground) and thence into
space. The purpose of the oscillation
transformer is to produce a sharp
wave which is readily tuned at the
receiving end and causes a minimum of
interference. The greater the distance
between the primary and secondary
coils the more sharp the wave becomes.

A device serving the same purpose In
a receiving set, i.e. to enable the re-
ceiver to separate sharply the received
signals, is sometimes called a receiv-
ing transformer, although commonly
known as a tuner, coupler, vario-coup-
ler, etc.

C. Q.—Abbreviation of inquiry made
in code by a radio telegraph station
desiring to communicate with another
station. (See Abbreviations.)

C. Q. D.—The orié;inal Distress Signal
(q.v.) established in 1904 by the Mar-
coni Company. The origin of this sig-
nal is said to have developed from the
use by telegraphers on land lines send-
ing the C. Q. call when they wished
everyone on their circuit to listen to
the message being transmitted.

The signal C. Q. D. is now obsolete,
having been replaced by S. O. S. at the
International Radio Tef;graph Conven-
tion held at Berlin, Germany, in July,
1908.

CRITICAL—A term often used in ref-
erence to the tuning qualities of a radio
set, and, less frequently, to indicate a
vacuum tube that oscillates too freely.
If a receiving set is not critical in
adjustment it is said to tune broadly,
that is to say, not sharp in tuning. A
critical set has a very narrow margin
of control in tuning—the particular
signals being receivable within only a
very few points on either side of their
true wave setting on the tuning dials.
If a set is difficult to tune it is termed
“too critical”. This means that it
tunes too sharply and it is difficult to
get proper results, due to the possi-
bility of passing by signals unnoticed
when turning the dials. Obviously
there is a middle point wherein a set
may be selective and yet not too diffi-
cult to tune. If a vacuum tube goes
into self-oscillation (q.v.) too readily
it is said to be critical. This effect is
not desired in a tube except in rare in-

stances. (See Resonance, Tuning,
Broad, etc.)
CRITICAL. CURRENT-—The current

required to bring about some particu-
lar effect in an electrical circuit. In
radio use, a common example is the
exact amount of current needed by the

RELATIVE AUDIBILITY

filament of a vacuum tube to bring it
close to the oscillating point (q.v.)
without actually going into oscillation.
(See Critical.)

CRITICAL POINT OF CURVE—The

peak or point of maximum value in a
curve showing the relation of any
varying values. The illustration shows
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llustration showing peaks or critical points
of curve.

the curve indicating relation between
voltage and signal strength in two
types of vacuum tubes. The points
marked “Peak’” in each curve repre-
sent the critical points of the curves at
which maximum audibility is obtained,
any further increase in voltage not in-
creasing the audibility. (See Charac-
terigtic Curve, also Curve.)

CROOKES, SIR WILLIAM (1832-1919)

—English chemist and physicist. Born
in London June 17th, 1832, Crookes
was educated at the Royal College of
Chemistry and afterwards became as-

Sir William Crookes.

sistant in the meteorological depart-
ment of the Radcliffe Observatory, Ox-
ford. In 1855 he obtained a chemical
post at Chester.

Crookes early began that series of
brilliant researches which has left its
mark on the scientific progress of the
nineteenth century. In 1861 he iso-
lateq the new element thallium, during
the investigation of the atomic weight
of which he made the discovery of his
radiometer. This led to his researches

CRYSTAL—A

CRYSTAL

Crystal Detector

on the phenomena of electric dis-
charges through highly exhausted
tubes, or Crookes tubes. The illustra-
tion shows such a tube. When a cur-
rent is passed through it. cathode nar-
ticles travel along it. His discoveries
on these phenomena led directly to the
development by Sir J. J. Thomson of
the now generally accepted electron
theory. (q.v.) In 1883 he began his
study of the rare earths, and in 1892
he forecast Radio telegraphy on the
strength of Lodge’s and Hughes’ ex-
periments.
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Crookes’ tube.

Knighted in 1897, Crookes was
awarded the Royal medal in 1875, the
Davy medal in 1880, and the Copley
medal of the Royal Society in 1904,
and the O.M,, in 1910. He died in Lon-
don, April 4th, 1919,

eneral radio term for
a mineral used as a detector (q.v.) of
radio signals. The Physicist F. Braun
noted in 1874 that certain pairs of
crystals when arranged so that only a
small area of surface was in contact,
offered high resistance to the passage
of currents in one direction while per-
mitting them to pass readily in the
other. This was really the birth of
the crystal detector, although radio
was not then developed. There are a
great many different minerals that will
act as detectors for radio signals, some
of which operate with a wire, or other
metallic contact, others which require
a combination of minerals, one in con-
tact with the other. There are also
numerous synthetic crystals such as
carborundum. Then again some of the
more common natural crystals are sub-
jected to treatment by heat, or other
means, to change their nature or to
make them more sensitive.

. The following crystals are most used
in radio reception: galena, silicon,
molybdenum, carborundum, zincite
bornite, chalcopyrite, and cerusite. All
of these are taken up under their re-
spective headings. (See Crystal De-
tector, also Combination Detector.)
DETECTOR — A combina-
tion of a crystal rectifier with contact
and supports, used to detect radio

Fig. 1. Crystal detector using contact wire,
or **cat-whisker.”’

frequency oscillations. Detectors of
this nature are made in a great variety
of styles, and use various kinds of crys-
tals. In the more widespread form
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Crystal Detector, Theory of Operation

the crystal detector consists of a crys-
tal with rectifying properties, held in
a cup or spring grip and arranged
with a contact wire as shown in the
illustration Fig. 1. This may be

Fig. 2.

Combination crystal detector.

elaborated upon by supplving a series
of flat springs to obtain very fine ad-
justment of the contact. Fig. 2. shows
a combination detector, using two
crystals, in contact with each other.
This form has several advantages over
the wire or cat-whisker (as the contact

"

Fig. 3. Fixed crystal detector.

wire is called) type, chief among them
the fact that it will withstand severe
shocks without losing its adjustment.
Fig. 3 illustrates a popular form of
fixed crystal detector, in which the con-
tact seldom requires adjustment. This
type is of advantage providing it can
be made sufficiently sensitive. (See
Carborundum, Vacuum Tube, also
Crystal Receivers.)

CRYSTAL DETECTOR—THEORY OF
OPERATION—Theory of operation of
a device used to detect radio waves,
usually comprising a crystal in com-
bination with a metallic contact, or,
in some cases, two crystals arranged to
rest against each other. In action this
device serves to rectify the incoming
signals, that is to say, it changes
their nature from an alternating cur-
rent to pulsating direct current. The
incoming waves or signals consist of a
series of alternations, the current flow-
ing first in one direction, then reversing
and flowing in the opposite direction
along the circuit of the receiver. The
changes of direction take place many
times each second and would not be
audible in the head phones in their
original state. The crystal, as used in
radio reception, has the peculiar prop-
erty of furnishing a ready path for the
flow of current in one direction while
offering high resistance to its passage
in the other. Now an alternation (q.v.)
is a rise in current from minimum to
maximum in one direction and back to
minimum or zero, repeating the proc-
ess in the other direction. Two of
these alternations, one in a positive
direction and the other in the negative
direction constitute a cycle. (q.v.) If
the crystal will permit the passage of
current in one direction only, it is ap-
parent that only half of each cycle can
pass through; the other half of each
cycle being lost or blocked out by the
action of the crystal.

The illustration “A” gives a graphic
representation of the radio frequency
oscillations as they move over the
aerial circuit. The curves above the
line show the current in a positive
direction while those below the line
show it in the opposite or negative
direction. If the signals or waves in
this state were sent through a tele-
phone receiver or head phone in a
radio receiving set no sounds would be
reproduced. Then again if the incom-
ing oscillations were continuous, of un-
varying strength, the rectified current
would mereiy act on the diaphragm of
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the phone and hold it in a certain posi-
tion as long as the signal persisted.
This of course would not create any
audible or intelligible sounds. If, how-
ever, the incoming oscillations are in
the forms of groups or trains of waves,
in any one of which the successive
oscillations were less than the previous

ORIGINAL OSCILLATIONS

GRADUALLY DECREASING
STRENG (RADIO FREQUENCY)

Pos ™

RECTIFIED CURRENT (PULSATING DIRECT)

8 [\[\/\/\n,\- n/\/\/\n,.

TELEPHONE CURRENT (SIGNALS)

¢ N

Rectifying process of radio signals.

ones, the current would be rectified as
shown in B and the result would be a
series of pulses in the phone as indi-
cated in C. These pulses would occur
as often as the trains of oscillations
occur (for more complete explanation
of the difference between continuous
and damped waves, see Damped
Waves, also Continuous Waves). It
will therefore appear that a crystal
detector can only be used to receive
damped waves. When the rectified
portion of a damped wave train
reaches the phones, the diaphragm is
depressed and held until the train has
died out, at which point the diaphragm
is released until another train reaches
it. This creates the audible signals
and the number of trains occcurring
each second will determine the number
of depressions of the diaphragm and
hence the pitch of the audible signals.
(See Crystal Receiver, Crystal Detec-
tors, also Tickler.)

CRYSTAL RECEIVERS—A crystal re-

ceiver is the complete set of apparatus
for receiving broadcast programs or
spark transmission (signals), employ-
ing a crystal as the detector or recti-
fier. The set comprises a crystal detec-
tor, tuning device and phones, together
with the usual aerial and ground ar-

AERIAL

\
anofonngn

SINGLE SUIDE
TUNING COIL

PHONE

CRYSTAL DET.

GROUND*

Simple crystal set with single slide
tuner.

Fig. 1.

rangement. In its simplest form it
may be merely a crystal detector, coil
of wire and phones as in Fig. 1.

Fig. 2 shows a more efficient form,
using a two slide tuning coil. This

AERIAL

CRYSTAL
oET e

FIXED COND,
: I

- 4 PHONE

GROUND

Fig. 2. Crystal receiver using double slide
tuner.

TUNING
<o

method permits closer adjustment of
the receiver to the particular sig-
nals desired. A,still more efficient
form is the inductively coupled type
shown in Fig. 3. This method allows a
very close adjustment and considerably
reduces interference. The kind of de-
tector to be used in any of the above
types of receiver is immaterial as long
as it is sufficiently sensitive. Such an

AERIAL

CRYSTAL

;DEY.

FIXED CONDENSER

S
N:
T

LOOSE COUPLER

5 PHONE
GROUND

Fig. 3. Selective crystal receiver with loose

coupler for tuning.

arrangement as shown in Fig. 3 is very
inexpensive to construct and when
used within ten to twenty miles of the
broadcasting station gives excellent re-
sults. A very simple arrangement for

Y'7'<lt'l~7//-lL

DETECTOR

VARIOMETER

GROUND

Fig. 4. A variometer is used as the tuning

element in this crystal set.

use with a crystal detector is shown in
Fig. 4. This circuit uses a standard
variometer and eliminates the neces-
sity for a condenser, thus having only
one control in addition to the adjust-
ment of the crystal.

CRYSTAL RECTIFIER—A device for

changing an alternating current in a
radio receiver into a pulsating direct
current. This action is fully explained
in “Crystal Detectors (Theory of Op-
eration).”

CURRENT—A term used in electrical

practise to signify the rate at which
electricity flows from point to point
in a circuit. The current in a circuit
may be likened to the water flowing in
a pipe. In this case the water would
represent the electricity, the force or
pressure represents the voltage, the
pipe can be compared to the conductor
or wire through which the electricity
flows, and the current can be likened to
the discharge from the pipe over a
given period of time, that is the cubic
feet of water per second. For practi-
cal purposes the unit of current is con-
sidered as the Ampere. This is the
rate of flow of electricity when one
coulomb (q.v.) passes a given point in
the circuit each second. It will thus be
apparent that while the ampere is
often considered as the amount of cur-
rent in a circuit, in reality it is the
rate of flow of the electricity, the
coulomb being the definite unit of
quantity. Electric current is of course
invisible. The only means of determin-



ing when there is current in a circuit
is by observing its effect and it is
always apparent by one or more of a
number of effects. For example, if
current is flowing in a wire or other
conductor and a compass is placed near
the conductor in such a position that
the axis on which the needle revolves is
parallel to the axis of the wire, the
needle will be deflected. If the current
reverses and flows in the opposite direc-
tion in the wire, the needle will be de-
flected in the opposite direction. The
effect of current is also apparent by
reason of the heat which it generates
in passing through a wire conductor. If
the wire is comparatively small and
the current correspondingly large, the
heat may be sufficient to be noticeable
by placing the hand on the conductor.
When the current is small, it can be
detected by means of delicate instru-
ments. This heating effect is made use
of in various types of ammeters. The
effect of current may also be noted in
an incandescent lamp. In this case
the current is made to flow through a
fine wire inside a globe from which the
air has been extracted, and the heat
generated by the passing current
causes the filament, or fine wire, to
glow.

It is a well-known fact that heat
causes expansion and this expansion of
a fine wire is the principle on which
one type of current measuring device
operates.

Current is divided broadly into two
divisions, direct and alternating. These
two classes may again be separated
into several further groups such as
high and low frequency alternating,
continuous and pulsating. Each phase
or characteristic of current is taken up
more in detail under its particular
heading in this encyclopedia. (See
Current, Direction of Flow, also Cur-
rent, Production of.)

CURRENT, ALTERNATING—A cur-
rent which does not flow steadily in one
direction but changes its direction in
the circuit periodically. (See Alternat-
ing Current.)

CURRENT CARRYING CAPACITY

OF WIRE—The amount of current
which a wire or other metallic conduc-
tor will carry without over-heating.
Whenever current flows through a con-
ductor, heat is generated. The amount
of heat will be directly proportional to
the resistance of the conductor and the
square of the current in it. Now the
resistance of a conductor depends on
its cross-sectional area, length, and also
its nature. It is therefore correct to
state that the heating will depend on
the amount of current flowing and the
cross section and length of the wire.
Obviously, a large wire will carry more
current without over-heating, than will
a small wire. Thus, it is necessary
when choosing wire for a conductor to
carry a certain amount of current, to
select a wire of a cross section sufli-
cient to carry the desired amount of
current without undue heating.

. The following formula for determin-
ing the current carrying capacity of
various sizes and kinds of wire uses a
certain factor T, which is the permis-
sible rise in temperature above sur-
rounding medium—_:\¢ch as air, earth
or water. Where d i3 the diameter of
the conductor in inches, T—the per-
missible temperature rise in degrees
centigrade, N the resistance of con-
ductor in ohms per mil-foot at final
temperature, and I the current in
amperes, then for solid conductors:

Ky Td
1=
r

and for stranded conductors:

Current, Direction of Flow (Assumed)
I=085K / Td"

r

K is a constant (q.v.) depending upon the condition of the surface of the wire
and upon the amount of heat convection due to air currents. Values of the constant
K for air differ according to different authorities from 800 to 1000, the former
referring to still air and the latter to open air.

Table of current carrying capacities follows:

Wires and Cables, Insulated:

Carrying Capacities, in Amperes, allowed by The

Regulations of The National Board of Fire Underwriters for Interior Copper Con-

ductors.

(For Aluminum 84 Per Cent of These Currents is allowed.)
Single Conductor Cables or Each Conductor of Multiple Conductor Cables.

Area in Table A. Table B Table C.
A. W. G. Circular Mils Rubber Varnished other

Insulation cloth insulation
18 1,624 3 | e 53
16 2,683 6 | aee.e.. 10
14 4,107 15 (18) 20
12 6,530 20 (25) 25
10 10,380 25 (30) 30
8 16,510 35 (40) 50
6 26,250 50 60 70
5 33,100 55 65 80
4 41,740 70 85 90
3 52,630 80 95 100
2 66,370 90 110 125
1 83,690 100 120 150
0 105,500 125 150 200
00 133,100 150 180 225
000 167,800 175 210 275
200,000 200 240 300
0000 211,600 225 270 325
250,000 250 300 350
300,000 275 330 400
400,000 325 390 500
500,000 400 480 600
600,000 450 540 680
700,000 500 600 760
800,000 550 660 840
900,000 600 720 920
1,000,000 6560 780 1000
1,100,000 690 830 1080
1,200,000 730 880 1150
1,300,000 770 920 1220
1,400,000 810 970 1290
1,500,000 850 1020 1360
1,600,000 890 1070 1430
1,700,000 930 1120 1490
1,800,000 970 1160 1550
1,900,000 1010 1210 1610
2,000,000 1050 1260 1670

Varnished cloth smaller than No. 6 may be used by special permission only.

CURRENT, CONVECTION—See Con-
vection Current.

CURRENT, CRITICAL —See Critical
Current.

CURRENT DENSITY—The number of
amperes passing through a wire con-
ductor per square inch of area of the
conductor. For example, if a conduec-
tor is a wire or bar of copper hav-
ing a cross section of one square .inch
and ten amperes are passed through
it, the current density will be ten am-
peres per square inch.

CURRENT, DIRECT—Current that
flows steadily, and only in one direc-
tion. (See Direct Current.)

CURRENT, DIRECTION OF FLOW
(ASSUMED) —In electrical practice
the assumed direction of flow of cur-
rent is often referred to. his refers to
the fact that direct current is assumed
to flow from the positive pole of a bat-
tery, or other source of electrical en-
ergy, to the negative pole and thence
back through the battery from nega-
tive to positive. This assumed action
is shown in the illustration Fig. 1,
where the arrows indicate the assumed
direction of flow. Now while the cur-

rent is stated as flowing from positive
to negative outside the source, it is the
generally accepted theory that the elec-
tron stream moves in the opposite
direction, or from negative to positive.
In other words, the current as we use

ELECTRONS DRIFT
IN THIS DIRECTION
i

CURRENT FLOWS
IN" THIS
DIRECTION

Fig. 2. Showing reverse action of current

and electrons.

the term, flows backward along the
path of electrons. (See Electron
Flow.) This reverse action of current
and electrons is shown by the illustra-
tion Fig. 2 This apparent anomaly
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Current, Eddy

ean be likened to a salmon swimming
up a rapid. The movement of elec-
trons can be compared to that of the
the water in the rapids and while the
fish actually swim against the stream,
and the electric current flows against

Pt

N
4 y

CARBON
ZINE

! J

Fig. 1. Illustration showing the assumed
direction of current flow in a dry battery.

the electron flow, the water and the
electron stream nevertheless furnish
the path of motion in each instance.
The reason for the contradiction lies in
the unfortunate arbitrary choice of
})ositive and negative poles long be-
ore electrons were known. (See Elec-
tron.)

CURRENT, EDDY—See Eddy Currents.

CURRENT, HIGH FREQUENCY—A
current that changes direction many
times each second. In radio usage,
currents having a frequency over ten
thousand cycles per second are con-
sidered as high frequency or radio
frequency currents. (See Frequency,
Radio Frequency also Low Frequency.)

CURRENT, HIGH TENSION—Alter-
nate term High Pressure. When the
voltage, tension or pressure, in a cir-
cuit is comparatively low, the current
is said to be a low pressure or low
tension current. When the voltage is
high, the current is said to be of high
tension or pressure, Thus, as applied
to radio usage, a dry cell or storage
battery giving, respectively, one and a
half and six volts for a certain type,
are said to produce low tension or low
pressure current. A “B” battery (q.
v.) giving from 2215 to 45 volts (the
usual value) furnishes high tension or
high pressure current. While there is
not a very great difference in voltage
between a small “B” battery and an
“A” type storage battery, the ratio of
voltage to current in a “B” battery is
far greater than in the ordinary case
of the “A” battery and this must be
taken into consideration. In general
electrical practice the terms are not so
arbitrary, and high tension currents
might be taken as those above a pres-
sure of several thousand volts.

CURRENT, LOW FREQUENCY—An
alternating current that changes its
direction of flow a comparatively few
times per second. In commercial elec-
trical work any frequency up to about
500 cycles per second is considered as
low frequency current. In radio phrase-
ology audio frequency (q.v.) currents
are termed low frequency. For ordi-
nary radio practice low frequency may
be considered as any frequency below
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about 10,000 cycles. (See Oscillation
also Oscillatory current.)

CURRENT, OSCILLATORY-—See Os-
cillatory Current.

CURRENT, PRIMARY—A current
which flows directly from its source,
such as a cell or generator. The cur-
rent obtained from any source through
a direct conductive circuit is termed a
primary current. (See Secondary Cur-
rent, also Induced Current.)

CURRENT, NATURE OF ELECTRIC
—As explained under the heading
Current, electric current is manifest
or understood by its effects. It may be
apparent through the production of
heat or light, by producing mechanical
action such as required to operate a
bell or move an electric motor, or,
again, by producing chemical changes
(See Electrolysis), and still further in
its disastrous effects on the human
body when the current has sufficient
intensity. Without any actual or
visible form of manifestation it can
best be understood from the electron
basis. It will be understood that an

 electron (q.v.) small as it is, contains
a charge of electricity. When a suffi-
cient number of electrons are in motion
in a conductor (Note: current consists
of electrons in motion) the current
becomes large enough to be measured.
As an instance of this fact a current
of one ampere intensity (one coulomb
per second) requires that about 107
electrons flow past a given point in the
circuit each second. When the elec-
trons are not progressing along a con-
ductor, no current flows in the circuit.
If no current is being carried by the
conductor, the electrons may move
about, but they do not progress along
the conductor.

CURRENT, PRODUCTION OF ELEC-
TRIC—An electric current is pro-
duced in a conductor by applying an
electro-motive force (voltage) at
points of the conductor or by maintain-
ing a difference of potential (q.v.) be-
tween two points. In the first example
we can assume a metal ring or closed
coil of wire through which a magnet
is pushed or perhaps in the core of
which a magnet is being excited, or in
the general sense any complete circuit
through which the number of magnetic
lines of force are being varied. In the
second instance the difference of po-
tential may be due to a primary cell
(q.v.). Thus, the first case can be
understood as referring to any
mechanical means of producing cur-
rent, such as generators. The other
general method is by use of a woltaic
cell, that is, by chemical action. There
are four important methods of pro-
ducing an electro-motive force. The
first is by friction, the apparatus used
in this connection being termed a static
machine; the second is by chemical
action, as a primary or secondary cell;
third, by mechanical motion, i.e., dyna-
mos and generators, and fourth, by
thermal action—known as a thermo-
Jjunction which is the wiring of two
unlike metals in a conductory circuit
so that by heating one of the points
of joining an electric current will be
set up I1n the circuit. (See Static
Electricity, Generator, Thermo Couple,
also Current and Electro-Motive
Force.)

CURRENT, PULSATING DIRECT—
When an alternating current is recti-
fied by means of any device which per-
mits current to pass only in one direc-
tion, the resultant current will move
only in one direction, hence it is known
as a direct current. but unless both

negative and positive halves of the
cycle (q.v.) are rectified or changed to
direct current, the resultant current
will appear as a series of pulses in one
direction. The most common application
of this is found in the case of a erystal
rectifier, or detector as used for re-
ceiving radio signals or broadcasting.
ORIGINAL ALTERNATING

AERIAL
SIGH FREQUENCY CURRENT

N/ ®

RECTIFIED
+ <+ + + +/CURRENT+
- ‘W = A__-CRYSTAL

LOWER HALF OF
EACH CYCLE NOT

RECTIFIED -
W crouno RP:ones

Disgram showing how crystal detector con-
verts alternating high frequency current into
pulsating direct current.

Wihen the incoming waves, or high fre-
quency oscillations (Q.v.), are im-
pressed on the detector, due to its
peculiar properties they can only pass
through it in one direction. In other
words, granting that the incoming
signal, or current, reverses its direc-
tion a great many times each second,
it will be obvious that at any instant
in the cycle (q.v.) current is moving
in a certain definite direction, as from
positive to negative, or vice versa, as
stated, due to the peculiar properties
of the detector the incoming signal
current can only pass through the de-
tector when the current is flowing in
the correct direction. This means that
only half of the wave (q.v.) is passed
through and rectified. The result is a
series of direct current surges through
the balance of the circuit, each surge of
current being followed by a space or
time interval while the opposite half of
the cycle or opposite alternation (q.v.)
is blocked by the uni-directional nature
of the crystal. These surges are then
audible in the head phones, as they
will actuate the diaphragm (q.v.)
whereas a high frequency alternating
current such as the original impulse
from the broadcasting station would
be inaudible. For a more complete
explanation of this action see Rectify-
ing action of crystal detector. (See
also, Rectifier, Full Wave Rectification.
and Rectifying Tube.)

CURRENT, SECONDARY—A current

produced by a primary current (q.v.)
acting on a secondary curcuit which
does not receive its energy by direct
connection with the primary source.
The illustration shows both primary
and secondary currents and the man-

PRIMARY INDUCED OR
CURRENT SECONDARY
| CURRENT

'

= 5 |
= IRL

NO ACTUAL CONNECT-
ION BETWEEN PRI-
MARY AND SECOND-
ARY CIRCUITS
Illustration showing primary and secondary
currents and method of production.

AN

t

AC.
GENERATOR |

ner of production. It will be under-
stood that the primary current in this
case must be a varying current. (See
Induced Current, also Inductive Coupl-

ing.)




CURVE—A

CURVE OF SINES—A

CURRENT, THEORY OF ELECTRIC
—DUnder Electromotive force it will be
explained that voltage or pressure is
the result of a difference of potential
(the power possessed by a charge of
electricity for doing work) between
two points in a conductor. Electric
current will flow from the point of
higher pressure or voltage to the point
of lower pressure, the flow continuing
as long as the difference is maintained.
This action is the same as with water,
which will always seek to move from a
high point to a lower point. The flow
of current is thus an effort to equalize
the two potentials. (See Current, As-
sumed Direction of Flow, also Pres-
sure and Voltage.)

straight or curved line
showing the relation between various
electrical phenomena or the character-
istics (relation of changing values) of
an electrical instrument. (See Char-
acteristic Curve, also Sine Wave.)

) : curved line
representing the vibration of a body

CYCLE—In

90° 180° 270° 360°
A ) 8 ’ [A

8ine curve.

that oscillates like a pendulum. The
illustration shows a curve of sines
which may be used to represent an
alternating current. (See Alternating
Current, also Sine Wave and Simple
Harmonic Vibration.)

CUT OUT—An electrical device to in-

terrupt the flow of current through
any particular piece of apparatus or
instrument, either automatically or by
hand; a switch.

electricity, a period of
time during which certain changes
take place in an alternating current,
(q.v.) the same changes occurring
again in each successive cycle. We can
imagine an alternating current as
travelling along a wire in the form of
a wave, one half of the wave being in
one direction and the other half being
in the opposite direction. That is to
say, the current flows from positive
to negative for one half of the cycle
and then in effect, flows from negative
to positive the other half of the cycle.

D—The symbol of electric displacement
(q.v.); also occasionally used as a
symbol for diameter in electrical cal-
culations.

DAMPED OSCILLATIONS — Electrical

oscillations which die away, each suc-
ceeding oscillation in a group having
lesser amplitude (q.v.) or strength
than the preceding one. (See Damped
Waves.)

DAMPED WAVES—Radio waves in the

form of successive trains or groups, in
each of which the amplitude or
strength decreases with each successive
wave. When electrical oscillations are
caused by a single impulse, they do not
continue indefinitely, but decrease in
amplitude or die away. Thus, if oscilla-
tions are created in an antenna or
other circuit by a discharge from a
condenser (see spark discharge), each
electric spark creates a train of oscil-
lations which die away more or less

(It will be understood that actually
current always flows in the same

MAX.
110 POS.

Curve showing action of 110 volts alternating
current during one cycle.

direction, but the action of alternating
current is due to a reversal of polarity
at the source.) The difference be-
tween direct and alternating current is
that, in the case of direct, the polarity
always remains the same at the source
and hence the direction of flow of the
current is always in one direction,
whereas with alternating current, the
polarity changes twice each cycle due
to changes at the source, and thus it
flows in one direction for a certain
fixed period, then reverses and flows
in the opposite direction. In the illus-
tration the current is shown as a sine
wave. (q.v.) We assume that this
represents an alternating current of
110 volts pressure such as in the
average house lighting system. Now
we consider the wave as a circle. The
current flows in a positive direction to-
ward its maximum value and at the
90 degrees it has reached the positive
maximum. It then falls back to zero
at 180 degrees and reverses, rising to
maximum on the negative side, which
it reaches at 270 degrees. It then
falls back to zero at 360 degrees hav-
ing completed a cycle or two alterna-
tions. The operation is repeated over
and over a certain number of times
each second. Thus, the rise and fall
from A to B or 180 degrees is one
alternation, the rise and fall from B
to C is another alternation, the two
alternations, one positive and one
negative making a complete cycle. If
sixty of these cycles occur each sec-
ond we say that the frequency (q.v.)
is sixty cycles. (See Alternating Cur-
rent, Phase, Sine Wave.)

CYMOMETER-—The name given a

type of wave-meter designed by Dr. J.
A. Fleming. It is used to measure the
wave-length of oscillatory (vibrating)
circuits. (See Wave-Meter.)

Fig. 1. Pendulum coming to rest after being
given a momentary impulse.

Damped Waves

CYMOSCOPE—A term used to desig-

nate any instrument which enables one
to see the effect of electrical waves
or to detect their presence. The origi-
nal form was merely a loop of wire

Fig. 1. Early type of cymoscope used to indi-
cate resonance in a circuit.

not completely closed as shown in Fig.
1. When held close to a transmitter
of short waves a small spark will pass
between the ends of the loop provid-
ing the wave-length is properly ad-
justed. This was the form used by
Hertz (the discoverer of electro-mag-
netic waves which form the basis of
radio telegraphy and telephony) in his
early experiments. The more modern
form is shown in Fig. 2 where a small

Fig. 2. More modern form of cymoscope.

lamp is made to light by holding the
loop close to the transmitter. A com-
plicated arrangement used to acually
see the waves and study their form is
called the Oscillograph. (See Oscillo-
graph, also Cathode Ray Tube.)

gradually. Fig. 1 shows a pendulum
which is given a momentary impulse.
Now as this source of power is only
momentary the pendulum will not

AMPLITUDE

Fig. 2. Train of damped waves.

swing from A to D indefinitely. If the
first swing under the impulse carries
the pendulum the entire distance A to
D, the next swing will cover a lesser
arc and so on until the movement has
died out altogether.

Now in Fig. 2, the graphic illustra-
tion of a train of damped waves shows
that each crest is a little lower than
the one preceding it and after a short
period the waves have died out alto-
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Damping

gether. These curved lines may be con-
sidered as an illustration of the path
taken by the pendulum in its motion as
shown in Fig. 1. The decrease in am-
plitude of one crest over that preceding
is known as the damping, and the
naperian logarithm of the ratio of am-
plitude of any oscillation to the one
preceding it is known as the logarith-
mic decrement.

If the impulse of force causing the
oscillatiens is steady—not intermittent
—the result will be a sustained series
of oscillations that will continue at
constant strength or amplitude until
the exciting force is withdrawn. Thus,
in the case of the pendulum, we can
very easily keep exciting it by an
evenly exerted force and so insure that
the swings will continue without dim-
inishing, as in the case of a momentary
impulse. Oscillations or waves that
have constant amplitude are known as
Continuous Waves, Undamped Waves
or Sustained Waves. (q.v.) (See also
Decrement, Logarithimic; also Nape-
rian Base.)

DAMPING—A progressive decrease in
amplitude or strength. (See Damped
Waves, Damping in Instruments.)

DAMPING COILS—Short circuited
(q.v.) coils used in electrical appara-
tus for the purpose of causing damp-
ing (i. e., decrease in the intensity of
electrical oscillations). The reaction
of induced currents in the shorted
coil creates the damping effect. (See
Damping.)

DAMPING DECREMENT—See Decre-
ment, Logarithmic.

DAMPING FACTOR—The product of
the logarithmic decrement (q.v.) and
the frequency (rate of alternation) of
a damped alternating current. (See
Decrement, also Amplitude.)

DAMPING IN INSTRUMENTS — The
term damping is applied in a mechan-
ical sense as in the case of the needle
of a measuring instrument such as a
galvanometer. (q.v.)

In a delicate instrument for meas-
uring current the needle is controlled
by the current through the instrument,
and when this current is withdrawn
the needle is brought back to the neu-
tral position by a fine spring. Now,
unless some precaution is taken the
needle will have a tendency to swing
or vibrate when measurement is being
taken. Various devices are used to
bring the needle quickly to rest with-
out undue vibration. If the needle
comes to rest almost immediately it is
said to be a highly damped or dead beat
instrument, because the oscillations or
vibrations die out rapidly the same as
in the case of damped waves.

There are two principal methods of
damping instruments. When the in-
strument is of the moving coil type,
the coil is generally wound on a light
aluminum frame which is mounted be-
tween the poles of a permanent mag-
net. A soft iron core fills the gap be-
tween the two poles, allowing space
for free movement of the coil. The
result is that the metal frame carrying
the coil moves through a very strong
magnetic field and Eddy currents
(q.v.) are set up in the frame and
serve to damp its motion. The other
common method is to have a light met-
allic vane carried by the pointer in its
motion and moving in an air chamber
to stop vibration. While damping is
highly essential in a measuring instru-
ment, too high a degree of damping is
not advisable. If there is a very slight
tendency on the part of the needle to
vibrate, it permits the operator to de-
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termine whether it is swinging freely.
(See Voltmeter, Wattmeter.)

DAMPING MEASUREMENT—See De-
crement, Logarithmic.

DAMPING WAVES—Term commonly
used to denote the gradual decrease in
amplitude of a train of oscillations as
in radio transmission. If the oscilla-
tions persist at constant amplitude or
strength, each oscillation being equal
in amplitude to the one preceding,
there is no damping. When the ampli-
tude of each successive oscillation is
less than that of the preceding one
there is said to be damping and the
oscillations will die out entirely, at a
rate dependent on the degree of damp-
ing. If the oscillations die out very
rapidly they are said to be highly
damped; if they die out slowly the
damping is said to be feeble.

DANIELL'S CELL—A two fluid voltaic
cell containing a zinc plate immersed
in dilute sulphuric acid, and a copper
plate in a saturated solution of copper
sulphate; the two solutions being sep-
arated by a porous cup. This cell has
a constant voltage and shows only
slight polarization. Was formerly much
used in telegraph work.

D’ARSONVAL GALVANOMETER—
A type of galvanometer in which a
coil carrying the current to be meas-
ured is suspended in a fixed magnetic
field. (See Galvanometer.)

DASH—The long stroke used in Morse
and Continental Code. It is considered
as equivalent in length to three Zuis.
(See Code.)

D. C. C.—The customary abbreviation for
double cotton covered wire.

D. C.—The abbreviation commonly used
for direct current. (q.v.)

“D” COIL—Occasionally known as Fig-
ure Eight coil. A form of inductance,
used particularly in tuned radio fre-
quency circuits. The windings are in
the shape of a figure eight, either in
pancake form (flat wound) or wound
on a slotted tube. Owing to the pecu-
liar arrangement of the windings these
coils have very little external field and
thus can be used in radio frequency
amplifiers without the usual oscillatin
due to conflicting fields. (See Field,
Inductance, Radio Frequency Coils.)

DEAD BEAT INSTRUMENT—A meas-
uring instrument arranged so that the
needle comes quickly to rest with little
or no vibration is said to be dead beat
or highly damped. (See Damping in
Instruments.)

DEAD CELL—A cell which has been
discharged. (See Cell.)

DEAD CRYSTAL—A crystal used in a
crystal detector (q.v.) that has lost its
sensitivity. Very often a crystal be-
comes dirty or oily from contact with
the fingers. In some cases they can be
brought back to usefulness by cleaning
with aleohol, or if the crystal is dead
through causes other than dirt on its
surface, it may be broken to present a
new surface and thus find a new sensi-
tive spot.

DEAD END EFFECT—The effect on a
receiving circuit (oscillatory circuit)
resulting from unused turns of wire
in a coil. In the customary tuning
coil or tapped coil a certain portion of
the wire is not in use and this idle
section, being in metallic connection
with the main portion, but not actually
in use, acts as a miniature oscillatory
circuit. This tends to reduce the effi-
ciency of the tuning unit as a whole.
Dead end effect may be eliminated by
using the entire coil at all times, doing
the tuning solely by the variable con-
denser, or it may be reduced by the

use of a dead end switch (q.v.). (See

Tuning Coil.)

DEAD END SWITCH—A switch used
to cut out unwanted turns of wire in
a coil in order to eliminate or reduce
the dead end effect (q.v.). Such a
switch is generally arranged so that

Dead end switch.

instead of taps being taken from vari-
ous points on the coil, the winding is
actually in sections and the switch
blade connects into the circuit the de-
sired number of sections.

DEAD SPACE—In the case of beat
heterodyne reception if the two fre-
quencies are brought together or the
uifference is very slight there will be
no beat. This space where the two
freqencies are identical, or very
nearly so, i3 known as the dead space.
(See Beats, also A ~terodyne.) The beat
resulting from the superposition of
two waves differing in frequency is the
difference or the sum of the two fre-
quencies. For instance, if two waves
are present in the same circuit, of
1,000 and 1,005 kilocycles respectively,
the two beat frequencies will be 6 and
2,005 kilocycles. If, however, the two
frequencies are made identical, the
difference between the two will be
zero, and the sum of the two will be
twice the original frequency. In the
one case, where we take the difference
of the frequencies, the beat note is
zero, or there is no beat note at all;
in the other case, where we add the
two frequencies, the resulting fre-
quency is the harmonic (q.v.) of the
original frequencies, which is the same
as an octave in music. In the present
instance, this note will not be heard at
all as it is above the range of audi-
bility.

DECADENT WAVE—A damped wave,
A wave, or oscillation, in a train of
damfed waves (q.v) which is of lesser
amplitude or strength than the one
preceding it. (See Damped Waves,
also Undamped Waves.)

DECAY OF CURRENT—The gradual
dying out of current in an inductive
circuit (q.v.) after the impressed po-
tential has been removed. The pres-
ence of inductance in a circuit causes -
the current to lag in time behind the
voltage producing it. As a result,
when a highly inductive circuit is
broken bﬁ opening a switch or hv other
means, the current still tends to flow
for a short interval, and the induced
voltoge in the circuit may become very
high.  This is the reason why a spark
often occurs when the switch in s
highly inductive circuit is opened. As
a result the current decays gradually



after the impressed voltage is re-
moved.

It will be noted that the decrement
(q.v.) or the rate of decay of the oscil-
lations directly affects the number of
oscillations in the wave train that will
be useful in transmitting signals. For
instance, if a certain oscillation in the
figure should represent the smallest
voltage that will operate a detector,
it is evident that all oscillations in the
wave train that have smaller ampli-
tudes will be useless. Consequently,
the lower the decrement of the wave,
the greater will be the number of oscil-
lations before the amplitude becomes
too small for useful purposes. This
likewise means that a greater amount
of the energy in the wave can be util-
ized.

DECOHERER—In the type of detector,

now obsolete, known as the coherer,
the incoming signals caused the parti-
cles of nickel and silver filings in the
glass tube of the device to cohere or
cling together. (See Coherer.) 1In
order to place the coherer in its orig-
inal state after each impulse, it was
necessary to have some means of sep-
arating the particles. These were
known as decoherers and were in many
different forms, some as separate at-
tachments, others as a -part of the
detector or coherer. (See Detector.)

DECOMPOSITION, ELECTROLYTIC—

The decomposition of chemicals taking
place in a cell due to the action of the
?lectrolyte. (See Cell, also Electro-
yte.)

DECREMENT—A term used to indicate

the rate of decay or dying out of an
electrical oscillation that is subject to
damping. (q.v.) In the illustration
is shown a series of damped waves. It
will be noted that the distance from
zero to the crest of wave (C-2) is less
than the one preceding it (C-1). This
distance represents the amplitude and
the ratio of any amplitude to the one
preceding it is constant, that is. the
decay or decrease in amplitude is con-
stant. The Naperian Logarithm (q.v.)
of the ratio—of one wave to the one
preceding it—is called the logarithmic
decrement. The damping of a train
of waves is:an important consideration
as it affects the tuning qualities to a
great extent. This is covered by a
U. S. Government Statute Concerning
Transmitting Stations, decreeing that
the logarithmic decrement per complete
oscillation must not exceed 0.2, which

AMPLITUDE

Damped waves gradually dying out.

means that for each single spark dis-
charge from the transmitter there
must be not less than 24 complete
oscillations in the antenna system.
(See Oscillations, Damping, Naperian
Logarithm, Sharp Wave.)

DECREMETFR—An instrument used to

measure the decrement or degree of
damping in an oscillatory current.
Such meters are made in several dif-
ferent forms. Some types are direct
reading in terms of the logarithmic
decrement, while others require mathe-
matical reduction from the readings of
a dial. All decremeters operate on the
basis of comparison of the resonance
current in a tuned circuit with that in
a circuit out of tune by a known or

unknown percentage. (See Logarith-
mic Decrement, also Damping.)

DE FOREST, DR. LEE—Electrical engi- [

neer; b. Council Bluffs, Ia., Aug. 26,
1873. Grad. Yale (Sheffield Scientific),
Ph. B., 1896; Ph. D., 1899. Inventor
De Forest system wireless telegraphy
and founder Am. De Forest Wireless
Telegraph Co.; system originally
adopted largely by U. S. Govt.; demon-
strated to the British, Danish, German,

Dr. Lee De Forest.

Russian and Indian Govts., first used
by the U. S. Signal Corps in the war
manoeuvres and inst. in Alaska. 1905
invented the Audion or three-electrode
vacuum tube. 1906-09 was the pioneer

Deionization

medal by Franklin Inst. 1922 awarded
medal by Inst. of Radio Engineers. Fel
low American Inst. of Elec. Engineers
Fellow Inst. of Radio Engineers. Mern
of N. Y. Elec. Society; mem. of Nat.
Geog. Soc.

DE FOREST COILS—A type of coii
named after Lee De Forest (q.v.). The
wires are wound in a diamond shaped
pattern in such manner that the turns
of one layer cross the turns of the

receding layer at an angle, thus mak-
ing the distributed capacity (q.v.) very
small compared with the capacity of
other types of coils. (See Honeycomb
Coils.)

DEGREES, ELECTRICAL—In an alter-
nating current curve each complete
oscillation or cycle is shown as twc
loops, one above the line representing
time, and the other below it, the en-
tire cycle being considered as 360 elec-
trical degrees. It is possible in this
manner to show relations between cur-
rent and voltage phases, amplitude a. .
any point, etc. (See Alternating Cur.
rent, also Sine Wave.)

The idea of electrical degrees comes
originally from the elementary electric
generator, with two-slip-rings taking
off the alternating current, and having
only two poles. During one-half revo-
lution of the armature turns, the cur-
rent increases from zero to a maximum
and then back to zero again. During
the other half revolution the current
increases in an opposite direction from
a zero value to maximum and then
back to zero again. The curve shown
in the figure represents the current
variation during the complete revolu-
tion, a crosssection of the rotating
armature wire being shown at A. The
angles indicated on the line BC are
laid off to any convenient scale, and
the intersection of the ordinates from
these points with horizontals drawn
from the circle as shown, give the
points on the curve.

___________ BN

910 180 270 360

Curve representing current variation during one revolution of the armature of a generator.

in Radio Telephony. First to broadcast
music and opera. 1908 equipped the
24 battleships and destroyers of Ad-
miral Evans for their historic round-
the-world cruise. 1913 incorporated De
Forest Radio Tel. & Tel. Co., which
developed the audion amplifier and
oscillator for commercial purposes.
These De Forest devices completely
revolutionized the radio art and made
possible the Bell Tel. Transcontinental
System. He was the father of radio
broadcasting and all radio broadcasting
apparatus is built upon his audion in-
ventions. Since 1919 he has devoted
his attention to the phonofilm, photo-
graphing sound waves directly on mo-
tion picture film. Pres. of the De
Forest Phonofilms, Inc.; Dir. of De
Forest Phonofilms, Ltd., London. 1921,
Awarded Cross of Legion of Honor by
the French Govt. in appreciation ren-
dered by audion to the Allies during
the war. 1922 awarded Elliott Cresson

The same ideas hold when the gen-
erator has more than two poles: i:
this case a full 360 electrical degrees
is taken to represent the armature mo-
tion from across two adjacent pairs of
poles, so that a complete cycle of volt-
age or current is generated. In a
four pole machine, therefore, a full
revolution of the armature could be
represented by 2 x 360 or 720 electrical
degrees. This corresponds to 2 com-
plete cycles. Or, looking at it the
other way, 360 electrical degrees
would represent a half revolution of
the armature wire.

DEIONIZATION—The action of return-
ing a mass of gas that has become
ionized (breaking up of the atoms of
gas into positive and negative ions.
being the elements to which and te
whose motion, under the action of
electric forces, is supposed to be due
their electric conductivity) to its orig-
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Delta

inal state. In the case of a spark gap
(g.v.) the ionization creates a con-
ductive path which remains after the
actual spark has passed, thus prevent-
ing sharply defined oscillations. There
are various methods of deionization,
including cooling, absorption, air-blast
or magnetic field, all tending to deion-
ize or place the spark gap in its pre-
vious condition to prevent an are from
following the discharge. This action
is also known as quenching. (See
Quenched Gap.)

DELTA—The fourth letter in the Greek

alphabet. The capital letter delta (A)
is used as a symbol for delta connec-
tion of three phase alternating current
generators or transformers. The small
or lower case delta (§) is used as a
symbol for Logarithmic decrement.
(_See) Decrement, also Delta Connec-
tion.

DELTA CONNECTION—A In a three

phase alternating current generator,
where three coils are mounted sym-
metrically around a shaft rotating in
a magnetic field, the connection or
grouping of the windings is called

Py

CcoiLB

Y

\COILC

COILA

Delta grouping in a three phase system.

delta after the Greek letter which the
grouping somewhat resembles. The
illustration shows delta grouping in a
three phase system. The sum of the
instantaneous Electromotive Forces of
the three coils is zero, or in other
words the sum of the Electromotive
Forces of any two coils is equal and
opposite to that of the other coil, the
line voltage thus being equal to the
phase voltage. (See Alternator, Poly-
phase.)

DEMAGNETIZATION—The act of re-

turning a body to an unmagnetized
state or of reducing the degree of
magnetization. In the case of phones
used in radio reception the permanent
magnets are often weakened or demag-
netized by connecting them in the elec-
tron-tube circuits in the wrong way.
(See Magnetization, also Telephone
Recetver.)

DENSITY, CURRENT—See Current

Density.

DENSITY, FLLUX—See Flux Density.

D

ENSITY OF ELECTROSTATIC
CHARGE — The electrostatic charge
per unit area. (See Electrostic Charge,
also Condenser.)

DEPOLARIZATION—In an electric cell
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hydrogen bubbles form on the surface
of the positive electrode and unless
some arrangement is made to counter-
act this effect, the usefulness of the
cell will soon be impaired due to the
insulating action caused by this film
of gas, known as polarization. Usually
some means of oxidizing is employed to
mct upon the hydrogen as fast as it is
produced on the positive electrode, thus
preventing or reducing the effect of

polarization. (See Cell, also Polariza-
tion, and Depolarizer.)

DEPOLARIZER—The oxidizing agent
or other means used in a cell to coun-
teract the effect of polarization. Bi-
chromate of potash or peroxide of
manganese is commonly used for this
purpose. (See Dry Battery, also Pol-
arization.)

DETECTOR—A device for converting
oscillating currents of high frequency
(radio waves) into a form suitable for
operating a telephone receiver or sen-
sitive measuring instrument. It is
often referred to as a rectifier, because
it serves to change the incoming cur-
rents from alternating to pulsating
direct currents. Detectors vary in type
and efficiency, ranging from the now
obsolete coherer, to the modern sensi-
tive regenerative vacuum tube. The
different types of detectors are taken
up under their various headings.
(See Crystal Detector, Vacuum Tubes,
Electrolytic Detector.)

DETECTOR CIRCUIT—That part of the
circuit in a radio receiver which con-
tains the detector (q.v.). The detector
circuit may be closely coupled to the
balance of the receiving circuit by
means of a tuning coil or it may be in-
ductively coupled by using a vario-
(lzpup)ler or loose coupler. (See Coup-
ing).

DETECTOR, DAMPED WAVE—Any
special type of detector, such as a cry-
stal, ete., used for reception of damped
waves. (q.v.). (See Tikker, also He-
terodyne, and Vacuum Tube.)

DETECTOR, VACUUM TUBE—The
vacuum tube used as a detector of
radio frequency (high frequency) os-
cillations. A vacuum tube may be used
to change or rectify the high frequency
alternating currents received at the
aerial to pulsating direct currents
(g.v.) capable of operating a telephone
receiver or recording device. For-
merly vacuum tubes were made for an
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Fig 1. Non-regenerative vacuum tube circuit.

individual purpose, such as radio fre-
quency amplifier, audio frequency am-
plifier, or detector, the amplifier tubes
being thighly exhausted and the de-
tector tube having a low vacuum and
requiring critical filament adjustment.
Of late tubes have been developed to
such an extent that no special tube is
necessary for the detector circuit, all
being adaptable for almost any pur-
pose. Fig. 1 shows the ordinary cir-
cuit for a vacuum tube detector. This
method is not much used now since the
advent of regeneration, except where
stages of radio frequency amplifica-
tion are used ahead of the detector to
amplify the incoming signals. In this
case incoming signals are impressed
on the grid “G” and the slight varia-
tions of potential at this point con-
trol comparatively large currents at
the plate “P,” actuating the telephone
“T.” (See Vacuum Tube, Theory of
Detector Action.)

Used in this manner the tube is a
considerable improvement over the cry-
stal detector in point of sensitivity.
However, by means of regeneration,
the sensitivity may be increased many
times. Fig. 2 shows a simple regenera-
tive circuit. Here the unrectified cur-
rents passed through to the plate of
the vacuum tube are fed back by
means of the coil L2 and by being im-
pressed again on the grid, further am-
plification can be attained. (For com-
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Fig. 2. Simple regenerative circuit.

plete explanation see Regenerative,
Theory of Operation of Vacuum Tube,
Detector, Pulsating Direct Current,
also Crystal Detector.)

DETUNING — The opposite of tunin

(q.v.) The process of varying the ef-
fective inductance or capacity or both,
to throw the radio receiver out of
resonance with the particular sig-
nals to which it is tuned. This may be
done to decrease the volume of the sig-
nals or it may be employed to elimi-
nate or reduce interference from some
undesired signals. For example, a
station operating with a wavelength ef
400 meters might interiere with recep-
tion of a station operating on 360
meters, providing it has sufficient
f)ower, or the receiver is not particu-
arly selective. If the radio receiver
is detuned slightly below 360 meters,.
the desired signals will still come in,
though at lesser volume, but the inter-
fering signals will be lost entirely.
Tuning is the act of producing reson-
ance and detuning is the act of de-
stroying resonance. In the case of a
heterodyne receiver (q.v.) the hetero-
dyne circuit is slightly detuned from
the incoming oscillations, thus produec-
ing a difference in frequency or beat
frequency (q.v.). (See Resonance, also
Dead-space.)

DIAGRAM—A system of lines drawn to

represent the circuit or connections for
radio receivers or transmitters or asso-
ciated apparatus, etc. Diagrams may
be in any of several forms, the two
common methods being known as
schematic and perspective. In the
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Schematic diagram of a simple crystal
receiver.

schematic form, symbols are generally
used to represent the various pieces of
apparatus, whereas in the perspective
form, drawings of the apparatus are
used. Fig. 1 illustrates a typical
schematic diagram of a simple crystal
receiver. Here the tuning coils, de-



tector, phones and so on, are shown in
the form of symbols. Fig. 2 shows the
same circuit in perspective form, with
the tuning coil and other parts actu-
ally pictured. Diagrams may be used
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Fig. 2. Showing in perspective form the

circuit given in Fig. 1.

to show connections for any electrical
or radio circuits or for individual parts
of instruments. (See Hookup.)

DIAL—Devices used to control the move-
ment of condensers or other moving
parts of radio apparatus. Most dials
are made of a composition such as
Bakelite or hard rubber; some are
made of metal. The periphery is gen-
erally spaced off in numbers from 0
to 100 or 180, for purposes of keeping
a record of the positions at which the
various stations are received. Dials
may be arranged to have the readings
refer to definite values by means of
calibration (q.v.). (See Dial Vernier.
See Log.)

DIAL, VERNIER—A term incorrectly
applied to a dial arranged with slow-

This dial utilizes the slip tooth principle.
6 turns the slip gears (3)
2 is mounted

5 is the main dial.

and (4), which cause 2 to turn.

on the shaft (1A) fastened in the main dial

(1). 5 is the scale, fastened to the condemser
shaft.

motion linkage in order to permit very
fine adjustment. The illustrations
show two types of vernier dials. Ver-

nier dials are generally used on vari-
able condensers and occasionally on
other instruments, where close adjust-
ment is necessary. They are particu-

A simple vernier dial using a pinion and
internal rack,

larly useful in the case of a Super-
Heterodyne receiver, the oscillator con-
trol being critical, and the wavelength
control as well, in certain cases. (See
Dial, also Critical.)

DIAMAGNETIC MATERI AL—Sub-
stances not readily susceptible to
magnetism. If a substance does not
pass magnetic lines of force, but rather
is repelled by a magnetic pole, it is
said to be diamagnetic; its perme-
ability, or ability to permit magnetism
to pass through it, is considered nega-
tive or less than unity (air). Dia-
magnetic substances are apparently
repelled from the poles of a magnet.
If placed in a magnetic field they have
a tendency to diminish the magnetic
induction (q.v.). (See Paramagnetic,
also Permeability.)

DIAPHRAGM—A thin disk, generally of
soft iron used in telephone receivers
and microphones (q.v.) to either pro-
duce or detect electrical pulsations by
means of vibrations caused by an elec-
tromagnet. Variations in the current
through the electromagnet cause cor-
responding vibrations in the dia-
phragm. While the common type of
diaphragm is made of soft iron, there
are numerous other materials used.
Certain alloys have higher permeabil-
ity, and therefore are more responsive
to the attraction of the magnet. In
one type of telephone receiver that is
particularly sensitive, there are two
diaphragms—one that is actuated di-
rectly by the electromagnet under the
influence of a varying current and an-
other of thin mica, coupled to it by a
fine wire. Another type employs a
small iron armature suspended on a
pivot, and attached to a mica dia-
phragm by means of a delicate lever,
at right angles to the armature. The
vibrations of the armature in the mag-
netic field of the magnets are commu-
nicated to the diaphragm by means of
this lever. (See Baldwin Receiver.)
Another type is of metal with fine cor-
rugations and still another is a mica
or parchment disk with a piece of soft*
iron in the center. (See Microphone,
Telephone Receivers.)

DIAPHRAGM, CARBON—A phone dia-
phragm in the form of a thin carbon
dise. (See Diaphragm.)

DIELECTRIC—This term is rather
broadly used in electrical work to in-
dicate a non-conductor or insulator. A
dielectric may be a solid, liquid or gas
and is generally employed to separate
two conducting surfaces. The most
common instance of the application of
a dielectric is in the case of a con-
denser. Here the plates are separated
by a dielectric material, the nature of
this material depending on the par-
ticular type and purpose of condenser.

variable condenser for receiving
purposes generally employs air as the

Dielectric Coefficient and Constant

dielectric. That is, the two sets of
plates are kept from actual contact
while one is being rotated, by an air
space. In fixed condensers the dielec-
tric is usually waxed paper, mica,
glass, oil or compressed air, deﬁendmg
on the purpose for which the con-
denser is to be used and the dielectric
strength necessary. While we refer
to a dielectric as a non-conductor or
insulator, there is actually no dividing
line between conductors and insulators,
practically any dielectric permitting
passage of a certain amount of current
under the proper conditions. If a sub-
stance is a very good insulator it is
said to have good dielectric properties,
while one that is a poor insulator and
permits leakage of current is a cor-
respondingly poor dielectric. (See In-
sulator, Conductor, Resistance, also Di-
electric Coefficient and Constant.)

DIELECTRIC ABSORPTION—The ten-

dency of the dielectric in a condenser
to apparently absorb a certain amount
of the power applied to it. When a
condenser is charged by a direct cur-
rent source such as a battery, the in-
stantaneous charge is often followed
by a small charge or flow of current
that steadily decreases as it flows into
the condenser. This additional charge
is in effect absorbed by the dielectric
of the condenser. The rewerse effect
is obtained when the condenser is dis-
charged, the instantaneous discharge
being followed by a steadily decreasing
additional discharge. It will be appar-
ent, then, that if the condenser is
charged from an alternating current
source, such as by radio frequency cur-
rents, the dielectric will show a ten-
dency to withhold a certain part of
the charge, and as the charging and
discharging goes on rapidly due to the
rapid reversals of the current (see
High Frequency Alternating Current),
the dielectric will continue to hold back
this portion of the power as long as
the charging and discharging process
persists.

This loss, due to the absorption in
the dielectric, must not be confused
with the losses due to faulty dielectric
materials, wherein a certain portion
of the current is allowed to leak away
by conductance through or on the sur-
face of the insulator. Dielectric ab-
sorption is often referred to as dielec-
tric vigcosity or hysteresis because of
its similarity to viscosity in liquids.
Viscosity is the property possessed by
liquids to resist deformation. The
usual method of measuring viscosities
is by measuring the time taken by a
known volume of the liquid, at a known
temperature, in flowing through an
aperture of known form and dimen-
sions under a known pressure. Thus
tested, water will flow rapidly, while
cylinder oil is very sluggish, and
hence is said to possess great viscosity.
(See Condenser, also Dielectric.)

DIELECTRIC COEFFICIENT and CON-

STANT—The specific inductive cap-
acity of a dielectric. Generally spea{:-
Ing, its properties to act as a dielectric.
In the Centimeter Gram Second 8ys-
tem (q.v.) the inductive capacity and
the dielectric constant are numerically
equal, the constant being the dielectric
value of the material as compared with
air at ordinary pressure taken as the
standard (1). The table of constants
for the more important dielectric ma-
terials follows. .

It will be seen that glass, oils and
mica have the highest values, for which
reason they are widely used. (See
Specific Inductive Capacity, Dielectric,
also C. G. 8.)
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Dielectric Cunstants
TABLE i OF DIELECTRIC CONSTANTS

Dielectric Constant
Air at ordinary Pressure

(Taken as the Stand-

ard) ..o 00iiiinen 1.000
Manila Paper.......... 1.50
Celluloid .............. 1.555
Parrafine (clear) ...... 1.68 t0 2.32
Beeswax .............. 1.86
Parrafine Wax ........ 1.9936 to 2.32
Parrafined Paper ...... 3.65

Hard Rubber (Enonite) 2.05to 3.15

India Rubber (pure)... 2.22 to 2.50
Gutta Percha ......... 2.46 to 4.20
Shellac ............... 2.74 t0 3.60
Olive Oil ............. 3.00t03.16
Glass (Low Frequency

value) .............. 3.25 t0 4.00
Glass (High Frequency

value) .............. .21
Mica (Pure Sheet) .... 4.00to 8.00
Porcelain ............. 4.38
Castor Oil ............. 4.80
Flint Glass, very light.. 6.57
Flint Glass, light ...... 6.85

Flint Glass, very dense.. 7.40
Flint Glass, double extra
dense ............... 10.10

DIELECTRIC CONSTANTS-—See Table
of Constants under “Dielectric Coeffi-
cient and Constants.”

DIELECTRIC HYSTERESIS—When the
electric field in a dielectric material is
varied rapidly, as when the condenser
is charged by high frequency currents,
heat may be generated. This is due to
dielectric hysteresis which is synony-
mous with dielectric absorption (q.v.)

DIELECTRIC STRENGTH—When an
electric field is established in a dielec-
tric, that is to say, a charge is applied
to0 a condenser, and the field attains a
certain intensity, the dielectric ceases
to be an insulator and becomes, in
effect, a conductor. This condition

nerally is accompanied by a punctur-
ing of the dielectric material. When
the charge applied to a condenser is
too high the spark will burn through
the dielectric and the condenser is then
said to have broken down. In some
cases the condenser may be perma-
nently ruined by this action, and in
others, the dielectric may be conductive
at a certain voltage, while remaining
effective as long as the voltage is held
below the safety point. The particular
voltage (critical voltage) or field in-
tensity at which the breakdown of the
dielectric occurs is called the dielectric
strength of the material. (See Dielec-
tric, also Table of Dielectric Strength.)

DIFFERENCE FREQUENCY—The fre-
quency of oscillations produced by
superposing oscillations of one fre-

uency on oscillations of a different
requency. In Super-heterodyne re-
ceivers the action is based on the pro-
duction of a difference or beat fre-
quency. If the incoming oscillations
from the antenna are combined with
oscillations of a different frequency
produced locally in the receiver, a new
series of oscillations will be produced,
these oscillations having a frequency
numerically equal to the difference in
frequency between the other two sets
of oscillations. (See Beat Frequency,
also Super-Heterodyne.)

DIODE—A thermionic vacuum tube hav-
ing only two electrodes, namely fila-
ment and plate. The original vacuum
tubes were known as Fleming Valves
and contained a hot filament and cold
plate but no grid as found in the three
element vacuum tube now in general
use. Several types of diode are still in
use as detectors, their chief value
lying in the fact that they require no
careful adjustments as in_the case o
a crystal detector. (See_ Triode,
Vacuum Tube, also Fleming Volve.)
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DIPLEX RECEPTION OR TRANSMIS-
SION — The simultaneous reception
or transmission of two series of signals
by or from a single operating station.
The systems are so arranged that two
messages may be sent or received at
the same time without interfering with
each other. (See Duplex Signalling.)

DIRECT CONDUCTIVE CIRCUIT—An
circuit having a direct conductive pat
and not depending on capacity or elec-
tromagnetic coupling. A metallic, con-
ducting circuit.

DIRECT COUPLING—The coupling or
relation between two or more coils or
circuits, wherein the connection Iis
metallic. In the illustration Fig. 1 is

:_—‘—- Acrial
A

Fig. 1. Double slide tuner which affords direct
coupling between the primary and secondary
circuits.

shown a two slide tuning coil. In
this case A-B is the primary or aerial
circuit and C-D the secondary or de-
tector circuit. The two circuits are
joined together by metallic connection.

AERIAL

CRYSTAL DE‘TECTOR
+

SEC

PRI, ! VAR COND.

PHONE

GROUND

Fig. 2. Circuit in which primary and second-

ary are inductively coupled.

The illustration Fig. 2 shows essen-
tially the same circuit, except that the
primary and secondary are two sep-
arate coils. Here the two coils or cir-
cuits are joined by inductive coupling.

DIRECT COUPLED-—Circuit in which
primary and secondary circuits are
metallically connected. Generally per-
mits little selectivity. For this reason,
inductive coupliniz is more generally

‘used to permit close tuning or selec-
tivity (q.v.). (See Coupling, Induc-
tive Coupling.)

DIRECT CURRENT—See Current,
Direct.

DIRECT READING—A term applied to
various measuring or recording instru-
ments which are so arranged as to
show values directly without requiring
mathematical reduction. Voltmeters,
Ammeters and such instruments, used
widely for showing the voltage, cur-
rent, etc., of batteries or cells, are
direct reading, showing the values di-
rectly in volts or amperes. A decre-
meter or wavemeter very often shows
a reading that requires application of
a formula to produce the desired quan-
tity. (See Calibration.)

DIRECTION FINDER—See Radio Com-
pass.

DIRECTIONAL—The effeet af an aerial

wherein waves are transmitted better,
or entirely, in a certain direction, or
received from a certain direction, de-
pending upon the type and direction of
aerial. (See Transmitting Aerial, also
Receiving Aerial.)

DIRECTIONAL EFFECT OF AN-

TENNA—An effect of an antenna
(aerial) for reception or transmission
wherein signals from a certain direc-
tion are more readily received than
from another direction, or in the case
of transmission, the range being
greater in a certain direction.

DISCH ARGE—Generally speaking, a

comparatively sudden passage of elec-
tricity. The term however, as applied
to a storage battery will mean merely
the effect of releasing the electrical
charge stored up in it, in this case the
discharge not being necessarily rapid.
A condenser has the ability to hold
charges of electrical energy and to re-
lease them suddenly when the proper

Discharge from a spark coil.

contact is made. The term “dis-
charge” as applied to a transmitter
indicates the passage, usually in the
form of a spark or succession of
sparks, of the electrical energy across
a gap between electrodes. The illus-
tration shows spark discharge from
spark coil. (See Spark Discharge,
Storage Battery, also Discharger.)

DISCHARGER—AnNy device allowin%ha
e

path for an electrical discharge.

term may be considered roughly a
synonym for spark gap. Usuafly two
or more electrodes, either stationary or
rotary, spaced a short distance apart
to permit the released electrical energy
to bridge the space and thus complete
an oscillatory circuit. (See Disc Dis-
charger Rotary Gap.)

DISC DISCHARGER—A form of dis-

charger employing one or two rotating
dises carrying the sparking surfaces.
With the advent of modern undamped
transmission methods, these discharg-
ers are gradually passing out. (See
Synchronous Discharger.)

DISPLACEMENT CURRENT—A cur-

rent which flows for a short interval
in an insulating material or dielectric
when an electromotive force is im-
pressed across it, or when the intensity
of the electromotive force impressed
across it is increased or decreased.
This displacement current will flow
only when the impressed electromotive
force is altered in intensity. After the
initial current due to the sudden
change in the electromotive force being
impressed across the material, the
dielectric material or insulating ma-
terial will remain in a state of strain
as long as the charging force persists
without further change in intensity,
and no further displacement current
will \ﬁow. (See Current, also Dielec-
tric.)



DISPLACEMENT, PHASE—See Phase
Displacement, also Phase Angle.

DISRUPTIVE VOLTAGE—The voltage
sufficient to disrupt or break down a
sample of dielectric material under

iven conditions. Known also as
greakdown potential. For example, if
a condenser will stand an impressed
potential or voltage of 500 volts with-
out injury, but will be punctured by a
potential of 1000 volts minimum, the
disruptive voltage is said to be 1000.
(See Break Down Potential.)

DISSOCIATION THEORY—A theory
advanced by Arrhenius in 1887, ex-
plaining electrolytic conduction by the
assumption that a substance in solu-
tion is dissociated or separated into
positive and negative ions, these ions
carrying their respective charges in
opposite directions. (See Electrolytic

ction.)

DISSONANCE —“Discord; disagree-
ment”—Webster. The antonym of
resonance. A term broadly applied in
radio to indicate lack of resonance, or
coordination of signals or impulses.
When an alternating current is super-
imposed on another alternating cur-
rent of different frequency, the result-
ing lack of resonance—digssonance—is
known as a beat. (See Distortion.)

DISTORTION—Lack of purity or faith-
fulness in the reproduction of a vibra-
tion or series of vibrations. The most
common application of the term in
broadcast reception is in the case of re-
production by a loud-speaker. It will
very often be found that music or
speech is not perfectly reproduced, due
to any of a variety of causes. Vacuum
tubes may themselves cause distortion;
too high potential applied to the plate
of a tube may result in distortion;
many transformers used in audio fre-
quency amplifier circuits may distort
notes of certain frequencies, or it may
be due to self-oscillation or regenera-
tion in the receiving set. This effect is
also caused by inefficient transmitting
(broadcasting) apparatus, or by lack
of careful adjustment. The transfor-
mation of slpeech or music into elec-
trical impulses and its subsequent
transmission and reception are at-
tended by many difficulties.

The control of wave form in broad-
casting is known as modulation. (q.v.).
If the transformation of speech or
music into electrical impulses and its
propagation into space is accomplished
without materially changing or dis-
torting the wave form from the orig-
jnal voice or music vibrations, the
problem of accurate reproduction is
entirely dependent on the receiving
apparatus. Distortion may often be
traced to the diaphragm of the loud-
speaker, certain types being more effi-
cient in this respect than others. (See
Loud-speakers.) If the ordinary type
of disc diaphragm is used, it may be-
come bent and thus cause inequalities
jn the vibrations, producing distortion
of the music or speech being repro-
duced. (See Wave Form, Modulation,
also Amplifier.)

DISTRESS SIGNAL — At the Interna-
 tional Radio Telegraph convention held
at Berlin, Germany, in July, 1908, the
call letters C Q D, established by the
Marconi Co. in February, 1904, as the
official distress call, were superseded
by the letters S O S as the Marine dis-
tress signal.

S O S is the International distress
call for ships and airships requiring
assistance. The letters have no particu-
lar significance, being chosen mainly
for their distinctive sound. In the

International Morse code, S O S is
composed of three dots, three dashes
and three dots, thus: . . . PN
an unusual combination which permits
easy recognition among other mes-
sages and calls, When distress signals
are heard, the nearest government
transmitting station generally sends
out immediate notification to all broad-
casting stations in the vicinity to sus-
pend operations until the ship has been
located and assistance rendered.
DISTRIBUTED CAPACITY—The con-
denser effect in a coil of wire. Any
coil of wire possesses infierent capacity
to a certain extent, depending on its
particular shape, size, ete. In the case
of a coil of wire wound on a cylindrical
form as indicated in the illustration

CAPACITY

WIRE

Coil showing effect of distributed
capacity between winding.

Fig. 1.

Fig. 1, the passage of current through
the coil sets up a local magnetic ﬁefd,
but also an electrostatic field, the latter
bejng in the form of lines of force per-
pendicular to the conductor. Thus in
effect, each two adjacent turns of wire
act as a miniature condenser (Fig. 2).

ELECTROSTATIC CHARGE®

ACTS AS SMALL CONDENSER ACROSS COILS
Fig. 2.

There are numerous methods and
forms for winding coils in order to do
away as much as possible with this
effect. (See Low-Loss Coils.)

DISTRIBUTED INDUCTANCE —In a
long cable or any great length of wire

. used for electrical purposes, additional
inductance (wire) distributed through-
out the entire length to compensate for
the inherent capacity of the line. (See
Distributed Capacity.)

DOT—The short signal in the Interna-
tional Morse Code. (See Code.)

DOUBLE AMPLIFICATION CIRCUIT
—Also known as dual amplification
circuit. The arrangement whereby a
vacuum tube or several tubes may be
made to do double duty, acting as both
radio frcquency and audio frequency
amplifiers. (See Reflex.)

DOUBLE COTTON COVERED WIRE—
Abbreviation D. C. C.—Cotton covered
copper wire widely used in radio work
for coils and all forms of inductances.
The insulating covering is composed of
two distinct layers of cotton, wound on
in opposite directions to prevent loosen-
ing. Such wire is obtainable in a
variety of sizes according to the stand-
ard gauges. (See Wire Gauge.)

DOUBLE FREQUENCY OSCILLA-
TIONS—Sometimes referred to as a
double humped wave. An irregular

Double Modulation

wave resulting from two frequencies,
generally due to too close coupling of
the oscillation transformer. hen the
coupling between the open and closed
oscillatory circuits is too tight, the open
circuit very often oscillates at two fre-
quencies, resulting in the radiation of
an irregular or impure wave. The il-
lustration Fig. 1 shows in graphic
form, such an irregular wave. The
two peaks of resonance explain the
term double humped wave. Fig. 2
shows another curve illustrating two
frequencies.

In this case however, the amplitude
of the second wave is considerably less
than that of the first or main wave.
According to U. S. Government regu-
lations, if the amplitude of the lesser
wave is not more than 0.1 of the am-

SECOND WAVE I.--MAIN WAVE
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Fig. 1. Resonance curve showing second wave
of interfering nature.

plitude of the main wave, it is said tc¢
be pure. In other words, where there
are two frequencies, but the strength
of one less than one tenth that of the
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Fig. 2. Resonance curve showing second wave
of negligible proportion.

AMPLITUDE

-

other, it is considered negligible as it
cannot be expected to cause any appre-
ciable interference. (See Resonance,
Amplitude, Decrement, etc.)

DOUBLE GRID TUBE—A vacuum tube

having two distinct grid members in
addition to the usual filament and plate
elements. Such a tube is used in cir-
cuits where the customary “B” battery
is not employed, the extra grid acting
as a booster for the electron flow, the
“A” battery furnishing a small posi-
tive potential to the plate. (See
Solodyne, also Theory of Vacuum
Tubes.)

DOUBLE MODULATION — Successive

modulation of a radio frequency alter-
nating current at two lower frequen-
cies. The intermediate frequency is
usually above audio frequency and the
lowest frequency is customarily within
audio limits or a combination of audio
frequencies, as in the case of radio
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Double Pole Switch

telephony (broadeast).
tion.)

DOUBLE POLE SWITCH—A switch
used in electrical practice and in radio
installations having two poles or con-
nections, thus permitting both sides of
a circuit to be opened or closed simul-
taneously.

DOUBLE RANGE METERS — Meters
used for electrical measurements, ar-
ranged to read to two scales. As an
example, the voltmeter shown has two
scale readings, one in fine degrees for
a maximum of 7.5 volts, the other a
coarser scale to a maximum of 150
volts. Three binding post connectors
are furnished, one being a common
positive for both scales. A meter for
almost any measurement might be
made to have double range, although
such instruments are generally con-
fined to measurement of current in

(See Modula-

T
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Photo by Courtesy of

Weston Electrical Instrument Co.

Double range meter, one range to 7% volts,
higher range to 140 volts maximum.

amperes and pressure in volts—i. e.,
ammeters and voltmeters. (See Meter.)

DOUBLE SLIDE TUNER—A tuning

coil provided with two sliding contacts,
generally used

in crystal receivers.

2 SLIDE
TUNING COQIL

SYMBOL

Two-slide tuner.

The illustration shows a common type
of two slide tuner. (See Coupling
Crystal Receiver, also Tuning.)
DOUBLE THROW SWITCH—A switch
so arranged that a circuit or a certain
instrument is connected in either of
two different positions by throwing the

Double throw single pole switch,

The illustration shows a
(See

switch lever.
single pole double throw switch.
Switch.)

DOWN LEAD—More commonly known
as lead-in. The wire running from the
aerial to the receiving or transmitting
apparatus, whereby the signal energy
is either collected from, or fed to, the
aerial. The illustration shows a typi-
cal down lead or lead-in for a receiv-
ing set. Obviously the chief difference
between such a lead for receiving pur-
poses and for connecting a transmitter
to the antenna is the matter of insula-
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tion. The comparatively feeble im-
pulses received or collected by the
aerial when receiving require only
ordinary care, whereas the high volt-
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A typical 4-wire aerial showing lead in and
method of installing lightning switch.

ages used in transmitting require
careful insulation and much heavier
apparatus all around. (For more com-
plete details regarding insulation, etc.,
see Aerial.)

DRIFT, AVERAGE ELECTRON—The
assumed rate of flow or drift of elec-
trons under average or specific condi-
tions. (See Electronic Flow. Also
Current, Asgsumed Direction of Flow.)

DRIVER—A term broadly used to de-
note any system used to produce oscil-
lations (vibrations) of a local nature.
More specifically any means of produc-
ing oscillatory currents as used to test
or make measurements in radio cir-
cuits. A buzzer connected inductively
to a circuit to produce oscillations in
that circuit for the purpose of making
measurements of capacity, wavelength,
etc. Another means might be a cir-
cuit involving a vacuum tube and the
necessary apparatus to make it oscil-
late at a given or variable frequency.
The term may be used to signify the
tube circuit used to produce local os-
cillations in the case of a super-heter-
odyne (q.v.). Here the driver produces
a geries of oscillations of a frequency
different from the incoming oscilla-
tions, the difference between the two
being known as the beat frequency.
(See Heterodyne, Local Oscillations,
Buzzer, Excitor.)

DRIVER CIRCUIT—The circuit of the
apparatus used to produce oscillations
for purposes of test or measurement,
or, in the case of a super-heterodyne,
to produce a beat effect. (See Driver.)

DRUM ARMATURE—A form of arma-
ture winding in the approximate shape
of a drum. (See Armature.)

DRY BATTERY—A battery or group of
cells not employing a liquid electrolyte,
the cell being filled with a mixture of
carbon, manganese dioxide and saw-
dust (or other absorbent) saturated
with a solution of sal ammoniac, these
forming a paste, as distinguished from
Wet Battery. (See Battery, also Cell
and B Battery.)

DRY CELL—See Dry Battery.

D. S. C.—The abbreviation for “Double
Silk Covered” as applied to copper wire
having two distinct layers of silk,
wound generally in opposite directions.
This wire is furnis]i)ed in standard
sizes according to the various wire
gauges. (See Brown & Sharpe Gauge.)

DUAL AMPLIFICATION—The process
of obtaining both radio frequency and
audio frequency amplification from the
same tube instead of using two sep-
arate tubes. (See Double Amplifica-
tion Circuit, also Reflex.

DUBILIER, WILLIAM—President and
technical director; born, New York,
July 25, 1888. Educated New York
Schools, Technical Inst. and Cooper
Union; Chief Engineer of Continental
Wireless Tel. & Tel. Co.; 1910 Presi-
dent of Com. Wireless Tel. Co.; at
present Technical Director of Dubilier
Condenser and Radio Corp. of New
York, The Dubilier Condenser Com-
pany Ltd. of London, The Deutsche
Dubilier Kondensator Gesellschaft in
Berlin, La Protection Electrique
Capart-Dubilier in Paris. Has ob-
tained over three hundred patents and
applications of electrical devices, which
have been purchased or licensed by
many companies. Member American
Institute Electrical Engineers, Inst. of
Radio Engineers, Honorary Member
of Societe Academique D’Historie In-
ternationale. Member of Royal So-
ciety of Arts.

DUCON—Trade name of a device which
can be fitted to any electric light socket
and made to serve in place of the
usual outdoor aerial. This attachment
consists essentially of two condensers,
so arranged as to prevent the passage
of any direct current or low frequency
alternating current from the lighting
main to the receiving set, but at the
same time to permit passage of the in-
coming radio signals, the electric light
line acting, therefore, as an aerial.
(See Adapter, Aerial.)

DUDDELL SINGING ARC—AIlso called
Musical arc. An arc actuated by a
source of direct current through a re-
sistance and shunted by a condenser
and inductance in series. An oscillat-

VARIABLE
CONDENSER

CARBON

-

INDUCTANCE RESISTANCE

Schematic arrangement for operation of
uddell singing are.

ing current is thus produced in the
condenser circuit, the result being a
singing note corresponding in pitch to
the frequency of the oscillations in the
condenser circuit. The schematic ar-
rangement is shown by the illustration.
(See Arc Generator.)

DULL EMITTER—The English term
for vacuum tubes having thoriated
filaments and operating with low cur-
rent consumption. While the term is
generally used to denote the tubes re-
quiring only one or two dry cells to
operate, it may apply as well to stor-
age battery tubes where the current
requirements are low. (See Filament,
Thoriated.)

DUOLATERAL COILS — An alternate
term for honey-comb coils; inductances
wound in diamond-shaped layers to
reduce the distributed capacity effect.
(See Honey-Comb Coils.)



DUPLEX SIGNALLING or DUPLEX
TELEGRAPHY OR TELEPHONY—
The simultaneous transmission of sig-
nals or telephony in both directions
between two stations. (See Diplex
Reception or Transmission, also Tele-
phony.)
DUST CORE—A form of core for cer-
tain t{pes of transformers, employing
iron filings or dust in place of the cus-
tomary iron wire or laminations. Iron
dust is used occasionally where sim-
plicity of construction is desired, the
e3sembly of such a core being obviously
inuch easier than with wire or lami-
nated types. (See Core.)

DX—The popular term for long dis-
tance; referring to the transmission to
or reception from distant points of
radio signals or broadcasting.

DYNAMIC CHARACTERISTIC — The

curves obtained by impressing an alter-
nating E. M. F. (electromotive force)
on the grid of a vacuum tube, as dis-
tinguished from the curves obtained
by application of a steady direct poten-
tial. When alternating potentials such
as incoming signals are impressed on
the grid of a tube, the curve resulting
is apt to take an entirely different form
from that of the curve showing static
characteristics (q.v.). (See Vacuum
Tube characteristics.)

DYNAMIC CONDENSER—A term oc-
casionally applied to a synchronous
motor used to improve power factor
(in alternating current circuits, the
ratio of the electric power in watts to
the apparent power in volt amperes is
known as the power factor). Used in
this manner the motor has the effect
of advancing the current phase in a
manner similar to that of a condenser.
(See Angle of Lead or Lag.)

DYNAMIC ELECTRICITY —A term

sometimes used for electric currents
to distinguish them from static elec-
tricity (q.v.).

DYNAMO—A machine for converting
mechanical energy into electrical en-
ergy. Is also known as generaior, but
usually confined to machines for gen-
erating direct current. The action of
a dynamo is based on the production
of an electromotive force in a conduc-
tor moving in a magnetic field. Fun-
damentally a dynamo is a machine that
generates alternating current, but in-
stead of collecting this current by
means of rings, which would cause
alternating current to flow in the ex-
ternal circuit, a device known as an
armature is employed in such a man-
ner that the current collected by
brushes and delivered to the external
circuit is direct—that is, it flows more
or less steadily in one direction. Thus
the kind of current delivered for use
depends on the method used to collect
the currents generated. (For more
complete explanation of the production
of alternating current see Alternating
Current, Theory of Production.) In
the case of a dynamo, the essential
parts are the field magnets, the arma-

E—Common symbol for Electromotive
force (q.v.).

EAR CUSHION—Pads or cushions of
soft rubber used in conjunction with
head-phones to prevent unpleasant
pressure against the ears and also to
exclude outside sounds when listening
in.

ture and the commutator. Now in the
case of an alternator, each end of the

Shunt wound dynamo.

loop or armature is connected by a
brush bearing against a collector ring
and the end of each loop is always con-
nected to the same brush. This results
in an external current that changes its
direction with each reversal of direc-
tion of the induced electromotive force.
If the external current is to be direct
it is necessary to have some means of
collecting the current through one
brush at the positive instant and the
other at the negative instant. This is
done by means of an armature, which
is in effect a switching arrangement,
so designed that it will reverse the
connections of the external circuit at
the instant of each reversal of current
in the armature. The illustration
shows a ghunt wound dynamo. MM
are the field magnets, FF the field
windings, BB the brushes, A the arma-
ture and C the commutator. (See Al-
ternator, Armature, Generator.)

DYNAMOMETER—A delicate and ac-
curate instrument for the measure-
ment of currents and voltages or both.
Such instruments depend upon the ac-
tion of a circuit carrying current upon
another carrying the same current.
Essentially it comprises two coils, one
fixed and the other movable. This sys-
tem of measurement is used in a watt-
meter, where it is necessary to meas-
ure the instantaneous current and
voltage, i.e., power. (See Wattmeter,
also Electro Dynamometer.)

DYNAMOTOR—A direct current ma-
chine which acts either as a motor or
dynamo. It has an armature with two
separate windings and two separate
commutators, one at each end of the
armature. Either winding may be
used as a motor and the other as the
generator winding. Such a machine
1s used to convert high voltage direct
current into low voltage direct current
or vice versa, thus performing the
same function with direct current as a

E

EARTH—An alternate term for ground,
where the earth or any metallic con-
nection thereto is used as a return in
transmission or reception of electro-
magnetic waves. (See Ground.)

EARTH CURRENTS—See Ground Cur-
rents.

EARTH, DEAD—See Ground.

Eddy Current Loss

power transformer performs for alter-
nating current. (See Converter.)

DYNATRON—A form of vacuum tube

generally used for producing oscilla-
tions as in radio telephony, wherein
the phenomena of “secondary electron
emisgion’”’ is used. In this form of
tube the electrons traveling at high
speed from the hot filament or cathode
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Showing how a standard vacuum tube can be
connected to act as a dynatron.

are made to collide with a metallic sur-
face. The collision of these electrons
on the surface of the interposed ele-
ment has the effect, under proper con-
ditions, of jarring other electrons out
of the metal. The secondary emission
thus obtained depends upon the speed
of the original electrons which collide
with the metal surface. Normally,
these secondary electrons will imme-
diately re-enter the surface from which
they were emitted, but if another elec-
trode of higher potential is in the
vicinity they will travel toward it in
the same manner as the electrons are
attracted to the plate of an ordinary
three element tube. A standard tube
can be connected as shown in the illus-
tration to act as a dynatron. Here the
filament F emits electrons, some of
which pass through the grid G and
collide with the plate P. This collision
with the plate P may jar loose from the
surface additional electrons, which
normally would immediately re-enter
P. However, as the grid G is held at
a higher potential (higher positive
voltage) than P, the electrons will be
drawn toward it. A tube arranged in
this manner may be used for practi-
cally any of the purposes of the stand-
ard tube, such as regenerative detector,
detector of continuous waves or as a
generator of high frequency oscilla-
tions, but it has not been shown to
have any advantages in this respect,
being used mainly as an oscillator
(q.v.). (See Electron Emission, Vac-
uum Tube, etc.)

DYNE—The unit of force in the abso-

lute or CGS system of units. It is de-
fined as the force which, acting on a
mass of one gram for one second, will
impart to the mass a velocity of one
centimeter per second. (See CGS Sys-
tem, also Force.)

EARTH DETECTOR—See Ground De-

tector.

EBONITE—See Ingulating Materials.
EBURIN—An insulating compound used

for strain insulators (q.v.).
sulating Materials.)

(See In~

EDDY CURRENT LOSS—The portion
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Eddy Currents

of the total loss in electrical apparatus
due to Eddy Currents (q.v.).

£DDY CURRENTS—Currents induced
in the mass of a solid conductor due to
the action of a varying magnetic field.
The most common example of eddy
currents will be found in the case of
a dynamo or generator. Here the use-
ful current generated in the armature
is produced by the motion of the arma-
ture in the magnetic field. At the
same time currents are generated in
the iron core due to its motion in the
magnetic field. As all currents gen-
erated in an electrical machine are pro-
.duced at the expense of a certain
amount of energy, and since the Eddy
currents cannot be gathered or put to
useful account in this case, they repre-
sent a loss. This loss usually is ap-
parent in the form of heat. If the core
is made up of solid metal it will be
obvious that a good closed path is
offered for eddy currents produced.
Now if the core is composed of a num-
ber of sheets or laminations, insulated
by thin layers of paper or by an in-
sulating scale (see Transformer Steel)
the path for the eddy currents is par-
tially broken and the effect is reduced.
Eddy currents are produced in the
-core of a transformer due to the same
action—the variation of the magnetic
field in which the core is located. In
order to reduce the effect, laminated
cores are employed as in the case of
many generating machines. Eddy cur-
rent loss is often given as the loss in
watts per pound of core material at
10,000 gausses (q.v.) and 60 cycles for
‘a sheet 0.0141 inch or 0.0358 centi-
ineter thick. While eddy currents are
usually productive of losses they are
put to useful account in certain types
-of instruments. For example, the eddy
-currents produced in the metal frame
of a moving coil meter may be em-
ployed to damp or retard the free
.oacillations of the needle. (See Damp-
ing of Imstruments.) Eddy currents
are also used in a form of speed in-
dicator where the reaction of eddy cur-
rents created in a moving disk are
made to deflect a pivoted, spring con-
trolled, magnetic needle. (See Core
Loss, Hysteresis, also Foucault Cur-
rents.)

EDDY CURRENT COEFFICIENT—The
coefficient or numerical multiplier, gen-
erally termed K,, used in calculations
of eddy current loss. Its numerical
value depends upon the specific_resist-
ance (q.v.) of the iron used in the core
of the machine in question, the char-
acter or wave shape of the induced
voltage, the distribution of magnetic
flux (q.v.) in the core material, the
degree of insulation between sheets,
where laminations are used, and upon
the flux distribution (q.v.) due to the
shape of the magnetic circuit. Its
value will also vary according to the
units used in the computation.

‘EDDY CURRENT LOSS, FORMULA
FOR CALCULATING —A common
formula for calculation of eddy current
loss is the following: Pe—¢V (xfB).?
Here the loss is expressed in watts as
Pe, V is the volume of core metal in
cu{)ic centimeters, x the thickness of
the sheets in centimeters, £ the fre-

uency in cycles per second, B the flux
gensity (q.v.) in gausses and ¢ the
eddy current coefficient.

EDGE EFFECT—The effect on the ca-
pacity of a condenser due to the curv-
ing of the lines of stress at the edge of
the plates. This effect is not very
pronounced where there is considerable
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dielectric surface (insulating material)
extending beyond the edge of the
plates. (See Distributed Capacity.)

EDISON BATTERY—A number of Edi-

son cells grouped together in one case
to supply various currents and volt-
ages as in radio. The illustration
used to
to the piates of

shows an Edison “B” battery
supply potential

Photo by Courtesy of

Edison Storage Battery Co.

Edison “B’” battery with portion of case re-
moved to show interior construction.

vacuum tubes. (See “A” Battery, “B”
Battery, Plate, Filament, also Storage
Battery.)

EDISON CELL—A storage cell employ-

ing electrodes of nickeled steel and a
solution of potassium hydrate for the
electrolyte as distinguished from the
usual type of storage cell using lead
plates and dilute sulphuric acid as the
electrolyte. The chief point of su-
periority of this type of cell is its com-
parative ruggedness, due rn.tially to
steel construction and also .. “reedom

Photo by Courtesy of
Edison Storage Battery Co.

Edison cell with part of case cut away to show
how constructed.

from the usual ills of cells employing
acids and lead plates. The positive
electrode in the Edison cell is made by
tamping nickel hydrate and alternate
layers of pure flake nickel into per-
forated steel tubes under pressure.
The negative electrode is made by
pressing iron oxide into flat perforated
steel pockets. A number of these
pockets are forced ‘into a steel grid
to form the complete negative plate.
(Note: The negative electrode connec-
tion on the outside of the cell is re-

ferred to as the positive polt becauss
it is positive in its relation tc the ex-
ternal circuit. Similarly the positive
electrode connection will be known as
the meguative pole.) The potassium
hydrate or hydroxide which takes the
place of the acid solution used in the
lead plate type of cell acts as a pre-
servative of the steel elements. This
naturally means greater life; in fact,
it is not subject to the chemical de-
terioration of other cells. The illustra-
tion shows a cell with part of the sides
cut away to show the interior con-
struction. (See Edison Battery.)

EDISON, THOMAS ALVA—Born 1847.
An inventor famous for his experi-
ments in applied electricity. He began
life with newspaper work which he
soon abandoned for telegraphy, mak-
ing many original inventions in duplex
systems of operation. After a varied
experience in that line he came to New
York in 1871, where his talents were
recognized and he had cpportunity to
profitably develop his ideas. The du-
plex telegraph was made a success the
following year, and two years later
the quadruplex; and thereupon he be-
gan manufacturing on a large scale
for the Western Union Telegraph Co.
In 1876 he gave up his factory, and
established his experimental station at
Menlo Park, N. J., where for several
years he worked upon the problem of
the incandescent electric light, exhibit-
ing a successful bamboo filament lamp
in Paris in 1881. He invented the pho-
nograph in 1878. He superintended
the construction of the first incandes-
cent lighting station in New York in
1882. Moving his laboratory to Or-
ange, N. J., he established there a
large plant for electrical experiment
and invention and as a result of his
labors there he has taken out 400 pat-
ents. Among his inventions may be
further named: a type of dynamo, a
microphone, the chemical electrical
meter, an electric pen, the mimeo-

Thomas A. Edison

graph, the magnetic ore separator,
dead beat galvanometer, the electric
torpedo, a telephone transmitter, and
a storage battery. His chief fame
rests with his development of the tele-
graph, his invention of the incandes-
cent lamp and the phonograph.



EDISON EFFECT—The blackening of
the inner surface of an electric light
bulb during use. Edison noticed that
after the lamp had been burned for
some time a coating of black formed
on the inner surface and increasedein
density, becoming finally almost opaque.
Edison’s experiments, followed by those
of Professor Fleming (q.v.) resulted
in the development of the Fleming
valve (q.v.)., it having been deter-
mined that the black coating was due
to the discharge of electrons from the
hot filament. (See Vacuum Tube,
Electron Emission, etc.)

EFFICIENCY—A very flexible term in
electrical practice. Generally speak-
ing, the ratio of useful output of any
piece of apparatus to total input. Effi-
ciency is customarily expressed in
terms of percentage. Thus, broadly,
a piece of apparatus may produce as
useful output 80 per cent of the total
input. (See Power Factor.)

EFFECTIVE ELECTROMOTIVE
FORCE—The square root of the mean
square of the full alternating current
wave. Usually abbreviated R.M.S.
(root—mean—square). The effective
value of the E. M. F. (electromotive
force) is thus taken as the square root
of the mean of the squares of the in-
stantaneous values over a_ complete
period. (See Instantaneous Values.)

EGG INSULATOR—A name applied to
a certain type of strain insulator due
to its egg-like form. The illustration
shows such an insulator. The two con-

An egg insulator.

nections to the insulators are so ar-
ranged that the wires will still be
looped together in the event that the
insulator breaks. (See Insulator, also
Insulation of Aerial.)
ELASTICITY—A property of matter
which permits it to resist any change
in shape or bulk and permits it after
such a change to return to its original
state. This property of materials by
virtue of which they are enabled to
return to their original state after the
force causing the distortion has been
removed is a very important one in
all branches of engineering. Its chief
application in radio is in the matter
of aerials and aerial guy wires. While
the average aerial installation does
not represent any serious problems in
stress, the large aerial systems of
commerial stations must be carefully
designed in this respect. For example,
a guy wire of one material may have
more elasticity than one of similar
size in another material. The amount
which the wire will stretch under a
certain load may be determined by use
of a table giving the elasticity of va-
rious metals. (See Electric Elasticity.)
ELECTRIC ABSORPTION—An effect
in condensers. That quality of a con-
denser by means of which it absorbs
or “soaks up” a charge of electricity,
and conversely, retains part of the
charge when the condenser is momen-
tarily discharged. This effect is more

apparent in cases where a solid dielec-
tric material is used. In fact, air con-
densers (q.v.) are said to have little
electric absorption. The reason for
this is that mica or other solid dielec-
trics are strained to a greater extent
than air dielectric after the condenser
has received a charge. (See Soaking
In, also Dielectric Absorption.)

ELECTRIC DISPLACEMENT—A term
proposed by Maxwell to denote a quan-
tity expressing the state or condition
of a dielectric in an electric field in
accordance with the supposition that
such a field is created by the transfer
of positive electricity to one end of the
field of force and negative electricity
to the other end of the so-called tubes
of force (q.v.). (See Displacement

urrent, also Electrostatic Induction,
and Flux Density, Electrostatic.)

ELECTRIC ELASTICITY—In a dielec-
tric material, the property which per-
mits it to arrest passage of a displace-
ment current (q.v.) duc to electric
stress. It is equivalent to the electric
stress divided by the electric strain.
(See )Dielectric, also Displacement Cur-
rent.

ELECTRIC FIELD—The area surround-
ing an electrified body in which the
electrical influence of that body can be
measured or noticed. Also any area
or region in which there is an electric
force either steady or varying in in-
tensity. For example, the dielectric or
insulating surface of a condenser (ma-
terial separating the plates) contains
an electric field. Similarly, an electric
field always surrounds a wire or other
conductor carrying electric current.
(See Field, Magnetic; Field, Electro-
'rFr‘L;Lgnetic; Field, Electrostatic; also

ux.

ELECTRIC INDUCTION—The transfer
of an electric state from a charged or
electrified body to a non-electrified
body without electrical contact. (See
Induction.)

ELECTRICITY—The term given to an
invisible form of energy. Electricity
is not tangible to the human senses,
but its effects can readily be detected.
The phenomenon of electricity is re-
garded as due to the separation and
independent movement of constituent
parts of atoms—known as electrons.
While electricity is really an intangible
thing so far as the human perceptions
are concerned, it is known to science
not only through its effects or mani-
festations of energy, but has_actually
been reduced to quantities. The mass
of electricity has been determined, as
has also the rate of flow, etc. We
have units which are used for the
basis of all calculations in electricity.
Thus, voltage is regarded as the pro-
pelling force; the quantity of electric-
ity is given in coulombs, the current
or rate of flow of electricity is given
in amperes, etc. Each term for the
various phases of electricity is based
on a certain unit which represents
definite values under given conditions.
The universally accepted theory 1n
chemistry is that all matter is made
up of molecules, which in turn are
composed of one or more atoms. These
atoms now are regarded as comprising
minute solar systems made up of posi-
tive and negative electrical particles.
(For more complete explanation of the
electron theory see Electron Theory;
see also Magnetism, Current, Voltage.)

ELECTRO-CHEMICAL CONDENSER—
See Electrolytic Condenser.

ELECTRO-CHEMICAL EQUIVALENT
—_The amount of a substance liberated
by electrolytic action (electrolysis) by

Electro-Dynamics

the passage of one coulomb (q.v.) of
electric current. It represents the
weight in grams of each element of an
electrolyte (q.v.) which is deposited by
one coulomb of electricity. It has been
determined that one coulomb will lib-
erate .00001035 grams of hydrogen,
which is therefore used as the electro-
chemical equivalent of hydrogen. Elec-
tro-chemical equivalents are much used
in applying the law of electrolysis.
This law states that the amount
(weight) of an ion liberated at an
electrode each second during electro-
lysis is equal to the strength of the
current (amperes) multiplied by the
electro-chemical equivalent. The cor-
responding equivalents of other ele-
ments compared to hydrogen may be
determined by multiplying the figure
.00001035 by the atomic weight of the
other-element in grams and dividing
the result by the valency (q.v.) of the
element in question. (See Electrolysis,
also Electrolyte.)
ELECTRO-CHEMICAL SERIES—A
table of metals arranged in accordance
with the potential they produce in a
particular electrolytic solution.
ELECTRO-CHEMISTRY — The science
dealing with chemical changes due to
electricity or effected by means of elec-
tricity. (See Electrolysis, also Cell,
and Storage Batteries.)
ELECTRODE — The conductor through
which electric current enters or leaves
an electrical device. That is to say
the pole or terminal of the current
carrying conductors separated by a
medium through which electric current
can flow from one to the other. The
most common usage of the term is in
referring to the positive and negative
poles (q.v.) of a primary or storage
cell. In the case of a dry cell, the two
electrodes are the carbon rod or block
in the center and the zinc container in
most cases. In radio it is used to
designate the filament and plate ele-
ments of a vacuum tube. The filament
is termed the cathode, or negative elec-
trode and the plate is the positive elec-
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Dry cell showing positive and negative elec-
trodes.

trode or anode. The illustration shows
an ordinary dry cell or primary cell
with the two electrodes designated as
positive and negative. (See Anode,
Cathode, Battery, Electrolysis, Positive
Electrode and Negative Electrode.)
ELECTRODYNAMIC—Term used to de-
note electric currents or the forces
exerted by one current upon another.
ELECTRO-DYNAMICS — A branch of
the science of electricity dealing with
electricity in motion; the study of the
force exerted by electric currents upon
each other. This branch of electricity
was first accorded serious attention
when the French scientist, 4. M. Am-
pere (q.v.) announced the result of
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Electro-D ynamometer

his investigations in collaboration with
D. F. J. Arago. Ampere stated in
1820 that parallel conductors through
which electric currents were flowing in
the same direction had a tendency to
be attracted to each other and to be
repelled when the currents were flow-
ing in opposite directions. The subject
is discussed under its various separate
headings. (See Ampere, Electricity,
Magnetism.)
ELECTRO-DYNAMOMETER—A device
for measuring the current and voltage
in a circuit; that is, the actual power
in a circuit. It is a form of wattmeter
(q.v.) designed to indicate the power
in watts. It is of particular impor-
tance in measuring the power in alter-
nating current circuits. In the case
of direct current, the watts in the cir-
cuit are the product of the volts multi-
plied by the amperes, the result being
the actual power. In the case of alter-
nating current, however, the product
of the volts and amperes is not neces-
sarily, in fact, seldom, the true power
or watts. Here we have the problem
of true watts and apparent watts, or
volt-amperes. If a voltmeter and an
ammeter are connected in a circuit and
read separately, the readings indicate
the maximum voltage and the maxi-
mum current or amperage. The prod-
uct of these two values is the power in
watts in a direct current circuit. If
the current is an alternating one, the
true watts or actual power will be the
product of the instantaneous values
(q.v.) of voltage and current. Under
certain conditions in a circuit carrying
alternating currents, the current may
lag behind or precede the voltage. In
other words, the maximum value of

POINTER-~_ ,_‘.:.‘
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Electro-dynamometer with the current or mov-
ing coil shown by heavy lines and the station-
ary or voltage coil by light lines.

current is not reached at the same mo-
ment as the maximum value of the
voltage. In this case the true watts
can only be determined by obtaining
the values of volts and amperes at the
same instant, i.e., instantaneous values.
The electro-dynamometer shown in the
illustration gives the instantaneous
values, or rather their product, and
thus indicates the power or true watts.
Here the heavy lines represent the cur-
rent or moving coil and the light lines
the stationary or voltage coil. (See
Dynamometer, also Wattmeter.)

ELECTROLINES—A term advanced by
Professor J. A. Fleming (q.v.) to desig-
nate the lines of electric force radiating
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from an electron. These lines are pic-
tured as analogous to long straight
wires extending in all directions from
the center of a small sphere. (See
Electron, also Electromagnetic Waves.)

ELECTROLYSIS—The decomposition of

a comopund substance, generally a
liquid, into its component parts by the
action of an electric current passing
through it. While electrolysis is an
undesired effect in certain phases of
electrical power work, causing compo-
sition of grounded structures, its ap-
plication to radio is mainly in the case
of cells for producing an electromotive
force or to furnish current for lighting
tubes. The constituent elements of a
chemical compound such as used in a
wet cell or any device using an electro-
Iyte for the production of electric cur-
rent, are known as ions (q.v.). These
ions, which are separated during elec-
trolysis, are of two kinds. The electro-
positive ions are known as cations, and
the electro-negative ions are known as
anions. The electro-positive ions ap-
pear at the cathode or negative elec-
trode during electrolysis and therefore
are of positive origin. The electro-
negative ions appear at the positive
electrode and are therefore of negative
origin. This is easily understood when
the ions are considered as moving from
the positive electrode or to the nega-
tive. Thus the ions appearing at the
negative electrode must have come
from the positive electrode and are
therefore considered electro-positive in
nature. The illustration shows the
action of the ions in a typical primary
cell (q.v.). The ions are considered
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Illustration showing the action of jons in a
primary cell.

as carrying the current through the
electrolyte—each ion carrying a fixed
charge of electricity of positive or
negative nature. An ion is capable of
carrying only a certain fixed charge
of electricity and therefore any in-
crease in the current will necessarily
be accomplished by an increase in the
number of jons. (See Primary Cell,
Electrolyte, Electrolytic Detector, In-
terrupter and Condenser.)

ELECTROLYTE—The liquid decom-

posed during electrolysis, as the excit-
ing fluid or solution in a wet cell or
primary cell. The liquid used in any
primary, secondary or electrolytic cell.
(See Cell, also Storage Battery.)

ELECTROLYTIC ACTION—The de-

composition of a chemical compound
(electrolyte) into its constituent ele-
ments—ions, by the passage of an
electric current through it. (See Elec-
trolysis, Ions, also Cell.)

ELECTROLYTIC BATTERY CHARGER

—A device for converting alternating
current such as supplied for house
lighting purposes, to direct current for
the purpose of charging storage bat-

teries. Essentially one or more cells
containing an electrolyte and two metal
electrodes, generally lead and alumi-
num, so arranged that current can only
pass in one direction, thus making it
uni-directional and suitable for charg-
ing batteries. Such chargers are ar-
ranged to rectify either one-half of the
alternating current cycle, or both
halves of the wave. (See Charger,
Storage Battery, Electrolytic Rectifier,
also Electrolytic Cell.).

ELECTROLYTIC CELL-—An arrange-
ment of two electrodes in an electrolyte
through which electric current can be
passed to produce electrolysis. The
electrolyte is decomposed or separated
into ions by the action of the current,
and at each of the electrodes one of
the substances of which the electrolyte
is composed accumulates. Such a cell
is often used to measure electric cur-
rent, as the amount of a substance
deposited on the electrode depends di-
rectly on the amount of current passed
through the electrolyte. (See Elec-
trolysis.)

ELECTROLYTIC CONDENSER—A
form of condenser making use of two
electrodes placed in an electrolyte and
used for alternating current circuits of
high voltage and low frequency, low
voltage and high frequency or high
voltage and high frequency. The ac-
tion of such an arrangement as a con-
denser depends on the fact that upon
the passage of certain forms of al-
ternating currents through it, a gas
is formed around the electrodes, caus-
ing polarization (q.v.) and opposing
the current. This polarization creates
a very good insulating medium and a
condenser of such nature can be made
to have very high capacity. An elec-
trolytic condenser may be used to pre-
vent any sudden surge of pressure due
to lightning or other causes. The
polarization is instantaneous when any
surge of voltage takes place and thus
forms an automatic safety device
which operates instantly and returns
to its normal characteristics as a con-
denser as soon as the surge has passed.
(See Capacity, also Condenser.)

ELECTROLYTIC CONDUCTION — The
action in an electrolyte wherein the
ions that have been separated carry
positive and negative electric charges
in opposite directions to the electrodes.
(See Electrolysis.)

ELECTROLYTIC DETECTOR A de-
vice which converts high frequency
currents into direct current pulsations

FINE

ADJUSTMENT
DdKNSOB PLATINUM

!, NTRIC OR DILUTE
SULPHURIC ACID SOLUTION

SYMBOL

Electrolytic detector originally used in place
of a crystal detector for radio reception.

capable of operating a telephone re-
ceiver. It is an extremely sensitive
detector of electromagnetic waves (ra-
dio signals). The illustration shows
a simple form as originally used in
place of the customary crystal detec-
tor. A fine platinum wire dips into a



cup of acid solution, generally either
nitric or dilute sulphuric. he fine
wire is lowered until it just touches
the acid solution and must be very
carefully adjusted as it has a tendency
to curl up, its diameter being usually
but one five thousandth of an inch or
less. The high frequency currents can
pass in only one direction through the
detector which gives the rectifying
action and makes the signals audible
in the head phones. There are several
theories regarding the action of an
electrolytic detector, the most probable
one being that the contact of the wire
on the surface of the acid solution
gives the effect of a very small elec-
trolytic condenser. (gq.v.) When the
high frequency currents are passed
through the detector there is a polari-
zation action which causes high re-
sistance to current in one direction but
not in the other. (See Detector, also
Polarization.)

ELECTROLYTIC INTERRUPTER —A
device using electrodes immersed in an
electrolyte for the purpose of inter-
rupting or breaking up the flow of
current. It is used mainly for induc-
tion coils for producing high voltages.
The common form comprises a lead
plate as a cathode or negative element
and a platinum wire extending beyond
a glass or porcelain tube in which it
is tightly imbedded, both immersed in
an electrolyte of dilute sulphuric acid.
When current passes through, bubbles
form on the platinum electrode caus-
ing temporary stoppage of the current.
The bubbles are automatically dissi-
pated and the current flows again, this
operation occurring at rapid intervals
and giving as many as 1000 interrup-
tions per second. (See Interrupter,
also Induction Coil.)

ELECTROLYTIC RECTIFIER — A de-
vice for changing alternating current
into direct current by use of electrodes
placed in an electrolytic solution. The
action of such electrolytic cells or recti-
fiers is to permit current to pass only
in one direction, thus suppressing one
half of each cycle and producing a
direct current. The illustration shows
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Customary method of electrolytic rectification.
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one of the customary arrangements for
electrolytic rectification, being an elec-
trolytic cell with two electrodes, one
being aluminum and the other a lead
electrode. One or more lamps are
placed in series or shunt in the circuit
to permit the proper current flow. The
positive pole of a storage battery is
connected to the aluminum plate as
shown and the lead electrode connects
to the other side of the alternating
current line and back to the negative
side of the battery. At one instant
current flows in the normal direction

through the battery, but when the cur-
rent reverses and flows in the opposite
direction through the electrolytic cell,
oxygen is given off at the aluminum
electrode and forms a thin film of
aluminum oxide which acts as an in-
sulator and prevents the passage of
the current 1n that direction. Thus
with one cell one half of each alternat-
ing current cycle is stopped or cut off
when the aluminum electrode is made
positive and the result is an intermit-
tent direct current suitable for charg-
ing batteries. Such rectifiers are also
used for supplying current to the fila-
ments of vacuum tubes, or voltage to
the plate members of the tubes, par-
ticularly for transmitting. (See Elec-
trolytic Rectifier Full Wave, also Bal-
kite Battery Charger.)

ELECTROLYTIC .RECTIFIER FULL
WAVE—This system is much used
for charging storage batteries from an
alternating current house lighting sup-
ply. Four cells are used in this in-
stance. The electrolyte may be a solu-
tion of hydrolchloric or sulphuric acid,
or a saturated solution of sodium phos-
phate or bicarbonate of soda. Each
cell has two electrodes, one iron or
aluminum and the other lead. The
positive pole of the storage battery is
connected to the lead electrodes of two
cells and the negative pole is connected
to the aluminum electrodes of two cells.
By this means both halves of the al-
ternating current cycle are rectified to
direct, pulsating current. This Iis
known as full wave rectification (q.v.)
(See Charger, Storage Battery, Balkite
Battery Charger, also Rectifier.)

ELECTRO-MAGNET—A magnet using
a curved or straight piece of soft iron
or other magnetic material so arranged
as to become magnetized by the pas-
sage of electric current through a coil
of wire surrounding it. The illustra-
tion shows one of the commonest forms
of electro-magnet. This type is used
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One of the common forms of electro-magnets.

in a bell or buzzer to draw down the
vibrator bar and break the circuit.
(For explanation of action see Buzzer.)
‘When the current is withdrawn from
an electro-magnet, the magnetic force
or attraction ceases. Electro-magnets
are used for a variety of purposes in
radio, such as for test buzzers, head
phones, relays, etc. (See Magnet, also
Magnetic Lines of Force.)

ELECTROMAGNETIC CONTROL—The
control of various switches and other
apparatus by means of electromagnets,
usually through an auxiliary contact at
a distant point. (See Remote Control,
also Electromagnet.)

ELECTROMAGNETIC FIELD—The
space understood to be filled with elec-

Electromagnetic Microphone

tromagnetic lines of force. (See Fluz,

also Lines of Force.)

ELECTROMAGNETIC FLUX—The dis-
tribution of the lines of force through
an electromagnetic field. (See Flux,
also Lines of Force.)

ELECTROMAGNETIC IMPULSE — An
impulse or electromagnetic disturbance
conveyed to the ether from a conductor
carrying high frequency currents. An-
other term for the electromagnetic
waves involved in radio. (See Electro-
magnetic Waves.)

ELECTROMAGNETIC INDUCTION —
The production of electric currents
through a change in a magnetic field
(g.v.). Its production is due to a
change in the number of lines of force
which are linked with a conducting cir-
cuit. The simplest example of this
means of producing current is shown in
the illustration. Here a conductor is
arranged to be moved in the immediate
vicinity of a magnet, causing a change
in the number of lines of force that
link the conductor and creating an
induced current. This current will per-
sist only so long as the conductor con-

MAGNET

CURRENT’
INDUCED IN
THIS CIRCUIT

Simple method of producing electric currents
by causing changes in the magnetic field.

tinues to be moved in the magnetic
field. That is to say when there is no
longer any change in the magnetic lines
of force linking the conductor, there
will be no current induced. The dis-
covery of electromagnetic induction
and formulation of its laws was pri-
marily due to the scientist Faraday
(q.v.). Faraday’s law governing elec-
tromagnetic induction follows: “The
induced electromotive force around any
circuit is the rate of the decrease of
the total flux of magnetic induction
through the circuit.” (See Induction,
Flux, and Lines of Force.)

ELECTROMAGNETIC INSTRUMENTS
—Electrical measuring instruments
such as voltmeters, ammeters, etc.,
which depend for their action on the
exertion of electromotive forces upon
iron armatures. (See Ammeter, Ther-
mal; also Voltmeter.)

ELECTROMAGNETIC MICROPHONE
—A type of microphone in which the
sound waves due to speech or music
cause vibrations of a suspended coil in
a magnetic field, inducing in the coil
minute waves of electromotive force
corresponding in form to the original
sound waves. A form of microphone
used in radiophone (broadcasting)
transmission when purity of sound i1s
an important consideration. Such a
microphone requires that the induced
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currents be heavily amplified. (See
Microphone, also Speech Amplifier.)

ELECTROMAGNETIC RADIATION —

E

The propagation or radiation of elec-
tromagnetic waves through the ether.
(See FElectromagnetic aves, also
Ether.)

LECTROMAGNETIC ATTRACTION—
The attraction existing between unlike
poles of electromagnets. This attrac-
tion is identical with that of two unlike
poles of ordinary magnets. (See Mag-
netic Attraction and Repulsion.)

ELECTROMAGNETIC REPULSION —

E

E

E

The tendency of two like poles of elec-
tromagnets to act against or repel each
other. (See Magnetic Attraction and
Repulsion.)

LECTROMAGNETIC SWITCH—A
switch for breaking electrical circuits
by the action of an electromagnet. (See
Electromagnet, also Remote Control.)

LECTROMAGNETIC THEORY OF
LIGHT—The theory and consequent
scientific proof that radio waves and
light waves are practically identical in
nature. Light waves travel at a tre-
mendous speed through the ether, ap-
proximately 186,000 miles per second,
which is also understood to be the
velocity of electromagnetic or radio
waves. (See Electromagnetic Waves.)

LECTROMAGNETIC UNITS—The
fundamental or absolute units em-
ployed in electricity as a basis for cal-
culations and on which the prac-
tical units are based. The effects of
electricity, and hence electricity itself,
can be measured in two ways. The
first is the measurement of the quantity
of electricity by the force it exerts upon
another stationary quantity of elec-
tricity. This is known as the electro-
static system. The second is by meas-
uring the force which a given quantit
of electricity exerts upon a magnetic
pole when flowing through a nearby
conductor. This is referred to as the
electromagnetic system. Fundamental
or absolute units are derived from the
fundamental units of length, mass and
time. These units are the ceuntimeter
of length, the gramme of mass and the
second of time. The term centimeter-
gramme-second, referring to this sys-
tem, is abbreviated C.G.S. system. The
practical units of electricity are known
as volts, amperes, etc., and are based
on the absolute units. (See Electro-
static, Units, C.GS. System, also Am-
pere, Erg, Dyne and Coulomb.)

ELECTROMAGNETIC WAVES — The

62

term applied to the energy radiated
from an antenna in radio transmission.
So called because it is understood to
travel in the form of waves. One-half
the energy of such a wave is electrical
and the other half electromagnetic.
Electromagnetic waves travel with the
speed of light waves or approximately
186,000 miles-per second. These waves
are of extremely high frequency—that
is, their direction changes many thou-
sand times each second. This will be
better understood by means of the illus-

DIRECTION OF >
WAVE MOTION

LEAD-IN

Tustration showing the arrangement of _the
electric and magnetic field arourd a radiating
antenna.

tration showing the arrangement of the
electric and magnetic fields around a
radiating antenna. Here the lines rep-
resent the electric field and the shaded
portion the magnetic field. The lower
loops or “feet” of these waves are as-
sumed to pass over the surface of the
earth which is a conductor. Thus when
electromagnetic waves are being radi-
ated from an antenna, circular distri-
butions of electric charges are in the
earth’s surface around the antenna,
these charges being alternately nega-
tive and positive, the bands of charge
spreading out or radiating from the
antenna in the manner shown in the
illustration. These waves are subject
to various influences which have a ten-
dency to refract or reflect the waves
much in the manner of light waves.

As these waves move out from the
antenna they gradually increase in
height, although the distance between
the “feet,” i.e., from one wave to an-
other, remains the same. This distance
is known as the wave-length. (See
Reception of Electromagnetic Waves,
also )Wave-length, Radiation Transmis-
sion.

ELECTROMETER—AnN instrument used

for measuring potential differences
(voltages) and, under certain condi-
tions, power in watts. The operation
of the instrument depends upon the
attraction or repulsion of electrostatic
charges and it may be used for either
direct or alternating current measure-
ments. (See Voltmeter, Electrostatic.)

ELECTROMETRY—The practice or sci-

ence of electrical measurement. (See

Meter, Voltmeter.)

ELECTROMOTIVE FORCE—Symbol

E or e—abbreviation E.M.F. The force
or electrical pressure which starts and
maintains a current of electricity
through a conductor. Electromotive
force is commonly referred to in terms
a"’-“~\

Cd

’ C \\\

Fig. 1-A. A simple II;Irim-ry or electrolytic
cell.

of volts and is abbreviated E.M.F. The
electromotive force in electricity is
analogous to the difference of level
which produces pressure in pipes carry-
ing water and forces the water to flow.
Electromotive force is produced by a
difference of potential, and this in turn
sets up the flow of current. The illus-
tration F'ig. 1A shows a simple primary
cell or electrolytic cell, and Fig. 1B is
the analogous action of two tanks hold-
ing water, connected by a pipe and so
arranged that the water level in one
tank is higher than in the other, thus
having a difference of level and creat-
ing pressure which makes the water
flow. The water in tank A being at a
higher level than in the other, the pres-
sure causes the water to seek its com-
mon level and it flowed into tank B
through the pipe. This flow continues
as long as there is difference of level.
In the case of the cell Fig. 1A there

are two electrodes, one of which is at
a higher potential than the other. That
is to say, one is in a state of higher

by discharging into tank ‘B’ in a manner
analogous to the flow of electric current where
a potential difference exists.

electrification than the other, causing a
difference of potential and producing
an electromotive force. This force isin
the direction from the point of greater
potential to point of lesser potential as
in the case of the water, and causes a
flow of current in that direction. Here
the flow is from B to A in the electro-
lytic solution and from A to B exter-
nally through the conductor C. Thus
as long as there exists a difference of
potential, current will flow in an at-
tempt to equalize the potentials. (This
statement holds true only under ideal
conditions.  See Polarization.) This
flow of current in the illustration Fig.
1A is according to Ohm’s law (q.v.g,
i.e.,, a difference of potential of one
volt will cause one ampere to flow
through the external circuit when the
resistance of the circuit is one ohm.
(See Ampere, Ohm, Volt, Resistance.)

ELECTRON — The smallest negative
charge of electricity known. An Eng-
lish investigator, Dr. Johnstone Stoney,
is credited with ilaving named the elec-
tron, although it was so named by him
in anticipation of its being isolated and
measured. The actual proof of the
earler agsumptions was due to Sir J. J.
Thomson and others, who actually
measured, and in all effect weighed, the
minute particles of negative electricity.
(See Electron Theory.)

ELECTRON FLOW —The theory of
movement of free electrons along a
conductor through which an electric
current is flowing. (See Electron, also
Current, Assumed Direction of Flow.)

ELECTRON EMISSION—The emission
or discharge of electrons or minute
particles of negative electricity from a
heated body, particularly in a vacuum.
The emission of electrons in a vacuum
tube is the basis of operation of all
vacuum tubes as used in radio. (See
Electron Theory, also Vacuum Tube,
Theory of Operation.)

ELECTRON THEORY—The assumption
that the atoms of all substances contain
one or more particles of negative elec-
tricity, which is of course paramount
to saying that all matter is electricity.
These particles are known as electrons,
and while the assumption is referred to
as a theory, it has been rather definitely
proven by numerous experiments, and
electrons have actually been measured.
Under the electron theory it is assumed
that the charge carried by a single
electron is the smallest possible charge
which can exist in nature and that no
charge of electricity exists or can be
produced which is not an integral mul-



tiple of this charge. (Note: This is
merely a mathematical way of stating
that any charge of electricity is equiva-
lent to the combined charges of a cer-
tain number of electrons.% Probably
the most accurate conclusion regarding
the charge carried by an electron is
due to experiments carried on by Prof.
A. E. Millikan of the University of
California. His measurements state
this charge of a single electron as being
4.77 X 10-19 electrostatic unit, which is
1.59 X 10-1° of a coulomb (q.v.). While
the mass or weight of an electron is
said to vary with its velocity, assuming
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Illustration showing the electron. or negative
particle, revolving around the proton or posi-
tive nucleus.

a velocity of less than one-tenth that
of light, the mass will be 8.9 X 10-28
grams. This is approximately one
seventeen hundredth of the weight or
mass of an atom of hydrogen. For
purposes of calculation the electron is
assumed to be in the shape of a sphere.
The radius has been estimated at ap-

roximately 10-13 centimeter. When it
is considered that a centimeter is some-
what less than half an inch it is readily
seen that an electron is an infinitesimal
affair.

The figures as to velocity of electrons
vary somewhat with different authori-
ties, but it is probably about 100 kilo-
meters (approximately 6214 miles) per
second at a temperature of zero degrees
centigrade, the speed increasing as the
temperature rises. Electrons may be
understood as comprising minute solar
systems of their own. In the illustra-
tion the electron or negative particle is
shown revolving around the proton
(q.v.) or positive nucleus in the man-
ner of a planet revolving around the
sun. This represents a normal atom
of hydrogen, the simplest of all atoms,
which, as shown, is composed of a single
positive nucleus and a single electron
revolving around it. In the case of an
atom of helium there is a doubly
charged positive nucleus, or proton,
and two negative electrons revolving
around it. Other atoms have as many
as 92 electrons.

All vacuum tubes used in radio oper-
ate on the basis of the emission of
electrons from a heated filament within
the tube. These electrons are being
emitted from the hot filament at all
times during operation of the tube.
When the incoming signals are such as
to charge the grid negatively they are
repelled and held back to the filament,
thus offering no path for the signals.
When the incoming signals have re-
versed their polarity, as they do thou-
sands of times each second, the grid
will be positively charged and the elec-
trons will be aided in their travel to the
plate, thus forming a conductive path
for the currents. This, of course, re-

ELECTROSTATIC

sults in the elimination of one-half of
each cycle of the incoming currents or
oscillations. That is to say, they are
rectified to direct pulsating currents.

- (See Amplifier, Vacuum Tube, Theory

of Operation and Space Charge.)

ELECTRON RELAY—A term occasion-

ally applied to a three element tube
(vacuum tube). This alternate term
is obviously derived from the fact that
the vacuum tube makes use of the path
of electrons and in effect acts as a
relay. (See Electron.)

ELECTRON TUBE-—Any tube using a

high vacuum and depending for opera-
tion on the emission of electrons from
a heated cathode. (See Electron, also
Vacuum Tube.)

ELECTRONEGATIVE-—Having the

property of being attracted to the
ositive pole of an electrolytic cell.
he electronegative component. (See
Anion, also Cathion.)

ELECTROPOSITIVE—Having the prop-

erty of being attracted to the negative
pole of an electrolytic cell during elec-
trolysis. The electropositive component.
(See Anion, also Cathion.)

ELECTROSCOPE—A device for detect-

ing minute differences of potential
(voltages). Such a machine will not
measure the voltage but merely indi-
cate its presence. The simplest form
of electroscope is shown in the illus-
tration. Here a ball B, composed of
the pith of some wood, preferably elder
due to its extreme lightness, is sus-
pended by a thin silk thread from an
insulated stand. The object under in-

Simplest form of electroscope.

vestigation is moved near the pith ball,
which will be repelled or attracted by
the object if the object is in a state
of electrification; but will remain mo-
tionless if no difference of potential
exists. (See Voltmeter, Potential, Dif-
ference of.)

ELECTROSE—An insulating composi-

tion much used in electrical power work
and for radio purposes. It has very
high compressive strength, is hard and
tough without being brittle, and is
moisture, water and oil proof. Elec-
trose is used extensively for antenna
insulation. (See Insulator).

ELECTROSTATIC—The term used to

designate EMF’s (electromotive forces)
or potentials, charges, etc., and the re-
sultant forces. That is to say, elec-
tricity at rest or stationary in a body
in order to distinguish it from the
forces due to electro-dynamics (q.v.).

CAPACITY — The
amount of electricity which a condenser
or similar body is capable of storing.
If a condenser is capable of receiving
and storing one coulomb of electricity

Electrostatic Induction

under a potential of one volt it is said
to have an electrostatic capacity of one
farad, which is the unit of electrostatic
capacity. The electrostatic capacity of
a condenser depends on several factors,.
mainly the size of the plates and the
nature and thickness of the dielectric
material (insulating sheets). (See
Capacity, also Condenser.)

ELECTROSTATIC CHARGE—The pres-

ence of electricity in the form of elec-
trostatic lines of force in a body such
as a charged conductor. (See Charge.)

ELECTROSTATIC COUPLING—The as-

sociation or coupling of circuits one to
another by means of electrostatic ac-
tion, i.e., condensers. Any capacitive
association of one circuit with another.
(See Coupling.)

ELECTROSTATIC FIELD — A region

wherein forces are present and exerted
due to the presence of electric charges.
It is the area immediately surrounding
a charged body. (See Field, Electro-
magnetic, also Field, Electrostatic).

ELECTROSTATIC FLUX —Lines of

force making up an electrostatic field.
(See Field, Fluzx, also Flux, Electro-
static).

ELECTROSTATIC FLUX DENSITY—

The density or number of electrostatic
lines of force in a unit area of an
electrostatic field. (See Electrostatic
Field, also Fluxz Density.)

ELECTROSTATIC FORCE—The force

due to interaction of electric charges.
(See Electrostatic Field, also Electro-
static Flux Density.)

ELECTROSTATIC INDUCTION — The

production of a charge in a body due
to the presence of an opposite charge
in a nearby conductor, or synonymous.
with displacement in the case of a con-
denser. Electrostatic influence or in-
duction is the basis on which condensers
operate. In the illustration Fig. 1 is a
simple circuit containing a source of
potential, which in this case is a bat-
tery. As the circuit is closed through
the key a momentary flow of current
takes place. This flow of current is
accompanied by a condition of electric
strain in the insulating material of the
condenser. The electrically strained
dielectric or insulating material exerts
a back pressure against the pressure
or force of the battery, and when this
back pressure is equal to the original
battery pressure the flow ceases. The
strain in this dielectric is known as
electric displacement and this displace-
ment can be transmitted or passed on to
neighboring parts of the medium and
thence into space. Under the proper
conditions this displacement and the
magnetic field which accompanies it
may be detached from the circuit and
move independently in space. This is

the fundamental process in the radia-
KEY

PLATES

INSULATING
MATERIAL

Fig. 1. A simple circuit for illustrating elec-
trostatic induction.

tion of electromagnetic waves (q.v.).
Now, in Fig. 2, A and B represent two
conductors, both insulated. If conduec-

63



Electrostatic Leakage

tor A has a positive charge and is
brought close to conductor B, although
not in actual contact with it, the result
is a displacement of electric charge
which results in the near side of con-
ductor B becoming negative, while the
opposite side assumes the same sign
(positive) as conductor A, Actually
B has received no charge, but has been
placed in a state of strain due to elec-
trostatic induction between it and the
conductor A. Due to the negative
charge induced on B, the positive po-
tential difference of A has been de-
creased and in order to maintain the
constant potential it must be given a
further supply of electricity. In this
manner it is actually possible to store
the electricity by electrostatic induc-
tion between two conductors or plates,

B
. j—
-
- = I

Fig. 2. Tllustration of displacement of elec-
tric charge due to proximity of charged con-
ductors.

by reason of the strain in the insulat-
ing medium—air in the case of the two
conductors—which in turn passes the
displacement on to conductor B. (See
Conductor, Capacity, Electrostatic, also
Induction.)

ELECTROSTATIC LEAK AGE—The
gradual loss through leakage, of the
electrostatic charge in a body, due to
the fact that perfect insulation is im-
possible to obtain. (See Electrostatic
Induction.)

ELECTROSTATIC LINES OF FORCE
—The lines of force traversing an
electrostatic field. That is to say the
electrostatic flux (q.v.).

ELECTROSTATIC STRAIN—The strain
or state of stress in which a body is
placed when in an electrostatic field.
In a condenser, the strain experienced
by the dielectric (g.v.) when the con-

denser is in a state of charge. (See
Condenser, also Capacity, Electro-
static).

ELECTROSTATIC SYSTEM—The elec-
trostatic system of C.G.S. units. One
of the absolute unit systems in elec-
trical practice. (See C.G.S., also Elec-
trostatic Units and Electromagnetic
Units.)

ELECTROSTATIC UNITS—A system of
measurement used in electrical engi-
neering based on the unit of electric
quantity under the C.G.S. system (q.v.).
This unit quantity of electricity is the
quantity of electricity which, placed on
a small sphere will repel an equal
quantity of electricity of the same
sign (both negative or both positive)
on a similar sphere with a force of
one dyne. (q.v.) when the centers of
the respective spheres are one centi-
meter apart. With this definition it is
assumed that the spheres are in a
vacuum, otherwise the distance between
centers would vary according to the
dielectric or insulating medium. (See
C.G.S., Electromagnetic Units, also
Conversion Factors.)

ELECTROSTATIC VOLTMETER — A
meter for measuring voltage, depend-
ing for its action on the electrostatic
action between a fixed and a moving
plate connected respectively to the two
poles or terminals between which the
source of potential is connected. (See
Electrostatic Force, also Voltmeter.)

ELECTROSTATIC WATTMETER — A
type of wattmeter depending on the
electrostatic action between two sets of
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fixed and moving plates. (See Elec-
trostatic Force, also Wattmeter.)

ELECTRO-THERMAL METER — The
term sometimes applied to a hot-wire
ammeter (q.v.) or voltmeter operating
on the principle that the heat gener-
ated by the passage of an electric cur-
rent through a constant resistance will
be equal to the square of the current.
(See Thermal Ammeter.)

ELEMENT—A term primarily applied
in chemistry to the substances which
are not subject to decomposition by
electric analysis (see FElectrolysis).
These elements are hydrogen, helium,
etc. The term is also used quite gen-
erally to denote components such as the
electrodes in a primary cell or the
plate, grid and filament members of a
vacuum tube. (See Cell, also Vacuum
Tube.)

EMANATE—“To flow forth or proceed,
as from a source.”—Webster. Thus,
emanating, issuing from, as the ema-
nation of electrons from a hot filament
in a vacuum tube. The throwing off
of electrons. (See Electron Emission.)

E.M.F. — The abbreviation for electro-
motive force. The practical unit of
E.M.F. is the volt. (See Electromotive
Force, also Volt.)

EMISSION—The act of sending forth.
Used chiefly to designate the emission
of electrons from the filament of a
vacuum tube as used in radio. The
flow of these electrons between filament
and plate is controlled by the grid.
(See Electron Emission, also Vacuum
Tube, Theory of Operation.)

EMISSION CURRENT—In a vacuum
tube for transmitting it is the product
of the tube current muitiplied by the
plate voltage and is generally given in
watts. Generally speaking, the power
for which the tube is designed. (See
Transmitting Tube, Power Rating, also
Vacuum Tubes.)

EMISSIVITY OF FILAMENT — The
ability of a filament to emit electrons
when heated by an electric current.
(See Electron, also Vacuum Tube.)

EMPIRE CLOTH OR PAPER—A close-
ly woven cambric coated with two or
more films of an oxidized oil, or a tough
paper treated with some oxidized oil.
Empire products serve as insulating
materials for transformers, condensers
and various other devices requiring
thin insulating sheets. In a trans-
former for relatively high voltages, in-
sulated paper is used between the
layers of windings and in certain types
of fixed condensers it is used as a di-
electric material. The cloth has a
higher breakdown strength; that is, it
will stand higher voltages than paper.
(See Breakdown Potential, also Dielec-
tric.)

ENAMELED WIRE — Wire, generally
copper, covered with a coating of
enamel as an insulating covering and
to protect it from moisture and cor-
rosion. (See Magnet Wire.)

ENDODYNE—A term occasionally used
to describe reception of radio signals
by means of locally generated oscilla-
tions such as in the case of the hetero-
dyne (q.v.), but wherein these oscilla-
tions are created by a circuit or system
that is part of the receiving circuit
and not a separate arrangement. (See
Self Heterodyne.)

ENERGY—The capacity for doing work
in an electrical sense. Energy is
something furnished to a body by
means of work done on it. Thus, if a
ball is thrown, the operation of throw-
ing is the work, and the ball itself in
traveling performs work, the means of
doing this work being the energy.

There are two kinds of energy, poten-
tial, as in the case of electricity, and
kinetic, the energy of a body due to
motion. Kinetic energy belongs prop-
erly in the realms of mechanics and so
will be passed over here with only this
brief mention.

"When we speak of a difference of
potential in a primary cell, it means
in effect that the body or cell has po-
tential energy. That is to say, the
energy is present although not active.
1f, now, a wire is connected across the
two terminals of the cell, the difference
of potential will cause electric current
to flow from one pole to the other.
Actually, in a cell ofpthis type, we have
chemical energy stored up. en a
circuit is completed, the stored chemi-
cal energy is converted into electrical
energy or creates the difference of
potential, which in turn causes current
to flow and electrical work is thus
done. (See Potential, also Voltage and
Generator.)

EPSTEIN HYSTERESIS TESTER —A

device for measuring hysteresis and
Eddy current loss in a sample of sheet
iron by using an alternating current
wattmeter. The device is used for de-
termining the properties of samples of
iron, particularly those to be used for

transformers. (See Eddy Currents,
also Transformer, Hysteresis and
Wattmeter.)

EQUIVALENT RESISTANCE — The

value which a resistance would be re-
quired to have in order to permit the
same quantity of current to flow with
the same applied electromotive force
(voltage) as in the case of a piece of
apparatus wherein there are other fac-
tors besides pure resistance to deter-
mine the amount of current. (See Im-
pedance, also Reactance.)

ERG—The fundamental unit of mechan-

ical work under the C.G.S. system
(g.v.). This is defined as the work
done by a force of one dyne (q.v.) when
the body producing the force and the
body on which the force acts are one
centimeter apart. (See Joule, also
Practical Units.)

E.S.U.— Abbreviation sometimes used

for electrostatic wunits (q.v.). (See

Electromagnetic Units.)

ETHER—or AETHER—The term used

to denote the supposed or hypothetical
medium by means of which electromag-
netic and light waves are propagated.
(See Ether Waves.)

ETHER WAVES—Term sometimes ap-

plied to electromagnetic or radio waves
on account of the assumption that they
travel through the supposed medium
ether. The assumption of an all-
pervading medium such as ether has
been the basis of the major part of the
extensive research work carried on
with light and electromagnetic waves
for many years. Various experiments
have shown beyond reasonable doubt
that there is some such medium, capa-
ble of conducting or rather permitting
passage of light waves and radio waves.
So accurate has this work been that it
has been proven beyond question that
light waves travel through the ether
with the tremendous velocity of 186,000
miles per second (approximately). It
has also been determined that radio
waves travel at this same speed
through the ether. It has further been
proven that radio waves all travel at
the same identical velocity, regardless
of their length, form and other factors.
(See Electromagnetic Waves, also The-
ory of Propagation of Electromagnetic
Waves.)

EXCITER—A small direct current dy-



namo used for the purpose of exciting
the field magnets of an alternating
current generator. Such a device is
generally a part of the main machine
and mounted on the main shaft, but it

F—The abbreviation for dielectric field
intensity (see Field, also Dielectric),
also used as the symbol for the unit of
magneto-motive force, the gilbert
(q.v.). The small or lower case f is
sometimes used to denote the farad, the
practical unit of electrostatic capacity
(q.v.) and also as a symbol for fre-
quency (q.v.). L
FADING—The tendency of radio signals
to decrease in volume or amplitude, or
to fade. The strength of a signal is
seldom the same at different hours of
the day or night, generally being
stronger during the dark hours of the
night. This has been attributed to a
variety of causes, the most plausible
being that the air is more free of dis-
turbances during the night and thus
permits more ready passage of the
waves through the ether. The differ-
ence between the strength of signals
in the daytime and at night is some-
times very pronounced, but the phe-
nomenon of fading is usually noticed
only when distant signals are being
received. It has been fairly definitely
established that fading of signals is
due to the reflection of the transmitted
waves. (See Wave Distortion, also
Reflection and Refraction.)

FALL OF POTENTIAL—See Potential

Drop.

FAN ];\ERIAL—An aerial, usually for
transmission, constructed in the shape
of a fan. (See Aerial.)

FAN CONNECTOR—A small triangular
or fan-shaped piece of metal arranged
with several holes along one edge, with
set screws for fastening in each the
several wires of the lead-in of a multi-
wire aerial. The lower apex is fitted

with some sort of connecting device to
permit a single wire to be led in to the
(See Lead-In.)

receiver.

Illustration by
Courtesy of Radio Specialty Co., Inc.

Fan Connector—The leads from each wire of

a multi-wire aerial go to the wide portion and

are held by the set screws: the lead to the set
goes to the small end.

FARAD — The unit of electrostatic
capacity. It is the practical unit of
capacity and is defined as the capacity
of a condenser that is capable of being
charged to a potential difference of one
volt by a charge of one ampere for
one second; i.e., one coulomb (q.v.).
“Farad” is a contraction of the name
of the distinguished English scientist
Michael Faraday (q.v.). Inasmuch as
the farad is too large a unit for prac-
tical purposes, the micro-farad, or one
millionth of a farad, is commonly used.
(See Electrostatic Capacity, also Con-
denser.)

may also be a separate unit. The pur-
pose is to furnish current to the field
magnets (electromagnets) to create a
magnetic flux. (See Alternator, also

Generator.)

FARADAY, MICHAEL. Born 1791, died

1867. An English scientist famous for
his discoveries in chemistry, electricity
and magnetism, He first produced the
rotation of the magnetic needle around
the electric current in 1821, based upon
Oersted’s discovery of electromagnet-
ism in 1820; he discovered electromag-
netic induction (1831), a principle upon
which is founded the development of
dynamo machinery; specific inductive
capacity (1838); magnetic polarization
of light (1845) ; diamagnetism (1846).
He was a brilliant experimenter, and
contributed greatly to the knowledge
upon which is based present-day prac-
tice of electricity.

Michael Faraday.

FEEBLY DAMPED—In spark transmis-

sion, signals that are only slightly
damped. Where each succeeding oscil-
lation in a train of oscillations is of
slightly lesser amplitude (q.v.) than the
one preceding it, the signals are said
to be slightly damped to distinguish
them from signals that are highly
damped and thus die out quickly. (See
Damping, also Damped Waves.)

FEED—In electrical }Jarlance, to furnish

with a current of electricity. (See

Feed-Back.)

FEED-BACK—A term applied in radio

to the coupling of one circuit to an-
other, whereby a portion of the current
present in one circuit is fed back or
returned to the other circuit. The com-
mon use of the term is in reference to
regeneration, where a certain portion
of the radio frequency current present
in the plate circuit of a detector is re-
turned to the grid circuit of the tube
by some form of coupling between the
two circuits. It may also apply to the
tendency of high-frequency currents to
become transferred from one circuit to
another due to undesired coupling be-
tween two or more circuits. The illus-
tration shows a simple feed-back or
regenerative circuit. The incoming sig-
nal energy is transferred from the

FEED-BACK COUPLING—Any

Feed-Voltage Modulation

EXPLORING COIL—A coil of insulated

wire wound on a rotating form as an
integral part of a direction finder or
goniometer. (See Direction Finder,
also Goniometer.)

grimary of the coupler to the secondary
y means of inductive coupling and
tuned by the condenser C. A grid con-
N[/ neriat
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Regenerative circuit in which the coil “T” re-

turns, or “feeds back”™ to the grid circuit a

portion of the radio frequency current in the

plate circuit, resulting in increased amplifi-
cation.

denser and leak GC are placed in the
grid circuit in the customary manner.
A feed-back or reaction coil T is placed
in the plate circuit and inductively
coupled to the main coil. A portion of
the radio frequency current in the plate
circuit or output circuit is transferred
back to the grid circuit by the coupling
effect between the coil T and the sec-
ondary of the coupler. This serves in
effect to reduce the resistance of the
grid circuit and produces more current
in the output or plate circuit, thus act-
ing as a form of amplifier. (See Re-
generation, Tickler.)

FEED-BACK COIL—An inductance coil

placed in the plate circuit of a regen-
erative receiver and arranged in induc-
tive relation to the grid coil (secondary
of tuner) for the purpose of effecting
feed-back or regeneration. (See Feed-
Back, also Regeneration.)

rocess
by which the plate circuit of a detector
is coupled to the grid circuit to allow
a portion of the output current to be
transferred back to the grid circuit to
produce regeneration. (See Feed-Back,
also Regeneration.)

FEED-BACK EFFECT — The effect of

feeding back of currents from one cir-
cuit to another as in the case of a
regenerative circuit (q.v.). Generally
the expression “feed-back effect” refers
to an undesired feed-back. This may
be the action of radio frequency com-
ponents of the currents present in one
part of a circuit being fed back to
another part of the circuit due to the
coupling effect of various coils or other
devices used in the circuit. (See Feed-
Back, also Regeneration.)

FEED-VOLTAGE MODULATION — A

process of modulating or varying the
amplitude of a radio frequency alter-
nating current to correspond to any
wave form of speech vibrations as in
radio broadcasting. The system in-
volves the introduction of additional
power into the circuit of the radio fre-
quency generator until the desired wave
form variations are obtained. This is
done particularly in the case of a
vacuum tube transmitter, in which case
the voltage supplied to the plate of the
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Ferro-Magnetic Modulator

tube is altered (increased or decreased)
to accomplish the purpose. (See Mod-
ulation.)

FERRO-MAGNETIC MODULATOR—A
device for modulating or varying the
amplitude of radio frequency current
to correspond in wave form to the
speech or music vibrations in broad-
casting. The system makes use of
what is known as the hysteretic energy
absorption of iron, or in some cases
utilizes the variation of inductance of
iron-core coils. (See Modulation, also
Ferro-magnetic Substances.)

FERRO-MAGNETIC SUBSTANCES —
Elements or compounds such as iron,
nickel, cobalt and others which are
strongly attracted by magnetic fields of
force. Such substances vary widely in
their magnetic properties when sub-
jected to temperature changes. Soft
iron loses its magnetization almost im-
mediately on removal of the magnet-
izing source, and for this reason it is
used as a pole piece in an electro-
magnet. (See Electromagnet, also
Magnetism and Magnetic Properties.)

FESSENDEN, REGINALD AUBREY.
—Canadian-American Radio expert.
Born at Milton, Canada, October 6,
1866, and educated at New York and
Port Hope, Ontario. Fessenden became
inspecting engineer for the Edison
Company, New York, and afterwards
professor of physics and electrical en-
gineering at Western University, 1892,
Professor Fessenden is the author of a
well-known system of wireless, and be-
low are briefly described some of the
patents bearing his name.

In 1906 and 1907 Fessenden invented
a number of microphone transmitters
which carried heavy currents for long
periods, and also a heavy current tele-
phone relay which allowed the con-
trolling of heavy currents by means of
small currents originating in an ordi-
nary microphone circuit or coming
from a telephone line. One of these
transmitters was called by Fessenden
a trough transmitter. It consisted of
a soapstone annulus to which were
clamped two plates having platinum-
iridium electrodes. Through a hole in
the center of one plate passed a rod
attached at one end to a diaphragm,

Reginald Aubrey Fessenden.

and at the other to a platinum-iridium
spade. The two outside electrodes were
water-jacketed. This form of trans-
mitter required no adjusting, all that
was necessary being to place about a
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teaspoonful of carbon granules in the
center space. It was able to carry as
much as 15 amperes continuously with-
out articulation falling off, and had the
advantage that it never packed. By a
combination of the trough transmitter
and a differential magnetic relay, Fes-
senden produced a transmitting relay
for magnifying very feeble currents.
An amplification of fifteen times is
possible without any loss of distinct-
ness. Fessenden is also responsible for
a duplex system of Radio telephony,
and the heterodyne method of recep-
tion is due to him. Fessenden has
written largely on radio subjects, and
is one of the leading authorities on
both transmission and reception.

FIBER—or FIBRE—A term used for a
variety of substances, composed of fine
slender thread-like materials, particu-
larly a composition of vulcanized or
compressed paper. It is much used in
radio as an insulating material for
panels and connection blocks. It is not
as efficient as insulating medium as
bakelite or some forms of rubber com-
position, but is durable, cheap and com-
{)arz;tively easy to drill. (See Bake-
ite.

FIELD—The space occupied by electric
or magnetic lines of force. (See Elec-
tric Field.)

FIELD DENSITY—The strength of an
electric or magnetic field. It is meas-
ured by the number of electric or mag-
netic lines of force contained in a given
cross-sectional area. (See Density.
Fluz, also Electric Field and Field,
Magnetic.)

FIELD, ELECTRIC —The space trav-
ersed or occupied by electric lines of
force. (See Electric Field.)

FIELD, ELECTROMAGNETIC — The
total area traversed by electromagnetic
lines of force. The region in which
electromagnetic lines of force are ex-
erted. (See Field, also Electrostatic
Force.)

FIELD, ELECTROSTATIC—The region
in which electrostatic forces are pres-
ent or exerted. The total area trav-
ersed by electrostatic lines of force.
(See Field, also Electrostatic Flux.)

FIELD MAGNET —An electromagnet,
usually a core of soft iron surrounded
by a winding of insulated wire, em-
ployed in generating machines to pro-
duce a strong magnetic field. As the
armature of a generator revolves the
conducting surfaces pass through the
magnetic field created by the field mag-
nets. This field may be merely the
ordinary magnetic force due to perma-
nent magnets, but is usually due to the
powerful magnetic lines of force result-
Ing from passage of electric current
through electromagnets. (See Alter-
nator, also Alternating Current, The-
ory of Production and Electromagnet.)

FIELD, MAGNETIC—The region
through which magnetic flux passes.
Usually refers to the space (air)
through which the magnetic flux lines
pass as distinguished from the activity
in the iron path tself. (See Flield, also
Magnetic Flux.)

FIELD REGULATOR or RHEOSTAT—
_Any device for varying the magnetic
strength of the field magnets in a
dynamo or electric motor, by which
variations certain changes may be ac-
complished in the operation or per-
formance of the machine. A field
rheostat is often used in an electric
motor to vary the strength of the field
and thus either increase or decrease
the speed of the machine without the
necessity of changing the applied volt-

age. If the strength of the field (mag-
netic) is reduced by insertion of resist-
ance, the armature or rotating part
speeds up in an attempt to generate
the same counter-electromotive force
(q.v.), which means greater speed. On
the other hand, if the resistance is

FIELD WINDINGS,

4

b OUTPUT

Illustration showing method of connecting a
field rheostat or regulator in the circuit of a
shunt wound generator.

removed—that is, the strength of the
field increased—the fact that the arma-
ture is running through a stronger field
reduces the speed of rotation, the same
counter-electromotive force being pres-
ent. The use of a field regulator or
rheostat in connection with a generator
is for the purpose of varying the out-
put voltage without the necessity of
altering the speed of the machine. The
illustration shows the connection of a
field rheostat or regulator in the circuit
of the shunt wound generator (q.v.).
(See Generator, Rheostat, Resistance.)

FILAMENT — A fine wire, one of the

elements of a vacuum tube, which is
heated to throw off electrons. The
term is also used to refer to the fine
wire used in an incandescent lamp.
The filament of a vacuum tube is gen-
erally made of tungsten and is sup-
ported by glass pillars within the tube
in such manner as to be insulated from
the other elements. Filaments are
made to be heated with various volt-
ages from 1.1 to 6 volts in most re-
ceiving tubes, but much higher in the
case of high power transmitting tubes.
The filament may consume consider-
able current as in the old styles of
six-volt tubes which consumed one am-
pere. The modern tubes have thoriated
filaments, tungsten treated with tho-
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When an “A” battery is connected to the fila-

ment terminals, heating the filament. electrons

are thrown off and fill the space between fila-
ment, grid and plate.

rium, which permits maximum effi-
ciency with a minimum of current
consumption. When the filament is
heated in the vacuum tube, by having
the proper amount of voltage applied,
electrons are thrown off and fill the
space between filament and grid and
grid and plate as shown in the illus-
tration. (See Electron Theory, also
Vacuum Tube, Theory of Operation.)



FILAMENT BATTERY—The battery or
cell used in lighting the filament of a
vacuum tube. These range from a dry
battery (q.v.) having a voltage of one
and a half volts, to storage batteries
of six volts. Filament batteries are
connected across the filament of a

-~
RHEOSTAT -

sl

Method of connecting ‘“A’ hattery in series
with rheostat to regulate filament of vacuum
tube.

vacuum tube in the manner shown in
the illustration. The rheostat is in-
serted to permit the supply of current
to the filament to be varied and thus
change the operation of the tube. (See
Filament, also Vacuum Tube, Theory
of Operation.)

FILAMENT CONSUMPTION — The
amount of current consumed by the
filament of a vacuum tube. The cur-
rent requirements of vacuum tubes are

The current produced hy the dry cell battery,

flowing through the rheostat and filament, is

consumed by the filament, at a rate depend-
ing upon the type of tube.

always stated by the manufacturer,
either in amperes or fractional am-
peres, or in the case of extremely low
consumption, in thousandths of an am-
pere (milliamperes). Some typical
examples are the UV201A and C201A
types, which require one-quarter am-
pere at five volts; the WD11 and 12
and C11 and 12 types, which require
one-quarter ampere at approximately
1.1 volts, and the UV200 and C200
tubes, which require one ampere at six
volts. Of the so-called standard types,
the UV199 and C199 tubes consume the
least current, requiring but sixty milli-
amperes or .06 ampere, with from three
to four and a half volts. The state-
ment that a certain tube consumes one-
quarter ampere indicates that in oper-
ation one-quarter ampere is consumed
each hour, this current being supplied
by dry cells or storage batteries known
as the “A” battery (q.v.).

It will be apparent from the above
that the more current consumed by the
filament the greater will be the drain
on the dry cells or storage battery.
For this reason, and also to lengthen
the life of the filaments, it is well to
operate the tubes at the lowest efficient
brilliancy. The brilliancy of the fila-
ment may be controlled by adjustment
of the filament rheostat. In the illus-
tration the usual “A” battery, which
in this case is a dry cell, is shown con-
nected to the filament of a vacuum

tube with a rheostat in series between
one filament connection and the nega-
tive terminal of the dry cell. Now as
the arm of the rheostat is moved from
A toward B resistance is introduced
into the circuit between the filament
and dry cell. As this resistance in-
creases the current in the circuit of the
filament will decrease according to
Ohm’s Law (q.v.) ; i.e., Current = Volt-
age =~ Resistance, the current in am-
peres or fractional amperes and the
resistance in ohms. (See .impere, Cur-
rent, Filament Resistance or Rheostat
and Vacuum Tube.)

FILAMENT CURRENT — The current
used to light the filament of a vacuum
tube. Different tubes require different
amounts of current; that is, one tube
may consume a small fraction of an
ampere and another may require a full
ampere. Of the tubes most commonly
used, the UV199 type uses the least
current, this tube requiring only .06 of
an ampere each hour. The WDI11 and
12 types require one-quarter ampere
per hour and also the UV201A, while
the now obsolete UV200 and UV201
required a full ampere. The 199 type
operates with filament voltage of 3
volts, although it is often used with
three dry cells in series which deliver
415 volts; the WDI11 and 12 require
1.1 volts each, which is usually fur-
nished by a dry cell, while the UV201A
type is operated with a six-volt storage
battery. (See Vacuum Tubes, Types
of, also Vacuum Tube, Theory of Op-
eration.)

FILAMENT, FORMULA FOR ELEC-
TRON FLOW-—The extent of electron
emission—that is, the number of elec-
trons—emitted from a hot filament in
a vacuum tube is subject to certain
definite laws. In ordinary practice the
actual number of electrons are not re-
ferred to, the ability of the filament
to emit electrons being measured in
fractional amperes of output current.
Thus a tungsten filament having a
diameter of .0125 centimeters operating
with a power dissipation of 3.1 watts
per centimeter of length has been found
to emit a current of .03 amperes. This
result was obtained with a filament
having a clean surface and with no
absorbed gas on its surface. The for-
mula for electron flow most commonly
used is as follows:

e e
B=AI‘¢——;_

In is the electron current in milliam-
peres per square centimeter of filament
surface, 7' is the absolute temperature
and A and b depend on the metal used
for the filament.

FILAMENT RESISTANCE or RHEO-
STAT—A device placed in the fila-
ment circuit of a vacuum tube, con-
nected between the filament battery and
either filament lead on the tube socket
for the purpose of reducing or con-
trolling the filament voltage. The illus-
tration Fig. 1 shows one type of

lllu}fraﬁon by

Courtesy of The Cutler-Hammer Mfg. Co.
Fig. 1. A type of rheostat used to control the
flow of current to the filament of a vacuum
tube.

Filament, Thoriated

filament rheostat which is used to
permit variation of the filament cur-
rent. Fig. 2 shows the manner of
connecting such resistance in the fila-
ment circuit of a vacuum tube. Fig. 3
illustrates a type of filament control
known as an automatic rheostat. In
this form of filament resistance a
fine wire is placed in a glass tube
filled with an inert gas. The wire
has the property of increasing its re-
sistance rapidly with any increase in
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RHEOSTAT\'
Fig. 2. Showing method of connecting a

rheostat in “A’ battery circuit of a vacuum
tube.

A" BATTERY

the current passing through it. It is
thus possible to arrange such a device
to pass only a fixed amount of current
for any type of vacuum tube. The de-
vice is thus not only an automatic
rheostat, but also a safety valve which

Illustration by Courtesy of the Radiall Co.
Fig. 3. A type of automatic rheostat.

prevents excessive current reaching the
filament and injuring it. These con-
trols are coming into widespread use
due to these features and the fact that
they reduce the number of controls
necessary to operate a receiver. Fig. 4
shows a resistance which is used
in series with a rheostat having small
resistance in order to enable its use

Illustration by
Courtesy of The Cutler-Hammer Mfg. Co.

Fig. 4. Resistance used in series with a rheo-
stat having a small resistance in order to en-
able its use with tubes requiring less current.

with tubes requiring less current to
operate. (See Filament, also Vacuum
Tube.)

FILAMENT, THORIATED—A filament

or heating element of a vacuum tube
in which a certain amount of thorium
(q.v.) has been incorporated. The in-
troduction of this rare metal into the
filament in small quantities gives it
the property of emitting electrons at
a relatively low temperature. From a
practical standpoint this permits a
vacuum tube to be operated with a
low filament consumption (q.v.). A
common example of the use of thorium
in filaments is that of the UV201A or
C201A vacuum tubes, which operate
with a filament voltage of 5 volts and
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Filter

consume but one-quarter ampere of
current, giving essentially the same re-
sults as the former type UV201 and
C201 tubes which ccnsumed one am-
pere. The value of thorium used in
this manner is readily appreciated, the
current consumption being materially
lessened and the life of the tube con-
ceivably lengthened. (See Thorium
Treatment of Filaments, also Vacuum
Tubes, Type UV201A and C201A.)

FILTER—In radio, a device arranged
to permit passage through an electrical
circuit of currents of certain frequency
or frequencies (q.v.) while excluding
others of different frequencies, or any
device for producing smooth direct cur-
rent from a generating source such as
a direct curent dynamo, or for smooth-
ing out rectified direct current. Filters
of one sort or another are much used
where rectified direct curent or direct
current from a generator is to be used
for operation of tubes in radio trans-
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Conventional method of filtering rectified

direct current for use as DPlate supply of a
vacuum tube.

mission or reception. In the case of
rectified direct current, that is the cur-
rent derived from any device for chang-
ing alternating to direct current, there
is always present a tendency on the
part of the current to surge or ripple.
In other words, it is not smooth and of
constant voltage, or there may be
present & generator hum which will
seriously interfere with proper opera-
tion of a tube. The illustration shows
the conventional method of filtering
rectified direct current for use as plate
supply with vacuum tubes in receiving
sets. This system may also be used in
connection with the output of a direct
current generator or dynamo. A filter
circuit may be arranged to pass a band
of frequencies (see Band Pass Filter)
or it may be made to pass either high
or low frequency current. (See Filter,
High Pass; also Filter, Low Pass.)

FILTER, BAND PASS—See Band Pass
Filter.

FILTER CONDENSER—The condenser,
either fixed or variable, forming a part
of a circuit for filtering. (See Filter,
also Acceptor, Wave Trap and Re-
jector.)

FILTER, HIGH PASS—A filter circuit
arranged to permit current above a
certain frequency to pass freely while
blocking out or attenuating all fre-
quencies below it. (See Fuilter, also
Filter, Low Pass.)

FILTER, LOW PASS—A filter circuit
arranged to permit currents below a
certain frequency to pass freely while
blocking currents of higher frequency.
(See Band of Frequencies, also Filter,
High Pass.)

FIXED COILS—Inductance coils as used
in radio circuits, having no mechanical
means of variation, such as in a Vario-
coupler or movable coil. (q.v.) The
majority of tuned radio frequency re-
ceivers employ fixed coils, shunted by
variable condensers. These are known
as tuned radio frequency transform-
ers. (q.v.) (See Coupler, Loose, also
Coupler, Vario.

FIXED CONDENSER — A condenser
having a certain definite or fixed value
of capacity. Any condenser that is not
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variable. (See Condenser, also Con-
denser, Variable.)

FIXED RESISTANCE—Any resistance

device having a fixed or non-variable
value. (See Rheostat, also Potentio-
meter.)

FIXED DISCHARGER—A fixed spark

gap. (q.v.) A spark gap used in trans-
mission of radiotelegraphic signals in
which the electrodes or sparking sur-
faces are not moved during operation.
(See Disc Discharger.)

SPARKING ADJUSTMENT
SURFACES ™« '/SCREWS

= \ 1 e

A type of fixed spark gap.

FLAME MICROPHONE—A type of mi-

crophone for radio telephone trans-
mission, wherein the height of a coal
gas flame is varied by and according
to the speech fluctuations and the re-
sulting pulsations made audible by
means of a selenium cell and phones.
(See Microphone, also Selenium Cell.)

FLASH SIGNALLING— See Code, also

Morse Light.

FLAT-TOP AERIAL or ANTENNA—

An aerial, generally composed of a
number of wires placed adjacent to
each other equally spaced on a
spreader, or hoop, and suspended paral-
lel with the earth. A flat-top aerial
may be of the kind known as the T
type aerial (q.v.) or in the form of an
inverted L. (See Aerial.)

FLAT TUNING—A term sometimes ap-

plied where the resonance curve (q.v.)
has a flat top, that is where the peak
of resonance is not sharply defined.
The effect is known as broad tuning.
(q.v.) (See Resonance, also Tuning.)

FLEMING, JOHN AMBROSE. British

radio expert. Born in Lancaster,
November 29, 1849, he was educated at
University College, London, the Royal
School of Mines, and St. John’s Col-
lege, Cambridge.

From 1873-74 Fleming was demon-
strator at the Royal College of Chem-
istry, and in 1877 he began work under
Clerk-Maxwell at the Cavendish La-
boratory, Cambridge. There he carried
out a series of experimental researches
on the British Association Standards
of Electrical Resistance. In 1881 Dr.
Fleming was appointed the first pro-
fessor of mathematics and physics at
University College, Nottingham, but
the following year he joined the Edison
Electric Light Company, and on the
amalgamation of the Edison and Swan
Companies, he was appointed advising
electrician, a post he held for twenty
years. In 1885 Fleming was appointed
to the newly founded professorship of
electrical engineering at University
College, London, and he was entirely
responsible for the design and equip-
ment of the new electrical and en-
gineering laboratories which were
opened in 1893. In 1892 he was elected
Fellow of the Royal Society.

Dr. Fleming has been very closely
associated for many years with radio
telegraphy and telephony, and has
since 1899 acted as the scientific ad-
visor to Marconi’s Wireless Telegraph
Company. He is well known as the in-
ventor of the thermionic two electrode
vacuum tube, or glow-lamp detector,

which was one of the greatest steps
forward in radio telephony.

Dr. Fleming has written a very large
number of papers and books on wire-
less telegraphy and telephony, and his
“Principles of Electric Wave Tele-
graphy” is the standard treatise on the
subject. He has also published an
“Elementary Manual of Radio Tele-

John Ambrose Fleming.

graphy and Radiotelephony”; “The
Wonders of Wireless Telegraphy”;
“The Thermionic Valve and Its De-
velopment”; “A Pocket Book for Wire-
less Telegraphists,” and other books.
As a lecturer at the Royal Society of
Arts he has obtained a world-wide
reputation for his lectures on electric
oscillations and electric waves, Hertz-
ian wave telegraphy, high-frequency
measurements, etc. He has given many
lectures on wireless at the Royal In-
stitution.

Fleming was awarded the Hughes
gold medal of the Royal Society in 1910
as an acknowledgement of the value of
his work in electrical science and en-
gineering, and he has twice been
awarded the Institution Premium of
the Institution of Electrical Engineers,
the highest award for communicated
papers, and he is an Albert Gold Medal-
list of the Royal Society of Arts
awarded to him for the pioneer inven-
tion of the thermionic valve.

FLEMING'S RULE—A rule for deter-

mining the direction of the induced cur-
rent (g.v.) in a circuit. Hold the right

DIRECTION OF MAGNETIC
LINES o; FORCE

“
INDUCED
ELECTROMOTIVE —
FORCE F“MOTION OF

CONDUCTOR

Method of using the right hand in determining
the direction of the induced current.



hand as shown in the illustration with
the thumb, forefinger and middle finger
as nearly as possible at right angles to
each other. If the thumb is then point-
ing in the direction of motion of the
conductor and the forefinger points
along the direction of the magnetic lines
of force, the middle finger will then
point in the direction of the induced
electromotive force. (See Induced Cur-
rent, also Electromotive Force.)

FLEMING VALVE—The forerunner of

the modern vacuum tube. It was in-
vented in 1904 by Professor J. A.
Fleming and was for a short time used
as a detector in place of the customary
crystal or coherer types. The value
of the discovery of the Fleming valve
lies chiefly in its influence on the course
of radio development, as in itself it was
not nearly as efficient as a good crystal
detector. As a result of the discovery
of the Fleming valve, however, many
leading scientists bent their efforts to-
ward the discovery of better methods
of detecting radio waves, culminating
in the three element vacuum tube de-
signed by Dr. Lee De Forest,

PLATE--" |- FILAMENT

Fig. 1. The Fleming valve, which contained

but two elements; i. e, filament and plate.

It was the forerunner of the modern vacuum
tube,

The Fleming valve consists essenti-
ally of an incandescent lamp using a
filament of carbon, tungsten or tan-
talum which can be rendered incandes-
cent by an electric current. The fila-
ment is sealed in a glass tube which is
highly evacuated, that is from which
practically all air has been excluded.
Surrounding the filament, but sepa-
rated from it is a metal cylinder, both
ends of the filament and the plate being
attached to outside connections by
means of leads sealed in the tube. The
illustration, Fig. 1, shows the general
arrangement of such a tube. The
operation of the tube is due to the emis-
sion of electrons from the heated fila-
ment. It was demonstrated by several
investigators that a filament made of
certain metals has the property of
throwing off minute particles of nega-
tive electricity or electrons when heated
to a relatively high temperature. It
was also found (see Electron) that
these electrons are thrown off in
greater profusion when the filament is
placed in high vacuum. It was also
found that the escape of negative elec-
trons from the filament would in time
leave it positively charged, this charge
having an attraction for the negative
electrons and preventing their escape
from the filament. Hence it was neces-
sary to apply a charge of negative
electricity to the filament. The elec-
trons were now found to escape in
great number, but had the effect of
forming a space charge (q.v.) of nega-
tive electricity around the filament,
which in time served to repel the escape
of any more electrons. To counteract
this tendency a strong positive charge

was applied to the metal plate sur-
rounding the filament. This made the
plate positive in respect to the elec-
trons and served to attract them away
from the filament. The stream of elec-
trons thus affords a path for current to
flow from filament to plate, and the
action of the tube as a detector of high
frequency waves depends on this prin-
ciple. If the tube is connected as in-
dicated in the illustration, Fig. 2, it
will serve to rectify the incoming
signals, that is change them from high
frequency alternating currents, to
pulsating direct current. The action is
as follows: The aerial is connected to the
secondary circuit by means of a stand-
ard coupler. The coils, marked L2, are
the primary and secondary of this
coupler; C1 and C2 are variable con-
densers, F the filament of the Flem-
ing valve, B the battery for lighting
the filament of the valve and also to
supply voltage to the plate, T a pair of
headphones, P a 400 ohm potentiometer
and R a standard filament rheostat.
The incoming signals in the form
of high frequency currents, change di-
rection many times each second. Thus,
at one instant the plate will have a
positive charge while the next instant
it will have a negative charge as a
result of the changes in direction of
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Fig. 2. Method of connecting a Fleming

valve in a radio receiving ecircuit.

the currents impressed across the tube
from the antenna circuit. While the
plate is positive, electrons will be at-
tracted away from the filament, which
at that instant will be negative with
respect to the plate. The current thus
flows for an instant, stopping when the
impressed current changes its direction
and makes the plate negative. In this
manner we have a flow of current from
filament to plate in one direction in the
form of surges appearing at every
other alternation or change of current.
The diaphragms of the phones will
respond to these uni-directional surges
and will give out sounds almost identi-
cal with the original signals trans-
mitted. The tube thus serves as a
rectifier of the incoming signals and is
known as a detector of high frequency
waves, or oscillations. The Fleming
valve principle is used in rectifying
tubes for changing alternating current
to direct current for charging batteries,
its use as a detector for radio reception
having died out almost entirely. (See
Charger, Storage Battery, Detector,
Tungar, Rectigon, also Vacuum Tube.)

FLEWELLING CIRCUIT—A modifica-

tion of the Armstrong Super-regenera-
tive circuit, designed by the American
experimenter, Flewelling. In this sys-
tem, the tendency toward self-oscilla-
tion (q.v.) is retarded by the use of
fixed condensers which are arranged to
have a damping (q.v.) effect on the
grid of the detector tube, automatically
controlling the oscillations of the tube.
The circuit controls the self-oscillation
of the tube without the necessity for
the separate control tube used in the

Flexible Lead

Armstrong circuit. The illustration
shows the original Flewelling circuit.
It is essentially a standard regenerative
circuit with certain necessary modifica-
tions.

The coils L1 and L2 give magnetic
coupling between the plate circuit and
the grid circuit. Cl1 is a variable con-
denser for tuning and condensers C2,
C3 and C4 are of the fixed type and af-
ford a path of relatively low impedance
(g.v) for the high frequency currents.
C5 is the customary grid blocking con-
denser across which a grid leak is
shunted. The usual telephone receivers
T, the plate battery B and the filament
battery A are included in the circuit
in the customary manner. The coils L1

VARIABLE
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The Flewelling circuit.

and L2 may be two honey-comb coils
having respectively 50 and 75 turns.
The tuning condenser C1 should be
.0005 mfd. for the broadcast band of
wave-lengths and the loop may be al-
most any form.

In operation three forms of current
pass through the plate circuit includ-
Ing the coil L2, namely, the direct cur-
rent from the plate battery B, the uni-
directional surges of rectified current
due to the action of the tube as a
rectifier and the high frequency cur-
rents transferred through the medium
of the magnetic coupling of the two
coils L1 and L2. The battery current
is present only in the plate circuit, the
condensers C2, C3 and C4 blocking the
direct current from the grid circuit.
These condensers also block the rectified
currents but afford two paths for the
high frequency currents or oscilla-
tions. The condensers C2, C3 and C4
have definite values, respectively .005,
.005 and .006 micro-farads, to allow a
by-pass through the grid to the fila-
ment, thus causing accumulation of
electrons on the grid and stopping
oscillation of the tube. The charge
then leaks off by means of the grid
leak connected across C5, the tube then
building up oscillations again and con-
tinuing the process during operation.
The high resistance connected across
C3is variable and permits control of the
by-pass of high frequency current of
the grid. Careful adjustment is neces-
sary to obtain maximum signal
strength without distortion. (See Arm-
strong Circuits, Regenerative Circuit,
also Super-Regenerative Circuit.)

FLEX—Term used in Great Britain and
occasionally in this country to refer to
a number of small wires twisted or
stranded together to form a single
flexible conductor. (See Flexible Wire.)
FLEXIBLE LEAD—Any conductor, par-
ticularly the connections from rotary
parts of couplers or condensers, in
which the conductor is made up of a
number of fine wires in such a way
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Flexible Wire

that the necessary bending in operation
of the unit will not snap the wire as
would be the case with a solid conduc-
tor. (See Pig-tail, also Flexible Wire.)

FLEXIBLE WIRE—Any conductor com-
posed of a number of fine wires to
permit constant handling and bending
without breaking. (See Flexible Lead.)

FLOAT, BATTERY — Term sometimes
applied to the bulb or float in a hydro-
meter for testing the condition of
storage batteries. (See Hydrometer.)

FLOW OF CURRENT — An expression
used to denote the passage of electric
current along a conductor. (See Cur-
rent, Direction of Flow (Assumed),
also Current.)

FLOW OF MAGNETIC FLUX —The
passage of lines of magnetic force
through any magnetic circuit. (See
Flux, also Field, Magnetic.)

FLUCTUATING CURRENT —An elec-
tric current that does not have steady
value, rising and falling in strength
or pressure. A current that is not
constant. (See Constant Current, also
Voltage, Constant.)

FLUORESCENT SCREEN—A screen or
surface coated with fluorescent matter,
used to exhibit shadows cast by rays
from various types of tubes. Its ap-
plication in radio is chiefly in the
Cathode Ray Tube. (q.v.)

FLUX—A very broad term in physics.
The three more common examples of
flux are: (a) to denote electrostatic or
magnetic flux (q.v.); (b) a substance
used in soldering for the purpose of
making the solder flow readily and
making it adhere to the parts being
united, and (c) in metal smelting, a
mineral—customarily chalk or lime-
stone—added to the charge in the fur-
nace to absorb mineral impurities and
dispose of them in the form of slag.
Fluzx is also used to refer to the amount
of heat or light flowing or passing
through a given distance or area in a
given time. (See Electrostatic Flux,
Flux Density, also Flux, Magnetic.)

FLUX DENSITY—The number of lines
of force per square centimeter of sec-
tional area of a magnetic path. The
unit of magnetic flux in the C.G.S.
(Centimeter Gram Second) or electro-
magnetic system of units is the Max-
well. It is generally referred to as a
“line.” As a magnetic flux is merely
the effect of magneto-motive force, we
can take the rule that the magneto-
motive force is 1.257 x ampere turns
as the rule for determining the intens-
ity or density of magnetic flux. (See
Flux; Field, Magnetic, also Ampere
Turns and Maxwells.)

FLUX DISTRIBUTION — The distribu-
tion of lines of force in a magnetic or
electrostatic field of force. (See Flield,
also Fluzx.)

FLUX, ELECTROSTATIC — Another
term for electric displacement as in the
case of a condenser. The density of
electrostatic flux refers to the intensity
of an electrostatic field. (q.v.) (See
Flux Density, Field, Electrostatic, also
Electric Displacement.)

FLUX LEAKAGE—Any loss or dissipa-
tion of magnetic or electrostatic flux.
(See Flux, Electrostatic, also Fluzx,
Magnetic.)

FLUX LINES—The lines of force in a
field of force in which electrostatic or
electromagnetic force is exerted. An
alternate term for lines of force. (q.v.)

FLUX, MAGNETIC—The term broadly
used to denote the grouping of mag-
netic lines of force in a magnetic field.
(q.v.). The most common example of
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magnetic flux is in the case of an ordi-
nary bar magnet as shown in the illus-

BAR MAGNET- , /,

Fig. 1. Bar magnet, showing how the lines
of force, or magnetic flux, create a magnetic
field as indicated by dotted lines.

tration Fig. 1. Here the lines of force
or magnetic flux create a magnetic field
indicated by the dotted lines. The num-
ber of lines of force in a field of unit
area is used as a basis for determining
the density of the flux. (See Flux
Density.) This effect or magnetic flux
field is also present when a current of
electricity is allowed to -circulate
around a coil of wire, the larger the
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Fig. 2. Coil of wire through which current
is assumed to be passing, the dotted lines
indicating the flux field.

current and the greater the number of
turns, the more powerful the flux
created. The illustration Fig. 2 shows
a coil of wire through which current is
assumed to be passing, the dotted
lines indicating the flux field. (See
Choke Coil, Transformer, Magnet, also
Flux, Electrostatic and Magneto-motive
Force.)

FLUX MAGNETISM — The magnetic
flux, or total number of lines of force
passing through a magnetic circuit. It
is equal to the product of the magnetic
density (see Flux Density) and the
cross sectional area of the magnetic
path. It is also referred to as magnetic
flow. (See Magnetic Flow.)

FLUXMETER—A device for measuring
flux density. The Grassot fluxmeter

uses an exploring coil (q.v.) in con-_

junction with a special form of moving
coil galvanometer. The coil is sus-
pended on a silk fiber and its move-
ments actuate a pointer across a scale.
(See Flux, Magnetic.)

FLUX, SOLDERING — See
Flux, Flux.

FOCTUS or FOCI—The point or points at
which converging lines meet. The
magnetic foci are the points on the
earth’s surface in the vicinity of the
magnetic poles, where the magnetic
force of the earth is the greatest. Es-
sentially a mathematical term.

FORCE—An influence exerted upon a
body so as to produce a change or a
tendency to change its state of rest or
motion. This is mechanical tforce. In
electricity we have its electrical
analogy—clectromotive force. This is
the force which causes motion of elec-
tricity and sustains the electric cur-
rents against the resistance of a cir-
cuit. (See Electromotive Force.)

FORCE,MAGNETO-MOTIVE—The force
which Froduces magnetic flux as in the
case of a magnet moving through a
magnetic circuit. The abbreviation is
M. M. F. and its unit is the gilbert.
(q.v.) (See Magneto-motive Force.)

FORCED OSCILLATIONS — Electrical
vibrations or high frequency oscilla-
tions which are imposed upon an oscil-
latory circuit without being in tune or
resonance with the natural period of
vibration of the circuit. The opposite

Soldering

of a free oscillation in which case the
circuit oscillates freely on its own ac-
count at the same frequency as the
imposed or incoming oscillations or one
of the harmonics (q.v.) of this fre-
quency. Free and forced oscillations
may be present in the same oscillatory
circuit, the forced oscillations being set
up during the first stages of induction
of free oscillations. (See F'ree Oscil-
lations, also Oscillutory Circuit.)

FORM FACTOR—The ratio of the
root-mean-square value (q.v.) to the
algebraic mean ordinate taken over one
alternation (half cycle), starting with
zero value of current. It is the ratio
of the r.m.s. value of an alternating
electromotive force, current, ete., to its
true mean value. (See Wave Analysis.)

FORMULA — A principle or rule ex-
pressed in mathematical terms or chem-
ical symbols. Formulae are much used
in radio to state a problem as, for ex-
ample, a formula for calculation of
wave-length, which is written: Wave-

length=1884 VLC. This states the
problem or rule for the determination
of wave-length. Here we have certain
values represented by symbols. The
capacity 1s represented by C, the in-
ductance by L, the wave-length in
meters being the product of the square
root of the product of these two multi-
plied by the factor 1884. (See Meas-
urement of Wave-length.)

FOSTER BRIDGE—A form of Wheat-
stone Bridge (q.v) of the slide wire
variety designed to permit comparison
of two low value resistances that are
nearly equal. It was devised by Profes-
sor Carey Foster and is used to deter-
mine the difference between two resist-
ances as distinguished from the usual
bridge for measuring the resistance of
a single unit. (See Wheatstone
Bridge.)

FOUCAULT CURRENT—Another name
for eddy currents, the electro-magnetic
currents due to the circulation of in-
duced current in the mass of a con-
ductor. Foucault first proved that these
currents were productive of losses of
energy as they cannot be utilized ex-
cept in certain forms of meters. (See
Damping of Instruments.) Alternating
currents tend to set up eddy currents
in metal masses near them. Thus in
the case of a transformer, eddy cur-
rents are produced in the iron core due
to the induced currents circulating
through its mass. These currents are
wasteful and means are therefore used
for reducing them. The core of a
transformer may be made of numerous
flat pieces called laminations, which
serve to prevent the free movement of
eddy currents in the core. (See Eddy
Currents, also Transformer and Core
Losses.)

FOUR ELEMENT or FOUR ELEC-
TRODE TUBE—A vacuum tube hav-
ing four elements instead of the usual

A four element vacoum tube.

three. The standard tube has three
elements, namely, grid, filament and



plate. The four element tube has an
additional grid element. The illustra-
tion shows one form of tube having a
double grid arrangement. Such a tube
can be used for high and low frequency
amplification and as a detector simul-
taneously or it may be used in con-
junction with the Solodyne system,
which does not use the customary B
battery to supply potential to the plate
element. (For more complete explana-
tion of the action of a four element
tube in the latter manner see Solo-
dyne). (See also Vacuum Tube.)

FOURTH CIRCUIT—A method of con-
trolling oscillation of a regenerative
detector used in the Cockaday Circuit.

(q.v.)

FRAME AERIAL—An alternate name
for loop aerial, a type of aerial con-
sisting of a number of turns of wire
wound on an insulated frame and used
in place of the regular outdoor aerial
with sensitive receiving sets. (See
Loop Aerial.)

FREE ALTERNATING CURRENT—
Term applied to alternating current
assumed to be produced by the applica-
tion of a single impulse of electricity
to an oscillatory circuit. (q.v.) See
Free Oscillations.)

FREE ELECTRONS — Name given to
the outer electrons of an atom, which
become detached under various chemi-
cal transformations and are assumed
to participate in electrical effects or
phenomena. Free electrons are so
named to distinguish them from the
bound electrons of the proton or posi-
tive nucleus of an atom. (See Electron,
also Proton.)

FREE MAGNETISM — The portion of
magnetism which does not follow the
magnetic path through the metal of a
magnetized body, but leaves the sur-
face of the magnet. Sometimes referred
to as surface magnetism. (See Mag-
netism.)

FRE E OSCILLATIONS — Oscillations
having the natural frequency of the
circuit in which they occur. (See
Forced Oscillations.)

FREQUENCIES—The plural of the term
denoting the number of complete cycles
per second in an alternating current.
In referring to vibrations, particularly
audible or so-called wvoice frequencies,
the term is used to imply all fre-
quencies that are normally considered
audible. (See Frequency.)

FREQUENCY — A term adapted from
academic English to use in electrical
practice. Thus, the number of times a
certain action is repeated per unit of
time. In the case of an alternating
current (q.v.) the current reverses its
direction of flow at certain definite in-
tervals. If the reversing process takes
place 120 times per second—that is 60
reversals from negative to positive and
vice versa—the frequency of the cur-
rent is said to be 60 cycles. In ordinary
commercial practice the majerity of
alternating current generators produce
an alternating current or E.M.F. hav-
ing a frequency from 25 cycles per
second to 60 cycles per second. In
radio transmission the alternating cur-
rent or E.M.F. (Electro Motive Force)
has an infinitely higher frequency—the
reversals taking place many thousands
of times each second. (See Alternating
Current, Theory of Production, also
Alternation, Cycle and Periodicity.)

FREQUENCY, AUDIO—In radio, a fre-
¢guency within the limits at which
audible sounds are produced. It is gen-
erally considered as a frequency less
than 10,000 cycles per second, al-
though some authorities refer to fre-

quencies up to 16,000 or 20,000 cycles
as being within the limits of audibility.
For ordinary practice, the human ear
is capable of hearing sounds only up
to about 2,500 cycles per second. In
receiving sets the audio frequency cur-

Frequency Meter

FREQUENCY CIRCUIT, AUDIO—Any

circuit in a radio receiver or trans-
mitter which carries currents within
the arbitrary limits of audibility. In
the diagram shown herewith, the
heavy lines are the connections of the
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In the diagram above, the heavy lines to the right of the dotted line indicate the audio-frequency
circuit of a radio receiver.

rents appear only in the circuits carry-
ing the rectified currents,although some
types of super-heterodyne receiver use
an intermediate frequency as low as
30,000 cycles per second, these signals
then being rectified and made audible
in the telephone receivers. (See Fre-
quency Circuit, Audio, also Frequency,
High.)

FREQUENCY, ALTERNATOR OF—

The frequency of an alternating cur-
rent dynamo or alternator is expressed
in cycles per second. With each com-
plete revolution of the armature a
complete cycle or double alternation
of current is generated. (See Alter-
nator.) It is therefore a simple mat-
ter to determine the frequency of
alternating current generated when
the number of revolutions per second
and the number of field poles or
magnets is known. The frequency will

be f=N*S N being the number of

field poles and S the number of revolu-
tions per second. The divisor 2 is
used to convert the result in alterna-
tions per second to cycles per second,
one cycle representing two alterna-
tions. (See Alternating Current,
Theory of Production of, also Fre-
quency.)

FREQUENCY BAND—A term used to

denote all the frequencies lying within
a certain minimum and maximum limit.
Thus, in broadcasting, the frequency
band will be the frequencies corre-
sponding to the wave-lengths within
the broadcast band. This will be gen-
erally between 550,000 and 1,500,000
cycles, or a wave-length band of ap-
proximately 200 to 550 meters. (See
Band of Frequencies.)

FREQUENCY CARRIER —In radio

broadcast transmission, the radio fre-
quency (high frequency) wave with
which the audio frequency speech va-
riations are superposed. (See Broad-
casting, General Treatise on Methods,
also Carrier Wave.)

FREQUENCY CHANGER—A device for

converting currents at a certain fre-
quency into currents of a higher or
lower frequency, without change of
phase or voltage. A frequency con-
verter. Generally an alternator driven
by a synchronous motor. The term
is also applied erroneously to certain
forms of super-heterodynes. (See
Ultradyne.)

audio frequency circuit. In this part
of the circuit only currents of audio
frequencies are present. (See High
Frequency Component of Plate.)

FREQUENCY CIRCUIT, RADIO—The

circuits in a receiver in which only
high or radio frequency currents are
supposed to be present. (See Feed-
Back, Audio Frequency, also illustra-
tion in connection with Frequency Cir-
cuit, Audio.)

FREQUENCY, FUNDAMENTAL—The

frequency of the fundamental wave.
(See Fundamental Frequecncy.)

FREQUENCY, GROUP—The frequency

of the separate trains of waves in
radio communication. (See

Group
Frequency, also Wave Train.)

FREQUENCY, HIGH—Frequencies over

certain definite limits, generally from
10,000 to 20,000 cycles per second in
radio usage: Commonly used as syn-
onymous with radio frequency. It is
the opposite of low or audio fre-
quency. (See Frequency, also Audio
Frequency, Limits of Audibility.)

FREQUENCY, LOW — Frequencies be-

low certain limits, generally 10,000 or
20,000 cycles per second. (See Fre-
quency; Limits of Audibility.)

FREQUENCY METER—A device for in-

dicating the frequency of an alternat-
ing current in cycles per second. The
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Hlustyation by Courtesy of Jas. G. Biddle.
A vibrating reed type of frequency meter.

most simple form uses a system of
tuned, vibrating reeds. The illustra-
tion shows a frequency meter of the
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reed type. These reeds may be
arranged to respond to various fre-
quencies in a similar manner to

the reeds in various musical instru-
ments. These reeds are acted upon by
an alternating current magnet. When
the magnet is acted upon by an alter-
nating current sent through the wind-
ings, the reed nearest to that fre-
quency will vibrate in sympathy with
the vibration due to the alternating
magnetic effect on the magnet. Such
meters and also those of the induction
type are used for comparatively low
frequencies such as occur in com-
mercial lighting systems. For meas-
urement of the high frequencies used
in radio communication somewhat
different systems are used.

FREQUENCY, RADIO—An alternating

FREQUENCY, UNIT OF—Frequenc

current or electromotive force above
certain definite limits, generally above
10,000 or 20,000 cycles per second. The
line of demarcation between audio fre-
quency and radio frequency is not very
sharply defined, as, in radio usage
frequencies that are actually inaudible
to the human ear may yet be referred
to as audio frequencies. The term is
used to differentiate between the recti-
fied or audio currents and the high
frequency oscillations such as are im-
pressed on the antenna in receiving or
transmitting. (See Audio Frequency,
also Frequency, Low.)

of
alternating currents is expressed in
cycles per second and is generally
written f. (See Frequency, also
Cyecle.) ‘

FREQUENCY, VARIATION OF

POWER FACTOR WITH—When a
condenser is charged and dielectric
absorption (q.v.) takes place, it is al-
ways accompanied by a loss of power
which is apparent in the form of heat
produced in the condenser. This loss
of power varies with the frequency of
the current impressed on the condenser
and it is therefore said that the power
factor (q.v.) varies with the fre-
quency. (See Condenser, also Dielec-
tric Absorption.)

FULL LOAD CURRENT—The current

delivered from any electrical source,
such as a dynamo or Fenerator operat-
ing at its maximum load. The maxi-
mum current obtainable from an elec-
tric source.

FULL WAVE RECTIFICATION — In

rectifying alternating current, the
process of rectifying both the positive
and negative alternations or half
cycles. The majority of rectifiers for
charging storage batteries rectify only
a half wave, or half cycle, and thus do
not utilize the full alternating current
cycle. (See Rectifi~r. Full Wave, also
Charger, Storage Battery.)

FULLER CELL—A type of primary cell

formerly much used in telephone, tele-
graph or any intermittent work. (See

ell, Open Circuit.) A zinc electrode
cast in the shape of a cone is at the
end of a soft copper wire and rests at

GALENA—A natural crystal sulphide

[rd

2

of lead. Chemical symbol PbS. It is
an ore of lead, grey in color and
showing brilliant metallic lustre when
fractured in cubical form. Galena
crystals are used either alone or in
conjunction with other minerals as
crystal rectifiers (detectors) in radio
reception. When used in combination
it is generally in conjunction with
graphite or zincite. Used alone, the

GALVANI,

the bottom of a porous cup immersed
in a dilute solution of sulphuric acid.
The carbon electrode is in an outer
jar in a bichromate solution. (See
Cell.)

FUNDAMENTAL FREQUENCY — The

frequency or number of cycles per
second of the fundamental wave. (gee
Frequency, also Fundamental Wave.)

FUNDAMENTAL UNITS—Units based

on the fundamental quantities of length,
mass and time. Under the C. G. S.
system the unit of length is the centi-
meter; of mass, the gram; and time,
the second. 'I'ne absolute system of
units. (See Centimeter-Gram-Second.)

FUNDAMENTAL WAVE—In an alter-

nating current, the component of the
wave form that is a pure sine wave
of the principal frequency. Upon this
principal frequency the various higher
frequencies (harmonics) may be su-
perposed. A fundamental wave when
combined with other frequencies which
are a whole multiple of it produce the
harmonious note. These terms are
derived from acoustics in which the
fundamental is the pure sound wave
or pure note. (See Sine Wave of
Alternating Current or EMF.)

FUNDAMENTAL WAVELENGTH —

Term used to denote the wave-length
at which the inductance and capacity
of a coil or antenna would ge in
resonance. In referring to antennas
the fundamental wave-length is the
wave-length corresponding to the fre-
quency at which free oscillations will
occur. This is often referred to as
the natural wave-length and the cor-
responding frequency is referred to as
the natural frequency of the antenna.

For practical purposes the funda-
mental wave-length of an aerial (an-
tenna) may be computed from the
dimensions. Where no loading induct-
ance is used, a single wire flat top
antenna (T or inverted L type) will
have a fundamental wave-length ap-
proximately four times the distance
from the ground connection to the ex-
treme end of flat or horizontal portion
as measured in meters. Thus, if the
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contact may be a fine wire or cat
whi.;ker. (q.v.) (See Crystal Detec-
tor.
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GALVANIC BATTERY—The term, now

obsolete, formerly applied to a primary
battery or group of primary cells.

LUIGI. Born 1737, died
1798.—An Italian physician an
physiologist noted as the discoverer
of galvanic or current electricity.

|

antenna is of the L type with a top one
hundred feet long and a lead-in and
ground connection sixty feet long, the
fundamental wave-length will be about
4% (100460)X1.1, the result being
given in feet. Now as wave-length is
always stated in meters it will be
necessary to divide this result by 3.28
which is the rough conversion factor
from feet to meters. The multiplier
1.1 adds ten per cent to the figures
for necessary correction of length. If
the antenna is of the T type, the
length of the flat portion would be
considered as half of the total hori-
zontal length or 50 feet instead of 100
feet. The illustration shows method
of measuring length. (See Wave-
length Calculation for Antemnae.)

FUSE—A device used in electrical cir-

cuits to prevent the passage of exces-
sive currents. Generally a strip of
fusible metal, commonly lead with a
small percentage of tin, enclosed in a
fiber or insulated and fireproof con-
tainer and inserted in the -circuit.
When the temperature, due to excessive
current, reaches a certain limit, the
fuse “blows” causing a break in the
circuit. It is thus possible to limit the
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. A common type of fuse used in light-
ing, heating and power circuits.

current flowing in a circuit to a
definite maximum in order to protect
instruments from excessive charges.
The most common use is in commercial

Illustyation by Courtesy of
Radio Equipment Co.

Fiz. 2. A fuse used to protect the filament
of a8 vacuum tube from damage by excessive
voltage.

lighting and heating systems where
the current on any line is generally
limited to ten or twenty amperes for
the protection of the lines leading in
to the building.

While dissecting the legs of a frog,
they came by accident into contact
with dissimilar metals which caused
muscular action in them. Galvani
thought that he had discovered elec-
tricity in animal matter. Volta at-
tributed the action to the metallic con-
tact and thereupon constructed his
voltaic pile, the forerunner of the
primary cell.



GALVANOMETER—AnN extremely sen-

sitive instrument used for detecting
and measuring electric currents an
also for indicating the direction of the
current in a circuit. In its simplest
form it consists of a small iron needle
pivoted in the center of a hollow coil
of wire. The needle is controlled by
the earth’s field and points north and
south when at rest. When an electric
current is passed through the galvano-
meter winding the needle is deflected
over a graduated scale the extent of
the deflection depending on the force

Ilustration by
Courtesy of the Roller-Smith Co.

A galvanometer which is used for measuring
electric currents, and also for indicating the
direction of flow of current in a circuit.

of the current. The instrument is ar-
ranged in such a manner that the
needle will be deflected in one direction
when the current flows through the
windings in a certain direction, and
when the current is reversed the
needle will be deflected in the opposite
direction. Thus when the connections
are known the direction of the current
is accurately indicated as well as its
strength. The galvanometer is one of
the most sensitive current measuring
devices, the deflection of the needle
being due to the electro-magnetic field
created by the passage of electric cur-
rent through the coil of wire. (See
Ammeter or Ampere Meter, also Gal-
vanometer, D’Arsonval and Galvano-
meter, Mirror.)

GALVANOMETER CONSTANT — Gen-

erally speaking, a number used to
change the galvanometer reading to
ordinary units. The instrument meas-
ures extremely small currents and this
number times a certain function of
the galvanometer reading gives the
value in customary units. Technically,
the strength of the field produced at
the center of the coil of a galvano-
meter by the unit of current to be
used. (See Constant.)

GALVANOMETER, D’ARSONVAL —A
form of galvanometer having a dead
beat indicator (see Dead Beat Instru-
ment) in which the indicating coil is
suspended in the field of a powerful
horseshoe magnet. It is one of the
most sensitive forms of galvanometer.
The name was derived from that of
the designer, A. D’Arsonval. (See
Galvanometer.)

GALVANOMETER, MIRROR — A type
of galvanometer, the moving coil or
indicator of which carries a mirror

which reflects a beam of light from a
fixed lamp. It is so arranged that the
lamp is provided with a lens and the
beam is so reflected that a visible spot
of light is seen on a scale and deflected
when the moving element (carrying
the mirror) swings with the passage
of current. In the beam of light is a
sharp image of fine wire stretched in
front of the lamp. This type of gal-
vanometer may also be arranged so
that the reflection of a fixed scale may
be observed in the mirror by means of
a small telescope arrangement. (See
Galvanometer.)

GAMMA—1I'—The third letter in_the
Greek alphabet. (See Gamma Type
Antenna.) The lower case Gamma «
i(s us)ed as a symbol for conductivity.
q.v.

GAMMA TYPE ANTENNA—An alter-
nate name for the inverted L type of
antenna, so called because the third
letter in the Greek alphabet, TI', re-
sembles an inverted ‘“L,” and a single
wire antenna with lead-in from one
end is in the shape of an inverted L.
(See T Type Aerial.)

GAP—See Spark Gap, also Lightning
Gap.

GAP, AIR—Term applied to the gap be-
tween sections of an iron core as in a
transformer for the purpose of pre-
venting saturation. (q.v.) Also ap-
plied to speak dischargers where a
space is provided between the elec-
trodes across which the spark jumps
in operation. The term is used as
well in referring to the radial depth of
the space between surfaces of the ro-
tor and stator in generating machines
or motors. (See Spark Gap, also Ro-
tary Gap.)

GAP ARRESTER—A form of lightning
arrester (q.v.) in which small air gaps
are provided between non-arcing metal
electrodes. (See Arrester.)

GAP, MICROMETER—A small gap de-
signed to protect apparatus from ex-
cessive potentials. (See Safety Gap.)

GASEOUS—Anything of the nature of
a gas, having no natural physical
boundaries but accommodating itself
to the shape of the container, expand-
ing to the dimensions of any space in

. which it may be confined.

GASEOUS TUBE—A term sometimes
applied to a vacuum tube in which a
certain amount of gas is present.
Such tubes under ordinary conditions
are not efficient as amplifiers in
vacuum tube circuits, the minute gas
atoms presenting a more or less effec-
tive obstacle to the free passage of the
electrons. (See Vacuum Tube, Theory
of Operation.)

GAS RECTIFIER—The term applied to
a vacuum tube which is only partially
exhausted of its residual gas. They
are also known as soft tubes and are
generally used as detectors although
the tendency now is toward hard or
highly evacuated tubes due to their
adaptability to all purposes in radio
receivers whereas the soft tubes do not
function well as amplifiers. (See
Vacuum Tube.)

GASSING-—When the charging current
is continued after a storage battery
has taken a normal charge the free
liberation of oxygen and hydrogen
takes place. This is manifest in the
form of gaseous emanation or libera-
tion of bubbles from the electrolyte.
The same effect may be noted when a
battery is charged at higher rate than
the normal charging rate stated by
the manufacturer, and under certain
conditions may occur at the later
stages of charging, even when the

Gernsback, Sidney

battery is not fully charged. In a
storage battery that is in good condi-
tion it is a fairly accurate indication
of a full charge. (See Charging, also
Rate of Charging.)

GAUGE, WIRE—The various systems of
measurement used for denoting the
physical dimensions of wire. The
standard gauge in the United States
is known as the B & S or Brown and
Sharpe gauge. (See Brown & Sharpe
Guage.)

GAUSS—The term adopted by the Amer-
ican Institute of Electrical Engineers
as applying to the magnetic flux
density. (q.v.) It is written B or B
and is also used in conjunction with the
Gilbert to denote magnetizing force,
one gauss being one gilbert per Centi-
meter. It is incorrectly used to apply
to magneto motive force. (See Centi-
meter Gram Second or C. G. S.)

GENERATOR — Any machine for pro-
ducing electric energy. Usually a de-
vice for converting mechanical power
into electrical energy. It may apply
to a vacuum tube used to generate
oscillations as in transmission or for
heterodyne action. (See Heterodyne,
also Vacuum Tube Generator.)

GERNSBACK, HUGO—Born 1884, Ed-
ucated Ecole Industrielle, Luxembourg;
Technikum, Bingen, Germany. Presi-
dent, The Experimenter Publishing
Company, Publishers of Radio News,
Science and Invention, Amazing Stor-
jes and Radio Internacional. President
of The Consrad Company, Publishers
of Radio Review, Radio Listeners’
Guide and Call Book, and Money

Hugo Gernsback.

Making. Editor of Radio News, Sci
ence and Invention, Amazing Stories.
Author of “Radio for All,” “Wireless
Telephone,” “Ralph 124C-41+4.”
GERNSBACK, SIDNEY — Born 1876.
Educated College of Luxembourg,
Lycee de Nancy, France. Vice-Presi-
dent and Treasurer of The Experi-
menter Publishing Company, Publish-
ers of Radio News, Science and In-
vention, Amazing Stories, and Radio
Internacional. Vice-President and
Treasurer of the Consrad Company,
Publishers of Radio Review, Radio
Listeners’ Guide and Call Book, and
Money Making. Editor of Radio Re-

73




Gilbert

view, Radio Listeners’ Guide and Call
Book, and Money Making. Author of

Bianey Gernsback.

“A Thousand and One Formulas,”
“Wireless Course in Twenty Lessons,”
“Experimental Electricity Course,”
“Radio Encyclopedia.”

GILBERT —Symbol F, is the unit of
magneto-motive force adopted by the
American Institute of Electrical En-
gineers. (See Magneto-motive Force.)
It is equivalent to 4x/ 10 or .7958
ampere turns. (See Ampere Turns.)

GLASS PLATE CONDENSER—A con-
denser, generally of the heavy duty
fixed type, consisting of alternate lay-
ers of metal or foil and thin glass
sheets as the dielectric. Glass plate
condensers are mainly used for trans-
mitting, glass having a very high die-
lectric constant. Such condensers may
be immersed in oil to stand higher po-
tentials without breaking down. (See
Condenser, also Dielectric Coefficient
and Constant.)

GLASS SILENCER—A glass tube hav-
ing wooden ends with holes just per-
mitting discharge electrodes or rods to
pass, used in conjunction with spark
coils and gaps to enclose the sparking
surfaces and thus dampen the noise of
the sparking. (See Spark Gap.)

GLOW DISCHARGE—See Corona.

GLIDING THEORY—A theory regard-
ing the propagation of electromagnetic
(radio) waves, which assumes the
waves as following the curvature of
the earth and not being subject to re-
flection due to objects in their path or
by any reflecting surface above the
earth. This theory has been discarded;
due to observations of phenomena of
transmission it now is generally as-
sumed that there must be a reflecting
surface high in the atmosphere. How-
ever, it is considered probable that the
waves do not extend very high as a
general rule, the exceptions being the
cases of extreme distance transmission
in certain directions. In the upper
atmosphere, due to the rarification of
the atmosphere ionization (q.v.) |is
very pronounced and the air may bg-
come a fairly good conductor. This
conducting region or layer may impose
severe obstacles to the electromagnetic
waves and thus limit them to a certain
restricted zone. In the majority of
cases this ionized region may thus be
regarded as damping or absorbing the
waves, and in others it may conceivably

T4

intensify or concentrate them in one
direction, producing instances of trans-
mission over extreme distances with
low power. For more complete discus-
sion along these lines see Heaviside
Layer, also Refraction and Reflection
of Electromagnetic Waves.

GOLD LEAF ELECTROSCOPE—A very

sensitive device for determining the
presence and nature of an electric
charge. It comprises, essentially, two
strips of gold foil joined at one end by
a conductor and suspended in a glass
jar. When an electric charge is pres-
ent the two strips of foil have a
tendency to repel one another and thus,
by diverging, indicate the presence of
the charge. (See Galvanometer.)

GOLDSCHMIDT ALTERNATOR—One

of the first practical alternators for
generating high frequency currents
suitable for continuous wave radio
transmission. It was designed by
Rudolph Goldschnidt in 1912 and was
used mainly in Europe. This machine
operated on a frequency step-up prin-
ciple. A single phase alternating cur-
rent was first produced, the frequency
being about ten thousand cycles. This
was about the highest possible fre-
quency obtainable with an ordinary
type of alternator. By means of a
cascade effect, obtained by an arrange-
ment of tuned circuits connected to
stator and rotor of the alternator, a
much higher frequency could be im-
pressed on the antenna to radiate con-
tinuous waves. The machine had a
number of disadvantages which limited
its commercial value, chiefly the fact
that the air gap between rotor and
stator was necessarily very small—a
difficult matter with a bulky machine,
the rotor of which weighed several
tons. (See Alternator, Continuous
Waves, also Goldschmidt, Rudolf.)

GOLDSCHMIDT, RUDOLF—Born

March 19, 1876, at Neu-Buckow,
Mecklenburg, Germany. After finish-
ing his education at Wiemar Municipal
School, he studied engineering at
Charlottenburg and Darmstadt Tech-
nical High School. In Darmstadt he
obtained his degree as electrical engin-
eer in January, 1898, and then became
assistant to Professor Kittler. In 1900
he obtained the college and travelling
scholarship, which enabled him to visit
engineering works in Belgium, Eng-
land and France. Later in the same
year he was appointed engineer in the
laboratory of the Allgemeine Elek-
trizitaets Gesellschaft in Berlin. In
1901-2 he occupied the position of chief
laboratory engineer and designer to
Kolben & Co., Ltd. in Prague. He
came to England in connection with
the Willesden Electricity Supply Sta-
tion and was later appointed chief
engineer to Messrs. Crompton & Co., of
Chelmsford. In 1905 he joined the
Westinghouse Company in Manchester.
After private preparation he passed
the German abitur-examination and
obtained the degree of Dr. Eng. In
1907 he returned to Germany as lec-
turer at Darmstadt Technical College.
Here he practiced as a consulting en-
gineer, and also pursued the develop-
ment of several inventions, chiefly
occupying himself with the invention
and design of high-frequency alterna-
tors for wireless telegraphy. In 1911
he became manager of the “Hoch-
frequenz-Machinen Aktiengesellschaft
fur drahtlose Telegraphie” in Berlin, a
company formed for the utilization of
his inventions in wireless telegraphy.
In this position he established two
large wireless stations at Eilvesen,
Province of Hanover, and Tuckerton,

New Jersey, for wireless communica-
tion between Germany and America.

GOLDSMITH, ALFRED NORTON —

Elec. and Radio Engr.; b. New York,
N. Y., Sept. 15, 1887; B.S., Coll. of the
City of New York, 1907; Ph.D., Colum-
bia Univ., 1911; cons. radio expert,
U. S. Dept. of Justice, 1912; cons.
radio engr., Atlantic Communication
Co., 1914; cons. engr., Gen. Elec. Co.,
1915-17; dir. of research, Marconi
Wireless Telegraph Co. of America,
1917-19; associated professor of elec-
trical engineering, College of City of
New York, since 1924; dir. of research
dept., Radio Corp’n of America, 1919-
1922; Chief Broadcast Engineer, Radio
Corp’n of America, since 1922; editor,
Proceedings of the Institute of Radio
Engrs., since 1912. Made investiga-
tions in simplex and duplex radio
telegraphy and telephony, transmission
of canal rays, precision measurements
in radio eng. Author: “Radio Teleph-
ony” (Wireless Press), 1918; “Radio
Measurements,” “Radio Frequency
Changers” (Proc. Inst. Radio Engrs.),
1915; “World Communication” (Jour.
A. 1. E. E.), 1921. Technical director,
U. 8. Signal Corps School of Com-
munication, 1917-18; U. S. Naval Ra-
dio School, 1917-18. Fellow, A.I.E. E.,
I. R. E., American Association for Ad-

Dr. Alfred N. Goldsmith.

vancement of Science. Hon. mem.,
Radio Club of America, Radio Society
of Great Britain, Am. Physical Soc.

GONIOMETER—A device used in radio

reception to determine the direction
from which the electromagnetic waves
(signals) are coming. The term is
also used at times to designate any
system of directional transmission or
reception. The device was originally
designed as an aid to navigation.

The original goniometer was de-
signed by Messrs. Bellini and Tosi (see
Bellini, Dr. Ettore, also Tosi, A.), but
numerous changes have since been
made, notably by Marconi and his asso-
ciates, to adapt it to the requirements
of ships at sea. The form most used
is based on the original Bellini-Tosi
machine and is essentially a special
form of oscillation transformer usea
in conjunction with a special aerial or
loop. As an example of the use of a
goniometer in connection with ships at
sea, suppose a ship is in distress at a
point about two hundred miles off the
eastern coast. Perhaps the ship’s ra-
dio apparatus is working, but for some
reason the mariner does not know the
ship’s position. The radio signals are
then received, let us say, by three dif-
ferent land stations at widely sep-
arated points. The receiving stations
use their goniometers and determine



more or less accurately the direction
from which the signals are coming.
The three stations compare notes on
the respective directions and any one
of them can readily plot out lines run-
ning on a chart from each station in
the directions indicated by the goniom-
eters. Then by simple triangulation
the location of the ship can be figured,
enabling other ships in the vicinity to
be instructed accordingly and go to
their rescue. There are, of course,
many other uses that occur in every-
day practice. Goniometers are also
much used by radio inspectors to locate
stations that are interfering, using an
unlicensed transmitter, or are other-
wise not complying with the regula-
tions.
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Fig. 1 shows the general arrangement of a
goniometer and Fig. 2 shows the loops to
which coils L and L-1 are connected.

The illustration Fig. 1 shows the
general arrangement of the instru-
ment. Here, coils L and L1 are the
main windings of the goniometer.
They are wound in two sections with
condensers C and C1 inserted between
the sections of the two windings for
purposes of tuning. Coil L2 is the
exploring coil. This is connected to
the receiving apparatus, which is the
customary detector circuit. Coils L
and L1 are connected to the two loop
aerials shown in Fig. 2. Here it will
appear that the loops are placed at
right angles, their relation in this re-
spect being variable. In operation the
coils L. and L1 have minimum mutual
induction, as they are placed at right
angles. The exploring coil L2 can be
rotated through a complete circle and
the pointer indicates the angle with
relation to the fixed coils. When one
of the two loops points in the direction
of a transmitting station it will pick
up the signals, the other being at that
moment inoperative, as it is at right
angles to the first, as previously ex-
plained. If the exploring coil L2 is now
turned until maximum signal strength
is obtained, the pointer will be in the
direction of the plane of the loop. If
the advancing wave strikes the two
loops simultaneously at any angle, a
resulting magnetic field will be set up
in the coils Land L1 of the goniometer,
the field having a direction at right
angles to the direction from which the

waves are advancing. Now when the
exploring coil L2 is turned to allow
maximum signal strength due to this
field (permitting maximum inductive
transfer), the pointer will be in the
direction of the transmitting station.
The direction indicated by the pointer
is, of course, not the geographical di-
rection, but this can readily be deter-
mined by means of a compass. It also
appears from the foregzoing descrip-
tion that the pointer will indicate two
directions, which, however, will be on
the same geographic plane. In other
words, the pointer may be, for example,
exactly north and south.

GRAMME ARMATURE—A form of ring
type armature (q.v.) used in genera-

tors, named for its originator. (See
Generator.)
GRANULAR CARBON—The carbon

grains used in a telephone transmitter
to vary the resistance between the elec-
trodes. The highest grade is made by
carbonizing pure anthracite coal in an
electric furnace, after which it is
screened and graded. (See Microphone,
Carbon.)

GRANULAR COHERER—A form of
coherer (q.v.) used in the early days
of wireless. It employed carbon gran-
ules between two electrodes, the whole
enclosed in a glass tube. (See De-
tector.)

GRAPH—The presentation in diagram-
matic form of facts, formulae, etec.,
particularly in the electrical and me-
chanical fields. Graphs are much used
in radio to give graphic illustrations
of various functions, such as the rela-
tion of currents and voltages. For
this purpose ruled and squared paper
is used. One of the most common and
useful forms of graph is known as a
characteristic curve of a vacuum tube.
These curves may show the relation
of changing values, such, for instance,
as the relation of grid voltage to plate
current, indicating certain of the op-
erating characteristics of the vacuum
tube. (See Characteristic Curve, also
Sine Curve.)

GRAPHITE RESISTANCE—A form of
resistance composed of graphite, used
in any of several ways in radio cir-
cuits. ‘The most common usage is in
the form of a grid leak (q.v.). Here
it may take the form of a thin sheet
of paper coated with graphite or a
glass tube filled with graphite and
some binding medium. Such resist-
ances are also used in resistance
coupled amplifiers (q.v.), in which case
they are interposed between the plate
and “B” battery and couple the succes-
sive stages of amplification. (See
Resistance, also Resistance Coupled
Amplifier.)

GRASSOT FLUXMETER—An instru-
ment used to measure the strength of
magnetic fields and the regions around
magnetic poles. It is of particular
value in measuring the relative
strengths of various magnets. The in-
strument comprises a very sensitive
galvanometer of the moving coil type
with a special exploring coil. This
coil is introduced into the magnetic
field to be measured and readings of
the proportionate strength of the field
are obtained directly from the scale of
the galvanometer, which is appropri-
ately divided. The field strength is
obtained by dividing the deflection
value in Maxwell turns (q.v.) by the
area of the search or exploring coil in
square centimeters and the number of
turns of the coil. (See Galvanometer,
also Flux Density.)

GRAVITY BATTERY-—A combination

Grid Battery

of gravity cells. A group of cells,
each cell having two different electro-
lytes which remain separated without
use of a diaphragm due to their differ-
%mi? )in specific gravity. (See Gravity

ell. 5

GRAVITY CELL—A type of primary

cell (q.v.) in which the specific gravity
of one electrolyte is less than the other,
which causes this lighter electrolyte to
float on top of the heavier fluid. One
of the typical examples of gravity cells
is the Daniell’s Cell (q.v.). (See Sec-
ondary Cell.)

GRID-—Generally, any system of wires

placed parallel to each other and in the
same plane, as a mesh. Specifically in
radio usage, the fine network of wires
interposed between the filament and
plate elements in a vacuum tube, It
may be in the form of a flat network
of wires or in the form of an oval
cylindrical mesh completely surround-
ing the filament and in turn sur-
rounded by a similarly shaped plate of
metal. The illustration shows the form
taken by a typical grid member in a
modern type of vacuum tube. Here
the plate is not shown in order to per-
mit the grid member to show more
clearly.

In receiving circuits the grid acts as
a valve to control the flow of electrons
from hot filament to cold plate. When
signals are impressed on the aerial
they are tuned by the customary
agencies and passed to the grid circuit
(q.v.). As the incoming signals are
in the form of high frequency oscilla-
tions (q.v.) changing their polarity
(direction) many thousands of times
each second, it will be apparent that
the grid is altered rapidly from posi-
tive to negative and back. As the elec-
trons flowing from the filament are
negative, tne grid wil' thus have a
tendency to retard or increase the

GRID-

FILAMENT--

Showing the form taken by a typical grid
in a modern vacuum tuhe.

flow. That is to say, at the instant the
grid is positive it will attract more
electrons, but when it is momentarily
negative the like charges will repel
each other and less electrons will flow,
some of them being held back to the
filament. (See Grid Battery, Grid
Bias, also Vacuum Tube, Theory of
Operation of.)

GRID BATTERY-—A battery of small

cells connected in the grid circuit of a
vacuum tube to place a negative or
positive bias or charge on that ele-
ment. The illustration Fig. 1 shows a
small four and one-half volt battery
inserted in such a manner that a nega-
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Grid Bias

tive potential is impressed on the grid.
In this case the characteristic curve
(q.v.) of the tube is assumed to indi-

TRANSF' GRID PLATE
I/'
PRI SEC
'
II RHEO
FILAMENT ¥
GRID---» 5=

BATTERY ;I-
FILAMENT BATTERY

Fig. 1. Method of a 434 volt battery to im-
press a negative potential on the grid of a
vacvum tube.

cate that more difference in current
occurs between points B and C than
between A and B in Fig. 2. For this
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Fig. 2. Characteristic ¢iirvé of a vacoum tube

indicating more difference in current occurs
between “B” and “C.” than between
IIAII .nd IIB.II

reason a negative potential is applied
as shown in Fig. I. (See Grid Bias.)
GRID BIAS—A potential of a few
volts, generally from four to six, ap-
plied to the grid of a vacuum tube to
influence its operation by making it
more or less negative. The grid bias
is usually negative and determines the
point of the characteristic curve at
which the tube will operate. In a sen-
sitive receiver, and particularly where
a tube is used as an amplifier (q.v.),
it is essential to obtain as great a
change of grid current as possible.
(Note: The greater the change of grid
current, the greater the change in plate
current and hence the more powerful
will be the output.) By applying a
negative potential on the grid it is
possible to hold it at the point of maxi-
mum_response. (See Grid Battery,

also Vacuum Tube, Theory of Opera-
tion of.)
SECONDARY
GRID _GRID OF AUDIO
COND _/LEAK a8 L
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Diagram in which heavy lines at left show
the grid circuit of the detector, while those
on right indicate audio amplifier grid circuit.
GRID CIRCUIT—In a receiver employ-
ing vacuum tubes, the part of the cir-
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GRID CONDENSER—A

GRID CONTROL—The general

cuit containing the grid of the tube or
tubes, but generally referring to the
tuning circuit or that part of the sys-
tem which contains the tuning ele-
ments. In the illustration is shown a
standard arrangement of a regenera-
tive detector and one stage of audio-
frequency amplification. The heavy
lines at the left of the diagram repre-
sent the tuning circuit or detector grid
circuit, while the section with heavy
lines at the right is the grid circuit of
the amplifier tube. The grid circuit of
a detector tube may generally be dis-
tinguished by means of the grid leak
and condenser (so marked in the illus-
tration), which controls the incoming
signals and permits the tube to func-
tion as a rectifier. (See Detector, Grid
Control, also Grid Condenser and Grid
Leak.)

small fixed
condenser, generally from .00025 to
.0005 microfarad capacity, inserted in

GRID LEAK-""™% GRID
( CONDENSER

II"/
~
6

s, | 5

1Y
SECONDARY

Showing how grid d is
a detector circuit.

e
I

ted in

the circuit of a detector tube between
the tuning coil and the grid member
of the tube. The illustration shows the
manner of connecting the grid con-
denser in a conventional detector cir-
cuit. This condenser insulates the grid
from the filament by breaking the path
F to G and permits the tube to act as
a rectifier or detector. A resistance
(called grid leak) is usually placed
across this condenser to allow the ac-
cumulated charges on the grid to leak
off. (See Grid Leak, also Grid Control
and Vacuum Tube, Theory of Opera-
tion of.)

term
used to designate the various devices
and associated connections placed in or
allied with the grid circuit of a vacuum
tube for the purpose of controlling to
a greater or lesser extent the potential
of the grid, or to tune or control the
incoming oscillations. In the case of a
vacuum tube used as a rectifier (detec-
tor) the grid condenser and grid leak
are placed in series with it. (Note:
the grid leak is often connected from
the grid directly to the filament in-
stead of across the grid condenser, the
operation, however, being approxi-
mately the same in either case.) Here
the controls permit the tube to func-
tion as a detector of the incoming
oscillations. Where the tube is used
as a radio-frequency (high-frequency)
amplifier, the radio-frequency trans-
former or other amplifying unit con-
trols the grid of the following tube by
influencing the fluctuating potential
differences impressed on it. (See Am-
plifier, Radio-Frequency.) The most
1mportant example of a grid control is
by using some means to control the
potential applied to the grid, such, for
example, as a grid bias or grid battery.
(See Grid Bias, Grid Battery, also
V}a)cuum Tube, Theory of Operation
0

GRID CURRENT—The current present

in the grid circuit of a vacuum tube.
This is generally very small, perhaps

of the order of fifteen to twenty micro~
amperes (q.v.). (See Plate Current,
also Grid Bias.)

GRID LEAK—A high resistance placed
in the grid circuit of a vacuum tube to
permit the electrons forming the grid
current to leak off after each charge,
thus preventing their accumulating on
the grid in such numbers as to stop
the flow from the filament. The elec-
trons being negative, a surplus of them
on the grid member of the tube would
act as a barrier to the free flow of
other electrons from the filament
through the grid to the plate, thus
diminishing the plate current toward
zero. It will be understood that a
heavy negative charge on the ,grid
will repel a like or negative charge, in
this case the negative electrons being
thrown off by the hot filament.

The grid leak may have a value
ranging from about 250,000 ohms to
several million ohms. The value of a
grid leak is generally stated in meg-
ohms—one megohm being one million
ohms. Thus a grid leak of 250,000
ohms resistance would be referred to
as a Y%-megohm leak and, similarly,
one having a resistance of two million
ohms would be referred to as a two-
megohm grid leak.

Such resistances are furnished in
many forms, the most common being
a strip of paper impregnated with
graphite or some similar high resist-
ance preparation, placed in a glass
tube and sealed to prevent moisture
from affecting the value. The illus-
tration, Fig. 1, shows a tubular type of
grid leak.

Courtesy of Chas. Freshman Co.

Fig. 1.~—A tubular type of grid leak.

For experimental work a fairly sat-
isfactory grid leak can be made by the
simple expedient of drawing a line on
a piece of cardboard with a soft pencil
—the graphite mark acting as the re-
sistance. At each end of the cardboard
is placed a binding post in contact with

Courtesy of Chas. Freshman Co.

Fig. 2.—Two types of variable grid leaks with
condenser incorporated.

the graphite, each binding post being
connected to opposite sides of the grid
condensers. Variable grid leaks, the
resistance of which can be changed at
will, are also furnished in an infinite
variety of types, two of which are
shown in Fig. 2. (See Variable Grid
Leaks, also Grid Control and Resist-
ance.)

GRID POTENTIAL, MODULATION
OF—In the transmission of undamped
waves (q.v.) generated by a vacuum
tube, the process of varying or modu-
lating the potential of the grid element
of the tube with respect to the fila-
ment. In this method an alternating
potential may be applied to the grid
circuit, the frequency of this varying



potential being within the audio band
—possibly about 500 cycles—supplied
by a generator of that fregnency.
(See Modulation.)

GRID POTENTIOMETER—A poten-
tiometer—a variable resistance unit—
Fig. 1, used in the grid circuit of a
vacuum tube for the purpose of con-
trolling the potential applied to the
grid. The conventional method is to
place the potentiometer across the “A”
battery with the center or variable con-
tact arm connected to the grid of the
tube in place of the usual connection
to either positive or negative filament
lead. This is shown in the illustration,
Fig. 2, Here the customary circuit is

Gourtesy of the Cutler-Hammer Co.
Fig. 1.—A type of potentiometer.

shown for the “A” battery to light the
filament of the tube. Pri. and Sec. are
respectively primary and secondary of
the transformer (either radio-fre-
quency or audio-frequency) and C the
center arm of the potentiometer. The
center arm may be moved either to the
right or left, permitting either nega-
tive or positive potential to be applied
to the grid. This system is much used
in amplifying tube circuits to control
the action of the tube as an amplifier.
Another method would be to connect
one of the ends of the potentiometer to
the negative lead of the “A” battery
and the center arm to the grid leak.
In this way the potentiometer would
be acting as a pure variable resistance,
the potential applied to the grid being

U GRID PLATE
PRI SEC
* 'I'RH EQ.
POTENTIO" |
METER +

i
A" BATT

Fig. 2.—Method of connecting potentiometer
in grid circuit.

always negative, but susceptible of
variation within the limits of the
ressitance and the voltage of the “A”
battery. (See Grid Bias, Grid Battery,
also Grid Control.)

GRINDER—Term occasionally applied
to one of the various forms of atmos-
pheric disturbance known under the
general heading of static. This form
of static is more prevalent in warm
weather and does not appear to have
its origin in local electric storms. Its
effect is to produce rattling sounds of
no definite pitch. (See Strays, also
Static.)

GROUND--The earth considered as an
electric conductor. In radio it is con-
sidered as the return circuit for elec-
tromagnetic waves. (See Ground Con-
nection, also Theory of Propagation of
Electromagnetic Waves.)

GROUND CLAMP—A strip of metal,
generally copper, having some sort of

A ground clamp for fastening the ground lead
to a water or steam Ppipe.

arrangement for fastening rigidly to a
water or steam pipe to form the ground
connection for a radio receiver. The
illustration shows a conventional form
of clamp. (See Ground Comnection.)
GROUND CONNECTION—In radio re-
ception or transmission, the connection
between the earth and the apparatus
whereby the currents set up by the
electromagnetic waves are returned to
the earth as one side of the assumed
circuit. The ground or earth connec-
tion from a radio receiver or trans-

GROUNDED ROTOR — See

Guy Wire

the aerial, ground and apparatus in
such manner that at one position the
aerial is connected to the set, which in
turn is connected to the ground, and in
the other position the aerial being con-
nected directly to the ground te protect
the set from excessive static when not
in use. (See Lightning Switch, also
Aerial Switch, Down Lead.)

GROUND WIRE—The wire connecting

a receiving or transmitting set to the
earth. The underwriters specify not
less than No. 14 B & S gauge copper
wire. (See Ground Connection.)
Rotor,
Grounded Connection.

GROUP FREQUENCY—The number of

separate trains or groups of waves per
second in a damped or undamped sys-
tem of radio transmission. This fre-
quency is to be distinguished from the
frequency of the individual waves.
Thus in a spark transmitter, for exam-
ple, the condenser in the transmitting
circuit will be momentarily charged and
discharged. The discharges will occur
in the form of trains of oscillations,
each oscillation having a certain defi-
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Illustration showing by means of a heavy line, the ground connection of a radio receiver.

mitter should be as short as possible
and preferably a heavy wire as shown
in the illustration. Such a connection
for reeeiving purposes may be one or
more heavy metal plates sunk in the
ground and connected by a heavy wire
to the apparatus. The more common
method is to connect the set to a con-
venient water or steam pipe, such pipes
being almost invariably well grounded,
especially the former. (See Earth, also
Ground and Transmaission.)

GROUND CURRENTS—Electric cur-
rents present in the ground due to the
grounding of commercial electric ma-
chines. These currents very often
prove a disturbing factor in radio re-
ception. (See Ground.)

GROUND DETECTOR—A device for
indicating an accidental ground on a
power transmission line or for any
conducting systems for electric cur-
rents. (See Detector, also Ground.)

GROUND RESISTANCE—See Resis-
tance of Ground Connection.

GROUND SWITCH—A switch, generally
of rugged construction, connected to

n 4 inches.-

nite frequency, but the trains or groups
occurring at definite intervals, the
frequency of these intervals being
called the group frequency. (See Fre-
quency, also Spark Transmission and
Undamped Waves.)

GUARD LAMP—An incandescent lamp

having a straight filament, sometimes
shunted across the armature and field
leads of a rotary converter used in
radio transmission. Its purpose is to
protect the windings from injury due
to the inducing of oscillatory surges
from the high-frequeney circuits. (See
Rotary Converter.

GUTTA PERCHA—An insulating ma-

terial derived from the milky secretion
of certain trees, used as an insulation
for submarine cables on account of its
ability to resist the action of salt
water. It is used to a lesser extent as
a general insulating medium for wires,
but owing to its scarcity and limited
field of usefulness, rubber or rubber
compounds are more widely used. (See
Insulating Materials.)

GUY WIRE—Wires used to brace aerial

masts for receiving or transmitting
stations. Such guys are generally
heavy galvanized wires attached to the
mast at various points and extending
radially downward and anchored to
surrounding rigid objects or by means
of some form of anchor in the ground.
(See Aerial.)

kad



H—The chemical symbol for hydrogen.
In electrical and radio usage it is the
symbol for magnetizing force or mag-
netic field intensity, adopted as such
by the International Electrotechnical
Commission and by the American In-
stitute of Electrical Engineers. It has
also been adopted by the I. E. C. as the
symbol for Henry (q.v.). (See Mag-
netic Field.)

HALF WAVE RECTIFICATION—The
process of changing alternating cur-
rents to pulsating direct currents
wherein only one-half of the full alter-
nating current wave or cycle is recti-
fied, the other portion being blocked
by the action of the rectifier. In the
illustration is shown a typical half
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The upper graph represents an alternating

current, and the lower graph shows the form

taken by the current after passing through
a half wave rectifier.

wave rectification process. The upper
graph shows the sine wave represent-
ing an alternating current, such as
supplied from an ordinary alternating
current house lighting system. Here
A-B represents one complete cycle or
two alternations, one positive and the
other negative. In the lower graph is
shown the form taken by the current
after passing through a half wave rec-
tifier. It now appears as a pulsating
or intermittent direct current, only the
upper or positive alternations having
passed through the rectifier. The
shaded portions below the line repre-
sent the negative or unused alterna-
tions. (See Full Wave Rectification,
Sine Wave of Alternating Current or
E M F, also Charger, Storage Bat-
tery.)
HALF WAVE RECTIFIER—Any sys-
tem for rectifying or changing alter-
nating currents to pulsating direct
currents, wherein only half of the full
alternating current wave is used. Es-
sentially such a device is a uni-direc-
tional conductor, permitting current to
pass in one direction only and sub-
merging or blotting out the surges in
the opposite direction. A typical ex-
ample of a half wave rectifier is the
crystal detector used in simple receiv-
ing circuits. Here the nature of the
crystal is such that the currents are
ermitted to pass only in one direction.
n half wave rectifiers used for charg-
ing storage batteries the effect is much
the same. Where tubes such as the
Tungar or Rectigon are employed, one
tube is more commonly used, allowing
the current to flow in one direction but
submerging half of each cycle. (See
Rectifier, Full Wave, also Rectifier and
Charger, Storage Battery.)
HAMMER BREAK —A magnetically
operated device for making and break-
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ing contact in an electrical circuit.
Hammer breaks are essentially the
same as a vibrator or buzzer break
but are made to withstand heavy cur-
rents without undue arcing, and hence
are much slower in action. (See
Buzzer, also Spark Coil.)

HAMMOND, JOHN HAYS, JR.—In-

.ventor. Born San Francisco, Calif.,
April 13, 1888. B.S., Sheffield Scien-
tific School (Yale), 1910; Sc.D., George
Washington University. Inventor of
type of torpedo for coast defense, con-
trolled by wireless energy from coast
fortifications, which was recommended
to Congress for exclusive purchase by
U. S. by Board of Ordnance and Forti-
fications, U. S, A.; invented system of
automobile torpedo firing; alumino-
thermic incendiary projectiles em-
ployed by Allied armies in World War;
radio system of control of ships, em-
ployed on U. S. S. Iowa for target
practice; a system of coastal patrol by
aeroplane; a system of selective radio
telegraphy, adopted by the U. S. Navy,
U. S. Signal Corps, and U. S Army;
system of aerial coast surveying adopt-
ed by the Bartlett Expedition for Polar
exploration. President Radio Engineer-
ing Company of New York; director
Hammond Radio Research Labs.; di-
rector Radio Corp. of America; con-
sulting engineer to Radio Corp. of
America and General Electric Co. Has
licensed the American Tel. & Tel. Co.,
and the Radio Corp. of America under
his electrical patents in U. S. and S. A.
for commercial purposes only, U. S.
Gov’t retaining option on military uses.
Has applied for over 224 patents in

. S. and Europe relating to Radio
Telegraphy and Telephony and Wire-

John Hays Hammond, Jr.

lessly controlled torpedoes and various
improvements in pipe organ mechan-
isms. Formerly member Advisory
Board, U. S. Naval Board of Inven-
tors, member Advisory Com. Langley
Aerodynamic Lab. of Smithsonian
Inst., co-operating with Third Naval
Dist.; member Conf. Com. on National
Preparedness (Sub.-Com. on Finance) ;
Gov. Aero Club America (mem. Aero-
dynamic, Tech., Pub. Safety and Map
and Landing Places Coms.); v.-p. Am.
Soe. Aeronautic Engineers; mem. Inst.

Radio Engineers (ex-treas., etc.), Am.
Inst. E. E., Royal Soc. Arts (London) ;
asso. mem. Am. Soc. M. E.; hon. mem.
Nat. Inst. of Inventors, Harvard Aero-
naut. Soc.; Fellow Am. Geog. Soc.;
U. S. del. Radio-Telegraphic Com.,
London, 1912.

HAND CAPACITY—See Body Capacity.

HARD DRAWN WIRE—In radio usage
generally confined to hard drawn cop-
per wire, i.e., copper wire that has
been hardened by repeated drawing
without being annealed. It is used
chiefly for aerials. (See Aerial.)

HARD TUBE—A vacuum tube is said
to be hard when it has been evacuated
of all gases to a high degree. The op-
posite is a soft tube, one in which the
vacuum is not of a very high order and
more or less gas particles are present.
Hard tubes are used for amplifiers,
both audio and radio frequency, while
the soft tubes are used mainly as de-
tectors or oscillators. Hard tubes may
be used with high plate voltages,
whereas soft tubes require compara-
tively low plate voltages, the tubes
having a tendency to turn blue (see
Blue Glow) under the influence of high
plate potentials. (See Detector, also
Amplifier.)

HARMONIC CURRENT—An alterna-
ting current which can be represented
by a simple harmonic or sine curve. It
may be considered as an alternating
current, the waves of which are sinu-
soidal or uniform. (See Simple Har-
monic, also Sine Curve.)

HARMONIC MOTION—A term signify-
ing any periodic oscillatory motion,
as, for example, the vibration or beat-
ing of a pendulum. The illustration
shows the manner of indicating simple
harmonic motion. The distance A-B
represents 360 degrees of a circle, or,
if it is assumed to represent a sine
wave of alternating current, it will
represent one complete cycle. Curves
representing harmonic motion are used

Illustration showing method of
simple harmonic motion,

indicating

extensively in radio engineering to
illustrate, in graphic form, the oscilla-
tions of an alternating current. (See
Sine Wave, also Simple Harmonic Vi-
bration and Oscillations.)

HARMONICS—Oscillations to which a
circuit will respond in addition to the
basic or fundamental oscillations. The
effect is similar to that in sound, where,
for instance, the primary or funda-
mental tone struck by an instrument
may be accompanied by notes or tones
of a higher pitch. In sound these har-
monics are principally the third, fifth,
seventh and the octave. In radio, a
circuit may respond to oscillations of
a frequency either higher or lower than
the fundamental frequency, as, for ex-
ample, one third, one fifth or one sev-
enth, or, again, double or treble the
original frequency. As a concrete ex-
ample, with a fundamental wave-length
of 240 meters, the harmonies migit be




HAZELTINE

.40 meters or 80 meters. The corre-
sponding frequencies would be approxi-
mately 1,250,000 cycles, 7,600,000 cycles
and 3,750,000 cycles. (See Harmonic
Suppressor, Side Bands, also Harmonic
Motion, Oscillations, Wave-length.)

HARMONIC SUPPRESSOR—A device
vsed in radio transmission and in lab-
oratory work, for the purpose of elimi-
nating undesired frequencies (wave-
lengths). Essentially such a device is
a filter (q.v.) so arranged as to sup-
press or eliminate certain frequencies
or harmonics (q.v.). In radio broad-
casting it is particularly essential that
all undesired frequencies or harmonics
be suppressed. Basically the system
involves a special coil shunted by a
condenser and tuned to the frequency
of the interfering wave, the main tun-
ing circuit at the same time being
adjusted to the desired frequency.
(See Broadcasting, General Treatise on
Methods, also Transmission and Radio
Telephony.)
NEUTRODYNE RE-
CEIVER—The radio receiver designed
by Professor Hazeltine, employing the
Neutrodyne circuit. Essentially these
are five-tube receivers employing two
stages of tuned and neutralized radio-
frequency amplification with the con-
ventional detector and two audio-fre-
uency stages. In addition to the
ve-tube Neutrodyne receiver there are
numerous types involving the Neutro-
dyne principle in coniunctinn with
reflex systems. (See Neutrodyne.)
HEAD TELEPHONE OR HEAD.
PHONES — Telephone rédceivers
arranged with a band to fit over the
operator’s head, thus leaving him free

Hiustration by courtesy of C. Brandes, Inc.

A type of headphone used extensively in
radio reception.

use of both hands. Head-phones are
used in commercial radio work, the
operator being free to handle a key or
the controls of the receiver or trans-
mitter. They are also used in broad-
cast reception where the strength of
signals is not sufficient to permit the
use of a loud speaker, and also in some
cases to tune in distant signals before
attaching a loud speaker. (See Watch
Case Receivers.)

HEAVISIDE, DR. OLIVER. — Born
in London on May 13, 1850, Dr. Heavi-
side was engaged in telegraph work for
a few years, but after 1874 he lived in
retirement studying Clerk-Maxwell’s
theory and applying it to telegraph
and wireless problems. Elected a Fel-

HEAVISIDE

low of the Royal Society in 1891, he
was also Faraday Medallist of the
Institution of Electrical Engineers and
Hon. Ph.D. of Gottingen University.
The name of Dr. Heaviside is primarily
associated with¢the theory, propounded
by himself, of the existence of a
permanently ionized layer in the upper
atmosphere capable of deflecting elec-
tro-magnetic waves and thus permit-
ting wireless communication round the
earth.

LAYER—An assumed
layer or stratum of the atmosphere
supposed to exist from fifty to one hun-
dred miles above the earth’s surface
according to the Heaviside Theory.
Heaviside’s theory supposes this stra-
tum to consist of heavily ionized gas
which is conductive and acts as a
gigantic reflector of electromagnetic
waves (radio waves). It is this layer
which is supposed to reflect the electric
waves and force them to follow the
curvature of the earth. This theory
partially explains—if true—why radio
signals are transmitted over great dis-
tances instead of being radiated off
into space and lost. It has been ac-
corded the support of many eminent
scientists. Elihu Thompson has pro-
pounded an alternative theory which
assumes the waves as attached to the

Heliograpn

radiation being unchanged. In other
words, increase of height increases the
range within certain limits. (See Ra-
diati;m from Antenna, also Transmis-
sion.

HEISING, RAYMOND A.—Electrical
Engineer, born Albert Lea, Minn., Au-
gust 10, 1888. Educated University of
N. D., Elec. Engineer, 1912; Univer-
sity of Wise,, M.S., 1914 Grad. Work
in Physics, Research and Development
of Radio Tel. since 1914; Trans-
Atlantic test in 1915; for Army and
Navy wuse during War, aeroplane.

. chaser, intership communication; since
War continued research and develop-
ment ship to shore use, trans-Atlantic
test, 1923. Author of several technical
papers; numerous inventions widely
used in present broadcasting stations.

HEISING MODULATION—A system of
modulating radio currents for radio
transmission, such as broadcasting, de-
veloped by R. A. Heiging. The funda-
mental principle is shown by the illus-
tration. Here the customary antenna
and ground are connected with a high-
frequency alternator, A; the field of
the alternator, FW, is connected to the
grid return and filament of the vacuum
tube circuit, and through the “B” bat-
tery BB to the plate P of the tube.
The microphone circuit comprises a.
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Circuit illustrating the fundamental principle of the Heising system of modulation.

earth and gliding along over the sur-
face. (See Gliding Theory.)

HEAVISIDE LAYER THEORY-The

theory of an upper ionized stratum
from fifty to one hundred miles above
the earth’s surface, which is assumed
to act as a reflector of radio waves and
thus force them to follow the curvature
of the earth. None of the theories thus
far advanced has been proven, but it
has been definitely established that
these waves do follow the curvature of
the earth. (See Heaviside Layer, also
Gliding Theory.)

HEDGEHOG TRANSFORMER—A type

of audio transformer so called because
of its peculiar construction. The core
is eylindrical in shape and consists of
a great number of soft iron wires
around which is a bobbin holding the
primary and secondary windings.
After the windings are completed the
wires forming the core are bent back
over the form and held in place, com-
pletely surrounding the windings. (See
Audio-Frequency, also Transformer.)

HEIGHT OF AERIAL-—The elevation
of an aerial system as used in radio
transmission or reception. The effec-
tive height is roughly considered as the
height above the earth or surrounding
objects. The range of a station having
constant power is dependent upon the
height of the aerial, other factors of

microphone M connected to the pri-
mary of a transformer T through the:
battery MB. The secondary of the
transformer is connected to the grid G
of the vacuum tube and the filament F.
R is the usual rheostat to control the
filament of the tube and AB is the
filament lighting battery. In operation
the speech or sound vibrations are im-
pressed on the microphone M, thus
varying the resistance of the current
flowing from the battery MB and
through the transformer T. This.
serves to vary the potential of the grid
G, and as this potential changes, the
current in the plate circuit will also be
varied, the same characteristics being:
maintained. As the field winding FW
is in the plate circuit, it is evident that
the antenna current will be modulated
in accordance with the variations of
the speech or sounds introduced at M.
(See Grid Control, also Modulation and
Broadcasting, General Treatise on
Methods.)

HELIOGRAPH—AnN instrument involv--
ing a movable mirror, by means of
which the sun’s rays are reflected and
made use of as a signalling device. In
practice it is usually arranged with a
blind or shade to cover the mirror at
rapid intervals by pressing on a key
device. In this manner the flashes.
may be made at definite intervals, as
in the case of the Morse light. (See
Code, also Morse Light.)

%



Helix

HELIX—The shape assumed by a line
or wire wound in a single layer around
a cylinder. Generally speaking, a sole-
noid (q.v.). A device in the form of
a helix was formally used in transmit-
ting circuits to vary the inductance,
or, practically speaking, the wave-
length. It usually was a number of
turns of heavy copper or aluminum
wire wound on an insulating form.
Clips were provided to permit a varia-
tion in the contact point and hence any
necessary change in the value of the
inductance. (See Oscillation Trans-
former.)

HENRY, JOSEPH—Born in 1797, died
in 1878. An American Physicist, noted
for his researches in electromagnetism.
He developed the electromagnet which
had been invented by Sturgeon in Eng-
land, so that it became an instrument
of far greater power than before. In
1831 he employed a mile of fine copper
wire with an electromagnet, causing
the current to attract the armature
and strike a bell, thereby establishing
the principle employed in modern tele-
graph practice. He was made a pro-
fessor at Princeton in 1832 and during
his experimenting there he devised an
arrangement of batteries and electro-
magnets embodying the principle of
the telegraph relay which made possi-
ble long distance transmission. He
was the first to observe magnetic self-
induction, and performed important in-
vestigations in oscillating electric dis-
charges (1842), and other electrical
phenomena. In 1846 he was chosen
secretary of the Smithsonian Inst. at
Washington, an office which he held
until his death. As chairman of the
U. S. Lighthouse Board he made impor-
tant tests in marine signals and lights.

Joseph Henry,

In meteorology, terrestrial magnetism
and acoustics he carried on important
researches. Henry enjoyed an inter-
national reputation and is acknowl-
edged to be one of America’s greatest
scientists.

HENRY—The unit of inductance, named
after the American physicist, Joseph
Henry, who first produced high-fre-
quency oscillations in 1832. A coil of
wire is said to have an inductance
value of one henry when a current
passing through it changes at the rate
of one ampere per second and an elec-
tromotive force of one volt is produced.
As the henry is too large a unit for
practical purposes, the thousandth part
of a henry, known as the milli-henry,
or the millionth part, known as the
micro-henry, are more commonly used.
Another much-used term is the centi-
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HERTZ,

HETERODYNE—The

meter, which is the thousandth part of
a micro-henry. The abbreviation for
henry is H, and for micro-henry uH.
(See Centimeter Gram Second, Centi-
meter, also Inductance.)

HEINRICH RUDOLF—Born
1857, died 1894. A German physicist
noted as the discoverer of electromag-
netic waves (1888) which form the
basis of wireless telegraphy. He found
that waves produced by the spark of a
simple device called the oscillator could
be detected by a loop or square of wire
known as the resonator, and he was
able to show the reflection, refraction,
diffraction and poralization of the

Heinrich Rudolf Hertz.

waves. These remarkable discoveries
demonstrated the practical possibilities
of radio-telegraphy. He also made
valuable expenments with electric phe-
nomena in vacuum tubes.

HERTZIAN WAVES—Term occasionally

applied to radio or electromagnetic
waves, they being named after Dr.
Heinrich Rudolf Hertz owing to his
extensive researches into electromag-
netic waves. (See Hertz, also Clerk-
Maxwell, and Ether Theory.)

term originally
applied by Fessenden to a method of
reception of electromagnetic waves,
wherein the- principle of Beats (q.v.)
was employed. It is derived from the
words “hetero,” meaning other or dif-
ferent, and “dyne,”
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Fig. 1.—The original form of heterodyne
receiver,

In its original conception by Fessenden,
before the widespread use of vacuum
tubes, it was used in conjunction with
crystal receivers for the reception of
undamped waves (q.v.). The hetero-

meaning power.

dyne principle involves production of
a locaf series of oscillations which are
tuned to a frequency differing from
the frequency of the incoming oscilla-
tions from the antenna. The differ-
ence between the two is known as the
beat frequency. (See Beats, also He-
terodyne Receiver.)

HETERODYNE RECEIVER—A re-

ceiver for electromagnetitc (radio)
waves employing the heterodyne prin-
ciple. The illustration Fig. 1 shows the
original form of heterodyne receiver,
wherein the local oscillations were pro-
duced by means of a direct current arc
gap and associated circuits, and com-
bined through a coupling medium, with
the oscillations in the antenna clrcuxt
Here the heavy lines represent a con-
ventional crystal receiver circuit. Ll
and L2 are respectively primary and
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Series of graphs showing the action of a
heterodyne receiver.

secondary of a vario-coupler, C is a
variable tuning condenser, D the crys-
tal detector and T the head phones.
If the dotted line is assumed as a con-
nection to the ground, this will consti-
tute a complete receiver. For the
heterodyne purpose, however, a special
coil L3 is employed in the ground cir-
cuit. Coupled to this is the secondary
L4. C1 is another tuning condenser
and A is an arc gap fed by 110 volts
direct current. In operation the cir-
cuit represented by the light lines acts
as a generator of undamped oscilla-
tions, these oscillations being supplied
to the antenna circuit and the fre-
quency varied by means of the con-
denser C1 and the coil L4. If the re-
ceiving tuner is tuned to a certain
wave-length corresponding to incoming
signals, and the generator system
tuned to a different frequency, the dif-
ference between the two frequencies
will be a beat frequency which will be
present in the detector circuit. This
new series of oscillations will be recti-
fied by the detector D and will be audi-
ble in the head phones, T. The action
of this system 1s shown by the series
of curves given in Fig. 2. Here the
incoming oscillations (signals) from
the antenna are shown in graph 1 at
the top of the illustration. These oscil-
lations are of continuous amplitude or
undamped (q.c.). Graph 2 shows the
local oscillations. If we assume that
the distance from A to B represents
the time, it will be apparent that there
are more oscxllatxons per unit of time
in the case of the incoming signals—




hence the second graph indicates that
the local oscillations have a lower fre-
quency. Graph 3 represents the beat
resulting from interaction of the two
upper series of oscillations and the fre-
quency corresponds to the numerical
difference. When the two upper groups
of oscillations are opposed, the beat
current is zero, and when they are in
phase, or assisting each other, the beat
current is maximum. When rectified
by the crystal detector action the beats
take the form shown in graph 4, the
lower half of each cycle having been
submerged. The telephone current of
a periodic nature is indicated by the
bottom graph, the original signals
being represented in the phones by a
series of contractions of the diaphragm.
(See Heterodyne, also Beats and Super
Heterodyne.)

HETERODYNE, SELF—See Self-
Heterodymne.

HETERODYNE WAVE-METER—A

wave-meter—device for measuring the
wave-length of coils, circuits or incom-
ing and outgoing signals—which util-
ized the heterodyne principle. Briefly
the action is as follows: It has al-
ready been explained under Heterodyne
Receiver that when the local oscilla-
tions and the incoming oscillations are
opposed, the beat current is zero. It
follows, then, that with a pair of
phones connected in the circuit, the
beat signals will be audible only when
the two frequencies are different. Now
if a suitable means is present for vary-
ing the frequency of the local oscilla-
tions, in practice a combination of coil
and condenser, the local circuit can be
tuned to a point where the two fre-
quencies concur or are similar and no
beat is audible. As the frequency is
proportional to the capacity and induc-
tance in a circuit, and as wave-length
can easily be figured when the fre-
quency of the local generating system
is known, the wave-length of the in-
coming signals must be that of the
local circuit when the beat is zero. The
condenser dial on the heterodyne wave-
meter can thus be calibrated directly
in meters and a nearly true reading of
the wave-length of incoming signals ob-
tained. (See Beats, also Heterodyne
and Wave-meter.)

HIGH FREQUENCY—A very general
term applied to alternating electric
currents. As a rule, alternating cur-
rents having frequencies above one
thousand cycles (q.v.) per second are
referred to as high frequency currents.
When the frequency is extremely high,
of the order of hundreds of thousands
of cycles, the current is usually re-
ferred to as high frequency, oscillatory
current. There is no definite level or
line of distinction between high and
low frequency currents. In radio prac-
tice, the audio frequency currents are
generdlly considered below twenty
thousand cycles per second and known
as low frequency currents. The radio
frequency or frequencies above twenty
thousand are considered as the high
frequency currents, although here
again there is no definite level or line
of demarcation between the two areas.
(See Audio Frequency, also Radio Fre-
quency and Frequency.)

HIGH FREQUENCY ALTERNATING
CURRENT—See High Frequency Cur-
rent.

HIGH FREQUENCY ALTERNATOR—
An alternating current machine or
alternator, designed to produce cur-
rents having high frequencies, gener-
ally above one thousand cycles per sec-
ond. Such machines are used in high
power radio telegraph transmission

HIGH

(not broadcasting) producing un-
damped or continuous waves. (See
Alternator, also Alerxanderson Alter-
nator.)

FREQUENCY AMPLIFICA-
TION—The process of stepping up or
amplifying currents of high frequency.
In radio circuits, the high frequency
currents are known as radio frequency
oscillations. In radio circuits the audio
frequency (low frequency) currents
and the high or radio frequency cur-
rents are usually in different parts of
a circuit. When we consider alternat-
ing currents having a frequency above,
say, twenty thousand cycles per second
as radio frequency, and those below
that limit as audio frequency, it is easy
to consider the radio frequency cur-
rents as existing in all stages between
the aerial and the detector. Beyond
the detector, the alternating currents
having become uni-directional surges,
we can consider these currents as being
audio frequency currents.

Thus we have a definite dividing line
in any radio receiver using but one
detector, the detector or rectifier mark-
ing the transition from radio frequency
to audio frequency. Thus, any means

of amplifying the signals before they |

reach the detector will be known as
high frequency amplification. (See
Audio Frequency, also Amplifier.)

HIGH FREQUENCY BUZZER—A

buzzer (q.v.) designed to produce a
very high note. The term “high fre-
quency” in this case merely indicates
that the pitch or frequency (vibration)
is high In comparison with the ordi-
nary buzzer, the sounds of course being
actually of audible frequency. The
general scheme of such a buzzer is
about that of the ordinary type as used
in conjunction with electric bells or
signal systems, the armature, however,
being very thin and thus permitting
rapid make and break for the current.
Such buzzers are used extensively in
connection with crystal receivers for
the purpose of testing and also for
code practice. (See Buzzer also High
Frequency and Armature.)

HIGH FREQUENCY COMPONENT OF

PLATE—The high frequency currents
present in the plate circuit of a vacuum
tube receiver, as distinguished from
the audio or low frequency currents.
(See Feed-Back, also Plate Component,
High Frequency, and Regeneration.)

H.F.C.—Abbreviation used abroad and

occasionally in the United States for
high frequency current. The more
common term is radio frequency cur-
rent and no abbreviation is used as a
rule. (See Radio Frequency Current,
also High Frequency.)

HIGH FREQUENCY CURRENT—

Alternating currents having fre-
quencies above certain limits, as, for
example, the radio frequency currents
employed in radio transmission, which
are usually of a frequency above one
hundred thousand cycles per second.
(See High Frequency, also Low Fre-
quency and Radio Frequency.)

HIGH FREQUENCY OSCILLATION—

The term oscillation is generally ap-
plied to an alternating current of very
high frequency. Thus radio frequency
currents, which may run into hundreds
of thousands of cycles per second, are
called high frequency oscillations.
(See Oscillation.)

HIGH FREQUENCY RESISTANCE—

Resistance to the passage of alternat-
ing currents of high frequency. Said
of wires, coils, circuits and apparati.
The resistance of a certain conductor
or part of an electrical circuit, as in

High Resistance Joint

radio, may be comparatively higher in
the case of high frequency currents
than to alternating currents of a low
frequency. This is due to the ‘“‘skin
effect” (q.v.) it being a phenomenon of
radio frequency (high frequency) cur-
rents that they have a tendency to con-
centrate near the surface of the con-
ductor. For this reason, small wires
are more apt to have high radio fre-
quency resistance, as obviously the sur-
face on which the currents can travel
is restricted. (See High Frequency.
also Skin Effect and Resistance.)

HIGH PASS FILTER-—An arrangement
of electric circuits designed to permit
ready passage of high frequency alter-
nating currents while at the same time
presenting high resistance or impe-
dance to alternating currents of low

frequency, generally within certain
definite limits. (See Filter also Filter,
High Pass.)

HIGH PRESSURE—A term occasionally
used to denote high potentials or volt-
ages. (See High Tension, also High
Potential.)

HIGH POTENTIAL—One of the several
terms used to indicate high voltage.
(See High Potential Battery, also High
Voltage.)

HIGH POTENTIAL BATTERY—An-
other term for “B” battery, the battery
used to supply potential to the plate of
a vacuum tube. The term “high poten-
tial” is used here, only in a comparative
sense, the voltage of the battery being
high in proportion to that of the fila-
ment or “A” battery. High potential
batteries for radio usage are generally
furnished in blocks of 22% or 45 volts.
(See High Voltage, High Tension and
“B” Battery.)

HIGH RESISTANCE—The property of
any circuit whereby it offers consider-
able opposition to the flow of electric
currents. There is no very distinct
line of demarcation between high and
low resistance. One of the common ap-
plications of the term is in the case of
a grid leak or grid resistance. Here
the resistance may be upward of a
half million ohms, running into several
million ohms in certain cases. An ex-
ample of low resistance elements is
that of a rheostat for controlling the
filament current. Here the resistance
is relatively low, rarely more than
thirty ohms. The average resistance
of the magnet windings in headphones
(as used in radio) is one thousand
ohms. The term “high resistance” is
also used in a comparative sense in
respect to various instruments or parts
of radio circuits. Here the resistance
in most cases should be as low as pos-
sible, and therefore a resistance of even
a few ohms may be referred to as high.
While resistance to direct currents is
generally the feature of resistance coils
and units, the opposition to currents
of an oscillatory nature (high fre-
quency alternating currents) may be
of the utmost importance, and it is
often the case that a circuit has little
direct current resistance but very high
resistance or impedance (q.v.) to high
frequency currents. (See Resistance,
Impedance, also Skin Effect.)

HIGH RESISTANCE JOINT—Any con-
nection between two wires or conduc-
tors which offers resistance to the pas-
sage of current due to defective con-
tact or imperfect connection through
solder or any other medium. When bare
wires are joined they should be care-
fully scraped and soldered. Too much
solder is a bad feature, as the resis-
tance of solder is naturally far higher
than that of the copper wire. (See
Corrosion, also Soldered Joints.)
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High Resistance Telephones

HIGH RESISTANCE TELEPHONES—
Headphones or telephones used in radio
reception, having high resistance wind-
ings. In the ordinary telephone re-
ceiver used with the commercial tele-
phone systems, the windings of the
telephone magnets have a relatively
low resistance, generally less than one
hundred ohms. Such phones would not
be sufficiently sensitive for radio usage,

. the average resistance in this case
being about one thousand ohms. The
resistance here refers to the ohmic re-
sistance of the many turns of wire
wound around the magnets. This re-
sistance is not a required feature, the
factor of importance being the num-
ber of turns. Inasmuch as space is
a factor to be considered, it is neces-
sary to use very fine wire in order to
permit use of the thousands of turns
essential. The resistance of this fine
wire is of course high. Where very
high resistance windings are used—
and this indicates small wire—it is
sometimes advisable to use a by-pass
for the heavy plate potentials to pro-
tect the windings. (See Ampere Turns,
also Output Transformer and High
Resistance.)

HIGH SPEED RECEPTION AND
TRANSMISSION—The reception or
transmission of radio messages by
automatic means in order to obtain
much greater speed than would be pos-
sible under the manual system or hand
opereating and recording. The gen-
eral practice is to record the messages
to be transmitted on a tape by means
of a punching machine. They are then
sent automatically through a high
speed automatic transmitter and re-
ceived automatically at the same high
speed by a machine which punches the
messages or records them on some
form of tape or sheet. The more com-
mon of these methods is the Wheat-
stone Transmitter. (q.v.).

HIGH TENSION—One of the numerous
terms used to denote high voltage.
“B” batteries as used in radio recep-
tion are generally known as high ten-
sion batteries to distinguish them from
the low voltage storage battery or dry
cells used to light the filaments. Ab-
breviation H. T. mostly used in maga-
zines and books printed in England.

HIGH TENSION BATTERY—Term ap-
plied to “B” batteries used in radio
reception to supply potential to the
plates of the vacuum tubes. These
batteries usually are in blocks of
twenty-two and a half or forty-five
volts. (See “B” Battery.)

HIGH TENSION CIRCUIT—Term oc-
casionally applied to the part of a
radio circuit in which high potentials
are present, as in the plate circuit of
a vacuum tube. Here the “B” battery
is in the circuit. (See High Tension,
also “B” Battery.)

HIGH TENSION INSULATOR—Insula-
tors of large dimension and rugged de-
sign, possessing unusual insulating
properties in order to withstand high

C-INEO

A high potential insulator.

voltages. As a rule such insulators
are made of high grade porcelain and
arranged with annular ridges or “pet-
ticoats” to give greater surface and re-
duce the possibility of surface leakage.
The illustration shows a form of high
tension or high potential insulator.
(See Insulator, High Tension, also
Petticoat Insulators.)
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HIGH VOLTAGE—A very

HIGH VACUUM—A term applied to

vacuum tubes when they have been
highly exhausted of air. That is, an
almost perfect vacuum. When a
vacuum tube has a very good vacuum
—has been highly evacuated of gases
—it is generally called a ‘“hard” tube.
A high vacuum is essential in tubes
to be used as amplifiers or for trans-
mission. (See Vacuum Tubes, Theory
of Operation.)

indefinite
term, us~d in ordinary electrical prac-
tice to denote voltages above 600, but
applied in radio practice to much
lower potentials, as, for example, a
“B” battery, which is generally re-
ferred to as a high voltage battery in
spite of being generally below 100
volts. The term used in this sense is
one of comparison with the low volt-
age of a storage or other type of “A”
b.atltiry. (See Voltagee, also Poten-
twal.

HIGHLY DAMPED WAVES—An ex-

pression applied to waves or trains of
waves wherein the amplitude or
strength of each succeeding oscillation
or train of oscillations is greatly de-
creased. If the progressive decrease
in amplitude or strength is very grad-
ual, that is, if the waves die out slow-
ly, they are said to be feebly damped,
but if they die out rapidly they are
referred to as being highly damped.
(See Damped Waves, also Decrement
and Amplitude.)

HOGAN, JOHN V. L.—American radio

expert. Born at Philadelphia, Pa. He
was educated at Sheffield Scientific
School, Yale University, where he

John V. L. Hogan.

made a special study of physiecs and
mathematics. In 1906 he became as-
sistant to Dr. Lee De Forest, and in
1909 he joined the National Electric
Signalling Co. In 1914 he was ap-
pointed chief research engineer to the
International Radiotelegraphic Com-
pany. Hogan has written many arti-
cles on radio and is a past president of
the Institute of Radio Engineers, mem-
ber of the American Institute of Elec-
trical Engineers, of the American
Association for the Advancement of
Science, of the Radio Club of America
and other societies.

HOMOPOLAR—Synonymous with uni-
polar. Having but one pole. Said of
a dynamo having its conductor or
armature rotating around a single
pole of a field magnet. (See Multi-
Polar.)

HONEYCOMB COIL—A coil

used in
radio, having a peculiar construction.
somewhat similar to a honeycomb.
The illustration shows a typical honey-
comb coil used as an inductance in re-

Honeycomb coil used in radio reception.

ceiving circuits. The object of this
staggered winding system is to reduce
the self-capacity between wires to a
minimum without reducing the induec-
tive value. The chief value of such a
winding method is that it permits the
retaining of high inductance value in
a limited space, without undue high
frequency resistancee (q.v.). (See In-
ductance, Distributed Capacity and
High Frequency Resistance.)

HOOK UP—The general term in the

United States to designate the dia-
gram for any complete radio receiver
or transmitter, or for any specific part
of such a circuit. Thus, when we re-
fer to a hook-up for Radio receiver,
we mean a diagram, either schematic
(using symbols for the parts) or per-
spective (showing pictures of the
parts) which gives the various parts
necessary and the manner of connect-
ing them to each other to form ' the
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The upper diagram is in schematic form and

shows a single tuhe regenerative _receiver.

and the lower diagram is in perspective form
and shows a crystal receiving set.

complete circuit. Similarly we may
use the term “hook-up” to describe a
sketch or circuit for connecting vari-
ous instruments such as ammeters, or
voltmeters, wavemeters and the like.
(See Circuit, also Diagram.)



HOOPER, STANFORD C.—American
Naval wireless expert. Born August
16, 1884, at Colton, California, and
educated at San Bernardino, Califor-
nia. He joined the Southern Pacific
Company as a telegraph operator. In
1901 he entered the Naval Academy at
Annapolis, and entering the Navy was
advanced to Commander in 1918,
From 1910-11 he was instructor in
electrical engineering, physics and
chemistry at the U. S. Naval Academy,
and in 1912-13 Fleet Radio Officer of
the United States Atlantic Fleet.
During the great war he was respon-
sible for the supply of wireless instru-
ments, ete.,, for the American Navy,
and he was also responsible for the
construction of many of the .larger
American wireless stations including
those at Annapolis, San Diego and
Pearl Harbor. Hooper was one of the
chief men concerned with the radio-
compass system now used in the
American Navy.

HORIZONTAL AERIALS — Aerials —
overhead wire systems—for the recep-

INSULATOR
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AERIAL WIRES
NOT SMALLER
THAN NO. 14 B.&S.

TO THE RADIO SET.

HORIZONTAL AERIAL

When the diaphragm of the unit is
actuated by the signals, speech or
music, the column of air in the open
tube is displaced, creating audible
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Three types of horn loudspeaker.

sounds which can be heard at a dis-
tance or throughout a room. Assum-
ing other conditions equal, the volume
will be more or less in proportion to
the size of the norn, or more specifical-
ly to the amount of air displaced by
the signals. When a telephone re-
ceiver is used without horn, the open-
ing above the diaphragm being uncon-
fined, only a small column of air is
displaced and the volume will not be

A horizontal aerial of the inverted “‘L” type.

tion or transmission of radio signals,
wherein the major portion of the
aerial is horizontal—parallel to the
earth’s surface. Typical examples are
the “T” and inverted “L” aerials. In
the former type, the flat portion sus-
pended horizontally between two sup-
porting structures and a lead-in wire
is attached to the center and thence to
the apparatus. In the latter type, the
lead-in is attached to either end, giv-
ing a shape somewhat similar to an
inverted L, from which the name is
derived. The more common term is
“flat top.” This term is now some-
what ambiguous, as single wire aerials
are used more or less extensively for
receiving purposes, whereas formerly
a system of several horizontal wires
was employed. (See Flat Top Aerial
or Antenna, also Aerial T Type and
Inverted 1" Aerial.)

HORN, LOUDSPEAKER-—A device,
generally in the shape of a horn, used
in conjunction with a heavy duty tele-
phone receiver or loudspezker unit, to
reproduce loudly the signals or music
from a radio receiver. In operation,
the horn has attached to it at its small
end a unit or telephone receiver.

great under ordinary circumstances.
When a horn is attached, however, the
sound being confined will displace a
relatively greater amount of air—de-
pending mainly on the shape and size
of the horn-—and the volume will be
measurably greater. (See Loudspeaker,
also Acoustics and Loudspeaker
Units.)

HORSE POWER—The unit of power

used in the United States and Great
Britain. It is defined as the power
required to lift 550 pounds to a height
of one foot in one second, or similarly,
33,000 pounds to that height in a
minute. The term “foot-pounds” is
derived from this value. Thus, one
horsepower is the power required to
perform 550 foot-pounds of work per
second of time. (See Horse Power,
FElectrical.)

HORSE POWER, ELECTRICAL—The

unit of electrical work similar to the
mechanical horse power. It is actual-
ly mecharical horse power expressed
in watts (q.v.). One electrical horse
power is equivalent to 746 watts. In
the centimeter gram second (q.v.) sys-
tem of units, the unit of work is the
erg. This unit is too small for ordi-

Hot-Wire Ammeter

nary usage and the customary unit is
the watt, which is equal to 10° ergs
per second. The unit used in electrical
power work is still larger; it is the
kilowatt or one thousand watts. (See
Units, also Watts.)

HORSESHOE MAGNET — A magnet

(q.v.) in the shape of a horseshoe or
letter U, both poies heing brought

Fig. 1. A permanent horseshoe magnet.

nearer together so that they may act
on the armature or “keeper.” Gen-
erally a magnetized steel bar which
retains its magnetism for a long

TN ww
2P| 1| L1441 |

Fig. 2. A horseshoe electromagnet.

period. The illustration, Fig. 1, shows
a permanent horseshoe magnet. Such
magnets are also used with external
power, then being termed electromag-
nets. In this case the magnet is made
of soft iron. The illustration, Fig. 2,
shows a horseshoe electromagnet. Here
the magnetic attraction is supplied by
application of an external electric
force to the windings WW, and the
magnet being of soft iron, loses its
magnetic attraction almost immediate-
ly upon withdrawal of the electric
current, magnetizing force. (See Tele-
phone Receiver, also FElectromagnet.)

HOT-WIRE AMMETER—An ammeter,

or instrument for measuring electric
current amperes, which depends for
its action on the expansion of a fine
wire under the influences of the heat
produced in’it, by the passage of the
electric current to be measured. In
the illustration the current to be
measured is passed through the fine
resistance wire A-B. P is a pointer
moving over a graduated scale, and
attached at its other end to a coiled
spring S, which in turn is attached
to the wire A-B by the silk thread T.
The tendency of the spring is to move
the pointer to the right, but owing to
the pull of the thread in the normal
position of the wire A-B, the pointer
rests at zero at the left of the scale.
As current is passed through the wire
A-B, it heats and expands, thus per-
mitting more or less slack to occur in
the thread T and allowing the spring
S to move the pointer over the scale
toward the right, As soon as the cur-
rent is withdrawn, the wire cools and
contracts to its former size, thus again
restoring the tension to the thread and
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Hot Wire Instruments

returning the pointer to zero. Hot
Wire ammeters are used extensively
for measurement of currents at radio
frequency, that is, extremely high fre-
quency as in radio transmission, The

Bo

Illustration showing operation of a hot wire
ammeter.

average ammeter using a coil of fine
wire would not be adaptable to this
use, as the high voltage, high fre-
quency current would burn out the
coil. In addition to this. the length
of these windings would affect the
circuit and probably throw it out of
resonance (q.v.). (See Ammeter or
Ampere Meter, Frequency, Resonance,
also Instrument Shunts.)

HOT WIRE INSTRUMENTS—Current
measuring instruments which utilize
the tendency of a fine wire to sag or
expand under the heat caused by pas-
sage of an electric current through it.
Such instruments may be used for
direct or alternating current. (See
Hot Wire Ammeter.)

HOT WIRE OSCILLOGRAPH — See
Oscillograph.

HOT WIRE TELEPHONE—See Ther-
mal Telephone.

HOT WIRE WATTMETER—An in-

strument used to measure combined
volts and amperes, i. e, watts in a
circuit. It comprises essentially a
mirror, which is deflected according to
the difference in expansion of two fine
wires. (See Hot Wire Instruments,
also Wattmeter.)

HOUR METER, AMPERE—An instru-
ment used extensively in connection
with storage batteries, to measure the
input or output in amperes per hour.
(Ammeter or Ampere Meter.)

HOUSE MAINS—A term much used in
connection with storage battery
charger and battery elimination de-
vices. The term implies the main cir-
cuit of any standard house lighting
system, either direct or alternating
current. Thus in the case of a rec-
tifier for charging storage batteries
from alternating current, a lead is
provided for connecting to the house
mains, offering a means for introduc-
ing the required current into the de-
vice. (See Current Direct, also Alter-
nating Current and Chargers, Storage
Battery.)

HOWLING—The general term used to
imply any undesired sounds prqduch
in or by a radio receiver. Howling is
usually caused by feed-back effects
(q.v.). The most common example of
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howling is in the case of a regenera-
tive receiver. Here the detector tube
may have a tendency to generate its
own oscillations As long as these os-
cillations are equal in frequency to
any incoming signals there will be no
howling, but should these local oscil-
lations differ in frequency from the
incoming series of signals, the result
will be a howl resulting from the beats
(q.v.) established owing to the differ-
ence between the two sets of oscilla-
tions. This is essentially the principle
of heterodyne or “beat” reception, but
in the case of a heterodyne, the effect
is utilized, whereas in the case of a
regenerative receiver it is undesirable.
Interaction between various parts or
different parts of a circuit may often
lead to howling. (See Feed-Back, also
Regeneration, Reflex, Beats and Re-
Radiation.)

H. P.—Abbreviation sometimes used in

radio for high potential or high pres-
sure. In mechanics it is the standard
abbreviation for horse power.

HOZIER-BROWN DETECTOR—A form

of electrolytic detector, which, how-
ever, does not use a liquid electrolyte.
It consists of a small pellet of lead
oxide held more or less rigidly between
two electrodes, one platinum and the
other lead. (See Detector, also Elec-
trolytic Detector.)

HYDROGEN—A gaseous chemical ele-

ment. The symbol is H and its specific
gravity is taken as 1, that of air being
14.4. It is colorless, tasteless and odor-
less and is the lightest known body.
Hydrogen is a constituent of water,
which is composed of one atom of oxy-
gen and two atoms of hydrogen accord-
ing to the chemical formula for water,
H.0. Hydrogen is used in radio trans-
mission in connection with arc genera-
tors. (q.v.) (See Poulsen Arc.)

HYDROMETER—An instrument used to

measure the specific gravity (q.v.) of
a liguid. In radio it has an extensive
use In connection with storage batter-

Hydrometer used to test the specific gravity
of liquids.

ies. Various types of hydrometers are
used to indicate the specific gravity of
the electrolyte of a storage battery and
hence in a manner, to indicate the state
of charge of the battery. The illustra-
tion shows the standard form of hy-
drometer using a weighted float. In
the illustration the float is shown in-
side the barrel of the instrument. In
operation the bulb B is compressed and
the tube T inserted in the open vent
of a storage battery. When pressure

on the bulb is released some of the
electrolyte is drawn up inside the bar-
rel and the float rises more or less
within the barrel in proportion to the
specific gravity or density of the elec-
trolyte. With the hydrometer held in
the manner shown, that is, upright,
the numbers just at the level of the
liquid in the barrel indicate the speci-
fic gravity. Thus, if the reading is
1250° or higher the battery is consid-
ered in fairly good operating condition
—full charge being 1280° to 1300°. If
the reading is below 1200° it indicates
the need of charging, these levels not
being arbitrary, a discharged condition
being indicated by a reading of 1150°
or lower. The use of a hydrometer is
generally advisable and the reading
accurate under ordinary conditions. If,
however, water has just been placed
in the battery, the reading may not be
accurate for several hours due to the
fa_ct that the water and acid may not
mix immediately. (See Storage Bat-
tery Tests, also Electrolyte.)

HYGROSCOPIC EFFECT — The effect

in any substance which permit it to
absorb moisture. In the case of forms
or tubes for radio coils and inductances
this feature is particularly undesirable,
as obviously, moisture lowers the die-
lectric_value of the form and may
cause it to warp. (See Bakelite, also
Tubing.)

HYSTERESIS—The tendency of mag-

netization to lag behind the mag-
netizing force as, for instance, in
an iron core in a transformer (q.v.).
When the core of such a trans-
former is undergoing rapid reversals
of magnetism, there is often an ex-
penditure of energy which is not use-
ful and which is converted into heat,
thus representing a loss in power. This
effect is more noticeable with certain
qualities of iron. In other words, when
rapid reversals of magnetism take
place in a poor quality of iron core it
may display a certain sluggishness.
This is actually the lagging of the
magnetic flux behind the magnetizing
force producing it. This loss of energy
is assumed due to the work required to
alter the position of the molecules of
the iron composing the core and the
less energy expended in this manner
the less the hysteretic losses. In de-
signing transformers or armature
cores, hysteresis must be taken into
consideration and the iron must be of
high quality to hold these losses at a
minimum. (See Eddy Currents, also
Core, Transformer.)

HYSTERESIS COEFFICIENT — The

amount of energy wasted or lost in the
process of magnetizing and de-magneti-
zing a unit volume of magnetic mate-
rial is referred to as the hysteresis co-
efficient of that material. (See Hys-
teresis, also Coefficient.)

HYSTERESIS LOOP—Graphic illustra-

tion of losses due to hysteresis in any
sample of core material. Loops are
plotted in graphic curves of cycles of

magnetization. (See Curve, also Hys-
teresis.)
HYSTERESIS LOSSES — The energy

wasted or lost through hysteresis. (See
Hysteresis.)

HYSTERETIC LAG —The lagging of

magnetization due to the effect of hys-
teresis. (See Hysteresis, also Magnet-
ization.)




[.LE.C.—The abbreviation for Interna-

IMPACT OR SHOCK EXCITATION—

[—The abbreviation adopted by the In-
ternational Electrotechnical Commis-
sion (q.v.) and American Institute of
Electrical Engineers, to denote current
in amperes. The small or lower case
(i) may also be used where the capital
letter is not advisable. (See Current.)
ARMATURE—An armature used in
generating machines, having a core
resembling the letter I in shape. (See
Armature, also Core.)

[.C.W.—The customary abbreviation for
“interrupted continuous waves.” This
is a system of radio transmission
wherein the waves are modulated at a
constant low frequency. (See Inter-
1'upt¢;d Continuous Waves, also Modula-
tion.

IDLE CURRENT—A name often applied
to the component of an alternating cur-
rent which contributes nothing to the
power. This is also known as the watt-
less component (q.v.) or the wattless
current (q.v.). It represents the com-
ponent which, being in quadrature with
the electromotive force in the circuit,
thus has no active value—adds nothing
to the total power. (See Current, also
Electromotive Force and Alternating
Current.)

tional Electrotechnical Commission, the
body which suggested the international
electrical and magnetic abbreviations
and symbols. (See Symbols, also
Units.)

The method of producing free oscilla-
tions (q.v.) in a circuit by means of an
exciting current of short duration com-
pared to that of the resultant oscilla-
tions. The term is a general one and
broadly covers the various methods of
generating oscillations in which an

oscillatory circuit is thrown into elec-
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mary or exciting circuit to the oscil-
latory circuit takes place during one
pulse or vibration of the exciting cur-

rent. (See I'mpact or Shock Excitation,
also Transmitter.)

IMPEDANCE—The total resistance to

the flow of alternating current in a
circuit. Impedance combines the ohmic
resistance and the apparent resistance
due to self-induction. When a direct
electromotive force is impressed on a
circuit, the current flowing in that cir-

.cuit depends directly on the ohmic

resistance of the circuit. The fo;-
mula is according to Ohm’s law I _—._E"

I representing the current in amperes,
R the resistance in ohms and E the
electromotive force in volts. Now if
this direct electromotive force is re-
placed by an alternating EMF (elec-
tromotive force) and the ohmic resist-
ance remains the same, the total
resistance of the circuit to the alternat-
ing EMF w1 nevertheless be greater
than in the case of direct current. Now
the ohmic resistance is still the same
but we have added to it the apparent
resistance due to the self-induction of
the circuit. In other words the induct-
ance of the circuit has a marked effect
on the current flowing in the circuit.
What actually occurs is that the self-
induction sets up a counter-eleciro-
motive force (q.v.) which continues to
act against the impressed EMF as long
as the flow of current persists. The
result is a reduction in the current
flowing in the circuit, the EMF having
been, in effect, reduced, and hence

according to the law above, I =—'
the current is less. This added resist-

ance, due to self-induction, is referred
to as reactance and the flow of current
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actually wastes or dissipates a certain
amount of energy. In the alternating
current circuit, the ohmic re