CHAPTER SEVEN

DATA

Kilocycle - Wavelength Conversion Table — Frequency
Allocation Table— Underwriters Rules—Safety Rules—
Definitions— Abbreviations—Morse Code—Formulas—
Capacity and Inductance Calculations— Tube Charaecter-
istics.

CONVERSION TABLE

Meters to Kilocycles, or Kilocycles to Meters

The trend of the best modern practice is to use fre-
quency in kilocycles instead of wave-length. The fol-
lowing conversion table will be of use to this end. It is
reversible; that is, for example, 50 kilocycles is 5096
meters and also 50 meters is 5996 kilocycles. The
range of the table is easily extended by shifting the
decimal point; for example, one cannot find 223 in the
first column, but its equivalent is obtained by finding
later in the table that 2330 kilocyeles or meters is
equivalent to 134.4 meters or kiloeyecles, from which
223 kilocycles or meters is equivalent to 1344 meters
or kilocycles. To get kilocycles, divide 29982 by meters
and vice-versa.
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238, 77.67
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2324 76.88
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193.4 2990... 100.3 | 4420... 67.83

192.2 3000... 09.04 | 44400.. 67.53

191.0 3020... 99.28 | 4460... 67.22

189.8 3040... 98.62 | 4480... 66.01

188.6 3080... 97.98 | 4500... 66.63

7. 3080... 97.34 | 4520... 66.383

3100... 96.72 | 4540... 66.04

3120... 96.10 | 4660... 65.75

3140... 95.48 | 4580... 65.48

3160... 94.88 | 4600... 65.18

3180... 94.28 | 4620... 64.00

3200... 93.60 | 4640... 64.62

3220... 93.11 | 4660... .34

3240... 92.54 | 4680... 64.08

3260... 91.97 | 4700... 63.79
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3300... ©90.86 | 4740... 63.25
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3340... 89.77 | 4780... 62.72
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3420... 87.67 | 4860... 61.69

3440... 87.16 | 4880... 61.44

3460... 86.65 | 4900... 61.19

3480... 86.16 | 40207 . 6094

3500... 85.86 | 4940... 60.69

3520... 85.18 | 4960... 60.45

3540... 84.70 | 4980... 60.20

3560... 84.22 | 5000, 59.96

3580... 83.75 | 5050, 59.37

3600... 83.28| 5100... 58.79

3620... 8282 | 5150... 53.22

3640... 8287 | 5200... 57.66

3660... 81.92 | 5250... 57.11

3680... 81.47 | 5300... 38.75

3700... 81.03 | 5350... 56.04

3720...  80.60 00... 55.52

3740... 8017 | 5450... 55.01

3760... .79.74 | 5500... 54.51

3780... 79.32 | 8550... 54.02

3800... 78901 5 53.54
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44.42
44.09
43.77
43.45
43.14
42.83
42.53 9250
42.23 s
41.03 X 2
41.64 3 SETE S
41.35 35.91 | 9450... 31
41.07 35.60 | 9500... 31
40.79 35.48 | 9550... 31.
40.52 35.27 | 9600... 31.
40.24 35.07 X 31.
30.08 34.86 §
39.71 34.68
39.45 34.46
89.19 34.27
38.94 34.07
38.69 33.88
38.44 33.69
FREQUENCY ALLOCATION TABLE
in Class of uency in Class of
ocycles Bervice Kilooycles Bervice
2,000 Amateur 120- 1980 Marine, Aircraft,
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16,000 410
64,000 425
01,000 , 454
2,000-2,300
Radio Beacons
and Compass 2,850~ 3,500 [Public Toll Service
4,000~ 4,525 Press, Public
550-1,500 Broadcasting 5,000~ 5,500 tilities
5,700~ 7,000 Point to Point
2,750~ 2,850 Broadeast 8,000~ 9,050
4,525~ 5,000 Relay 10,000-11,000
5,500~ 5,700 11,400-14,000
9,050-10,000 16,000-18, 100
11,000-11,400
500-550 Distress and Life
Saving
L A
y 6, periment
,000-400,
gl P ity ey
s NA
155 Point to?;int
175 S
180
245
275
315
445
2,300~ 2,750
2,850~ 4,525
7,000~ 9,050
11,400-14,000
16,000-18,100
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Underwriters’ Regulations for Receiving Apparatus

inclusive, d t th is
(ed eot‘ ve 0 not apply when antenna

AN‘I'ENNA-

Antenna and counterpoise outside of buildings shall
be kept well away from all electric light or power wires of any
circuit of more than 600 volts, and from railway, trolley or
feeder wires, so as to avoid the bility of contact between
the antenna or counterpoise and such under accidental
condmona.

Antenna and counterpoise where placed in proximity
to electric l!ght or power wires of less than 600 volt.s. or sig-
nal wires, shall be constructed and i edln;nrongsnd
durable manner, nd shall be located and provided with suit-
able clearances, as t,o prevent accidental contact with such

y sagging or
& Spucea and joints n the antenna sp&n shall be soldered
unless made with approved upudng dev
d. Light and power circuits, i u.sed “for receiving an-
need not conform to any of the above requirements,
bub &he devices used to connect the light and power conduc-
to radio receiving sets must be of an approved type.

LBAD-IN-CONDIJCTORS.
Lead-in-conductors shall of copper. d1:>pmvacl
-clad steel or other metal whlch will not corros

slv . and in no case shall they be smaller than No. 14

& 8. gauge excege that bronze or copper-clad steel not less
than No. 17 B 8. gauge may be used.

f. Lead-in-conductor on the outside of buildings shall
not come nearer than four (4) inches to electric light and
]ﬂ)ower wires unless separated therefrom by a continuous and

fixed non-conductor that will maintain permanent
sepamtion The non-conductor shall be in addition to any
insulating covering on the wire.

g Lead-in-conductors shall enter the building through
a non-combustible, non-absorptive insulating bushing slanting
upward toward the inside.

PROTECTIVE DEVICE:

h. Each lead-in-conductor shall be provided with an
approved protective device (lightning arrester) which will
operate at a voltage of five hundred (500) volts or less, prop-
erl{ connected and located either inside the building at some

nt between the entrance and the set which is convenient
to a ground (see section k), or outside the building as near
as practicable to the point of entrance. The protector shall
not be placed in the immediate vicinity of easily ignitable
stuff, or where exposed to inflammable gases or dust or
flyings of combustible materials.

he use of an antenna grounding switch is desirable, but
does not obviate the necessity for the approved protective
device required under this section. The antenna grounding
switch if installed shall, in its closed position, form a shunt
around the protective device

knife switch not less than 30 amp., 250 volts, is recom-
1xgended to be located between lead-in-conductor and receiv-

g set.

{; Fuses are not required, but if used shall not be placed
in the circuit from the antenna through the protective device
to ground.

PROTECTIVE GROUNDING CONDUCTOR:

k. The protective grounding conductor may be bare and
shall be of copper, bronze or approved copper-clad steel.
The grounding conductor shall not be smaller than the lead-
in-conductor, and in no case shall be smaller than No. 14
B. & S. gauge if of copper, nor smaller than No. 17 B. & S.
gauge if of bronze or copper-clad steel. The groundmg con-
ductor shall be run in as straight a line as possible from the

J !1

!
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protective device to a good, permanent ground. PFPreference
shall be given to water piping. Other permissible grounds
are %roumled steel frames of buildings or other grounded
metal work in the building, and artificial grounds such as
driven pipes, rods, plates, cones, etc, Gas piping shall not
be used for the ground.

I. The grounding conductor shall be protected where
exposed to mechanical injury. An apJ)roved ground clamp
shall be used where the grounding conductor is connected to
pipes or piping.

RECEIVING EQUIPMENT GROUNDING CONDUCTOR:

m. The grounding conductor may be run either inside
or outside of the building. The {)rotectlve grounding conduc-
tor and ground installed as specified in Sections k and | may
be used as the operating ground. In this case the operating
grounding conductor should preferably be connected to the
ground terminal of the protective device.

If desired, a separate operating grounding connection and
ground may be used, the grounding conductor being bare or
with an insulating covering.

WIRES INSIDE BUILDINGS:

n. Wires inside buildings shall be securely fastened in a
workmanlike manner and shall not come nearer than two (2)
inches to any electric light or power wire not in conduit,
unless separated therefrom by some continunous and firmly
fixed non-conductor such as poreelain tubes or approved flex-
ible tubing, making a permanent separation. his non-con-
ductor shall be in addition to any regular insulating covering
on the wire.

Storage battery leads shall consist of conductors having
approved rubber insulation, It is recommended that the
circuit from the storage battery be properly protected by
fuses located as near as possible to the battery.

INSTALLATION HINTS
Required Protection for Receiving Sets

i Y
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DEFINITIONS OF RADIO TERMS

Absorption Modulation: The process of varying the
amplitude of a radio-frequency alternating current in
accordance with any desired wave form by systemati-
cally absorbing energy from the alternating current
circuit in an element of a circuit which serves as an
appropriately variable resistance. For example: Using
the plate circuit of a three-electrode tube as a variable
resistance and varying such resistance by means of
suitable voltages impressed on the grid; or, by coupling
such a variable resistance to the antenna circuit of a
radio transmitting set.

Admittance: The inverse of inductive reactance,
. e., 1+(6.28X frequency Xinductance).

Air Cond : A cond having air as jts dielec-
tric, together with a minimum of solid dielectric used
as mechanical support.

Alternating Current: Current which periodically
reverses its direction of flow in a circuit.

Alternating Current Characteristic: The relation
given by the curve obtained when the impressed emf.
is plotted as abscissas against the resultant current as
ordinates for alternating emf. and current.

Alternation: One-half a complete cycle; that part of
a cycle during which the current flow is in one direc-
tion. See cycle.

Ampere: The unit of current. One ampere flows in
a d.-c. circuit whose resistance is one ohm, when an
electromotive force of one volt is present in the circuit.

Ampere-hour: The product of the current in a cir-
cuit and the number of hours it flows. A unit of work
or electrical energy.

Amplification Factor: The ratio of the change of
instantaneous voltage between fllament and plate to a
small change of instantaneous voltage between filament
and grid for a given constant plate current.

Amplifier: 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.

Amplitude: The maximum ordinate of an alternating
current or voltage characteristic; the maximum value
the current or voltage attains during a cycle.

Antenna: A device for radiating or absorbing radio
waves.

Antenna, Coil: See Coil Antenna.

Antenna Resistance: An effective resistance which
is' numerically equal to the ratio of the average power
dissipated in the entire antenna circuit to the square

m—
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of the effective current at the point of maximum
current.

Note.—Antenna Resistance includes: Radiation Re-
sistance; Ground Resistance; Radio-frequency resis-
tance of conductors in antenna circuit and equivalent
resistance of conductors in the antenna circuit; equiva-
lent resistance due to corona, eddy currents, insulator
leakage, dielectric loss, and so on. (See Effective Height
of Antenna.)

Anti-Resonance: See Parallel Resonance.

Aperiodic Circuit: An electrie circuit in which a volt-
age impulse will produce transient current in one direc-
tion only. The word aperiodic means ‘‘without period.'’
Free oscillations are not possible in an aperiodic circuit.

Arc Transmission: The transmission of radio mes-
sages by continuous waves produced by an electric arc.

Atmospherics: See Strays.

Atmosphere Absorption: Diminishing of the ampli-
tude of electromagnetic¢ radiation due to absorption of
energy by the atmosphere.

Attenuation: (Radio)—The decrease, with distance
from the radiation source, of the amplitude of the elec-
tric and magnetic components constituting an electro-
magnetic wave.

Audibility: (Radio Telegraph)—A measure of the
ratio of the telephone current producing a signal in a
telephone receiver to that producing a barely audible
signal. (A bharely audible signal is one which permits
the differentiation of the dot and dash elements of the
letters.)

Audio Frequencies: The frequencies corresponding
to normally audible sound waves. These lie below
about 10,000 cycles per second.

Autodyne Reception: See Self-Heterodyne Reception.

Band of Wave Lengths: A continuous range of wave
lengths extending between two definite wave lengths.

Beat Frequency: When two currents of slightly dif-
ferent frequencies flow simultaneously in a cireuit, the
beat frequency is the difference between the two sepa-
rate frequencies.

Buzzer Modulation: The process of varying the out-
put power of a continuous-wave generator at the tonal
frequency of a buzzer, either by: (a) using the buzzer
as a chopper or audio-frequency interrupter in the out-
put circuit of the generator, or a circuit suitably coupled
thereto, or (b) using the buzzer element in a circuit of
the continuous-wave generator which permits the ready
control of the output power of the generator (e. g., the
grid circuit of a three-electrode tube oscillator).

By-Pass Cond : A cond used to provide a
path for alternating current around some circuit ele-
ment through which current of high frequency cannot
readily pass.
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Capacttive Coupling: The association of one circuit
with another by means of capacity common or mutual
to both.

Capacitive Reactance: That part of the impedance
which is due to the presence of capacity in the circuit
and which is equal to — 1 +(6.28 X frequency X capacity).

Capacity: The ratio of the quantity of electric
charge in a condenser to the voltage across its terminals.

Cat-whisker: The fine wire making contact with a
crystal detector.

Choke Coil: A coil possessing great inductive react-
ance; used for preventing the flow of high frequency
currents into or out of oscillating circuits.

Chopper: A device used in transmitting circuits for
modulating continuous wave signals; also known as a
“tikker."”

Coil Antenna: An antenna consisting of one or more
complete turns of wire.

Condenser: A device having capacity, consisting of
insulating material (which may be air) between two
conducting plates or sets of plates.

Condenser Antenna: An antenna consisting of twu
capacity areas. The lower capacity area may be ground
or counterpoise.

Conductance: The inverse of resistance, 7. e, 1+
resistance.

Continuous Waves: Continuous waves (C W) are a
succession of waves of constant amplitude and fre-
quency.

Continuous Waves, Interrupted (I C W): See Inter-
rupted Waves.

Continuous Waves, Key Modulated: Continuous
waves of which the amplitude or frequency is varied
by the operation of a transmitting key.

Continuous Waves, Modulated at Audio Frequency:
Continuous waves of which the amplitude or frequency
is varied in a periodic manner at an audible frequency.

Counterpoise: A system of wires or other conductors
(not the ground) forming the lower plate of a condenser
antenna.

Coupler: An apparatus which is used to transfer
radio-frequency power from one eircuit to another by
associating together portions of these circuits. Coup-
lers are of the same types as the types of coupling—
inductive, capacitive, and resistive.

Coupling Coefficient: The ratio of the mutual or
common impedance component of two circuits to the
square root of the product of the total impedance com-
ponents of the same kind in the two circuits. (Imped-
ance components are either resistance, capacity, or
reactance.)

Coupling, Capacitive: See Capacitive Coupling.

Current: The rate of flow of electricity in a circuit.

C. W.: Abbreviation for “continuous wave.”

)

) 1.
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Cycle: A complete succession of events, durl'ng which
the voltage or current in a circuit passes through all
possible values. A complete set of positive and negative
values of an alternating current.

Damped Alternating Current: A current passing
through successive cycles of value with progressively
diminishing amplitude, the average value being zero.

Decrement: The diminishing of the amplitude of
successive free oscillations in an oscillatory circuit.

Decremeter: An instrument for measuring the loga-
rithmic decrement of a circuit or of a train of log-
arithmically damped radio waves.

Detector: That portion of the receiving apparatus
which, eonnected to a circuit carrying currents of radio
frequency, and in conjunction with a self-contained or
separate indicator, translates the radio-frequency power
into a form suitable for operation of the indicator. This
translation may be effected either by the conversion of
the radio frequency power or by means of the control
of local power. The indicator may ke a telephone
receiver, relaying device, tape recorder, and so on.

Dielectric: That portion of a condenser between the
plates; it may be air or any non-conducting material.

Diode: A two element vacuum tube, often used as a
detector or rectifier; similar to the ““Fleming Valve."”

Direct Coupling: Association of two radio circuits by
having an inductor, a condenser, or a resistor, common
to both circuits.

Direct Current: Current which flows always in the
same direction in a eircuit; unidirectional.

Direct-Current Characteristic: The relation given by
the curve plotted between the impressed electromotive
force as abscissas and the resultant current as ordi-
nates, for direct emf. and current.

Direction Finder: A radio receiving system which
permits determination of the direction of the line of
travel of received radio waves.

Directive Antenna: One having the property of
radiating radio waves in larger proportion along some
directions than others.

Double Modulation: The process of modulating a
radio-frequency alternating current successively at two
lower frequencies. The intermediate frequency is
usually above the range of audio frequencies. The low-
est frequency is generally an audio frequeney or com-
bination of audio frequencies, as in radio telephony.

Down Lead: That portion of a transmitting or re-
ceiving antenna which serves to connect the larger por-
tion of an antenna or the main elevated conductor to
the transmitting or receiving set, or through tuning
inductors or condensers to the ground connection or
counterpoise system.
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anle§ Signaling: Theé simultaneous transmission
and reception of signals in both directions between two
stations.

Dynatron: A three-electrode tube which depends for
“its action upon the liberation of electrons from an anode
by electron bombardment.

Effective emf.: In a.-c. circuits, when the wave form
of the voltage is sinusoidal, = 0.707X maximum volt-
age occuring during the cycle.

Effective Height of an Antenna: The effective height
of an antenna is a height somewhat less than the meas-
ured height, upon which the absorbing and radiating
qualities of an antenna depend. This lessening of the
apparent height is due to the presence of surrounding
objects. -

Electrolyte: The active liquid in a battery or elec-
trolytic rectifier.

Electromotive Force (emf.): Electric pressure; that
force which tends to cause a current to flow. The unit
of electromotive force is the volt, often referred to as
the ‘‘difference of potential’’ between two points in the
circuit.

Electron: The smallest component of matter which
has been discovered. Regarded as the ultimate par-
ticle of matter, carrying a negative electric charge,

Electron Tube: See Three-Electrode Tube.

Electron Tube Rectifier: A device for rectifying an
alternating current by utilizing electron flow between
a hot cathode and a relatively cold anode in a vacuum.

Electrostatic Coupling: See Capacitive Coupling.

Ether: A fictitious agency existing in space by means
of which electromagnetic waves are propagated.

The existence of the ether has been assumed for the
purpose of aiding in the explanation of radiation
phenomena.

Fading: A variation or diminution of the strength
of received radio signals over prolonged, temporary
or varying periods, caused by actual variation of wave
intensity.

Farad: The unit of capacity. A condenser which
holds one coulomb of electricity having a difference of
potential of one volt between its terminals has a capac-
ity of one farad. The microfarad, which is one-mil-
lionth of the farad is the unit generally used in radio
calculations.

Feed-Back Coil: A coil designed to cause mutual
action between the input and output circuits of an
amplifying device, thereby increasing the amplification.

Feed-Back or Reaction Coupling (sometimes termed
“Tickler'' Coupling): The process by which a part of
the output power of an amplifying device reacts upon
the input circuit, thereby increasing the amplification.

ey
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Feed-Voltage Modulation: The peocess of varying
the amplitude of a radio-frequency alternating current
in accordance with any desired wave form by system-
atically intoducing additional power into the circuit of
the radio-frequency generator in accordance with the
desired wave-form variations. In the three-electrode
tube this involves systematically varying the supply
voltage of the plate circuit.

Filter Band Pass: A combination of electric circuits
which present low attenuation to alternating currents
of all frequencies between certain limiting border fre-
quencies and comparatively high attenuation to alter-
nating currents of all frequencies below the low limiting
border frequency or above the upper limiting border
frequency.

Filter High Pass: A combination of electric circuits
which present high attenuation to alternating currents
below a certain frequency and comparatively low at-
tenuation to currents above that frequency.

Filter Low Pass: A combination of electric circuits
which present high attenuation to alternating currents
above a certain frequency and comparatively low at-
tenuation to currents below that frequency.

Flat-Top Antenna: An antenna having horizontal
conductors at the top.

Forced Alternating Current: A current having a fre-
quency and wave form which are equal to the frequency
and wave form of the impressed electromotive force.

Free Alternating Current: A damped alternating
current following a transient electromagnetic disturb-
ance in a circuit, with no external emf. acting.

Frequency: The number of complete cycles or half
the number of reversals per second of direction of cur-
reant flow of a wave, or in a circuit. The units in use
are the cycle and the kilocycle (one thousand cycles).

Frequency Changer: A device delivering alternating
current at a frequency which differs from the frequency
of the supply current.

Full-Wave Rectifier: A rectifier so arranged as to
rectify and render available all successive half cycles of
an alternating current.

Fundamental of an Antenna: The lowest frequency of
free alternating current in an unloaded antenna. (No
series inductance or capacity.)

Fundamental Wave Length: The wave length cor-
responding to the lowest frequency of free alternating
current which may exist in any circuit in which oscilla-
tions are possible.

Grid Leak Resistor: (Usually called a grid-leak.)
A resistor connected between the filament and the grid
of a three-electrode tube used in association with a con-
denser to give the voltage between grid and fillament a
certain average negative value.
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Grourtd Wire: A conductive connection to the earth.

Group Frequency: The number of trains of damped
waves or current per second.

Note.—The term ‘‘group frequency'' replaces the
term ‘‘spark frequency.''

Harmonics: Multiples of the fundamental frequency
which are often set up in a circuit; the introduction of
these Introduces elements into speech sounds which
cause distortion. Part of the electrical energy is lost
in setting up these harmonics. Harmonics which are
present in the original speech sounds however must
be preserved so that the guality is not altered.

Henry: The unit of inductance. One millionth of

a henry, called the microhenry, is commonly used in
radio calculations.
Heterodyne Reception: A method of radio recep-
tion for continuous waves, employing the principle of
reaction between locally generated oscillations-and in-
coming oscillations. See Beat Frequency.

Heterodyne, Self: See Self Heterodyne.

Hot Wire Ammeter, Expansion Type: An ammeter
dependent for its indications on the change in dimen-
sions of an element heated by a current through it.

Hydrometer: An instrument for measuring the
specific gravity of electrolytes in batteries.

Inductance: A property of conductors and circuits
by virtue of which opposing emf’s are induced in them or
in other nearby circuits, due to the magnetic fields set
up by the current cutting across these circuits.

Impact Transmitter: A radio transmitting set in
which the transfer of energy from the exciting to an
oscillating circuit is effected during one pulse of the
exciting circuit current.

Impedance: Ratio of voltage to current in an alternat-
ing-current circuit. Impedance is a factor determin-
ing the magnitude of current flow in a circuit. The
greater the impedance for a given voltage the smaller
the current. For series resistance and reactance
it is equal to 4/ (Resistance)® 4 (Reactance)?

Impulse Emf.: An emf. the maximum value of which
is large compared with its average value, the average
value being taken over a time equal to the time-constant
of the circuit in which the emf. is impressed.

Impulse Excitation: A method of producing free
oscillations in a circuit in which the duration of the im-
pressed voltage is short compared with the duration of
the current produced.

Inductive Coupling: The association of one circuit
with another by means of inductance common or mutual
to both. (This term when used without modifying
words is commonly used for coupling by means of
mutual inductance, whereas coupling by means of self-
inductance common to both circuits is called *‘direct
inductive coupling.')
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Inductive Reactance: That part of the impedance
which is due to the presence of inductance in the circuit,
and which is equal to 6.28 X frequency Xinductance.

Input Reactance of a Three-Electrode Tube: The
reactance of an electron tube to its input circuit, due
to its electrode ecapacities. (See reactance.) The
ratio of an alternating sine-wave input voltage to the
portion of the resulting input current which is an alter-
nating sine-wave current of the same frequency as the
input voltage and ninety degrees out of phase with it.

Inductance: That property of an electric circuit by
virtue of which a varying current induces an emf. in
that circuit or in a neighboring circuit. Radio of the
magnetic flux to the current producing it.

Inductor: A conductor having inductance, usually a
coil of wire.

Input Resistance of a Three-Electrode Tube: That
part of the resistance of the input circuit of an electron
tube which is due to the presence of the tube in the
circuit. The ratio of an alternating sine-wave input
voltage to that portion of the resulting input current
which is an alternating sine-wave current of the same
frequency as the input voltage and in phase with it.

Interrupted Continuous Waves: Interrupted contin-
uous waves (I C W) are waves obtained by the modu-
lation at audio frequency, during signaling, of an
otherwise continuous wave.

Inverted L. Antenna: A flat-top antenna in which
the down lead is taken from one end of the horizontal
portion.

Key: A device for closing and opening transmitting
circuits in the act of transmitting signals.

Kenotron: A two-element electron tube highly
evacuated, generally used for rectifying alternating
currents.

Lead-In: See Down Lead.

Lightning Arrester: An instrument placed in an-
tenna circuits to furnish an easy path to ground for
lightning or other extremely high voltage discharges.

Loading Coil: An inductor used to decrease the
resonance frequency of an antenna or other circuit.

Logarithmic Decrement: The Napierian logarithm
of the ratio of two successive current amplitudes in the
same direction, for an exponentially damped alternat-
ing current. The logarithmic decrement can also be
considered as a constant of a simple radio circuit, being
# times the product of the resistance by the square root
of the ratio of the capacity to the inductance of the
circuit.

Loop Antenna: See Coil Antenna., Commonly used
for a coil antenna of a single turn.

Loud Speaker: A device with or without special am-
plifying circuits, by means of which received sounds are
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made audible without the use of telephone receivers
held to the ears.

Megohm: One million ohms. The unit of high
resistance.

Meter: A unit of length, 39.37 inches.

Meter-Amperes: The product of the antenna cur-
rent in amperes at the point of maximum current and
the antenna height in meters for any radio transmitting
station. It constitutes a factor for indicating the
radiating strength of radio transmitting stations..

Microampere: One millionth of an ampere.

Microfarad: One millionth of a farad, a unit of
capacity.

Microhm: One-millionth of an ohm.

Micromicrofarad: One-millionth of a microfarad, a
convenient unit of capacity.

Microhenry: One-miilionth of a henry.

Milliampere: One-thousandth of an ampere; a con-
venient unit in measuring small currents.

Modulation: Variation of amplitude of a radio-
frequency current.

Modulation, Double: See Double Modulation.

Modulation Frequency Ratio: The ratio of modula-
tion frequency to wave frequency.

Multiple-Tuned Antenna: An antenna with connec-
tions to ground through inductances at more than one
point, the inductances being so determined that their
reactances in parallel present a total reactance eqgual
to that necessary to give the antenna the desired natural
frequency.

Mutual Inductance: The inductive effect due to the
proximity of two separate electrical circuits.

Ohm: The unit of resistance. The resistance of a
d.-c. circuit when a current of one ampere flows under
a difference of potential of one volt is one ohm.

Open Antenna: (See Condenser Antenna).

Oscillations: (In Radio Work). See Damped Alter-
nating Current.

Output Resistance of Three-Electrode Tube: That
part of the impedance of the output circuit of the tube
which is due to the presence of the tube in the circuit.

Parallel Resonance: When a single lumped capacity
and a single lumped inductance are connected in parallel
between terminals to which an alternating emf. is ap-
plied, and the inductance or capacity or frequency is
varied, the condition of parallel resonance exists when
the current supplied by the source is a minimum.

Every part of every actual circuit possesses a certain
amount of distributed capacity and inductance, and in
practice complex arrangements of a considerable num-
ber of inductances and capacities are often used. For
this reason the assumption as to a single lumped
capacity and a single lumped inductance made in the
above two definitions are not strictly realized in prac-

bbb
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tice, and the resonance conditions attained afe a com-
bination of series resonance and parallel resonance.
This is particularly true in circuits of radio frequency
in which the reactances due to leads and other parts of
the circuit may be appreciable factors. (See Series
Resonance).

Period: The time of a complete cycle of alternating
current or voltage; equal to 2 alternations.

Phase Difference: A quantity proportional to the
power loss in a condenser or insulating material.
Phase difference in degrees =0.57 X power factor in per
cent.

Plate Condenser Antenna: A condenser antenna in
which the capacity areas consist of wires or metal
plates, both elevated well away from the ground.

Plate Current: The current passing between the
plate and the heated cathode in a three-electrode tube.

Pliotron: A kenotron with an additional electrode
called the grid, for controlling the output current.

Potentiometer: Known also as a ‘‘voltage divider."
A resistance used for obtaining adjustable voltages by
utilizing the voltage drop in the resistance.

Power Factor: In a.-c. circuits, the ratio of the power
in watts to the volt-amperes, often expressed in per
cent.

Pulsating Current: A periodic current (that is, cur-
rent passing through the successive equal cycles of
values), the average value of which is not zero. A pul-
sating current is the sum of an alternating and a direct
current.

Radiation Efficiency: The radiation efficiency of an
antenna at a given wave length is the ratio of power
radiated to the total power delivered to the antenna.

Radiation Resistance: The ratio of the total power
radiated by an antenna to the square of the effective
current at the point of maximum current.

Radio Channels: A band of wave lengths or fre-
quencies of a width sufficient to permit of its use for
radio communication without the radiation of subsid-
iary waves of more than a certain intensity at wave
lengths of frequencies outside of such band.

Radio Frequencies: (See Also Audio Frequencies.)
The frequencies higher than those corresponding to
normally audible sound waves.

Note.—It is not implied that radiation cannot be
secured at lower frequencies, nor that radio frequencies
are necessarily above the limit of audibility.

Radiogoniometer: See Direction Finder.

Reactance: That part of the impedance of a circuit
due to the inductance and capacity in it. (See Im-
pedance. Inductive reactance = 0.00628 X fregquency X
inductance. Capacitive reactance= —159.3+ (fre-
quency X capacity). Frequency in kilocycles.
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Rectification: Changing an alternating current into
direct or pulsating current.

Rectifier: A device for rectifying alternating currents.

Regenerative Coupling: (See Feed-Back Coupling.)
A receiving system designed to increase amplification
in a three-electrode tube.

Resistance: The opposition offered to the flow of
current in a circuit which manifests itself in the evolu-
tion of heat in the conductors.

Resistor: A device having resistance, used to intro-
duce resistance into a circuit.

Resistive Coupling: The association of one circuit
with another by means of resistance common to both.

Resonance: That condition of an a-c. circuit under
which maximum current flows for a given voltage. In
a series circuit there is resonance when the inductive
reactance is equal to the capacitive reactance.

Rheostat: A resistor with a means for varying the
resistance, to control the flow of current in the circuit
in which the rheostat is connected.

Self-Inductance: A property of wires and coils, due
to the magnetic lines of force created by the current in
the wire, cutting back on the wires and inducing an
opposing emf. in them.

SeH-Heterodyne: A system of reception of contin-
uous wave signals by the production of audio-frequency
beats through the use of a device which is both a radio-
frequency generator and a detector of the audio-fre-
quency beat currents produced.

Series Resonance: When a single lumped capacity
and a single lumped inductance are connected in series
between terminals to which an alternating emf. is ap-
plied, and the inductance or capacity or frequency is
varied, the condition of series resonance (maximum
current) exists when the inductive reactance equals the
capacitive reactance. (See parallel resonance.)

Signal Stray Ratio: See Strays.

Static: Static is conduction or charging current in
the antenna system resulting from physical contact
between the antenna and charged bodies (e. g., snow-
flakes) or masses of gas.

Stopping Condenser: A condenser used to provide
direct-current insulation, but which permits alternating
current to flow in a circuit.

Strays: HElectromagnetic fleld causing disturbances
in radio reception other than those produced by radio
transmitting systems or by alternating current induc-
tion from wire circuits. The term ‘‘strays’’ includes
atmospheric disturbances and disturbances caused by
electrical apparatus such as sparking commutators;
sparking contacts in fire alarm apparatus. Tirrell regu-
lators or elevator controllers; sudden current changes
through arc lamps; transient or sparking grounds on
power systems; electric ignition systems of internal

} 44—
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combustion engines, or sparking at third-rail or trolley
contactors. (A reduction of the effect of strays on radio
reception increases the signal-stray ratio.)

T-Antenna: A flat-top antenna in which the down
lead is taken from the center of the horizontal portion.

Three-Electrode Tube: A combination of a heated
cathode, a relatively cold anode, and a third electrode
for controlling the current flowing between the other
two electrodes, the whole contained within an enclosure
evacuated to a low pressure.

This device is variously known as an Audion, Audio-
tron, Aerotron, Electron Relay, Electron Tube, Pilo-
tron, Triode, Oscillion, Radiotron, etc.

Tickler: See Feed-Back Coil.

Transformer: A device consisting of one coil of wire
placed in proximity with another, for the purpose of
coupling two circuits together by virtue of the mutual
inductance between the two coils. Also used for raising
or lowering alternating voltages and currents. When
the voltage of a line is increased by a transformer the
current is correspondingly decreased and vice-versa.
The power remains the same except for losses in the
transformer. In this case one coil is wound directly
upon the other. The coil connected to the source of
power is called the primary and the other coil the sec-
ondary.

Undamped AMernating Current: A periodic current
(. e., current passing through successive equal cycles
of values) with constant amplitude whose average value
is zero.

Volt: See electromotive force.

Volt-Ampere: The product of the current and volt-
age in a circuit.

Watt: A unit of power !/74¢ 0of a horsepower;
/1000 Of a kilowatt. A d.-c. circuit carrying a current
of one ampere with an emf. of one volt can deliver one
watt of power.

Wave Antenna: A horizontal antenna the physical
length of which is approximately equal to the length of
signaling waves to be received, and which is so used as
to be strongly directional.

Wave-Length: The ratio of the velocity of propaga-
tion of electric waves to the frequency.

Wavemeter: An instrument for measuring frequency
and wave-length.

Waves Continuous Key Modulated: (See Contin-
uous Waves, Key Modulated).

Waves Continuous Modulated at Audio Frequency:
(See Continuous Waves at Audio Frequency).

Wave-Trap: A device used with a receiving set to
improve its selectivity. A commonly used type is a
parallel combination of a condenser and an inductor
connected in series ‘'with the antenna. (See parallel
resonance).
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5 LIST OF ABBREVIATIONS
TO BE USED IN RADIO COMMUNICATION

ACCORDING TO THE
INTERNATIONAL RADIOTELEGRAPHIC CONVENTION

Q Answer or Notice
What ship or coast station is this? | Thisis......
g%‘h What is yvaur distance?.. ........ My distance is
QRC  What is your true e 5
QRD  Where are you bound for
RF  Where are bound from?
§§g Wh-: line do you kamg tol.
‘What is your wave length?......
OQRJ Hawmufywonhhveyouhmd? ...... orda to send
QRK  How do you receive me?
QRL  Are bad
Rt Ly Permission to teat granted
RLL est. rnum ‘ermission _
8RM Are you being interfered vnlh! I am being interfered with
ORN  Arethe atmospherics n¢7 ..... Atmospherics are very strong
QRO Shallli mcre-n power?.. .. | Increase power
QRP 1 I decrease powuf Decrease power
QRQ  Shall I send faster?. . Send faster
QRS  Shall I'send slower?.. Send slower
QRT  Shall I stop nndmgf ....... top sending
QRU Have you lnythmx for me?. have nothing for you
QRY  Are you ready?. am ready. All right now
QRW  Are you busy?. lmbmy(or:l:mb\uy with...)
lease do not interfere
QRX  Shall I stand by? Stand by. Will call when required
QRY  When will be my i Your turn will be NOR %
QRZ Are my ngnah wuk? Your signals are weak
QSA trong’ Your signals are strong
SB my tone hd? e tone is
Q hmyup-rk bad‘l The spark is bad
Qsc Your spumg is bad
QSD W‘hnt is your ﬁme ............. My timeis. .....
QSF nsmission to be in alternate 'ﬁanammmn will be in alternate
order or in series?............ order. QSG will bem series of 5
messages. OSH will be in series
of 10 messages
QsJ Whu rate shall I collect for?... .. Collect. .. . .. .
QSK  Is the last radiogram canceled?. .. | The last rads m is canceled
OSL Did you get my receipt?......... Please acknowledge
OSM Vhat is your true course? My true courseis...... degrees
QSN Are you in communicati I am in communication with
land?. .. land
QSO  Are you i I am in communication with. . ...
any ship or station (or: wn.h )? ?hrough ......
Qsp Shall I inform. ..... that you are | Inform. ..... that I am calling
im
QsSQ s ing You are being called by. .....
QSR Will you forward the rad:ogram I will forward the radi
QST Have you received the general call? | General call to all stations
QSU  Please call me when you have fin-
ished (or: at....o'clock)....... Will call when I have finished
QSY  Is public oorrespondencu being | Public correspondence is being
hxndiea? e o S handled. Please do not interfere
QSW  ShallI mmapﬂrk (raquency? Incresse your upark l’requency
QSX  Shall I decrease spa
QSY Shall I send on a waw length ol Let us clumga m u:e wave length
. .meters?, (L TS meters
Qsz &gdlm afb word twice. I have
culty in receiving you
R e s oS iraten Repeat the last radiogram
8;% B“.i you na{lthxng to transmit? lybu%::melhmg u:i tmnm;xt
is my true bearing?....... our is ees from. .
QTF What is my position?. .......... citia e

Your position is........ latitude
............ longitude
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INTERNATIONAL MORSE CODE .

For the convenience of those who may desire to
master the reading of radio telegraph messages the
International Morse Code is here given. This is the
code used by all radio telegraph stations and is entirely
distinct from that used on the wire telegraph. The
latter is called the American Morse Code.

Ao wm

Bussos

Perid....

e se o0

Nteeen, OOl S oo iVeteroq e sagtddin e mm———e
Attestion eall 1o precede every trxasmisivn. . mm v = o =
Gemeral Logulry €4l cescvaecvahanensens WS ———

Javitatics to traarmit (go abead).

Warslag—high pOWer..cocusenans.
Qeeriiz (pluu Tepent ol

A dash is equal in length to three dots.

The space between parts of the same letter is equal
to one dot.

The space between two letters is equal in length to
three dots. *

The space between two words is equal in length to
five dots.
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TRANSMISSION FORMULAS
See Chapter 2, Page 10

Flat-top antenna to flat-top antenna

188 hr
I-='—- (h) I (T

Flat-top antenna to coil antenna

1184 hel-Ne
S e (PRF)

Coil antenna to flat-top antenna .
1 184 =

g (LN x.( e )

Coil antenna to coil antenna

7458 HN. )
soq (BLN:) L =%

Here, 1. is the current received, I. the current in the
transmitting antenna, both in amperes; h., h, are the
heights of the two antennas in meters; R. the resistance
of the receiving antenna; d the distance in meters; A the
wave length in meters. In using the formulas remember
that 1 meter = 3.281 feet, and 1 mile = 1609 meters, in
case measurements are taken in these units.

The table below gives values of the correction factor
when A is in meters and d is in miles.

}

ABSORPTION FACTORS

Values of Frequency (kilocyeles)
2.718%.%// \ |"3000 | 2000 | 1500 | 1000 | 750 | __600_1 300

Distance Wave-Length (Meters)
Km. Miles 100 150 | 200 | 300 400 500 1000
8.05 5 962| .970| .973| .978 982 .984 .988
16.1 10 026] .038| .048] .957 963 067 .976
32.2 20 ~858| .883| .897| .017 928 034 .042
64.4 40 .780] .806| .840 863 -8 .908
60 633| .688| .725| .769 803 815 .866
128.8 80 544 608 .640| .705 744 762 .828
161 100 467| .537| .583| .845 692 712 .887
322 200 210] .288| .340| .417 478 506 .618
4 048] .083] .116) .174 229 6 .384
966 600 011 .024 .039| .072 109 132, .787
1288 800 0023 .007| .013} .030 052 065 147

1600 1000 00051 .002] .0046] .013 025 033
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RADIO FORMULAS

frequency, in kilocycles.
wavelength, in meters.
capacity, in microfarads (uf.).
inductance, in microhenries (uh.).
resistance, in ohms.
reactance, in ohms,
impedance, in ohms.
electromotive force, in volts.
potential difference or voltage, in volts.
current, in amperes.
. power, in watts.
phase difference of condensers, in de-
grees.
¢, phase angle of alternating eurrent cir-
cuit.
Frequency of resonance in simple circuit.

159.3
+/LC
Relation between wave length and frequency
f= 300,000/\, A= 300,000/f
Capacity of parallel-plate air condenser (plates of
any shape).—N = number of plates; S = area of plate
in square inches; D = distance between plates in inches.
Q= [224.6/10°] [(N—1)S/D]
The numerical value of
10? is 1,000,000,000.
Maximum capacity of va-
riable condenser with semi-
cular plates.—N and D as
above; ry and r:= outside
and inside radii respective-
ly, of fixed plate, in inches.
353 (N—1) (r12—ra?)
= 0% D
Apparent Inductance, L., of a Coil having capacity.—

CL
L.= L(140.0000394f2CL), La=L (1 +3.550.()3(’)0)

afel gy

Ha

I
H < BN

&

£= x= 1884 v/LC

n = number of turns; d = diameter
of coil, in inches; 1 = overall length
= number of turns X distance be-
tween centers of adjacent wires.

Inductance of single-layer coil.— a
1

2
L= 0.01 kn":—

where k, for various values of
the ratio of diameter to length,
has the values given in table 1.

-
SONNMOOOO
-
W
N

=
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Freq y of R of Coil.—For a single-layer
coll as above with condenser of capacity O connected
to it (see Fig. 1).

¢ 1593.J1 G
= Tha YkG' A=188nd¥ T

Inductance of maulti-layer coil.—n = number of
turns; d = average diameter of coil, in inches; 1=
length, in inches; ¢ = depth of winding, in inches (see
Fig. 3); k= constant in table 1; A = constant given
below.

242 242
L= 0.01 En—ld—-x 0.0064 (0.693 + A)—"#

"-l -.' ﬁ Current in re-
S 3 ey ceiving antenna
—; 1 (ordinary open
type).—

: é g(llgg I.=current in
3 0' 175 sending antenna of
5 0'229 ordinary open
10 0. o70| tyPe; d = distance
P 20 0.310 between sending
| 30 0. 320| and receiving
d RS e stations, in miles;
R . = resistance of receiving anten-
na circuit; h. and h.= average
heights of sending and receiving
antennas above ground or coun-

terpoise, in feet.

h.h.fI, h,h.T.
Toginm 3,03 =t -3 = et
»= 3.63 3 X 10 0.0109 Rond

Current in receiving coil antenna.—For plane of coil
antenna parellel to line between sending and receiving
stations, and for k.= length of vertical side of coil an-
tenna, in feet; /= length of horizontal side of coil
antenna, in feet; N .= number of turns of coil antenna;
other symbols as in the two formulas just preceding.

h,.h..NAf1,
Tige=1"2: —_— 13
re= 2.32 R X 10

Correction factor for long distances, over about 50
miles.—Multiply any of the preceding four formulas by
2.718-0:00014d/v/t or 2.718-0'0764/v/)\

Correction factor for angle « between plane of coil
antenna and line between sending and receiving sta-

tions.—Multiply any of formulas for current in receiv-
ing antenna by cosine w.

rars

) )
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Voltage across antenna inductance.— “

V = 0.00628fLI = 1884 %

Power input in sending antenna.—R .= resistance of
sending antenna circuit.

P.= R.l.?

Inductance of ordinary open type antenna (un-
loaded).—L.= total inductance; Ls= inductance of
horizontal portion; Ly = inductance of vertical portion.

La= (La+ Lv)/3

Capacity of ordinary open type antenna (unloaded).—
O.= total capacity; Cu= capacity of horizontal por-
tion; Cy= capacity of vertical portion.

Ca= Cus+ Cy

Inductance of antenna loaded with inductance.—
L.= inductance of loading coils; other symbols as
above; L = total inductance of antenna circuit.

L= La+ Le

Capacity of antenna with series condenser.—C.=
capacity of series condenser; C = total capacity of an-
tenna circuit. Other symbols as above.

C= (CaCW)/(Ca+ Cu)

Natural (fundamental) frequency of unloaded an-
tenna.—

_ 159.3

V/L.Cu

Frequency of antenna with loading inductance.—L.
= inductance of loading coils.

s 159.3
Vst Le)Ca

Frequency of antenna with series condenser.—Ca=
capacity of series condenser.

f A= 1884+/L.Ca

f

» A= 1884+/(La+ Ls)Ca

159.3 \jL C.Cs
f= L—‘_’_‘c_c. and A= 1884\ "C.+ C.
*Ca+ Cs

Radiation resistance of antenna.—h = height of an-
tenna to center of capacity; h, in feet.
R = 16.3 h*f* X 10-'%, R = 147 (h2/A%)
Current in a series circuit.—

E
E 3
I= == 2 . 00628fL— 159.3
Z \/R Jrh o

Reactance of the capacity in a circuit.—

169.3 _ _ 0,000531 X

e e c
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Reactance of the inductance in a circuit.—

Xy = 0.00628fL = 1884(L/\)
Reactance of a series circuit.—X = X.+ X,
Impedance of a series circuit.—Z =+/R?+4 X?
Capacities in parallel.—C (total) = C;+ Ca+....

1 1 1

Capacities in series.—m = 6,+ & +
Inductances in series.—L(total) = Ly~ Le+....

- 1 e
Inductances in parallel.— T (total) '__IT;+ -I:+ o s
Resistances in series.—R (total) = R+ Ra+....

1 1 1
Resistances in parallel.— -R-(total) —R_1+ —ﬁ;+ = o

Ohm’s law.—When the current flowing in a series
circuit is not alternating or pulsating, or does not in
any way vary in magnitude or direction, it is said to be
direct current and the reactance X is equal to zero.
This is likewise the case when a circuit containing in-
ductance capacity and resistance is tuned or in reso-
nance with an impressed alternating emf. The above
formulas then reduce to Ohm's law, viz., I= E/R

Power loss in a circuit.—V = difference of potential
or voltage drop between any two points in a circuit
between which the power loss is to be determined.

P= RI?=V?/R

Direct current resistance of a copper conductor.—
Q = cross section of conductor, in square inches; 1 =
length of eonductor, in inches. (10-°= 0.000,000,001)

R.= 62 (1/A) X 10-°

Direct current resistance of round copper wire.—
d = diamter of wire, in inches; 1= length of wire, in
feet

R = 85.2 (1/d?®) X 10-8

Phase angle of circuit.—tan A= X /R

Power factor.—The power factor is defined as the
cosine of the phase angle, power factor = cos ¢ = R/Z

Condenser phase difference.—

¥ = 0.36rfC = 108,000 rC/A
Power input to a condenser.—P = 0.0005 fCE?
Power loss in condenser.—
P = EIy (small air condensers) = EI cos ¢

) 1}
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CAPACITY AND INDUCTANCE CALCULATIONS

Values of inductance and capacity which together
will give resonance at a given frequency or wave length
are shown in Fig. 9 below. These curves were con-
structed for the condensers commonly available, viz.,
0.001 and 0.0005 ufd. It is noticed that the intersection
of the broken lines drawn from the 800-meter division
for the wave length and from the 415 ph division for
the inductance lies in the vicinity of the curve for the
0.0005 ufd. condenser.

Variable condensers all have minimum values of
capacity; that is, the capacity is not zero when the
reading on the condenser dial is zero. It is assumed in
this case that the minimum ecapacity of the 0.0005
ufd. condenser is 0.00005 ufd. The dotted line on the
chart immediately shows that the lowest wave length
this combination of variocoupler and condenser will
tune to is 270 meters. This value can be arrived at by
using the formula A= 18844/7.C, in which L is 415

o
i

FREQUENC ?I:E LOCYCLES PE|
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Fig. 9

zh and O is 0.00005 uf. Similar curves are drawn on
the chart for the 0.001 uf condenser. These two con-
densers are generally known as the 23- and 43-plate
condensers.
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Calculation of Capacity.—For use in making compu-
tations there are given below a number of formulas for
calculating the capacity of condensers of various forms.
The formulas are given without any explanation as to
their derivation. Where complicated factors occur,
tables are given showing the values of these factors
through ranges most suitable for amateur and broad-
casting use.

All lengths are expressed in inches and feet, as spec-
ified, and the areas correspondingly. The capacities
are given in microfarads.

Capacity of Parallel Plate Condenser.—S is the area
of one plate; N, the number of plates; D, the distance
between them; K, the dielectric constant of the mate-
rial between the plates. 8 is in square inches and D
in inches.

C= 2246 K

S(N—1) v
D X 10-7 uf.

(1)

=5
o

05 =3 = O s 03 4 03 00 n 00 D
T

- o

Maximum Capacity of a Variable Condenser of Semi-
Circular Plates:

gty 2_p 2
F=tnisgm S =D CEER) o oy L
; D @)
in which r, is the outside radius and r, is the inner
radius of the plates. The other symbols are as given
above. (ry, r; and D in inches.)

Capacity of Two Co-axial Cylinders.—This is in-
cluded because of the newly aroused interest in Hazel-
tine's neutralizing capacity, which consists of two wires

separated at their ends by a narrow space and having a *

co-axial cyl.inder around them. The combination of
condensers in this arrangement may be considered as
represented in Fig, 10.

} + )

V-3
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The capacities represented as B are the" co-axial
capacities, and that represented as A is the capacity
between the two end surfaces of the wires.

C= k1 X 10-® uf, (3)
where 1 is the length and k is a constant as given in
the following table. r; and r; are the radii of the outer
and inner cylinders.

Ty/Ts k ri/ra k ry/T: k
1.01 142.5 1.10 14.8 2 2.4
1.02 71.3 1.2 7.75 4 1.02
1.04 36.1 1.4 14.33 6 .79
1.08 24.2 1.6 13.00 8 .88
1.08 18.4 1.8 2.40 10 .61

The values of k in the table have been calculated from

K =[(o.2416 -1~(log,¢:—’)] X 2.54
0

Capacity of a Long Wire Parailel to the Ground.—
For a length greater than four times the height,

0.6141
= —————3 10-% pf. 4
==yl b e 5
For a length less than four times the height,
&) =m X 10-¢ uf. (4a)
x;—

Values of the constants are given in the following table;
h/l, 1/h, 1/d, and h/d are ratios between the length of
the wire, the height above the ground, and the diam-
eter of the wire. The tables are good for lengths up
to about 100 feet and for wire sizes Nos. 10, 12 and 14.
The values in the table below for xi, xs, ki, ki, have
been computed from the expressions
4h
x; = logo Fh k1= logio 1+4J l+( )

x: = 10810 %l' ks = loguo [ﬁ + ‘V1+(£ﬁ')’]

h/1 k1 h/d| x1 b1 k2 17d x2

0.9 444 1,600 | 8.806 9 .673 | 12,000 | 4.380
8 453 1,400 | 3.748 8 627 | 10,000 | 4.301
3% .531 1,200 | 3.881 7 576 | 8,000 | 4.204
.8 .620 1,000 | 3.602 [ .518 8,000 | 4.070
5 -850 800 | 3.505 5 455 4,000 | 3.903
4 740 600 | 8.380 i .882 2,000 | 8.602
.8 .851 400 | 3.204 3 .301 1,000 | 3.301
A 1.02 200 | 2.908 2 209 800 | 3.204
51 1.31 100 | 2.602 1 .107 600 | 3.079

All measurements should be made in inches.

T o
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Capacity of a Vertical Wire.—The formula given
above for the capacity of a single horizontal wire whose
length is less than four times its height, omitting the
ks in the denominator, is sometimes used to calculate
the capacity of a vertical wire. It applies accurately
only when h is large compared with 1, and gives very
rough values for a vertical single-wire antenna, the
lower end of which is connected to apparatus at least
several yards above the ground.

Capacity of Various Types of Antennas.—The theo-
retical formulas that have been evolved for the ca-
pacity of types of antenna other than the single-wire
are very involved and difficult to handle. A formula
has recently been derived empirically which gives the
capacity of antennas of all shapes not too elongated
or having the wire too widely spaced.

o =[1.22\/.;+ 0'27F] X 10-8 pf, )

in which a is the area of the top of the antenna in sq.
ft. and h is the actual mean height above the ground
in ft. For a very long antenna having a length greater
than eight times its breadth, the above formula must
be multiplied by the elongation factor

(14 0.01/b), (6)
where b is the breadth of the antenna in feet. This
equation is accurate to about 10% for antenna tops.
The capacity of the lead-ins, ete., must be estimated.
The poorest agreement between the calculated and
experimental values is in the case of umbrella anten-
nas. The quantity a is the area enclosed by the bound-
ing wires of the antenna.

The estimation of the capacity of the lead-in wires
from an antenna is a very difficult matter, due to the
fact that very often we do not know the length and
other characteristics of the ground lead. If the appa-
ratus happens to be located in an upper story of a
building or residence and the set grounded through the
water system, it can be seen what an impossible prob-
lem we have at hand. Accurate calculation of the
antenna constants is possible only when a special
ground lead to a pipe or plate buried in the ground is
used. In this case the capacities of the antenna top
and lead-in wire are calculated separately and com-
bined by the formula for condensers in parallel, viz.,

C= Cu+ Cv,
in which Cs is the capacity of the horizontal or top
portion and C. is the capacity of the vertical portion
or lead-in.

The mutual capacity of two parallel wires is the
capacity of these two wires, regarded as a single sys-
tem, with respect to the earth as the other plate of the
condenser. The mutual capacity is not the same as
the capacity of the two wires regarded as the two

'~
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plates of a condenser, and the capacity of the two-wire
system is not twice the capacity of each wire by itself
with respect to the earth. As a matter of fact, it is less.
The normal electric field of one of the wires overlaps
the normal electric field of the other. The total ca-
pacity of these two wires to earth is diminished to some
extent by this overlapping.

The capacity of a two-wire antenna with respect to
the earth is twice the capacity to earth of one of the
wires, less the mutual capacity of the two wires. In
general, although each added wire adds something to
the total capacity, it adds much less than the capacity
it would have alone in the same position.

The use of all these formulas will give only an approx-
imate idea of the capacity of an antenna, as, even in
the simplest cases, the presence of houses, trees and
other neighboring objects, and the difficulty of allow-
ing for the lead-in wire, makes any precise calculation
impossible.

Self-Inductance of Single-Layer Coils.—Nagaoka's
formula for computing the self-inductance of single-
layer coils is:

L = 0.03948 %3 K,

Here n = total number of turns of wire; r= radius of
the coil; 1= length of the coil; K = elongation factor.
If all the lengths are in centimeters, the self-inductance
is given in microhenries. The nature of the elongation
factor is explained as follows: Without this factor the
equation is:

ir?2
L = 0.03948 %-

Diam. Diam Diam. Diam. Diam.
Length| K | Lengthl K |Length] K |Length| K |[Length| K
0.00 | 1.0000{ 2.00 | 0.5255| 4.00 |0.3654| 8.00 [0.2366| 30.0 (0.0010
0.10 | 0.9588| 2.10 .5137| 4.20 | .3551| 8.50 | .2272| 35.0 | .0808
0.20 L9201 2.20 .5025| 4.40 | .3455| 0.00 | .2185| 40.0 | .0728
0.30 88381 2.30 (4018| 4.60 | .3364| 0.50 | .2106] 45.0 | .0664
0.40 .B400| 2.40 4818/ 4.80 | .3279| 10.00 50.0 | .0611
U .8181| 2.50 | 0.4719 5.00 (0.2198| 10.5 |0.2033| 60.0 |0.0528
gz 0.87‘8858 .60 .4626] 5.20 | .3122| 11.0 | .1903| 70.0 | .0467
0.70 . .70 .4537| 5.40 | .3050| 12.0 | .1790| 80.0 | .0419
0.80 7351 .80 .4452| 5.60 | .2981| 13,0 | .1692| 00.0 | .0381
0.90 L7110 .90 4370 5.80 | .2016| 14.0 | .1605| 100.0 | .

3 0.6884| 3.00 | 0.4202| 6.00 [0.2854] 15.0 |0

{?8 6673 .10 .4217| ©.20 | .2795| 16.0

1.20 8475 .20 4145 6.40 | .2739| 17.0

1.30 6290 .30 | .4075| 6.60 | .2685| 18.0

1.40 6115 .40 .4008| 6.80 | .2633| 19.0

¥ .5050| 3.50 | 0.3944| 7.00 10.2584] 20.0 |0

}& 0.6705 .60 | .3882| 7.20 | .2537| 22.0

1.70 | .5649| 8.70 | .3822| 7.40 | .2401| 24.0

1.80 5511 .80 | .8764] 7.60 | .2448/ 26.0

1.90 5379 .90 | .3708{ 7.80 28.0
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This fofmula assumes that when a current is passed
through the coil and a magnetic field set up, all the
magnetic lines of force pass through the coil from one
end to the other without any of them escaping to the
outside between the turns of the coil. This leakage
causes a diminution of the inductance of the winding
which becomes quite appreciable as the diameter of the
coil increases in proportion to the length.

To correct for this leakage, we resort to multiplica-
tion by the elongation factor, K, which is a function of
the ratio d/l. Nagaoka has computed values of K,
which are given in the preceding table.

The graph below has been plotted from this table,
and shows how the correction factor itself varies with
the length and diameter. The construction of align-
ment charts to determine graphically the values of
the inductance requires that this curve when plotted on
logarithmic paper be assumed an approximate straight
line. Consequently the inductance as obtained there-
from is approximate.

The table of inductances
is nothing more than the
solution of this formula
for a great number of coils
of various diameters and
lengths. No approxima-
tions have been made and
the values given may be
considered as correct with-
in the limitations of the
slide-rule.

The method of using
the table is as follows:
Let us assume that we
have a coil 8 cms. in dia-
meter, 12 cms. long, and
wound with No.24 enameled wire. Theself-inductanceis
then, from the table, 1750 microhenries. Or, let us
suppose that we wish to construct a coil of No. 22
single-covered cotton wire, 10 ems. in diameter, having
an inductance of 750 microhenries. The table immedi-
ately gives a length between 8 and 10 cms. long. If it
is desired, a closer approximation to the length may
be obtained by interpolation. Thus, the difference
between the values for 8 and 10 cms. length is 1035
—722 = 313. The difference between 722 and 750 is 750
—722 = 28. Thereis a difference of 2 between 8 and 10.
The coil must be longer than 8 cms. by the amount
(28/313) X 2= 0.0179, or the length is 8 4 0.0179 =
8.0179 cms. To find the total number of turns required,
multiply the length by the value given in the column
headed ‘“‘turns per em.’”’ Thus there are required in the
above case 8.0179 X 12.36 = 99 turns,

B S
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Although the inductance may be determined by an
exact method, there are other factors entering which
complicate matters considerably. These are the dis-
tributed capacity of the winding, and the resistance
which changes appreciably with the frequency.

The voltage drop between the terminals of the coil is
the sum of all the drops of voltage between the turns.
Any two turns of the coil have a difference of potential
between them, and they act as the two plates of a con-
denser. This capacity is distributed in small bits
throughout the length of the coil. When the frequency
of the current is low, the reactance due to this capacity
is large and decreases as the frequency is increased.
This can be seen from the relation

159.3
fc

where X, is the capacitive reactance in ohms, f is the
frequency in kilocycles per second, and C is the capac-
ity in microfarads.

These small capacities between the turns of a coil
are of such importance in radio design and measure-
ments that a coil can seldom be regarded as a pure
inductance. The effect of this distributed capacity is
ordinarily negligible at low frequencles, but it modifies
greatly the behavior of a coil at radio frequencies. For
most purposes a coil can be considered as an inductance
with a small capacity in parallel with it. Investigations
have shown that in ordinary coils the magnitude of this
capacity does not vary with frequency. Thus a coil
may in itself constitute a complete oscillating circuit
even when the ends of the coil are open.

The variation of the resistance of a coil with fre-
quency also becomes an important factor when dealing
with such high frequencies, although its effect on the
apparent inductance is such that it tends to neutralize
the effect of distributed capacity of a coil. These points
will be brought out below.

If such a coil be placed in a circuit with an e.m.f. in
series, the case is one of parallel resonance, and the ap-
parent inductance of the coil is given by

oo L(l—w*LO) — R1:C

S @—w@iLO)i—wiRIC  (1—wL0)—wiRO*
in which L is in henries, C in farads, and R in ohms;
w is equal to 6.28 times the frequency in cycles per
second.

1If the resistance is considered negligible, this may be
written: CoL
La= L(1+43 9.48f:CoL X 10-%) = L(1 - 3550000 -—;‘—‘—).

X.=

in which L. is the apparent inductance in microhenries,
L is the calculated (or measured by d-c. methods) in-
ductance, f is the frequency in kilocycles per second’
and C the capacity of the coil in microfarads.
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It is thus seen that the effect of distributed capacity
is to cause an increase in the inductance of the coil.
The capacity itself is not calculable directly, but its
value may be determined by applying these formulas
to resonance methods of measurement.

The formulas also show the variation in the resistance
of the coil with changes of frequency. Increases in
resistance or skin effect diminish the apparent induc-
tance of the coil.

The inductance of a coil is decreased by skin effect
and increased by capacity. The two tend to neutralize
each other, and, in general, Nagaoka's formula, and the
table, give as good values of self-inductance as can be
obtained.

The chart on page 28 shows how
L the apparent inductance and re-

1 sistance vary with the frequency
or wave length. These curves are
for a coil whose true d.-c. indue-
tance is 1250 microhenries, having a
distributed capacity of 3.9 10-¢%
microfarads.

It will be noted that as the fre-
quency is decreased, or the wave
length increased, the apparent in-
ductance decreases, having a limit-
ing value at zero frequency equal
to the true d.-c. value of induct-
ance. Likewise the effective resist-
ance decreases as the frequency
decreases, its limiting value being
the value of the d.-c. resistance.

MICROHENRIES
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