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PREFACE

HERE is probably no subject of general interest in which

changes have come more rapidly than in radio, nor in which
the field has expanded so far beyond its original limits. The man
originally interested only in the transmission and reception of radio
is now equally interested in sound pictures, public address work,
television and photocell applications. The electronic tube or vacuum
tube is the one element common to all these new fields and to radio
as well, so in the search for a really inclusive name this whole new
art may be called Electronics rather than radio.

In kecping pace with the extension of the electronic field during
only five years it was found necessary to make four revisions in the
four editions of Drake’s Radio Cyclopedia, the predecessor of the
present volume. The revision and rewriting for a fifth edition made
such further extensive changes and additions that it was decided to
adopt a new title, Drake’s Cyclopedia of Radio and Electronics, as
indicating the true scope of the work now covered.

In comparison with the fourth edition of the original book, this
one contains entirely new material on a variety of subjects; including
sound pictures, public address systems, photocells, television, aviation
radio, broadcasting, the new superheterodyne receivers, short wave
reception, new tubes such as the variable-mu and pentode types and
minor related subjects. Material that no longer seemed of practical
interest and usefulness has been dropped.

Treatment of the various subjects has been made simple and ele-
mentary, no special electrical or mathematical training being assumed.
The extent of each article has been made proportional to its practical
and concrete applications. The practice of writing out the many
formulas met with general approval and has been retained from
former editions.

A single alphabetical arrangement of all subjects has proven its
usefulness in saving the time of readers who require reference data
rather than general instruction. Complete cross references in
each article as well as in the regular alphabetical order allow the
user to follow any line of investigation to any desired extent. Liberal
use of illustrations has been continued and this edition contains nearly
twelve hundred pictures and diagrams, all of which have been
especially prepared for this work.



PREFACE

As would be expected, the sources of information for a work so
wide in scope have been many and varied. Individual credit is dif-
ficult to give because each article is a composite of facts and ideas
from many places. Files have been maintained of most of the English
language periodicals bearing on electronic subjects and their contents
thoroughly indexed. Other sources include bulletins of technical
and engineering societies, of government bureaus and of manufac-
turers specializing in apparatus for this field. AIl of the material
has been checked against different sources and has been verified
experimentally whenever possible.

- HaroLp P, ManLy.
The Radiotechnic Laboratory
Wilmette, Illinois.
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A-BATTERY.—See Battery, A—

ABBREVIATIONS.—Following are the generally accepted
meanings of abbreviations used in radio and electrical work.
Writers are not in complete agreement on the use of certain
abbreviations and some departures from the following list will
be found. See also Symbols, Radio and Electrical.
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A.C.a.c.

or a-c
AF.af.
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area
ampere
alternating current

audio frequency

. American wire gage

magnetic flux density
susceptance in mhos
British thermal unit

3 Birmingham wiregage

capacity, capacitance

centi-

cathode or filament
capacitance

grid capacitance

grid-filament cap’'nce

grid-cathode cap’'nce

grid-plate capacitance

centimeter-gram-
second

centimeter

candlepower

plate capacitance

plate-filament cap’nce

plate-cathode cap’nce

cycles per secon

continuous wave

dielectric flux density

d. deci-
db decibel
D.C.,d.c.direct current

or d-c
D.C.C. double cotton covered
D.S.C. double silk covered
DX distant

E effective voltage

e. instantaneous voltage

E. filament or heater
supply voltage

E, plate supply voltage

E. grid bias supply
voltage

E.C. enamel covered

E4 screen supply voltage

E, filament voltage

E, grid bias voltage

E, heater voltage

En maximum voltage

e.m.f. electromotive force

E, plate voltage

E, screen voltage

F magnetomotive force

or luminous flux
f frequency
Gorg conductanceor elec-
trostatic stress
Gn mutual conductance
H magnetizing force



ABSORPTION, DIELECTRIC

henry (inductance)
high frequency

" effective current

instantaneous current
interrupted continu-
ous wave

" intermediate fre-

quency

filament current

grid current

heater current

maximum current

plate current

emission or saturation
current

dielectric constant

coefficient of coupling
or other constant,
also kilo-

kilocycle

kilowatt

self-inductance

length

low frequency

mutual inductance or

' mega-

meter (of length), also
milli-

microfarad

millimeter

micro-microfarad

millivolt

number of (turns, etc.)

. average power (watts)

instantaneous power

. potential difference

photoelectric cell
power factor

Pm
Q

Rorr

R.F.r.f.

or r-f
R

Own
fe

isle
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Pt

maximum power
quantity (coulombs or

ampere-hours)
resistance

, radio frequency

filament resistance

grid resistance

root-mean-square

output resistance

plate resistance

elastance, also photo-
cell sensitivity

single cotton covered

single cotton over
enamel

radio distress signal

single silk covered

single silk over enamel

sensation unit

period

time

tuned radio frequency

transmission unit

undistorted power
output

potential difference

velocity or volt

vacuum tube

work or energy

watt

reactance

capacitive reactance

inductive reactance

admittance

impedance

grid impedance

plate impedance

ABSORPTION, DIELECTRIC.—With a condenser having
an imperfect dielectric the first rush of charging current is fol-
lowed by the flow into the condenser of a small and slowly
decreasing current which may continue for some time if charging
voltage is steadily applied. Upon discharge of the condenser the
first rush of current is followed by a small and decreasing current.
These currents appear to be absorbed by the condenser’s dielectric
and then to be released. The effect is called dielectric absorption.



ACCEPTOR CIRCUIT

The absorption current produces heat in the dielectric, consequently
represents a loss of power and may be measured as an equivalent series
resistance, or as the value of resistance which, placed in series with an ideal
condenser would dissipate the same power that actually is dissipated by the
dielectric absorption.

Dielectric absorption and its accompanying power loss is dependent on the
kind of dielectric and on the operating frequency. The loss decreases rapidly
as the frequency increases. In a condenser with air for dielectric the power
loss is very small, while in a paper dielectric condenser the loss may be ten
to fifteen times as great as with air.

This form of power loss affects not only concentrated capacities as found
in fixed condensers and tuning condensers, but affects also a capacity antenna
system. With an antenna the dielectric absorption is due to various objects
which may be in the space between aerial and ground and which thus form
part of the antenna’s dielectric.

ACCEPTOR CIRCUIT.—See Circuit, Acceptor.

ACOUSTICS.—The science of sound. See Sound.

ADAPTER, ANTENNA.—A device by means of which the
wires of light and power circuits may be used as an antenna. See
Antenna, Light and Power Circuit for.

ADAPTER, SOCKET.—Primarily a socket adapter is a de-
vice which may be used between a tube socket and a tube’s base
to allow a certain style base to be used in a socket not designed for

TOP
PLATE FILAMENT To
PHONOGRAPY
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BOTTOM

Adapters for Tubes and Phonograph Pickup.

that particular base. Adapters also are employed with testing
equipment to allow a single instrument to measure currents and
voltages at tube sockets of several different types, simply by using
the proper adapter for each type of socket.

Adapters especially designed for testing and experimental work allow
opening any or all grid, plate, screen, cathode and filament circuits for
insertion of measuring instruments between a socket and its tube, or for
insertion of resistors and other elements to be added to the original circuits.

Certain types of socket adapters allow application of voltages from a
phonograph pickup, a microphone or other signal source to the control grid
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and cathode circuit of a detector or an audio frequency amplifying tube.

Still other forms of adapters allow application to filament, grid, screen
and plate circuits of voltages and currents which are different from those
supplied by the regular tube circuits.

ADMITTANCE.—The reciprocal of the impedance in a cir-
cuit, or a measure of the ease with which alternating current may
flow. Measured in mhos. The symbol is ¥ or y. See Impedance.

AERIAL.—The word aerial often is used as having the same
meaning as antenna, although the preferred usage employs aerial
as referring only to the elevated conductors of an open antenna
system. See Antenna.

AIR.—In radio work air is considered as a dielectric and
as an insulator. Air is the most nearly perfect dielectric. A con-
denser with air between its plates shows little change of capacity
with change of frequency and in the air dielectric there is no
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Sparking Voltages Through Air.
power loss. However, in a so-called air condenser a certain power
loss always is introduced by the supporting insulation which forms
a part of the total dielectric material. The dielectric constant of
air is taken as unity, or as 1, and is the reference value for all
measurements of this constant.

The dielectric strength or breakdown voltage of air varies with density
or pressure, becoming much lower in a partial vacuum and correspondingly
higher as the air pressure is increased. Average sparking voltages in air
at ordinary pressure and temperature are shown by the accompanying
graph for a sphere gap with one centimeter diameter spheres and for a
sharply pointed needle gap. It will be seen that the smaller the parts
between which a spark takes place the less is the voltage required for
breakdown.

AIRCRAFT RADIO.—See Awiation, Radio in.

AIR CONDENSER.—See Condenser, Dielectric for.
ALKALI METALS.—See Cell, Photoelectric.
ALTERNATING CURRENT.—See Current, Alternating.



ALTERNATION

ALTERNATION.—One half of one complete cycle of
alternating current. The curve starting from zero voltage, in-
creasing to the maximum positive voltage and falling again to
zero voltage completes the positive alternation of one cycle. Then,
from zero voltage to maximum negative voltage and back to zero
forms the negative alternation of the cycle. See Cycle.

ALTERNATOR.—A rotating electric machine which pro-
duces alternating current when driven by external power is called

i
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Fi16. 1.—Principle of Inductor Alternator.

an alternator. Low-frequency al-
ternators, generally operating at
500 cycles per second, are used
in spark transmission. High fre-
quency machines operate at from
20 to 200 kilocycles and are used
in continuous wave transmission.

Although several types of alter-
nators are commonly used in elec-
tric power circuits there is only
one, the inductor alternator, in
general use for low-frequency
(500-cycle) radio work and devel-
opments of this type are used also
for high-frequency work.

The elementary principle of the in-
ductor alternator is shown in Fig. 1.
A stationary field structure -carries
windings through which flows a steady
direct current. A stationary armature
structure carries other windings in
which alternating current is pro-

FIELD COILS

0

duced. In the gap between field and Fic, 2.—Alexanderson Alternator.



ALTERNATOR

armature revolves a rotor which consists of a toothed wheel around the rim
of which there are alternate sections of magnetic material and non-magnetic
material. The magnetic circuit produced by the field passes through the
field core, the armature core and the edge of the rotor, this path being
indicated by the broken line arrows.

The rotor is revolved by outside power so that the magnetic circuit is
alternately completed through the magnetic portions and through the non-
magnetic portions of the rotor’s rim. Thus there is a variation of reluctance
and of flux in the magnetic circuit which includes the armature. The chang-
ing magnetism in the armature core produces alternating current in the
armature winding, the frequency of this current being determined by the
number of rotor sections and by the speed of rotation.

A cross section through an Alexanderson high frequency alter-
nator, which is of the inductor type, is shown in Fig. 2. The rotor
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F16. 3—Circuits of Goldschmidt Alternator.

is of solid steel and the slots around its edge are filled with non-
magnetic material such as phosphor-bronze. These machines may
be driven at very high speeds; a 100-kilocycle unit having 300
slots on a rotor which is driven at 20,000 revolutions per minute.

The Goldschmidt alternator or reflection alternator operates on
principles which are entirely different from those employed in
the inductor machine. The Goldschmidt alternator employs a
revolving (rotor) winding and a stationary (stator) winding. The
operating principle may be explained as follows:

. If an alternator of this type is furnished with alternating field current
it will produce two frequencies; one equal to the exciting frequency plus
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the frequency which would result from direct current excitation, and the
other equal to the difference between these frequencies. For an example,
assume the frequency with direct current excitation to be 20 kilocycles and
assume the alternating exciting current to have the same 20-kilocycle fre-
quency. Then the new frequencies will be equal to 20 plus 20, or 40 kilo-
cycles, and to 20 minus 20 or O kilocycles.

The 40-kilocycle current might be used to excite another alternator
running at the same speed and the sum and difference rule shows that this
second machine would produce frequencies of 40 plus 20, or 60 kilocycles,
and of 40 minus 20, or 20 kilocycles. Thus there becomes available a fre-
quency three times that of the one with which the action commenced.

The Goldschmidt alternator employs only one machine, but utilizes the
reflection effect. The stator windings are excited with direct current and,
if the foregoing frequencies again are used for the example, there is a
frequency of 20 kilocycles generated in the rotor. The rotor field itself
is excited by this 20-kilocycle frequency, and since the stator is in this
field the stator will-have generated in it the frequencies of 40 kilocycles
and 0 kilocycles. These frequencies must in turn affect the rotor, in which
there now are produced the frequencies of 60 kilocycles and 20 kilocycles.
Thus the original frequency is increased.

In order that the useful frequencies may be preserved and strengthened
this alternator contains circuits which are resonant or are tuned to these
frequencies. Unused frequencies are in opposite phase and partially balance
each other.

Fig. 3 shows a simplified circuit for a Goldschmidt alternator which
multiplies the original frequency by four. The circuit tuned to the original
frequency includes Ca, La and Cb; that for twice this frequency includes
the stator winding, also Cc, Lb and Cd; that for three times the original
frequency includes the rotor winding, also Ca and Ce; while the tuned
circuit for the fourth frequency includes the stator winding, the aerial-
ground capacity and the condenser Cec.

ALUMINUM.—The metal which in importance is second only
to copper for electrical work of all kinds. The resistance of al-
uminum is about 1.6 times that of copper of equal bulk or size. Its
weight for a given bulk is about three-tenths that of copper.

Aluminum does not tarnish or corrode from the effects of dry air as does
copper but aluminum is oxidized by moisture in the air. The {ilm found on
the surface of aluminum requires about one-half volt to break through it,
therefore positive or wiping contacts should be employed for aluminum parts
to which are carried low voltage currents from other parts touching them.
Aluminum may be soldered, though with some difficulty. For additional in-
formation see Shielding.

AMATEUR.—A person who follows the science and practice of
radio because of a liking for it and not only in a professional or
————profit-secking capacity.. Radio amateurs maintain and operate their
own receiving and sending stations, being allotted the wavelengths
below those in the broadcasting bands. Amateurs should not be
O confused with “novices” because the amateurs are highly expert in
their avocation and their work and development of the radio art
have been responsible for much of the advancement in this science.
AMMETER.—See Meters, Ampere and Volt.
AMPERAGE, CALCULATION OF.—See Law, Ohm’s.
AMPERE.—The practical unit for measuring the flow of electric
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current. One ampere is the rate of flow through an electric circuit
whose resistance is one ohm when the pressure is one volt. Amperes
do not measure the quantity of electricity nor the speed, but only
the volume of current flowing past a given point in the circuit in a
given time. This electrical unit corresponds to the hydraulic unit
of “gallons per minute” which likewise measures the rate or volume
of flow in a given time,

AMPERE-HOUR.—The quantity of electricity that passes
through a circuit in one hour when the rate of flow is one ampere.
The number of ampere-hours is obtained by multiplying the number
of amperes flowing by the number of hours during which the flow
continues. This unit is used principally for measuring the charge
and discharge of storage batteries.

Ampere-Hour and Ampere-Turn.

AMPERE-TURN.—One complete turn of a conductor in a
coil through which one ampere is flowing. The flow in amperes
multiplied by the number of turns in the coil gives the number of
ampere-turns. The ampere-turn is a unit used to measure the
magnetic strength of a coil or magnet. The greater the number of
ampere-turns, the greater the magnetic strength.

AMPLIFICATION.,—Amplification is a measure of the in-
crease In strength, either voltage or amperage or both, in a radio
signal when passed through a tube, a transformer, or other amplify-
ing device. The number of times the strength is increased is called
the amplification ratio.

There is a difference between amplification and volume. Many seem to
think that these two words mean the same thing. Amplification means the
increase of signal voltage or current. Volume means the final result in power
delivered from the amplifier, that is, volume means loudness.

An amplifier may receive an exceedingly weak signal, say a signal of only
one-tenth volt. The amplifier may increase this signal one hundred times so
that the one-tenth volt is changed to ten volts. This is an amplification of
one hundred, which changes the incoming one-tenth volt to ten volts.

Another amplifier might have an amplification of only ten in place of one
hundred but it might receive a much stronger signal, such as a signal of one
volt. Since the amplification is ten the final result would be ten volts be-
cause the one volt incoming signal would have been multiplied by ten. The
final voltage from this second amplifier would then be ten, the same as the
final voltage from the first amplifier which increased its signal one hundred
times,

The point is this, the first amplifier has greater amplification than the
second. In fact, since the first one amplifies one hundred times and the second
only ten times the first amplifier is ten times as powerful as the second. Yet
the volume from each amplifier is the same since the final voltage is ten in
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both cases. The volume is the strength of signal delivered by an amplifier
while amplification is the number of times that the amplifier increases the
original signal strength.

\
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The Effect of Amplification on Signal Strength.

AMPLIFICATION, AUDIO FREQUENCY.—See Ampli-
fier, Audio Frequency.

AMPLIFICATION, CASCADE.—The use of a number of
amplifying stages connected together so that the output from one
stage acts as the input for the following stage is called cascade am-
plification. Each stage further amplifies the signal from the preced-
ing stage, and such a series of amplifying units forms a cascade
amplifier. A two-stage cascade amplifier consists of two amplifying
tubes with their coupling. A three-stage cascade amplifier consists
of three amplifying tubes with their coupling. The word “cascade”

Coupling ~ Coupling . Coupling
1] 1 )
Q18- 1 b R

Tube Tube Tube
2 Stage Amplifier /st Stage 2ndStage SrdStage

Three Stage Amplifier
A Two-Stage and a Three-Stage Cascade Amplifier.

is generally omitted and such arrangements are called simply two-
stage or three-stage amplifiers,

AMPLIFICATION, COEFFICIENT OF.—See Tube, Am-
plification of; also Tube, Characteristics of.

AMPLIFICATION, OF COUPLING DEVICES.—Of the
many forms of coupling used in amplifiers only transformers of one
type or another may be said to have amplification in themselves.
By amplification is meant an increase of voltage.

Transformers having separate primary and secondary windings,
or auto-transformers having primary and secondary connected, have
a step-up voltage ratio when the number of turns in the secondary
winding is greater than the number of turns in the primary winding.
The incoming voltage is then increased or amplified.




AMPLIFICATION, LIMITING FACTORS

The amplification or increase of voltage in audio frequency
transformers is dependent on the turn ratio. A three-to-one turn
ratio audio frequency transformer will theoretically multiply the
voltage by three and the secondary voltage will be theoretically
three times as great as the primary voltage. The actual voltage
amplification is far below the turn ratio in audio frequency trans-
formers. See Transformer, Audio Frequency.

AMPLIFICATION, LIMITING FACTORS IN.— The
chief factor limiting the voltage amplification which may be applied
to a signal is that of distortion. The maximum undistorted power
output of a tube is defined as the power obtainable when the input
signal does not exceed a value which produces a five per cent
distortion due to the second and higher harmonics introduced by
the tube. While this limit is exceeded in certain types of power
tubes, the rule generally is adhered to rather closely. The follow-
ing example shows how the permissible amplification is limited by
characteristics of the tubes employed.

OETECTOR VOLTAGE AMPLIFIER POWER TUBE.

TO
” LOUD
IPEAKER

RATIO: 101 0.8 RATIO-3.010 I.O
Fr6. 1.—Amplification Without Overloading.

Published characteristics of amplifying tubes include the recommended
plate circuit load, the recommended maximum plate voltage and the cor-
responding correct control grid bias. This bias voltage is equal to the
maximum peak signal voltage which may be applied to the tube without
harmful distortion. The effective voltage of a sine wave signal is equal
to 0.707 times the peak voltage, so the effective signal voltage on a tube
must not exceed 0.707 times the control grid bias, A greater voltage will
make the control grid voltage become positive on signal peaks and will
result in distortion.

Consider the amplifier illustrated in Fig. 1 which employs a power tube
having a grid bias of 51 volts, allowing a maximum signal of 36 volts to
be applied from the secondary of the preceding coupling transformer. This
transformer has a ratio of 3 to 1, therefore its primary voltage from the
voltage amplifier tube may be one-third of 36, or 12 volts. The voltage
amplifier tube has an amplification factor of 8, and dividing its 12-volt
signal output by this factor shows that a maximum signal of 1.5 volts may
be applied to the tube’s control grid. Between the detector and the voltage
amplifier is a resistance coupling having a step-down ratio of 1.0 to 08.
Dividing the allowable 1.5-volt signal by 0.8 shows that the maximum out-
put from the detector may be 1.875 volts without producing overloading
and distortion in the power tube. .
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Now assume that the resistance coupling of Fig. 1 has been replaced by
the 4 to 1 ratio transformer of Fig. 2 in an effort to increase the ampli-
fier's output. Considering the detector still to have a maximum output of
1.875 effective volts, the new 4 to 1 transformer increases this to 7.5 volts
which is applied to the voltage amplifier tube. This amplifier has a grid
bias of 13.5 volts, allowing a maximum input of 9.54 effective volts. The
7.5-volt applied signal is less than this permissible input and thus causes
no distortion in this tube.

RATIO
4 10| SWI

F16. 2—Power Tube Overloading.

The voltage amplifier, with its amplification factor of 8, increases the
7.5-volt signal to 60.0 volts and this is applied to the primary of the second
transformer with its step-up ratio of 3 to 1. Here the signal is increased
to 180 volts and is applied to the grid circuit of the power tube which is
subjected to an extreme overload since it is capable of handling a signal
of only 36 volts without distortion.

AMPLIFICATION, RADIO FREQUENCY.—See Ampli-
fier, Radio Frequency.

AMPLIFICATION, TRANSFORMER.—See Transformer,
Audio Frequency; also Transformer, Tuned Radio Frequency.

AMPLIFICATION, VOLTAGE AND POWER.—There
are two kinds of amplification, voltage amplification and power
amplification. Voltage amplification consists only of an increase in
voltage with no increase of power or even with a decrease of power.
Power is measured in watts, and watts are the product of voltage
and amperage. Therefore, if we increase the voltage with voltage
amplification while reducing the number of amperes we may reduce
the total power in spite of the amplified voltage.

In power amplification we increase the number of watts and this
is generally done by obtaining a decided gain in the number of am-
peres-with a relatively small gain in voltage. Power amplification
requires the use of a vacuum tube which releases power from a B-
battery or other source of current for its plate circuit.

A vacuum tube is said to be a voltage operated device because it is
the change of voltage applied to the tube’s grid which causes the
change of current through the tube’s plate circuit. Voltage applied
to the grid controls current and power in the plate circuit.

The current released through the plate circuit of the tube flows
through a coupling transformer or other coupling device and in flow-
ing causes a voltage change across the coupling device as in Fig. 1.



AMPLIFICATION, VOLTAGE AND POWER

This voltage change is applied to the grid of the following tube.
The voltage which is applied to the grid of the first tube thus controls
a flow of current in the plate circuit of that tube and this flow of
plate current is the means of applying a voltage to the grid of the
following tube.

When amplifying the signal by passing it through successive stages of radio
frequency or audio frequency amplification an increase of voltage is desired
from stage to stage until the last audio frequency tube is reached and then
power is called for. If an amplifier as in Fig. 2 receives say one-quarter volt
and has the ability to amplify this voltage eight times, the next stage will
receive a voltage change of eight times one-quarter, or two. If this two-volt
signal is passed through another similar stage it will multiply the two volts
by eight and deliver sixteen volts. This process is called voltage amplification
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Fic. 1.—Voltage Amplification in a Transformer.

Coupling and
tube
Fic. 2—The Action of Voltage Amplification.

and it is the kind of amplification needed in all radio frequency amplifiers
and in all stages of audio frequency amplification except the last stage. But
when we come to the last audio stage, whose tube must operate the loud
speaker, we want power_amplification as well as voltage amplification.

AMPLIFIER—A device which increases the voltage or
power of a signal by furnishing additional power from itself
through the use of electronic tubes is called an amplifier. The
input signal which controls the local power may come from an
antenna, a microphone, a phonograph pickup, a photocell, a
detector tube or a transmission line. The output power may feed
another transmission line or amplifier, or it may operate a loud
speaker or other reproducer for the signal.
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AMPLIFIER, AUDIO FREQUENCY.—Any amplifier
which increases the voltage or power of signals at audio frequency
is called an audio frequency amplifier. These devices may be
classified according to the source of input signal or according to
the kind of coupling emnpioyed between the vacuum tubes.

Classed according to input there are microphone amplifiers, line ampli-
fiers, photocell amplifiers, phonograph amplifiers, receiver amplifiers, etc.
According to coupling there are direct coupled, impedance coupled, parallel
feed, push-pull, resistance coupled and transformer coupled amplifiers. The
classification according to coupling is the one employed in the following
pages wherein are described the features of the various types.

AMPLIFIER, AUDIO FREQUENCY, DIRECT COUP-
LED.—The amplifier here described uses a type of resistance
coupling in which the plate of one tube is conductively connected
to the control grid of the following tube and in which a single
coupling resistor is included both in the plate circuit and in the
grid circuit.
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F16. 1.—Simple Form of Direct Coupled Amplifier.

The action of this type of direct coupled amplifier depends upon
the fact that in any one tube, considered by itself, the performance
is a result of potential differences between plate and cathode and
between control grid and cathode in that tube. This performance
is not affected by these potentials with reference to ground or with
reference to any other tube.

The principle of direct resistance coupling for an amplifier may be
understood from an examination of Fig. 1 in which all plate currents are
furnished by batteries connected as shown. It may be seen here that the
plate of the first tube is connected directly to the grid of the second tube.

Tracing the plate circuit of the first tube, it is seen to include the
coupling resistor and the batteries B-2 and B-3. The grid circuit of the
second tube includes the coupling resistor and battery B-2. Thus the coup-
ling resistor is included both in the plate circuit of the first tube and in
the grid circuit of the second tube. This coupling resistor of 37,500 ohms
carries the 1.8-milliampere current for the first tube, consequently there
is a drop of 67.5 volts across this unit, with the upper end at the lower
voltage. .

A plate potential of 135 volts for the second tube is furnished by bat-
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teries B-1 and B-2 in series. In this tube’s grid circuit there is the 45-volt
battery B-2, also the coupling resistor with its 67.5-volt drop. The polar-
ities of the battery and of the resistor are opposed, so the grid bias for the
second tube is equal to the difference between the resistance drop and the
battery voltage, or to 22.5 volts.

Plate potential for the first tube is furnished by 157.5 volts from bat-
teries B-2 and B-3 in series, from which is subtracted the drop of 67.5
volts across the coupling resistor, leaving 90 volts for this plate. Grid bias
for the first tube is furnished by the separate 4.5-volt battery B-4.

Thus it is seen that both tubes are supplied with potentials suitable for
all their elements. In this particular example there is no plate potential
higher than 135 volts, yet there is required a total of 252 volts in the
batteries. This requirement of excess voltage is the chief disadvantage of
this method of amplification.
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Fi6. 2—The Loftin-White Amplifier.

If a voltage-is applied to the input terminals of Fig. 1 in such direction
that the grid of the first tube is made more positive, then the plate current
of this tube will be.increased. The increased plate current flows through
the coupling resistor and produces a greater voltage drop across this unit.
Since this drop determines the grid bias for the second tube, and since
the greater drop makes the bias more negative, there is a decrease of plate
current in the second tube. This plate current change in a direction
opposite to the grid voltage change causing it is a characteristic of these
amplifiers. The addition of another similar stage would again reverse the
plate current and the increase of grid voltage at the input would be accom-
panied by an increase of plate current in a third tube.

The circuits for a Loftin-White direct coupled amplifier are
shown in Fig. 2. All values are marked and the direction of
current flow is indicated by arrows near the conductors.

Plate voltage for the second tube in Fig. 2 is equal to the drop of 205
volts across resistor R-1 plus the drop of 462 volts across R-2, totaling
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251.2 volts between plate and filament center tap. A negative grid bias of
53 volts for this tube is derived from the 99.2 volts drop across the coup-
ling resistor R-c minus the 46.2 volts drop across R-2, the polarities being
opposed in these two resistors.

For the first tube the plate voltage is provided by the combined drops
across resistors R-2 to R-6 inclusive, all of these being between plate and
cathode and totaling 240.4 volts. From this 240.4 volts is subtracted the
sum of the voltage drops across the resistors R-c and R-7, totaling 114.2
volts and leaving a net plate potential of 126.2 volts. Screen voltage for
this tube is equal to the sum of the voltage drops in resistors R-4, R-5 and
R-6 (44.5 volts) from which is subtracted the opposed 15 volts from
resistor R-7, leaving a net screen potential of 29.5 volts.

The input for the circuit of Fig. 2 is applied between the tube’s grid
and a point between resistors R-5 and R-6. The control grid bias then is
equal to the difference between the drops in R-7 and R-6, or is 1.5 volts
negative for the screen grid tube.

Resistor R-5 is a voltage divider or potentiometer which provides a hum
bucking voltage opposed in phase to the ripple voltage in this circuit. Suit-
able bypass condensers are provided and are shown. These latter features
have nothing in particular to do with the coupling system. See also ampli-
fier, Direct Cyrrent and Amplifier, Audio Frequency, Resistance Coupled.

AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE
COUPLED.—Impedance coupling or choke coupling employs
a coil of high inductance and impedance to provide coupling
between the plate circuit of one tube and the grid circuit of a
following tube. The principle is illustrated by the diagram ‘in

Fig. 1.

PLATE  STOPPING JRCONO. GRID
]|

\ L R

C== B8+

il

Fiec. i.—Principle of Impedance Coupling.

The plate circuit for audio frequency changes in the left hand tube
includes impedance coil L, bypass condenser C and the ground connection
to the cathode. The grid circuit of the right hand tube includes the stop-
ping condenser, the coil L, bypass C and the ground connection to this
tube’s cathode. Thus the coil L is included both in the first plate circuit
and the second grid circuit. Signal voltages developed across this imped-
ance by the first tube are applied to the following grid circuit.

The stopping condenser isolates the negatively biased second grid from
the positive potential in the first plate circuit and also completes the second
grid circuit through coil L. Grid leak R allows escape of excess negative
charges from the second grid and allows application of a suitable direct
current bias to this grid. The action of this coupling system is similar to
that in resistance coupling.
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Inductance Required in Chokes.—In order to produce dis-
tortionless amplification the impedance of the choke coils or imped-
ance units must be large for reasons which will be explained.

The power in the plate circuit of a tube is divided between the internal
resistance of the tube and the external impedance which is furnished by the
choke coil. The drop of voltage across the choke is transmitted to the grid
of the following tube with but slight loss and it is this voltage applied to the
following tube’s grid which builds up the signal. The voltage drop across the
resistance in the tube is lost so far as amplification is concerned.

In actual practice it is found that with the number of ohms in the external
impedance twice as great as the tube resistance in ohms ninety per cent of the
tube’s maximum possible voltage amplification will be available for amplifica-
tion by the next tube. With a choke whose impedance is three times that of
the tube resistance we will obtain ninety-five per cent of the possible voltage
across the choke. With a choke impedance four times that of the tube resist-
ance we will obtain ninety-seven per cent of the possible maximum voltage.

The impedance of the choke changes with frequency, becoming greater as
the frequency increases. If we start with an impedance only twice as great
as the tube resistance, the changing frequency representing the changing sounds
being amplified may cause amplification difference of between ninety per cent

Tube srorenc covpensr
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Fic. 2—The Impedance Coupled Audio Amplifier.

and one hundred per cent, which is ten per cent, a considerable distortion. If
we increase the choke impedance to three times the value of the tube resistance
the greatest change due to changes of frequency can be only the difference be-
tween ninety-five per cent and one hundred per cent, or five per cent. This,
of course, is less distortion. Now if we increase the impedance of the choke
to four times the value of the tube resistance, which gives ninety-seven per
cent of the possible voltage across the choke, the greatest change that can
occur between high and low pitched sounds is the difference between ninety-
seven per cent and one hundred per cent. This is a difference of only three
per cent between the amplification of very low frequencies and of the highest
frequencies. A difference as small as this means practically perfect amplifica-
tion.

The plate resistance of ordinary audio frequency amplifying tubes is in the
neighborhood of 10,000 to 12,000 ohms. 1f we wish an impedance in the
choke equal to three times the plate resistance in ohms we must have between
30,000 and 35,000 ohms in the choke and if we want an impedance equal to
four times the value of the tube resistance we must have an impedance of
40,000 to 50,000 ohms in the choke. This choke impedance should be figured
at the lowest frequencies to be amplified.

In most amplifiers a frequency of fifty cycles is the low limit but in some
of the better types frequencies of thirty or even twenty-five cycles are well
amplified.

The impedance of the choke coil is composed of inductive reactance due
to the choke's inductance, of capacitive reactance due to the distributed ca-
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pacity of the choke’s winding, and of resistance in the wire of the choke
winding. The inductance is the chief factor in this impedance. The dis-
tributed capacity reduces the useful impedance and the wire resistance helps
the useful impedance provided this wire resistance is not so large that it greatly
reduces flow of current in the plate circuit. The effect of the wire’s resistance
is the same at all frequencies. The useful effect of the inductance increases
with increase of frequency and the harmful effect of the distributed capacity
also increases with increase of frequency.

The ideal choke would consist of pure inductance, without either distributed
capacity or resistance. Some of the well built chokes come reasonably close
to this ideal while some of the poorer coupling chokes come far from it.

The lower the internal resistance or plate resistance of the tube the less im-
pet!ance is required in the choke to produce satisfactory and uniform amplifi-
cation of all frequencies. The plate resistance of any tube may be lowered
by increasing the plate voltage. But no amount of voltage that safely may be
applied to a small dry-cell tube will make it the equal of a real power tube.
Under most favorable operating conditions the smallest tubes have plate re-
sistances around 15,000 ohms. The ordinary voltage amplifying tubes have
plate resistances around 11,000 ohms while power tubes have plate resistances
as low as 2,000 _ohms in some cases. .

The following table shows the inductance in henries required to
provide various degrees of uniformity in amplification of sounds
having minimum frequencies of twenty-five cycles and of fifty
cycles when using tubes having plate resistances of 2000 ohms, 5000
ohms and 10,000 ohms, The great saving in choke size when using
power tubes is shown very clearly. The table assumes that the
chokes are formed of pure inductance, the capacity and resistance
being neglected.

Inductances in henries are given at the intersections of the lines for plate re-
sistance and the columns for percentage of uniformity in amplification. See
also Distortion.

Inpucrances Requirep 1N Impepance CourLing Coirs

- — s -

Tube Plate Lowest Note—25-cycle Frequency|l.owest Note—50-cycle Frequency

Resistance
in Ohms 0% 95% ] 97% 0% 95% 97%
Uniformity|Uniformity| Uniformity|Uniformity \Uniformity| Uniformity

2,000 25 38 50 13 17 25
5,000 65 95 125 31 ) 63
10,000 125 190 250 63 84 125

Condensers and Grid Leaks.—When considering the stopping
condenser used between the plate of one tube and the grid of the
following tube it must be remembered that this condenser has re-
actance to the alternating or audio frequency current which must
pass through it to reach the grid of the next tube. The stopping
condenser should have very low reactance because the lower its
reactance the less voltage will be lost in getting through the con-
denser. This means that the condenser must be of large capacity,
at least one-tenth microfarad. This stopping condenser must also
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have very high resistance, that is, it must be made with a dielectric
which is a good insulator. If the insulation allows any appreciable
leakage some of the positive voltage from the preceding plate circuit
will be applied to the grid of the following tube and this positive
voltage on the grid will cause much distortion.

. The next thing to consider is the grid leak. Because the reactance
of the stopping condenser is very low, the grid leak is practically in
parallel with the impedance of the choke. If the grid leak is of too
low resistance it will reduce the effective impedance of the choke
since it will place a comparatively low resistance in parallel with
the choke. But, on the other hand, if the grid leak is of too high re-
sistance the accumulation of negative charges on the grid will not
leak off fast enough and the tube will block. The accumulated
negative charges will force the grid voltage so far negative that
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Fic. 3.—Three-Stage Impedance Amplifier Starting with the Detector.

plate current is prevented from flowing. As a general rule a grid
leak of between one-quarter and one-half megohm is about right,
See Leak, Grid. The same values of C-battery or biasing voltage
are required with choke coupling as with any other form of coupling.
Construction of Amplifier.—The layout, connections and values
of all units in a three-stage choke coupled amplifier are shown in
Fig. 3. This covers all of the amplifier between the detector tube
and the loud speaker terminals. The stopping condensers are shown
as .005 to .01 microfarad capacity. Better results will be obtained
in amplifying the low notes with still larger capacity stopping
condensers. Grid leaks in the first two stages should be one-
half megohm and in the last stage one-quarter megohm. _
AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE,
DOUBLE TYPE.—The double impedance audio amplifier
uses an impedance, an iron-cored choke coil, in the plate circuit of
one tube, a second similar impedance in the grid circuit of the fol-

[ TP S —— ol
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lowing tube and couples the two circuits through a condenser. The
connections for such an amplifier are shown in Fig. 1.

The capacity of the coupling condenser depends on whether it is desired
to tune the grid circuit at some low frequency. Increased amplification at or
near any desired frequency may be obtained by selecting values of reactances
for the grid choke and coupling condenser which together produce a resonant
circuit at the frequency chosen. The resonant frequency is determined from
the following formula:

Cycles at _ 1,000

Resonance : : :
microfarads in henrys in
6.283 X vcouph'ng conden:erxgn'd choke

|
|
-
o
1
d
P
II P R
+
Fic. 1.—Double Impedance Amplifier. Fi16. 2—Double Impedance
Windings.

The following table, at the intersection of columns of capacity and lines
of inductance, shows the approximate frequency of resonance for commeonly
used values of inductance and capacity:

ResoNANT FreEQUENcY IN CycrLes For TuNep DousLe IMPEDANCE

Inductance of Capacity in Microfarads of Coupling Condenser

Grid Choke
in Henrys

1

0.0075 | 0.01 | 0.012 f 0.015 | 0.02 | 0.03 | 0.05 0.1

150 150 130 118 106 92 75 58 41
200 130 113 103 92 80 65 50 36
250 116 101 92 64 71 58 45 32
300 106 92 84 75 65 53 41 29

The effect of tuning the coupling circuit to a given frequency is to raise
the amplification curve rather sharply at this point. A sharp rise results
from low impedance in the tuned circuit. The resonant _peak may be broad-
ened by inserting an adjustable resistor in the grid circuit.
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AMPLIFIER, AUDIO FREQUENCY, PUSH-PULL.—
A push-pull amplifier employs two similar tubes working together
in a single stage of amplification. This system is used generally
where high quality, high power output is required and is found
in radio receivers, in transmitters, in public address systems and
in sound picture amplifiers.

A simplified diagram of grid and plate connections for push-pull ampli-
fication is shown in Fig. 1. The secondary winding of the input trans-
former is provided with a center tap connected to the tube filaments or
cathodes. The outer ends of this winding are connected to the control grids
of the two tubes. The primary winding of the output transformer is sim-
ilarly center tapped, the tap leading (through the B-supply) to the tube
filaments, while the outer ends are connected to the tube plates.

A signal current in the primary of the input transformer induces a
corresponding voltage in the secondary winding. It may be assumed that
at one instant the upper end of the secondary becomes positive while the

INPUT + OuTPUT

:

GRID__ B— B+

:

Fi1c. 1.—Elementary Push-pull Circuit.

lower end becomes negative as indicated in Fig. 1. Then, with reference
to the filaments, the upper grid becomes more positive and the lower one
becomes more negative. This results in an increase of plate current through
the upper tube and in a decrease of plate current through the lower tube.
The effective combined result of these current changes is indicated by the
arrows alongside the primary of the output transformer. This change of
cutrent in the output transformer primary induces a corresponding voltage
and current in the secondary of this transformer, which may be connected
to a loud speaker, a transmission line or any other load circuit.

It is apparent from Fig. 1 that the signal changes in the two tubes are
combined in the output circuit. This is illustrated in the form of a graph
by Fig. 2. Here the applied grid voltage and the resulting plate current
for one tube are indicated by the full line curves and those for the other
tube by broken line curves. The combination of plate currents is effected
in the output transformer so that, as indicated at the extreme right hand
side of Fig. 2, the total output is much greater than the output from either
tube working alone.

The usual power output from a push-pull stage is twice or slightly
more than twice the power secured from one similar tube working alone.
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By using about double the usual grid bias with carefully matched tubes
it is possible to secure much more than double the power output of one
tube, but with all ordinary push-pull applications there is only a doubling
of output power. Inasmuch as a similar doubling of power output may
be had with simpler connections by using two tubes in parallel, this in-
crease of power is not the chief reason for using push-pull circuits.

The real reasons for employing push-pull amplification include
a reduction of harmonic distortion and of amplitude distortion, a
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Fi6. 2.—Combining Plate Currents in Push-pull Amplifier.

lessening of resistance feedbacks in power supply circuits, a les-
sened hum pickup and the possibility of simplified filtering in the

plate power supply.

The flow of direct plate current through the primary winding of the
output transformer is indicated by the arrows in Fig. 3. This direct cur-
rent flows one way through half the winding and in the opposite direction
through the other half. Thus the magnetizing effect of this direct current
on the core iron cancels out, and no matter how great the direct plate cur-
rent it cannot cause saturation of the iron. Large signal currents can then
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produce proportionate changes in magnetic flux
rather than being cut off by a saturation bend
in the magnetization curve of the iron.
Operation of a single tube on the lower
T bend of the grid-voltage, plate-current char-
acteristic would cause great harmonic distor-
tion. In a push-pull stage the resulting un-
equal amplification of positive and negative
signal impulses is compensated for as shown
in Fig. 4. Again the voltage and current
curves for one tube are shown in full lines
and those for the other tube in broken lines.
At g the separate plate currents are indicated
B-l g+ and it may be seen that the lower loops are
Fic. 3—D.C. In Output smaller than the upper ones. These large and
Transformer Primary. small plate currents combine their effects in
the output, both working together as indicated
at b. The currents add as shown at ¢ where it is apparent that the inequal-
ities have disappeared.
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Fic. 4—DBalancing Unequal Changes of Plate Current.
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The elimination of harmonic distortion shown in Fig. 4 actually takes
place only when the grid bias or the operating point comes at the middle
of a horizontal projection of the curved portion of the characteristic and
only when this curved portion is part of a parabola. This point is marked
“low bias” in Fig. 5. Any other bias point causes distortion, even with
matched tubes. Consequently with commercial push-pull amplification it
is not permissible to employ excessive grid bias to allow application of
voltages higher than usual in the signal input.

The grid bias for push-pull tubes should be the same as the
usual bias for a single tube of similar type b in Fig. 5. That is, the

PLATE
CURRENT

/__-—-_-ﬂ_-- ________
- GRID {VOLTS 0

i
LOW USUAL
BIAS BIAS

Fic. 5.~Biasing Points on Characteristic Curve.

grid should be so biased as to cause operation at the middle of
the straight portion of the grid-voltage, plate current curve, on
the negative side of the zero bias line.

Biasing half way down on the bend would mean about double the usual
bias, would allow application of about double the usual signal voltage and
would result in a far greater power output. This bias on the bend allows
each tube to handle only one alternation of the signal wave, the other tube
then working down past its point of plate current cutoff and doing no
useful work.
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With correct design and layout and with correct operation of a push-
pull stage the second harmonic and all other even harmonics are almost
completely cancelled in the output. However, the odd harmonics do not
cancel and the most serious distortion comes from the third harmonic
rather than from the second as with a single tube. The total harmonic

1275%
315
/< 125% 3'051
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Fre. 6—Harmonics with Push-pull Amplification.

distortion with push-pull amplification is about one-fifth that with a single
similar tube when both systems are operated with optimum loads and
voltages. The average relative values of harmonics from the second to
the fifth are shown in Fig. 6 for push-pull systems operated with excessive
inputs to purposely produce harmonic distortion for measurement purposes.

The various cancellations which take place in push-pull circuits
allow use of plate current having much less filtering than is re-

quired with other amplifying circuits.

g 13 P F
T TT

Fic. 7—Connections of Plate Circuit to Filter.

An ordinary power unit filter system is illustrated in Fig. 7. At point
o the rectified current has had no filtering, at b the current has been filtered
by one section and at ¢ it has been filtered by both sections. Ordinarily a
single power tube is supplied with practically pure direct current for its
plate from point ¢. But with push-pull systems it is found possible to take
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the plate supply from point b in almost all cases and in some push-pull
devices unfiltered rectified current is taken from point a. The heavy cur-
rent tor the power tube plates does not pass through any parts of the filter
at the right of the take-off point, consequently any filter chokes at the right
may be of comparatively small size.

Hum voltages or ripple voltages induced by pickup of magnetic fields
in amplifier parts following the push-pull input transformer will cancel
in the output because such pickup energy will affect both sides of the
circuit equally. However, any ripple picked up in the input transformer
or in parts preceding it in the electrical system will be amplified and
reproduced.

Cancelling of various distortion effects depends to a great extent
on the use of two push-pull tubes which have the same operating
characteristics. The tubes should have the same slopes in their
grid-voltage, plate-current curves, should have the same mutual
conductance and should carry equal plate currents.

Tic. 8 —Equalizing Plate Currents in Push-pull Tubes.

Even though tubes are well matched when first placed in service, their
characteristics change during use and the matching is no longer effective
after a short time. Sometimes it is considered desirable to provide means
for maintaining equality of plate currents, which may be measured with
a milliameter during service adjustments.

One method of plate current adjustment is illustrated in Fig. 8 where
the secondary of the input transformer is in two parts and has a voltage
divider between the parts. The center of this divider or potentiometer is
permanently connected to B-minus, while the sliding contact connects
through the bias resistor to the filament center tapped resistor. Moving
the slider increases the bias on one tube while decreasing it on the other,
thus allowing equalizing of the two plate currents.

The most serious difficulty encountered with push-pull ampli-
fication is that of oscillation at frequencies above audibility. This
oscillation results in excessive plate current and in a reduction of
useful output power. The greatest tendency toward this form of
oscillation is found with tubes having high values of mutual
conductance.
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QOscillation is due to tuned circuits formed by inductance and capacity
in the amplifier circuits. The capacity may be that between the tube elec-
trodes or it may be the distributed capacity of the transformer windings.
The inductance usually is that of the wiring, not that of the transformer

windings. In rare cases the trans-

RESISTORS former winding inductance may tune

with the distributed capacity of the

winding to tune both the grid circuit

and plate circuit, whereupon there is a

feedback through the tube capacity to
cause oscillation.

Oscillation may be suppressed in va-
rious ways. One effective method places
fixed resistors of from 10,000 to 50,000
ohms or more in both the grid leads as
shown in Fig. 9. Unbalancing in push-
pull circuits causes troubles which may
be remedied by any one or more of
the methods illustrated in Fig. 10.
Either one or both halves of the input
transformer secondary may be bypassed with a condenser or with a
resistor and at the same time it may be necessary to insert either a choke
coil or a 50,000-chm resistor in the lead from the center tap of the input
transformer to the biasing point or the C-minus connection.

F16. 9—Oscillation Prevention.
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Fic. 10.—Remedies for Unbalance. Fic. 11.—Push-pull Output Choke.

In place of the output transformer which generally is employed
with push-pull tubes it sometimes is possible to use an output
choke connected as in Fig. 11. The two ends of the choke are
connected to the tubes’ plates and also to the loud speaker or other
load. The choke’s center tap connects to the plate power supply.
Signal voltages combine and direct current effects cancel in the
choke just as they do in the transformer primary.
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An output choke cannot be used to match tube impedances which differ
widely from load impedances as can an output transformer. For this
reason the choke is used only when the tube plate resistance is from 80 to
125 per cent of the load impedance in ohms. Any greater variation calls
for the use of an impedance matching transformer.

The load impedance across the outer ends of an output trans-
former primary or across an output choke is double that which
would be used with a single tube rather than the push-pull tubes.
That is, each half of a transformer primary or each half of the
choke has the same impedance that would be provided in an out-
put transformer primary for a single similar tube.

E
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Fic. 12.—Dual Push-pull Amplification.

When large power tubes are used in a push-pull stage they
require a signal input of high voltage if the full power output is
to be obtained. When a signal sufficiently great cannot be devel-
oped with a single tube it is customary to use another push-pull
stage preceding the push-pull power stage.

This dual push-pull system requires the use of an interstage transformer
having both the primary and the secondary center tapped. The circuit con-
nections can be seen in Fig. 12 where it is shown that the special inter-
stage transformer is the only variation from a single stage of push-pull
.amplification.
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AMPLIFIER, AUDIO FREQUENCY, RESISTANCE
COUPLED.—Resistance coupling, or resistance-capacity
coupling, developes signal voltage changes across a resistor in the
plate circuit of one tube and applies these changes through a con-
denser to the grid circuit of a following tube. Connections for
resistance-capacity coupling are shown in Fig. 1.
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Frc. 1.—Resistance-capacity Coupled Amplifier.

The plate resistor carries direct current plate supply for the first tube,
also the plate current variations resulting from a signal applied to the
grid of this tube. The stopping condenser, sometimes called the blocking
condenser or coupling condenser, transfers the signal variations to the fol-
lowing grid circuit and at the same time keeps the high voltage direct cur-
rent plate supply of the first tube from affecting the grid of the second
tube. The grid leak allows maintaining a suitable grid bias on the second

tube.
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F16. 2—Simplified Diagram of Res'istance Coupling.

The performance of this circuit may be investigated by some-
what simplifying the diagram as has been done in Fig. 2. Since
both the plate supply and the grid biasing arrangements are by-
passed they have no effect on the signal currents and may be
omitted from further consideration. The first tube is represented
in Fig. 2 as a generator of signal voltage in series with its own
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plate resistance. The second tube is considered simply as a load
across which the amplified signal voltage changes are to be applied.
It will be found that the voltage applied through a resistance
coupling to the grid of the second tube never can be as great as
the voltage developed in the plate circuit of the first tube. The
amplification of a resistance coupled stage, including its tube, is
less than the amplification factor of the tube alone.

In Fig. 3 it may be seen that the voltage applied to the grid of the
second tube is that developed across the grid leak, also that the stopping
condenser is in series with this leak. The voltage developed across the
plate resistor is applied to the stopping condenser and the grid leak in
series, therefore this voltage divides between the condenser and the leak.
If the condenser reactance is low in comparison with the leak resistance

most of the available voltage will appear across the grid leak and will be
applied to the second tube,.
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F16. 3—Condenser and Grid Leak F16. 4—Coupling Circuit
in Series. without Condenser.

The portion of the first tube’s plate voltage variations actually applied
to the second tube is called the coupling factor and is found from the
following formula:

grid leak resistance in ohms

V grid leak 2 + stopping condenser #
ohms reactance in ohms

coupling factor =

This coupling factor will be 0.9 or more unless the capacity of the stop-
ping condenser is made so small that its reactance at the frequency con-
sidered becomes equal to more than half the grid leak resistance in ohms.
At a frequency of 100 cycles or more this coupling factor of 0.9 or a 90
per cent coupling efficiency, always will be exceeded when the condenser
capacities are no smaller than those given below for various grid leak
values :

Grid leak Capacity Grid leak Capacity
in ohms in mfds. in ohms -in mfds.

1,000,000 0.0315 300,000 0.0095
750,000 . 0.0235 250,000 0.0078

500,000 - 0.0157 200,000 -0.0063
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By using a suitable capacity the stopping condenser reactance may be
made of such small value that it may be neglected, the plate resistor and
grid leak then being considered as in parallel with the circuit of Fig. 4,

whereupon the effective resistance in the tube’s external plate circuit is
equal to:

plate resistor ohms X grid leak ohms . .
= effective circuit resistance

plate resistor ohms + grid leak ohms

Then the nominal amplification of the entire resistance coupled stage,
including the tube, is found from the following formula:

Stage _ amplification > coupling effective circuit resistance

amplification — factor of tube factor

tube's plate + effective circuit
resistance resistance

The amplification factor and the plate resistance of the tube may be
learned from published characteristics. The effective circuit resistance
and the coupling factor are calculated from preceding formulas.

Typical unit values in a resistance coupled stage are shown in Fig. §,
for which the stage amplification may be calculated. To find the coupling
factor it is necessary to use the reactance of the stopping condenser at the
frequency to be considered. At a frequency of 100 cycles, for example, the
reactance of the 0.01 mifd. stopping condenser is approximately 159,000
ohms. Placing this value, and the 500,000 ohms of the grid leak, in the
first formula the coupling factor is found to be about 0953. The effective
circuit resistance is calculated from the values of the plate resistor and the
grid leak with the second formula and is found to be 115,385 ohms.

Then the nominal stage amplification may be calculated from the third
formula by substituting the known values. The amplification is found to
be 7.273. Since the amplification of the tube is 82, that of the coupling
alone must be 7.273 divided by 82, which is 0.887 and represents a step-
down of voltage.

In determining stage amplification it is highly important that the tube
amplification factor and the plate resistance be those actually existing
under the operating conditions. Both of these characteristics change quite
rapidly with changes in applied plate voltage and grid bias.

It would seem that the reactance of the stopping condenser
should be made as small as possible by employing a large capacity.
Actually, however, it is found that the capacity of this condenser
should be no greater than necessary in obtaining a satisfactory
coupling factor at the lowest frequency to be efficiently handled.
It is true that a large capacity in the stopping condenser improves
the low frequency amplification, but it also may increase the time
constant of the combination of stopping condenser and grid leak
to such a value that the second tube will block and cease to amplify
because its plate current is dropped to zero.

Blocking of the second tube is due to excessive collection of negative
electrons on its grid when a large charge is accumulated by the large
capacity in a stopping condenser. The blocking will continue until the
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excess negative charge can pass away from the grid by way of the grid
leak to the cathode or filament. Thus, to allow use of a large capacity
stopping condenser without danger of blocking it becomes necessary to
use with it a low resistance grid leak to allow sufficiently rapid dis-
sipation of the grid's negative charges.

Examination of the formulas for coupling factor and for effective cir-
cuit resistance shows that a lower resistance grid leak lowers both of these
factors. For example, were the grid leak of Fig. § to be made 100,000
ohms instead of 500,000 ohms the coupling factor would drop to about
0.532 instead of its original value of 0.953, and the circuit resistance would
drop to 60,000 ohms instead of its former value of 115,385 ohms., These
lowered values would bring the stage amplification down to 3.88 from its
former value of 7.273. Thus it becomes apparent that use of a low resist-
ance grid leak results in a serious decrease of amplification.

The values of stopping condenser and grid leak actually chosen must
represent a compromise between amplification and danger of blocking.
The condenser is made of as small capacity as will allow satisfactory low
frequency response. Then the grid leak 1s made of the highest resistance
which will not cause blocking of the tube,
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F16. 5.—Typical Values for Resistance Coupling.

Both the plate resistor and the stopping condenser must be of
construction suited to their work. The plate resistor must carry
the tube’s plate current without overheating. As an example, a
tube might require a plate current of 6 milliamperes through a
. resistor of 50,000 ohms which would mean a power dissipation
of 1.8 watts. Allowing the usual safety factor of twice the actual
dissipation, this resistor would require a rating of at least 3.6 or
probably 4.0 watts.

The voltage drop across the plate resistor must be added to the actual
plate voltage to find the voltage required from the source. In the example
of Fig. 5 the tube may be assumed to require a plate current of 1.0 milliam-
pere or 0,001 ampere through the resistance of 150,000 ohms which results
in a drop of 150 volts. If the tube requires a plate potential of 65 volts
(plate to cathode) the plate power supply must furnish 150 plus 65 or
a total of 215 volts, of which all but 65 volts is dropped across the plate
resistor.

The stopping condenser must have a high resistance to direct current.
Any appreciable amount of direct current passing through this condenser
will flow through the grid leak as shown in Fig. 6, making the grid end of
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the leak more positive, opposing the effect of the regular grid bias, and
in extreme cases making the grid bias positive with reference to the cathode.
A positive bias or reduced negative bias prevents correct operation of the
tube as an amplifier.

The actual operation of a resistance coupled amplifier is ser-
iously affected at the higher audio frequencies by the capacities
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Flc. 6.—Effect of Leakage Through Stopping Condenser.

existing between the tube elements. In commonly used types of
tubes the capacity between the grid and the cathode or filament
runs between 5 and 7 micro-microfarads, the capacity between
plate and filament or cathode is between 5 and 12 mmf{ds., and in
tubes other than screen grid types the grid-plate capacity will range
between 5 and 10 mmfds.
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F1c. 7—Tube Capacities Affecting Amplification.
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The plate-cathode and grid-cathode capacities are effectively in parallel
with the plate resistor and with the grid leak. Since the reactance of any
capacity falls with increase of frequency, the impedances of these parallel
combinations of capacity and resistance will fall off with increase of
frequency.

The actual bypassing effect of the tube capacities on signal currents is
greatly increased by the voltage amplifying action of the tube. The effective
input capacity of a tube is not simply the grid-cathode capacity, but is of



AMPLIFIER, AUDIO FREQUENCY, RESISTANCE COUPLED

a value determined by this grid-cathode capacity, by the grid-plate capacity,
by the tube’s amplification factor and by the resistance or impedance in the
tube’s plate circuit. The paths for escape of signal currents are indicated
by the arrows in Fig. 7.

With tube capacities between 5 and 10 micro-microfarads the effective
input capacities of tubes generally employed runs between 50 and 100
mmfds. The decreasing reactance of a 50-mmfd. capacity with increase
of frequency from 100 to 30,000 cycles is shown by the reactance curve in
Fig. 8. This capacity is in parallel with the resistance of the grid leak so
that the impedance of the combination drops with increasing frequency
about as shown by the impedance curve in Fig. 8 if the grid leak is of
500,000 ohms resistance. The result is that stage amplification shows a
marked falling off toward the higher frequencies.
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F1c. 8—Effect of Frequency on Reactance and Impedance.

Non-uniform amplification of frequencies is minimized by using tubes
having low plate resistance, but such tubes always have comparatively
small amplification factors and thus reduce the amplification at all fre-
quencies. If only one resistance coupled stage is used in an amplifier the
load in the plate circuit of the following tube generally will be inductive
(a transformer or choke) rather than purely resistive and the high fre-
quency amplification will be improved. Some improvement is made by
using a plate resistor having no greater resistance than really necessary,
such value being slightly more than twice the plate resistance of the tube.

Screen grid tubes, in which there is but an exceedingly small capacity
between control grid and plate, are successfully used in resistance-capacity
coupled amplifiers. With suitable plate resistors and stopping condensers
it is possible for amplifiers employing these tubes to effectively amplify
even the highest audio frequencies..
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AMPLIFIER, AUDIO FREQUENCY, TRANSFORMER
COUPLED.—The transformer coupled audio amplifier is more
commonly used than any of the other types. In this amplifier the
coupling between tubes is formed by an iron-core transformer hav-
ing separate and insulated primary and secondary windings as in
Fig. 1. The cores provide closed magnetic circuits, Audio fre-
quency transformers have step-up turn ratios of from one and one-
half to one up to ten to one. The operating characteristics and
various details relating to these units are taken up under the head-
ing of Transformer, Audio Frequency, which may be referred to.
Here are considered only the uses of such transformers in a practical
amplifier unit.

s a general rule better and more uniform amplification will be
obtained when using low turn ratios rather than high turn ratios in
the transformers. Unless the transformers are of large size and have
large cores of high grade steel it is not advisable to use ratios greater

PLATE GRID

Fic. 1—Transformer Coupling for Audio Frequency Amplifier.

than three and one-half to one or four to one. Greater volume on
some notes may be obtained with ratios as high as six to one or
even ten to one but this volume is obtained only on certain fre-
quencies and the amplification at higher and lower notes is far from
good.
Factors Affecting Amplification.—The amplification of a
transformer coupled stage often is assumed as being equal to
the amplification factor of the tube multiplied by the turns
ratio of the transformer. Such amplification is not realized
in practice because of numerous modifying factors. These factors
include the change in transformer primary inductive reactance
with change of frequency, the input impedance of the following
tube connected to the secondary winding, the transformer leakage
reactance, the resistance of the windings and the distributed
capacity of the windings. Some of the factors may be allowed for
in calculating stage gain, but others cannot be arrived at with any
degree of certainty.

An approximation of stage gain in an amplifier such as that of Fig. 2
is given by the following formula:
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Fic. 2—Circuit for Transformer Coupling.

Stage tube input impedance X turns ratio
aigt = amplification
g factor input + turns? X tube plate
impedance ( ratio resistance
RATIO
2.5

2, OOO SO0, OOO
OHMS OI-IMS

i

[}

l

Fig. 3.—Simplified Diagram of Transformer Coupling.

This formula makes no allowance for the effect of frequency on trans-
former reactance nor does it allow for such factors as leakage reactance
and distributed capacity.

Omitting from consideration the plate current supply and the grid bias-
ing resistors, both of which are bypassed to prevent their having any
effect on signal currents, the amplifier of Fig. 2 may be redrawn as in

RATIO=2S ______

H e 5 goo
80,000 =3 Sivs
OHMS S 2

*----

Fi6. 4—Secondary Load as Reflected in Primary.
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Fig. 3 where common values have been assigned for the terms used in
the formula. The stage gain calculated from these values is approximately
17.4, whereas the product of the amplification factor (8) and the trans-
former ratio (2.5) would show a gain of 20.

If the primary inductive reactance be neglected then the apparent resist-
ance of the primary winding depends on the secondary load which, in this
case, is the input impedance of the following tube. This reflected value
of impedance as it appears in the primary is equal to the following input

REACTANCE-1000s OF OHMS

o .
.
FREQUENCY CYCLES
F1c. 5.—Frequency Effect on Inductive Reactance.

impedance divided by the square of the turns ratio. For the values assumed
in Fig. 3 the apparent primary resistance is equal to 500,000 ohms divided
by the square of 2.5, or is 80,000 ochms as indicated in Fig. 4.

This apparent primary resistance actually is in parallel with the pri-
mary’s inductive reactance, and this reactance varies directly with fre-
quency. The reactance is small at low frequencies and becomes steadily
larger as the operating frequency is increased. The variation of reactance
with change of frequency from 100 cycles to 10,000 cycles for a primary
inductance of 20 henrys is shown in Fig. 5. This reactance and the apparent
resistance in parallel result in a plate circuit resistance which always will
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Fi16. 6.—Frequency Effect on Apparent Resistance.

be less than the value of either the resistance or the reactance alone. The
change in plate circuit resistance with change of frequency is shown in
Fig. 6. The small resistance at low frequencies causes a great reduction
of amplification at these frequencies.

At high audio frequencies the bypassing effect of the distributed
capacity in the transformer secondary winding becomes important.
As indicated in Fig. 7 this distributed capacity is in parallel with
the input circuit for the following tube and in parallel with this
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same circuit is the inter-electrode capacity of the tube itself. Since
the reactance of a capacity falls rapidly with increase of frequency,
the impedance of the load across the transformer secondary drops
off at the higher frequencies and the high frequency amplification
is correspondingly reduced.

OISTRIBUTED TUBE-
CAPACITY) CAZACITY
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L

F1c. 7.—Capacities in Transformer Secondary Circuit.

The effect of primary reactance on low frequencies and of secondary
reactance on high frequencies is shown by the gain curves of Fig. 8 which
are plotted from transformer coupled amplifying stages. At frequencies
just below those at which occurs the final falling off in amplification there
is a “resonance peak” in both curves. This peak is caused by the trans-
former’s inductance and distributed capacity tuning together to make a
circuit which is resonant at these high frequencies. The secondary cur-
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Fic. 8. —Amplification with Transformer Coupling.

rent is increased by this resonance effect at and near one particular fre-
quency and the amplification shows a sudden rise and fall around this
frequency.

Transformer coupled audio frequency amplifiers sometimes are
subject to oscillation at high audio frequencies or at frequencies
above audibility. The result is a reduction in useful power output
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of the tubes, an increase of plate current, and possibly a high
pitched heterodyne whistle. Such oscillation generally is due to
tuning of the various distributed capacities and tube capacities
with inductances in windings and wiring. A remedy consists of
placing one or more bypass condensers across the various grid
circuits as shown in Fig. 9. :

F1c. 9.—Remedies for Oscillation.
Parallel Feed Audio Amplifier.—In the usual connection
scheme for transformer coupling the direct current for the
plate circuit flows through the dprimary winding of the transformer.

In an alternative design, called parallel plate feed, the direct cur-
rent for the plate of the preceding tube is carried through an ad-
ditional choke as in Fig. 10, or through a resistor as in Fig. 11. The
plate circuit of the tube is then coupled to the transformer primary
through a coupling condenser.

Alternating current or audio fre%uency changes in the plate circuit then
have a choice between two paralle]l paths; one path being the resistor or
choke, the other being the coupling condenser and primary winding of the
transformer. The impedance of the choke or the resistance of the resistor
is made high in value. The impedance of the path through the coupling
condenser and transformer is made reasonably low, at least no greater than
the impedance of the choke. Audio frequency current changes then divide,
part taking each path. Because of the condenser in one circuit, no direct
current can take this path and only alternating current flows through the
transformer primary. Relieving the transformer primary of the direct cur-
rent load avoids the danger of core saturation which exists in small trans-
formers and in those having core material of very high permeability.

The arrangement at the top in Fig. 10 shows the connections when using
an ordinary transformer with two separate windings. The regular plate
terminal of the transformer is connected to the bias voltage and the grid
terminal is connected to the following tube. The regular B-supply terminal
and the regular filament or biasing terminal are both comnected to the coup-
ling condenser or else are connected together and to the coupling condenser.
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In the lower part of Fig. 10 the transformer with separate windings has
been replaced with an auto-transformer with an electrically continuous winding.
It will be seen that similarly lettered transformer terminals in the two dia-
grams are similarly connected. The effect is to increase the turns ratio and
the voltage step-up ratio of the transformer. In the upper drawing, were
the transformer used in the usual manner with the primary and secondary
winding circuits entirely separate, the ratio would be two to one with a
secondary having twice as many turns as in the primary. With the auto-
transformer connection or with the ordinary transformer connected as in
the upper drawing, the primary winding is that part between the coupling
condenser and the biasing terminal, while the secondary portion includes the
entire winding between the plate terminal and the grid terminal. Thus, the
secondary winding, in the case assumed, would have three times the number
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Fi1c. 10—Parallel Feed Connections for Choke and Ordinary Audio
Frequency Transformer.

of turns that are included in the primary portion and the two-to-one ratio
transformer becomes one with a three-to-one turns ratio.

Most audio frequency transformers may be connected as indicated at the
top of Fig. 10. However, a few units of this kind have their windings re-
versed from usual practice and in such cases the terminal marked B would
be connected to the biasing voltage and the terminal marked P! would be
connected to the coupling condenser. The transformer may be tried with
both connections, the one giving the greatest amplification or volume being
that which is correct.

With choke feed to the plate circuit, the choke coil should have an induc-
tance of fifty henrys or more and must be wound with wire large enough to
carry the plate current. Speaker coupling chokes and amplifying chokes
may be used here. The coupling transformer may be of any value between
0.01 mfd. and 1.0 mfd. depending on whether it is desired to provide a tuned
circuit employing the primary of the transformer as the inductance.
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A parallel plate feed through a resistor in place of a choke is shown in
Fig. 11. The auto-transformer connections of Fig. 10 might be used here. Direct
current for the plate circuit flows only through the resistor while the audio
frequency current changes flow through both the resistor and the coupling
condenser with its connected primary winding.

The use of a resistor, as in Fig. 11, requires that the power unit B-voltage
be greater than when using a choke coil since the resistance of the resistor
to direct current is many times greater than the resistance of the choke. In
either case the voltage applied to the plate of the tube, as measured between
the plate terminal of the tube and B-minus, should be that normally used
with the tube being employed. The resistance generally required is some
value between 75,000 ohms and 100,000 ohms. The greater the resistance,
the more audio frequency energy will be sent through the transformer and
the less wasted through the resistance. On the other hand, the higher the
resistance, the greater will be the loss of plate supply energy in forcing the
direct current for the plate circuit through the higher resistance. The resist-
ance connection is suited only to voltage amplifying types of tubes in which
there is a comparatively small plate current. It is not suited to power tubes
carrying many milliamperes of direct current for the plate circuit.

With parallel feed it is possible to tune the plate circuit to resonance at
some low frequency at which extra amplification is desired. At the resonant
frequency there will be a decided increase of audio frequency plate current
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Fic. 11.—Paralie]l Feed with Resistor and Transformer.

with a corresponding increase of amplification at and near this frequency.
The low frequency end of the amplification curve may be thus brought up
to the level of the balance of the curve or the low frequencies may even be
accentuated.

The coupling condenser and the transformer primary provide capacity and
inductance for a series resonant circuit. The reactance of the condenser in-
creases as the frequency drops while the reactance of the primary winding de-
creases with drop of frequency. Resonance will be obtained at the frequency
for which the two reactances become equal. The transformer primary reac-
tance depends not only on the apparent inductance of this winding but also on
other factors such as the reactance due to leakage flux. With windings of
ordinary proportion the tuning condenser will lie between 0.01 and 0.05
microfarads for resonance between fifty and eighty cycles. If it is not
desired to make the circuit resonant at a low frequency, the coupling trans-
former may have a capacity of from one-half to two microfarads which will
increase the amplification at all frequencies over that obtained with the small
capacities.
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AMPLIFIER, DIRECT CURRENT.—A direct current
amplifier is an amplifier containing one or more tubes so operated
that application of a steady voltage or a direct current to its input
results in a proportionate but larger steady voltage or direct cur-
rent in the output circuit or load circuit. Direct current amplifiers
are capable of magnifying all frequencies from zero up through
the audio frequency and intermediate frequency ranges, but are not
used for radio frequencies. Other amplifiers especially designed to
work at audio, intermediate and radio frequencies are not ordinar-
ily capable of magnifying an unchanging or steady voltage and
all are relatively inefficient at frequencies below about twenty
cycles. Direct current amplifiers are useful chiefly for experi-
mental work, for laboratory measurements of small quantities, and
for television amplification.

Since a direct current will not pass through either a transformer or a
condenser in a manner to provide coupling, the connection between tubes

in a direct current amplifier may include neither of these elements but
must consist of resistances only.,
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Fic. 1.—Simple Form of Direct Current Amplifier.

The simplest direct current amplifier employs a single tube connected
as in Fig. 1 and having its control grid negatively biased to a point that
allows the smallest plate current obtainable with operation on the straight
portion of the grid-voltage, plate-current curve for the tube. The grid cir-
cuit includes the biasing battery and resistor R1. The plate circuit includes
the plate battery and resistor R2.

Application of a steady direct voltage to the input terminals of Fig. 1
causes current to flow downward through resistor Rl, thus making the
upper end or grid end of this resistor become more positive. Since this
upper end is connected to the tube’s control grid, the grid becomes more
positive and causes an increase of plate current through resistor R2. This
larger current produces a greater voltage drop in R2 and the lower end
of this resistor becomes more positive with reference to the upper end. If
R2 has sufficiently high resistance and if the applied voltage is not so great
as to make the control grid positive, then the increase of voltage across
R2 will be greater than the voltage applied to the input and each change
of applied voltage will cause a proportionate increase of voltage across
R2. That is, any voltage applied to the input will be multiplied by a
constant factor,
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Should greater amplification be required a second stage may be
added as in Fig. 2 where resistor R2, already in the plate circuit
of the first tube, now is included also in the grid circuit of the
second tube. Since the upper end of R2 is connected to the second
tube’s control grid and the lower end to this tube's cathode, the
voltage drop across R2 will apply a negative bias to the second
tube. This voltage drop ordinarily is greater than the voltage
required for biasing, so part of the voltage in R2 is balanced out
by the second biasing battery which is connected with its positive
terminal toward the control grid. Then, for example, were the
drop across R2 to be 25 volts and the second biasing battery one
of 22.5 volts potential, there would be the difference of 2.5 volts
for negative grid bias.

With a second amplifying stage as in Fig. 2, application of a voltage

across the input terminals of the first tube will cause more current to flow
in R2 and will increase the voltage drop in this resistor. This results in
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Fic. 2—Two-Stage Direct Current Amplifier.

the bias on the grid of the second tube becoming more negative which,
in turn, reduces this tube’s plate current flowing through resistor R3. This
decreased plate current lessens the voltage drop across R3, so it becomes
apparent that a voltage applied to the input of the two-stage amplifier
results in a decreased voltage at the output. Because of this effect the
second tube is provided with a grid bias of such value as to cause opera-
tion near the top of the straight portion of the characteristic curve. This
means that there is the maximum possible plate current without making
the grid positive. The normal action of the two-stage amplifier causes this
maximum plate current to be decreased upon application of voltage to the
input.

With any odd number of amplifying stages an increase of input voltage
causes an increase of output voltage. But with any even number of stages
an increase of input voltage causes a decrease of voltage at the output.
The control grids of the first, third and other odd numbered tubes are
biased to allow minimum plate current, while the second, fourth and other
even numbered tubes are biased to allow maximum plate current when
no voltage is being applied to the input.
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The steady plate current and steady direct voltage in the last
stage of any direct current amplifier generally are balanced out
so that the only voltage applied to a measuring instrument or other
load is the change of voltage in this plate circuit, and does not
include the voltage drop caused by the steady plate current.

One balancing method is shown in Fig. 3 where the load circuit includes
a meter, a balancing battery and a balancing resistor, all connected in series
across the output resistor which might be resistor R3 of Fig. 2. Voltage
across the amplifier’s output resistor is applied to the meter in such a
direction as to cause meter current to flow with the full line arrow which
is drawn near the meter. The balancing battery is connected so that it
causes current to flow in the opposite direction through the meter, as
shown by the broken line arrow. The balancing resistor is adjusted so
that, with no voltage applied to the amplifier’s input, the meter reads zero
for an odd number of stages or has a maximum reading if there are an
even number of amplifying stages. Then any voltage applied to the ampli-
fier input will cause the meter reading ta change proportionately to the
applied voltage.
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Fic. 3.—Balancing the Plate Resistor Voltage.

It is possible to construct a direct current amplifier to operate
without batteries by taking all plate voltages and biasing voltages
from suitable taps on a single voltage divider. This method is-
similar to that described for a direct coupled amplifier under
Amplifier, Audio Frequency, Direct Coupled.



AMPLIFIER, INTERMEDIATE FREQUENCY

AMPLIFIER, INTERMEDIATE FREQUENCY.—An
intermediate frequency amplifier is that portion of a superhetero-
dyne receiver which has for its input the beat frequency produced
in the first detector by combination of the signal frequency and
the local oscillator frequency. The amplified beat frequency or
intermediate frequency then forms the input for the second de-
tector. See Receiver, Superheterodyne.

AMPLIFIER, PHONOGRAPH.—A phonograph amplifier
may be any audio frequency amplifier especially arranged to oper-
ate with a phonograph pickup as a source of signal voltages. The
amplifier may be the audio frequency portion of a radio receiver,
or the detector and audio amplifier together, or it may be a sepa-
rate unit having no other source of input voltage than the phono-
graph pickup. The operating characteristics of phonograph pick-
ups are described under Phonograph.

AMPLIFIER, RADIO FREQUENCY.—A radio frequency
amplifier consists of one or more amplifying tubes with the necessary
coupling devices between them. This amplifier is placed between
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Position of the Radio Frequency Amplifier in a Receiver.

the antenna or tuner and the detector so that it may increase the
strength of the signals coming from the antenna and deliver these
amplified signals to the- detector. A radio frequency amplifier is
used ahead of the detector while an audio frequency amplifier is
used following the detector. See Radio, Principles of.

There are four types of radio frequency amplifiers in more or
less common use. They are designated according to the kind of
coupling used between the tubes. By far the most common type is
that using tuned transformer coupling. Other less used types in-
clude tuned impedance coupling, tuned variometer coupling and
untuned transformer coupling.

The problems to be met in a radio frequency amplifier are quite
different from those met in the audio frequency amplifier. An
audio frequency amplifier handles currents of comparatively low
frequency and high amperage. Such currents are quite easily con-
trolled and amplified. In the radio frequency amplifier we deal
with extremely high frequencies and with voltages so small that
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they are measured in millionths of a volt as they come from the
antenna. The greatest care is necessary to avoid the loss of any of
this voltage and to prevent the escape or improper travel of the high
frequencies.

Both tuned and untuned coupling devices have been mentioned as
being used in radio frequency amplifiers. In audio frequency am-
plifiers all of the couplings are untuned, that is, they are not tuned
to resonance at any particular frequency, but amplify almost equally
well all frequencies within the audible range.

The lack of amplification or voltage step-up in the coupling devices used
between radio frequency tubes is compensated for to some extent by what is
called the square law action of the detector. The detector tube amplifies
according to the square of the voltage changes applied to its grid. There-
fore, all the voltage gain obtained in the radio frequency stages has the. ad-
vantage of being finally squared by the detector. The real gain due to in-
creasing the number of stages of radio frequency amplification may be as
great as the gain in adding an equal number of audio frequency stages, al-
though the radio frequency amplification itself is not as effective in increasing
signal strength as is audio frequency amplification.

In dealing with the radio frequency amplifier we must handle broadcast
frequencies from 500,000 cycles (or 500 kilocycles) up to 1,500,000 cycles
(or 1500 kilocycles). It is not possible to build any form of coupling device
which will amplify with even approximate uniformity such a range of fre-
quencies as must be handled in the radio frequency end of a receiver. There-
fore it is necessary to tune the coupling device or make it resonant to the
particular frequency being handled at any one time for satisfactory reception
of broadcasting. :

Untuned transformer coupling has been mentioned, but this type of cou-
pling has almost disappeared from use in receivers intended for broadcast re-
ception. During the days when all broadcasting stations operated either on a
wavelength of 360 meters or one of 450 meters it was possible to use untuned
radio frequency transformers with a fair degree of satisfaction, since they
may be built to amplify quite evenly between these limits. But now that the
broadcasting wavelengths and frequencies have extended greatly both above
and below these old limits we can no longer use untuned transformers.

It is not necessary to use radio frequency amplification ahead of the de-
tector when receiving powerful nearby stations. Methods of cutting out one
of the radio frequency stages are shown under Jacks and Switches, Uses of.

Since the subject of radio frequency amplifiers is closely related
to a great part of all other work in radio receivers it is necessary to
consider many related subjects when dealing with these amplifiers.
For information on parts which enter into the construction of radio
frequency amplifiers or which affect the operation of these ampli-
fiers the following headings should be referred to: Antenna, Cou-
pling of ; Coil, Angle of Mounting; Coil, Design; Coil, Tuning, Sizes
Regquired for; Distortion; Condenser, Variable; Control, Single; Os-
cillation; Resonance; Selectivity; Senmsitivity; Tube, Amplifying
Types of; and Volume, Control of.

AMPLIFIER, RADIO FREQUENCY, TUNED IMPED-
ANCE COUPLED.—The operating principle of the tuned im-
pedance coupled radio frequency amplifier is the same as that of
the impedance coupled audio frequency amplifier. In both these
types of amplifiers we obtain a drop of voltage across an impedance
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or a resistance in the plate circuit of one tube, and, through a fixed
condenser used as a stopping condenser, we apply the changes in
voltage across this impedance or resistance to the grid of the follow-
ing tube.

The circuit of a tuned impedance coupled amplifier is shown in
Fig. 1. The coupling device consists of a coil and condenser in
parallel and placed between the plate of the tube and the B-battery
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Fi16. 1.—Tuned Impedance Coupling for Radio Amplifier.

or power unit. By varying the capacity of the condenser the com-
bination is tuned to resonance with the frequency to be received
and amplified.

With the coil and condenser tuned to resonance they have the
greatest possible impedance at the received frequency. Therefore,
plate current at this frequency meets a great impedance in the coil
and condenser and there is the greatest possible drop of voltage
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Fic. 2—Oscillation Control for Radio Fic. 3.—Radio Amplifier
Amplifier with Potentiometer and with Control with Resistance in
Resistance in Plate Circuit. Parallel with Impedance.

across this impedance. From the tube’s plate terminal, at its con-
nection to the impedance, a lead runs to a stopping condenser whose
other side is connected to the grid of the following tube. The
changes in voltage across the impedance are carried through this
condenser and applied to the grid of the following tube.

The inductance of the coil and the capacity of the variable tun-
ing condenser are selected to tune together over the broadcasting
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wave bands. The grid leak for the radio frequency amplifying tube
should have a resistance of one megohm or more and the stopping
condenser should be of .0005 microfarad capacity or larger.

The principal objection to the tuned impedance amplifier is the difficulty
of preventing self-oscillation. This oscillation may be controlled with a 200-
to 400-ohm potentiometer in the grid return or with several other types of
oscillation control described under the heading Oscillation. The tuned im-
pedance circuit cannot be neutralized. It may be handled satisfactorily by
placing a variable high resistance in series between the impedance coil and
the power unit or B-battery as in Fig. 2 or it may be handled by placing
such a resistance in parallel with the impedance as shown in Fig. 3. For a
single-stage amplifier this variable resistance should have a maximum value
of 2000 ohms. For a two-stage amplifier the resistance may have a maximum
value of 100,000 ohms.
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F16. 5.—Variometer Used as Tuned Impedance Coupling in Radio Amplifier.

The ecircuit diagram in Fig. 4 shows the complete connections for
an impedance coupled radio frequency amplifier from the antenna
and ground to and including the detector tube. The antenna
coupler may be of the style shown or of any other type which is
available. The impedance coil should be placed at right angles to,
or in such relation to, the antenna coil that there is the least possible
coupling or feedback effect between them.

The capacity of the tuning condensers and the size of their coils
will depend on the frequencies to be covered and may be determined
by reference to the section Coil, Tuning, Sizes Required for. Oscilla-
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tion control in this circuit is by a variable high resistance in series
with the B-battery for the radio frequency tube but any other form
of oscillation control may be used. Due to the difficulty of controll-
ing oscillation, impedance coupled amplifiers are generally con-

structed with but one stage of radio frequency amplification ahead
of the detector.

In place of the impedance coil and its tuning condenser a variometer may be
substituted as shown in Fig. 5. Variometers which are constructed for the
purpose of tuning will take the place of both the coil and its tuning con-
denser. With some types of variometers it may be necessary to use a fixed
condenser connected in parallel with the variometer as shown by the dotted
lines. This fixed tuning condenser may have a value between .0001 and
00025 microfarad, depending on the variometer with which it is used. See

Variometer, Coupling with.

AMPLIFIER, RADIO FREQUENCY, TUNED TRANS-
FORMER COUPLED.—A radio frequency amplifier using
tuned transformer coupling provides transfer of signal voltage
from the plate circuit of one tube to the grid circuit of a following
tube by inductive coupling between one winding in the plate cir-

cuit and another winding in the grid circuit. Typical connections
are shown in Fig. 1.
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F16. 1.—Transformer Coupling for Radio Frequencies.

The two windings form the primary and secondary of an air-
core transformer, the secondary being tuned to resonance at the
frequency to be handled by means of a variable condenser con-
nected across the ends of the winding. In some cases the primary
also is tuned either by a variable or a fixed condenser.

The voltage amplification obtained from a stage of tuned transformer
coupling depends in the first tube’s mutual conductance, on its plate resist-

ance and on the effective resistance offered to signal currents in this tube’s
plate circuit. The following formula may be used:
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tube plate X effective plate

Voltage T ] % resistance circuit resistance

amplification — conductance

tube plate + effective plate
resistance circuit resistance

Since the tube’s mutual conductance is equal to its amplification factor
divided by its plate resistance these two factors may be used in place of
mutual conductance in the preceding formula which then takes the form:

amplification % effective plate

Voltage _ factor circuit resistance
amplification tube plate + effective plate
resistance circust resistance
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Fic. 2.—Shielded Radio Frequency Transformer.

If the various values are those actually existing together in a circuit
both formulas will yield the same result.

The mutual conductance, the amplification factor and the plate resistance
may be measured or taken from published specifications. The effective
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F1c. 3.—Primaries of High and Low Frequency.

plate circuit resistance depends upon the operating frequency, on the high
frequency resistance of the transformer winding, and on the turns ratio
of the transformer. The following formula gives a value of effective
resistance which may be used in ordinary calculations:
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-\ 2 secondary 4
( 0.00628 X T7equency "') ( inductance
Effective nocycies microhenrys
plate circuit = ;
resistance secondary high . 00

frequency ohms

As an example the amplification may be calculated for the following
conditions: Frequency, 1,000 kilocycles. Secondary inductance, 250 micro-
henrys. High frequency resistance, 15 ohms. Turns ratio, 4 to 3 (secondary
to primary) Tube plate resistance, 400,000 ohms. Amplification factor, 400,

Substituting these values in the formula for effective plate circuit resist-
ance the result is approximately 92,500 ohms. This value for plate circuit
resistance now may be used in the formula for voltage amplification and
the calculation shows a gain of about 7513 for the stage. This calculated
value would be modified in practice by the input impedance and the inter-
electrode capacities in the following tube, of which the grid-cathode is con-
nected across the secondary of the tuned transformer.

Z2
o
——
16 —
o —~{_ L1
& N P
6_‘ \\ g
= g met P RN _ 1 Fd=-4-9-1
<6 L~ /" s el e Kool il il i
> =
L~ C
Fa < [ =
< —
-l
w
msoo 1500

1600
FREQUENCY KILOCYCLES
Fic. 4 —Effect of Primary Frequency on Amplification.

These calculations for stage gain assume that the transformer primary
winding is untuned and is not resonant at any frequency to be handled.
However, in many amplifiers the primary actually is tuned to make the
amplification more uniform throughout the operating range of frequencies.
If the transformer has no such correction for frequency response the ampli-
fication will increase with increase of frequency because the plate load is
inductive in such transformers and the inductive reactance increases directly
with frequency. This inductive reactance forms the major portion of the
plate circuit’s effective resistance.

Modern amplifiers employing tuned transformer coupling for
radio frequency amplification use screen grid tubes or some modi-
fication of these tubes, thus avoiding nearly all of the feedback
through tube capacities which was so difficult to overcome with
earlier designs using three-element tubes. The transformers gen-
erally are placed within individual shields as in Fig. 2 and all of
the parts in one stage of amplification are completely shielded from
parts in other stages. Conductors common to more than one stage
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are isolated by filtering and bypassing the high frequency cur-
rents so that feedbacks external to the tubes are reduced to a
value at which self-sustained oscillation is avoided.

The natural tendency with any coupling system which employs
inductances is for the amplification to increase with increase of
frequency because of the rise occuring in the reactance of any
inductance as the applied frequency is made higher. This increase
of amplification occurs regardless of the degree of coupling. The
variation of amplification is greater with screen grid tubes than
with three-element tubes.

At the left hand side of Fig. 3 the transformer primary is of small
inductance. Its natural frequency is high, much higher than any frequency
to be amplified. The increase of amplification with increase of frequency
in such a stage will be about as shown by curve 4 in Fig. 4.

The natural frequency of the transformer primary may be lowered until
it is below any frequency to be amplified, this result being secured by the
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Fic. 5.—Sideband Widths at Various Carrier Frequencies.

use of more primary inductance or by the use of tuning in the primary
circuit as indicated at the right hand side of Fig. 3. Now the response of
the primary alone will be about as indicated in curve B of Fig. 4. The
voltage developed across the primary decreases with rise of frequency
because this rising frequency departs more and more from the natural
frequency or resonant frequency of the primary. The falling off of voltage
fh the primary, combined with the rise of voltage in the remainder of the
coupling system, then will give an amplification curve like that marked
C in Fig. 4, the gain being nearly constant over most of the tuning range.

The change in primary natural frequency may be applied either to the
coupling between tubes as in Fig. 3 or to a transformer in the antenna
circuit. An antenna circuit primary tunes with the capacity of the aerial-
ground system and with the primary’s distributed capacity.

With a small primary or one naturally resonant at high fre-
quencies the plate circuit load acts as an inductive reactance. Feed-
back of energy through the tube capacity then is in phase with
voltages in the grid circuit, the grid voltages are reinforced and
there is regeneration or possibly self-sustained oscillation. This
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effect may be couriteracted by neutralizing or by using any of the
methods adapted to reduction of oscillation.

If the primary has large inductance and tunes to a frequency lower than
the frequency amplified, then the plate circuit load acts as a capacitive
reactance and the feedback is in opposite phase to grid circuit voltages. The
feedback voltage now opposes the grid voltage and there is a reduction
in amplification. Compensation for this effect may be had by allowing a
certain amount of in-phase feedback or by allowing regeneration.

The selectivity of any radio frequency circuit depends chiefly
on the circuit’s high frequency resistance, the greater the resist-
ance, the poorer the selectivity or the broader the tuning. This
kind of resistance becomes rapidly larger as the operating fre-
quency is increased, and the tuning becomes broader. The change
in broadness of tuning with increase of frequency in a typical
radio frequency stage is indicated by the curve of Fig. 5. Ten-
kilocycle separation is shown by the horizontal line, and it may
be seen that in this particular example it is impossible to attain
this degree of selectivity at any frequency above 850 kilocycles,
while the tuning below this frequency is so sharp as to cause side
band cutting.

AMPLIFIER, RADIO FREQUENCY, UNTUNED
TRANSFORMER COUPLED.—It was explained under 4m-
plifier, Radio Frequency that untuned transformer coupling will
cover only a very limited range of frequencies and that it is there-
fore unsatisfactory for broadcast reception. The circuit for a radio
frequency amplifier using untuned transformers is shown.
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Radio Frequency Amplifier with Untuned Transformers.

An untuned radio frequency transformer has a small amount of iron as a
core, this being indicated by the broken lines between the primary and sec-
ondary windings in the diagram. The circuit coupled to the antenna is tuned
with a variable condenser. Oscillation control is by means of a 200- or 400-
ohm potentiometer as shown. Other types of oscillation control may be sub-
stituted. The grid return for both radio frequency amplifier tubes is through
this potentiometer, while the detector grid return is to the positive filament
terminal of the detector. The resistance of the detector grid leak may be one




AMPLIFIER, RADIO FREQUENCY, VARIOMETER

megohm ‘or greater. The negative A-battery line may be grounded through
the .005 microfarad grounding condenser as shown, or grounded directly with-
out the condenser. Such a receiver is a fairly good distance getter for a
limited range of frequencies or wavelengths but is not at all selective. See
Transformer, Untuned Radio Frequency.

AMPLIFIER, RADIO FREQUEN CY, VARIOMETER
COUPLED.—A tuned impédance coupled radio frequency ampli-
fier may be built with variometers for coupling units between the
tubes in place of with coils and variable condensers. See Amplifier,
Radio Frequency, Tuned Impedance Coupled; also Variometer,
Coupling with.

AMPLIFIER TUBE.—See Tube, Amplifying Types of.

AMPLITUDE.—The highest voltage or amperage reached by
a wave or alternation of an alternating current. See diagram.

AMPLITUDE DISTORTION.—See
Distortion. l

ANGLE, ELECTRICAL —One com- '
plete cycle of alternatmg current is consid- fAMPUTUOS
ered as consisting of 360 electrical degrees %
just as one complete circle consists of 360
degrees. One half a cycle, which is one al-
ternation, then consists of 180 electrical de- —e-c._duo...
grees; one half alternation consists of 90 The Amplitude of an
electrical degrees and so on. Alternating Current Wave.

The relative times with reference to one another at which alternating cur-
rents and voltages reach their maximum and minimum points and at which
they pass through zero are designated by the number of electrical degrees be-
tween such points. See Alternation; Cycle; and Phase.

ANGLE OF COIL MOUNTING.—See Coil, Angle of Mount-
ing.

ANGLE OF LAG.—See Phase.

ANGLE OF LEAD.—See Phase.

ANION.—A negative ion is called an anion. Ions are formed
by the electrical breaking down of gases and liquids. Ions formed
at the anode are the anions, those formed at the cathode are cations.

ANNUNCIATOR WIRE.—See Wire, Bell.

ANODE.—A terminal or an electrode through which an electric
current enters an electrolyte, a vacuum or any other medium on its
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Anodes and Cathodes in Electric Circuits.




ANTENNA

way to the negative side of the source. The anode is therefore the
positive terminal of an electric source such as a battery, or is the
electrode connected to this positive terminal. In a vacuum tube
the plate is the anode while the filament is the cathode. See also
Cathode.

ANTENNA.—The antenna includes the wires or conductors
which extend outside of the receiver proper and which are affected
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Fi1c. 1—Relation of the Antenna and Aerial.

by the signals coming from a radio transmitter or broadcasting sta-
tion. The type of antenna now being considered consists of one or
more wires elevated some distance above the ground as in Fig. 1.

These wires form one plate of a large condenser whose other plate
is the ground or earth. The antenna and ground have the air be-
tween them acting as the dielectric of this condenser.

Between antenna and ground connections in the receiver there is
always an inductance, a coil. The inductance of the coil together
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F1c. 2—The Principle of the Capacity Antenna.

with the capacity of the antenna form an oscillatory circuit which
responds to the frequency of the radio waves coming through the
air from a broadcasting station. Oscillating currents are set up
through the antenna, the coil and the ground. The inductance in
the receiver is coupled to the tuning device, to the radio frequency
amplifier or to the detector so that the signals coming in on the
antenna are detected and amplified in the receiver.

The form of antenna which is generally used is called an open
antenna, a capacity antenna or a plate antenna. Under the head-
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ing Loop, Antenna Action of is considered a form of antenna which
does not form a capacity or a condenser. The principle of the ca-
pacity type of antenna is shown in Fig. 2.

ANTENNA, CAPACITY AND INDUCTANCE OF.—
The antenna system consists of the horizontal wires or antenna
proper and the vertical wires or lead-in. Considering only the hori-
zontal portion, the capacity of the antenna increases almost directly
with its length up to about one hundred feet but increases less
rapidly for greater lengths. This might be expected since an in-
crease of antenna length increases the size of the plates of the con-
denser which is formed by antenna and ground.

There is only a small change in capacity as the height of the an-
tenna above the ground is increased above thirty feet. From a
height of thirty feet up to a height of one hundred and twenty feet
the decrease in capacity is only about seven per cent, but as the
antenna is lowered under thirty feet the capacity increases quite
rapidly. This effect also might be expected because lowering the
antenna brings the plates of this big condenser closer together.

The capacity of a vertical lead-in wire increases directly with the
length of the lead-in. The capacity of the lead-in must be added
to that of the antenna to obtain the total capacity of the whole
antenna system,

In the following tables the left hand columns give the height of the antenna
in feet. The columns toward the right cover various lengths of antenna from
thirty to one hundred feet. At the intersection of the vertical and horizontal

lines will be found the capacity of the horizontal wires measured in micro-
microfarads.

Capacrry oF HorizontaL SiNgLE WIRE ANTENNA

| Horizontal Portion of Antenna—Length in Feet

Antenna
Height in |
Feet 30 fe. l 45 fr. 60 ft. 75 ft. 100 ft.
|
20 ft. 59 Mmfds | 83 Mmfds | 111 Mmfds| 139 Mmfds| 179 Mmfds
30 ft. 58 Mmfds | 81 Mmfds | 109 Mmfds| 131 Mmfds| 175 Mmfds
40 ft. 57 Mmfds | 80 Mmfds | 107 Mmfds| 123 Mmfds| 173 Mmfds
60 ft. 57 Mmfds | 80 Mmfds | 105 Mmfds| 121 Mmfds| 171 Mmfds
100 ft. 56 Mmfds | 79 Mmfds | 104 Mmfds| 119 Mmfds| 169 Mmfds

In the next table, which is similar to the preceding one, is given the capacity
in micro-microfarads of the horizontal portion of the antenna and also the
capacity of the vertical lead-in. Preceding the hyphen is the capacity in
micro-microfarads of the horizontal portion and following the hyphen is the
capacity of the vertical lead-in. Thus, for an antenna 60 feet long and 40
feet high the capacity of the horizontal portion is 107 micro-microfarads and
of the vertical portion or lead-in is 71 micro-microfarads, a total of 178 micro-
microfarads for the entire antenna system. The capacity of the lead-in must
always be added to that of the antenna.
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CaracITY OF ANTENNA AND LEAD-IN—MICRO-MICROFARADS

Length in Feet of Horizontal Portion of Antenna
Antenna )
Height in 30 ft. 45 v €0 . 78 it. 100 ft.
e Hor~Veri. | Hor~Vert. | Hor.—Vert. | Hor—~Fert. | Hor—Vert.
20 ft. 5940 8340 11140 13940 18240
30 fr. 58-56 81-56 109-56 131-56 175-56
40 ft. 57-71 80-71 107-71 123-71 172-71
60 ft. 57-103 80-103 105-103 121-103 170-103
100 ft. 56-166 79-166 104-166 119-166 168-166
|

The effective capacity of the antenna system is somewhat greater at the
higher frequencies or lower wavelengths used in broadcasting than at the
other end of the scale. Taking the effective capacity at 1000 kilocycles or
approximately 300 meters as represented by 100 per cent the following changes
are found in practice: At 1500 kilocycles or 200 meters the capacity is 120 per
cent and at 600 kilocycles or 500 meters it is 90 per cent of the value at
1000 kilocycles.

Inductance of Antenna.—The horizontal portion of the an-
tenna and the vertical lead-in not only have capacity but also
have inductance even though they are comiposed of straight wires.
The following table is similar to the one preceding but gives the in-
ductance in microhenries of the horizontal portion of the antenna
and of the vertical lead-in. The number preceding the hyphen gives
the inductance of the horizontal antenna and the number following
the hyphen gives the inductance of the vertical lead-in.

INDUCTANCES IN ANTENNA SysTEMS—MICROHENRIES

Length in Feet of Horizontal Portion of Antenna
i Foes 06 | 458 | ot 75 ft. 100 ft.
Hor.—Vert. | Hor.~Vert. l Hor—Vert. | Hor—VFert. | Hor—~Vert.
20 ft. 20-10 30-10 41-10 50-10 68-10
30 ft. 20-15 30-15 41-15 51-15 69-15
40 fu. 20-21 30-21 42-21 52-21 71-21
60 ft. 20-34 31-34 42-34 53-34 72-34
100 ft. 20-61 31-61 42-61 .53-61 73-61

The inductarnice of the antenna and the lead:in are not lumped inductances
as found in coils but are distributed over the whole length of these wires.
These distributed inductances are due to the ability of the wires to generate
an electric field about them. For this reason the total inductance of antenna
and of lead-in is not as great as the sum of their separate inductances as
would be the case with lumped inductances in series. Nor is it as small as the
inductances of the two in parallel, Practice shows that the approximate
eflective inductance of antenna and lead-in may be found by adding the two
together and dividing their sum by three. Thus, for an antenna system forty-
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five feet long and forty feet high it is seen that the inductance of the hori-
zontal portion is 30 microhenries and of the vertical portion 21 microhenries.
Their sum is 51 microhenries and the approximate effective inductance is one
third of 51 or 17 microhenries.

ANTENNA, CIRCUIT OF.—The antenna circuit includes
the horizontal antenna wires, the lead-in and all the connections up
to the receiver, the inductance or capacity which is inside the re-
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The Antenna Circuit and Its Electrical Equivalent.

ceiver, the ground lead from the receiver and the ground itself
which forms the lower plate of the antenna system.

ANTENNA, CLOSED.—A loop antenna is called a closed
antenna. See Loop.

ANTENNA, COIL TYPE.—In general a coil type of antenna
is a loop antenna. See Loop. One end of a large coil of wire is
sometimes connected to a receiver for use as an antenna, the other
end of the coil being left open.

ANTENNA, CONDENSER FOR.—See Condenser, An-
tenna, also Antenna, Tuned.

ANTENNA, CONDENSER TYPE OF.—See Antenna.

ANTENNA, COUPLING OF.—The general custom in cou-
pling the antenna to the first tuned circuit in the receiver is to use a
very small coil of only a few turns of wire in series with the antenna
as in Fig. 1. This small coil absorbs only a very little energy from
the tuned circuit in the receiver and tuning is fairly sharp. How-
ever, the signal power with such an arrangement is not as strong as
when the antenna itself is tuned to the frequency being received.
The looser the coupling the sharper the tuning and the closer the
coupling up to a certain point, the greater the amount of power or
energy received from the antenna.

With the antenna coupled very loosely to the first tuned circuit
the capacity and inductance of the antenna have but little effect on
this first tuned circuit. As the degree of coupling is increased some
of the antenna capacity and inductance are, in effect, added to the
tuned circuit and if a variable condenser is used for tuning this eir-
cuit a lower setting or less capacity will be required because of the
effect of the antenna which takes the place of part of the condenser’s
capacity. This is the reason why condenser settings for a certain
frequency or wavelength will change when the antenna coupling is
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changed in receivers using variable antenna coupling to control the
selectivity or sharpness of tuning.

The coupling of the antenna to the coil of the first tuned circuit
may be reduced by reducing the number of turns in the antenna
coil. It may be reduced by moving the antenna coil farther away
from the coil which is tuned by the condenser or by turning the
antenna coil and the tuned coil at greater and greater angles to
each other. When they are at right angles the coupling is practi-
cally zero and the antenna’s capacity and inductance will have very
little effect on the tuning. All of these changes are shown in Fig. 1.

The form of antenna coupling shown in Fig. 2 provides maximum
selectivity and very satisfactory operation in general. The antenna
coil and the tuned coil are placed at right angles with each other
and in line so that there is practically no inductive coupling between
them. The antenna coil is composed of two windings, one having
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Fic. 1.—Close Coupling and Loose Coupling of Antenna Circuit.

four to six turns connected between the antenna and ground, the
other having an equal number of turns in series with the tuning coil.
The ‘tuning condenser is connected across the two coils so that the
entire winding of the large coil and the few series turns on the small
one are both in the resonant circuit. The two windings on the an-
tenna coil may be separated by one-quarter to one inch depending
on the degree of selectivity required.

There is a certain best coupling for the antenna as far as signal strength
_is concerned. By starting with an extremely loose coupling secured with the
antenna coil and tuned coil very far apart or at right angles to each other
or by using but few turns in the antenna coil, the signal strength will be
weak. By gradually increasing the degree of couphng the signal strength will
. become greater, although the tuning will become somewhat broader at the
same time, until 2 maximum signal strength is reached. Then with still closer
coupling, the signal strength will become less. There are two reasons for this
effect. First, a very closely coupled antenna absorbs power from the first
tuned -circuit or places 2 load on this tuned circuit. .Second, with very close
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coupling the tuned coil and the antenna coil form a combination which re-
sponds not only to one frequency or wavelength but almost as well to an-
other frequency or wavelength which is different from the first. The difference

F16. 2.—Separate Coupling Coil for Antenna Circuit.

between these two frequencies becomes
greater as the coupling is increased and

with very close coupling the antenna c/ose [

tuner will respond to either one of these '\’_gr

frequencies. See Coupling, Optimum. ) —tlm
The use of a coupling tube to prevent —— -

antenna inductance and capacity from =

—_—
affecting the first tuned stage is found Loose
in some receivers. -
The use of a tapped antenna coil or

coupler to obtain various degrees of =

coupling is shown in Fig. 3. This changes .
the number of active turns in the an- FIC- 3.—Tapged %ml for Antenna
tenna coil. oupling.

ANTENNA, DIRECTIONAL EFFECT OF.—It is often
found that signals will be received best from a direction opposite to
that in which the antenna runs from the receiver. If the antenna end
points westward best reception may be from points to the east. Un-
less the antenna is at least one hundred feet long it will show no di-
rectional effects regardless of the direction it runs and will receive
just 48 well from one point of the compass as from any other.” Any
apparent directional effects are due to local conditions such as inter-
ference of trees and buildings and antenna location in general.

ANTENNA, FORMS OF.—Receiving antennas of the out-
door type usually consist of a single straight wire open at one end
and connected to the receiver at the other end. This is called an
L-type antenna or an inverted L antenna. A connection is some-
times made to the center of the elevated wire rather than to one of
its ends and the resulting antenna is called a T-type antenna.
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Antennas placed indoors may be of the familiar type consisting of
a single wire attached to the receiver or of the loop type. Both of
these are described under their respective headings.

Transmitting stations use various forms of aerials that are seldom
if ever duplicated as to form in receiver installations. A cage aerial
or antenna consists of several parallel wires supported around the
edge of frames so that they have somewhat the appearance of a
squirrel cage. Umbrella aerials consist of a number of wires radiat-
ing from a central support and slanting downward toward the earth
at their outer ends. The conductors of a fan or harp aerial radiate
upward from a central point to a supporting wire across the top.

ANTENNA, FRAME.—Another name for a loop. See Loop.

. ANTENNA, FUNDAMENTAL FREQUENCY OF.—The
fundamental frequency of an antenna is the frequency to which the
antenna’s inductance and capacity are resonant in themselves. In
an actual receiver installation the fundamental frequency of the
entire antenna circuit is determined by the antenna’s inductance and
capacity together with the inductance of any coil and the capacity
of any condenser placed in this circuit. The antenna system will
respond best to frequencies below its natural frequency or to wave-
lengths above its natural wavelength.

The fundamental frequency of an antenna circuit may be found from the
effective inductance and effective capacity in the system. These values for
various heights and lengths of single wire antennas are given under Antenna,
Capacity and Inductance of. The following formula is used:

Antenna Frequency 159.3
in Kilocycles - +/ Effective Inductance X Effective Capacily

The following table gives the approximate fundamental frequencies in kilo-
cycles and the wavelengths in meters of antenna systems of various heights
and lengths when there is no extra capacity or inductance placed in the
antenna circuit by condensers or coils used in or with the receiver.

FunpaMeNTAL FREQUENCIES AND WAVELENGTHS OF ANTENNAS

-

Length in Feet of Horizontal Portion of Antenna

Antenna
Height in 30 ft. 45 fe. 60 ft. 75 ft. 100 ft.

Feet

Kilo-C Meters|Kilo-C Meters|Kilo-C Meters| Kilo-C Meters | Kilo-C Meters

20ft. | 5060 59 | 3940 76 | 3145 95| 2650 113 | 2100 143
30ft. | 4360 69 | 3515 85 | 2875 104 | 2475 121 | 1980 151
40fc. | 3720 80 | 3085 97 | 2655 113 | 2325 128 | 1855 162
60ft. | 2950 102 | 2550 118 [ 2200 136 ( 1910 157 | 1625 185
100 fe. | 2060 145 | 1840 163 | 1655 182 | 1530 196 | 1305 229




ANTENNA, HEIGHT AND LENGTH

If a concentrated inductance in the form of a coil is placed in the antenna
circuit, its inductance is added to the effective inductance of the antenna and
lead-in and the resulting total inductance is used in the preceding equation for
antenna frequency. The two inductances are considered as in series and are
added together.

If a fixed or variable condenser is used in series with the antenna and
lead-in the capacity of this series condenser must be taken into account when
using the formula for antenna frequency. For use in that equation the value
of total capacity of antenna, lead-in and condenser is found as follows:

Capacity of Capacity o Capacity of
Senup Con}:im.fer ( fttmzaf + 3’1:

Total Capacity = — S
Capaaty of + Ca anty of + yof , Cap ﬁanty of

Series Condenser nienna ad-in

All of the tables and equations for antenna fundamental frequencies and
wavelengths assume that the antenna is free from the effects of objects such
as trees, buildings and metal bodies in its field. It is seldom possible to erect
an antenna system under such ideal conditions and the fundamentals of actual
installations may vary widely from the figures given. The relations between
frequencies for different lengths and heights of antennas will, however, remain
in the same ratios to one another when conditions are similar for the installa-
tions.

ANTENNA, HEIGHT AND LENGTH OF.—The effective
height of antenna is considered from the electrical and not the physi-
cal standpoint. The effective height is less than the physical height
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Physical Length of an Antenna and the Height of Its Lead-In.

because of objects in the antenna field. The higher and longer an
antenna the more powerful will be the signals brought in, but un-
fortunately the louder will be all forms of interference as well. An
antenna has no power of selection in itself and it takes exactly
what the ether gives it.

A high antenna brings in lots of signal and also lots of interfer-
ence, such as static. As the antenna is lowered the sngnal strength
becomes less but it does not fall off as rapidly as the static, in other
words, a low antenna gives a material gain in the ratio of sngnal to
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static. By a low antenna is meant one only five, ten or fifteen feet
high, or at least one that is less than thirty feet high.

Of course this low antenna will not bring in such powerful signals
but a good receiver will amplify its weaker signals to a point that
is entirely satisfactory. There is a sort of superstltlon that thirty
feet is the right height for an antenna. This is not based on any
exact rule because the best height depends on particular conditions.

As a general rule it is best to have the horizontal or straight part
of an antenna at least sixty to seventy-five feet long. This does not
mean that excellent work cannot be done with fifty feet or less but
seventy-five feet may be better. An antenna more than one hundred
feet long, that is, with the straight horizontal part more than one
hundred feet long, is not required by modern receivers. With many
of the better sets the results will not be as good with one hundred
and fifty to two hundred feet of antenna as with one hundred feet -
or less, considering selectivity, static interference and everything
else that goes to make or mar satisfactory reception.

All of this advice applies to antennas used for broadcast receiv-
ing. Reception from long-wave commercial stations will require a
much longer antenna, while short-wave reception among the ama-
teurs will call for a much shorter antenna.

The best length of antenna depends on local conditions and on
the type of receiver being employed. The following list gives
lengths that are generally satisfactory. These lengths are the sum
of the horizontal portlon of the antenna, the lead-in to the reoelver,
and the ground connection from the receiver.

For receivers having six or more tubes..... 40 to S0 feet
For five tube, tuned radio frequency sets..60 to 75 feet
For four tube sets with one radio stage....80 to 100 feet
For three tube regenerative receivers....100 to 120 feet
For one tube sets, crystal sets, etc....... 100 to 150 feet

ANTENNA, INDOOR TYPE.—An indoor antenna consists
of twenty feet to one hundred feet of wire attached to the antenna
terminal of a receiver and strung either in a straight line in the in-
terior of a building or carried on various supports in various direc-
tions through the rooms of a building. This wire may be covered
with insulation or it may be bare and supported on objects which
are in themselves insulators.

An indoor antenna may be placed in a long room such as an attic
with the use of the same insulators and supports employed in out-
door antenna construction. At the other extreme of construction
we find a piece of wire laid along the picture moulding in one or
more rooms with no extra precautions as to insulation. Either type
will work but the more careful the construction the better will be the
results.

An indoor antenna will not deliver as strong impulses to the receiver as

would be delivered by an outdoor antenna of the same size but if the receiver
has sufficient amplification the results may be surprisingly good. A receiver
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with one stage of radio and two of audio frequency amplification operated
with an indoor antenna will deliver loud speaker volume from stations two
hundred miles away under favorable conditions. With two stages of radio
frequency amplification this distance range will extend to about five hundred
miles. An indoor antenna increases selectivity and reduces the effects of static
and interference in general.

ANTENNA, INDUCTANCE OF.—See Antenna, Capacity
and Inductance of.

ANTENNA, INSULATORS FOR.—The end of an antenna
farthest from the receiver should be supported with an insulator
made especially for this purpose. Good insulators are made of por-
celain, glass, or of high grade moulded insulating materials. Glass
is excellent but well glazed porcelain is probably as good as glass
as long as the glaze is not chipped or cracked.

Antenna
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F1c. 1.—Installation of Antenna Insulators.

Glass arnd Dorcelain Insulators
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Compositiornn Insulators Sland-ofF Insulator
F1c. 2—Types of Antenna Insulators.

The far end of the antenna should be fitted with one or two of
these insulators as in Fig. 1. To the far end of the insulator should
be attached at least five to ten feet of strong galvanized wire or any
other strong wire. This is used for making the mechanical connec-
tion to whatever post or other support is used.

If it is necessary that the antenna turn any corners it should be held well
away from walls or posts by using stand-off insulators as in Fig. 2. A stand-off
insulator consists of a piece of glass or porcelain that holds the antenna wire
and is itself held by a metal rod or flange that may be fastened to the wall,
post or roof edge around which the antenna turns the corner. There should
be at least two inches of insulating surface between the antenna wire and the
nearest part of the metal support.
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Many stand-off insulators are made with a porcelain bushing, that is, a
piece of porcelain with a hole through it, which is held in an eye formed on
the metal bolt or screw. These are not as good as the form which provides a
greater length of insulating surface between the antenna and the metal support.

ANTENNA, LEAD-IN FOR.—The lead-in includes all an-
tenna circuit connections starting from the horizontal part of the an-
tenna, running down into the building and to the receiving set. If
there is anything more generally neglected than the antenna itself
it is the lead-in. Too many radio enthusiasts seem to think that the
chief purpose of the lead-in is to provide a final disposition for any
scrap wire lying around the premises,

The first rule for the lead-in is to make it short. A lead-in, like
an antenna, has inductance, capacity and resistance, but the induc-
tance and capacity of the lead-in cannot be used to such good ad-
vantage as when in the antenna itself. To take an extreme case,
a lead-in one hundred feet high used with an antenna only thirty
feet long would have three times the inductance and capacity of the

- ———

Antenna Lead-in Carried Through Tube.

antenna itself, but if the lead-in for this thirty-foot antenna were
reduced to forty feet its inductance and capacity would be only
about twenty per cent more than that of the antenna.

The lead-in is a part of the antenna circuit and within practical
limits the lead-in should be kept away from everything. This does
not mean that an entire pane of glass should be removed from a
window to provide an opening into the building but it does mean
to use stand-off insulators wherever they are required. Because
insulated wire is used for a lead-in does not mean it may be dropped
over the edge of a roof without any protection. There is no objec-
tion to using insulated wire for the lead-in if the wire is properly
supported, but neither is there any advantage.

The lead-in wire from the antenna should be supported by in-
sulators so that it is at least two or three inches away from all walls,
ceilings, mouldings, etc., in the room through which it passes on the
way to the receiver.

Sometimes the lead-in is connected near the center of the an-
tenna rather than at one end. Then the effective length of the an-
tenna is equal to about half its actual physical length or half that



ANTENNA, LIGHT AND POWER CIRCUIT

of an antenna of the same length in feet but having the lead-in at
one end. Where the lead-in enters the building it should run
through a porcelain or glass insulator. Such an insulator may be
passed through a nine-sixteenths inch to three-quarter inch hole
bored in the window frame.

The outer end of the lead-in wire should be scraped perfectly
clean and a secure mechanical joint made between it and the end
of the antenna wire, which also has been thoroughly cleaned of all
insulation or oxide. This joint should then be thoroughly soldered.
If it is impossible to solder the joint, wrap it tightly with tin foil,
then cover the foil with a layer of rubber tape followed by a layer
of friction or insulating tape. If rubber tape is not available use
two layers of friction tape and cover the outside with a heavy coat-
ing of shellac.

If the lead-in wire enters a wall or window through a porcelain
tube insulator, drill the hole for the insulator at a slant so that the
outdoor end will tilt downward, thus preventing entrance of rain
into the building.

In case it is objectionable to bore holes in window frames it will
be best to open a window from the top, pass the bushing through
this opening and push the window up against the bushing to hold
it. If this lets in too much air, fit a piece of wood into the remain-
ing part of the opening.

Various kinds of special lead-ins may be purchased. Some of these consist
of a flat ribbon of copper encased in a covering of insulating fabric. Such a
device may be laid over the window sill and the window closed tightly on it.
The danger in this construction comes from the fact that the insulating cover-
ing may be broken through so that water from rain or snow will ground the
antenna, which means weak signals or no signals in the receiver.

Never use a lead-in device in the ends of which wires are held by spring clips
or similar devices. All such joints will corrode in wet weather and this means
that beyond such a point the antenna might just about as well be discon-
nected. Every joint from the farthest end of the antenna to the binding post
in the receiver must either be soldered or else solidly bolted and well shellacked
to keep water from the joint.

After the lead-in has entered the building it will have to be carried along
walls, base-boards or mouldings until it reaches the receiver. This inside part
should be made of well insulated stranded copper wire. From the standpoint
of appearance a silk covered wire is best, although any other insulated wire
will be as good from the standpoint of radio reception. As a final precaution,
bring the lead-in from the building entrance to the receiving set in the
straightest line possible, in a line with the fewest possible turns.

ANTENNA, LIGHT AND POWER CIRCUIT FOR.—
The wiring of the light and power circuits of any public service
company may be made to act as a fair antenna. Of course, it
would not do to connect such wires directly to the antenna post of
a receiver but by placing a fixed condenser between the light or
power wires and a wire leading to the antenna post of the receiver,
the radio impulses which are always present in such wires are car-
ried into the receiver without interruption. The principle of such
a device is shown in the illustration.



ANTENNA, LOCATION

Special forms of connectors which screw into an electric light socket may be
purchased. These devices have one or more terminals from which wires may
be run to the receiver. It will be realized that two sides of a circuit from the
power or light lines enter any lamp socket. On one side the circuit is com-
pleted through a switch often incorporated in the lamp socket. The other
side of the circuit is completed through the socket by a direct metallic con-

nection at all times.

" The antenna device which is screwed into the socket is provided with capac-
ity connection through one or more fixed condensers. leading to both sides of
the power circuit. There are usually two terminals, one for each side of
the circuit. Better results will be obtained when the connection is made to the
side of the circuit which does not run through the switch. Which of the
terminals connects to this side may be determined by trying each of them;
the one that works better being used psrmanently.

over tne €a

ntenna on
éab e Roof

Antenna Connection A
to Light and Power Zipntenna

S on Flat Roof
Various Locations for an Antenna.

ANTENNA, LOCATION OF.—Among the first things to
consider about the antenna is location. To begin with it is better
to run an antenna out over the earth, with nothing between the wire
and the earth except air. An antenna on a roof may be very good
but it cannot be as good as one that does not have a building under-
neath it.

It is often said that an antenna should not run over or under
any kind of electric wires and should not be attached to any pole
which carries other wires. There are two excellent reasons for these
rules. First, it is dangerous and should these wires come in contact
with the antenna through breakage of either it is more than prob-
able that at least a part of the receiver will be destroyed and the
final result may be a dangerous fire.



ANTENNA, LOOP TYPE

The second reason is that in many cases reception may be practi-
cally spoiled with an antenna in such a location. An antenna is
nothing more than a big condenser with its wire for one plate and
the earth for the other. If other wires carrying strong electric
charges are between or near the “plates” of this big condenser it
will receive signals from these other wires as well as from broad-
casting stations. This applies even to guy wires on poles.

There are laws in many localities which forbid the placing of any wire
above a public highway, and, in the cities at least, alleys are considered as
public highways. The farther the antenna wire is kept from everything else
on its way to the receiver the better will be the reception. The closer the
antenna comes to wooden posts, brick walls, tin roofs, gutter spouts, fences,
or trees, the worse it will be.

ANTENNA, LOOP TYPE.—See Loop.

ANTENNA, MULTIPLE LINE.—It is sometimes a ques-
tion whether to put up a single wire for an antenna or to put up
two or more paralle] wires. The two-wire antenna of given length
will bring in stronger signals than a single wire of the same length
but nowhere near twice as strong. A three-wire antenna will bring
in more signal strength than a two-wire antenna but it will not bring
anything like half as much again.
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Multiple Wire Antennas.

If a two-wire antenna is erected, the wires should be about two
feet apart. If their distance apart is less than two feet it would
be almost as well to use one wire. On the other hand there is very
little gain by making the spacing much more than two feet. With
two or more parallel wires, connect them together at both ends and
attach the lead-in as shown in the illustration.

The wires in two-wire or three-wire antennas are separated from each other
by spreaders which may be of hard wood pieces about one inch square. The
antenna wires may be passed through holes drilled in these spreaders with a
half turn of wire taken around the spreader to prevent the wire from slipping.
A better method of fastening is to use separate short lengths of wire passed
through the holes in the spreaders and twisted around the long straight lengths
of the main antenna wires.

All of the wires in a multiple wire antenna must be of the same length and
they must be securely fastened so that none of them will sag. The lead-in
wire may be attached to the antenna wires either at one end or in the center
of the antenna, both constructions being shown.



ANTENNA, MULTIPLE RECEIVER CONNECTION

ANTENNA, MULTIPLE RECEIVER CONNECTION
TO.—A single outdoor antenna may be used as a source of signal
energy for two or more receivers with circuits arranged to allow
each receiver to select any desired station regardless of the stations
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ANTENNA, OPEN

tuned in by others using the same antenna. The connections are
shown in the diagram.

Between the antenna and the ground is a variable high resistance
and across this resistance is placed the grid circuit of a common
coupling tube. The plate circuit of this coupling tube passes through
any number of primary windings in radio frequency coupling coils
of the separate receivers. The common plate circuit carries all sig-
nal frequencies reaching the antenna.

Each receiver uses the coupling coil as the primary winding of a
radio frequency transformer in the first tuned circuit of the receiver.
The balance of the receiver may consist of any combination of radio
frequency amplifying stages, detector, and audio frequency ampli-
fying stages.

Near each receiver is placed a double-pole, single-throw switch
which is arranged to close the filament circuits or A-battery circuit
of the receiver at the same time it closes an auxiliary circuit which
lights the filament of the common coupling tube through a relay.

The coupling tube has its own filament battery which is connected
to the contacts of a relay. The relay is connected to each of the
double-pole switches at the receivers in the manner shown. Closing
the switch at any receiver will light the tube filaments in the re-
ceiver and at the same time will energize the relay magnet so that
the common coupling tube is placed in operation. The coupling
tube will remain lighted as long as any receiver switch remains
closed and will go out when the last receiver switch is opened.

While this arrangement allows simultaneous reception from one
antenna at various frequencies, it greatly reduces the strength of
signal in comparison with that received from the same antenna
without the coupling tube in use. A great portion of the energy
collected is allowed to leak away to ground through the resistance.
If the resistance is made excessively high in an attempt to avoid
this loss, the receivers connected to the circuit will become unstable
and will have a noticeable tendency to pick up and amplify all
kinds of interference, even that from power supply units which
would be unnoticed ordinarily.

Reception from local and nearby stations is satisfactory with
this scheme of coupling. There is an advantage in the fact that
the effect of static disturbances is greatly reduced below their
normal strength, the reduction of static being considerably greater
than the reduction of signal so that the signal-static ratio is im-
proved. The same method of antenna coupling is used in single
control receivers to prevent the antenna inductance and capacity
from affecting the first tuned circuit.

ANTENNA, OPEN.—A capacity type of antenna or an an-
tenna consisting of one or more elevated wires and a ground be-
tween which is connected the receiver.

ANTENNA, RESISTANCE OF.—See Resistance, Antenna.



ANTENNA, RESONANCE WAVE COIL

ANTENNA, RESONANCE WAVE COIL TYPE.—A
fairly efficient antenna may be made by winding a large number
of turns of small wire on a tube about three inches in diameter.
One end of this coil is connected to ground as shown and the other
end is left free. Two or three turns of wire should be placed around

Resonance Wave Coil for Antenna.

this resomance coil and the ends of these turns connected to the in-
put of a receiver. Signals from considerable distance may be re-
ceived with this arrangement, which acts as a combination of an-
tenna and loop.

ANTENNA, SERIES-PARALLEL SWITCH FOR.—In
the diagram are shown the connections for a series-parallel switch
by means of which a fixed or a variable condenser may be placed

in series with the antenna, in parallel with the antenna, or cut out
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Series-Parallel Switch for Antenna Condenser.

of the antenna circuit entirely, Placing the condenser in series with
the antenna allows the receiver to be tuned to shorter wavelengths
than normally possible, while placing the condenser in parallel with
the antenna allows the receiver to be tuned to longer wavelengths
than normally. With the condenser out of the circuit the normal
range of the receiver is obtained. See also Switch, Series-Parallel.
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ANTENNA, TUNED

ANTENNA, TUNED.—An antenna may be tuned by placing
a large capacity variable condenser in series with the lead-in or in
series with the antenna circuit inside the receiver. Such a series
condenser should have a capacity of .001 microfarad. The connec-
tions are shown in Fig. 1. Even with this large capacity condenser
it may be found difficult to tune an antenna of ordinary size over
the entire band of broadcasting frequencies now in use.

A better method of tuning the antenna is with a variometer in
series with the antenna circuit. This makes the antenna act as a
fixed capacity while the variometer acts as a variable inductance
with which the antenna circuit may be tuned to resonance at any
desired frequency. The capacity of the antenna will generally be
too great to allow the entire inductance range of an ordinary variom-
eter to be used in tuning over the broadcast frequency band. The
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F16. 2—Use of Variometer for

Antenna Tuning.
entire broadcast band will be covered by using only a part of the
variometer’s total change of inductance and only a part of the tun-
ing dial scale will be employed. In such a case the capacity of the
antenna system may be reduced by inserting a variable series con-
denser as shown in Fig. 2. This condenser may be adjusted to such
a value that the variometer will tune to resonance over the entire
range of frequencies to be received and use all of its tuning dial.
This method provides great distance getting ability together with
satisfactory selectivity. The construction using this plan is shown
under Receiver, Tuned Radio Frequency. '

When the antenna circuit is tuned to the same frequency as that to which
the grid circuit of the first tube is tuned it will be found that a moderate
degree of coupling between the antenna circuit and the grid circuit of the first
tube places a heavy load on the grid circuit of this tube. In order for the
first tube to oscillate it must develop power enough to set the entire antenna
circuit into oscillation. This requires more power than is generally available.

Consequently, while a tuned antenna circuit will make the antenna more
responsive to the tuned frequency and will bring more powerful signals into
the receiver, the additional load of the antenna circuit prevents the first tube



ANTENNA, UNDERGROUND

from oscillating readily at the tuned frequency. Of course, even with the
antenna tuned, the first tube will oscillate provided the coupling between its
grid circuit and the antenna circuit is made very loose. A loosely coupled
tuned antenna places very little load on the grid circuit of the first tube and
oscillation is comparatively easy.

ANTENNA, UNDERGROUND.—Because of the fact that
radio waves penetrate for a little depth into the earth it is possible
to use a buried wire as an antenna in place of the usual elevated
wire type. An underground antenna has a better signal to static
ratio and is more selective than the elevated type. The buried wire
also has a more pronounced directional effect. To offset these ad-
vantages the signal strength with the underground antenna is only
a fraction of the strength with the usual constructions and it is nec-
essary to use at least two tubes to obtain headphone reception.

The wire should be of copper, number 14 gauge or larger. It must be well
insulated with rubber covering. To obtain satisfactory life and length of
service from a buried antenna the wire should have live rubber covering about
one-quarter inch thick. For broadcast reception the buried portion of the
antenna should be about seventy-five feet long and may be buried from six
inches to two feet deep. The more moist the earth the better will be the
results with this method of reception.

ANTENNA, WAVELENGTH OF.—See Antenna, Funda-
mental Frequency of.

ANTENNA, WIRE FOR.—For antenna wire first choice is
stranded enameled copper or phosphor bronze. The second choice
is a solid wire, enamel covered. The third and fourth choices would
be bare stranded wire, then bare solid wire. Iron or steel wire do
not enter into radio construction. To this last statement there is a
possible exception in that steel-cored copper wire would form a satis-
factory antenna and would have greater mechanical strength than
a wire of solid copper or bronze. Antenna wire should be of number
14 or number 12 gauge.

Radio impulses in the antenna travel almost wholly on the sur-
face of the wire and the inside of the wire might just as well be
hollow, in fact it would be better if it were hollow.

The great majority of antennas are found covered with corrosion. This
corrosion is formed by the combination of oxygen in the air with the copper
of the wire and, unlike a covering of enamel or other properly applied in-
sulation, the corrosion becomes a part of the wire itself, in other words the
outside of the antenna is no longer copper but is copper oxide.

Copper is the best of all conductors for radio impulses but copper oxide is
very poor. Since radio impulses travel on the surface of the wire, if this
surface is composed of the high resistance copper oxide such an antenna has
lost much of its effectiveness as a conductor of signals.

ANTI-CAPACITY SWITCH.—See Switch, Anti-Capacity
Type.

ANTINODE.—A point in a wave where the greatest
motion, amplitude or field strength exists. A point midway
between two nodes. See Node.

ANTI-RESONANCE.—Another name for parallel reson-
ance. See Resonance, parallel.



APERIODIC

APERIODIC.—Not resonant at any one frequency; un-
tuned. An aperiodic circuit is one in which oscillations are not
maintained, the resistance serving to damp out oscillatory effects.
A circuit is aperiodic when the resistance squared is greater than
four times the inductance in henrys divided by the capacity in
farads.

ARC.—A luminous discharge accompanied by flow of cur-
rent across a space between electrodes, the conduction being due
to ionization of gases in the space.

ARGON RECTIFIER.—A hot cathode gaseous conduction
rectifier using argon gas in the bulb. See Charger, Battery, Bulb.

ARMATURE.—A part carrying conductors in which induc-
tion results in production of electromotive force. Also a piece of
iron forming part of a magnetic circuit.

ARRESTER, LIGHTNING.—A radio antenna has no more
tendency to attract lightning than is found in other metal parts
such as eaves troughs, rain spouts, wire clothes lines, etc. Should
lightning strike an antenna directly no antenna construction and
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Fic. 1.—Connection of Lightning Arrester and Capacity in a Lightning
to Antenna and Ground. Arrester.

no form of lightning arrester would stand the great strain. During
atmospheric storms a certain amount of electrical charge will collect
on the antenna. There is also some charge collected during rain
storms and snow storms. Such charges, if not too large, may leak
off gradually over the connections and supports of the antenna.
They will also discharge through the receiver, causing static noises.

All receiver installations should have some form of lightning ar-
rester placed as shown in Fig. 1 between the antenna or lead-in and
the ground wire. An electrical charge of such volume as to damage
coils, condensers and other parts in the receiver will jump across
the small gap in the lightning arrester and pass harmlessly to ground.
A lightning arrester consists of two points or electrodes supported
a little distance from each other and placed between the antenna
and ground with one point connected to the antenna and the other
to the ground. The points are placed such a distance apart that
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500 volts or more will jump through the air or vacuum from the
point connected to the antenna to the point connected to the ground.
The purpose of a lightning arrester is to protect the parts of the re-
ceiving set.

Certain requirements for the construction and action of lightning arresters
have been laid down in the National Electric Code. Following is a summary:
The spark gap may be located in a vacuum, in a gas-filled tube, or in air.
Electrodes in air shall be of brass, phosphor bronze, carbon or some other
non-corroding material. If in a vacuum or gas-filled tube the electrodes may
be of any conducting material. There must be a dust-proof enclosure for the
gap and if the arrester is to be placed out of doors this enclosure must also
be weather-proof. Any lightning arrester must allow an arc to form and a
discharge to pass between the electrodes when an alternating voltage of 500
or more volts is- applied.

The foregoing requirements are specified from the standpoint of protection
from electrical discharges but it is also necessary to consider lightning arresters
from the standpoint of radio reception As with anything else pertaining to
radio the lightning arrester has resistance, capacity and inductance. Too low
a resistance bypasses the signals around the receiver and to ground. The
capacity of a lightning arrester is in parallel with the capacity of an antenna
and is added to the antenna capacity. Any inductance in the arrester is in
series with the antenna. This is shown in Fig. 2. Both the capacity and
inductance of the arrester will raise the natural wavelength or lower the
natural frequency to which the antenna responds.

Fire Underwriters’ rules require a lightning arrester in each radio installation,
A lightning arrester approved by the Fire Underwriters is satisfactory from
the fire prevention standpoint but may be unsatisfactory in its effect on radio
signals, The resistance of an arrester should be as high as possible to avoid
bypassing signals around the receiver. The capacity and inductance should
be as small as possible to avoid affecting the tuning and operation of the
receiver. The installation of a lightning arrester betweer antenna and ground
reduces the voltage through the receiver and reduces the signal strength. This
cannot be avoided unless the receiver has a tuned antenna circuit. With a
tuned lz;.ntenna. a lightning arrester has comparatively little effect on signal
strength.

Many types of construction are found in lightning arresters.
Some are built with carbon electrodes separated by a thin sheet of
mica. Unless well protected there is danger that dirt or moisture
will short circuit this type. Many arresters are built with brass or
copper electrodes sealed into a tube for protection. Since an arc-
over must occur at 500 volts there can be only small separation be-
tween these electrodes. Another type of arrester has its electrodes
sealed into a vacuum tube. Here it is possible to use a greater gap
because the vacuum reduces the resistance. This type is satisfactory
as long as the enclosing tube remains tight and does not admit air
or moisture.

The electrostatic capacity of lightning arresters varies between
five and thirty-five micro-microfarads. The addition of thirty-five
micro-microfarads to the antenna capacity may have a decided
effect on tuning. Lightning arresters having carbon electrodes sep-
arated by sheet mica generally have high capacity because the car-
bon electrodes are very close together.

See also Rules, Underwriters’ and Ground, Receiver.



ARTICULATION

ARTICULATION.—A measure of distortion in a trans-
mission line. The percentage of detached speech syllables which
may be correctly understood as they are transmitted forms the
measure of articulation.

ASTATIC COIL.—See Coil, Closed Field Type.

ATMOSPHERICS.—A form of static. See Static.

ATTENUATION.—Radio attenuation is the decrease in
strength of signals due to absorption in the atmosphere and various
objects in the wave path. Attenuation increases with distance from
the transmitter.

AUDIBILITY.—A measure of the strength of a signal as
it affects the ear of a listener. The ratio of the strength of a signal
as received to the strength of a signal which may barely be heard.

AUDIO FREQUENCY.—See Frequency, Audio.

AUDIO FREQUENCY AMPLIFIER.—See Amplifier,
Audio Frequency.

AUDIO FREQUENCY OSCILLATOR.—See Oscillator,
Audio Frequency.

AUDIO FREQUENCY TRANSFORMER.—See Trans-
former, Audio Frequency.

AUDION.—A trade name for vacuum tubes.

AUDITION.—The act of hearing or of listening to sounds,
signals, a program, etc.

AURAL RADIO BEACON.—See Aviation, Radio in.

AURORA.—The aurora borealis or the aurora australis;
luminous effects appearing respectively in the northern and in the
southern skies, due to electrical effects in the ionized gases in the
upper parts of the atmosphere.

AUTODYNE FREQUENCY METER.—See Meter, Fre-
quency.

AUTODYNE RECEPTION.—See Receiver, Superhetero-
dyne.

AUTOFORMER.—An Auto-transformer, which see.

AUTOMATIC TUNING.~Tuning which is accomplished
by electrical or mechanical operation of the controls in a receiver
by means other than manual operation of a dial or knob in the
usual manner. Certain frequencies are tuned in by keys, by a series
of press buttons, etc.

AUTOMATIC VOLUME CONTROL.—Control of re-
ceiver output power by the effect of input signal, the result being
to maintain a nearly constant output with varying input. The
output is automatically made inversely proportional to the input
power. See Volume, Control of.

AUTOPLEX RECEIVER.—See Receiver, Superregen-
erative,

AUTO-TRANSFORMER.—See Transformer, Auto-.

AVERAGE VALUE.—See Value, Average and E ffective.
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AVIATION, RADIO IN.—Radio communication between
the ground and an airplane allows transmission of all forms of
intelligence, and is especially useful in giving directional guidance,
weather information and necessary instructions to pilots and navi-
gators. Both radio telegraphy and radio telephony are in use, but
other than for communication over long distances or where
atmospheric conditions interfere with clear reception, telephone
communication is replacing telegraph methods.

Usual methods of aircraft guidance depend chiefly on the direc-
tional properties of certain forms of loop antennas. Maximum
signal strength from a loop receiving antenna results when its
plane lies in the line of wave travel as explained under Loop,
Directional Effect of. Using a loop as a transmitting antenna,
maximum signal strength is radiated in a line lying in the loop’s
plane.

Directional transmitters and receivers have been employed in several
different systems. In Fig. 1 there is a non-directional transmitter on the
ground, radiating signals with approximately equal strength in all directions,
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F16. 1.—Ground Transmitter and  F16. 2.—Airplane Transmitter and
Airplane Receiver. Ground Receivers.

A directional receiver, with loop antenna, on an aircraft then determines
the position of the transmitter with reference to the ship. The loop
antenna may be rotated on its support or else the loop may be fixed in
position and the entire body of the aircraft may be turned in the direction
from which signals are coming. The latter system is objectionable in forc-
ing the ship to turn from its course in many cases.

In Fig. 2 the aircraft carries a non-directional transmitter from which
signals are received by two or more ground stations, equipped with direc-
tional antennas, and in communication with one another. The angles from
which signals come to the ground stations allow determination of the ship’s
position and this position is communicated to the ship by radio telephony
or telegraphy.

A third system, generally called the radio beacon system, places direc-
tional transmitters on the ground. These transmitters emit signals having
maximum and minimum strengths in certain definite directions, and these
signals have characteristics which allow the pilot or navigator on a ship
to follow a desired course. . .

By using the Bellini-Tosi direction finder system illustrated in
Fig. 3 it is possible to avoid the necessity for rotating a loop
antenna. Two fixed loops are mounted at right angles to each

other and are connected to a goniometer consisting of two fixed
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coils within which is a search coil movable on its vertical axis.
The radio field affecting the two outside loops is reproduced within
the coils of the goniometer and the search coil then is rotated
within the coils just as a revolving loop antenna would be rotated
in determining the direction of wave travel. The search coil is
connected to receiving equipment which indicates maximum and
minimum signal strengths.

The radio field existing around a loop antenna affects the antenna con-
ductors not only in their function as a loop but also as a capacity antenna
at the same time, and when the loop is turned to the position of minimum
signal the capacity antenna effect still exists. An auxiliary capacity antenna
may be used to induce in the loop a signal voltage in opposite phase to
the voltage from the loop’s capacity effect, thus balancing out the remain-
ing signal and allowing a sharp reading of minimum strength,
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Fic. 3.—Bellini-Tosi Direction Finder.

The system of Fig. 3 may be fitted with a “sense finder” circuit to make
it more responsive to signals coming from one direction than to those of
equal strength from the diametrically opposite direction, thus enabling the
operator to determine from which of the two possible directions a signal
really is coming.

Identification of Courses.—A loop transmitting antenna
placed as at the left hand side of Fig. 4 emits maximum signal
strength in the directions of the full line arrows and minimum
strength in the directions of the broken line arrows. The field
pattern is indicated approximately by the circles. If two loops
are placed at right angles, as at the fight hand side of Fig. 4, and
if each is excited by signals of different kind but of equal strength,
the directions of maximum strength are as shown by the arrows
and the field patterns overlap as shown by the circles. The two
signals may be designated by the letters 4 and N, and it becomes
apparent that these signals are delivered in equal intensity along
the heavy lines. That is, along any one of the heavy lines there
will be both an A4-signal and an N-signal with their intensities
equal.
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One of these “equisignal zones” might be shown as in Fig. 5. One of
the loops may be sending the code letter “A” consisting of a dot and dash
(- —) ‘while the other sends the code letter “N” consisting of a dash and
dot (— -). Suitable timing allows the two signals to interlock along the
equisignal zone and to form one long dash. The dash of the N-signal
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F16. 4.—Radiation from Loop Antennas.

comes between the dot and dash of the A-signal, while the dash of the
A-signal comes between the dash and dot of the N-signal.

As long as the course of an aircraft is maintained within two or three
degrees either side of the equisignal line the long dash remains, but any
greater deviation causes one letter or the other to become distinctly pre-
dominant. Other code letters used in similar interlocking signals may
consist of the pair B (—---) and V (---—) or else the pair D (—--)
and U (- - —). These code signals are listened to with earphones and
this method is called the aural system.
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F16. 5.—Equisignal Zones with
Aural System.

Fi16. 6.—Reed Indicator.

Visual Signals.—There is also a visual system employing
the principle of the equisignal zone. The radio frequency carrier
waves from the two loops are modulated with two different low
frequencies, one of these being 65 cycles and the other 86.7 cycles.
In the receiving system carried by the aircraft these two modu-
lating frequencies operate two vibrating reeds, one tuned to the



AVIATION, RADIO IN

lower frequency and the other tuned to the higher frequency. The
appearance of such a visual reed indicator is shown in Fig. 6,

With a ship traveling along the equisignal course both reeds vibrate
with equal amplitudes but if there is a deviation from the course the reed
for the side toward which the aircraft swings will increase its travel while
the movement of the other reed becomes less in extent. The tips of the
reeds are white and their background is dark, consequently any variation
in amplitude is very noticeable.

Fig. 7 shows two loops furnishing signals at 65 cycles and at 86.7 cycles,
also an airplane flying from right to left. With the airplane approaching
this beacon the 65-cycle signal will be on the pilot’s right and the 86.7-
cycle signal will be on his left. But, as shown in the diagram, the positions
of the frequencies are reversed as the airplane passes over the transmitter
and travels away from it. To overcome this difficulty the indicator is pro-
vided with a plug-in connection so that it may be pulled out of its fasten-
mg, turned upside down and replaced as the beacon is passed. The indi-
cation of direction then is the same on both sides of the beacon. The plug-
in arrangement also allows use of the one reed indicator on different
courses by placing it in an appropriate position for any given course.

Since the amount of deflection or amplitude of reed movement will in-
crease very decidedly as the aircraft approaches the beacon transmitter,
it is necessary to employ a volume control, usually of the automatic type,
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F16. 7.—Reversal of Signals as Beacon Is Passed.

in order to keep the reeds within proper limits. Automatic volume control
is not used with the aural system because it would reduce to equal intensity
the two code signals which must be compared in strength.

In some designs it is possible to vary the movement of one reed by
changing the resistance in its circuit so that the two have equal amplitude
when an aircraft is traveling on one side or the other of the regular course,
thus allowing the ship to follow a course slightly different from .that of
the regular direction.

A modification of the reed indicator provides a zero center current indi-
cating meter in which the pointer remains vertical while the ship is on its
course and swings to the right or the left when there is any deviation. A
voltage coil is energtzed by each reed, the voltages from the coils being
fed to rectifying units and then opposed at the terminals of the zero-
center meter. Ta avoid the danger which would arise were a beacon trans-
mitter out of operation, whereupon the pointer would remain vertical, a
volume indicating device is used with this system.

Directing the Signal Beams.—Examination of any airways
map, such as that in Fig. 8, shows that regularly traveled courses
radiate from cities in various numbers and at irregular angles.
Thus it becomes necessary to provide means for bringing the
radiated beacon signals into line with the direction of the airways
actually traveled.
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In the aural type of radio range the two loops are excited alternately,
radiation taking place first from one and then from the other. The field
pattern from each loop may be represented by two circles such as those
marked 4 and those marked N in Fig. 4, the resulting courses then being
indicated by the heavy lines drawn through the intersections of adjacent
circles. If the field strength of one loop be reduced, as by insertion of
resistance in its circuit, the circles will change to some such relative size
asin Fig. 9. The courses no longer are at right angles. The degree of change
in angle between courses depends on the relative power in the two loop
antennas and such a change in power forms one means of adjusting the
angles of courses.

Another method of shifting the angles of the courses consists of using
a vertical antenna in connection with the regular loop antennas, the com-
bination of the radiation fields from the two antennas serving to effectively
bend the courses to desired angles.

The conditions with the visual beacon system are not the same
as those with the aural system because in the visual method both

Fic. 8—~Typical Angles Between Air Routes.

signals are being transmitted all the time rather than alternately.
With the aural system there are four courses while with the visual
system there are naturally only two courses when the currents in
the antennas are in phase with each other. In order to provide
four courses with the visual system the current in one system
must be ninety degrees out of phase with current in the other
system.

With a transmitter for the visual beacon the radiation fields for one
side of the loops may be considered as indicated in Fig. 10. The fields for
the side bands carrying the two modulation frequencies are shown by the
broken line circles and their radiations are in the directions of the broken
line arrows. But the carrier frequencies, being the same in both loops,
will combine and produce a field somewhat as indicated by the full line
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figure. Radiation from the combined carriers then is in the direction of
the full line arrow.

The equisignal zones or courses may be bent to match the actual airway
directions by varying the amplitude of modulation in one of the systems to
change the power with an effect similar to that indicated in Fig. 9. Change
also may be made by combining the circular radiation from a vertical
antenna with either one or both of the radiations from the loop systems.
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Fic. 9.—Effect of Field F16. 10.—Radiation from Visual
Strength on Beams. Beacon Transmitter.

Variation also results from changing the phase relation in time between
the two modulations. For particular effects various combinations of all
these methods may be employed.

Radiation from the beacon transmitter takes place from two
large loops placed at right angles to each other, these loops being
connected to a goniometer system in the general manner shown
by Fig. 11. The addition of a third stator, rotor and modulating
element to the two shown in Fig. 11 produces the triple modulation
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Fic. 11.—Circuit for Beacon Loops.

beacon with which are used three modulating frequencies; 65
cycles, 86.7 cycles and 108.3 cycles.

The triple modulation beacon provides twelve courses which may be
adjusted to any desired angles so that they coincide with directions of the
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airways. With this twelve-course beacon is used a visual indicator having
three reeds, each tuned to one of the modulating frequencies. A com-
bination of two reeds is used when following a course i}ientiﬁed by the two
corresponding frequencies. The reed indicator is provided with a shutter
which may be placed to expose the particular pair of reeds required for
following a desired course.

In the system shown by Fig. 11 the loop antennas are fixed in position
but the direction of their radiation is not wholly determined by physical
position. Just as the receiving system illustrated by Fig. 3 reproduces the
effect of the external field, so the transmitting system produces a field
determined in space by positions of the stator and rotor windings. Each
stator and rotor element of Fig. 11 causes production of a field equivalent
to that which would be produced by one ordinary loop antenna. This
imaginary antenna is called a phantom antenna, and the plane in which it
has maximum radiation is positioned according to the plane of the stator
winding when the rotor has zero setting. If the rotor is turned the
radiation field turns or rotates correspondingly in space.

Rotating Beacon.—A system with which the operator of an
aircraft is informed of true geographical direction is called the
rotating radiobeacon. This type of beacon serves any course
within its distance range but it requires considerable time for
determinations and also involves some effort on the part of an
observer.

The ground transmitter of the rotating beacon uses a loop antenna re-
volving at the rate of one revolution per minute so that the points of
maximum and minimum intensities rotate in space. The observer in an
airplane receives a special signal when the point of minimum intensity
passes through north and again when it passes through east. He places a
special stop watch in operation when the north signal is received and shuts
it off when the minimum signal reaches him. The number of seconds on
the watch, multiplied by six, then gives the aircraft’s true direction in
degrees from north. The watch also may be calibrated so that the position
of its hand when the minimum signal is received indicates directly the
bearing in degrees. .

Special Beacon Signals.—In addition to range or beacon
transmitters which define the airway courses there are numerous
marker beacons placed at the ending of one and the beginning of
another course, and also placed to indicate obstructions or other
special conditions. These markers are of low power and are
intended to have a range of only about five miles.

The distance of an aircraft from the beacon is shown by a spe-
cial distance indicating meter operating in conjunction with the
automatic volume control for the receiver on the ship. As the
distance to a transmitter becomes less the signal strength becomes
greater and the automatic volume control must provide more and
more negative grid bias. This bias is provided by sending more
current through the biasing resistors in the control grid circuits
of amplifying tubes. The distance indicating meter carries this
biasing current which is inversely proportional to distance, a
greater current indicating less distance.

. In the region directly over the antenna of a transmitter the field
intensity is zero. Therefore, when an aircraft reaches this zero-signal zone
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the instruments indicate that the beacon has been reached since their read-
ings drop to minimum value.

Altitude Indicators.—The principles of radio and elec-
tricity are employed in several ways to indicate the height of air-
craft above the ground. Such devices are called altimeters. The
capacity altimeter makes use of the fact that the electrostatic
capacity between two metal plates changes in value as these plates
approach or recede from a third conductor. The third conductor
is the carth below the aircraft and measurement of the capacity
variation between the first two plates forms an indication of
height above the earth’s surface. Such altimeters are of greatest
usefulness when used at distances not more than 200 feet above
the ground.

Other altimeters depend on the principle of radio wave reflection from
the surface of the earth. The phase relation of the returning or reflected
wave to that of the transmitted wave depends on the distance of trans-
mitting antenna and aircraft above the ground. If the returning or re-
flected wave is in phase with the transmitted waves their effects are aid-
ing and the frequency of the transmitter oscillator will increase. If the
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waves are in opposite phase the frequency will be lowered. The change in
frequency may be made to operate either a visible or audible indicator.

For each even multiple of wavelength in distance the phase relations
will repeat and in order to determine which of several possible distances
really exists, the strength of the returning wave may be measured, this
strength becoming less with increase of distance traveled.

Blind Flying.—Numerous devices have been developed to
enable a pilot to locate a landing field and make a safe landing
without the aid of direct vision. These devices allow determination
of field boundaries and of runway location, and they also allow
following a suitable path in coming down to the earth’s surface.

A conductor which is called a leader cable may be buried in the ground
around a landing field as shown in Fig. 12 to allow correct approach to
the field and to show the direction and location of runways. Induction
signals from the cable are followed by the aircraft in coming in for a
landing. The strength of these signals also gives some indication of the
ship’s height.

A system of locating the field and determining the runway direction is
shown in Fig. 13. This system employs a marker beacon having a region
of minimum signal extending along the edge of the field, this minimum
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informing the pilot that he is passing the boundary. A second beacon has
its radiation directed along the runway or along one axis of the field, from
which runway direction may be known. By picking up the signal from this
second beacon the travel of the aircraft may be correctly aligned.

A landing at a suitable gliding angle may be effected with the help of
a signal called a landing beam and an indicating instrument called a glido-
meter which indicates the output of rectified current from a receiver oper-
ated from the beam signal. The general outline of such a beam, viewed
in a vertical plane, is shown in Fig. 14. The beam slants upward and the
aircraft follows along the region of constant intensity which exists along
the lower part of the beam. This path is shown by the broken line in Fig.
14. The signal output of the receiver is rectified and passed through a
microammeter. By maintaining the meter reading at a constant point it is
possible to follow the constant intensity path which gradually levels off
as the ground is approached.

There are practical means available by which an aircraft may follow
the correct path from the time of takeoff at one field to the landing at
another without its being necessary to see the ground at any time. To
further increase the safety of flying “blind” it has been proposed that ships
carry small transmitters and receivers, both tuned permanently to a suit-
able frequency on which would be transmitted a warning signal. With
close approach of two aircraft so equipped the intensity of the signal would
inform both pilots of possible danger.

SIGNAL BEAM of BEAM

F16. 14—Landing Beam,

Certain forms of errors lessen the dependability of radio guid-
ance. The angle at which a plane may be traveling with reference
to a beacon course may introduce a slight error. There is also
an effect of the sky wave which causes the radio beam to waver
and the equisignal zone to shift to some extent, this being called
the night effect.

Aircraft Receivers.—Radio receivers for aircraft use gen-
erally are of the tuned radio frequency type with three radio fre-
quency amplifying stages, a detector and one or two audio fre-
quency stages. Reception, of course, is with headphones. The
set must be so designed as to allow installing it in any convenient
and accessible location, this usually requiring the use of a remote
control for tuning. The setting to receive a given frequency, such
as that for an equisignal zone, may be semi-permanent and locked
in, while a remote vernier control allows slight variations of tun-
ing by easy manipulation on the operator’s part.

Aircraft receivers must have great mechanical strength to prevent harm
from vibration. In addition to being provided with cushion mountings it is

the practice to employ tubes which are not microphonic, certain types
having been especially developed for this class of work. Complete shielding
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prevents pickup of interference or of any signals except those coming
through the antenna system, and suitable mechanical enclosure insures
tightness against moisture and dust.

Volume control must be of the remotely operated type, must be operated
with greatest ease and must be thoroughly effective at all frequencies used.
The low frequency response must be uniform from about 40 to 120 cycles
for beacon signals, and the voice fidelity must be satisfactory between about
200 and 3,000 cycles. To operate the course indicators the low frequency
output must be 10 volts into an impedance of 5,000 to 6,000 ohms. These
requirements call for high sensitivity (about five microvolts per meter)
because of the small and relatively inefficient aircraft antenna systems and
the necessity of receiving at distances as great as 150 miles from trans-
mitters of about two-kilowatt rating. Good selectivity is required because
of the rather close spacing between channel frequencies in aviation service.

One of the major problems in reception is that of preventing inter-
ference from the ignition system of the aircraft. The magneto is com-
pletely enclosed in a metal box or the ignition distributor is completely
covered. All wiring is covered with copper braid, the high tension leads
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Fic. 15.—Circuits of Typical Airplane Receiver.

having also an inner protective tubing of aluminum. The wiring also may
be enclosed within rigid tubes of metal. Spark plugs are individually
shielded with metal covers and parts such as the ignition switch are com-
pletely protected.

The circuit diagram of a typical aircraft receiver is shown in Fig. 15.

Antennas for Aircraft.—Antenna systems used on large
airplanes and on dirigible airships may be modifications of the
ommonly employed T-antenna. The first antenna specially de-
veloped for use with small aircraft is that called a trailing wire
antenna. This type is being generally replaced with a short vertical
pole. Antennas of the dipole type also are used, these consisting
of two similar parts on either side of a coupling coil.

The trailing wire antenna consists of a long, flexible conductor having
a weight attached to the free end and fed out through a guide called the
fairlead in the fuselage of the ship. The length of the exposed conductor,
and its inclination (determined by speed) affect the resonant frequency
of the system. The inclination of such an antenna may introduce an error
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called airplane effect into direction finding, and the directional effect of
this type makes it unreliable for beacon signal work.

The vertical pole antenna consists of a rigid metal tube six to ten feet
in height erected on the fuselage of the aircraft. Such an antenna is affected
by a vertically polarized wave whereas the horizontally disposed types of
antennas are affected by horizontally polarized waves. This fact allows
easy differentiation between two signals by the use of both types of antenna
on one ship as shown in Fig. 16,

The antenna system is completed by using the metal parts of the body
of the aircraft as a counterpoise. To secure satisfactory operation, with
minimum noise in reception and maximum radiation in transmission, it is
essential that all metal parts entering into the counterpoise be thoroughly
bonded together with secure connections and low resistance conductors.

Power Sources.—Electric power for radio use on aircraft
is generally furnished by suitable forms of generators or dyna-
motors driven either by the engine or by the force of the moving
air from the propeller or around the ship. These machines may
be of the high-voltage direct-current type for plate supply or they
may generate alternating current of rather high frequency which
is stepped up in voltage by a transformer, is rectified and filtered
to provide direct current.

1 RROPELLER

-~

GENCRATOR

V B

F1c. 16.—Airplane Antennas. F16. 17—Wind Driven Generator.

Generators driven from the engine must furnish constant voltage. They
are provided either with a voltage regulator allowing constant potential
with variable speed, or they are provided with a speed control which
maintains a constant rate of rotation for the generator with varying speeds
of the airplane engine.

The wind driven generator, one of which is illustrated in Fig.
17, may have a built-in centrifugal governor which alters the pitch
of the propellor blades with changing air velocity or with changing
load on the generator so that the speed and voltage remain prac-
tically constant. If the generator speed is not controlled, the
machine is provided with any suitable form of regulator to main-
tain constant voltage. If such a generator is located in the slip
stream from the propellor it will operate either with the ship in
flight or with it on the ground provided the engine is kept running.

A dynamotor is a machine which acts as a generator when
driven by mechanical power and which acts as an electric motor
when furnished with electric current. Such devices are used in
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connection with a storage battery. When the dynamotor is driven
either from the engine or by the air stream it charges the battery,
and by means of separate windings it may furnish at the same
time direct current for operation of radio devices. When no
mechanical driving power is available the unit is operated by cur-
rent drawn from the storage battery, one set of windings acting
as a motor while the second set functions as a generator and pro-
duces radio operating currents. The dynamotor and battery com-
bination allows operation of radio apparatus even when the air-
craft is stationary with the engine idle.

Emergency or auxiliary radio power sometimes is obtained
through operation of a generator from a small, high speed gasoline
engine. The engine may be arranged to run at a constant speed
to insure a steady voltage. Hand driven generators, of about 50-
watt rating, may be operated by one man as a source of emergency
power,

The power requirement for transmitters such as used on air-
craft generally runs in the neighborhood of 600 to 800 watts for
the plate and filament supplies combined. Receivers of usual de-
sign require 30 to 60 watts of power for their operation.
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B. b.—Symbols for magnetic induction. Susceptance in mhos.

BACK COUPLING.—See Feedback.

BACK VOLTAGE.—See Electromotive Force.

BAKELITE.—See Phenol Compounds; also Resistance, Insula-
tion.

. B;\LANCED ARMATURE SPEAKER.—See Speaker,
oud.

BALANCED CIRCUIT.—See Balancing.

BALANCING.—Between the internal parts of a vacuum tube
there are capacities due to the fact that the parts are of metal, a
conductor, and they are separated by the vacuum as a dielectric.
These internal capacities are explained under Tube, Capacities, In-
ternal. The capacity between tube ele-
ments which are parts of the plate circuit
and elements which are parts of the grid
circuit within a single tube is the cause
of considerable trouble. This trouble
arises from the feedback of energy from
[ the plate circuit to the grid circuit of the

CircyrT  CircudZ  tube, the feedback producing regenera-
Fi. 1—Internal Capacity of tion and oscillation if allowed to con-
Tube Requiring Balancing. tinue. This capacity effect is inherent in
the design of vacuum tubes and exists in all of them to some extent.

Since the amount of internal tube capacity is fixed by the design
of the tube it cannot be changed after the tube is in operation. This
capacity acts like any other capacity or condenser. Its reactance,
or opposition to flow of alternating currents through it, becomes
less and less as the frequency increases. Therefore, the feedback
is greater at high frequencies or low wavelengths. The tube ca-
pacity is represented in Fig. 1.

The object of balancing is to provide a second feedback between
various other external circuits through connections outside the tube.
This second feedback is arranged so that energy passing through
it is equal in amount to the tube feedback but is opposite in phase
or polarity. The effect of the tube feedback is then exactly balanced
by the external feedback. The result of combining the two feed-
backs is to destroy the effect of both so that regeneration and oscil-
lation are prevented.

The balancing feedback is primarily designed to compensate only
for the internal feedback through the tube. As described under
Oscillation there are many other causes of feedback of energy from
plate circuit to grid circuit. These other causes are not properly
within the province of the balancing scheme although excessive bal-
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ancing capacity is often employed in an effort to overcome all kinds
of feedbacks.

The principle of the balance of energies may be understood from
Fig. 2. The feedback through the tube is represented at the upper
left. The external balancing feedback is shown at the lower left.
It will be seen that rises and falls of voltage are opposite in the two
feedbacks. The combined energies which reach the grid circuit are
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Fi6. 3—Neutrodyne Method of Balancing.

shown at the upper right of Fig. 2. At every point the positive and
negative alternations are equal and opposite, consequently they de-
stroy each other and leave a zero feedback.

Neutrodyne Balancing.—One of the first popular balanced
circuits to come into common use was the Neutrodyne. Its principle
is shown in Fig. 3. The feedback through the internal capacity of
the tube takes place in the manner already mentioned. The exter-
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nal balancing feedback is secured through a balancing condenser
connected from the grid of the tube to be balanced to a tap in the
secondary winding of the following radio frequency transformer.
The tap is near the filament end of the secondary winding and volt-
ages taken from this point are opposite in phase to those in the first
grid circuit.

With the inductance of the part of the secondary below the tap
equal to the inductance of the primary winding in the same trans-
former, the energy fed back will equal the energy passing back
through the tube capacity when the balancing capacity is equal to
the tube capacity. Less inductance in the tapped portion of the
winding requires greater capacity in the balancing condenser to
equalize the two feedbacks. A greater inductance in the tapped

YV

(g NBalancing
Condensér

2

|

Aalance
Winding

b
Secondary
Frimary

Fic. 4—Roberts Circuit for Balancing.

winding allows the use of less capacity in the balancing condenser.
Roberts Method.—The balancing method used in the Roberts
receiver is shown in Fig. 4. Here the balancing energy is secured
from a special winding in the following radio frequency transformer.
This balance winding is of the same inductance as the primary but
is wound in the opposite direction so that voltages taken from it
are of opposite phase to the voltages passing back from the primary
through the plate into the grid circuit by way of the tube capacity.
The balancing condenser is adjusted so that it allows enough feed-
back to just compensate for the internal feedback of the tube.
Rice Method.—The Rice method of balancing is shown in Fig.
5. The winding in the grid circuit of the tube to be balanced is
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tapped at its center. The tuning condenser extends across the en-
tire winding. The upper end of the winding is connected to the
grid in the usual way. The tap forms the grid return to the filament
circuit. The lower end of the winding is connected through a bal-
ancing condenser with the plate of the tube being balanced.

Voltages fed back through the internal capacity of the tube from
plate to grid enter the secondary winding at its upper end and pass
down to the tap and return to the filament. Voltages fed back
through the balancing condenser enter the secondary winding at
the bottom and pass up to the tap and to the filament. The two
voltages are made equal by adjustment of the balancing condenser
to match the tube capacity. Since the two halves of the secondary
winding are in opposition the two voltages entering it balance each
other and any tendency to oscillation is destroyed.

5
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F16. 5—Rice Method of Balancing.

Balancing Adjustments.—Adjustment of the capacity of a bal-
ancing condenser is made according to the same general rules for
all circuits using this principle of control. The balancing condenser’s
capacity is proportional to the internal capacity of the tube. There-
fore, changing the tube in a balanced circuit will generally call for
readjustment of the balancing condenser since it is very seldom
that two tubes are found to have exactly the same internal capacity.

With all circuit connections properly made and with the balanc-
ing condenser set-at about one-half its total capacity a signal from
some station is tuned in with maximum possible volume. The
station selected should he near enough to allow a strong signal to be
received but should not be so close that its energy is picked up by
the various parts and wires in the receiver. All of the signal should
come in over the antenna, not through the coils and connections of
the set.

The filament of the tube to be balanced is turned out by turning
off its rheostat, by removing the filament control resistor or by dis-
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connecting a wire from one of the filament terminals. No other
changes are made, no other tubes are turned out, and the tuning
controls are left unchanged. The signal from the station previously
tuned in will still be heard with fair volume because of the energy
that passes through the internal capacity of the tube.

The balancing condenser is then carefully adjusted so that the
volume of the signal is at a minimum or until the signal disappears
completely. This indicates that there is a balance between internal
and external feedback capacities.

If the tube is removed from its socket the signal volume will in-
crease because only the capacity of the balancing condenser remains
and it is not compensated for by the capacity of the tube which
has been removed from the circuit. If another tube is substituted
for the one removed the signal may again reappear because of the
changed capacity in the new tube.

The foregoing procedure of balancing should be carried out first
on a low frequency or high wavelength station, then on a high fre-
quency or low wavelength station. If it requires a considerable
change of capacity in the balancing condenser to make the two ad-
justments at different frequencies the adjustment should be left
about midway between the two points or slightly nearer the point
used for the high frequency station.

When a change is necessary in the balancing adjustment for any change in
received frequency it indicates that there are considerable feedbacks through
stray capacities and through electromagnetic couplings in the receiver. The
more of these that can be eliminated the nearer the two adjustments of the
balancing condenser will come together. The change of adjustment required
is caused by the balancing capacity attempting to compensate for these other
feedbacks as well as for the feedback through the tube.

With the balancing condenser adjusted according to the directions given it
should remain unchanged while the receiver is operated. An adjustment
should be used that prevents oscillation at all frequencies or wavelengths to
be received.

Balancing may be performed without listening to broadcasting stations by
the use of methods explained under Oscillator, Radio Frequency, Uses of.

Regeneration may be brought about and may be increased until it passes
into oscillation by using the balancing condenser as a regeneration control.
As a rule the balancing condensers are placed inside the receiver cabinet and
out of reach of the operator. If the condenser is to be used for regeneration
control it should be placed on the panel with a dial or knob on the outside.
See Regeneration, Methods of Obtaining.

Bridge Circuits.—All circuits in which the internal capacity of
a tube is balanced by an external capacity may be classed as bridge
circuits. This is because of their resemblance to a Wheatstone bridge
or Wheatstone balance such as used in laboratory work for measuring
capacities, inductances and resistances. The principle of the Wheat-
stone bridge is shown in Fig. 6.

Four resistances, 4, B, C and D, are connected to form the four
sides of a parallelogram. A meter is connected from a point be-
tween 4 and B to a point between C and D. A source of voltage is
connected to the two remaining corners of the parallelogram. Cur-
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rent from the source will flow through 4 and B as one side of a
parallel circuit and through C and D as the other side, dividing
between these two paths according to their resistances.

If the ratio of resistance in the arms is A/B=C/D or A/C=B/D

the voltage drops will be such that the voltage at the upper con-
nection to the meter is the same as the voltage to the lower connec-
tion. Since the voltages are equal at the two ends of the meter cir-
cuit there will be no flow of current through the meter or through
any other conductor put in the meter’s place.
_ The arms of the bridge may be composed of resistances as shown
in Fig. 6 or of capacities or inductances. The two arms forming
one ratio must be both resistances, both inductances or both capaci-
ties. These things must not be mixed up in a single ratio because,
for example, the expression would be impossible to solve with a
ratio calling for inductance to be divided by capacity. This is an
important point in the design of bridge circuits.

F1c. 6.—Balancing Principle of Fic. 7.—Position of Tube Capacity in

the Wheatstone Bridge. a Bridge Circuit for Balancing.
In a radio circuit to be balanced it is desired that no feedback
currents or voltages enter the grid circuit of the tube unless they
are balanced out by other voltages. In building up a bridge ar-
rangement the coil and condenser of the grid circuit may be put in
place of the meter of Fig. 6 so that the bridge appears as in Fig. 7.
Here the four arms are composed of capacities. Three of the ca-
pacities are formed by condensers and the fourth is formed by the

capacity between plate and grid of a tube.

One arm of any bridge circuit must always be-the plate to grid
capacity of the tube. The two ends of the grid circuit will be at
the top antl at the bottom of the parallelogram as in Fig. 7. It is
not necessary that both the coil and the condenser of the grid cir-
cuit be put in the center of the bridge as in Fig. 7 but they both
must be connected between top and bottom of the bridge. The coil
alone may be in the center with the condenser in the bridge arms or

the condenser alone may be in the center with the coil in the arms.

"Fig. 8 shows the circuit diagram of the Isofarad circuit and Fig. 9 shows this
circuit rearranged as a bridge. The two tuning condensers 4 and C are moved
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together on a single shaft. The balancing condenser is shown at D. The coil
in the grid circuit runs from top to bottom of the bridge. The four arms are
formed by the two tuning condensers, the balancing condenser and the tube
capacity. With the capacities in the arms adjusted to conform to the propor-
tion A/C=B/D the bridge is balanced.

The Neutrodyne circuit of Fig. 3 and the Roberts circuit of Fig. 4 are both
represented by the bridge circuit of Fig. 10. For the Neutrodyne, arm 4 of
the bridge is formed by the balancing condenser, arm B is formed by the tube
capacity, arm C by the portion of the secondary of the transformer which is
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Fic. 8—The Isofarad Method Fic. 9.—The Isofarad Balanced
of Balancing. Circuit in Bridge Form.

below the tap, and arm D by the primary winding of the transformer. With
the arms adjusted to the proportion 4/B==C/D the bridge is balanced and so
is the receiver circuit.

For the Roberts circuit, arm 4 is formed by the ‘balancing condenser, arm
B by the tube capacity, arm C by the balance winding, and arm D by the
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Fic. 10.—The Neutrodyne Balanced Fic. 11 —The Rice Balanced
Circuit in Bridge Form. Circuit in Bridge Form.

primary winding of the transformer. The bridge is balanced when the arms
are adjusted to the proportion 4/B=C/D.

The Rice circuit of Fig. 5 is shown in bridge form by Fig. 11. Arm 4 is
formed by the upper half of the secondary winding, arm B is formed by the
tube internal capacity, arm C by the lower half of the secondary winding, and
arm D by the balancing condenser. When the four arms are adjusted to the
proportion 4/C=B/D the bridge is balanced and the two feedbacks com-
pensate for each other.

It will be noticed that in all the proportions used for balancing the bridges
of Figs. 9 to 11 each ratio is composed either of two capacities or of two



BALANCING CONDENSER

inductances. This rule is followed because a capacity and inductance will not
balance each other at all frequencies although they might be made to balance
for some one frequency. With increase of frequency the reactance of a
capacity grows less while the reactance of an inductance grows greater.

One arm of the bridge must always be the tube capacity. Consequently at
least one other arm must always be a capacity. The two remaining arms both
may be capacities or both be inductances but must not be made up of
mixed capacities and inductances in the two arms forming one ratio.

BALANCING CONDENSER.—See Condenser, Balancing.

BALLAST COIL.—See Coil, Ballast.

BALLAST TUBE.—See Tube, Ballast Type.

BAND SELECTOR.—See Circuit, Band Selector.

BAND, WAVE.—A series of radio frequencies or wavelengths;
set aside as one of the channels of transmission from stations en-
gaged in sending out radio signals.

In the broadcasting field, wave bands are made ten kilocycles
“wide.” As an example one wave band extends from 795 kilocycles
to 805 kilocycles. A transmitter using this wave band would send
out a carrier wave at 800 kilocycles. Modulation of this carrier
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Relation of Wave Bands to Each Other.

wave would cause the side bands to extend five kilocycles on each
side of the carrier, thus using the entire wave band of ten kilocycles
from 795 kilocycles to 805 kilocycles.

Wave bands are not necessarily ten kilocycles wide, either a greater or less
width may be used, for instance a wave band for broadcasting on 800 kilo-
cycles might be made twenty kilocycles in width, from 790 kilocycles to 810
kilocycles. This would give a greater separation and less danger of inter-
ference between transmitters operating in adjacent wave bands or on adjacent
assigned wavelengths.

See also Broadcasting and Channels, Radio.

BAND FILTER.—See Filter, Band Exclusion and Band Pass.

BANK-WOUND COIL.—See Coil, Bank Wound.

BASE, TUBE.—See Tube, Bases of.

BASKET-WOUND COIL.—See Coil, Basket Wound.

BASS WOOD.—See Wood.

B-BATTERY.—See Battery, B-.

B-BATTERY POWER UNIT.—See Power Unit, Plate Volt-
age Types.

BATTERY, A-—The A-battery is the battery which provides
a source of current for the filaments of the vacuum tubes used in a
receiver. It is sometimes called the filament battery. A-batteries
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may be of either the storage battery or dry cell type. Storage
A-batteries are often called wet batteries and dry cell types are
called simply dry batteries. '

A storage type of A-battery for use with five-volt, quarter-ampere
tubes or for five-volt power tubes has three cells and can deliver
six volts maximum pressure. A storage battery for use with three-
volt tubes has two cells and can deliver four volts maximum while
a storage type of A-battery for quarter-ampere tubes requiring only
one and one-tenth filament volts has but a single cell and delivers
a maximum of but two volts.’

Storage A-batteries generally have working capacities of from sixty to one
hundred ampere-hours. Batteries of greater capacity may be used to goed
advantage but less capacity than fifty ampere-hours will mean that the battery
will require recharging at intervals too frequent for convenience.

Since the filaments of the tubes in a battery operated receiver are generally
connected in parallel, the current consumption is equal to the total number of
tubes times the number of amperes used by each tube. For example, a five-
tube receiver using quarter-ampere tubes will draw five times one-quarter, or
one and one-quarter amperes from the battery.

Dividing the number of ampere-hours capacity of the battery by the number
of amperes drawn by the receiver will give the number of hours that the
receiver may be operated without recharging the battery. The five-tube re-
ceiver drawing one and one-quarter amperes fitted with a one hundred ampere-
hour capacity battery would operate for eighty hours provided the battery were
fully charged to start with and if it were allowed to completely discharge.

See also Battery, Storage Type and Battery, Dry Cell Type.

BATTERY, B-.—The B-battery is the battery which provides
a voltage for the plates of the vacuum tubes in a receiver and which
provides the flow of direct current in the plate circuits of the tubes.
Either storage types or dry cell types of B-batteries may be em-
ployed.

Storage types or wet types of B-battery are constructed with small
cells, each one of which gives two volts pressure. These cells are
assembled in units or trays carrying eleven, twelve, twenty-two or
twenty-four cells and giving voltages of twenty-two, twenty-four,
forty-four or forty-eight for each unit. Any desired B-battery volt-
age may be obtained by using a sufficient number of units or cells.

Dry-cell B-batteries are made in two sizes considered from the
standpoint of voltage. One size delivers twenty-two and one-half
volts while the other delivers forty-five volts. The smaller voltage
is secured from fifteen cells, each cell furnishing one and one-half
volts, while the higher voltage is secured from thirty cells. The
individual cells are of small size and are assembled into blocks with
the cells completely covered with insulating compound through
which terminals are brought out.

Dry-cell B-batteries are made in vertical and flat types. The vertical type
in the large size measures approximately four inches in length, three inches in
width and seven inches in height. A flat type of the same capacity would
measure six and five-eighth inches long, four inches wide and three inches high.
Whether vertical or flat type should be used depends on the space available.

The 22%-volt blocks may have only one negative terminal and one positive
terminal or they may be provided with one negative terminal and several
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positive terminals or taps at the following voltages; 1614, 18, 1914, 21 and
22%. The 45-volt blocks may have one negative terminal, one 22%4-volt
positive terminal and one 45-volt positive terminal or they may have one
negative terminal followed by positive voltage taps of 1634, 18, 19%4, 21 and
22%% on the first section and a 45-volt positive tap at the end of the second
.section. These voltage taps are used to provide proper plate voltage on
detector tubes as well as to allow variations in plate voltage on radio frequency
amplifier tubes.

Dry-cell B-batteries are sometimes rated according to their capacity in
milliampere-hours, or in their ability to deliver a certain number of milli-
amperes for a given number of hours. The normal capacities in milliampere-

Terminal Arrangements on Dry Cell B-Batteries.

hours are 4500 for the large size, 1200 for the medium size and 450 for the
small size. It is far more economical to use the large size than either of the
others. The only good reason for using medium or small sizes is limitation
of space. Large, medium and small sizes are sometimes called respectively,
five-pound, two-pound and one-pound batteries.

See also Battery, Storage Type; Battery, Dry Cell Type; Battery, Life of;
and Charger, Battery, Bulb Type.

BATTERY, C-—A battery which provides a biasing voltage
for the grids of amplifying tubes. See Bias, Grid.

BATTERY, CARE OF.—See Battery, Dry; also Battery,
Storage Type.

BATTERY, CHARGER FOR.—See Charger, Battery.

BATTERY, CHARGING OF.—~See Charger, Battery.

BATTERY, CONNECTION OF A- and B-—In some re-
ceivers the negative terminal of the B-battery is connected to the
positive terminal of the A-battery while in other receivers the nega-
tive terminal of the B-battery is connected to the negative terminal
of the A-battery. Either method may be used with practically iden-
tical results from the receiving standpoint.

With the connection A+ B— the return end of the plate circuit is
through the A-battery to the negative side of the filament in the
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tube. With the connection A—B— the return end of the plate cir-
cuit is directly to the negative side of the filament in the tube. In
older receivers it was the more common practice to use the A4-B—
connection but in recent types the A—B— connection is generally
found.

With the negative end of the B-battery or plate supply unit connected to
the negative side of the A-battery or negative filament line, the voltage applied
to the plate circuit is the voltage of the B-battery or plate power unit alone.
With the negative end of the B-battery or plate power unit connected to the
positive side of the A-battery or to the positive filament line, the plate circuit
return is through both the A-battery and the B-battery or plate power unit.
The voltage applied to the plate circuit is then equal to the sum of the voltages
of the filament or A-battery and the voltage of the plate power unit or B-

battery.
A slightly higher voltage is applied to the plate circuit when B— is con-
nected to A+ than when B— is connected to A—. In modern receivers the

addition of the filament voltage to the plate voltage makes little difference in

A+B-
6-voll 90-voll =
Vo, .
-batte, B-battery 90-10lt B-battery
96 volls on plate A-battery

Effect on Plate Voltage of Connecting A+ and B— or of Connecting
A— and B—
performance. In the case of 120-volt plate supply, adding 6 volts from the
filament circuit makes only a five per cent change.

In older receivers, which used comparatively low plate voltages, the addition
or subtraction of six volts made a decided change but nowadays there is no
such effect.

The advantage of connecting together the two negatives is that all return
circuits are then at the same negative voltage or zero voltage. The filament
circuit return, the plate circuit return and the grid circuit return all come to
a common negative or zero voltage point. This is considered better electrical
practice than the older method.

BATTERY, DRY-CELL TYPE.—Dry-cell batteries are
made up of a number of single dry cells connected with each other
so that the voltage of the battery is equal to the number of cells
times one and one-half, this one and one-half being the voltage of
one dry cell regardless of its size.

Each cell consists of a cylinder or case of zinc inside of which is
a carbon rod. There is a filling composed principally of finely pow-
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dered carbon and black oxide of manganese placed around the car-
bon rod. The zinc container is lined with porous material and the
filling and the lining of the cell are saturated with liquid electrolyte.
The top of the cell is tightly closed with sealing compound which
prevents evaporation of the electrolyte. The carbon forms the posi-
tive element of the cell and carries the positive terminal. The zinc
container forms the negative element of the cell and carries the nega-
tive terminal,

A dry cell of the size used for A-battery work will deliver one-half ampere
for fifty or sixty hours of intermittent use or will deliver one-quarter ampere
for about one hundred and fifty hours of intermittent use.

As far as voltage is concerned only a single dry cell is required for the
operation of tubes requiring 1.1 volt for their filaments. These tubes draw

one-quarter ampere of current and this is the maximum current that may be
taken from a single dry cell if any reasonable length of service is to be obtained.

2, & 9 G
3 cells in paralle] Jcells i series

/% volls 4%z volts

2 cells in parallel and 3 cells mn servesand
Fsels 17 series 2 sels /in parallel
4% volts 9% volts

Dry Cell Connections for Increasing Voltage and for Increasing Allowable
Current Drain,

It is much better practice to connect two or three dry cells in parallel with
each other to form the A-battery supply in a receiver using 1.1 volt tubes.
There should be at least one dry cell in the parallel connection for each tube
in the receiver being handled.

In order to furnish current for tubes requiring three volts on their filaments
two dry cells must be connected in series so that the one and one-half volt
pressure is doubled. The current consumption of these tubes is only 06

mpere, so four of them may be operated in parallel and draw only 0.24
ampere which is within the current ability of a single dry cell. However, much
longer life will be secured if two or more cells are connected in parallel and
two of these parallel circuits connected in series to form a parallel-series
arrangement as shown in the diagram.

BATTERY, ELECTROLYTE FOR.—See Battery, Storage
Type.

BATTERY, ELIMINATORS FOR.—See Power Unit.

BATTERY, FILAMENT.—See Battery, A-.

BATTERY, GRID.—See Bias, Grid.
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BATTERY, LIFE OF.—The life of a storage type of A-battery
operated under normal conditions and without abuse in the form
of excessive discharge is from one and one-half to three years. The
end of the battery’s life will be indicated by its becoming discharged
in a much shorter time than normal. The battery may then be
taken to a battery service station and advice secured as to whether
it will be economical to replace plates and separators or whether a
real saving of money will be made by replacing it with a new one.

The months of life which may be expected from the three sizes of B-batteries
for various plate currents in milliamperes with the receiver used for an
average of two hours a day is shown in the following table at the intersection
of the columns for battery size and the lines for current.

Dry CerLL B-BatTERY LIFe

Months of Life
When FK/Ir.ni.shing Current
LRt Small Medium Large
6 15 = _
7 13 — _
8 11.6 — —
9 10.3 —_ —
10 9.3 15.5 -
11 8.5 14 —
12 7.8 13 —
13 7.2 12 15.5
14 6.6 11 143
15 6 10.2 13.4
16 5.5 9.6 12.6
17 S 9 11.8
18 4.7 8.4 11
19 4.2 7.9 10.4
20 4 74 9.8
21 3.7 7 9.2
22 3.5 6.6 8.7
23 32 6.2 8.3
24 3 5.8 7.9
25 2.8 5.5 7.6
26 2.6 5.2 7.1
27 24 S 6.8
28 - 4.7 6.5
29 — 44 6.2
30 — 4.2 5.9
31 — 4 5.6
32 - 3.8 5.3
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The life of dry cell B-batteries will be prolonged by using large
sizes. The large size or heavy duty type of dry B-battery should be
employed with any receiver having four or more tubes or any re-
ceiver drawing fifteen milliamperes or more in its plate circuits.
The medium size may be used for receivers having from ome to
three tubes. The small size should be used only in portable re-
ceivers where minimum size and weight are important considera-
tions.

The life of a dry cell battery comes to an end when its voltage
drops below 1.12 per cell. When the voltage of a 22%4-volt block
drops to 17 or when the voltage of a 45-volt block drops to 35 the
battery should be replaced with a new one. Waste of current from
B-batteries and a consequent short life is caused by leaving the
receiver tubes lighted at any time when no programs are being
received. Short life is also caused by burning the filaments too
brightly, by using old and worn out tubes, by using a run down C-
battery, by using leaky bypass condensers, and by allowing high re-
sistance leaks or short circuits to exist in the receiver.

BATTERY, PLATE.—See Battery, B-.

BATTERY, STORAGE TYPE.—Storage batteries consist
of a number of cells. Each cell is made up of several positive plates
and several negative plates. All of the positives are connected to-
gether and all of the negatives are connected together as in Fig. 1.
The positive and negative plates al-
ternate with each other in position
and are kept apart by separators of
wood, celluloid or hard rubber. The
plates themselves are made of lead
alloys and chemical compounds of
lead. The plates and their separators
are immersed in a bath of sulphuric
acid diluted with water, this liquid
being called the electrolyte. The
electrolyte and the plates are carried
in a jar made of glass, hard rubber || E ]
or other insulating material. N\ »)

One cell of a storage battery, re-
gardless of its size, shape or construc- Fic. 1.—How Positive and
tion will deliver only two volts pres- ~ Negative Plates Altc&“‘l‘l“’
sure, but its ability to deliver current ~ 0 Storage Battery Cell
or amperage depends upon the size of the plates, the quantity of
material in the plates and the amount of electrolyte in the cell.

A battery is made up of a sufficient number of cells to give the
required voltage. The cells are connected in series with each other
as in Fig. 2 so that the voltage of the battery is equal to the number
of cells times two, since each cell will give two volts.

Both positive and negative plates are formed of metallic lead frames called
grids. Spaces in the grids are filled with active material formed from com-
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pounds of lead. After manufacture the plates are given several charges and
discharges, called forming. This forming turns the active material in the
positive plate to peroxide of lead which is reddish brown in color. The
material in the negative plates becomes sponge lead, dull gray in color.
When the battery is connected to the receiver and the filament switch
turned on an action immediately begins to take place between the plates and
the electrolyte. A part of the sulphuric acid in the liquid combines with the
lead in the plates to” form lead sulphate, and the surfaces of both plates
gradually become covered with this sulphate. The percentage of water in the
electrolyte is increased because of the combining of part of the acid with the
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F1c. 2—The Complete Storage Battery with Cells in Series.

lead of the plates, leaving water in the electrolyte. The surfaces of the plates
thus change slowly to lead sulphate, while the liquid becomes more nearly
pure water.

When the battery is recharged, the sulphate of the plates combines with
part of the hydrogen and oxygen in the electrolyte to form more sulphuric
acid. The positive plate then becomes peroxide of lead and the negative is left
as sponge lead. This transformation continues until the sulphate is completely
reduced, and the battery is then said to be charged.

The capecity or current delivering ability of a storage battery is measured in
ampere-hours (see Ampere-Hour). The larger the plates the greater will be
the ampere-hour capacity of the battery; that is, the greater the height, width
and thickness of the plates the more capacity they will have.

Radio types of storage batteries generally have plates about five thirty-
seconds to one-quarter of an inch in thickness, This comparatively thick
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plate makes for long life and durability. The demand for current is very
small in radio work so that a great number of plates is not required.

Testing Storage Batteries.—In the operation of a storage bat-
tery the discharge must not go so far that the voltage becomes ab-
normally low. Under no conditions should discharge be continued
when the voltage drops to 1.7 volts per cell. If the current flow
from the battery is continued at this voltage serious and permanent
damages will result from over-sulphation of the plates.

From the explanation given of the action that takes place during
charge and discharge, it will be seen that the proportion of acid in
the electrolyte will give an indication of the condition of the battery,

Fi1. 3.—A Hydrometer, Its Scale, and a Hydrometer Syringe for Storage
Battery Tests,
whether it is properly charged or nearly discharged. The acid is
much heavier than water, and as the proportion of acid in the liquid
becomes greater, the weight of the electrolyte becomes greater.
Therefore, the heavier the electrolyte, the more nearly charged the
battery is known to be.

To find the condition of the battery by testing the liquid, a hy-
drometer is used. The hydrometer is a glass tube having a hollow
bulb with a weight at one end and a thin tube with a numbered scale
at the other end. When this instrument is allowed to float in the
electrolyte liquid from the battery cells, the point on the scale to
which it sinks indicates the weight of the liquid. The hydrometer



BATTERY, STORAGE TYPE

will not sink so deeply into the heavy liquid having a large propor-
tion of acid as into the lighter liquid when almost all water. The
hydrometer scale is graduated according to specific gravity, which
is the weight of the liquid compared to that of pure water.

On the stem of the hydrometer appear numbers from 1.100, near
the top, to 1.300 near the bottom. This is shown in Fig. 3.

The hydrometer itself is usually carried in a larger tube with a
small nozzle at the lower end and with a bulb at the upper end so
that some of the electrolyte may be drawn from each of the cells
for purposes of test. In the top of each cell of every battery is a
small plug. This plug may be unscrewed or released from its lock
and will leave an opening into the interior of the cell. Through
this opening the electrolyte or the tops of the plates may be seen.
With a plug removed, the hydrometer syringe, as the tube and bulb
are called, is inserted into the cell, the bulb is squeezed and allowed
to expand whereupon some of the liquid will be drawn up into the
tube and the hydrometer will float in this liquid. After all pressure
has been released from the bulb the specific gravity of the liquid is
the reading on the hydrometer scale at the point where the instru-
ment rises above the surface of the electrolyte. After the gravity is
read the liquid should be carefully returned to the same cell from
which it was drawn. The same method is used to find the specific
gravity of each cell.

If this gravity is between 1.250 and 1.300, the cell is well charged.
If the gravity is between 1.200 and 1.250, the cell is at least half,
but not fully, charged. Gravity between 1.150 and 1.200 indicates
that the cell is nearly discharged, while gravity of 1.150 or below
means that the cell is discharged to a point at which no further
discharge should be allowed. The gravity is often mentioned in
“points,” the difference between 1.200 and 1.250 being fifty points.

If the battery is in good condition, “the gravity will be within
twenty-five points of the same in all cells, If there is a greater dif-
ference than this it usually indicates trouble in the low cells.

Care of Storage Batteries.—It is essential that a storage bat-
tery have certain attention at regular intervals. The most impor-
tant item in the care of a battery is that of adding pure water to each
cell at least once a month. Water is added through the holes left
with the vent plugs removed and may be easily handled by using
the hydrometer syringe. A sufficient quantity of water should be
placed in each cell to bring the surface of the liquid from one-
quarter to one-half inch above the tops of the plates, this point
being indicated in many batteries by a rim that may be seen at the
bottom of the hole from which the plug was removed.

The water used for filling cells must be distilled water or else perfectly clean
rain water. Tap water or water that has been kept in metal containers must
never be used. Except when some of the electrolyte has been spilled from one
ot the cells, nothing but pure water should ever be added. In no case should

undiluted sulphuric acid or strong electrolyte be used. Such work should be
done only by a battery service station.
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Care should be used when testing not to spill electrolyte on top of the
battery, as it will cause corrosion at the terminals and partial short-circuiting
of the cells. The level of the liquid in the cells should not be made so high
that overflow results from the gases evolved as the battery is charged.

At the time of testing or adding water to the battery the terminals should
be carefully examined for looseness or breakage. No copper wires should be
attached directly at the lead battery posts, as the copper will be eaten by the
action of the acid. Lead covered lugs or lead covered spring clips are used
for all connections at the battery itself. If the connections are found covered
with corrosion or verdigris, they should be washed with ammonia or with
baking soda and water and covered with a coat of vaseline to prevent further
action by the acid. If the battery case is wet or if the inside of the battery
compartment is wet, the moisture should be wiped away with a cloth slightly
wet with ammonia water,

See also Charger Battery. .

BATTERY, SWITCH FOR.—See Switch, Battery or Fila-
ment.

BATTERY, TESTING OF.—See Battery, Dry Cell Type;
Battery, Storage Type; also Trouble, Battery Weakness and Restst-
ance.

BATTERY, WET.—See Battery, Storage Type.

BEACON, AVIATION.—Radio beacons and ranges are
treated under Awviation, Radio in. .

BEACON, RADIO.—A radio beacon is a transmitting station
on or near the shore of a navigable body of water. Signals are sent
out by the beacon to be picked up by ships. The navigators of
such ships are able to determine their location with reference to two
or more of the radio beacons from which they receive signals.

Radio beacons generally send out certain distinctive signals. These signals
are sent at definite intervals like the signals from a lighthouse and the intervals
of time together with the kind of signal allow the ship’s navigator to tell what
beacon is heard. The system is also in use whereby a ship may call a shore
station which takes the ship’s bearings, and at the same time has bearings
taken by other shore stations. One of the shore stations then calculates the
ship’s position from the bearings and transmits the information to the navi-
gator. See also Comypass, Radio.

BEAM TRANSMISSION.—See Transmission, Beam.

BEAT FREQUENCY.—See Beats, Formation of.

BEAT FREQUENCY OSCILLATOR.—See Oscillator,
Audio Frequency.

BEATS, FORMATION OF.—An alternating current of one
frequency may be combined with another alternating current of a
different frequency to produce an entirely new frequency which will
be lower than either of the first two. This effect may be undet-
stood by an examination of the diagram.

The upper part represents the rise and fall of voltage in an alter-
nating current having an assumed frequency ot 500 cycles while the
curves immediately below represent the rise and fall of voltage in
another alternating current having a frequency of 400 cycles.

At the instant represented by the vertical line 4-4 the positive
voltage of the 500 cycle frequency combines with the negative volt-
age of the 400 cycle frequency and, since their amplitudes are nearly
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equal, the result is a very small amplitude in the new current. This
new current is represented by the third curve from the top which
shows the varying amplitudes of the combined currents or voltage
waves.

At the instant represented by the vertical line B-B the negative
voltage of the 500 cycle current and the negative of the 400 cycle
current have combined with each other to form a much greater
negative amplitude in the combined curve.

At the instant represented by the vertical line C-C the positive
voltage peaks of the two upper frequencies have combined to form
a new positive peak of much greater amplitude. Between point
A-A and point C-C the voltage of the combined currents rises stead-
ily from minimum to maximum amplitude. Then from point C-C
to point D-D the combined voltage steadily falls to minimum value
again.
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The Formation of a Beat Frequency from Two Higher Frequencies.

This repeated rise and fall in voltage or amplitude is represented
by the bottom curve where it is seen that the new frequency of 100
cycles has been formed. Any two frequencies may thus be com-
bined when introduced into the same circuit and they will give rise
to a new frequency which will be equal to the difference between
the two which were combined. Thus, a frequency of 300 kilocycles
may be combined with one of 310 kilocycles to produce a new fre-
quency of 10 kilocycles which is the difference between 310 and 300
kilocycles. This principle of forming a beat frequency is the founda-
tion of the superheterodyne method of amplification.

BEESWAX.—See Waxes, Insulating.

BELL WIRE.—See Wire, Bell.



BEZEL, PANEL

BEZEL, PANEL.—A grating, a screen or a transparent win-
dow placed in a hole through a panel so that the operation of tubes
or pilot lamps back of the opening may be observed.

BIAS, GRID.—When a vacuum tube is in operation there is a
voltage impressed on its filament by the A-battery and a voltage
impressed on its plate by the B-battery. These are called the fila-
ment voltage and the plate voltage. But unless a C-battery or some
equivalent source of voltage acts upon the grid circuit, there is no
voltage impressed on the grid and the grid is said to be at zero
voltage. This is the normal condition when the grid return is con-
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Fic. 1.—Effect of Zero Grid Bias, Distortion.

nected to the negative or “zero” filament terminal of the tube as in
Fig, 1 and when no signal voltage is acting upon the grid.

If, with no incoming signal, the grid return is connected to any
point at higher voltage than the voltage of the negative end of the
tube filament the grid itself will be at a higher voltage or a positive
voltage with reference to the negative end of the filament. The grid
then is said to have a “positive bias.” On the other hand, if the
grid return is connected to any point at lower voltage than the
voltage of the negative end of the filament the grid will be at a
correspondingly lower voltage or negative voltage and is said to
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have a “negative bias.” The grid itself is affected by the voltage
of a point to which the grid return is connected.

Grid bias may be defined as the difference in voltage between the
grid (or grid return) and the negative end of the tube filament
when no signal is being handled. With negative grid bias the grid’s
voltage is below that of the negative filament. With positive grid
bias the grid’s voltage is higher than that of the negative end of the
filament.
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Fic. 2—Negative Grid Bias Equal to Signal Voltage, No Distortion.

Effect on Distortion.—It should first be understood that the
signal impressed on the grid consists of a series of rises and falls in
voltage. Such a signal forms an alternating current with maximum
and minimum voltages on opposite sides of the line representing
average voltage or zero voltage. The stronger the signal, the
greater will be the voltage change between minimum and maximum.

A three-volt signal is shown by the curve at the top of Figs. 1, 2
and 3. In Fig. 1 the grid is at zero voltage to start with or has a
zero grid bias. The three-volt maximum peaks of the signal then
cause the grid voltage to become three volts positive and the drops of
voltage cause the grid voltage to become three volts negative.
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The curves at the bottom of Figs. 1, 2 and 3 show the effect of
grid voltage changes on plate current in an ordinary tube. As may
be seen, the higher the grid voltage the greater will be the plate
current with other things remaining the same. The fluctuation of
grid voltage causes a rise and fall of plate current over the heavy
part of each curve in Figs. 1, 2 and 3.

In Fig. 1 with its zero grid bias to start with, the signal voltage causes the
grid voltage to fluctuate between three volts negative and three volts positive.
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F16. 3—~Too Much Negative Grid Bias, Distortion.

As will be explained it is very undesirable ever to allow the grid voltage to
become positive in an amplifying tube. Therefore the condition shown in
Fig. 1 with zero grid bias is not satisfactory.

In Fig. 2 the same three-volt signal is being impressed on a grid that has a
thtee-volt negative bias to start with. That is, with no signal coming to the
tube the grid voltage is three volts negative. Under this condition the three-
volt peak of the signal just exactly overcomes the original three-volt negative
bias and the grid voltage rises to zero. The three-volt drop of the signal adds
its effect to the original three-volt negative bias and the grid voltage drops
to six volts negative. The part of the curve being used is again shown in a
heavy line.

The condition of Fig. 2 is ideal for undistorted amplification. It will be
seen from the curve that the plate current varies from 2.2 milliamperes at six
volts negative grid to 7.4 milliamperes with zero grid. At the middle point of
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the curve which represents the signal, or at three volts negative grid, the
plate current is 4.8 milliamperes. The three volt drop in the signal causes
a drop from 4.8 to 2.2 milliamperes or a change of 2.6 milliamperes. Also, the
three volts rise of signal causes a rise of plate current from 4.8 to 7.4 milliam-
peres or a change of 2.6 milliamperes. Therefore the rise and fall of plate
current is exactly proportional to the rise and fall of signal voltage and the
signal is exactly reproduced by the plate current without any distortion.

Next take the case of Fig. 3 in which the grid has a six-volt negative bias
to start with., The grid voltage now fluctuates from nine volts negative to
three volts negative by combination of the original six-volt grid bias with the
three-volt drop and the three-volt rise of the signal voltage. Once more the
part of the curve being used is shown by the heavy line. Here it is seen that
the bent portion of the curve is used.

Now to check the changes in plate current of Fig. 3. At the greatest drop
in signal voltage the plate current drops to 0.8 milliampere. At the greatest
rise in signal voltage the plate current rises to 4.6 milliamperes. At zero
signal voltage, which leaves only the six-volt negative bias on the grid, the
plate current is 2.2 milliamperes. The positive peaks of signal voltage cause
the plate current to rise from 2.2 milliamperes to 4.6 milliamperes, a change
of 2.4 milliamperes. But the drops of signal voltage cause the plate current
to drop only from 2.2 to 0.8 milliampere, a total drop of only 14 milliam-

res.

Now the three volt rise in signal voltage causes a change of 2.4 milliamperes
in plate current but the corresponding three-volt drop in signal voltage causes
a drop of only 1.4 milliamperes in plate current. Therefore, the even rises
and falls of signal voltage are reproduced by uneven rises and falls of plate
current so that the signal is not truthfully reproduced in the plate current
changes. This means distortion. This distortion is due to too great a negative
grid bias causing the tube to operate on the bent part of its grid voltage-
plate current curve. . .

Effect on Signal Volume.—An examination of the curves in
Figs. 1, 2 and 3 shows that the greater the negative bias on the
grid the less will be the volume of signal delivered as represented
by plate current from the tube. With zero grid bias in Fig. 1 the
average plate current is 7.4 milliamperes; with the three-volt nega-
tive bias of Fig. 2 the average plate current drops to 4.8 milliam-
peres; while with the six-volt bias of Fig. 3 the average plate cur-
rent has gone down to 2.2 milliamperes. The signal volume will be
proportionate to these currents of 7.4, 4.8 and 2.2 milliamperes.
Proper grid bias reduces the volume while improving the quality

of reproduction.

Effect of Positive Bias.—It might be thought that the condi-
tion shown by Fig. 1 with no negative grid bias, would be satisfac-
tory since operation is on the straight part of the curve and the
rise and fall of plate current appears to be proportionate to the
rise and fall of signal voltage. But because the grid voltage be-
comes positive for a part of the time there is distortion as will ap-
pear upon examination of Figs. 4 and 5.

In normal operation the flow of plate current is accompanied by a flow of
electrons from the heated filament to the plate in the tube. The plate is at a
positive voltage and the.positive charge on the plate attracts the electrons.
But there will be no flow of electrons to anything that is at zero voltage or
at negative voltage.

In Fig. 4 electrons are being emitted by the hot filament and many of them
get far enough away from the filament to be attracted to the plate as shown
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by the small arrows. These electrons represent the flow of plate current in the
tube. Since the grid is negative it does not attract electrons which come into
its vicinity on their way to the plate. As indicated by the two meters all of
the current flow is in the plate circuit and none in the grid circuit.

Should the grid become positive as in Fig. S its positive voltage or positive
charge causes it to act in the same way that the plate acts and part of the
electron flow is attracted to the grid as shown by the small arrows, the balance
being left for the plate circuit. Looking at the meters it will be seen that
the negative grid voltage of Fig. 4 allows the whole current of eight milli-
amperes to flow in the plate circuit while the grid is at negative voltage. But
in Fig. 5 the grid circuit has taken three milliamperes, leaving only five milli-
amperes for the plate circuit while the grid is at positive voltage.  Such a
large part of the whole current would not actually be taken by the grid cir-
cuit, but these figures serve to illustrate the point.
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F1c. 4—Electron Flow with Fic. 5.—Current in Grid Circuit
Negative Grid Bias Voltage. with Positive Bias.

Now, going back to the curve of Fig. 1; while it is true that the total
change of current is the same for a given rise of signal voltage as for an equal
fall of signal, a part of the total current on the positive half of the signal will
not go to the plate but will be attracted to the grid circuit and subtracted
from the plate circuit. Therefore, the rise of current in the plate circuit
will be less than the fall of current in this circuit for equal rises and falls of
signal voltage. Consequently the plate current rise and fall will not be exactly
like the signal voltage rise and fall and distortion will be the result. For this
reason, the grid bias voltage must be sufficiently negative so that the greatest
increase of signal voltage will not cause the net grid voltage to become posi-
tive. This object is attained in Fig. 2. .

Amount of Grid Bias Required.—The amount of negative
voltage required for proper grid bias is determined by the voltage
of the strongest signal to be handled by the tube. In Figs. 1, 2 and
3, the strongest signal is three volts which means that the signal
voltage varies between a three-volt rise above average and a three-
volt fall below the average. It is apparent that the negative bias of
the grid must be at least equal to the greatest rise of signal voltage,
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as otherwise the positive peak of the signal voltage would cause the
grid to become positive. Therefore, a three-volt signal calls for at
least three volts of negative grid bias, a one-volt signal calls for not
less than one volt negative bias, a ten-volt signal calls for not less
than ten volts negative bias, and so on.

Determining Required Bias.—How to decide on the proper
value of negative grid bias to be employed depends to a great extent
on the means which are available for this work. If a curve of the
tube’s grid-voltage, plate current characteristic is at hand, such as
the curves shown in Figs. 1, 2 and 3, it is necessary only to measure
the negative grid voltage from the zero line over to where the curve
starts to bend. Half of this voltage is the proper amount of negative
grid bias to be used. These curves vary according to the tube
being used and vary according to the plate voltage being used on
the given tube.

In the curves of Figs. 1, 2 and 3 the straight part of the curve
goes down as far as six volts negative where it starts to bend
sharply. To avoid distortion the grid voltage must never become
positive as in Fig. 1 and for this reason we use only that part of the
curve on the negative side of the zero line. And also, to avoid dis-
tortion, the grid voltage must never become so far negative as to
work onto the bend of the curve as in Fig. 3. So we can consider
only the straight part of the curve on the negative side.

Now since this straight part of the curve must take care of both
the rise and the fall of signal voltage it must take care of the sum
of the positive signal voltage and the negative signal voltage. Con-
sequently we take half of the negative grid voltage represented by
the straight part of the curve to the left of zero as the proper
amount of negative grid bias to employ.

From the foregoing it will be seen that any given tube with a certain plate
voltage in use will handle only a certain limited signal voltage without dis-
tortion. Any greater signal voltage will either force the grid to become posi-
tive, or, if sufficient negative bias is used to prevent positive grid voltage, then

Lhe lower bend of the curve will be used as in Fig. 3 and distortion will occur
ere.

If a vacuum tube voltmeter is available the signal voltage may be measured
directly with this meter and a negative grid bias equal to the greatest signal
voltage may be used. A vacuum tube voltmeter measures the peak voltages
rather than the average voltages of the signals.

A direct current milliammeter inserted in the plate circuit may be used to
determine the correct negative grid bias as follows: It will be realized that
distortionless amplification calls for equal rises and falls of plate current to
correspond with the equal rises and falls of the signal voltage. Then the
average plate current (which is the only value measured by a direct current
milliammeter) must remain steady if distortion is to be avoided. If an extra
strong signal causes the reading of the milliammeter to show a sudden and
momentary decrease, it indicates that the strong signal voltage is forcing the
grid voltage to become positive and the signal must be reduced or else more
plate voltage and a greater negative grid bias applied. Sudden and momentary
increases of milliammeter readings indicate that the B-battery voltage or plate
voltage is too low, or that the negative grid bias is too great, or that both the
plate voltage and biasing voltage are wrong. See also Distortion.
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Methods of Obtaining Bias.—In tubes having an indirectly
heated cathode the grid bias is equal to the potential difference
between the control grid and the cathode. In tubes having fila-
ments carrying alternating current the grid bias is the difference
of potential between the control grid and the center of the filament,
which is the same as the difference between the grid and the elec-
trical center of a resistor or a coil winding connected across the
ends of the filament. With a battery heated filament the bias is
the potential difference between the control grid and the negative
end of the filament.

Biasing methods for tubes with indirectly heated cathodes are shown in
Fig. 6 where the control grids are connected to points having lower voltage
than the cathodes. At the left a biasing resistor is connected between
cathode and ground and is bypassed with a condenser having low reactance
to frequencies amplified by the tube. Flow of plate current is indicated by
the arrows and as this current flows downward through the biasing resistor
the voltage drop maintains the upper end of this resistor at higher voltage
than the lower end. The upper end of the resistor is connected to the
cathode and the lower end is connected through ground to the control grid
return, thus making the control grid negative with reference to the cathode,

CRID «—

Fic. 6.—Biasing for Heater Tubeés.

In the right hand diagram of Fig. 6 the tube’s cathode is connected
directly to ground and the control grid return is connected to a point in
the voltage divider system at which the potential is lower than that of
gro}:m(;i, thus again making the control grid negative with reference to the
cathode.

Biasing for alternating current filament tubes is shown in Fig.
7. At the left the direction of plate current is indicated by the
arrows as it passes through the filament leads, to the center tap of
the transformer winding and through the biasing resistor to
ground. The voltage drop in the resistor makes the end connected
to the filament center tap become positive with reference to the
ground end, and since the control grid return is connected to
ground the grid itself is made negative with reference to the fila-
ment,

At the right hand side of Fig. 7 there is a center fapped resistor con-
nected across the filament, the tap being connected to ground. The grid
return is connected to a point on the voltage divider system at which the
voltage is lower than ground potential, so that the control grid is made
negative with reference to the filament center.

The number of ohms required in any biasing resistor is equal
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to the required grid bias in volts divided by the current in amperes
which flows through the resistor. This current is equal to the
combined currents in plate circuits, screen circuits and all other
circuits for additional electrodes except the filament or heater
and the control grid. The current for resistance calculation must
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FiG. 7—Biasing for Filament Tubes.

be that which actually flows when the proposed working voltages
and grid biases are in use. The reactance of the bypassing con-
denser at the lowest frequency amplified should be no greater in
ohms than the resistance in the biasing unit.

For resistances in ohms of biasing resistors used with various
tubes see Tube, Biasing Resistors for.

BINDERS.—Various materials are used as coating of coils for
the purpose of adding mechanical strength, of holding the wires
together and in place, and of making the coils moisture proof.
The most generally used binders include collodion, paraffine, shellac,
insulating varnish and specially prepared cements marketed under
various trade names.

While all forms of binders or cements improve a coil from the
standpoint of permanence and unchanging performance, all of them
likewise do more or less harm from the standpoint of electrical
efficiency. The principal objection is that the binder adds a certain
amount of distributed capacity to the coil and this distributed capac-
ity causes a loss of energy. The amount of harm done is in direct
proportion to the amount of binder used, therefore any cementing
material should be used sparingly and spread thinly. It should be
used only where really needed on the coil.

A good coil cement may be made from collodion dissolved in a mixture of
one-half acetone and one-half amyl acetate. The collodion may be secured
‘by washing the coating from photographic films in warm water. Collodion
is composed of pyroxylin or gun cotton dissolved in ether and alcohol.

Collodion, paraffine wax and many of the prepared coil cements add so
little distributed capacity at the frequencies used in broadcasting that the gain
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in permanence and reliability of performance is almost always of greater value
than the very slight loss in efficiency. Shellac and ordinary insulating varnish
cause a considerable loss in coils coated with these materials and their use
should be avoided.

The effect of different binders on the effective resistance of coils used at
broadcasting frequencies is shown in the curves. All of the coils are wound
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Effect of Binders on High Frequency Resistance of Coils.

with number 28 wire on hard rubber forms. It will be seen that the resistance
of the coil having collodion as a binder is actually less than a similar coil with
no binder of any kind. All other binders increase the resistance from twelve
to twenty-two per cent at high frequencies.

BINDING POSTS.—See Post, Binding.

BINOCULAR COIL.—See Coil, Closed Field Type.

BLANKETING.—The effect of a powerful signal from a nearby
station because of which a receiving set is unable to receive signals
from other stations operating at frequencies near that of the blanket-
ing station. The nearby station forces the receiving circuits to os-
cillate at its frequency by means of shock excitation whenever the
receiving circuits are tuned to resonance. See Selectivity.

BLOCKING CONDENSER.—See Condenser, Stopping.

BLOCKING OF TUBE.—See Tube, Blocking of.

BLOOPER.—A radiating receiver. See Re-radiation.

BLUE GLOW.—See Tube, Ionization in.

BODY CAPACITY.—See Capacity, Body.

BOOK CONDENSER.—See Condenser, Variable.

BOOSTER.—See Trap, Wave, Radio Frequency Type.

BOUND CHARGE.—See Induction, Electrostatic.

BOX LOOP.—See Loop, Box Type.

BRASS.—Brass is a metal made by alloying copper and zinc in
various proportions. Its electrical resistance varies with the com-
position. The more copper the less the resistance and the less the
mechanical strength or hardness. Resistances vary from 1.1 times
to 2.5 times that of copper of equal cross sectional area,
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Various radio receiver parts are made of brass, these parts including
brackets, condenser parts, tube socket parts, screws, etc. Brass may be easily
soldered and it is comparatively easy to drill, thread and bend into various
shapes. Brass corrodes when used near storage batteries and oxidizes slowly
in the air. To prevent oxidation brass parts are often lacquered. See also
Shielding.

BRIDGE CIRCUIT.—See Balancing.

BRIDGE, MEASUREMENTS BY.—Various forms of the
Wheatstone bridge may be used for making quick and easy measure-
ments of unknown resistances, inductances and capacities used in
radio work. The principle of the Wheatstone bridge, or Wheatstone
balance as it is sometimes called, is shown in Fig. 1. Four arms of
the bridge are connected as shown in Fig. 1, the arms being desig-
nated by the letters A, B, X and S. Points ¢ and d are connected
to a battery or other source of voltage. Between points e and f is
connected a sensitive galvanometer or a pair of headphones.

Ballery

Fic. 1—Principle of the Fic. 2—Obtaining a Balance
Wheatstone Bridge. in the Bridge.

Current flows from the battery or other source to ¢, then divides
and flows by way of the two parallel paths A-B and X-S to point
d and back to the source. If the values in the four arms are sucb
that they conform to the proportion

4_X

B S
then the voltage drop from ¢ to e will be the same as the drop from
¢ to f and points e and f will be at equal voltages. Since there is no
difference between the voltage at e and that at f, there will be no
flow of current through the meter or phones and the bridge is then
said to be balanced.

A balanced bridge is shown in Fig. 2 where arm 4 has a value of 1, arm
B has a value of 2, arm X a value of 3 and arm S a value of 6. Substituting
these values in the above proportion or equation we have,

4 X 1 3

-_—= or —

B S 2 6
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Under such a condition arm 4 contains one-third the total resistance of side
A-B, while the corresponding arm X contains one-third the total resistance
of side X-S. Since the ratio is the same on both sides of the bridge, points
¢ and f will be at the same voltage and a balance is secured.

As shown in Fig. 3, arms 4 and B are called the “ratio arms” since they
form the first part of the proportion 4:B::X:S. Arm X is formed by the
unit of unknown value which is to be measured. Arm S is formed by a known
value which may be adjusted to such a point that the bridge is balanced.

a0 SO0 6o

(RC voltzge)

F1c. 3.—Functions of the Arms in a F16. 4—Principle of the Slide
Bridge. Wire Bridge.

If S cannot be gradually varied to secure a balance, then the ratio arms 4 and
B are changed until the bridge is balanced.

Slide Wire Bridge.—A form of bridge in which the ratio arms
A and B are continuously variable is shown in Fig. 4, this being one
of the most convenient forms for radio measurements. A “slide
wire bridge,” made according to the principle shown in Fig. 4, is
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F16. 5—Practical Form of Slide Wire Bridge.

illustrated in Fig. 5 as actually constructed in practice. The two
ratio arms are formed by a single resistance wire of uniform cross
section and of any convenient length which is mounted between
two posts which correspond to points ¢ and d. A scale, such as
a long ruler, is mounted directly underneath the slide wire and a
slider or shdmg contact which corresponds to point ¢ is arranged
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to be moved along the wire while remaining in contact with it at all
times. Arms X and § are left open for the unknown and known
units respectively. Between point f and the slider or point e are
connected the headphones or a galvanometer. The source of voltage
and current may be a dry cell and buzzer for tests of inductance and
capacity or simply a dry cell alone for resistance tests. When using
only a dry cell without the buzzer a galvanometer must be used as
the headphones will not give any sound.

An excellent source of voltage for making all measurements of resistance,
inductance and capacity is the audio frequency oscillator described under
Oscillator, Audio Frequency. The terminals of the oscillator are connected
to points ¢ and d of the bridge. The alternating voltage of the buzzer allows

measurements of inductances and capacity which cannot be made with a bat-
tery as a source of current.

Tests made with this bridge are shown in Figs. 6, 7 and 8. De-
termination of the resistance of a rheostat is shown in Fig. 6. The
rheostat is connected in arm X while a known fixed resistance of
60 ohms is used in arm §. The known value, whether it be resist-

for Resistances
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F1c. 6.—Resistance Measurement with Bridge.

ance, inductance or capacity, should be selected as somewhere near
the probable value of the unknown unit. The slider is moved across
the wire until the bridge is balanced, which will be indicated by the
galvanometer reading becoming zero or by no sound of the buzzer
or oscillator being heard in the headphones. The part of the wire at
the left of the slider then forms value 4 of the ratio and the part of
the wire at the right of the slider forms the value B of this ratio.

In Fig. 6 we find 20 parts of the wire forming value 4 and the re-
maining 80 parts forming value B. Consequently we have the ratio
20/80 which is the same as %4. This must be equal to X/S and
since we know S to be 60 the second part of the proportion becomes
X/60. Now 20/80 equals X/60, which gives the value of X as 15
ohms.

Fig. 7 shows the use of the bridge for determining the value of
an unknown inductance. Here we use a known inductance of 300
microhenries as arm S and when no sound of the buzzer or oscillator
is heard in the phones the arm is found to rest at 40, giving 40 as
the value of arm 4 and leaving the remaining 60 parts of the wire
as the value of arm B. Then, substituting the known value of 300
microhenries as S in the proportion 4/B equals X/S we have 40/60
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equals X/300 and solving this proportion gives the value of X, the
unknown inductance, as 200 microhenries.

In Fig. 8 the bridge is being used to find the value of an un-
known capacity. The unknown value condenser is connected in arm
X and a known capacity of 1000 micro-microfarads is used as arm
S. When no sound is heard in the phones the arm is at 66 on the
wire and scale. In measuring capacity we do not use the direct
ratio that was used for both resistance and inductance measure-
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F1c. 8.—Capacity Measurement with Bridge.

ments but now use the inverse ratio, 4/B equals S/X. Substituting
the known values in this proportion we have 66/33 equals 1000/X.
The fraction 66/33 is close enough to the true values 66/34 and is
used because it forms a comparatively simple ratio equal to 2/1.
Solving this equation (66/33 equals 1000/X) gives 500 micro-micro-
farads as the capacity of the unknown condenser.
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BROADCASTING.—The transmission of entertainment
and other matters of public interest by means of radio waves
which may be picked up by any receiver within range of the sig-
nals is called broadcasting. Speech was sent out from arc trans-
mitters as early as 1907 and from continuous wave vacuum tube
transmitters in 1915. However, modern broadcasting generally is
considered to have begun with the sending out of the Harding-
Cox election returns from station KDKA at Pittsburgh on
November 2nd, 1920.

The earliest commercially manufactured broadcast receivers were mar-
keted in 1921 in the form of crystal detector sets and single tube regen-
erative detector sets. At this time all entertainment and music was trans-
mitted on the single wavelength of 360 meters, while weather and crop
reports were on 485 meters. A year later the 400-meter wavelength was
allowed for certain high quality stations. In 1923 broadcasting spread
through the wavelengths from 230 meters to 545 meters with ten-kilocycle
separation between channels, transmitters were moved out of thickly settled
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Fi16. 1.—Speech Input Equipment for Broadcasting.

giCStriCts and connected by wire to their studios, and chain broadcasting
gan.

Broadcasting transmitters may be simple or complex in their
makeup, but since the highly developed and high power stations
include everything that is used in the smaller equipments it is pos-
sible to gain a good conception of this kind of work by examina-
tion of the elements of a large plant.

Speech Input Equipment.—The parts used at a local studio
are shown in Fig. 1. Several microphones, each having its own
microphone amplifier, are connected to a mixer. The mixer allows
pickup of various strengths of signal from the several micro-
phones, allows blending of these signals in any desired proportion,
or allows any of the microphones to be cut out of the active circuit.
Audio frequency currents from the mixer generally go to a master
volume control which determines the intensity of the blended
signal which shall be passed on to the local amplifier or line ampli-
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fier. This latter unit is a high quality, high gain audio frequency
amplifier. Part of the output from the line amplifier is taken to
a monitor amplifier which operates one or more loud speakers
to allow aural observation of the quality and general character-
istics of the signal. At this point is also found a volume indicator
which allows visual observation of the power or voltage of the
signal. The impedance of the preceding apparatus then is matched
to the impedance of the outgoing wire line by means of a trans-
former. The outgoing wire line may lead to the transmitter.

Microphones are described under the heading of Microphone; mixers,
faders and volume controls are described under Volume, Control of ; and
the volume indicator is described under Indicator, Volume.

The wire line from the speech input equipment is shown entering the
transmitter in the block diagram of Fig. 2. The signal passes first to the
line equalizer and filter in which correction is made for over- or under-
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F1c. 2.—Low Power Equipment for Amplifying.

emphasis of any frequencies. Such discrimination is apt to occur in the
transmission line. Next comes the audio frequency power amplifier at
which the output tube or tubes form the modulator. Modulation and modu-
lators are described under Modulation. The modulator ends the audio
frequency portion of the broadcasting equipment.

Radio Frequency Equipment.—The radio frequency portion
of the broadcaster’s circuits begins with the crystal controlled
oscillator in which the station’s carrier frequency is fixed at an
exact value. Frequency control with crystal oscillators is described
under Crystal, Frequency Control by. The buffer stage of radio
frequency amplification isolates the oscillator from the following
radio frequency amplifier so that the amplifier cannot react on
the oscillator to disturb the frequency setting. The radio fre-
quency amplifier shown in Fig. 2 operates in connection with the
audio frequency modulator so that the audio signal is impressed
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on the carrier current at this point in the process. A modulation
meter of any type may be connected to the output of the modu-
lated radio frequency amplifier or may be used later on, nearer
the antenna, so that the station’s maximum allowable percentage

modulation is not exceeded.

The output of the modulated radio frequency amplifier in Fig. 2 forms
the input for the radio frequency power amplifiers shown as the first unit
in the diagram of Fig. 3. The output of this power amplifier determines
the output power or antenna power of the transmitter, Next in order comes
the harmonic reducer which is a filter system designed to greatly attenuate
frequencies other than those contained in the modulated carrier, especially -
the second harmonic of the carrier frequency. At this point there may be
provided a monitor to rectify, amplify and reproduce the. station’s signal.
The output of the transmitter may here be switched either to the regular
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Fi16. 3—High Power Equipment Used at Transmitter.

radiating antenna system or to a dummy antenna in which the power is
dissipated as heat rather than as radiation during periods of warming up
and testing the equipment. When switched to the radiating antenna the
output passes through tuning and coupling circuits which fix the operating
frequency of the antenna system at or near the carrier frequency.

Chain Broadcasting.—In chain broadcasting the studio or
the station at which a program originates may be at a considerable
distance from the transmitter or transmitters which finally put
the signals on the air. When the wire lines between these points
are long it becomes necessary to use intermediate amplifiers, the
general makeup of which is shown in Fig. 4. Here there is an
equalizer to correct frequency discrimination occurring in the
lines, a local audio frequency amplifier to restore the signal power



BROADCASTING

to the required level, and a monitor to allow observation of the
signal. Although nct indicated in the diagram, all such repeating
equipments have impedance matching transformers at their input
and again at their output.
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F16. 4—Equipment at Repeater Station.

A single program often is delivered to a number of broadcast trans-
mitters, division of the signal being made at bridging points consisting of
the elements shown in Fig. 5. The wire line terminates in an impedance
matching transformer from which the signal goes to the usual equalizer

i AF AMPLIFIER
AMPLIFIER —— LINES
A.F. TO
AMPLIFIER.  TRANSMITTER
—
WIRE- §
[INE -
A.F
EO;K*N%ZER AMPLIFIER 2o tocat
ILTER — RANSMITTEC
. T
%/Z
VOLUME 1 )
INDICATOR

F1c. 5.—Bridging System Used in Chain Broadcasting.

and filter circuits, then a portion of the signal is taken off by a monitor-
ing amplifier Any required number of audio frequency amplifiers may be
fed with the incoming signal and from these amplifiers lines run to the
several transmitters. In Fig. 5 delivery is shown to a local transmitter, a
volume indicator being ficted at this point.
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The foregoing outline gives a general view of the principal
units entering into the handling of a broadcast program. The com-
plete apparatus includes also such accessory parts as switching
arrangements allowing the instant substitution of spare elements
in case of breakdown, switching devices for selection of programs,
safety interlocking controls for handling the large amounts of
power involved, suitable meters for measuring currents and volt-
ages, also complete signalling equipment with indicating lamps
and intercommunicating telephone systems.

It may be noted that the parts shown in Fig. 1 and in the upper part of
Fig. 2 handle audio frequencies. Parts in the lower part of Fig. 2 handle
radio frequencies. Parts shown in Fig. 3 handle modulated radio fre-
quencies, in which are combined the audio frequency signal and the radio
frequency carrier.

The broadcast studio presents numerous problems in acoustics.
The walls, the floor and the ceiling are faced with materials
offering considerable damping to sound waves in order to avoid
objectionable echoes and allow such control of reverberation as
will promote naturalness in the signal and allow effective em-
phasis on certain sound frequencies. Movable drapings are pro-
vided so that compensation may be made for the sound absorbing
effect of varying numbers of persons who may be present. The
artists and the microphones must be placed in such relative posi-
tions that there is no concentration of sound waves at some points
and no blasting in the microphones. See Sound.

Microphones.—While double button carbon microphones
have been popular in the past, the condenser microphone with its
greater fidelity and the electrodynamic microphone now are found
in a majority of studios. The power output of the condenser mi-
crophone is far below that of the double-button type and in order
to bring the condenser’s level up to a value which may be handled
by the usual transmission lines it is customary to place a micro-
phone amplifier in the same housing with the microphone or to
connect such an amplifier directly to the sound pickup unit. The
outputs of the microphone amplifiers are handled by the switching
connections and the mixer, then going to the line amplifier. The
output of a double button carbon microphone, or of the condenser
microphone amplifier, is down from 60 to 40 decibels from the
broadcast reference level.

This microphone power is brought up to zero level in a high
gain audio frequency amplifier having a very flat frequency re-
sponse over the entire audio range from about 50 to 10,000 cycles.
The circuits for one such amplifier are shown in Fig. 6.

The standard zero level or reference level for broadcasting is
a power of 10.0 milliwatts, which is equal to a potential difference
of 2.45 volts across a resistance of 600 ohms or to a current of
4,08 milliamperes through the same resistance.
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Volume or Gain Control.—The control room operator ob-
serves the volume indicator and monitor loud speaker while oper-
ating the master volume control of Fig. 1 to maintain the power
level within limits which can be handled by the wire lines and
other equipment. To avoid danger of cross talk the transmission
line seldom is worked with a power level greater than plus five
or six decibels. To allow a margin of safety for line variations
with temperature, weather, etc., the line output actually is main-
tained below two or three decibels. The level of unavoidable noises
from all kinds of interference is found at about minus 25 decibels.
Thus there is permissible a power level range of from minus 25
to plus 3 decibels. Under favorable conditions a range of 30
decibels is allowable, and within this the operator must hold the
power level.

RESISTANCE=  PARALLEL PARALLEL

GAIN CAPACITY  FEED TO FEED TO
CONTROL. COUPLING AUTO-TRANSFORMER TRANSFORMER
|. —0

gls &

S

i

nu.....:l

VWWWW

~

N 4 ‘ \
c-LII}- J[  conrlipy -

CHOKE

-

A— A+B— B+
Fic. 6—Speech Amplifier for Audio Frequencies.

Large orchestras, as one example of sound source, have a range of 60
decibels or even more and this range must be compressed by the volume .
control within the 30-decibel range of permissible transmission. The vol- :
ume control is used to raise the level of the weaker passages and lower ,
the level of the most intense sounds. Previous rehearsals, or the help of

_a trained musician, may be_used to assist the operator in knowing when__ __ . __

and how to handle the volume control or gain control. Some stations use
automatic volume control to prevent overloading the lines.

The volume indicator allows control of power level and the monitor
loud speaker allows observation of the general quality of the signals.
The usefulness of the monitoring equipment is limited by the judgment
of the listener, whose hearing may be entirely normal or else may be
deficient in some frequency ranges. The loud speaker, or sometimes two
or more loud speakers, are placed in a room of moderate size which has
been acoustically treated to have a suitable reverberation period and
which is protected from outside sounds. A view of the studio and the .
artists is provided through windows.
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Wire lines, line equalizers and filters are discussed under Public
Address Systems, all of the principles there explained applying
also to the transmission circuits used between the elements of a
broadcasting system. Where the lines are run in the open on
elevated pole cross arms the amplifying and equalizing stations
are needed at intervals of 150 to 250 miles. With underground
cable lines as used in city districts the repeaters are used every
10 to 15 miles. The amplifiers provide sufficient gain to hold the
signal above the line noise level and the equalizers compensate
for the unequal transmission of certain frequencies.

Station Interference.—One of the major problems of broad-
casting is that of interference between the carriers of transmitting
stations. Operating channels are separated by 10 kilocycles or
10,000 cycles, each channel being 10,000 cycles wide. With a
carrier frequency in the center of this channel the side frequen-
cies may go as high as 5,000 cycles without encroaching on the
adjacent channels. Thus, as indicated in Fig. 7, the 1000-kilocycle
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F16. 7.—Relation of Side Bands to Carrier.

channel extends from 995 kilocycles to 1005 kilocycles and all
other channels are similarly arranged.

In the past it has been required that transmitters maintain their carrier
frequency within 500 cycles of the specified value. Under this permissible
variation a station on one channel might be 500 cycles low in frequency
and another station on the next channel 500 cycles high at the same time.
Were this to occur in the 990-kilocycle and the 1000-kilocycle channels
there would be carrier frequencies of 990,500 cycles and of 999,500 cycles.
In a receiver the two carriers would produce a beat note of the difference
in frequencies, or a note of 9,000 cycles. See Beats, Formation of. This is
the lowest beat note which could be produced by the carriers and since it
is a frequency well above the cutoff point of practically all receivers it
causes little real trouble.

The case of two stations operating on the same channel leads to greater
difficulties. If the two transmitters operate with exactly the same carrier
frequency there will be no beat note or zero beat. Should one carrier be
the maximum of 500 cycles low and the other one 500 cycles high the
beat note will be 1,000 cycles, a frequency which is well reproduced by
all receivers. Any carrier frequency deviation within the limit of 500
cycles cither way then will result in beat notes anywhere between zero
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and 1,000 cycles. In order that the beat frequency be held as low as 100
cycles, which is below the reproducing ability of most receivers, the
frequency deviation on the carriers must be held within limits of 50 cycles
either way. On the lowest broadcast frequency, 550 kilocycles, this would
mean a deviation of 0.009 per cent and on the highest frequency of 1,500
kilocycles a deviation of only 0.003 per cent. It is highly important that
the carrier frequency of a station be held as nearly as possible to the
assiinment and various types of apparatus have been employed for this
wor.

Carrier Frequency Control—Most of the earlier devices
for frequency maintenance were master oscillators, designed and
built with greatest care and operated under the most careful super-
vision to prevent change in circuit constants. Such an oscillator
will give good control of frequency. Other frequency controls
include electrically operated tuning forks connected to harmonic
amplifiers which increase the fork frequency to the carrier fre-
quency. In all frequency controls it is necessary to guard against
harmful effects of moisture and other atmospheric effects, also to
maintain uniform temperatures and loads. The method of fre-
quency maintenance adopted in nearly all modern broadcast trans-
mitters is that which employs a piezo-electric resonator or quartz
crystal as described under Crystal, Frequency Control by. Such
a device is capable of holding a carrier frequency within 50 cycles
or less of the desired value provided the apparatus is properly
operated.

The radio frequency amplifying circuits which follow the crystal con-
trolled oscillator in a large transmitter are shown in Fig. 8, these parts
corresponding to those indicated in the lower part of the block diagram of
Fig. 2. The crystal controlled tube has an untuned plate circuit with
condenser connection to the buffer tube which is biased sufficiently to
avoid appreciable load on the crystal tube. The two tubes in the radio
frequency amplifier raise the power to a point which insures full output
from the last radio frequency amplifier, which is modulated. To prevent
reaction between the units there is a separate plate power supply and a
separate grid bias supply for the crystal stage, buffer stage and first radio
frequency amplifier.

The plate supply for the remaining tubes in Fig. 8 is taken from the
rectifier and filter system which also handles the audio frequency amplifier
and the modulator. Direct currents for filament circuits, also the biasing
voltages, are supplied by motor-generator sets The output of the modu-
lated radio frequency amplifier of Fig. 8 is delivered through a transmis-
sion line to the radio frequency power amplifier.

Modulation.—The constant current system of modulation
is shown in Fig. 8. Plate current for the modulator tube and for
the modulated radio frequency tube comes through the constant
current choke. The bypassed voltage dropping resistor is shown
in the lead to the radio frequency tube, this arrangement allowing
the modulator to work at a higher voltage than the modulated
tube so that the transmitter may operate with a modulation of one
hundred per cent as explained under Modulation.

Power Amplifier.—A three-stage radio frequency power
amplifier circuit is shown in Fig. 9. In each of the first two
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stages there are two tubes connected in push-pull. The third stage
uses six tubes in a push-pull circuit with three tubes in parallel
on each side. All stages are neutralized with cross connections
between the plates on one push-pull circuit and the grids on the
opposite side of the same circuit.

The input for such a power amplifier as that in Fig. 9 is formed by the
output of the preceding modulated radio frequency amplifier. The output
of the power amplifier goes to the harmonic filters, the antenna coupler
and tuning circuits which are shown in Fig. 10. A small portion of the
output of the power amplifier of Fig. 9 is diverted to a separate circuit
for the monitor and for whatever means of modulation measurement may

be employed.
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F16. 10.—Antenna System and Harmonic Filter.

Antenna System.—The harmonic filter in Fig. 10 provides
tuned circuits allowing a low impedance path to ground for second
harmonics of the carrier frequency. Radiation of these harmonics
is further prevented by very complete shielding of all inductance
coils and connections carrying such currents. Efficient and eco-
nomical operation of the tubes in the radio frequency amplifiers
results in the producton of quite powerful harmonics and these
undesired frequencies must be eliminated in the output circuits.

At a distance of one mile from the antenna of a broadcasting transmit-
ter no harmonic should exceed 0.05 per cent of the fundamental carrier
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frequency with a maximum limit under any conditions of 500 microvolts
per meter field strength. The limit observed is whichever of these measure-
ments is the smaller. Because of second harmonic radiation it is cus-
tomary to avoid having neighboring stations operate on such carrier
freq_uencies that the second harmonic of either one falls on the other's
carrier.

It may be noted in Fig. 10 that power from the harmonic filter may be
put into either the regular aerial and ground circuit or into the dummy
antenna circuit. The dummy antenna consists of capacities, inductances
and resistances which may be adjusted to such values that this dummy
antenna or artificial antenna provides a load equivalent to that of the
aerial and ground system. Power put into this artificial antenna is dissi-
pated as heat, and to prevent radiation its parts are shielded or are placed
in a metal walled room, The artificial antenna is used during checks of
frequency, of modulation or of other characteristics and is also employed
during warming up periods or when new parts are being put into service.

Control Mechanism.—The power equipment of a large
broadcasting plant operates with voltages which are dangerously
high for human beings and it is necessary to provide automatic
means for protection. High voltage apparatus is placed behind
doors or gratings, the opéning of which cuts off the power, or
the doors may be held closed with electrically controlled latches
which are released only while the power is off.” The controls inter-
lock so that all safety measures must be in effect before the station
can operate.

So that no portions of the apparatus may be overloaded the operations
of starting up and shutting down may be handled automatically with time
delay relays and contactors. With such a system it is necessary only to
press a single button or close a single switch by hand. A typical series
of operations would be as follows: The pumps for water cooled tubes
and the cooling fans go into operation first The filament voltages then
are applied gradually because the resistance of a cold filament is low. The
next step applies plate voltages to the low power equipment and then the
high power amplifiers are placed in operation. Such a series of events
may be stopped at any point should conditions be other than normal,

The crystal controlled oscillator and its buffer stage often are kept
continuously in operation to maintain a steady temperature; or at least the
filaments of tubes in these stages are kept heated. This frequency control
apparatus may be duplicated with complete extra sets to allow quick
change of carrier frequency or to allow substitutuion of a perfect element
upon failure of one in service.

In a complete broadcasting equipment provision is made for instant
substitution of reserve units whenever there is any fault developed in the
regular parts Both the input and output sides of amplifiers, monitors apd
other elements are brought to jacks imounted in convenient patch pant?s.
Flexible patch cords terminating in plugs are used to connect any of the
parts to the live circuits.

Power in Broadcasting.—The power rating of a broadcast
station generally is given as a certain number of kilowatts. A
number of different methods have been used in determining this
power Some measurements determine maximum antenna current
and the antenna’s effective resistance and from these figures derive
the power in watts. A more usual way is to take the product of the

volts and amperes in the last tube plate circuits, then divide this
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number by two if very close coupling is used or divide it by four
for the more generally employed loose coupling.

The radiation of transmitters also may be specified in meter-amperes,
the number of meter-amperes being equal to the antenna’s maximum cur-
rent in amperes multiplied by its effective height in meters. The effective
radiation in watts may be taken as 1600 times the product of the square of
the effective height in meters and the square of the maximum amperes on
an antinode, divided by the square of the wavelength in meters.

The effective radiation ability of a transmitter as it affects receivers
is measured in units of radio field intensity, usually in microvolts or milli-
volts per meter of height of a receiving antenna. Radio field intensity is
found by taking the number of microvolts, millivolts or volts of potential
developed by the transmitter’s wave between the aerial and the ground of
a receiver, and dividing this number by the effective height of the receiving
antenna in meters. Thus, if a potential of 800 microvolts is produced in
an antenna with an effective height of four meters the field strength at
that point is one-fourth of 800 or is 200 microvolts per meter.

The field strength is not uniform at
all points equally distant from a trans-
mitter, but varies somewhat as shown
in Fig. 11 where lines join the points
at which there is equal strength. It has
been proposed that the field strength of
a transmitter be taken as the average
of the intensities at eight points equally
spaced around the circumference of a
circle having a five-mile radius with
the station at the center. Radio shadows
are cast by a large structures in cities,
while bodies of water reduce energy
loss and extend a station’s range.

Transmitters are located so that the
field strength at the edge of the nearest
thickly populated district is not greater
than 100 millivolts per meter, this
rule putting 5-kilowatt stations about
two miles from such areas and 50-
kilowatt stations about seven miles away. Because of the great amount
of interference in cities it takes a field intensity of five to thirty millivolts
per meter to provide high grade reception, while in country districts
equally good service is provided by an intensity of 100 millivolts per meter
or even less than this under favorable conditions.

Various methods are employed for measuring field intensities. The prin-
ciple of one method is illustrated in Fig. 12 where the signal is received on
a loop antenna which may be turned for either maximum or minimum
signal strength from a transmitter. A receiver fitted with an output meter
is excited from the loop and when the receiver is properly tuned the signal
strength, which is proportional to field intensity, is indicated in any con-
venient units of measurement on the output meter. The loop then is turned
for minimum or zero strength from the transmitter and is fed with modu-
lated radio frequency voltage from a signal generator adjusted to the
transmitter’s carrier frequency. The generator output is set at a value
which gives the same deflection on the output meter as was had with the
station signal. The signal generator voltage, divided by the equivalent
effective height of the loop, then gives the radio field intensity of the
transmitter. The receiver requires no special calibration since its only

Fic. 11.—Variations in Radio
Field Intensity.
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purpose is to iydicate equality of signal strength from generator and
transmitting station.

Synchronized Broadcasting.—The lack of a sufficient num-
ber of broadcast channels to accommodate all the stations wishing
to use them has led to the devising of numerous methods for
allowing more transmitters within a given frequency band. One
method is that of operating two or more transmitters at the same
time with the same carrier frequency and the same program. Such
a system allows full time operation of all the stations, avoids some
kinds of fading because the several waves travel different paths
and different distances to a given receiver, improves the reception
in all areas except some districts in between the synchronized
transmitters, and naturally extends the service areas because of-
the reduction of carrier interference.

Most of the work in the field of simultaneous operation on a common
carrier frequency has been done by the transmission of a controlling fre-
quency from a common point to all the stations, this frequency being used
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Fic. 12.—Method of Measuring Field Intensity.

to fix the carrier frequency by means of harmonic amplifiers or frequency
multipliers at the transmitters. Successful operation also is being secured
with stations using independent crystal controls held so closely to a com-
mon frequency that the deviation with time is as small as one part in
30,000,000, or one cycle in thirty seconds with a 1000-kilocycle carrier. Inde-
pendent controls consisting of electrically driven tuning forks and har-
monic amplifiers also have been used.

. .With the use of a base frequency one of the stations may contain the
control apparatus or this apparatus may be at some intermediate position.
The_frequency is chosen to be above the audible range so that it may be
carried by the same wire lines or cables which transmit chain programs.
The control frequency must be some sub-multiple of the carrier frequency
since it is to be multiplied to reach the carrier value. Filters separate the
synchronizing frequency and the program audio frequencies.

The use of independent oscillators depends for success on the stability
of these devices. Highly developed apparatus employing quartz plate
oscillators is capable of maintaining a stability to within less than one part
in 100,000,000. One station provides the reference frequency and any devi-
ation in the other’s carrier is corrected at frequent intervals.

'
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BRONZE.—Bronze is a metal made by alloying copper and
tin. Other metals sometimes are added to give the finished product
certain desired qualities. The electrical properties of bronze are
similar to those of brass. See Brass.

BUCKING COIL.—See Coil, Bucking.

BULB TYPE CHARGER.—See Charger, Battery, Bulb Type.

BURIED ANTENNA.—See Antenna, Underground.

BURNOUTS.—See Trouble, Burnouts.

BUS WIRE.—See Wire, Bus.

BUSHING, LEAD-IN.—See Antenna, Lead-in for.

BUZZER.—A source of alternating or pulsating current is con-
venient for many uses in radio work. Some source of such current
is needed while making tests of capacity of inductance with a Wheat-

/

Construction and Circuit of Buzzer Exciter.

stone bridge, while adjusting crystal detectors, using frequency
meters, etc. A convenient source of such energy is a buzzer and
dry cell arranged as shown. The complete outfit includes a buzzer
unit, a dry cell, a key and a bypass condenser. The arrangement
of these parts on a board is shown at the left of the illustration
while the circuit connections are shown on the right. The buzzer,
the dry cell and the key are connected in series with each other.
The bypass condenser is connected across the contacts of the buzzer.
This outfit gives a pulsating direct current whose frequency or tone
may be controlled within narrow limits by the adjustment of the
buzzer armature. See also Oscillator, Buzzer Type.

B. W. G.—An abbreviation for Birmingham Wire Gauge.

BYPASS.—See Condenser, Bypass,; Filter; and Detector, Plate
Bypass for.
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C.—Symbol for capacitance or electrostatic capacity.

CABLE.—See Wire, Stranded.

CAGE ANTENNA.—See Antenna, Forms of.

CALIBRATION, FREQUENCY METER.—See Meter,
Frequency.

CALIBRATION, OSCILLATOR.—See Oscillator, Radio
Frequency, Uses of.

CAM SWITCH.—See Switch, Cam Type.

CAMBRIC INSULATION.—See Cloth, Insulating.

CAMBRIC TUBING.—See Tubing, Insulating.

CANDLEPOWER.—See Light.

CAPACITANCE.—Another name for capacity. See Capacity.

CAPACITIVE COUPLING.—See Coupling, Capacitive.

CAPACITIVE FEEDBACK.—See Oscillation.

CAPACITIVE REACTANCE.—See Reactance.

CAPACITY.—Capacity is the ability or power of anything to
receive or to contain electricity. The capacity of a condenser o:
other device is the amount of electricity or the electric charge that
it will receive and hold. The unit of measurement for capacity is
the farad, but capacities used in radio work are so small that the
practical unit in this field is the microfarad which is one millionth
of a farad. A condenser which will receive and hold one coulomb of
electricity when a pressure of one volt is applied to its terminals
has a capacity of one farad.

A capacity effect exists between any two conductors which are at different
voltages and between which there is an insulating medium or a dielectric. In
radio work it is desired to concentrate or to lump all capacities in the con-
densers. It is not possible to do this because of the capacity effect existing
between all conductors. See Condenser, Capacity of.

CAPACITY, ANTENNA.—See Antenna, Capacity and In-
ductance of.

CAPACITY, BODY.—There is a capacity effect between a
person’s body and parts of a radio receiver which are carrying high
frequency currents. When any part of the body, such as the hand
of the operator, is brought near a radio receiver the body capacity
effect may change the tuning of the various circuits or may cause
the circuits to start oscillating which results in howling and squeal-
ing.

The rotors and shafts of tuning condensers are generally con-
nected to the negative or ground side of the tuned circuit. They are
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at low potential and no effect is noticed when the operator’s hand
is drawn close to them.

Condensers used for control of feedback or for control of other
high frequency currents have neither their stators nor rotors at low
potential so that body capacity is very noticeable when they are
being operated. This is alsp true of variometers used for tuning, for
regeneration or for control.

The most successful method of elmininating body capacity in such cases
is to avoid bringing the metal shaft of the condenser or variometer through
the panel to the hand operated dial ol:a knob. As shown in the illustration ttl:e

7 ¢ Adf shaft may be cut off and extended by
Fanel. ’;,,I;‘/:,’;,:,,; ;‘,ﬂ. means of a short length of hard rubber
tubing placed over it with an extension
shaft may be cut off and extended by
the other end of the piece of tubing. This
extension shaft 'may then be brought
through the panel.

MR | ooncaal N When it is necasaryee:l%abxl;ing tge live

shafts of variometers, f ck condensers
co”f”/zz:f/‘;:‘/ and similar devices through a panel so
Extension Shatt for A ‘.’d. Body that the operator’s hand will come close

2 enslonca :itorEﬁvo:. ing Y to them the effect of body capacity may
. Lt G be avoided by mounting the instrument
itself an inch or two back of the panel and extending its shaft through the
coupling described.

CAPACITY, CONDENSER.—See Condenser, Capacity of.

CAPACITY, CONDENSER, MATCHING OF.—See Oscil-
lator, Radio Frequency, Uses of.

. CAPACITY, DISTRIBUTED.—In addition to the concen-

trated or lumped capacity between the plates of condensers there is
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Distributed Capacities in a Receiver.

capacity between any two conductors which are at different voltages
from each other. This latter capacity effect is called distributed
capacity.

Distributed capacities may be found at many places in a receiver. There
is a distributed capacity between a coil and any shields placed near the coil
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and there is also distributed capacity between the turns of a coil. There is
distributed capacity between the shaft and the plates of a condenser, there is
distributed capacity between any two wires running near each other. This
undesired capacity effect is also found between terminal posts or brackets and
other parts. There is capacity between each element of a vacuum tube and
all of the other elements; plate, grid and filament.

It is important in radio work, especially in designing, to think of all metal
parts and all conductors as having capacity to each other so that high frequency
currents can flow from one to the other. Figuring on this capacity will avoid
a great deal of trouble. This distributed capacity is increased by larger sur-
faces, by their closeness to each other and by the voltages in the conductors
and metal parts. See also Coil, Distributed Capacity in; Transformer, Audio
Frequency; and Oscillator, Radio Frequency, Uses of.

CAPACITY, FREQUENCY EFFECT ON.—The opposition
of a capacity or condenser to flow of alternating current becomes
less and less as the frequency increases. This is because the capaci-
tive reactance decreases with increase of frequency. See Reactance.

The actual capacity of a condenser may change with change of
frequency due to the changed distribution of potential which in turn
is caused by skin effect in the plates of the condenser.

CAPACITY, INTERNAL OF TUBE.—See Tube, Capaci-
ties, Internal.

CAPACITY, MEASUREMENT OF.—See Bridge, Measure-
ments by; also Meter, Frequency, Capacity and Inductance Meas-
urements with.

CAPACITY, RESONANCE VALUES OF.—See Resonance,
Inductance-Capacity Values for.

CAPACITY, SPECIFIC INDUCTIVE.—Another name for
dielectric constant. See Constant, Dielectric.

CAPACITY, STRAIGHT LINE CONDENSER FOR.—
See Condenser, Straight Line Types.

CAPACITY, UNITS OF.—One farad is the capacity of a
condenser which is given a charge of one coulomb by a potential
difference of one volt across its terminals. A coulomb is the quantity
of electricity that passes through a circuit in one second when the
flow is one ampere.

A microfarad is the one millionth part of one farad.

A micro-microfarad is the one millionth part of a microfarad. It
has been proposed that the micro-microfarad be called a picofarad.

One centimeter of capacity is equal to 1.1124 micro-microfarads.
A centimeter of capacity is the centimeter-gram-second or C. G. S.
electrostatic unit of capacity.

CARBON.—Carbon in its various forms includes graphite,
plumbago, lamp black, bone black, coal, coke and diamonds. Carbon
is a fair conductor, rods such as used for electrodes and in arc
lamps having resistances in the neighborhood of 0.0015 or 0.0016
ohm per cubic inch. The resistance of the graphite form of carbon
is much less, being about 0.00033 ohm per cubic inch. The resist-
ance of a cubic inch of copper is about 0.0000065 ohm so that carbon
has a resistance roughly two hundred and thirty times that of cop-
per while graphite has a resistance about fifty times that of copper.
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The resistance of carbon becomes less as its temperature rises.
This is the opposite of the effect of temperature increase in metals,
which increase their resistance with heat. This effect is more pro-
nounced in carbon than in graphite.

CARBORUNDUM DETECTOR.—See Detector, Crystal.

CARRIER CURRENT TELEPHONY.—See Radio, Wired.

CARRIER FREQUENCY AMPLIFICATION.—See Cell,
Photoemissive,

CARRIER WAVE.—The high frequency radiation from a
transmitter. The radio wave which is modulated with the signal.
See Band, Wave; also Radiation.

CASCADE AMPLIFICATION.—SeeAmplification, Cascade.

CASTOR OIL.—See Oils, Insulating.

CAT WHISKER.—See Detector, Crystal.

CATHODE.—The electrode at which an electric current
leaves an electrolyte, a vacuum or other medium through which it
has passed. In a tube the filament or other electron emitting sur-
face is the cathode. In a battery the positive terminal is the
cathode. See Anode.

CATHODE RAYS.—A stream of electrons emitted from a
cathode. See Television.

C-BATTERY.—See Battery, C-; also Bias, Grid.

CELL, BATTERY.—See Baitery, Storage Type.
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F16. 1.—Photoconductive Element, F16. 2.—Photoconductive Cell.

CELL, PHOTOCONDUCTIVE.—A photoconductive cell
is a form of photoelectric cell in which the electrical resistance
becomes less when light strikes the cell’s active material. The
active material in most commercial forms of photoconductive cell
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is the element selenium, although some other elements and com-
pounds have similar properties.

The physical arrangement of the conductive element in a selenium cell
is shown in Fig. 1. The selenium forms a long, narrow strip between two
metallic grids which usually are made of gold, platinum or nickel. This
conductive element 1s supported on insulation of glass, quartz, porcelain,
mica or other nonconductor. The selenium strip forms a layer only 0.0015
to 0.0025 inch thick, This thin layer provides a small cross sectional area
of selenium between the metallic grids, maintaining a high value of re-
sistance. At the same time a relatively large surface of the active element
is exposed so that light may strike it and cause the characteristic change
of resistance.

Selenium is an allotropic material, or a material capable of assuming
different physical states without change in its chemical composition. The
metal must be changed to a grey, crystalline, metallic form by the process
of annealing before the light-sensitive property becomes prominent. Once
the material is prepared it must be protected against absorption of mois-
ture. Some cells, as shown in Fig. 2, are enclosed within a glass bulb
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F16. 3.—Current-illumination Char- Fic. 4—Curent-voltage Curve of
acteristic of Photoconductive Cell. Selenium Cell.

from which air is removed. The interior of the bulb may be left with a
vacuum or it may be filled with some inert gas.

When voltage is applied across the two terminals of a photo-
conductive cell a current flows. If no light is reaching the sele-
nium its resistance is very high, commercial cells having dark re-
sistances of 25,000 to 500,000 ohms or even several megohms
_resistance in some types. If light is allowed to reach the selenium
its resistance drops suddenly at first and if the light continues the
resistance will show some further decrease for several seconds.
If the light is removed from the selenium its resistance rises very
quickly at first, then with continued darkness the resistance con-
tinues to increase for some time.

Because the response of the photoconductive cell is not instantaneous
with changes of light the frequency of light changes will materially affect
the cell’s operation. With increase of frequency the time intervals become

shorter and the resistance has not time to change by the full amount that
would be realized with longer periods between impulses. Although the



CELL, PHOTOCONDUCTIVE

response of the cell drops quite rapidly with frequency increase, types
have been developed which operate successfully up to about 10,000 cycles

per second.
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Fic. 5—Color Sensitivity of Selenium Cell.
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The current-illumination curve for a typical selenium cell is given in
Fig. 3. It may be seen that much greater changes of current are secured
with weak ijlluminations than with strong ones when the percentage change
of ijllumination remains the same in both cases. Although the response of
the cell is not linear with respect to illumination, it is possible to use
either very weak or very strong light and obtain a response nearly pro-
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Fic. 6.—Photoconductive Cell Amplifier for Batteries.

portional to light when the illumination changes by only small amounts.
As shown by the curves in Fig. 4 the current through a photoconductive
cell increases at a rate greater than the rate of voltage increase.
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The resistance of the selenium cell varies with temperature. Overheat-
ing may be brought about by excessive current or excessive illumination,
Dangerously large currents are prevented by using a protective resistance
in series with the cell and by using voltages no higher than recommended
by the manufacturer of the unit.

The color sensitivity of the selenium cell is exceptionally good in the
long wave or red end of the visible spectrum, although the greatest sensi-
tivity is found with violet and ultra-violet. A sensitivity curve for a
selenium cell is shown in Fig. 5. Another photoconductive cell uses
thallium sulphide for its light sensitive material, being called the Thalofide
cell. This unit is most sensitive in the infra-red rays, around 9,000
Angstrom units.
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F16. 7.—Photoconductive Cell Amplifier for Power Line.

Two circuits recommended by the Burgess Battery Company for use
with their selenium cell in the operation of a relay are shown in Figs. 6
and 7. The circuit of Fig. 6 employs batteries as the energy source and
that of Fig. 7 uses alternating current line power.
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CELL, PHOTOELECTRIC.—A photoelectric cell is a de-
vice with which any change of light reaching the cell will produce
corresponding changes of electric current in a connected circuit.
The light change may be in amount or flux of light, or it may be
in color or wavelength of the light.

There are three principal types of photoelectric cells. In the
type called a photoemissive cell the light causes emission of elec-
trons from a cathode element within the cell. Changes of light
result in changes in the rate of electron emission and in flow of
current through the cell. With a photoconductive cell the light
changes cause corresponding changes in the cell’s electrical resist-
ance. These resistance changes cause changes of current in the
cell’s circuit. A photovoltaic cell generates electromotive force or
voltage between its elements when light strikes one of them. The
strength of the voltage varies with variations of light on the cell
and there are corresponding changes of cell current,

T
[y

EAD

oy
CONDUCTIVE
METAL
Photoemissive Photoconductive Photovoltaic
Cell. Cell. Cell.

Typical examples of the three types are shown in the illustration.
The photoemissive cell contains an electron emitting cathode and a posi-
tively charged anode to which the electrons pass, also certain other elec-
trodes in special forms of this unit. The photoconductive cell contains as
jts essential element a substance, usually selenium, which alters its elec-
trical resistance with variation in the light falling upon the active sub-
stance. The photovoltaic cell is a generator of electromotive force when
light falls upon one of its active elements, the voltage produced by the cell
changing in accordance with the amount of light. The three kinds of
cells are each described under Cell, Photoconductive; Cell, Photoemissive;
and Cell, Photovoltaic,
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CELL, PHOTOELECTRIC, USES OF.—The uses of
photoelectric cells of various types are already so numerous and
are increasing so rapidly that a complete enumeration is impossible.
These cells find important uses for reproduction of sound in sound
picture work and in the pictorial arts including television, tele-
photography and photoengraving. Photocells are employed to
give warnings of dangers and to operate safety devices of many
kinds. They are quite generally used in automatic control of
interior and outdoor lighting. Photoelectric devices are adapted
to the control of traffic and to all manner of timing and counting
operations. Manufacturing processes of the most varied types are
handled by photocells, this work extending even into the fields of
grading, sorting and matching of products. Measurement of light
is one of the original uses and still is one of the most important.

The output of photocells, with or without amplification, may operate
indicating instruments of either the visual or audible type, it may be
arranged to actuate a recording mechanism, or to cause opening or closing
of a relay which in turn controls any type of electric circuit.

Different methods might be adopted in classifying the uses of
photoelectric cells, but one which is as logical as any is a classifica-
tion according to the manner in which the light is changed as it
falls upon the sensitive material in the cell.

The light is modulated, or is varied rapidly and continually, in sound
picture reproduction where variations in light flux passing through the film
sound track produce corresponding voltages at sound frequencies in the
photocell circuit. Modulated light also is used in television and telephotog-
raphy where the changes of light and shadow in the scanned object affect
the photocell and produce in its circuit voltages which correspond to the
gradations of shade in the object. Again modulation is employed in photo-
engraving where the picture to be reproduced is scanned by light which
varies in intensity as it is reflected from the picture surface into the photo-
cell whose output controls the cutting of the engraving tool.

A second group of photocell applications includes those which
depend on a more or less gradual change in light intensity or
flux between a minimum and a maximum value, without any
complete stoppage of the light. The beam in its normal travel
between source and photocell may be direct, or it may be reflected,
refracted or transmitted through some medium other than air.
_Tn this classification are fire alarms operating upon the appearance of
flame to increase the illumination, or upun the appearance of smoke in the
light beam to reduce the illumination. The density of smoke in a stack
may operate a recording instrument to indicate the efficiency or lack of it
with which a boiler is being fired throughout a period of time. Changes
in amount of reflected light will indicate surface spots, flaws and other
defects.

The gradual decrease or increase of daylight at different times will vary
the illumination on a photocell and allow it to either turn on or turn off
interior lamps, street lamps, window lamps and electric signs at suitable
times. Similar applications may be made to operate aviation beacons of
the visual type, lighthouses and all manner of signals which should become
operative with the approach of outdoor darkness.
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A record may be made of the cross section of a continuously manu-
factured article, such as wire, by allowing the changing size to shut off
more or less of the light reaching a photocell. In a similar manner the
change in reflected light with change in size of articles may be made to
automatically sort objects into different shapes and sizes, all reflections
greater than a certain amount operating a relay which in turn operates
the sorting device.

If the light beam be passed through liquid solutions, through paper
sheets or through any other semi-transparent material any change such as
in liquid density or paper thickness may be made to alter the light flux
and operate an alarm or correct an adjustment by means of the photocell
and an amplifier.

Photocells which vary their output in strict proportionality to the in-
tensity of light reaching them are used in photometry, the measurement
and comparison of light sources with one another and with standards of
light. Photometry is applied not only to man-made lamps, but also to
the stars,

In a third group of photocell applications may be placed all
those which depend on the light either reaching the cell in full
volume, or being completely cut off. With such applications it is
desired to have a sort of trigger action and the photocell need do
nothing more than operate some form of relay. This method is
so simple and positive that it has found an exceptionally large
number of uses.

The relay action which is started by cutting off the light from a photo-
cell is utilized to give warning when the contents of reservoirs, tanks and
bins reach a certain height and interrupt the light beam. A similar action
may be used in a safety stop for elevators, punch presses and other ma-
chinery so that any part of a person’s body in a dangerous position inter-
rupts the light beam and makes the device inoperative. The reverse action,
where the light beam normally is shut off, may be used for detection of
holes or breaks in materials being processed so that passage of light
through an opening excites the cell and gives warning or stops the ma-
chinery.

A photoelectric cell relay is commonly employed for timing of races,
for measurement of projectile velocity or for any measurement of time
intervals, also for counting manufacturing operations, manufactured parts,
and for counting persons or other traffic passing a given point. It is
possible to arrange for registering the number of units entering and to
subtract those leaving to allow continual indication of the number within
a certain space at any instant. Any number of electric clocks may be
controlled by impulses originated by interruption of a light beam when
the pendulum of a master clock swings back and forth.

Almost any manufacturing process may be started, stopped or regulated
by means of photoelectric devices. Machines may be set in motion, may
be shut down or may be reversed in direction. Cutting and shearing oper-
ations may be made to occur at exact points or times. Labels may be
affixed by having the position of a package affect a photocell. Pressure
may be indicated or controlled through a manometer, by allowing the
pressure to move a liquid held in the U-shaped tube into the path of a
light beam. Doors may be opened or closed in elevators, garages, restaur-
ants or other places either by the interruption of a light beam or by reflec-
tion of a beam. Heat controls may be operated from the expansion of
any heated material, thus shutting off the light or reducing the light to
a photocell.
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In some cases it is desired that a condition existing for only a moment
shall set into action a signal or other device, the action continuing until
it draws attention. An example might be a flashover on the commutator
of an electric machine, or the passage of a train past a certain point. Here
a photoglow tube may be used in which a light impulse causes formation
of a conductiye glow discharge that continues until the voltage is dropped.

The varying response of certain types of photoelectric cells to
different wavelengths or colors of light allows the use of these
cells in a great many important functions. By the use of several
cells, each having a different color response, it is possible to con-
struct apparatus which will accomplish nearly as much as the
human eye and which in the ultra-violet and infra-red wavelengths
will do things which are impossible for the eye.

It is possible to control the temperature of incandescent materials such
as metals in furnaces because the color of the heated material has a defi-
nite relation to temperature. Materials which are of different colors or
which are wrapped in different colored packages may be sorted. Colors
may be matched, or a certain color may be recorded by its effect on one
or more cells and then may be duplicated at some later time. Ultra-violet
rays administered for their curative effects may be measured both as to
intensity and wavelength- so that treatments may be positively controlled.

See Cell, Photoemissive; Cell, Photoconductive; and Cell, Pho-
tovoltaic.



CELL, PHOTOEMISSIVE

CELL, PHOTOEMISSIVE.—The type of photoelectric
cell classed as photoemissive contains a cathode material acted
upon by visible light or other forms of radiant energy, the mate-
rial then emitting electrons in proportion to the amount of flux
and the wavelength of the radiation. The emission is solely a
result of the radiant energy without the assistance of local heat.

Photoemissive materials include the alkali metals; consisting of potas-
sium, sodium, lithium, rubidium and caesium; also the alkali earths,
barium and strontium. These materials differ from one another in their
photoemissive characteristics. A certain amount of energy must be applied
to any of them in order that electrons may break through the surface of
the material and pass into the space around the metal This energy is
called the work function and is measured in volts. Average work func-
tions in volts for the materials in general use are as follows: Caesium,

F1c. 1.—Typical Photoemissive Cells.

1.45; rubidium, 1.60; potassium, 1.75; barium, 1.85; sodium, 1.95 and
strontium, 2.20. Other metals not commonly used in photocells have higher
work functions, as for example the metal platinum with about 6.0 volts.

Effect of Light.—The emission from a material is dependent
largely on the amount of light or other radiant flux and on the
wavelength of the radiation reaching the substance. The char-
acteristics of visible radiation are explained under Light, a section
to which reference should be made in connection with the present
discussion.

It was stated that the energy of an electron must be of a certain mini-
mum value (work function voltage) in order that it may be emitted from
a material. The energy is imparted to the electrons by the light or other
radiation and the amount of energy varies with variation of wavelength.
The shorter the wavelength the greater the energy imparted to the elec-
trons. This acquired energy also may be measured in volts, the energy
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acquired by an electron from a certain radiation being called the quantum
voltage. These quantum voltages for wavelengths in the center of color
regions are about as follows:

Color Wavelength Quantum
Angstrom units Voltage
Violet 4100 3.00
Indigo 4400 2.80
Blue 4700 2.60
Green 5200 2.35
Yellow 5700 2.15
Orange 6200 2.00
Red 7000 1.60

It is seen that the longer waves, at the red end of the spectrum, impart
much less energy than do the shorter waves at the violet end. The various
photoemissive metals were shown to require certain voltages (work func-
tions) in order for emission to take place, and the various colors or wave-
lengths are capable of imparting certain voltages to the electrons. So it
is apparent that there is a definite limiting wavelength or color for each
of the metals, that no emission will take place at any longer wavelength
and that emission will take place at all shorter wavelengths,
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F1c. 2.—Photocell Circuit. F1c. 3.—Current-voltage Curve for
Vacuum Cell.

The critical wavelength at which electron emission ceases or commences
is called the threshold wavelength. This is the wavelength at which the
voltage imparted by the light comes up to the voltage required for emission,
or the wavelength at which the imparted quantum voltage becomes equal
to the work function voltage. For the substances mentioned in connection
wit}f) l\;vork function voltages the threshold wavelengths are approximately
as follows:

Photoemissive Work Function Threshold Approximate
material Voltage Angstrom units Color

Caesium 1.45 8300 infra-red

Rubidium 1.60 7600 deep red

Potassium 1.75 7000 red

Barium 1.85 6600 red-orange

Sodium 1.95 6300 orange

Strontium 220 5600 yellow-orange
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Vacuum Photocells.—All photoemissive cells may be
divided into two main classifications ; vacuum cells and gas cells
The bulb of the vacuum cell, within which is the electron emitting
cathode and the electron attracting anode, is highly exhausted and
all possible air and other gases are removed to leave a suitable
degree of vacuum. In the gas cell a certain amount or pressure of
some chemically nert gas is put into the bulb after the air has been
exhausted. The two types of cells have different operating char-
acteristics. The vacuum photocell will be described first.

If, as in Fig 2, a difference of potential is applied between anode and
cathode of a photocell and a sensitive current measuring instrument
included in the circuit there will be a flow of current when light strikes
the cathode, which is made from one of the photoemissive materials. If
the applied voltage be increased gradually with no change in the light
the current will rise rapidly to some value and thereafter will increase
very slowly as shown in Fig. 3. The voltage beyond which there is but a
small increase of current is called the saturation voltage and vacuum cells
practically always are worked at some voltage above this value,
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for Vacuum Cell. Gas Cell.

While applying some voltage in excess of the saturation value, the light
flux in lumens may be gradually increased and the current will increase
in direct or linear proportion to the flux as shown in Fig. 4. The fact that
the current with a vacuum cell is nearly independent of voltage, and varies
directly with light, is one of the advantages of this type over the gas cell.

Gas PFilled Photocell—The difference in performance
between the vacuum cell and the gas filled cell is caused by ioniza-
tion of the gas. This action is described under the heading of
Ionization to which reference should be made. If the process by
which was produced the curve of Fig. 3 for a vacuum cell be
repeated with a gas cell it will be found that the current-voltage
curve does not cease rising at some certain voltage but rises at an
ever increasing rate with increase of applied voltage. The point
at which the curve for the gas cell leaves the curve for the vacuum
cell in Fig. 5 is the point or the voltage at which ionization com-
mences.
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Ionization in the gas cell results in a current as much as ten times
greater than that with a vacuum cell when the two units otherwise are
exactly alike. Gases such as helium, neon and argon, also mixtures of
these gases are in general use. These gases are chemically inert with
respect to the photoemissive material of the cathode.

The relation between increase of current and increase of light with
the cell is not strictly linear, the current increasing slightly faster than the
light. However, if the light flux varies within usual limits the response
of the gas cell 1s practically proportional to.the light.

Sensitized Photocells.—The sensitivity, or amount of cur-
rent for a given light flux, may be increased in either a vacuum
cell or gas cell of given construction by the process called sensitiza-
tion. Hydrogen gas is put into the cell, and between the anode
and cathode there is applied a voltage high enough to cause a
glow discharge, the result being a change in the surface condition
of the cathode material. The excess hydrogen is removed and is

F16. 6.—~Wall Cathode Type of Fie. 7.—Inserted Cathode Type of
Photocell. Photocell.

replaced with one of the inert gases to make a gas cell or the bulb
is highly evacuated to form a vacuum cell. A sensitized cell not
only shows an increase of emission but is found to be responsive
to somewhat longer wavelengths than an otherwise similar cell
which has not been thus treated.

Photocell Construction.—From the constructional stand-
point photocells may be divided into central anode types and cen-
tral cathode types. The central anode type is the one in general
use. The arrangement of its elements is shown in Figs. 6 and 7,
the anode being partially surrounded by the cathode. With the
central cathode type, sometimes used in experimental work, the
cathode is the smaller electrode and is partly surrounded by the
anode.
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With the construction shown in Fig. 6 the anode is in the form of a
metal ring, rod or screen and the cathode metal is deposited on the glass
wall of the bulb or is carried by some other metal such as silver or copper
which has been deposited on the wall. With the construction of Fig. 7
the anode may be of a form similar to those used with Fig. 6, but the
cathode is formed on a separate metal plate which is inserted within the
bulb.

Connections to the cathode and anode may be made at extensions of
the bulb as in Fig. 6, or to leads brought out through one part of the
bulb as in Fig. 7, or the photocell may be mounted on a base in a manner
similar to the usual mountings of radio tubes as at the right in Fig. 1.

The light waves affecting the cathode must pass through the wall of
the enclosing bulb. Ordinary glass allows passage of the waves of visible
light, but if the cell were to be used for very short wavelengths such glass
would prevent the radiation from passing through it. Such glass com-
mences to retard wavelengths of about 3,500 Angstrom units, and for all
shorter waves it is necessary to use windows of pyrex glass or even of
quartz for ultra-violet rays.

When high voltages are applied between anode and cathode it becomes
possible for a certain amount of current to leak across any slight coating
of conductive material which may have been accidentally deposited on
the walls of the cell. To prevent such leakage between the electrodes some
cells are provided with a guard ring somewhat as shown in Fig. 8. This
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F16. 8 —Guard Rings on Photocell.

ring is interposed between the anode and cathode somewhere along the
walls of the cell, and the ring is grounded. Thus any leakage current is
shunted to ground.

The shape of the cell, and the shape and position of the cathode, are
chosen to allow the maximum possible amount of light to reach the sur-
face of the cathode. Because of the relatively rough surface of cathodes
the angle at which the light strikes the surface is not especially important
in practice.

Forms of Cathode Materials.—The performance of a photo-
cell varies not only with the kind of photoemissive material used
for its cathode, but with the manner in which this material is
formed and supported. The curves of Fig. 9 show the changes
in the metal potassium with three kinds of treatment. These
curves are not plotted in relation to current but in percentages
of the maximum output, the purpose being to show the changing
response to wavelengths or color.

Curve A (full ine) in Fig. 9 illustrates the behavior of a thick layer
of potassium which has been subjected to the sensitizing process. The
maximum emission is at about 4,400 Angstrom units, but the emission
falls away rapidly with either increase or decrease of wavelength, and
at a wavelength of about 5800 Angstrom units the emission has prac-
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tically ceased. Curve B (broken line) shows the performance of a very
thin layer of potassium deposited on a supporting layer of silver. The
peak is at a slightly shorter wavelength but the emission is better sustained
at longer wavelengths. Curve C (long and short dashes) shows the action
of a thin layer of potassium carried on oxidized copper. Here there are
two peaks, one at about 4,300 Angstrom units and the other at about 5,900
units wavelength. The emission is more nearly uniform throughout the
spectrum and is much better sustained at the longer wavelengths, the red
end of the spectrum.

By a thin layer of the potassium is meant a layer so thin as to be
invisible or a layer which is but one atom in thickness. From Fig. 9 it
may be seen that the supporting metal has a decided effect on cell per-
formance. The cathode metal or photoemissive material is introduced
into the cell in any one of several ways. The original method, and a
common one, distills or evaporates a pure metal so that it may be drawn
into the cell where it condenses on a supporting metal or on the cell walls.
With another method a compound of the cathode metal is placed in the
cell and decomposed by heating with an electromagnetic field, whereupon
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Fi1c. 9.—Effect of Cathode Form on Photocell Sensitivity.

the desired metal deposits on a surface in the cell. Potassium and sodium
may be carried into the cell by electrolysis through the glass walls. Still
another method carries the cathode material in solution and evaporation
of the substance used for a solvent leaves a coating of the active material.

Sensitivity. —With a given voltage applied between anode
and cathode and with light or radiation of a certain wavelength,
the current flowing in a photocell varies with variations in intensity
or in flux of the light and for any particular amount of flux in
lumens there will be a corresponding current. Photocell current is
small and is measured in microamperes. The number of micro-
amperes of current per lumen of light flux under the above con-
ditions of specified voltage and wavelength is called the sensitivity
of the cell. This sensitivity is defined in microamperes per lumen.
Sensitivity depends chiefly on the kind of cathode material and
its treatment.
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The sensitivity of vacuum type cells may be anywhere between some-
thing like 0.2 microampere per lumen and 25.0 microamperes per lumen.
With voltages above the saturation value the sensitivity is independent of
anode-cathode potential. With gas filled cells the sensitivity increases
rapidly with increase of applied voltage and under ordinary operating
conditions will be found to run between 10 and 100 microamperes per
lumen.

Although the sensitivity of a cell may be high when measured in micro-
amperes per lumen it should be remembered that but a small fraction of
a lumen may reach the cathode in actual operation and the total current
may be very small. The number of lumens reaching a surface is equal
to the product of the candlepower of the source and the area of the sur-
face, divided by the square of the distance from source to surface. The
area and the distance are taken in the same units of measurement. As an
example, a cell window opening 134 inch in diameter (with an area of
about 1 square inch) might be placed 20 inches from a source of 50
candlepower, and the flux through the window would be § lumen. If the
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Fic. 10.—Color Sensitivities of Cathode Materials.

cell has a high sensitivity, such as 25 microamperes per lumen, the cur-
rent will be only about 3 microamperes.

Color Sensitivity.—Each kind and type of cathode material
shows a maximum response or maximum current at some partic-
ular wavelength, This is indicated by the peaks of the curves for
various kinds of potassium cathodes in Fig. 9. The change in cur-
rent of a photocell at different wavelengths or colors is called the
cell’s color sensitivity. Most cells are least responsive at the long
wavelength or red end of the visible spectrum and most responsive
at the short wave or violet end. The color sensitivity is the same
in vacuum cells and gas cells which otherwise are alike

Color sensitivity curves for several cathode materials are shown in Fig.
10. The various metals have maximum emission at various wavelengths
or colors and those most responsive to shorter waves have greater emission
than the others. The response curve of the human eye, as given in the
section on Light, may be compared with the curves in Fig. 10. A com-
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parison with Fig. 11 shows that special treatment of the cathode metals
produces great variations in their color response.

Glow Discharge in Gas Filled Cells.—The curve of Fig. 5
shows that the current in a gas filled cell increases at a rate greater
than that at which the applied voltage increases. Too high a volt-
age with a given amount of light, or excess light with a given
voltage, will result in excessive ionization which causes a luminous
glow to appear between the electrodes. Thereafter the cell current
is independent of illumination. The light may be completely cut
off and if this glow has previously commenced it will continue
until the voltage is lowered to a value called the stopping potential.

The maximum voltage which may be applied to a cell without causing
a glow discharge is called the glow potential. The glow discharge is very
harmful and it will destroy the cell’'s usefulness if allowed to continue
for any length of time. To prevent the current in a gas cell from rising
to a dangerous level these cells never are operated without a resistor of
something like 10,000 ohms value in the circuit. This resistor prevents the
applied voltage from causing an excessive current even with the cell’s
resistance reduced to a very low amount.

The danger of glow discharge limits the current in a gas cell to about
ten times that which would be had with a similar vacuum cell. The vacuum
cell may be used with higher applied voltages and with higher values of
illumination than the gas cell. With a vacuum cell it is customary to use
any voltage higher than that required for saturation, the limit of potential
being imposed by leakage through and across the insulation.

Working Voltage for Gas Cell.—A gas filled cell should be
operated with the lowest voltage which will allow satisfactory per-
formance under existing conditions, this voltage always being
lower than the stopping potential.

The operating voltage is arrived at by applying the maximum illumi-
nation to be encountered, then increasing the applied voltage in small
steps while the cell is alternately exposed to and protected from the light
with each voltage change. Each time the light is cut off the cell current
will drop to zero until the glow point is reached. But when the glow has
formed, the cell current will remain even with no light. The voltage is
now lowered until the cell current ceases to flow, this point indicating
the stopping potential. The operating voltage is made from two to five
volts below this stopping potential, )

The working temperature of photocells generally is kept below
70 degrees centigrade or 158 degrees Fahrenheit, greater heat
causing rapid deterioration of the cell. It is possible that the light

-from a source may be so concentrated -by a lens on one part of

the cathode as to cause thermionic emission and a masking of the
photo current, which is the current resulting from action of light
alone on the cathode.

Factors Determining Photocell Selection.—The response of
a photoemissive cell to change of light is instantaneous, there being
no measureable lag between a variation in light intensity or flux
and the corresponding change in photo current. The exact type of
cell chosen for any particular installation depends on the working -
conditions.
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The sensitivity in microamperes per lumen is chosen according to the
amount of light which will be available and according to the amount of
amplification which may be applied to the cell's output. Gas cells are
more sensitive than vacuum types. If constancy and perfectly linear
response over a wide range are required the vacuum cell is preferred.

If the available light is particularly strong in a certain color a cell is
chosen which shows maximum response at or near that color. Certain
kinds of work require that the cell distinguish between different colors
and here again the color sensitivity is important.

Gas filled cells require protection against excessive illumination and
excessive voltage which might cause a glow discharge. If the gas cell is
operated with line voltage supply the possible variations in this voltage
become of importance in avoiding danger of glow.

Photocell Output.—The output voltage of a photocell is
considered as the voltage developed across an impedance in the
load circuit, and the output current is the current caused to flow

through this impedance. The total voltage applied across the cell
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Fi6. 11.—Vacuum Tube Amplifier for Photocell.

and load impedance may remain practically constant, but each
change in current causes a corresponding change in voltage drop
in the load, and there is also a change in the remaining voltage
across the cell. Thus the output of a cell is different under work-
ing conditions than under conditions of unchanging voltage and
current. The same thing is true of a vacuum tube where there
is a difference between dynamic or working conditions and static
conditions.

The photoemissive cell itself responds to practically any {requency
which may be encountered. But in the amplifiers which are used with
these cells there is great difficulty in handling frequencies above 50,000
cycles per second even with most careful design and construction. Con-
ie;.eql_.lto.:ntly this frequency may be considered as the practical operating
1mit.

Amplifying tubes are especially constructed for photocell work, the
requirements for these tubes being constancy in operating characteristics,

long life under continuous operation and low interlectrode capacities. It
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also is highly important that the amplifying tube have minimum flow of
grid current. Suitable tubes are sometimes built into a single bulb along
with the photocell to make a single unit.

The photocell has some of the qualities of a two-element vacuum tube
in that both are rectifiers. In the photocell there may be a flow of current
from anode to cathode, but no current can be made to flow in the other
direction. This characteristic makes it possible to use photocells on
alternating current supply with which they will have a direct current
output.

A commonly used rating for photocells is their characteristic conduc-
tivity. This conductivity is the fraction of the originally existing current
by which that current is increased when the applied potential is increased
by one volt. The characteristic conductivity indicates the degree of slope
in the voltage-current curve. With vacuum cells the conductivity may be
around 0.001. With gas cells working under usual voltages it may be
about 0.01 and when these cells are operating near the glow point the
conductivity may rise to 0.02.
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Fi16. 12—Relay Operated with Vacuum Tube and Photocell.

In order to avoid distortion because of non-linear response of gas
cells it is necessary to limit their operation to a comparatively small
portion of the characteristic curve. This .is accomplished by limiting the
amount of light flux or by working at rather low voltages. Failure to
limit the operation to a straight portion of the dynamic response curve
results in harmonic distortion.

Amplifiers for Photocells.—The exceedingly small output
of the photoemissive cell may be used directly in a sensitive meter
or other sensitive instrument to indicate or record changes in the
light reaching the cell. Such applications are useful in research
and experimentation or in the measurement of light. But for the
majority of commercial requirements, where the photocell is used
as one link in a system of control, the cell’s output must be ampli-
fied before enough power becomes available.

Two principal types of amplification are in use; one employing the
vacuum tube and the other employing a grid-glow tube or photo-glow
tube. The vacuum tube amplifier is used where the final power output
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must change proportionately to change of light reaching the photocell.
That is, the vacuum tube amplifier may be arranged to have an output
power representing at any instant the intensity of light acting upon the
photocell. With most applications requiring a relay action, where the power
either 'is turned on or is turned off, the grid-glow tube is used in con-
nection with a photocell.

Vacuum tube amplifiers may use transformer coupling, impedance
coupling or resistance coupling. Transformer and impedance couplings
are useful for frequencies between about 50 and 10,000 cycles per second.
Resistance-capacity couplings may be built to handle frequencies between
50 and 20,000 to 50,000 cycles per second. Direct current types of resist-
ance coupling may be designed to handle any frequency from zero to
50,000 cycles. The chief limitation for high frequency amplification is the
bypassing effect of the capacities in the amplifying tubes and their cir-
cuits. The characteristics of resistance coupling are discussed under
Amplifier, Audio Frequency, Resistance Coupled and under Amplifier,
Direct Current.
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F16. 13.—Relay Closing with Increase of Light.

The circuit for one type of vacuum tube amplifier used in sound pic-
ture work is given in Fig. 11. Resistance-capacity coupling is used between
the photocell and the first amplifying tube, with transformer coupling
between the two vacuum tubes. In an amplifier of this type the higher the
resistance of the resistor in the cell circuit the greater will be the voltage
drop available for operating the grid of the first amplifying tube. The
value of resistance at this point is limited by the fact that the time con-
stant of this unit and the condenser may be too low for the frequencies
to be handled, also by the fact that a very high coupling resistance will
approach the value of the insulation resistance of the photocell mount-
ings and too great a portion of the total current may be forced to flow
through and across the insulation.

Only the highest quality resistors are suitable for use in a photocell
circuit. They must be capable of handling the cell current without becom-
ing overheated, they must have a comparatively low temperature coefficient
of resistance and they must show only a small change of resistance with
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change of voltage across them. Resistors of the carbon type, having a
negative temperature coefficient, should not decrease in value more than
fifteen per cent with voltage change from zero to 300 volts. Defective
resistors will result in much noise with sound picture work and in poor
pictures with television.

With a resistor in the grid circuit of the amplifying tube, as in Fig.
11, it is of the greatest importance that there be a minimum amount of
grid current in the tube at all times. Grid current flows through this
resistor and the resulting voltage drop may be large enough to com-
pletely mask the effect of the small voltages developed by the photo cur-
rent in the coupling resistor.

The vacuum tube also may be used td operate a magnetic relay where
the relay circuit is to be closed or opened when the light either increases
or decreases to some certain value. A typical circuit is shown in Fig. 12,
The voltage drop across the resistor in the photocell circuit is applied to
the grid of the vacuum tube, the plate current of this tube flowing through
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Fic. 14.—Relay Opening with Increase of Light.

the relay. While some definite amount of illumination is reaching the
photocell, the plate current is adjusted by changing the vacuum tube’s
grid bias with the potentiometer until the current holds the relay open
or closed as desired. Then any change in illumination will change the
vacuum tube grid voltage, will change the amount of plate current and
will aperate the relay.

In the circuit of Fig. 11 batteries form the entire source of energy. In
Fig. 12 the filament and plate of the amplifying tube are operated with
alternating current and a small battery is provided for this tube’s grid
bias The photocell is operated with alternating current by making use
of its rectifying property.

Complete alternating current operation is used with the circuits of
Figs. 13 and 14. When light strikes the photocell of Fig. 13 current flows
through the cell and this current passes through the grid resistor from
top to bottom. The voltage drop across the resistor is increased and the
upper or grid end becomes more positive. This results in an increase of
plate current in the amplifying tube with increase of light on the photocell.
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In Fig. 14 the circuit has been rearranged so that the amplifying tube’s
plate current decreases with increase of illumination on the photocell. In-
crease of light now causes an increase of photocell current which is drawn
through the grid resistor from bottom to top, the increased voltage drop
across the resistor making the bottom more positive and the top or grid
end more negative. This increase of negative voltage on the grid of the
amplifying tube causes the plate current to decrease.

When comparatively great amplification is required it is possible to
use a screen grid tube for the amplifier. One circuit using such a tube
is shown in Fig. 15.

The use of grid-glow tubes in photocell amplifiers is described
under the heading of Tube, Grid-Glow.

Carrier Frequency Amplification.—It has been mentioned
that the photocell itself is capable of responding to high fre-
quencies, even to radio frequencies, but that the cell and an asso-
ciated resistance coupled or transformer coupled amplifier are
limited in frequency response because of such things as circuit
and tube capacities. To avoid this limitation the system of carrier
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Fi16. 15—Screen Grid Amplifier Fic. 16.—Carrier Frequency Pro-
for Photocell. duced with Photocells in Series.

frequency amplification has been devised. Here the cell current is
caused to vary at a high frequency and this high frequency then
is modulated with the lower light frequency in much the same
manner that a radio carrier wave is modulated with an audio
frequency. Amplification is carried out at the modulated high
frequency which finally is rectified to obtain the light frequency.

Numerous means have been employed or suggested for producing the
high frequency. The light reaching the photocell may be broken up by
some form of rotating shutter with equally spaced slots. The cell may be
caused to vary its own current by a kind of oscillation when operated
critically close to the glow point. Some systems employ a Karolus light
valve consisting of prisms producing polarized light and a special cell
which rotates the beam to vary its flux intermittently. It is possible to
introduce the variations into the photocell circuit by means of a coupling
transformer connected to a source of high frequency. Special photocells
are built with one or more additional electrodes besides the regular anode
and cathode, the high frequency then being applied to these extra elec-
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trodes much as it might be applied through an additional grid in an
amplifying vacuum tube.

A method shown in Fig. 16 places another photocell in series with the
one affected by the light which is to be amplified, the second cell then
being affected by another source of light varying in intensity at the
desired carrier frequency. The current through the low frequency cell
then varies at high frequency and is also modulated by the changes in
light which are to be amplified.

Light Sources for Photocell Operation—Unless the oper-
ation of a photocell and its connected apparatus is to depend on
the amount of daylight, as in control of outdoor sign lighting, it
is not customary to use natural light as a source of radiation.
Artificial light in the form of electric lamps is more dependable
and more easily controlled.

Lamps of small candlepower, similar to automobile headlamp bulbs,
are satisfactory for most work. Somewhat greater illumination is pro-
vided than actually called for in operation of the photocell, thus allowing
for natural deterioration of both the cell and the lamp with continued
use.

SLAMP LIGHT BEAM PUOTOCELL

Fic. 17.—Light Rays Formed Into Straight Beam,

If the lamp can be placed very close to the cell, and if but small
illumination is required, it may be possible to do without either reflectors
or lenses. But in nearly all cases the lamp is provided with a parabolic
reflector to collect its rays and form them into a beam which may be
directed onto the cell. If the lamp and the photocell are to be more than
a foot or so apart it usually is necessary to use a collecting lens near the
lamp and another similar lens at the cell as indicated in Fig. 17. Such an
arrangement produces a long, narrow light beam which may be interrupted
quite easily and positively for operation of the photocell.

Various uses for photocells are mentioned under the heading

of Cell, Photoelectric, Uses of.
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CELL, PHOTOVOLTAIC.—A photovoltaic cell is a form
of photoelectric cell in which the action of light or other radiant
energy causes an electromotive force to be developed between two
electrodes in the cell. The most generally used type of photo-

voltaic cell consists of two electrodes immersed in a liquid elec-
L]

CURRENT
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F16. 1.—Current-illumination Curve  F16. 2.—Voltage-illumination Curve
of Photovoltaic Cell. of Photovoltaic Cell.

trolyte. The light sensitive electrode, or cathode, may be a plate of
copper coated with cuprous oxide while the inert electrode, or
anode, may be a strip of lead. Various solutions are used as elec-
trolyte, one of nitrate of lead being employed with the electrodes
mentioned above. Another combination consists of silver elec-
trodes coated with chloride, iodides and bromides of silver and
immersed in a sulphuric acid solution

The photovoltaic cell requires no external source of voltage such as
is needed in the operation of other types of photoelectric cells. With the
active electrode completely protected from light there is no appreciable
voltage nor flow of current from the photovoltaic cell, but as soon as the
electrode is illuminated an electromotive force is developed and there
will be a flow of current through any circuit connected to the cell. A cur-

Fre. 3.—Amplifying Circuit for Direct Current.

rent illumination curve is shown in Fig. 1 and a curve for voltage against
illumination is given in Fig. 2. The response is greatest for low values of
illumination and is not linear except for small amounts of light variation.

The impedance of the photovoltaic cell is low in comparison with other
photoelectric cells, being between 1,000 and 4,000 ohms for commercial
types and depending on the physical dimensions and spacing of the ele-
ments. The cell responds to all frequencies within the audio range, but
its sensitivity drops with increase of frequency. Exposure to very intense
light will temporarily reduce the cell’s sensitivity. The life depends on
the hours of use and on the intensity of illumination, intermittent use with
low illumination allowing longer life.
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For gradual changes of light the cell may be connected to an ampli-
fying tube with the direct current circuit of Fig. 3. For audio frequency
changes of light the circuit of Fig. 4 may be employed.

TRANS~
FORMER
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F16. 4—Amplifying Circuit for Audio Frequencies.

CELLULOID.—Celluloid is a rather hard but flexible sub-
stance made from gun cotton and oil of camphor. It may be trans-
parent or colored in various ways. The dielectric strength of
celluloid varies from 250 to 700 volts per thousandth of an inch
thickness. Its dielectric constant also varies between wide limits,
running from as low as 4.0 up to 6.0.

Celluloid is very inflammable. It may be softened in hot water
and bent into almost any shape.

CELORON.—See Phenol Compounds.

CEMENT.—See Binders.

CENTIGRADE THERMOMETER SCALE.—See Temper-
ature, Scales of.

CENTIMETER.—See Capacity, Units of ; also Metric System.

CENTRALIZED SOUND SYSTEM.—See Public Address
System.

CERESIN WAX.—See Waxes, Insulating.

CHAIN BROADCASTING.—See Broadcasting.

CHANGER, FREQUENCY.—By combining one frequency
with another one it is possible to produce a third or new frequency.
Such a combination of two frequencies really produces two new
frequencies, one of the new being equal to the difference between
the original frequencies and the other new one being equal to the
sum of the first two.

The new frequencies are called beat frequencies. The action by which they
are produced is explained under Beats, Formation of. The intermediate fre-
quency of a supex‘l!l)eterodyne receiver is produced by beat action. The parts
which work together to form the beat frequency make up a frequency
changer. A frequency changer produces a locally generated frequency by
means of a vacuum tube used as an oscillator and this local frequency is
combined with a signal frequency to change the modulated signal to the new
or the beat frequency. See Receiver, Superheterodyne.

CHANNELS, RADIO.—Certain definite frequencies are as-
signed for radio signal transmission of each class of service. The
frequency ranges allowed are called channels. At the International
Radio Telegraphic Conference all nations which exercise control
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over their radio transmission agreed to abide by assignments
then outlined. The bands of frequencies included between
ten kilocycles and 60,000 kilocycles, corresponding to a
range between five meters and 30,000 meters wavelength, were all
allotted to definite classes of service. These services include
broadcasting, point to point communication, aircraft and ship traffic,
other maritime services, beacons and direction finding, distress calls,
amateur work, experimental work, and similar classifications. A
few of the highest frequencies were not reserved. Bands for each
class of service are found at several places throughout the frequency
spectrum. For example, broadcasting is allowed in eight groups of
frequencies in addition to the group between 550 and 1500 kilo-
cycles. .

CHARACTERISTIC.—A quality or attribute of any device
showing its behavior under certain conditions of use. For instance,
characteristic curves of vacuum tubes show the relation between
such things as grid voltage and plate current, plate voltage and
plate current, etc.

CHARACTERISTIC OF TUBE.—See Tube, Characteristics
of.
CHARGE.—The electricity which is held in a condenser or in
any other conductors having capacity is called the charge. It is
measured on coulombs or similar units of electrical quantity. See
Condenser, Action of.

CHARGE, BOUND AND FREE.—See Induction, Electro-
static,

CHARGE, SPACE.—See Tube, Action of.

CHARGER, BATTERY.—Any device used for furnishing di-
rect or -pulsating undirectional current to a storage battery for the
purposé of recharging the battery is called a battery charger.
Chargers in general use are designed to do two things; first they
reduce the voltage of the power supply line to a voltage suitable for
battery charging work, second if operated from alternating current
they rectify the alternating current received from the power line
and turn it into a pulsating direct current which is suitable for
storage battery charging. There are three principal types of alter-
nating current battery chargers in use, the bulb type, the electro-
Iytic type and the vibrating type.

Voltage Required for Charger—The voltage delivered by any
charger must be greater than the voltage of the battery to which
it is connected. The charger is like a pump_and the battery is like
a tank. If a tank had seventy pounds pressure in it and the pump
were able to deliver only eight or nine pounds pressure it is plain
that the tank would discharge through the pump. It is equally
true that a battery, such as a wet B-battery, which still shows
seventy or eighty volts will be completely discharged if connected
to a charger for A-batteries which delivers only eight or nine volts.
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Many B-battery chargers are designed to charge 90-volt or 96-volt B-bat-
teries but if such a charger is connected to a B-battery of say 120-volt size
or any greater voltage than 90 to 96 the battery will be discharged in place
of being charged.

A fully charged battery will show 214 volts pressure for each cell while
the charging current is still flowing through it and the charger must deliver
a voltage at least equal to 24 times the number of cells in the battery. As
an example, a 96-volt wet B-battery has 48 cells and 214 times 48 is 120. A
charger to handle such a battery must be capable of delivering at least 120
volts.

Most chargers are operated from house lighting circuits in which there is
a pressure of only 110 volts. Unless the charger includes a transformer which
increases or steps up this house current voltage, it cannot possibly do satis-
factory work on a 96-volt wet B-battery. Many chargers for this work do
include such step-up transformers.

Connection to Battery.—It is exceedingly important that any
charger be properly connected to the battery with regard to positive
and negative terminal polarity. The positive terminal of the charger

must be connected to the positive terminal of the battery and the

Connection of Charger to Battery.

two negatives must be connected to each other. If these connections
are reversed, so that positive and negative are together, there will be
a very heavy flow of current through the battery and charger in the
wrong direction. If there is a fuse in the charger it will blow, other-
wise the battery will be completely discharged and quite seriously
damaged.

Practically all chargers may be allowed to remain connected to the battery
after the power current is shut off at the house or building lines and there
will be no danger of discharging the battery. Rarely a vibrating charger may
stop with its contacts closed and there would be a discharge. There are very
few vibrating chargers with which this could happen and with a bulb type
or electrolytic type of-charger there is no such danger.

Requirements and Operating Costs of Chargers—The small ammeters at-
tached to most battery chargers do little more than show whether the battery
is charging or discharging. That is, they do not show the actual charge or
discharge in amperes. This is because they are cheap instruments and are
mounted on a piece of apparatus that tends to prevent them from being ac-
curate. There is no certainty that a battery is being charged at the rat
shown by one of these ammeters.

When house lighting power costs ten cents per kilowatt hour it costs from
sixteen to twenty-four cents to charge a 80 ampere-hour, 6-volt battery. The
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exactbcost depends on efficiency of the charger and some factors which are
variable.

A radio receiver will work best when the battery is fully charged. It is
possible to figure out the number of hours charging required by a receiver so
that the battery may be kept in prime condition. To do this proceed as-fol-
lows—

First figure the current consumption of the tubes. Ordinary storage bat-
tery tubes of the 201-A type use one-quarter ampere each. The power tubes
such as the 112, 371, MU-6, etc., use one-half ampere each. The 210 type
of tube uses one ampere. Add the amperages of all the tubes together. For
example, if a receiver has five tubes, four of them using one-quarter ampere
each and the last one, a power tube, using one-half ampere, the total current
will be four times one-quarter or one ampere, plus one-half ampere for the
last tube, making one and one-half amperes in all.

Now multiply this current in amperes by the average number of hours the
receiver is used during a week. Four hours a day totals twenty-eight hours a
week. Twenty-eight times one and one-half equals forty-two and this shows
that in one week’s use the receiver will require forty-two ampere-hours from
the storage battery. .

Storage batteries are far from one hundred per cent efficient and for each
four ampere-hours taken out of the battery it is necessary to put five ampere-
hours of charging current through it. For safety it is better to figure on
charging one-quarter more than the total discharge.

Now one-quarter of 42 ampere-hours is 1034 ampere-hours which must be
added to the original 42, making a total of 524 ampere-hours, of charging.
If a 2-ampere charger is used, divide 5234 by 2, which shows that the
charger must be operated for 2634 hours during the week. In this particular
case the charger is operated almost as many hours as the set. With two-
ampere chargers it is a safe rule to charge one hour for every hour the re-
ceiver is used. If a five-ampere charger is used it will give the battery its
5214 ampere-hours by charging for only 1014 hours since § (amperes) times
104 (hours) equals 52%% ampere-hours,

Calculations have been made for one specific case but for any similar
problem it is only necessary to add the number of amperes drawn by all the
tubes in the set, to multiply this by the number of hours of use, and then
add one-quarter to this amount (to make up for battery inefficiency). This
last result is divided by the number of amperes given by the charger. The
division shows how many hours the charger should be operated for the number
of hours the receiver is in use.

CHARGER, BATTERY, BULB TYPE.—A bulb type of
battery charger consists of a transformer connected to the supply
line and a rectifying bulb of the argon type with connections made
as in the diagram, Fig. 1. This particular diagram shows the-use of
an auto-transformer, but many of these chargers are made with a

double winding transformer as in
-~ Fig. 2. In any case the plate of the

rectifying bulb is connected to the
BAT negative side of the battery to be
charged, while the positive of the
+ battery is connected to the tube fila-
ment through the transformer wind-
ing. Current for lighting the fila-
ment is taken from a part of the
transformer winding or from a sep-

Fic. 1—Bulb Type Battery  arate winding, depending on the
Charger with Auto-Transformer. transformer design.

AC-
SUPPLY
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Bulb types of rectifiers such as Tungar and Rectigon use a bulb
in which is a coiled filament of wire and a plate or disc a little dis-
tance away from this wire filament. The filament is made of tung-
sten and the plate is made of graphite. The air is drawn out of
these bulbs and they are filled with very pure argon gas.

Bulb chargers can be used when the voltage on the supply line
remains between 90 per cent and 110 per cent of normal. That is,
on a line which is supposed to carry 110 volts, such a charger will
work when the actual line voltage is between 100 and 120 volts
approximately. With the line voltage at 120 the charging rate would
be about one-fifth greater than the nominal capacity of the charger,
That is, with a 2-ampere charger the actual rate would be about 2.4
amperes. If the line voltage is ten per cent below normal the charg-
ing rate would be reduced to about one-half of its proper value,

These chargers are made in 2-ampere and 5-ampere sizes, using
two different sizes of bulbs, If the battery is not larger than forty to
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Fic. 2—Bulb Type Battery Charger Fic. 3—Charger with B-Battery
with Double Winding Transformer. Charging Connections.

fifty ampere-hour capacity the 2-ampere charger is large enough but
for a bigger battery the 5-ampere size is more satisfactory.

Connections for charging B-batteries from bulb chargers are shown in Figs.
2 and 3. Fig. 2 shows the added connections for a double winding transformer.
The original connections for A-battery charging are not disturbed. A jumper
is run from one end of the primary winding to one end of the secondary
winding as shown by a broken line at the bottom. From the other end of the
primary winding a line, also shown broken, is carried through a resistance to
the terminal for the positive side of the B-battery, This resistance will be
needed when charging less than forty-two cells in a battery and for safety
may be used at all times. The resistance may conveniently be an ordinary
incandescent house lamp of such size that not more than one-quarter ampere
of current flows through it. The same terminal of the charger that is used
for the negative connection to an A-battery is used for the negative connection
to the B-battery.

The B-battery charging connections for an auto-transformer are shown
in Fig. 3. It is necessary to add only one extra line running from one end
of the transformer winding through a resistance to the terminal for the posi-
tive side of the B-battery. Here again the resistance may be an ordinary
lamp. The common negative terminal is used for either an A-battery or a
B-battery on charge.
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The following table shows the current in amperes passed by a two-ampere
bulb when used as a B-battery charger with the connections shown in Figs. 2
and 3. The current is shown for various numbers of cells in series. While
values for thirty-six and for forty-eight cells are given it will be found that
heating is excessive when attempting to charge batteries of such high voltages.
The practical limit is reached with twenty-four cells in one series line.

B-BATTERY CHARGING CURRENT IN AMPERES

Number of Battery Cells Connected in Series
Size of Lamp Used
as Resistance

Scells | 12cells | 24cells | 36cells | 48 cells

25-watt............ 0.09 0.08 0.06 0.05 0.03
60-watt............ 23 .19 15 1 07
75-watt............ .30 26 21 17 12
100-watt............ 40 35 .28 22 .15
Nolamp............ 1.10 60

Since the normal charging rate for a majority of storage B-batteries is one-
quarter of an ampere the 75-watt or the 100-watt lamp makes a satisfactory
resistance when handling twenty-four cells from 110-volt alternating current
circuits with a two-ampere bulb as a rectifier.

See also Tube, Rectifier Types of.

CHARGER, BATTERY, DIRECT CURRENT TYPE.—

Batteries may be charged from direct current lines simply by insert-

Resrslance

Fic. 1—Direct Current Battery F1c. 2.—Direct Current Battery
Charging with Lamp Resistance. Charging with Rheostat.

ing a current limiting resistance between the line and battery. The
direct current, of course, requires no rectification. Two methods
are shown in Figs. 1 and 2. In Fig. 1 several incandescent lamps
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are connected in parallel and placed between either side of the
power line and the battery. The other side of the power line runs
directly to the battery. In Fig. 2 a variable rheostat is used in one
side of the charging line.

Care must be used to see that the positive side of the charging line is con-
nected to the positive terminal of the battery and that the two negatives are
connected together. Fuses may be placed in the power line and an ammeter
may be used to advantage in adjusting the charging rate to the proper value.
The ammeter may be placed in series with either side of the line at any point.

If a rheostat is used it must have sufficient current carrying ability to avoid
excessive heating and possible burnout when carrying the normal charging
current. Current for A-battery charging runs from two amperes to five am-
peres. The maximum resistance of the rheostat for use on 110-volt power and
light lines should be 110 ohms in order that the charging rate may be reduced
to one ampere. The minimum resistance used should not be below twenty-
two ohms so that the charging rate will not go above five amperes.

If lamps are used as in Fig. 1 the charging rate will be one ampere for each
110 watts in the lamps. For example, three lamps of 100 watts each will
make a total of 300 watts through which will flow a charging current of
300/110 or 2.72 amperes, The desired charge rate in amperes may be multi-
plied by 110 to find the required total wattage of all the lamps in the parallel
circuit.

CHARGER, BATTERY, ELECTROLYTIC TYPE.—
Electrolytic chargers or rectifiers are those which use one or more
jars containing an electrolyte and two pieces of metal. There are
many possible substances used as the electrolyte which is a liquid,
and the electrodes which are metal pieces. One of the electrodes is

Electrolyte AP
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Fic. 1 —Electrolytic Battery Charging Rectifier.

usually lead or in rare cases may be carbon. The other one is
aluminum or tantalum. These materials prove most satisfactory in
actual use. A rectifier employing aluminum together with -either
lead or carbon is shown in Fig. 1.

There are several metals which, when immersed in an electrolyte,
will allow electric current to flow quite freely from the electrolyte
into the electrode but which offer a high resistance to current flow
in the reverse direction from the metal into the electrolyte. Such
metals may be used as one-way “valves” in an alternating current
circuit so that alternations of only one polarity are passed.

The valve metals include aluminum, tantalum, tungsten, bismuth,
magnesium and others. The other electrode has no valve action or
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rectifying action, being used simply as a means for getting the cur-
rent into the electrolyte. This other electrode is made of any inert
metal or other substance which is not acted upon by the electrolyte.
Lead, carbon and iron are used for this part of the rectifier.

It is evident from the foregoing that current will flow through the
battery only while the power line voltage is of one polarity and no
current will flow through the battery while the power voltage is
reversed. In other words, a single electrolytic cell rectifies only one-
half of an alternating current wave from the power line. It is pos-
sible to use four or more cells arranged as in Figs. 2 and 3 so that
both halves of the wave are rectified.

In the four-cell rectifier of Fig. 2 each end of the transformer
secondary winding is connected both to an aluminum and a lead
plate. Therefore, no matter which polarity the transformer winding
may assume during the alternating wave, current from one end or
the other will flow into the lead electrode of one of the cells, through
the cell, out of the aluminum and to the battery. On the next alter-

Transformer

Fic. 2.—Electrolytic Battery Charg- Fic. 3.—Lamp Resistance with Elec-
ing Rectifier with Transformer. trolytic Battery Charging Rectifier.

nation or half wave, current will flow into the other cell whose lead
is connected to the transformer winding so that both halves of the
wave will be rectified.

In Fig. 2 the electrolytic rectifier is shown connected to a trans-
former which reduces the line voltage to a value suited for battery
charging. In Fig. 3 the transformer has been replaced by a bank
of ordinary house lighting lamps whose resistance reduces the voltage
for the battery. The lamps are connected in parallel and each one
will pass a certain flow of current. The greater the number of
lamps thus connected in parallel or the larger the lamps used, the
greater will be the number of amperes passing to the battery.

It is highly important that the electrolyte liquid in these chargers be pure.
The water must be pure and the material dissolved in the water must like-
wise be pure. Any impurities will greatly reduce the charging rate because
they allow a considerable discharge or reversal of current while the power
line voltage reverses. Some impurities such as chlorine, iodine or bromine will.
stop the charging action completely. City water is often heavily treated
with chlorine, therefore should not be used. Distilled water only should be
used for making these solutions.
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The electrolyte for rectifiers using aluminum and lead as electrodes may be
made with either ammonium phosphate or ammonium borate dissolved in
distilled water. Ammonium phosphate is prepared by dissolving as much
primary ammonium phosphate as the water will take up, by making a satu-
rated solution. Crystals should be added until there is an excess of the chemi-
cal that cannot be dissolved by the water. The clear solution is then poured
off and is ready for use. :

The ammonium borate solution may be prepared by adding three or four
tablespoonfuls of boracic acid and four tablespoonfuls of clear household am-
monia to a pint of distilled water. The ammonium borate solution will handle
somewhat higher charging voltages than the phosphate but otherwise is not
as satisfactory as the ammonium phosphate.

When the electrolyte is made with ammonium phosphate it may be allowed
to stand idle for long periods and there will be no increase of internal re-
sistance. With ammonium borate the internal resistance will increase during
the idle period so that the voltage will be considerably lowered or the charger
may refuse to operate until the electrodes are removed and cleaned by scraping.

When using ammonium borate solution the surface of the lead electrode is
turned to lead peroxide. This compound finally drops off and forms a sedi-
ment in the bottom of the jar. Such trouble is not encountered when using
ammonium phosphate.

The aluminum rod should be formed of chemically pure metal. Commer-
cial aluminum may work satisfactorily and again it may not. Welding rods
which contain small amounts of copper are not satisfactory. Impure metal
causes excessive overheating. The water used in the electrolyte should always
be pure distilled water.

The upper end of the aluminum rod should be protected against excessive
chemical action which occurs at the surface of the liquid. The upper end of
the rod may be covered with a short piece of rubber tubing slipped over the
rod. The lower edge of this tubing should extend one-quarter inch below the
surface of the liquid. The upper end of the aluminum rod may be covered
with celluloid dissolved in acetone or with a high grade coil cement. Electro-
lyte jars must not be completely enclosed because it is necessary to have cur-
rents of air around them to prevent overheating.

Action of Rectifier.—With an electrolytic rectifier in normal
operation the aluminum electrode may be seen to glow with a pale
yellow-green light. Overloading the rectifier will cause excessive
heating and will damage the elements. The temperature of the
aluminum and lead type of rectifier should not go above 100 to 110
degrees Fahrenheit. To avoid overheating the rectifier it should
not be used on batteries of more than twenty-two cells in a single
series connection. When more cells must be charged they should
be connected in parallel to provide units of not more than twenty-
two cells in each section or the twenty-two cell sections may be
charged one after the other.

An electrolytic rectifier made with small size electrodes and
operating at low or moderate voltages gives almost complete recti-
fication, passing the alternation of one polarity but stopping the
opposite polarity with very little back current. With large electrodes
or electrodes of large surface area and at high operating voltages
there is a considerable flow of current backward through the circuit
on the alternation which should be stopped completely.

Rectification takes place by virtue of a film which forms on the surface of
the valve metal. This oxide film is an insulator and acts as a dielectric be-
tween the electrode metal and the electrolyte liquid, both of whizh are con-
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ductors. This combination forms a condenser in which the capacity increases
with surface area of the electrode. This condenser passes a certain amount of
current on both alternations of the cycle and the amount passed on one alterna-
tion forms a back current or reverse current. This reverse current is reduced
by decreasing the area of the electrode.

The insulating film has very high resistance but if sufficient voltage be ap-
plied to the film a certain amount of current will flow through it just as with
any other insulator. The voltage acting to break through the insulating film
is equal to the sum of the alternating current line voltage and the voltage of
the battery being charged. The higher these voltages the greater will be the
back current. See also Condenser, Electrolytic.

Tantalum Rectifier.—The tantalum rectifier uses a strip of
tantalum as the valve metal or rectifying electrode and a lead or
lead peroxide element as the opposing electrode. The electrolyte is

pure sulphuric acid diluted with pure water to have about the same
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Fic. 4—Connections of Tantalum Battery Charging Rectifier.

specific gravity as the electrolyte used in lead-acid storage batteries.
The electrical losses are less in the tantalum rectifier than in the
aluminum type and the life is much greater because the tantalum
is acted upon but slowly by the acid electrolyte.

The connections of a tantalum rectifier are shown in Fig. 4. This
rectifier employs tantalum and lead as the electrode metals and an
electrolyte of sulphuric acid diluted with pure water. The tantalum
rectifier is not affected by rise of temperature to such an extent as
the aluminum type.

CHARGER, BATTERY, TRICKLE TYPE.—A trickle
charger is a device designed to maintain an A-battery in a continual
state of full charge. The charger is connected to the A-battery
through a special master switch that turns on the charger by the
same operation which turns off the set. Since this switch turns the
set on and the charger off at one operation and turns the set off and
the charger on at another single operation the battery is being
charged whenever the set is not in use. Such an outfit is shown in
the drawing.

Trickle chargers are designed to give a very low charging rate to
the battery, generally not more than one-fourth to one-half of an
ampere. This charging rate is sufficient to keep the A-battery fully
charged at all times and yet is too low in amperage to harm the A-
battery even though the charge continues indefinitely.

The trickle charger unit consists of a transformer for reducing
the supply line voltage and a rectifier of either the bulb type or
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electrolytic type. Such a unit is often built into one housing with a
specially designed storage battery of small ampere-hour capacity
but with an extra large space for electrolyte. Such a battery will
handle an ordinary receiving set because it is charged immediately
after each period of discharge. The large electrolyte space makes
it unnecessary to add distilled water more than five or six times a
year. This connection forms an A-power supply. See Power Unit,
Filament Current Types of.
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Parts and Circuits of Trickle Charger or an A-Power Unit.

Most trickle chargers are provided with a regulating resistance by means of
which the charging rate may be varied to care for the requirements of the
battery. This regulating resistance is usually in the form of a rheostat be-
tween the battery and the charger. This rheostat has a resistance of about
twenty-five ohms and is capable of carrying a continuous current of from
one-third to one-half ampere. Some types of trickle chargers use an ordinary
incandescent lamp in the power supply line in place of the regulating rheostat
in the battery line, Still other chargers provide one or more taps on the

_transformer windings, the taps being connected to a regulating switch. _

The master switch may also include contacts for controlling a plate voltage
supply unit. At one operation this switch then turns off the set and the plate
supply while it turns on the trickle charger. See Jacks and Switches, Uses of.

The batteries used in complete units of the trickle charger type are generally
of from thirty to fifty ampere-hour capacity, although some batteries having
as low as twenty ampere-hours have been employed.

The trickle charger requires from twenty to fifty watts from the power
and light line for its operation. Electrolytic types use less line current than
the bulb types since the electrolytic rectifier has no bulb filament to be heated.

CHARGER, BATTERY, VIBRATING TYPE.—The con-

struction and circuit connections of a full-wave rectifier of the
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vibrating type are shown in Fig. 1. The charger includes the step-
down transformer shown at the top of the drawing and the rectifier
mechanism shown at the bottom.

This vibrating rectifier is built ii such a way that the connections
of the charging line to the battery are automatically reversed with
the reversal of current flow in the power line. This reversal in the
rectifier is brought about by a combination of two electromagnets
and a spring, ' =

When the current flowing in the power line passes through the
A. C. electromagnet in one direction this electromagnet attracts one
end of the D. C. electromagnet. When the current in the power line
reverses, the other end of the D. C. magnet is attracted. When the
magnets are acting together they overcome the tension of the spring
and close the vibrator contacts alternately so that charging current
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F1c. 1.—A Full-Wave Type of
Vibrating Battery Charger.

flows through the battery. At the instant of reversal of current flow,
the magnets balance each other and the spring opens the contacts so
that a reverse current cannot flow through the battery and discharge
it. ' .

Some vibrating rectifiers have a flat spring whose tension must
be adjusted so that it vibrates in step with the alternations of the
power lines or supply lines, With this adjustment correctly made
the spring will open the circuit at the proper time.

Other vibrating rectifiers like the one in Fig. 1 use a permanent
magnet in place of a direct current electromagnet, which amounts to
the same thing. This D. C. electromagnet in Fig. 1 is operated from
the battery being charged. This type gives a slightly larger current
to a battery that is completely discharged than to a battery that is
well charged.
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The rectifier shown in Fig. 2 is of the half-wave type. When the
current from the supply line is of the correct polarity to charge the
battery, the contacts close and the current flows to the battery.
But when the supply line reverses its polarity the contacts open so
that the battery cannot be discharged. On this diagram are shown
taps for charging batteries of several voltages. Such taps may be
arranged on any type of charger.

The spring adjustment on vibrating chargers is sometimes very critical and
the least movement of the regulating screw one way or the other will start
or stop the charge. Other chargers of this same type are not at all critical
and are easily handled. The adjustment should be made to give the greatest
possible current in amperes without making the vibrating contacts spark ex-
cessively.

Some vibrating types of chargers will not start to charge when connected
to a completely discharged battery. This is because a small amount of current
is taken from the battery itself for the operation of the vibrator. The only
thing to do under such circumstances is to take the battery to a charging sta-
tion.

As long as a vibrating rectifier is in proper working condition it may safely
be left connected to the battery even when charging is not being done. For
safety sake and in case of failure of the contacts to open it is always best to
use some kind of switch that disconnects the charger from the battery.

The rapid opening and closing of the vibrator contacts cause sparking and
the electrical effects travel for a long distance through the power line wiring.
These disturbances are picked up as interference by nearby receiving sets.
The interference may be minimized or completely eliminated by proper filter-
ing as described under Interference.

CHASSIS, RECEIVER.—A name sometimes given to the
electrical parts and internal framework of a receiver.

CHEMICAL CONDENSER.—See Condenser, Electrolytic.

CHEMICAL RECTIFIER.—See Charger, Battery, Electro-
Iytic Type.

CHOKE, AMPLIFYING.—See Amplifier, Audio Frequency,
Impedance Coupled.

CHOKE, AUDIO FREQUENCY.—See Coil, Choke.

CHOKE, COILS FOR.—See Coil, Choke.

CHOKE, FILTER.—See Coil, Choke.

CHOKE, OUTPUT.—See Speaker, Loud, Connections to Re-
ceiver.

CHOKE, RADIO FREQUENCY.—See Coil, Choke.

CIRCUIT.—A circuit is a path through which current, voltage
or magnetic effects may reach and pass through all of the parts in-
cluded within the citcuit. In radio work circuits are composed of
wires, of coils or inductances, of condensers or capacities and of re-
sistances. See also Law, Okm’s.

CIRCUIT, ACCEPTOR.—A circuit consisting of an induc-
tance or coil and a capacity or condenser in series with each other
is sometimes called an acceptor circuit. Such a circuit may be tuned
to resonance with a frequency and its opposition to flow of current
at that frequency is at a minimum. The circuit then accepts the
tuned frequency. This is a case of series resonance. See Reso-
nance, Series.
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CIRCUIT, ANTENNA.—See Antenna, Circuit of.

CIRCUIT, APERIODIC.—See Aperiodic.

CIRCUIT, BAND SELECTOR.—A band selector consists
of two tuned circuits, coupled together so that their reactance is low
to an entire band of frequencies which it is desired to receive and
is very high to all other frequencies.

A transmitter sending a signal on a carrier frequency of 800 kilo-
cycles, for example, will modulate this frequency for the sending
of music and speech with additional frequencies of 5,000 cycles or
five kilocycles each side of 800 so that the entire band extends from
795 kilocycles to 805 kilocycles as explained under Band, Wave.
Two such bands are indicated in Fig. 1. One is that portion of the
broadcast spectrum occupied by a station operating at 800 kilocy-
cles carrier frequency and the other is that of a station operating
at 780 kilocycles. Each band occupies a width of ten kilocycles.

The response of broadly tuned and sharply tuned resonant circuits at various
frequencies is shown in Fig. 2. With the broadly tuned circuit at the left,
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the voltage induced in the tuner is maximum for the tuned frequency, 800
kilocycles, but the response is also quite strong to frequencies as low as 775
kilocycles. Signals from another transmitter operating on the 780 kilocycle
band will represent a considerable percentage of the signals received by such
a broadly tuned circuit, the proportion of the wanted and unwanted signals
being roughly indicated by the shaded portions of the frequency bands.

At the right hand side of Fig. 2 is shown the voltage response of a sharply
tuned resonant circuit at a frequency of 800 kilocycles. It is seen that the re-
sponse is only to the desired frequency with no interference from the un-
wanted signal on 780 kilocycles. From the standpoint of selectivity the
sharply tuned circuit is satisfactory but from the standpoint of tone quality
it is unsatisfactory. The voltage response peak of the sharply tuned circuit
is so narrow that it does not take in the side bands which carry the audio
frequency modulations. Only the lower audio frequencies, those lying close
to the carrier frequency, are fully reproduced. The higher audio frequencies,
which are the farthest above and below the carrier frequepncy, are not well
reproduced by the sharply tuned circuit. From the left hand part of Fig. 2
it is apparent that the Droadly tuned circuit gives satisfactory response to
all- the audio frequencies in the entire band.
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A fairly satisfactory response to the entire audio frequency range, together
with satisfactory selectivity, may be secured through the use of a number of
successive broadly tuned stages of radio frequency amplification, by the use
of the successive tuned intermediate stages in a superheterodyne receiver, or
by the use of a band selector circuit in connection with a radio frequency
amplifier.

One of the simplest band selector circuits depends upon a prin-
ciple long known in radio, the principle that two coupled circuits,
each separately tuned to the same frequency, will respond to two
frequencies one of which is above and the other below the original
tuned frequency. The application of this idea is shown in Fig. 3.
In the plate circuit of the first tube is a resonant circuit including
the tuning condenser CI and the coil L1. The plate circuit is com-
pleted through the bypass condenser C3 and the direct plate current
for the tube is supplied through the choke. In the grid circuit of
the second tube is another resonant circuit including tuning con-
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F1c. 3.—Band Selector with Tuned F1c. 4—Double Resonance
Plate and Tuned Grid Circuits. Peak

denser C2 and the coil L2. The grid circuit is completed through
bypass condenser C4.

The two resonant circuits are tuned to the same frequency, that of the
carrier which it is desired to receive. The response curve, shown in Fig. 4,
consists of two peaks slightly separated from each other so that quite uniform
amplification is secured over a whole band of frequencies rather than over
only a narrow peak as at the right in Fig. 2. Each circuit alone must be
capable of producing a sharply peaked response, therefore the construction
must include coils and condensers having the lowest possible resistance at
radio frequencies. The coils and condensers -are matched so that they tune
alike with the two condensers operated from one control. The separation
of the two peaks is determined by the frequency being received and by the
degree of coupling between the circuits. See Coupling, Coefficient of.

As shown in Fig. 5, the closer the coupling the farther apart are the two
peaks and the greater is the dip between them. This produces a receiver in
which the response is less when tuned exactly to the desired frequency than
when tuned slightly above or below that frequency. As shown in Fig. 6,
the response curve is much broader at high frequencies or low wavelengths
than at low frequencies or high wavelengths. Therefore the selectivity is
better at the low frequencies.
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In Fig. 7 is shown the principle of the Vreeland selector in which
the two tuned circuits are coupled through a mutual inductance con-
sisting of a third coil rather than by electromagnetic coupling be-
tween the two tuned coils as in Fig. 3. The resonant circuit in the
plate circuit of the first tube consists of tuning condenser C1, coil L1
and coil L3. The resonant circuit for the grid circuit of the second

Close Loose
F1c. 5—Peaks Secured with Fic. 6.—Effect of Frequency on
Changes in Coupling. Resonance Peaks.

tube consists of tuning condenser C2, coil L2, and coil L3. Coupling
is by means of the coil L3. Bypass condensers complete the plate
circuit, the grid circuit and the resonant circuits. In general, the
action of this system is like that of the one first described.

In the two circuits so far described, the band selector feature is
combined with the radio frequency amplifying circuits. In a third
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Fic. 7—Circuit Arrangement of Vreeland Band Selector.

design, the Jones or Technidyne system, the band selector circuit is
separate from and precedes the radio frequency amplifier, being
placed between the antenna and the amplifier. The amplifier may
then be of the untuned type.

In Fig. 8 are shown two tuned circuits; one including coil LI and con-
denser C1 the other including coil L2 and condenser C2. The circuits are
coupled together by the coil M, which is common to both and which forms
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an inductance mutual to both tuned circuits. The two tuned circuits are
made resonant at exactly the same frequency or are tuned exactly together.
Were these circuits uncoupled, each would respond to a narrow band of fre-
quencies and the bands would be alike as at the right hand side of Fig. 2.

When these two tuned circuits are coupled through the mutual inductance,
they will respond well at a frequency slightly below the original one and
at a frequency slightly higher than the original tuned frequency. The com-
bined response is then like that shown in Fig. 4. The comparatively steep
sides of the individual sharply tuned circuits have been retained, thus giving
good selectivity because of slight response to frequencies outside the selected
band. The top of the combined curve is now broad enough so that the entire
frequency band with all the audio modulation is reproduced very well. In
actual practice, a signal enters the band selector through circuit I of Fig. 8
which might be connected to an antenna, and leaves the selector through
circuit O, which might lead to the grid of the first amplifying tube.

The selectivity of this circuit depends on the sharpness of tuning in the
two tuned portions because sharp tuning preserves the steepness of the sides
of the response curves. Sharpness of tuning depends on the use of high
grade and carefully constructed parts throughout, on the reduction of high
frequency resistance and on correct shielding of the circuits.

The broadness of the response depends on the degree of coupling used be-
tween the two tuned circuits, the closer the coupling the broader the response

L2 Lz

8 ) % |Mece
Al Al
F1c. 8—~Mutual Coupling with Coil in Two Tuned Circuits.

curve. The width of the response curve depends also on the frequency being
received, the curve being broader at high frequencies and narrower at low
frequencies.

When using a coil for mutual inductance and coupling, the smaller the coil
the smaller will be the coupling and the narrower the top of the response
curve. Varying the number of turns in the coil or otherwise varying its in-
ductance will make a corresponding variation in the width of the response.

The degree of coupling is determined by the amount of common reactance.
The larger a coil, the greater will be its reactance at a given frequency.

When used with tuning coils of sizes genmerally employed for broadcast
work, the coupling coil M need have only about one and one-half micro-
henries inductance, four to six turns of wire on a one inch diameter form
being about right. The reactance of such a coil at 800 kilocycles would be
approximately seven and one-half ohms.

A band selector circuit as used ahead of the first radio frequency
amplifying tube is shown in Fig. 9.. The antenna circuit passes
through an adjustable condenser Ce which adjusts the natural fre-
quency or the capacity of the antenna. The remainder of the an-
tenna circuit includes the tuned circuit L1-CI in which the coil
couples to coil L2 of the band selector. Coil L2 of the selector is
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tuned with adjustable condenser C2. The coupling coil is marked
M, and couples the first circuit of the selector to the second circuit
consisting of coil L3 and tuning condenser C3. This second circuit
is coupled to coil L4 which, in turn, is tuned with adjustable con-
denser C4 to form a resonant circuit connected to the grid of the
first amplifying tube. The broken lines indicate shields. The an-
tenna circuit and the first tuned circuit of the selector are enclosed
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Fic. 9.—Circuit of Jones Pre-selector.

in one shield, the coupling coil in a second shield and the remaining
two tuned circuits in a third shield. The first shield, for the an-
tenna circuit, is sometimes omitted.

Capacitive coupling instead of inductive coupling may be used as shown
in Fig. 10. This circuit should be compared with that shown in Fig. 8. Here
the capacity M is common or mutual to both tuned circuits. The degree of
coupling is changed by changing the capacity of condenser M. Increasing
the condenser reactance by making its capacity smaller will increase the coup-
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F16. 10.—Mutual Coupling with Condenser.

ling and cause the response curve to become broader. The opposite effect
is secured with a greater capacity and smaller reactance.

The reactance of a coupling coil increases with increase of frequency while
the reactance of a coupling condenser decreases with increase of frequency.
Therefore, the tendency of a coupling coil is to make broader tuning at high
frequencies and the tendency of a coupling condenser is to make broader
tuning at low frequencies. Since the lower frequencies naturally tune more
sharply than the high frequencies, the effect of using a condenser for coup-
ling is to compensate for the frequency effect with more uniform width of
response curve for all frequencies.
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Additional information on tuned amplifiers will be found unde