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PREFACE

There 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 transmission and reception
of radio is now equally interested in television, sound pic-
tures, public address work, short wave and photocell appli-
cations. The electronic tube or vacuum tube is the one ele-
ment common to all of 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 keeping pace with the extension of the electronic field
during only eleven years, it was found necessary to make
nine revisions. This NEW NINTH EDITION covers all of
the latest developments in the field, including television,
sound pictures, public address systems, photocells, aviation
and automobile radio, broadcasting, new receivers, short wave
transmission and reception, new tubes, Cathode Ray Oscil-
loscopes, microphones, automatic and mystery tuning con-
trols, and many other subjects too numerous to mention.

Treatment of the various subjects has been made simple
and elementary, with no special electrical or mathematical
training being assumed.

The extent of each article has been made proportional to

Z its practical and concrete applications. The practice of writ-
% ing out the many formulas met with general approval and

bl
[#)

ECORFOLLTE

CARNEGI!

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 refer-
ence data rather than general instruction. Complete cross
references in each article as well as in the regular alphabeti-
cal order allow the user to follow any line of investigation to
any desired extent. Liberal use of illustrations has been con-
tinued and this edition contains nearly twelve hundred pic-

B2A6S



tures and diagrams, all of which have been especially pre-
pared for this work.

As would be expected, the sources of information for a work
so wide in scope have been many and varied. Individual
credit is difficult to give because each article is a composite
of facts and ideas from many places. Files have been main-
tained 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 manufacturers spe-
cializing in apparatus for this field. All of the material has
been checked against different sources and has been verified
experimentally whenever possible.

HaroLp P, MaNLY
L. O. Gorper




DRAKE’S CYCLOPEDIA
OF

RADIO AND ELECTRONICS

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.

A.
a.
A.C.,a.c.

" &’ ®m N
o K=

00000 O NERWT W

o

pk
c.p.s.
C.W. or

cw

D.

area
ampere
alternating current

. audio frequency

. American wire gage

magnetic flux density
susceptance 1n mhos
British thermal unit
Birmingham wire gage
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 second
continuous wave

dielectric flux density

d.
db

deci-
decibel

D.C.,d.c.direct current

or d-c
D.C.C.
D.S.C.
DX
E
e.

E,

E,

double cotton covered
double silk covered
distant
effective voltage
instantaneous voltage
filament or heater
supply voltage
plate supply voltage
grid bias supply
voltage
enamel covered
screen supply voltage
“filament voltage
grid bias voltage
heater voltage
maximum voltage
electromotive force
plate voltage
screen voltage
magnetomotive force
or luminous flux
frequency
conductance or elec-
trostatic stress
mutual conductance
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

Pu
Q

Rorr

maximum power
quantity (coulombs or

ampere-hours)
resistance

R.F.,rf., radio frequency

or r-f

R,

—t
D",
O?N
n

°

cHRnn n Bxm
L ebhh@ oy

£22
s &5

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

TO
PHONOGRAPH
PICKUP

j Uwy

GRID/ “FILAMENT
CATHODE P
BOTTOM 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



ADMITTANCE

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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AIR GAP — INCHES
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 Aviation, Radio in.

AIR CONDENSER.—See Condenscr, Dielectric for.
ALKALI METALS.—See Cell, Photocelectric.
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

ARMATURE
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Fic. 1.—Principle of Inductor Alternator.

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

FIELD COILS

Although several types of alter- ’ ‘
nators are commonly used in elec- < 4
tric power circuits there is only ! ARMATURE
one, the inductor alternator, in NONZ el
general use for low-frequency  [MAGNETKC ACQ?)A[;UE_RE
(500-cycle) radio work and devel- JATIEREE
opments of this type are used also \
for high-frequency work. { ROTOR

The elementary principle of the in-
ductor alternator is shown in Fig. 1.
A stationary field structure carries
windings through which flows a steady 7
direct current. A stationary armature S g
structure carries other windings in
which alternating current is pro-
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 curreant 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

TUNED CIRCUIT A

GOSOIRIS) T TUNED
CHOKE  / CIRCUIT
IF;C 80,000
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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




ALUMINUM

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 0 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, thtre 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 end 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. TIts
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 film 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-seeking 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
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, Okm’s.

AMPERE.—The practical unit for measuring the flow of electric



AMPERE-HOUR

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.

<
One Ampere-

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 volis be-
czuse 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. Vet
the volume froni each amplifier is the same since the final voltage is ten in




AMPLIFICATION

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.

100to1 1001
% | Amplification ( \/ Amplification
Weak, /nco[nmq Stronq /ncommq
Signa Signal

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”

Coup/mq Couplwq T coup/mq Couplmq 1 » (oupling @
W
Tube b

Tube
2 Stage Ampltf‘ er /5t Stage Stage “Pndstage  IrdStuge

Three &tage 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
wmdmg 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.
L

DETECTOR VOLTAGE AMPLIFIER POWERTUBE
i~ P p

— %E LtOuo
= "SPEAKER.
RATIO: 1016 0.8 RATIO-3.010 I.O

F16. 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 0.8.
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.



AMPLIFICATION, RADIO FREQUENCY

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.

g E__
RATIO RATIO
4 10| 301

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 A pli-
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 voliage 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

Ist tube &%,?”tf A Grid terminal

stepped-up
orincreased
voltage in
secondary o,
transformer

Voltage drop
across primary
of transformer

tv 8- Battery

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 usc 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 empioyed 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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Fig. 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-



AMPLIFIER, AUDIO FREQUENCY, DIRECT COUPLED

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
sccond 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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F16. 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 46.2 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 K-¢ 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 1262 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.
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- Fic. T.—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
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Fic. 2—The Impedance Coupled Audio Amplifier.

and one hundred per cent, which is ten per cent, 4 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 nincty-seven per
cent of the possible voltage acrofs 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 t» 12,000 ohms. If 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
capac'ity 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-
pedgnce 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.

Inpuctances Requirep v IMpEpANCE CoupriNeg ColLs

Lowest Note—25-cycle F . y - 2
Tube Plate ycle Frequency|Lowest Note—50-cycle Frequency
Resistance ’

in Ohms 90% 95% 97% l 90%, 95% 97%
Uniformity|Uniformity| Uniformity|Uniformity |Uniformity| Uniformity

2,000 25 38 50 13 17 25
5,000 65 95 125 31 42 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-
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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 v Xgrid choke

coupling condenser
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Fic. 1.—Double Impedance Amplifier. Fi1g. 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 commonly
used values of inductance and capacity:

ResonanT FreQuENcy 1N CycLes For Tunep DousLe IMPEDANCE

Inductance of Capacity in Microfarads of Coupling Condenser
Grid Choke I
in Henrys | | [

0.0075 | 0.01 | 0.012 | 0.015 | 0.02 0.03 0.05 0.1
150 150 130 118 106 92 75 S8 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 1s 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

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
current 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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F16. 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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F16. 3.—D.C. In Output

Transformer Primary.

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
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 a the separate plate currents are indicated
and it may be seen that the lower loops are
smaller than the upper ones. These large and
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—Balancing 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

PLATEL
CURRENT

V80 I I R
- GRID {VOLTS

'
LOW USUAL
BIAS BIAS

F16. 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 a=d
would result in a far greater power output. This bias on the bend allo.
each tube to handle only one alternation of the signal wave, the other tuix
then working down past its point of plate current cutoff and ¢uing 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
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F16. 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,

%) .:—; b |c
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F16. 7~Connections of Plate Circuit to Filter.

An ordinary power unit filter system is illustrated in Fig. 7. At point
a 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 & 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,

Fic. 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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Oscillation 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-
RE SIST?Q S

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-ohm resistor in the lead from the center tap of the input
transformer to the biasing point or the C.minus connection.

Fic. 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 mateh 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.
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Fi16. 12.—Dua!l 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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F16. 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,

T
TUBE PLATE u
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F16. 2.—Simplified Diagram of Resistance 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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Fi6. 3.—Condenser and Grid Leak Fic. 4—Coupling Circuit
in Series. without Condenser.
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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 2
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 1