DRAKE S = ¢
dCLOP ED/4

EU( TROP !C§




DRAKE'S CYCLOPEDIA
of

RADIO and ELECTRONICS

A REFERENCE AND INSTRUCTION BOOK

RADIO SOUND SYSTEMS TELEVISION
PHOTOELECTRICITY  ELECTRONIC TUBES
ELECTRONICS IN INDUSTRY

Originally compiled

By
HAROLD P. MANLY

Technical Editor
Engineering Trade Manuals

and
L. O. GORDER

Director of Training
American Television Laboratories

FOURTEENTH EDITION

WILMETTE, ILLINOIS
FREDERICK J. DRAKE & CO.
Publishers



Copyright, 1955, by
Freoerick J. Drake & Co.

Al rights reserved

Printed in the United States of Americe



PREFACE
To the Fourteenth Edition

For more than twenty years, with a total issue now more
than one hundred thousand copies, "Drake’s Cyclopedia” has
kept pace with the growth of radio—from the days of regen-
crative detectors to present developments in television, f-m
radio, and clectronics in industry.

Major additions have been made to sections on television,
frequency modulation, and high-frequency practice in general.
In addition to material on industrial tubes and applications,
much new information has been included on designs for hyper-
frequency operation, on all kinds of oscillators, on photo-
tubes, and on all rectifiers in general use. As in former edi-
tions, material which has become obsolete has ecither been
taken out of the text or else reduced to the few essentials
which are valuable as reference material.

It will be found that explanations, even in the more advanced
subjects, still are simple and easily understood—this having
been a chief characteristic of Drake's Cyclopedia since its
inception. In each section there are complete cross references
to all related subjects, allowing any line of investigation to
be followed all the way back to elementary principles if de-
sired. There is notable absence of mathematics, other than
simple arithmetic, with formulas written in words and with
extensive tables of condensed information. All illustrations
have been especially drawn for this book, to further clarify
in simplest manner the principles and practices explained in
the text.

The rapid growth and expansion of radio and electronics
have tended to separate the field into many specialized
branches, making it difficult for newcomers and those chang-
ing their interests to find the entire story in a single volume.
Fortunately, the long and continuing process of developing
Drake’s Cyclopedia with growth of the industry itself has
made it possible to retain all the essentials in proper perspec-
tive, making this one of the few modern books with well
balanced treatment of everything from simplest beginnings
to most advanced applications.

TuaE PUBLISHERS



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.
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a.
AC.a.c.
or a-c
AF. alf.

or a-f
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c.p.s.
C.W.or
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D.

area
ampere
alternating current

audio frequency

American wire gage
magnetic flux density
susceptance 1n mhos
British thermal unit

. 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 second

continuous wave

dielectric flux density

d.
db

deci-
decibel

D.C.,d.c.direct current
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Tim

double cotton covered
double silk covered
distant
effective voltage
instantaneous voltage
filament or heater
supply voltage
plate supply voltage
grid bias supply
voltage
ename] 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



m.
mfd.

mmfd.
mv.
N orn

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 R

low frequency

mutual inductance or
mega-

meter (of length), also
millj-

microfarad

millimeter

micro-microfarad

millivolt

number of (turns, etc.)

average power (watts)

instantaneous power

potential difference

photoelectric cell

power factor

Pm
Q

Rorr

maximum power
quantity (coulombs or

ampere-hours)
resistance

R.F.,r.f., radio frequency

or r-f
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V.

v.

VT
W.

w.

X or x
Xec
Xy
Yory
Zorz
Z,

Z,

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.—\Vith 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 diclectric absorption.




ACOUSTICS

ACOUSTICS.—The science of sound. See Sound.

AERIAL.—Sce Antenna.

AIR.—For use wherever its insulating ability is sufficient
for the applied voltages air is a nearly ideal dielectric, since it
introduces none of the energy losses which occur with solid and
liquid dielectrics. The dielectric constant of air usually is assumed
to be 1.00. The constant increascs by about one per cent for each
300 pounds per square inch increase in pressure.

The insulating ability or dielectric strength of air is indicated
by the accompanying graph, which shows breakdown voltages for
various gap lengths between spheres of one-centimeter diameter
and between sharply pointed needles. The breakdown voltage
increases with increase of air pressure.
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AIRCRAFT RADIO.—See .lviation, Radio in.

AIR CELL BATTERY.—See Battery, Air Cell.

ALTERNATING CURRENT.—See Currcnt, Alternating.

ALUMINUM.—The resistance of an aluminum conductor
is about 1.07 times that of an annealed copper conductor of the
same size and length. However, aluminum weighs ouly about
0.30 times as much as copper, so an aluminum conductor of given
current-carrying capacity or of given resistance is lighter, but
larger, than a copper conductor of equal capacity. The surface
of aluminum normally is covered with a thin layer of oxide which
has rather high resistance.

AMMETER.—Sec Mcters, Ampere and [7olt.

AMPERE.—A unit of rate of flow of electric current. A
rate of one coulomb of electricity per second, which is equal to a
flow of 6,280,000,000,000.000,000 electrons per second past a given

point in a circuit. One ampere is the rate of current flow in a



AMPERE

resistance of one ohm when there is a potential difference of one
volt across the ends of the resistance. A rate of electric flow
measured in amperes is similar to a rate of water flow measured
in gallons per minute.

AMPERE-HOUR.—A unit of quantity of electricity. The
quantity that passes when a flow rate of one ampere is continued
for one hour; equal to the product of current in amperes by time
in hours. One ampere-hour is equal to 3,600 coulombs of elec-
tricity.

Ampere-Hour and Ampere-Turn.

AMPERE-TURN.—A unit of magnetomotive force, which
is the force that causes magnetic flux or magnetic lines of force
to appear in a magnetic material or a magnetic circuit. One
ampere-turn is the force produced by a flow rate of one ampere of
current in one turn of a coil winding. Total ampere-turns are
equal to the flow in amperes multiplied by the number of turns
through which the flow takes place.
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The Effect of Amplification on Signal Strength.

AMPLIFICATION.—Amplification refers to the increase
in voltage, current, or power that occurs between the input and
output circuits of an electronic tube or of any other device or appa-
ratus in which there may be such an increase. The amplification
factor or ratio is equal to the output value divided by the input
value as measured in the same unit.

AMPLIFICATION, CASCADE.—A\ system of amplifica-
tion in which the output voltage of one electronic tube circuit is
used as the input vohage for a following tube circuit, or in which



AMPLIFICATION

plate voltage changes caused by one tube are used as grid voltage
changes for a following tube. Each tube and its circuits are called
one stage of amplification.

e N e
2 Stage Amplifier /5 Stage 2ndStage  SrdStze
Three &tage Amplifier

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

AMPLIFICATION, FACTOR OF.—A measure of the rel-
ative effect of changes in control grid voltage and of changes in
plate voltage in producing equal changes of plate current in an
electronic tube. It is the ratio of a change of plate voltage to a
change of grid voltage, both of which result in an equal variation
of plate current when all other applied voltages remain constant.
It is the ratio of the alternating voltage appearing in the plate
circuit load to the alternating voltage applied to the control grid
when the load impedance is infinite. The symbol is the Greek

letter mu.

AMPLIFICATION, VOLTAGE AND POWER.—The
amplification or gain here considered is that which occurs between
the control grid circuit of an amplifying tube and the load in the
plate circuit of the same tube, or it is the ratio of the voltage or
power appearing in the plate circuit load to the voltage or power
applied between the control grid and cathode.

For an example, consider the tube whose plate characteristics are shown
by the accompanying graph. On the graph has been drawn a load line for
a 15,000-ohm plate circuit load and a plate supply potential of 300 volts.
Should the alternating voltage applied to the control grid vary from 2.5 to
7.5 volts negative, there will be a change of grid potential amounting to 5.0
volts. Then, as shown by the load line, the plate current at —2.5 grid volts
will be 9.1 milliamperes, and at —7.5 grid volts will be 3.4 milliamperes.

With 9.1 milliamperes (or 0.0091 ampere) flowing in the 15,000-ohm load
the voltage drop in the Inad will be equal to 15,000- X 0.0091 = 136.5 volts.
With 3.4 milliamperes (or 0.0034 ampere) the drop in the load will be
equal to 15000 X 0.0034 = 51.0 volts. The change of voltage in the load
will be equal to 136.5 — 51.0 = 85.5 volts. The 5.0-volt change of control
grid voltage has caused a change of 85.5 volts in the load, so the amplifica-
tion or gain of voltage is equal to 855 <+ 5.0 = 17.1. For other values of
plate load resistance and of plate supply voltage there would be different
values of voltage amplification or gain, arly of which might be computed
by drawing appropriate load lines on the graph of plate characteristics.

The greater the resistance or impedance of the plate circuit load the
greater will be the gain. With the tube represented by the accompanying
graph the maximum possible gain is 38.0, which is the amplification factor
of the tube. But this gain could be attained only with infinitely great re-



AMPLIFICATION

sistance of impedance in the plate circuit, and, of course, infinitely small
plate current. The amplification factor of a tube represents the maximum
theoretical gain, and always is greater than any actual gain which may be
attained in practice.
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Power amplification is the ratio of the power in watts or milliwatts that
appears in the plate circuit lvad to the power measured in the same unit
that is used in the control grid circuit, or it is the ratio of output power to
input power.

AMPLIFIER.—A device which increases the voltage or
power of a signal Dy 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 tuhe or a transmission line, The output power may feed
another transmission line or amplifier. or it may opcerate a loud
speaker or other reproducer for the signal.



AMPLIFIER, AUDIO FREQUENCY

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 sonrce of input signal or according to
the kind of coupling empioyea 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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Fie. 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 1the 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 la 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
second tube is equal to the difference between the resistaiice 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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Frc. 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 R-¢ 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 JLCONO. GRID
| 1]

Lo S

C== B+

ll]“‘r—

Frc. -1-.—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 acruss 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 fur 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 nincty-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 incrcases. 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 srorems covpenser

@

Grid
Leak

)
B-Battery

¥16. 2—~The Tmpedance 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
neighiborhood of 10,000 <3 12,000 chms. 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-iive cycles are well
amplified.

The impedance of the choke coil is composed of inductiv: reactance due
to the choke's inductance, of capacitive reactance due to the listributed ca-
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pacity of the choke's winding, and of resistance in the wire of the cho_ke
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 harmtul efifect of the distributed capacity
also increzses with increase of frequency.

The ideal choke would consist of pure inductance, without cither 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-
pedance is required in the choke to produce satisfactory and uniform ampliti-
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 cascs.

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 1x InmpEpancE Courling Colrs

Lowest Note—25-cycle Fre uencv!Lowcsl Note—30-cvcle Frequenc
Tube Plate ' 2 E : . 4 t/
Resistance

inOhms | 90% 959, 979, | 909

95% 7%

Uniformity|Uniformity Unifor mity|{Uniformity U niformity| Uniformity

— — - I I
2,000 25 1 38 50 13 ’ 17 25
5,000 68 95 | 125 | 3] 2 | 8
10,000 125 190 | 250 63 84 125

- = = v — e e e T
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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 tranms-
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

|

F1e. 1.—Elenientary 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 uppér 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 cither
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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Frc. 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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Fi1c. 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 iromn.

Operation of a single tube on the lower
hend of the grid-voltage, plate-current chare
acteristic would cause great harmonic distor-
won.  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 scparate 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 larmonic 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
15 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
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F1e. 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 allow-.
each tube to handle only one alternation of the signal wave, the other twbe
then working down past its point of plate current cutoff and 2using 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 otier 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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Fic. 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,
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Frc. 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 tu 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 for 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.
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Fic. 8 —Equalizing Plate Currents in Push-pull Tubes.

Even though tubes are well matched when first placed in service, their
characteristics cliange 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 hetween the parts. The center of this divideror 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-

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 seccondary 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.

Fi6. 9.—Oscillation Prevention.
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Frc. 10.—Remedies for Unbalance.  Fia. 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,
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Fig. 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 he seen in Fig. 12 where it is shown that the special inter-
stage transformer is thc ouly variadon 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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F1c. 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 i
STOPPING
_RESISTANCE CONDENSER
ek
PLATE -~
RESISTOR «—" TuBt
TUBE

Fie. 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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F1c. 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

coupling factor —

rid leak 2 stopping condenser 2
+ v
ohms reactance in ohms

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 chms 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 cffective resistance in the tube’s external plate circuit is
equal to:

plate resistor ohms X grid leak ohms

= cfective 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 foHowing formula:

S _ amplification 9 e 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. 5,
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 mfd. 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 0.953. 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 8.2, that of the coupling
alone must be 7.273 divided by 8.2, 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 ncgative 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 dxs-
sipation of the grid's negative charges.

Examination of the forinulas 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. 5 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 115385 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 15 made of the highest resistance
which will not cause blocking of the tube.
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Fre. 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 leuast 3.6 or
probably 4.0 watts.

The voltage drop across the plate resistor must be added to the actual
plate voltage 1o 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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Fig. 7.—Tube Capacities Affecting Amplification.

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
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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.

200
‘g {
1600
[o=]
By H-I
33 \
=30 \
1y \
wo
e R,
zg \é“,qc
9,4, ,rANEE
Y ~—{MPE DANCE | |1
5 —
« v 5°°°FREQUENCV 10000 CYCLES 15000 20000

Fic. 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,

As 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
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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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F1c. 2.—Circuit for Transformer Coupling.
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Fic. 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.

Omlttmg 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
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F16. 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 bhe 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
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Fig. 5—Frequency Effect on Inductive Reactance.

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

Thxs 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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F16. 6.—Frequency Effect on Apparent Resistance.

be less than the value of either the resistance or the reactance alone. 'I‘he
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.
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Fic. 7.—Capacities in Transformer Secendary 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. T lle secondary cur-
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F1c. 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.
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F16. 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 primary 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 frequency changes in the plate circuit then
have a choice between two parallel 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 connected 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

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. Howcver, 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
hoth 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



AMPLIFIER, AUDIO FREQUENCY, TRANSFORMER

A parallel plate feed through a resistor in place of a choke is shown in
Fig. 11. The auto-transformer coinections 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.—Paraliel 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 cne-half to two microfarads which will
increase the amplification at all frequencies over that obtained with the small
capacities.
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AMPLIFIER CLASSIFICATION.—A “class A amplifier”
is one in which the grid bias and excitation grid voltage are so
chosen that plate current flows at all times. A theoretically per-
fect “cluss A amplifier” produces an alternating component in the
plate load which is an exact reproduction of the exciting grid
voltage in form, but not necessarily in amplitude. The character-
istics of such an amplifier are low efficiency and output.

Class A operation is obtained by choosing a negative grid bias,
for a given plate voltage, sufficient to operate the tube at the
mid-point of the lower straight portion of its mutual conductance
curve. The amplitude of the exciting grid voltage must not
exceed a value which would cause the instantaneous grid voltage
to fal' outside of the confines of this straight portion of the curve.
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Fie. 1-A.—Class A Operating B.—Circuit Connections for
Characteristics. Class A Operation.

In general, all radio frequency amplifier stages in radio re-
ceivers and the majority of audio frequency amplifier stages are
of the class A type. When designed correctly, distortion is at a
minimum. \Where large power output is required, a number of
stages are used, terminating in so-called power output tubes
operating at high voltage. No current flows in the grid circuit
of a class A amplifier, thus preventing a change of input im-
pedance. Inasmuch as no current flows in the grid circuit, it is
impossible to rate such an amplifier as to its power conversion
gain. . The low efficiency is due to the fact that the normal plate
dissipation, _i.c., E, xIp, may be many times greater than the
actual output power. = -

A “class B amplifier” is one in which a grid bias is chosen
which just reduces the plate current to zero, with no signal volt-
age excitation. Plate current flows for 180 degrees of the excita-
tion signal voltage. A perfect *‘class B amplifier” is one in which
the plate wave shape is identical with the half cycle of excitation
grid voltage which drives the grid less negative and on the oppo-
site alternation, zero plate current flows. The characteristics of
a “class B amplifier” are medium efficiency and output.

When used in audio amplifier circuits two tubes must always
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be used in each stage, so connected that their grids are excited
180 degrees out of phase. Each tube amplifies one alternation
of the signal voltage, recombination occurring in the common
output circuit. A single tube can be used as a “class B ampli-
fier” in tuned radio frequency circuits, the “fly wheel” effect of
the tuned circuit serving to supply the missing alternation.

The excitation signal voltage generally drives the grid posi-
tive during the conducting alternation, resulting in a flow of
grid current. Power is dissipated in the grid circuit, requiring
a preceding “driver” stage for full excitation of the class B stage.

The high efficiency of class B amplifiers results from the zero
plate power dissipation with no exciting grid voltage. This places
a fluctuating demand on the power supply system which requires
special treatment of the rectifier and filter. The amplifier is
capable of producing large amounts of output power with rela-
tively low plate dissipation. For this reason its advantage is
apparent where plate power is derived from a battery source.

INPUT-CLASS A-ONE TYPE 46
PLATE_VOLTS=250 GRID VOLTS==-33
OUTPUT-CLASS B-TWQ TYPE 46
PLATE VOLTS=300 GRID VOLTS=0
INPUT TRANSFORMER VOLTAGE RATIOFRI®: =2 2
INPUT_TRANSFORMER PEAK POWER EFF.279%
OUTPUT LOAD, PLATE 10 PLATE=3500 OHMS

Fic. 2—Class B Output Amplifier Driven by a
Class A Stage.

Noticeable distortion is apparent when a true class B stage is
operated at low signal input levels. This is because of the non-
linear characteristic of the mutual conductance curve near the
zero plate current region. It is not possible to self bias a vacuum
tube to cut-off, consequently the grid bias must be taken from
an auxiliary voltage source. Tubes are available specifically de-
signed for ~lass B use in wlich plate current cut-off occurs near
the zero  1id bias region. The theoretical maximum efficiency
of this type of amplifier is approximately 78 per cent. A class 13
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stage is referred to as a linear amplifier because of the linear
relation shown between the excitation grid voltage and plate
ctirrent.

A “class C amplifier” is one in which the grid bias is appre-
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Fig. 3—Dynamic Transfer of Characteristics of a
Class B Amplifier.

ciably beyond the value nccessary to prevent plate current flow
(generally twice cut-off) and plate current flows for appreciably
less than 180 degrees of the excitation grid voltage. The output
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plate wave shape and the input signal excitation depart consider-
ably from similarity. The characteristics of the “class C amph-
fier” are high plate current efficiency and high power output.

Class C amplifiers are used in radio telegraph and telephone
transmitters. In a telegraph transmitter all stages are generally
operated in this manner, while in telephone transmitters only
the modulated amplifier and stages preceding it are operated as
class C stages. Excitation is such as to drive the grid so far
positive that saturation plate current flows. The efficiency of a
class C stage may reach 90 per cent or over in the larger size
tubes. These amplifiers are not met with in receiving circuits.

Class AB and BC amplifiers are commonly operated as par-
tially class “A and B” as well as “B and C.”

A class AB amplifier is one in which the grid bias and exciting
grid voltage are such that plate current flows during more than
180 degrees, but less than 360 electrical degrees of the exciting
grid voltage. This is sometimes referred to as class A prime
or double A prime. This type of amplifier combines the charac-
teristics of both class A and B.

A “class BC amplifier” is an amplifier in which the grid
bias and the exciting grid voltage are such that the plate current
flows during less than 180 degrees of the exciting grid voltage,
but the bias is not as great as for a class C stage. The character-
istics of a “class BC amplifier” are intermediate in efficiency and
output to those of class B and class C stages. These amplifiers
are not met with in practice,
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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.

o BIASING RATTERY
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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 R1, 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
coistant 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 1s 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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Fi16. 2—Two-Stage Direct Current Amplifier.

the bias on the grid of the sccond 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 oi 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 therc 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
mput.

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 1nethod 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 ncar 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 rcads 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 to 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.
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AMPLIFIER, INTERMEDIATE FREQUENCY.—An
intermediate irequency amplifier is that portion of a superhetero-
dyne receiver which has for its input the beat frequency produced
by combination of the signal frequency and the oscillator frequency.
The amplified beat frequency or intermediate frequency then
forms the input for the second detector. See Recerver, Super-
heterodyne.

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, 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
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 fol-
lowing tube.

GRID CONDENSER OR
S702P/NG
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8-BATTERY

Tuned Impedance Coupling for Radio Amplifier.

The circuit of a tuned impedance coupled amplifier is shown in
the diagram. The coupling device consists of a coil and condenser
in parallel and placed between the plate of the tube and power unit.
By varying the capacity of the condenser the combination is tuned
to resonance with the frequency to be received and amplified.

With the coil and condenser tuned to resonance they offer maxi-
mum impedance and there is maximum amplification at the tuned
frequency. The plate circuit voltages are transferred through the
grid condenser to the grid circuit of the following tube.
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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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F1c. 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 % cffective plate
Voltage Tl resistance circuit resistance
amplification = conductance-

fibe plate + effective plate

resislance circutt resistance

Since the 1ube’s mutuzl conductunce is equal to its amplification {actor
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 X cifective plate

Collr factor circuit resistance

amplification =

tube plate + effective plate
resistaince circuit resistance

SHIELD ™

F16. 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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Fic. 3.—Primaries of High and Low Frequency.

LARGE PRIMARY

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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e i N L secondary 2
( 0.00633)(]'”9"‘ ney m) X ( inductance )

Effective. kilocyeles nucrohenrys
plate circuit = - — = — — —
resistance secondary high X (turns ratio)?

frequency ohms

As an example the amplification may be caleutated for the following
conditious: Frequency, 1,000 kilocycles. Secondary inductance, 250 micro-
henrys. High frequency resistance, 15 ohins. Turns ratio, 4 to 3 (secondary
to primary) Tube plate resistance, 400,000 ohms. Amplitication 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 he used in the formula for voltage amplification and
the calculation shows a gain of ahout 75.13 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.
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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 torms the major portion o1 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 ampiification 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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Fie. 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 decrcases 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 counteracted by nentralizing or by using any of the
methods adapted to reduction of feedback.

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 {requency 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 830 kilocycles,
while the tuning below this frequency is so sharp as to cause side
band cutting.

AMPLITUDE.—The maxinmtum value of an alternating
voltage or current in either direction from zero.

AMPLITUDE DISTORTION.—Sce Distortion.

ANGLE, ELECTRICAL.—The difference in time or in
phase between alternating voltages or currents, as measured in a
fraction of a cycle called a degree. A complete cycle consists
of 360 electrical degrees, just as a circle consists of 360 degrees.
and any fraction of a cycle may be specified as a certain number
of degrees.

ANGLE OF LAG OR LEAD.—See Phase.

ANION.—A negative ion. An atom or molecule which,
during ionization, has gained one or more negative electrons and
thus acquires a negative charge.

ANODE.— A terminal or an electrode through whichan electric
current enters an electrolyte, a vacuum or any other medium on its
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Anodes and Cathodes in Electric Circuits.
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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
clectrode 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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F1c. 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

UPPER CONDENSER PLATE

IIVOUCTANCE
(Antenna)
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Fic. 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. All wave antenna—
See Receiver Short \Wave.

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.

Caracity oF Horizoxtar Sixcrr WIRE ANTENSA

Horizontal Portion of Antenna—Length in Feet

Antenna :
Height in | | | T i
Feet | 30 fr. | 45 ft. | 60 ft. ‘ 75 ft. | 100
— [ f '
20 fi. | 59 Mmfds | 83 Mmfids | 111 Mmfds. 139 Mmfds| 179 Minfds
30 fu. 58 Mmfds ;. 81 Mmifds | 109 Mmfds| 131 Mmfds| 175 Mmfds
40 ft. 57 Mmfds | 80 Mmifds | 107 Mmf{ds| 123 Mmfds| 173 Mmfds
60 f1. 37 Minfds | 80 Mmfds | 105 Mmfds| 121 Mmfds| 171 Mmfds
100 ft. | 56 Mmfds | 79 Mmfds { 104 Mmifds| 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 autenna.
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CaraciTY oF ANTENNA AND LEAD-IN—MICRO-MICROFARADS

Length in Fect of Horizontal Portion of Antenna

z\qtcnn_a e —
Height in 30 ft 15 fr. 60 f. 75 ft. 100 f.
‘ Hor=Vert. | Hor—~Vert. | lor.~Vert. | Hlor—Fert. | Hor.—Vert.
| [ P .
|
20 ft. 5940 | 8340 11140 13940 182-40
30 ft. 58-36 81-56 109-36 131-36 175-36
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
| B | i i

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. Tuking the effective capacity at 1000 kilocycles or
approximately 300 mcters as represented by 100 per cent the following changes
are found in practice: At 13500 kilocycles or 200 meters the capacity is 120 per
cent and at 600 kilocycles or 300 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 composed 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.

IxpucTaNCES IN ANTENNA SySTEMS—NIICROHENRIES

Length in Feet of Horizontal Portion of Antenna

Antenna
Height | . | . |
in Feet [ 30 ft. 45 ft. 60 ft. 75 ft. 100 ft.
{ Hlor—Vert. | Illor—Vert. | Hor.~Vert. | Hor—Vert. | Ior.—Vert.
| |
0. | 20410 | 30-10 | 41-10 -10 | 6810
30 ft. 20-13 30-15 41-15 51-15 69-15
40 ft. 20-21 30-21 42-21 52-21 | 71-21
60 ft. 20-34 31-34 142-34 53-34 | 72-34
100 ft. 20-61 31-61 l 42-61 53-61 i 73-61

The inductance 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 rcason 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
eftective inductance of antenna and lead-in may be found by adding the two
together and dividing their sum by three. Thus, for an antenna svstem forty-
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‘five feet long and forty feet high it is scen 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. B

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-

Antenna

Antenna

Circutl ANTENNA
Recelyer Anr mafcmg
Inouctance B UND

G ity Equivalent circuit
fpactty g/‘ Antenna

= GROUND
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. Sce 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 cir-
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. Tt 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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F16. 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 coupling the signal strength will
become greater, although the tuning will become somewhat broader at the
same time, until a 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 a 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

F1c. 2.—Separate Coupling Coil for Antenna Circuit.

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

with very close coupling the antenna C/ose -

tuner will respond to either one of these \' [=4

frequencies. See Coupling, Optimum. ,_o‘g —bdla
The use of a coupling tube to prevent . -— ~

antenna inductance and capacity from =

affecting the first tuned stage is found Loose

i 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. F16-3—Tapped Coil for Antenna

tenna coil. Coupling.

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 as 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
cffective 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:

dntenna Frequency. 159.3

in Kilocycles B Y 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.

FuxpaMeNTAL FREQUENCIES AND WAVELENGTHS OF ANTENNAS

Length in Feet of Horizontal Portion of Antenna

Antenna .
Height in 30 fe.
Feet

45 ft, 60 ft. 75 fu. 100 ft.

Kilo-C AI:IHJ:KHO-C Meters|Kilo-C Mel:r,r‘ Kilo-C A‘I!I!TJ}KI'IO-C Meters

~ - I

20 fr. | 5060 59 | 3940 76 | 3145 95 12650 113 | 2100 143
30 fr. | 4360 69 | 3515 85 | 2875 104 2475 121 | 1980 151
40 fr. | 3720 80 | 3085 97 | 2655 113 | 2325 128 | 1855 162
60 ft. | 2950 102 | 2550 118 (2200 136 1910 157 | 1625 185
100 fr. | 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 x Capacity of + Capacity of
Series Condenser Antenna Lead-1n
Capacity of + Capacity of Capactty of

Series Condenser Antenna Lead-in

Total Capacity =

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 widelvy 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

Horizontal length
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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 signal 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 signal 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 superstition 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 portion of the antenna, the lead-in to the receiver,
and the ground connection from the receiver.

For receivers having six or more tubes. . ... 40 to 30 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 130 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 indocr 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

weuld be delivered by an outdoor antenna of the same size but if the receiver
has sufficient amplification the results may be surprisingly good. .\ 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, Cupacity
und Inductance oj.

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

Thsulator) “astening
Pt Wire
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Fic. 1 —Installation of Antenna Insulators.

Glass and Porcelain Insuwlalors

. |
Compositiornn Insulators Stand-ofF Insulator
Fic. 2.—Tyvpes 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. 'T'his 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 irom walls ur 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.



ANTENNA, LEAD-IN

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 ‘nsulating 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

Hﬂ Window

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
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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.
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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 statc beins 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.
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ANTENNA, TELEVISION.—Nearly every practical type
of television antenna is either a half-wave dipole or some
modification of this fundamental form. The principle of the
half-wave dipole is illustrated by Fig. 1. Two conductors,
usually pieces of metallic tubing, are supported horizontally
in line with each other and at right angles to the direction of
wave travel of the signals. During one instant of time, indi-
cated at the left, the electric field of the electromagnetic wave
is acting in one polarity. At a time one half-cycle later the
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F1Gc. 1.—Induction of signal currents in a half-wave
dipole antenna.

polarity of the electric field will have reversed, as at the right,
and during this interval of time the wave will have traveled
a distance of one half-wavelength.

Free electrons in the antenna conductors are caused to surge
back and forth by reversals of the electric field. The antenna
conductors are made of such overall length that concentra-
tions or surges of electrons have just time to move from one
end to the other during a half-wave of the signal or during
a half-cycle of the signal frequency. When antenna length and
signal wavelengths are thus suited to each other, the signal
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will induce in the antenna maximum electron movements or
maximum signal currents. With other relations between -an-
tenna length and signal wavelength the electron movements
cannot remain in phase with changes of electric field in the
signal, and currents induced in the antenna will be smaller.

_Electron movements induced in the antenna conductors act
through the transmission line and input circuits of the re-
ceiver. Fig. 2 shows the connections for a simple straight

A A

Receiver Receiver
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F16. 2.—Connections to receiver input from a single straight dipole
and from a folded dipole.

dipole at the left, and for the modified form called a folded
dipole at the right.

The simple dipole and all its many modifications are reso-
nant antennas which behave toward received signal energy
like series resonant circuits tuned to the frequency at which
a half-wavelength is equal teo the effective length of the an-
tenna conductors. At this frequency there is minimum im-
pedance to signal currents, as shown by Fig. 3. For the
simple half-wave dipole with straight conducturs this imped-
ance is approximately 72 ohms. The impedance of any half-
wave antenna increases at all other frequencies, both lower
and higher.
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For any given strength of transmitted signal reaching the
antenna, the strength of signal currents delivered from the
antenna will be inversely proportional to antenna impedance.
Consequently, the response always is maximum at the fre-
quency for which a half-wavelength equals the effective length
of the antenna. The response of the simple straight dipole is too
sharply peaked to allow a single antenna to provide satisfac-
tory reception for all channels in the low band or for all chan-
nels in the high band television ranges except in localities
where signals are fairly strong. Modified forms of the dipole

Frequency corresponding to length

— e o o
—— v — f—

Impedance

|
— Freqtlxency———f

F16. 3.—Half-wave dipole antennas act like series resonant circuits
in their change of impedance with frequency.

antenna are employed for the purpose of obtaining broader
{requency coverage without losing too much signal energy, for
increasing the response to signals from one particular direc-
tion, and to lessen the pickup of interference by the antenna.

The modification which has been most generally employed
is the half-wave folded dipole at the right in Fig. 2. This
antenna consists of parallel rods or tubes joined at their outer
ends, and with a gap of one to three inches midway of one
side for connection of the transmission line going to the re-
ceiver. The folded dipole is mounted with its two sides in the
same vertical plane. Spacing between upper and lower con-
ductors usually is two to three inches. The effect of the looped
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ends is to lessen the change of impedance with variations of
received frequency either way from the resonant frequency.
This allows fairly uniform response over a greater frequency
range than with a straight dipole. The change of impedance
with frequency in a folded dipole may be somewhat as shown
at the right in Fig. 3, when the impedance of a straight di-
pole is as shown at the left. The impedance of the folded half-
wave dipole is approximately 300 ohms at the frequency for
which a half-wavelength is the length of the antenna.
Antennas which are variously called V-type, X-type, fan
type, and by other names are illustrated by Fig. 4. Each of
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Fi1G. 4.—V-type or X-type antennas with conduetors in a
vertical plane (left) and in a horizontal plane (right).

the two conductors is bent into the form of a capital letter V.
Center angles usually are between 15 and 30 degrees. At the
upper left the two sides of the V’s are in the same vertical
plane. A less common arrangement, shown at the lower right,
places the sides of the V’s in the same horizontal plane. All
these antennas have broader frequency coverage than the
simple dipole. Impedance at the frequency corresponding to
antenna length often ig specified as 300 ohms. but in some
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styles the actual impedance is more nearly 150 ohms at the
resonant frequency.

Fig. 5 illustrates an antenna which would be of the V-
type or X-type were all the conductors in a single vertical
plane. Here, however, the opposite V’s are at an angle with
each other, inclined toward the direction from which maxi-
mum signal response is desired. In the construction shown
there are three conductors on each side, with the middle con-
ductors slightly longer than those above and below. Some-

’ H Direction of

Received Signal

F16. 5.—A modified V-beam or conieal antenna,
called also an inelined-V.

times the middle conductors are shorter than the others, and
sometimes these middle conductors are omitted. Antennas of
this general style, with the sides inclined forward, may be
called V-beam types or conical types. Impedance at the fre-
quency corresponding to antenna length usually is specified as
150 ohms.

Antenna Length.—The actual physical length of a half-wave
antenna is such that electrical impulses in the antenna con-
ductors will travel from one end to the other during the time
of a half-cycle of signal frequency or during the time in which
the signal moves forward by a half-wavelength. The approxi-
mate number of inches spanned by a full wavelength in space
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may be determined from dividing 11,811 by the number of
megacycles of signal frequency, and the inches for a half-
wavelength by dividing 5,905 by the number of megacycles.

Signal impulses move somewhat more slowly along the an-
tenna conductors than in free space. As a result, a half-wave
antenna must be a little shorter than a half-wavelength in

ANTENNA LENGTHS AND WAVELENGTHS

CENTER HALF-WaAVE FREE SpaceE DIsTANCES

CHANNEL FREQUENCY, ANTENNA, Half-wave, Quarter-wave,
Mc INCHES Inches Inches
2 57 95.3 103.6 51.8
3 63 86.2 93.8 46.9
4 69 78.8 85.6 42.8
5 79 68.8 74.8 374
6 85 64.0 69.6 34.8
7 177 30.7 334 16.7
8 183 29.7 32.3 16.1
9 189 28.7 31.3 15.6
10 195 27.9 30.3 15.2
11 201 27.0 29.4 14.7
12 207 26.2 28.5 14.3
13 213 25.5 277 13.9

space. It is assumed that the average velocity of signal im-
pulses in antenna conductors is about 92 per cent of wave
velocity in space. Taking this percentage of the figure used
for a half-wavelength in space gives the following formula for
length of any half-wave antenna.

5438

Antenna length, inches =
frequency, megacycles

Antenna length may correspond to the center frequency of
any channel. However, when a single antenna is used for all
channels in a band it is usual practice to make the length cor-
respond to a frequency at or slightly higher than the center
of the band. This would be the center frequency of channel 4
in the low band, or of channel 10 in the high band. If signals
are weakest in some one channel, the antenna length may be
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made suitable for that channel in order to obtain maximum
response. The accompanying table gives channel center fre-
quencies, lengths for half-wave dipoles, and also actual dis-
tances covered by half-waves and quarter-waves in free space.
These latter distances are useful when cutting line stubs for
traps and impedance matching.

Antenna Impedance.—Several points should be kept in mind
with reference to impedances which have been mentioned as
characteristic in several types of antennas. First, these im-
pedances can exist at only the resonant frequency, the fre-
quency corresponding to antenna length. At this frequency
the impedance consists of resistance alone, with reactances
cancelling, but at lower and higher frequencies there is an ex-
cess of capacitive or inductive reactance. Then the impedance
may increase to ten or more times its resonant value.

Second, these theoretical impedances are based on the as-
sumptions that there are no nearly conductors or dielectrics,
that there is only a single antenna element (no reflectors,
directors, or stacking), and that the antenna is far above
ground. Obviously, such conditions seldom will occur in prac-
tice.

Antenna impedance is important in relation to matching of
the impedances of antenna, transmission line, and receiver.
With exact matching there will be maximum energy transfer
from antenna to receiver, and both high and low frequencies
in the signals will be uniformly attenuated to allow good re-
production.

When an antenna is of a type which suffers little change of
impedance with frequency it is classed as a broad band type.
Broad band antennas respond quite uniformly to signals in
nmany channels, but deliver to the receiver signals somewhat
weaker in any given channe] than could be obtained from an
antenna more sharply resonant to frequencies in that particu-
lar channel,
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Directional Effects.—At A in Fig. 6 is shown the direc-
tional pattern for a half-wave dipole antenna when receiving
signals at and near the frequency corresponding to the length
of the antenna. If signals from all directions arrive at the
antenna with equal strengths, the energy pickup from the
various signals will be proportional to lengths of the arrows
from different directions. There is maximum response to sig-
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Fi6. 6.—Directional patterns of a straight dipole
and of an inclined V-dipole.

nals approaching along lines at right angles to the axis of
antenna conductors, or with signals coming broadside toward
the antenna. For instance, with antenna conductors extend-
ing north and south, signals from east and west will produce
maximum response. As the signal direction varies from the
right angle relation, the response falls off and becomes a theo-
retical zero for signals traveling in line with the antenna con-
tluctors. The same directional pattern may he shown more
simply by two circles, as at B.

This response to signals from different directions is char-
acteristic of the simple straight dipole, the folded dipole. and
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the single-plane X-type or V-type antennas of Fig. 4. For
antennas of modified V-beam or conical type, Fig. 5, the direc-
tional response is more as shown at C in Fig. 6.

There are changes of directional pattern when the received
frequency is higher than that corresponding to the length of
the antenna. Fig. 7 shows changes such as may occur with
straight dipoles. At A is the directional pattern at low fre-
quencies. At frequencies possibly one and one-half times as

F16. T.—Changes of directional pattern of a straight dipole
with increase of received frequency.

high the two response lobes change to four lobes as at B, with
maximum response to signals from any of four different di-
rections. At still higher frequencies the four principal lobes
become narrower, as at C, and move more nearly into line
with the antenna conductors.

Obviously, this shifting of the lobe positions makes it diffi-
cult to place the antenna in any one position which will allow
maximum response to signals at both high and low frequencies
when all signals come from the same general direction. One
of the principal objects of the forward-V arrangement of Fig.
5 is to crowd the high-frequency lobes so close together
that they occupy approximately the same positions as the two
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low-frequency lobes. Then, with stations in the same general
direction, a single antenna element may provide fairly uni-
form response to signals in both the low and high bands.
There are other types of antennas which accomplish much
the same thing. One such type is illustrated at the top of
Fig. 8. Small rods mounted on a simple straight dipole
form V’s, with the rods and the dipole conductors all in the
same vertical plane. The length of the straight dipole is suited

FiG. 8.—Antennas intended to have good response in both the low band
and the high band.

for low-band channels. Down below is a straight folded di-
pole, of length suited to the low-band channels, with which is
combined a short folded dipole whose sides are formed into
a forwardly inclined V. All the antennas shown by Figs. 5
and 8 may be used for reception in the entire range of low
and high bands where signals are reasonably strong.

Directional patterns may be utilized to good advantage by
turning or “orienting” the antenna cither for maximum re-
sponse to desired signals, or for minimum response to inter-
fering signals, or in a direction giving the best compromise
between desired signals and interference.
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As a general rule an antenna should be oriented to favor
the weakest signal. The position giving best response to a
weak signal is quite critical, but on strong signals there is
little apparent change of response as the antenna is rotated
through a wide angle. The position for minimum response is
useful for reducing interference only when the interference
is a transmitted r-f signal approaching along a line which is
horizontal or very nearly so. When several desired signals
come from directions so different as to make it impossible to
receive all of them with an antenna in any one position, the
remedy is additional antennas with switch control or else a
single antenna which may be rotated to suit whatever signal
is desired.

Reflectors and Directors.—A reflector is a conductor mounted
parallel to the antenna conductors and behind the antenna
with reference to the direction of desired signal waves. Such
an arrangement is illustrated at the left in Fig. 9. At the

Reflector m\
Signal w
Direction

Fi6. 9.—A reflector and the resulting directional pattern.

Antenna

\

right is shown the approximate directional pattern for an
antenna with reflector. The response to desired signals is
increased as much as 30 to 40 per cent, while response to
signals from the opposite direction is greatly reduced. There
is a great increase of front-to-back signal ratio.

A reflector for any style antenna most often is a continuous
straight length of tubing, although the reflector sometimes is
of the same form as the antenna and may consist of two or
even more than two pieces of conductor placed end to end.
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There is no conductive electrical connection from the reflector
to the antenna, the receiver, or anything else. The reflector
may or may not be insulated from the mast.

The reflector most often is mounted a quarter-wavelength
back of the antenna, making the distance from antenna to re-
flector equal to half the length of the antenna. With this
separation between elements the reflector is made of the same
length as the antenna. A reflector mounted closer to the an-
tenna should be somewhat longer than the antenna conductors
in order to allow maximum signal strength. The reflector
length may be as great as that of a half-wave in free space
according to the preceding table. A reflector may be mounted
more than a quarter-wavelength back of the antenna, in which
case the reflector should be somewhat shorter than the an-
tenna to have maximum signal response. Closer spacing nar-
rows the band of frequencies in which there is good response,
while increasing the sensitivity at the frequency for which the
antenna is cut. Greater spacings have opposite effects. Spac-
ings of less than a quarter-wavelength tend to lessen the im-
pedance of the antenna.

To make the antenna system even more sharply directional, a
parallel director may be mounted in front of the antenna while
the reflector remains back of the antenna. Director construc-
tion and mounting are like those for reflectors, but the direc-
tor usually is only about one-tenth wavelength from the an-
tenna conductors, With this separation the director is made
the same length as the antenna, while with greater separation
the director should be about five per cent shorter than the an-
tenna. A director not only makes the antenna more direc-
tional, it also reduces the frequency coverage and has some
tendency to reduce the impedance of the antenna at the reso-
nant frequency. Mounting the director farther than one-tenth
wavelength from the antenna tends to leave the frequency
band a little wider.

When spacing between an antenna and a reflector or director
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is specified as a fraction of a wavelength, this spacing changes
with every change of received frequency. A separation of 13
inches is about a quarter-wavelength for channel 13, but is
about 145 wavelength for channel 2. At lower frequencies the
reflector or director moves closer to the antenna so far as
wavelength fractions are concerned, and at higher frequencies
these elements move farther from the antenna. Whether an
element mounted parallel to an antenna acts as a reflector
or as a director depends on the spacing in fractions of a wave-
length. At spacings of more than 1; wavelength the element
tends to act as a reflector, while at lesser spacings it tends to
become a director. For an element to remain a director for
channel 13 the spacing would have to be no more than 8
inches. This close spacing would prevent the extra element
from doing any appreciable good on channel 2. It is for this
- reason that directors are not used to any extent with all-
channel antennas,

In order that a reflector may not act as a director for any
channel it must not come closer to the antenna than about 13
wavelength in channel 2. This minimum separation is about
80 inches. With less separation, and with an antenna suited
for low band reception, the directional pattern could reverse
at lowest frequencies.

Dual Antennas.—One antenna of a length suited to low-
band channels and another suited to high-band channels may
be mounted one above the other on a single mast as in Fig.
10. As illustrated, each array consists of a folded dipole and
a straight reflector. Any other style of antenna may be used,
either with or without reflector and director. One style, such
as a simple dipole, may be used for low-band channels and a
different style, as a folded dipole, for high-band channels.
Usually the shorter antenna for high-band reception is
mounted above the longer one for low-band reception, but this
order may be reversed.

When a single transmission line is used for dual antennas
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the line may go from the receiver first to the high-band an-
tenna and from there to the low-band antenna, or the line may
go to the low-band element and then to the high-band element,
or the two antennas may be connected together through a
phasing- link with the transmission line connected to some
point along this link.

With the antenna structure of Fig. 10 it is possible to
orient the high-band array for best reception from stations in
this frequency range and to turn the low-band array at some

Fic. 10.—High-band and low-band antennas mounted on the same mast.

different angle for best reception at the lower frequencies.
If all transmitters are in approximately the same direction
from the receiver, or in any case where high-band and low-
barid arrays may be turned the same direction it is possible
to use the structure shown by Fig. 11. Out in front is the
high-band folded dipole. Next is the low-band dipole which
picks up its own signals and also acts as a reflector for the
high-band element. At the back of the assembly is a long re-
flector for the low-band element.
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Instead of connecting the same transmission line to both
arrays of a dual antenna there may be two lines, one for the
high-band and another for the low-band elements, with both
lines extending all the way to antenna terminals on the re-
ceiver. T