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PREFACE

To the Twelfth Edition

For nearly twenty years, through eleven earlier editions and a
total issue of more than one hundred thousand copies, “Drake’s
Cyclopedia” has kept pace with the growth of radio and electronics
from the days when a regenerative detector was the last word in
reception to the present radar, FM radio, and electronics in in-
dustry. The rapidity of change, both in the art and in the book,
is shown by a comparison of this twelfth edition with the eleventh.
Twenty-seven per cent of the material in this edition is wholly
new. More than half of the remainder has been revised or rewrit-
ten in the light of present developments and conditions.

The major additions, in the form of wholly new material, are
in the fields of hyper frequencies or microwaves and in industrial
electronics. Of the 85 pages dealing with tubes of all types, more
than three-fourths is new text, which includes description and in-
struction on eleven distinct classes not previously covered. Among
the other principal additions are those in the sections on photo-
tubes and photocells, on oscillators of all kinds, on all the generally
used rectifiers, and on industrial applications such as electrostatic
heating and induction heating.

Material which has become wholly obsolete has been taken out
of the book, although, to fully preserve the reference character of
the Cyclopedia, some of the early material has been retained in
drastically condensed form rather than being wholly eliminated.

As in all former editions, explanations are simple and easily
understood, with numerous references to related articles so that
any line of investigation may be followed back to the most elemen-
tary principles if desired. Mathematics is limited to simple arith-
metic and to formulas written out in words, supplemented by
tables which take the place of computations. All the illustrations,
new as well as old, have been especially drawn to show in simplest
manner the practices and principles explained in the text.

o . . HaroLp P. MaNLy
L. O. GorpER
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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-und Electrical.

A.

a.
A.C.a.c.
or a-c

A.F. alf.

or a-f

AW.G.
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pk
C.p.s.
C.W. or
cw

D!

area
ampere
alternating current

audio frequency

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

. Birmingham 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. deci-

db decibel

D.C.,d.c.direct current

or'd-c .

D.C.C. double cotton covered

D.S.C. double silk covered

DX °© distant

E. effective voltage

e. instantaneous voltage

E. filament or heater .
supply voltage

E, plate supply voltage

E. grid bias supply
voltage

E.C. enamel covered '

Eq screen supply voltage

E, filament voltage

E, grid bias voltage

E. heater voltage

E. maximum voltage

e.m.f. electromotive force

E, plate voltage .

E screen voltage

F magnetomotive force
or luminous flux

f frequency

G or g conductance or elec-

trostatic stress
G mutual conductance
H magnetizing force

——



ABSORPTION, DIELECTRIC

henry (inductance)

high frequency

effective current

instantaneous current

interrupted continu-
ous wave

intermediate‘fre-
quency

filament current

grid current

heater current

maximum current

plate current

emission or saturation
current

dielectric constant

coefficient of coupling
or other constant,
also kilo-

kilocycle

kilowatt

self-inductance

length

low frequency

mutual inductance or
mega-

meter (of length), also
milli-

microfarad

millimeter

micro-microfarad

millivolt

number of (turns, etc.)

average power (watts)

instantaneous power

potential difference

photoelectric cell

power factor

-
D

an

w

P
Q

Rorr

maximum power .
quantity (coulombs or

ampere-hours)
resistance

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

or r-f

R,

(-]

9

RN nn gD
Tarnng ok

£od
5 Sty

filament resistance

grid resistance

root-mean-square

output resistance

plate resistance

elastance, also photo-
cell sensitivity

single cotton covered

single cotton over
enamel :

radio distress signal

single silk covered

single silk over enamel

sensation unit

period

time

tuned radio frequency

transmission unit

undistorted power
output

potential difference

velocity or volt

vacuum tube

work or energy

watt

reactance

capacitive reactance

inductive reactance

admittance

impedance

grid impedance

plate impedance

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

"/



ACOUSTICS

ACOUSTICS.—The science of sound. See Sound.

AERIAL.—See 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 increases 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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Sparking Voltages Through Air.

AIRCRAFT RADIO.—See Aviation, Radio in.

AIR CELL BATTERY.—See Battery, Air Cell.

ALTERNATING CURRENT.—See Current, Alternating.

ALUMINUM.—The resistance of an aluminum conductor
is about 1.67 times that of an annealed copper conductor of the
same size and length. However, aluminum weighs only 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.—See Meters, Ampere and Volt.

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, .

thre
Ampevetums

OneA mpcre our

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, :

- 100to1 -
Amplification ( \ /
We?ski ég%o[ninq Str;oqr’zz% /rcoming

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 ampllﬁca-
tion in which the output voltage of one electronic tube circuit is
used as the input voltage for a following tube circuit, or in which

\ 1
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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.

Coupling Coupling coupling

Tube

e Amplifier ~ /5t. Stage  2ndStage SrdStage
e g Three Stage Amplifier

A Two-Stagz 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 -
2 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 load 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 15,000 X 0.0034 = 510 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 85.5 =- 50 = 17.1. For other values of
plate load resistance and of plate supply voltage there would be different
values of voltage amplification or gain, any 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 or 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 load 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. 2

AMPLIFIER.—A device, which increases the voltage or
power of a signal by furnishing additional power from itself
through the use of electronic tubes is called an amplifier. The
input signal which controls the local power may come from an
antenna, a microphone, a phonograph pickup, a photocell, a
detector tube or a transmission line. The output power may feed
another transmission line or amplifier, or it may operate a loud
speaker or other reproducer for the signal.



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 source 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. ' :

Tuse Nl SRURISR  Tusene2 e
= . ma
I Aoy Zasy fo iy
INPUT Ip-18ma 21.8 ,\Q
= Mma
I outpuT
4| B3 [ B2 B-1
i a—a oo |s
o0V

45V 1125V 45V

PLATE OF NQ2

————
PLATE OF N2 1
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 the coupling resistor and battery, B-2. Thus the coup-
ling resistor is included both in the plate circuit of the first tube and in
the grid circuit of the second tube. This coupling resistor of 37,500 ohms
carries the 1.8-milliampere current for the first tube, consequently there

is a drop of 67.5 volts across this unit, with the upper end at the lower .

voltage. . . .
© A plate potential of 135 volts for the second tube is furnished by bat-

N
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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 resistance drop and the
battery voltage, or to 22.5 volts.

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

Thus it is seen that both tubes are supplied with potentials suitable for
all their elements. In this particular example there is no plate potential
higher than 135 volts, yet there is required a total of 252 volts in the
batteries. This requirement of excess voltage is the chief disadvantage of
this method of ‘amplification.
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F16. 2—The Loftin-White Amplifier.

If a voltage is applied to the input terminals of Fig. 1 in such direction
that the grid of the first tube is made more positive, then the plate current
of this tube will be increased. The increased plate current flows through
the coupling resistor and produces a greater voltage drop across this umnit.
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 accomn-
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



AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE COUPLED
]

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 bétween 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. Seealso 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 JCOND. GRID
il

L R\

C== B+

’

FigG. T.—Principle of Impedance Coupling.

The plate circuit for audio frequency changes in the left hand tube
includes impedance cail- 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 c011 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 insthe 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.

\]



AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE COUPLED

Inductance Required in Chokes.—In order to produce dis-
tortionless amplification the impedance of the choke coils or imped-
ance units must be large for reasons which will be explained.

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

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

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

Tube srorens cavoenser

’@
eak’

Grid
L

B-Battery

F16. 2—The Impedance Coupled Audio Amplifier.

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

The plate resistance of ordinary audio frequency amplifying tubes is in the
neighborhood of 10,000 t> 12,000 ohms. If we wish an impedance in the
choke equal to three times the plate resistance in chms 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 th¢ low limit but in some
of the better types frequencies of thirty or even twenty-five cycles are well
amplified.

. The impedance of the choke coil is composed of inductive reactance due
to the choke’s inductance, of capacitive reactance due to the distributed ca-



AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE COUPLED

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

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

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

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

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

InpuctanceEs ReqQuirep N Impepance Courring Cors

Lowest Note—25-cycle Frequency|Lowest Note—50-cycle Frequency
Tube Plate

Resistance
in Ohms 90% 95% 97% 0% 95% 97%
Uniformity|Uniformity|Uniformity| Uniformity\Uniformity| Uniformity

|

2,000 25 38 50 13 17 25
5,000 65 95 125 31 42 63
10,000 125 190 250 63 84 125




AMPLIFIER, AUDIO FREQUENCY, PUSH-PULL

AMPLIFIER, AUDIO FREQUENCY, PUSH-PULL.—
A push-pull amplifier employs two similar tubes working together
in a single stage of amplification. This system is used generally
where high quality, high power output is required and is found
in radio receivers, in transmitters, in public address systems and
in sound picture amplifiers.

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

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

3

INPUT OuTPUT

1Sl =

F16. 1.—Elementary Push-pull Circuit.

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

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

" tube working alone.

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

The real reasons for employing push-pull amplification include
a reduction of harmonic distortion and of amplitude distortion, a

GEPARATE COMBINE.D
PLAITE |cu RIRENITS EFFECT
-0+
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CONTROL GRIDS

Fic. 2—Combining Plate Currents in Push-pull Amplifier.

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

The flow of direct plate current through the primary winding of the
output transformer is indicated by the arrows in Fig. 3. This direct cur-
rent flows one way through half the winding and in the opposite direction
through the other half. Thus the magnetizing effect of this direct current
on the core iron cancels -out, and no matter how great the direct plate cur-
rent it cannot cause saturation of the iron. Large signal currents can then
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produce proportionate changes in magnetic flux
rather than being cut off by a saturation bend
. in the magnetization curve of the iron.

Operation of a single tube on the lower

bend of the grid-voltage, plate-current char-

acteristic would cause great harmonic distor-

tion. In a push-pull stage the resulting un-

equal amplification of positive and negative

signal impulses is compensated for as shown

in Fig. 4. Again the voltage and current

curves for one tube are shown in full lines

and those for the other tube in broken lines.

At a the separate plate currents are indicated

8-1 Ip+ and it may be seen that the lower loops are

F16. 3—D.C. In Output smaller than the upper ones. These large and

Transformer Primary. -small plate currents combine their effects in

the output, both working together as indicated

at b. The currents add as shown at ¢ where it is apparent that the inequal-
ities have disappeared.
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Fi6. 4—Balancing Unequal Changes of Plate Current.
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The elimination of harmonic distortion shown in Fig. 4 actually takes
place only when the grid bias or the operating point comes at the middle
of a horizontal projection of the curved portion of the characteristic and
only when this curved portion is part of a parabola. This point is marked
“low bias” in Fig. 5. Any other bias point causes distortion, even with
matched tubes. Consequently with commercial push-pull amplification it
is not permissible to employ excessive grid bias to allow application of
voltages higher than usual in the signal input.

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

PLATE
CURRENT

V8 Pt I (R IV RS SR . S

- GRID IVOLTS 0

1
LOW USUAL
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Fic. 5—Biasing Points on Characteristic Curve.

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

Biasing half way down on the bend would mean about double the usual
bias, would allow application of about double the usual signal voltage
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 #xde
then working down past its point of plate current cutoff and Auing no
uvseful work.
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With correct design and layout and with correct operation of a push-

pull stage the second harmonic and all' other even harmonics are almost

completely cancelled in the output. However, the odd harmonics do not

. cancel and the most serious distortion comes from the third harmonic

rather than from the second as with a single tube. The total harmonic

12.751
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F16. 6—Harmonics with Push-pull Amplification.

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

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

E] e%. b_’c
| T T =

F1c. 7.—Connections of Plate Circuit to Filter.

An ordinary power unit filter system is illustrated in Fig. 7. At point
a the rectified current has had no filtering, at b the current has been filtered
by one section and at ¢ it has been filtered by both sections. Ordinarily a
single power tube is supplied with practically pure direct current for its
plate from point ¢. But with push-pull systems it is found possible to take

N
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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 smiall 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.

| BALANCER.
< /.//

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

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

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

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

windings. In rare cases the trans-

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 boththe grid leads as
shown in Fig. 9. Unbalané¢ing in push-
pull circuits causes troubles which may
be remedied by any one or more of
the methods illustrated in Fig. 10.
Either one or both halves of the input
transformer secondary may be bypassed with a condenser or with a
resistor and at the same time it may be necessary to insert either a choke
coil or a 50,000-chm resistor in the lead from the center tap of the jnput
transformer to the biasing point or the C-minus connection.

F16. 9.—Oscillation Prevention.
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F16. 10.—Remedies for Unbalance. Fi6. 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.

3
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Fic. 12—Dual Push-pull Amplification.

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

This dual push-pull system requires the use of an interstage transformer
having both the primary and the secondary center tapped. The circuit con-
nections can be seen in Fig. 12 where it is shown that the special inter-
stage transformer is the only variation from a single stage of push-pull
amplification,
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AMPLIFIER, AUDIO FREQUENCY, RESISTANCE
COUPLED.—Resistance coupling, or resistance-capacity
coupling, developes signal voltage changes across a resistor in the
plate circuit of one tube and applies these changes through a con-
denser to the grid circuit of a following tube. Connections for
resistance-capacity coupling are shown in Fig. 1.
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" F16. 1.—Resistance-capacity Coupled Amplifier.
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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.

n_
TUBE PLATE é U

STOPPING
RESISTANCE CONDENSER
a5
PLATE .~
RESISTOR ~— TUBE

TUBE

F16, 2—Simplified Diagram of Resistance Coupling,

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

In Fig. 3 it may be seen that the voltage applied to the grid of the
second tube is that developed across the grid leak, also that the stopping
condenser is in series with this leak. The voltage developed across the
plate resistor is applied to the stopping condenser and the grid leak in
series, therefore this voltage divides between the condenser and the leak.
1f 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.

DIATE ] SioPPnG L

RESISTANCE | COND,2 .
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GRID T
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= 5
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Fi16. 3—Condenser and Grid Leak F16. 4—Coupling Circuit
in Series. without Condenser.

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

grid leak resistance in ohms

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

coupling factor =

This coupling factor will be 0.9 or more unless the capacity of the stop-
ping condenser is made so small that its reactance at the frequency con-
sidered becomes equal to more than half the grid leak resistance in ohms.
At a frequency of 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
inohms inmfds. in ochms in mfds.

1,000.000 0.0315 300,000 0.0095
750,000 0.0235 250,000 0.0078

500,000 0.0157 200,000 0.0063
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By using a suitable capacity the stopping condenser reactance may be
made of such small value that it may be neglected, the plate resistor and
grid, leak then being considered as in parallel with the circuit of Fig. 4,
whereupon the effective resistance in the tube’s external plate circuit is
equal to: .

plate resistor ohms X grid leak ohms
= effective circuit resismnce

plate resistor ohms + grid leak ohms

Then the nominal amplification of the entire resistance coupled stage,

including the tube, is found from the following formula:

effective circuit resistance

Stage __ amplification % coupling

amplification — factor of tube factor tube’s plate n R A

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 mifd. stopping condenser is approximately 159,000
ohms. Placing this value, and the 500,000 ohms of the grid leak, in the
first formula the coupling factor is found to he 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 calculatéd from the third
formula by substituting the known values. The amplification is found to
be 7.273. Since the amplification of the tube is 82, that of the coupling
alone must be 7.273 divided by 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 negative charge can pass away from the grid by way of the grid
leak to the cathode or filament. Thus, to allow use of a large capacity
stopping condenser without danger of blocking it becomes necessary to.
use with it a low resistance grid leak to allow sufficiently rapid dis-
sipation of the grid's negative charges.

Examination of the formulas for coupling factor and for effective cir-
cuit resistance shows that a lower resistance grid leak lowers both of these
factors. For example, were the grid leak of Fig. 5 to be made 100,000
ohms instcad of 500,000 obms 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 1s made of the highest resistance
which will not cause blocking of the tube.’
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Fic. 5.—Typical Values for Resistance Coupling.

+

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

The voltage drop across the plate resistor must be added.to the actual
plate voltage to find the voltage required from the source. In the example
of Fig. 5 the tube may be assumed to require a plate current of 1.0 milliam-
pere or 0.001 ampere through the resistance of 150,000 chms 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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T

Fle. 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, 0
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Fi1c. 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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Fi. 2—Circuit for Transformer Coupling.

s tube input impedance X turns ratio

Stage o emplification

ga factor input + turn.r2 tube plate .
impedance ( ratio re:i.rtance
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Fm 3 —Simphﬁed Dlagram of Transformer Coupling. \\
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This formula_makes no allowance for the effect of frequency on trans- \ —
‘ormer reactance nor does it allow for such factors as leakage reactance
and distributed capacity.

. mitting from consideration the plate current supply and the grid bias-
Ing rasistors, both of which are bypassed to prevent their having any
ettect Ga signal currents, the amplifier of Fig. 2 may be redrawn as in
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Frc. 4—Secondary LoAd as Reflected in Primary.
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Fig. 3 where common values have been assigred for the terms used in
the formula. The stage gain calculated from these values is approximately
17.4, whereas the product of the amplification, factor (8) and the trans-
former ratio (2.5) would show a gain of 20.

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

I
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F16. 5.—Frequency Effect on Inductive Reactance.

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

This apparent primary resistande actually is in parallel with the pri
mary’s inductive reactance, angd-‘this reactance varies directly with fre-
quency. The reactance_i(s_ small at low frequencies and becomes steadily
larger as the aperaing Irequency is increased. The variation of reactance
with change {of frequency from 100 cycles to 10,000 cycles for a primary
inductance off 20 henrys is shown finFig. 5. This reactance and the apparent
resis}mm. ‘m parallel result in a plate eircuit resistance which always will
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Fi1c. 6.—Frequency Effect on Apparent Resista:gde.

be less than the value of either the resistance ﬁe remctance alone. The

change in plate circuit resistdnce with chang 5,,;5 ¥requency is shown in

Fig. 6. The small resistance at low {requcr__’-y,cs causes a great reduction
of amplification at these irequencies. P o

At high audio frequencies the byp: < £ing effect of the c}lstrlbuted
capacity in the transformer seconga;-y winding becomes important.
As indicated in Fig. 7 this distridted 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. ’

DISTRIBUTED TUBE-
CAPACITY) CA/F’ACITY
imswm  mamann
]
1
:
1

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. The secondary cur-
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Fre. 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,

o

Fic. 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 circdit, 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 h'aving 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

F1c. 10—Parallel Feed Connections for Choke and Ordinary Audio_
Frequency Transformer. e

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. 0

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

With choke feed to the plate circuit, the choke coil should have an induc-
tance of fifty henrys or more and must be wound with wire large enough to
carry the plate current. Speaker coupling chokes and amplifying chokes
may be used here. The coupling transformer may be of any value between
0.01 mfd. and 1.0 mfd. depending on whether it is desired to provide a tuned
circuit employing the.primary of the transformer as the inductance.

v
.
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A parallel plate fecd through a resistor in place of a choke is shown in
Fig. 11. The auto-transformer connections of Fig. 10 might be used here. Direct
current for the plate circuit flows only through the resistor while the audio
frequency current changes flow through both the resistor and the eoupling
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

i or
Ce oupling
condensér
, - Iéaf
Plate V-4
leed
rescslor
lo &+ Pl

Fic. 11.—Parallel Feed with Resistor and Transformer.

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

The coupling condenser and the transformer primary provide capacity and
inductance for a series resonant circuit. The reactance of the condenser in-
creases as the frequency drops while the reactance of the primary winding de-
creases with drop of frequency. Resonance will be obtained at the frequency
for which the two reactances become equal. The transformer primary reac-
tance depends not only on the apparent inductance of this winding but also on
other factors such as the reactance due to leakage flux. With windings of
ordinary proportion the tuning condenser will lie between 0.01 and 0.05
microfarads for resonance between fifty and eighty cycles. If it is not
desired to make the circuit resonant at a low frequency, the coupling trans-
former may have a capacity of from one-half to two microfarads which will
increase the amplification at all frequencies over that obtained with the small
capacities.
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AMPLIFIER 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 “class 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 fall outside of the confines of this straight portion of the curve.

\El EIUQLENT
INPUT |
SIGNAL 15| [
NG Hrd
Fre, 1-A.—Class A Operating . B.—Circuit Connections for
Characteristics. Class A Operation,

In general, all radio frequency :;.mpliﬁer stages in radio Te-

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 inpitt im-
pedance, Inasmuch as no current flows in the grid circuit, it is
impossiblé 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.e., E;x I, 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-TWO TYPE 46

PLATE VOLTS=300 GRID VOLIS=0

3 PRIM. _
INPUT TRANSFORMER VOLTAGE RATIOI/Z SEC-2'2

INPUT TRANSFORMER PEAK POWER EFF.=79 %
OUTPUT LOAD, PLATE TO 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 class B use in which plate current cut-off occurs near
the zero zrid bias region. The theoretical maximum efficiency
of this type of amplifier is approximately 78 per cent. A class B
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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
current.

A “class C amplifier” is one in which the grid bias is appre-

DYNAMIC TRANSFER CHARACTERISTICS
CLASS B OPERATIO

TYPE a6
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Fi16. 3—Dynamic Transfer of Characteristics of a
Class B Amplifier.

ciably beyond the value necessary 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 amphi-
- 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 measuremcnts 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.

BIASING BATTERY
o——iji— —o-
R
INPUT ouTPUT
Ry
o = o+

PLATE BATTERY
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
causcs 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
coastant factor. )
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Should greater amplification be required a second stage may be
- added as in Fig. 2 where resistor R2, already in the plate circuit
of the first tube, now is included also in the grid circuit of the
second tube. Since the upper end of R2 is connected to the second
tube’s control grid and the lower end to this tube’s cathode, the
voltage drop across R2 will apply a negative bias to the second-
tube. This voltage drop ordinarMly 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

SECOND BIASING
BATTERY

Hil= v L o
| 5

— .
o R Ro R 2
a. 1 g
Z O

o- Hiifi—= Hifih
PLATE PLATE
BATTERY BATTERY

F16. 2—Two-Stage Direct Current Amplifier.

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

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

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

- q'llll + B/-;LANC.ING RESISTOR
BALANCING :

BATTERY

- —— -

+
ol
PLATE BATTERY
F1c. 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 frequency 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 Receiver, 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. '
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'i‘uned 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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Fi6. 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 % effective plate

Voltage mutual resistance circuit resistance

amplification — conductance

tube plate 4+ effective plate
resistance circuit resistance

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

amplification % effective plate

1% qltage _ factor circuit resistance

amplification tube plate 4+ effective plate
resistance circuit resistance

SHIELD ™

SECONDARY
RS

PRIMARY

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

LTy

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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.\ 2 secondary 2
( 0.00628Xf”quency m) X ( inductance )

’ lEtﬁ‘ ect ive_t HIEE microhenrys
ate circuit = - S — S
resistance secondary high X (turns ratio)?

frequency ohms

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

Substituting these values in the formula for effective plate circuit resist-
ance the result is approximately 92,500 ohms. This value for plate circuit
resistance now may be used in the formula for voltage amplification and
the calculation shows a gain of about 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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Fi6. 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.
1f the transformer has no such correction for frequency response the ampli-
fication will increase with increase of frequency because the plate load is
inductive'in such transformers and the inductive reactance increases directly
with frequency. This inductive reactance forms the major portion of the
plate circuit’s effective resistance.

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

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

At the left hand side of Fig. 3 the transformer primary is of small
inductance. Its natural frequency is high, much higher than any frequency
to be amplified. The increase of amplification with increase of frequency
in such a stage will be about as shown by curve A 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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F16. 5.—Sideband Widths at Various Carrier Frequencies.

use of more primary inductance or by the use of tuning in the primary
circuit as indicated at the right hand side of Fig. 3. Now the response of
the primary alone will be about as indicated in curve B of Fig. 4. The
voltage developed across the primary decreases with rise of frequency
because this rising frequency departs more and more from the natural
frequency or resonant frequency of the primary. The falling off of voltage
f 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 neutralizing 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 frequency circuit depends chiefly
on the circuit’s high frequency resistance, the greater the resist-
ance, the poorer the selectivity or the broader the tuning. This
kind of resistance becomes rapidly larger as the operating fre-
quency is increased, and the tuning becomes broader. The change
in broadness of tuning with increase of frequency in a typical
radio frequency stage is indicated by the curve of Fig. 5. Ten-

. kilocycle separation is shown by the horizontal line, and it may
be seen that in this particular example it is impossible to attain
this degree of selectivity at any frequency above 850 kilocycles,
while the tuning below this fréquency is se sharp as to cause side
band cutting.

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

AMPLITUDE DISTORTION.—See 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 which an electric

* current enters an electrolyte, a vacuum or any other medium on its
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Anodes and Cathodes in Electric Circuits.
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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
electrode connected to this positive terminal. In a vacuum tube
the plate is the anode while the filament is the cathode. See also
Cathode.

ANTENNA.—The antenna includes the wires or conductors
which extend outside of the receiver proper and which are affected

Symbol for \ \ Transiitting”™
ntenna\b\\ / /Ag_;/a//”

Receiving

Antenna ___T—.—-———- =
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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
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F16. 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.

Capacity oF Horizontar SiNgLE WIRE ANTENNA

e Horizontal Portion of Antenna—Length in Feet

Height in
Feet 30 ft. 45 ft. 60 ft. 75 ft. 100 ft.
20 ft. 59 Mmfds | 83 Mmfds | 111 Mmfds| 139 Mmfds| 179 Mmids
30 ft. 58 Mmfds | 81 Mmifds | 109 Mm{ds| 131 Mmfds| 175 Mmids
40 ft. 57 Mmfds | 80 Mmfds | 107 Mmfds| 123 Mmifds| 173 Mmids
60 ft. 57 Mmfds | 80 Mmids | 105 Mmifds| 121 Mmfds| 171 Mmfds

100 ft. 56 Mmids | 79 Mmfds | 104 Mmids 119 Mmfids| 169 Mmfds

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

Length in Feet of Horizontal Portion of Antenna
An.tenn.a
Height in 30 ft. 45 fr. €0 . 75 fr. 100 ft.
Hor~Vert. | Hor—Vert. | Hor.—Vert. | Hor~Vert. | Hor—Vent.
20 ft. 5940 8340 11140 13940 18240
30 ft. 58-56 81-56 109-56 131-56 175-56
40 ft. 57-71 80-71 107-71 123-71 172-71
60ft. ° §7-103 80-103 105-103 121-103 170-103
100 ft. . 56-166 79-166 104-166 l 119-166 168-166

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

Inductance of Antenna.—The horizontal portion of the an-
tenna and the vertical lead-in not only have capacity but also
have inductance even though they are 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 2nd the number following
the hyphen gives the inductance of the vertical lead-in.

INpucTANCES IN ANTENNA SYSTEMS—MICROHENRIES

Length in Feet of Horizontal Portion of Antenna

l}_}ltenna

=n

hist ok 306 | 456 | 60 75 £ | 100 ft.

Hor.—Vert. | Hor.—Vert. ’ Hor.~Vert. Hor.—Vert. | Hor.-Ver:.

20 ft. 20-10 010 | 41-10 50-10 ’ 68-10
30 fr, 20-15 30-15 41-15 $1-15 69-15
40 ft. 20-21 30-21 42-21 52-21 71-21
60 ft. 20-34 31-34 42-34 §3-34 72-34
100 f, 20-61 31-61 42-61 ‘ 53-61 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 reason the total inductance of antenna
and of lead-in is not as great as the sum of their separate inductances as
would be the case with lumped inductances in series. Nor is it as small as the
inductances of the two in parallel. Practice shows that the approximate
effective inductance of antenna and lead-in may be found by adding the two
together and dividing their sum by three. Thus, for an antenna system forty-
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five feet long and forty feet high it is seen that the inductance of the hori-
zontal portion is 30 microhenrics and of the vertical portion 21-microhenries.
Their sum is 51 microhenries and the approximate effective inductance is one
third of 51 or 17 microhenries.

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

'Antenna ' .

Antenna

Circutt INTENNA
Recelver AR o/fzfcm)
Inauctance GROUND

Capacity Equivalent circuit
pactty of 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. See Loop.  One end of a large coil of wire is
sometimes connccied 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 wiré 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
Jf 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 conderser’s
capacity. This is the reason why condenser settings for a certain
frequency or wavelength will change when the antenra coupling is

00 e LD




ANTENNA, COUPLING OF

changed in receivers using variable antenna coupling to control the
selectivity or sharpness of tuning.

The coupling of the antenna to the coil of the first tuned circuit
may be reduced by reducing the number of turns in the antenna
coil. It may be reduced by moving the antenna coil farther away
from the coil which is tuned by the condenser or by turning the
anterna 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

== == (E>
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F1c. 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

J|

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

between these two {requencies becomes
greater as the coupling is increased and

with very close coupling the antenna c/ose .

tuner will respond to either onc of these \ . =

frequencies. See Coupling, Optimum. ,__og ,L
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affecting the first tuned stage is found oose
in some receivers. I I

The use of a tapped antenna coil Or wb=
coupler to obtain wvarious degreﬁs of ¥
coupling is showp in Fig. 3. This changes .
thepnu‘r,nber of .nactive gturns in the fn- Fio. 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 Le of the familiar type consisting of
a single wire attached to the r.coiver or of the loop type. Both of
these are described under their respective headings.

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

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

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

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

Antenna Frequency 159.3

in Kilocycles B v/ Efec:ive Induc:ance 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 réceiver.

FunpaMENTAL FREQUENCIES AND WAVELENGTHS OF ANTENNAS

Length in Feet of Horizontal Portion of Antenna

Antenna
Heightin| 30 ft. 45 ft. 60 ft. 75 ft. 100 ft.

Feet |—— [ VR
Kilo-C Mzter.r,Kilo—C Meters |Kilo-C Meters| Kilo-C Meters|Kilo-C Meters

20 ft. | 5060 59 | 3940 76 | 3145 95 . 2650 113 | 2100 143
30ft. | 4360 69 | 3515 85 | 2875 104 | 2475 121 | 1980 151
40 ft. | 3720 80 | 3085 97 | 2655 113 | 2325 128 | 1855 162
60 ft. | 2950 102 | 2550 118 | 2200 136 | 1910 157 | 1625 185
100 ft. | 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 condcnser is used in series with the antenna and
lead-in the capacity of this series condenser must be taken into account when
using the formula for antenna frequency. For use in that equation the value
of total capacity of antenna, lead-in and condenser is found as follows:

Capacity of % (Capacity of + Capacity of
Series Condenser Antenna Lead-in

Capacity of + Capacity of + CaLpaczzy of
ea

Series Condenser Antenna d-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 widely from the figures given. The relations between
frequencies for different lengths and heights of antennas will, however, remain
in the same ratios to one another when conditions are similar for the installa-
tions.

ANTENNA, HEIGHT AND LENGTH OF.—The effective
height of antenna is considered from the electrical and not the physi-
cal standpoint. The effective height is less than the physical height

Horizontal length

oF antenna

[}
tical hewght Y.
o s

SR S

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 lets 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 50 feet
For five tube, tuned radio frequency sets..60 to 75 feet
For four tube sets with one radio stage....80 to 100 feet
_For three tube regenerative receivers....100 to 120 feet
For one tube sets, crystal sets, etc....... 100 to 150 feet

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

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

An indoor antenna will not deliver as strong impulses to the receiver as
weuld be delivered by an outdoor antenna of the same size but if the receiver
has sufficient amplification the results may be surprisingly good. A receiver
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with one stage of radio and two ‘of audio frequency amplification operated
with an indoor antenna will deliver loud speaker volume from stations two
hundred miles away under favorable conditions. With two stages of radio
frequency amplification this distance range will extend to about five hundred
miles. An indoor antenna increases selectivity and reduces the effects of static
and interference in general.

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

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

Tmsulator /
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Jiige

Antenna

lead-in
F1c. 1. —Installation of Antenna Insulators.

Glass arnd Porcelain Insulators
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Compositiornn Insulators — Sland-of¥ Insulator
F1c. 2—Types of Antenna Insulators.

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

If it is necessary that the antenna turn any corners it should be held well
away from walls or posts by using stand-off insulators as in Fig. 2. A stand-off
insulator consists of a piece of glass or porcelain that -holds the antenna wire
and is itself held by a metal rod or flange that may be fastened to the wall,
post or roof edge around which the antenna turns the corner. There should
be at least two inches of insulating surface between the antenna wire and the
nearest part of the metal support.



ANTENNA, LEAD-IN

* Many stand-off ‘nsulators are made with a porcelain bushing, that is, a
piece of porcelain with a hole through it, which is held in an eye formed on
the metal bolt or screw. These are not as good as the form which provides a
greater length of insulating surface between the antenna and the metal support.’

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

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

Antenna Lead-in Carried Through Tube.

antenna itself, but if the lead-in for this thirty-foot antenna were
reduced to forty feet its inductance and capacity would be only

_about twenty per cent more than that of the antenna.

The lead-in is a part of the antenna circuit and within practical
limits the lead-in should be kept away from everything. This does

‘not mean that an entire pane of glass should be removed from a

window to provide an opening into the building but it does mean
to use stand-off insulators wherever they are required. Becausé
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, .
ceiiings, 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-
tennia 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 rfun
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 clse 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 lighttd as long as any receiver switch remains
closed and will go out when the last receiver switch is opened.

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

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

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

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

A better method of tuning ihe antenna is with a variometer in
series with the antenna circuit. This makes the antenna act as a
fixed capacity while the variometer acts as a variable inductance
with which the antenna circuit may be tuned to resonance at any
desired frequency. The capacity of the antenna will generally be
too great to allow the entire inductance range of an ordinary variom-
eter to be used in tuning over the broadcast frequency band. The
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entire broadcast band will be covered by using only a part of the .
variometer’s total change of inductance and only a part of the tun-
ing dial scale will be employed. In such-a case the capacity of the
antenna system may be reduced by inserting a variable series con-
denser as shown in Fig. 2. This condenser may be adjusted to such
a value that the variometer will tune to resonance over the entire
range of frequencies to be received and use all of its tuning dial.
This method provides great distance getting ability together with
satisfactory selectivity. The construction using this plan is shown
under Receiver, Tuned Radio Frequency. o

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

Consequently, while a tuned antenna circuit will make the antenna more
responsive to the tuned frequency and will bring more powerful signals into
the receiver, the addmonal load of the antenna cxrcuxt prevents the first tube
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from oscillating readily at the tuned frequency. Of course, even with the
antenna tuned, the first tube will oscillate provided the coupling between its
grid circuit and the antenna circuit is made very loose. A loosely coupled
tuned antenna places very little load on the grid circuit of the first tube and
oscillation is comparatively easy.

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

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

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

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

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

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

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

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

Type.

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

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



APERIODIC

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

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

ARGON RECTIFIER.—A hot cathode gaseous conduction -
rectifier using argon gas in the bulb.

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

ARRESTER, LIGHTNING.—A radio antenna has no more
tendency to attract lightning than is found in other metal parts
such as eaves troughs, rain spouts, wire clothes lines, etc. Should
lightning strike an antenna directly no antenna construction and
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no form of lightning arrester would stand the great strain. During
atmospheric storms a certain amount of electrical charge will collect
on the antenna. There is also some charge collected during rain
storms and snow storms. Such charges, if not too large, may leak
off gradually over the connections and supports of the antenna.
They will also discharge through the receiver, causing static noises.

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

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

The foregoing requirements are spec1ﬁed from the standpoint of protec-
tion from electrical discharges but it is also necessary to consider lightning
arresters from the standpoint of radio reception. As with anything else per-
taining to radio the lightning arrester has resistance, capacity and induc-
tance. Too low a resistance bypasses the signals around the receiver and to
ground. The capacity of a lightning arrester is in parallel with the capac-
ity of an antenna and is added to the antenna capac1ty Any inductance in
the arrester is in series with the antenna. This is shown in Fig. 2. Both
the capacity and inductance of the arrester will raise the natural wave-
length or lower the natural frequency to which the antenna responds.

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

Many types of construction are found in lightning arresters.
Some are built with carbon electrodes separated by a thin sheet of
mica. Unless well protected there is danger that dirt or moisture
will short circuit this type. Many arresters are built with brass or
copper electrodes sealed into a tube for protection. Since an arc-
over must occur at 500 volts there can be only small separation be-
tween these electrodes. Another type of arrester has its electrodes
sealed into a vacuum tube. Here it is possible to use a greater gap
because the vacuum reduces the resistance. This type is satisfactory
as long as the enclosing tube remains tight and does not admit air
or m01sture

The electrostatic capac1ty of lightning arresters varies between
five and thirty-five micro-microfarads. The addition of thirty-five
micro-microfarads to the antenna capacity may have a decided
effect on tuning. Lightning arresters having carbon electrodes sep-
arated by sheet mica generally have high capacity because the car-
bon electrodes are very close together. -



ARTICULATION

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

ASTATIC COIL.—See Coil, Closed Field Type.

ATMOSPHERICS.—A form of static. See Static.

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

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

AUDIO FREQUENCQCY.—See Frequency, Audio.

AUDIO FREQUENCY AMPLIFIER.—See Amplifier,
Audio Frequency.

AUDIO FREQUENCY OSCILLATOR.—See Oscillator,
Audio Frequency. 0 '

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

AUDION.—A trade name for vacuum tubes.

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

AURAL RADIO BEACON.—See Aviation, Radio in.

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

AUTODYNE RECEPTION.—See Receiver, Superhetero-
dyne. :

AUTOFORMER.—An Auto-transformer, which see.

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

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

AUTOMOBILE RECEIVER.— See Receiver, Automobile:

AUTO-TRANSFORMER.—See Transformer, Auto-

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

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

Directional transmxtters and recexvers have been employed in several

different systems. In Fig. 1-there is a non-directional transmitter on the
ground, radiating signals with approximately equal strength in all directions.

DIRECTIONAL
// RECEIVER
\ . ON AIRCRAFT
\\6//
NON<D

N/ ‘MI

r; OUN

F16. 1.—Ground Transmitter and
Airplane Receiver.
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Fi16. 2—Airplane Transmitter and
Ground Receivers.

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

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

. or telegraphy.

A third system, generally called the radio, beacon system, places direc-
tional transmitters on the ground. These transmitters emit signals having

"maximum and minimum strengths in certain definite directions, and these

signals have characteristics which allow the pilot or navigator on a ship
to follow a desired course.

By using the Bellini-Tosi direction finder system illustrated in

" Fig. 3 it is possible to avoid the necessity for rotating a loop

antenna. Two fixed loops are mounted at right angles to each
other and are connected to a goniometer consisting of two fixed
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coils within which is a search coil movable on its vertical axis.
The radio field affecting the two outside loops is reproduced within
the coils of the goniometer and the search coil then is rotated
within the coils just as a revolving loop antenna would be rotated
in determining the difection of wave travel. The search coil is
connected to receiving equipment which indicates maximum and
minimum signal strengths. '
The radio field existing around a loop antenna affects the antenna con-
ductors not only in their function as a loop but also as a capacity antenna
¢ _at the same time, and when the loop is turned to the position of minimum
signal the capacity antenna effect still exists. An auxiliary capacity antenna
may be used to induce in the loop a signal voltage in opposite phase to
the voltage from the loop’s capacity effect, thus balancing out the remain-
ing. signal and allowing a sharp reading of minimum strength,

FIXED

FIXED
COILS >

MOVABLE
SEARCH
oL

F16. 3.—Bellini-Tosi Direction Finder.

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

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

f

v

Fic. 4—Radiation from Loop Antennas.

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

As long as the course of an aircraft is maintained within two or three
degrees either side of the equisignal line the long dash remains, but any
greater deviation causes one letter or the other to become distinctly pre-
dominant. Other code letters used in similar interlocking signals may
consist of the pair B (—---) and V (---—) or else the pair D (—--)
and U (- - —). These code signals are listened to with earphones and
this method is called the aural system.
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Fi6. 5.—Equisignal Zones with
Aural System.

Fic. 6.—Reed Indicator.

Visual Signals.—There is also a visual system employing
the principle of the equisignal zone. The radio frequency carrier
waves from the two loops are modulated with two different low
frequencies, one of these being 65 cycles and the other 86.7 cycles.
In the receiving system carried by the aircraft these two modu-
lating frequencies operate two vibrating reeds, one tuned to the
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lower frequency and the other tuned to the higher frequency. The
appearance of such a visual reed indicator is shown in Fig. 6.

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

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

Since the amount of deflection or amplitude of reed movement will in-
crease very decidedly as the aircraft approaches the beacon transmitter,
it is necessary to employ a volume control, usually of the automatic type,
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F1e. 7—Reversal -of Signals as Beacon Is Passed.

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

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

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

Directing the Signal Beams.—Examination of any airways
map, such as that in Fig. 8, shows that regularly traveled courses
radiate from cities in various numbers and at irregular angles.
Thus it becomes necessary to provide means for bringing the
_radiated beacon signals into line with the direction of the airways
actually traveled.

»”
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In the aural type of radio range the two loops are excited alternately,
radiation taking place first from one and then from the other. The field
pattern from each loop may be represented by two circles such as those
marked A4 and those marked N in Fig. 4, the resulting courses then being
indicated by the heavy lines drawn through the intersections of adjacent
circles. If the field strength of one loop be reduced, as by insertion of
resistance in its circuit, the circles will change to some such relative size
as in Fig. 9. The courses no longer are at right angles. The degree of change
in angle between courses depends on the relative power in the two loop
antennas and such a change in power forms one means of adjusting the
angles of courses.
= Another method of shifting the angles of the courses consists of using
a vertical antennd in connection with the regular loop antennas, the com-
bination of the radiation fields from the two antennas serving to effectively
bend the courses to desired angles.

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

Fic. 8 —Typical Angles Between Air Routes.

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

With a transmitter for the visual beacon the radiation fields for one
side of the loops may be considered as indicated in Fig. 10. The fields for
the side bands carrying the two modulation frequencies are shown by the
broken line circles and their radiations are in the directions of the broken

line arrows. But the carrier frequencies, being the same in both loops,
will combine and produce a field somewhat as indicated by the full line
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figure. Radiation from the combined carriers then is in the direction of
the full line arrow.

The equisignal zones or courses may be bent to match the actual airway
directions by varying the amplitude of modulation in one of the systems to
change the power with an effect similar to that indicated in Fig. 9. Change
also may be made by combining the circular radiation from a vertical
antenna with either one or both of the radiations from the loop systems.
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Fic. 9.—Effect of Field F1c. 10.—Radiation from Visual
Strength on Beams. Beacon Transmitter.

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

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

LOOP )W

SINOR | ROTOR

JALN

e 3T
65 CYCLE 87CYCLE
AMPLIFIER AMPLIFIER

F16. 11.—Circuit for Bea¢on Loops.

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

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

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

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

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

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

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

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

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

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

LANDlNG FIELD

F16. 12,—Leader Cable at
Landing Field.
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Fic.' 13—Runway and Boundary
Markers.

waves are in opposite phase the frequency will be lowered. The change in
frequency may be made to operate either a visible or audible indicator.

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

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

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

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

which runway direction may be known, By picking up the signal from this *

second beacon the travel of the aircraft may be correctly aligned.

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

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

SIGNAL BEAM oF BEAM

F16. 14—Landing Beam.

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

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

Aircraft receivers must have great mechanical strength to prevent harm
from vibration. In addition to being provided with cushion mountings it is
the practice to employ tubes which are not microphonic, certain types
having been especially developed for this class of work. Complete shielding
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prevents pickup of interference or of any signals except those coming
through the antenna system, and suitable mechanical enclosure insures
tightness against moisture and dust. .
Volume control must be of the remotely operated type, must be operated
with greatest ease and must be thoroughly effective at all frequencies used.
The low frequency response must be uniform from about 40 to 120 cycles
for beacon signals, and the voice fidelity must be satisfactory between about
200 and 3,000 cycles. To operate the course indicators the low frequency
output must be 10 volts into an impedance of 5,000 to 6,000 chms. These
requirements call for high sensitivity (about five microvolts per meter)
because of the small and relatively inefficient aircraft antenna systems and
the necessity of receiving at distances as great as 150 miles. from trans-
mitters of about two-kilowatt rating. Good selectivity is required because
of the rathér close spacing between channel frequencies in aviation service.
One of the major problems in reception is that of preventing inter-
ference from the ignition system of the aircraft. The magneto is com-
pletely enclosed in a metal box or the ignition distributor is completely
covered. All wiring is covered with copper braid, the high tension leads
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Fic. 15.—Circuits of Typical Airplane Receiver.

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

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

Antennas for Aircraft—Antenna systems used on large
airplanes' and on dirigible airships may be modifications of the
commonly employed T-antenna. The first antenna specially de-
veloped for use with small aircraft is that called a trailing wire
antenna. This type is being generally replaced with a short vertical
pole. Antennas of the dipole type also are used, these consisting
of two similar parts on either side of a coupling coil.

The trailing wire antenna consists of a long, flexible conductor having
a weight attached to the free end and fed out through a guide called the
fairlead in the fuselage of the ship. The length of the exposed conductor,
and its inclination (determined by speed) affect the resonant frequency
of the system. The inclination of such an antenna may introduce an error

4
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called airplane effect into direction finding, and the directional effect of
this type makes it unreliable for beacon signal work.

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

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

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

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

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

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

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

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

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

BACK COUPLING.—See Feedback.

BACK VOLTAGE.—See Electromotive Force.

BAKELITE.—See Phenol Compounds; also Resistance, Insu-
lation.

BALANCED ARMATURE SPEAKER.—See Speaker,
Loud.

BALANCING.—The grid and plate of a tube form a capac-
ity through which energy from the plate circuit may feed back

Tibe Feedback Combined Feedbocks
Bolancing feedback’ :

Fesu/t of Baloncry 79

Fi6. 1.—Combining fhe Feedbacks for Balancing.

_ 12
Bolancing ¥YNCondenser
I '

A

=

% 7
y/ c

L Transformer

N

Hiin—

Fic. 2.—Neutrodyne Method of Balancing.
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to the grid circuit unless balanced by an external condenser feed-
ing back an equal amount of energy in opposite phase. Fig. 1.

Fig. 2 shows the neutrodyne method of balancing, A tap on the
secondary of the plate transformer connects through the balancing

1
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Fic, 3—Roberts Circuit for Balancing.
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Fic, 4—Rice Method of Ba]ancing:

condenser to the grid circuit. Fig., 3 shows the Roberts circuit
in which energy in opposite phase comes from a winding coupled
to the plate coil. With the Rice method, Fig. 4, a balancing con-
dlenser connects one end of the center-tapped grid coil .to the tube
plate,
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To balance a tube proceed as follows: Set the balancing con-
denser at about half capacity, tune in a fairly weak signal at maxi-
mum volume, open the filament or cathode circuit of the tube,
then adjust the balancing condenser to reduce the volume as much
as possible. Using a different tube will require rebalancing.
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Fic. 5.—Balancing Principle of Fic. 6.—Position of Tube Capacity in
the Wheatstone Bridge. a Bridge Circuit for Balancing.
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Fic. 7—The Iséiarad Method Fic. 8.—The Isofarad Balanced
of Balancing. Circuit in Bridge Form,
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Fic. 9—The Neutrodyne Balanced Fic. 10—The Rice Balanced

Circuit in Bridge Form, Circuit in Bridge Form.
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Balancing circuits are in reality bridge circuits in which, across
the source, there are two parallel paths with intermediate points
between which is bridged an indicating element as in Fig. 5.
The tube position is shown by Fig. 6. The Isofarad balancing
system of Fig. 7 is redrawn as a bridge circuit in Fig. 8. Fig. 9
is a neutrodyne circuit drawn in bridge form, while Fig. 10 is a
Rice circuit similarly redrawn,

BALLAST TUBE.—See Tube, Ballast.

BAND SELECTOR.—See Circuit, Band Selector.

BAND, WAVE.—A series of radio.frequencies or wave-
lengths set aside as one of the channels of transmission from sta-
tions engaged in sending out radio signals. -

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

B8O5 KILOCYCLES
Carrier Wave
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wave would cause the side bands to extend five kilocycles on each
side of the carrier, thus using the entire wave band of ten kilo-
cycles from 795 kilocycles to 805 kilocycles. : :

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

BARRIER LAYER PHOTOCELL.— See Cell, Photovoltaic.

BATTERY, A-—Any battery which furnishes potential
and current for filaments or heaters of tubes. Portable receivers

_employ dry cell batteries' or sealed types of storage battery for

this ‘purpose.

BATTERY, AIR CELL.—This is a non-rechargeable pri-
mary battery for furnishing filament current to low filament volt-
age tubes, The construction is shown by Fig. 1. Fig. 2 shows how
this battery drops its terminal voltage by only about 0.15 volt
per cell during the useful life. Depolarization is accomplished by
absorption of oxygen from surrounding air through a carbon
electrode which is the positive plate. The negative plate is zinc,



TABLE 1. EVEREADY AIR CELL “A” BATTERY — APPROXIMATE SERVICE DATA

Estimated Service for Various Closure Periods*

Constant

Milli- 1 Hr. per Day 3 Hrs. per Day 6 Hrs. per Day 12 Hrs. per Day 24 Hrs. per Day
Drain in Amp. Amp. Amp. Amp. Anip. 5
Amperes Hours Hours Days Hours Hours Days Hours Hours Days Hours Hours Days Hours Hours Days

25 20 800 800 60 2400 800 120 4800 800 240 9600 800 450 18000 750
50 39 790 790 115 2300 765 230, 4600 765 435 8700 725 720 14400 600

100 78 780 780 220 2200 735 430 4300 715 695 6950 580 735 7350 305

200 154 770 770 425 2130 710 640 3200 535 630 3400 283 710 3550 148

300 225 755 755 600 2000 665 650 2165 360 660 2200 183 675 2250 94

400 300 740 740 625 1560 520 630 1575 263 635 1590 133 635 1590 66

500 360 720 720 615 1230 410 615 1230 205 615 1230 102 615 1230 51

600 420 700 700 605 1010 335 605 1010 168 605 1010 84 605 1010 42

650 445 685 685 - 600 925 310 600 925 154 600 925 77 600 925 39

*The service values are estimated on the basis of probable battery performance at a constant tem-
perature of 21° C. to a 1.8 volt cut-off,

Shelf depreciation, severity of drain and length of closure periods are major factors affecting battery
efficiency as indicated by ampere hour out-put. For example, very poor efficiency is shown for the
25 milli-ampere drain at one hour per day, whereas superior performance can be expected at 100
milli-amperes on 24 hours per day closure.
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BATTERY

and the electrolyte is a solution of caustic soda. The battery is

shlilpped dry, and is placed in operation by adding water to the
cells,
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Fi6. 1.—Air Cell Battery F16. 2—Dry Cell Air Cell Life
Constructipn. Comparison Chart.

Open circuit terminal voltage is 1.4 volts per cell at ordinary
room temperatures. The battery is designed to deliver about 600
ampere-hours when the current does not exceed 0.65 ampere.
More current drain shortens the life of the battery.

BATTERY, B-—Any battery which furnishes potential
and current for the plate circuits or anode circuits of tubes. Most
B-batteries are of the dry cell type, although small storage cell
types sometimes are employed.

Dry cell B-batteries are assembled with a number of small dry
cells connected together in series and sealed within a case. The
nominal battery voltage is equal to 115 times the number of cells,
Commonly used B-battery voltages are 2214, 45, and 90, al-
though other and higher voltages are used for special purposes.

BATTERY, C-—Any battery which furnishes a potential
for the grid bias of tubes.

BATTERY, DRY CELL.—A dry cell battery consists of a
number of individual cells connected together in series to provide
a total nominal voltage equal to 14 (volts per cell) times the
number of cells. The case or can of each cell is of zinc, which
forms the negative electrode or terminal. In the center is a rod
of carbon, usually with a metallic cap, which is the positive elec-
trode or terminal. Individual dry cells have diameters from
to 215 inches, and heights over the can of 14 to 6 inches. The
sizes are designated by letters.

Battery terminals may be screw types, spring clips, or plug-fn
arrangements. There may be a single terminal of one polarity
and two more of the opposite polarity, allowing more than one
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potential to be secured from the battery. Outer jackets may be
of cardboard or of metal, and sometimes are waterproofed..
Standard discharge tests are made through a 4-ohm resistance.
The intermittent test consists of a 5-minute discharge every 24
hours until voltage per cell drops to 0.75. The continuous test
is a steady discharge to the same end voltage. Following are the
numbers of intermittent tests and the minutes of continuous test

that various dry cells should withstand.

Diameter — Length Intermittent, Continuous,
Type In Inches Number of Tests Minutes
A 5% X1 % VA 25
B %o X2 % 26 65
C 1846 X 1 1346 . 42 90
D 114 X2 100 380
E 1% X2 % 150 550 .
F 114 x 3 e 180 800

BATTERY, PLATE.—See Battery, B-.

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

One cell of a storage battery, re- .
gardless of its size, shape or construc-  Fic. 1—How Positive and
tion will deliver only two volts pres- Negative Plates Alteé“?lte
sure, but its ability to deliver current ™ e SEises (925
or amperage depends upon the size of the plates, the quantity of
material in the plates and the amount of electrolyte in the cell. .

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

Both positive and negative plates are formed of metallic lead frames called
grids. Spaces in' the grids are filled with active material formed from com-

-




BATTERY, STORAGE TYPE

pounds of lead. After manufacture the plates are given several charges and
discharges, called forming. This forming turns the active material in the
positive plate to peroxide of lead, which is reddish brown in color. The
material in the negative plates becomes sponge lead, dull gray in color.
When the battery is connected to the receiver and the flament switch
turned on an action immediately begins to take place between the plates and
the electrolyte. A part of the sulphuric acid in the liquid combines with the
lead in the plates to form lead sulphate and the surfaces of both plates
gradually become covered with this sulphate. The percentage of water in
the electrolyte is increased because of the combining of part of the acid
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F16. 2—The Complete Storage Battery with Cells in Series.

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

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

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

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

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

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

F16. 3.—A Hydrometer, Its Scale, and a Hydrometer Syringe for Storage
Battery Tests.

whether it is properly charged or nearly discharged. The acid is

much heavier than water, and as the proportion of acid in the liquid

becomes greater, the weight of the electrolyte becomes greater.

Therefore, the heavier the electrolyte, the more nearly charged the

battery is known to be.

To find the condition of the battery by testing the liquid, a hy-
drometer is used. The hydrometer is a glass tube having a hollow
bulb with a weight at one end and a thin tube with a numbered scale
- at the other end. When this instrument is allowed to float in the
electrolyte liquid from the battery cells, the point on the scale to
which it sinks indicates the weight of the liquid, The hydrometer
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will not sink so deeply into the heavy liquid having a large propor-
tion of acid as into the lighter liquid when almost all water. The
hydrometer scale is graduated according to specific gravity, which
is the weight of the liquid compared to that of pure water.

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

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

If this gravity is between 1.250 and 1.300, the cell is well charged.
If the gravity is between 1.200 and 1.250, the cell is at least half,
but not fully, charged. Gravity between 1.150 and 1.200 indicates
that the cell is nearly discharged, while gravity of 1.150 or below
means that the cell is 