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PREFACE
To the Fourteenth Edition

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

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

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

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

RADIO AND ELECTRONIGS

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

A.- area
a. ampere
A.C.,a.c. alternating current
or a-c
AF, af. audio frequency
or a-f
AW.G. American wire gage

susceptance 1n mhos

. British thermal unit

. Birminghamwiregage

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

. or continuous wave'
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- dielectric flux density

. . magnetic flux density

d. deci-
db decibel
D.C.,d.c.direct current
or d-c
D.C.C. double cotton covered
S.C. double silk covered
distant
effective voltage
instantaneous voltage
filament or heater
supply voltage
.plate supply voltage
grid bias supply
voltage
enamel covered
screen supply voltage
filament voltage
grid bias voltage -
heater voltage
maximum voltage
electromotive force
plate voltage. . .
.. screen voltage
magnetomotive force
or luniinous flux
frequency
conductance or elecs
trostatic stress
" mutual conductdnée
magretizing force -
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p.d.
PEC
p.f.

.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-
metér (of length), also
milli- '
microfarad
millimeter
micro-microfarad
millivolt
number of (turns, etc.)
average power (watts)
instantaneous power
potential difference
photoelectric cell
power factor

Pu
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Rorr

maximum power
quantity (coulombs or

anipere-hours)
resistance

R.F.rf., radio frequency

or r-f

R,
R,
r-m-s
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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 absorptiofi.



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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AIRCRAFT RADIO.—See Awviation, 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.

One Ampere-hour

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.

i Amplitied
Amplified e
' 10 lo2
\ ( \/ Amplification
Week g S

The Effect of Amplification on Signal Strength.

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

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

e e
age Amplifier /5 Stage  2nd-Stage  drdStage
2t et Three Stage Amplifier

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

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

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

applied between the control grid and cathode.

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

With 9.1 milliamperes (or 0.0091 ampere) flowing in the 15,000-ohm load
the voltage drop in the load will be equal to 15,000 X 0.0091 = 136.5 volts.
With 34 milliamperes (or 0.0034 ampere) the drop in the load will be
equal to 15000 X 0.0034 = 51.0 volts. The change of voltage in the load
will be equal to 136.5 — 51.0 = 85.5 volts. The 5.0-volt change of control
grid voltage has caused a change of 85.5 volts in the load, so the amplifica-
tion or gain of voltage is equal to 85.5 < 5.0 = 17.1. For other values of
plate load resistance and of plate supply voltage there would be different
values of voltage amplification or gain, 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.

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 cdntrols 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 empioyed between the vacuum tubes.

Clissed 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 vt TRENE  tusenoe -
— 1] ma
I E?g. a =520 Ez)jlz%va
INPUT lp-ibma L8 <8

+[ ! OuTPUT
g4[ 83 [B2 BT
S-Sl e}l =——dlalajajafa}
g0V

A5V IS5V 45V

PLATE OF N2

— —
PLATE OF N2 1
Fio. 1.—Simple Form of Direct Coupled Amplifier.

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

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

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

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




AMPLIFIER, AUDIO FREQUENCY, DIRECT COUPLED

teries B-1 and B-2 in series. In this tube’s grid circuit there is the 45-volt
battery B-2, also the coupling resistor with its 67.5-volt drop. The polar-
ities of the battery and of the resistor are opposed, so the grid bias for the
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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Fic. 2—The Loftin-White Amplifier.

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

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

Plate voltage for the second tube in Fig. 2 is equal to the drop of 205
volts -across resistor R-1 plus the drop of 462 volts across R-2, totaling
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251.2 volts between plate and filament center tap. A negative grid bias of
53 volts for this tube is derived from the 99.2 volts drop across the coup-
ling resistor R-¢ 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 2404 volts is subtracted the
sum of the voltage drops across the resistors R-c and R-7, totaling 114.2
volts and leaving a net plate potential of 126.2 volts. Screen voltage for
this tube is equal to the sum of the voltage drops in resistors R-4, R-5 and
R-6 (44.5 volts) from which is subtracted the opposed 15 volts from
resistor R-7, leaving a net screen potential of 29.5 volts.

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

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

AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE
COUPLED.—Impedance coupling or choke coupling employs
a coil of high inductance and impedance to provide coupling
between the plate circuit of one tube and the grid circuit of a
following tube. The principle is illustrated by the diagram in
Fig. 1.

COND. GRID

PLATE  STOPPING |
|

150 .

C== B+

- FiG. I.——Principle of Impedance Coupling. i

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

The stopping condenser isolates the negatively biased second grid from
the positive potential in the first plate circuit and also completes the second
grid circuit through coil L. Grid leak R allows escape of excess negative

. ¢harges from the second grid and allows application of a suitable direct
current bias to this grid. The action of this coupling system is similar to
that in resistance coupling. ’
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Inductance Required in Chokes.—In order to produce dis-

tortionless amplification the impedance of the choke coils or imped-
ance units must be large for reasons which will be explained.

" The power in the plate circuit of a tube is divided between the internal
resistance of the tube and the external impedance which is furnished by the
choke coil. The drop of voltage across the choke is transmitted to the grid
of the following tube with but slight loss and it is this voltage applied to the

following tube’s grid which builds up the signal. The voltage drop across the

resistance in the tube is lost so far as amplification is concerned.

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

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

Tube STOPPING CONDENSER
]

CHOKE Gfr 7 Tube
O —
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 {3 12,000 ohms. If we wish an impedance in the
choke equal to three times the plate resistance in ohms we must have between
30,000 and 35,000 ohms in the choke and if we want an impedance equal to
four times the value of the tube resistance we must have an impedance of
40,000 to 50,000 ohms in the choke. This choke impedance should be figured
at the lowest frequencies to be amplified.

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

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

The ideal choke would consist of pure inductance, without either distributed
capacity or resistance. Some of the well built chokes come reasonably close
to this ideul 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 safcly 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 ra®
sistances around 15,000 ohms. The ordinary voltage amplifying tubes have
plate resistances around 11,000 ohms while power tubes have plate resistances
as low as 2,000 _ohms in some cases. .

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

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

Inpucrances Requirep 1N Impepance CourLing Corrs

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

Resistance
in Ohms 90% 95%
Uniformity|Uniformity

079 | 09 | 959 | 919,
Uniformity|Uniformity |{Uniformity|Uniformity

2,000 25 38 50 13 17 25
5,000 65 95 l 125 31 42 63
10,000 125 190 250 | 63 84 125
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AMPLIFIER, AUDIO FREQUENCY, PUSH-PULL.—
A push-pull amplifier employs two similar tubes working together
in a single stage of amplification. This system is used generally
where high quality, high power output is required and is found
in radio receivers, in transmitters, in public address systems and
in sound picture amplifiers.
. A simplified diagram of grid and plate connections for push-pull ampli-
fication is shown in Fig. 1. The secondary winding of the input trans-
former is provided with a center tap connected to the tube filaments or
cathodes. The outer ends of this winding are connected to the control grids
of the two tubes. The primary winding of the output transformer is sim-
ilarly center tapped, the tap leading (through the B-supply) to the tube
filaments, while the outer ends are connected to the tube plates.
@ A signal current in the primary of the input transformer induces a
corresponding voltage in the secondary winding. It may be assumed that
at one instant the upper end of the secondary becomes positive while the *

INPUT + OuUTPUT
AW l
GRID B— B+
H Bl S

:

Fi16. 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 js 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

\' ;'

L
SEPARATE COMBINED
PLATE CURRENTS EFFECT

|

_<j:)+
- IO+
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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
6-1 I+ and it may be seen that the lower loops are

Fig. 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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‘F16. 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
- J-d- e e X L
= GRID 1VOLTS 0 .

1
LOW USUAL
BIAS BIAS

Fi6. 5—Biasing Points on Characteristic Curve.

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

Biasing half way down on the bend would mean about double the usual
bias, would allow application of about double the usual signal voltage a=nd
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 txbe
then working down past its point of plate current cutoff and @uing no
useful work. .
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* With correct design and layout and with correct operation of a push-
‘pull stage the second harmonic and all other even harmonics are almost
completely cancelled in the output. However, the odd harmonics do not
cancel and the most serious distortion comes from the third harmonic
rather than from the second as with a single tube. The total harmonic

|2n75%
315
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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.
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Fic. 7.—Connections of Plate Circuit to Filter.

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

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

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

INPUT

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

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

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

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

windings. In rare cases the trans-

RESISTORS former winding inductance may tune

with the distributed capacity of the

winding to tune both the grid circuit

and plate circuit, whereupon there is a

feedback through the tube capacity to
cause oscillation.

Oscillation may be suppressed in va-
rious ways. One effective method places
fixed resistors of from 10,000 to 50.000
ohms or more in both the grid leads as
shown in Fig. 9. Unbalancing in push-
pull circuits cau’es troubles which may
be remedied by any one or more of
the methods illustrated in Fig. 10.
Either one or both halves of the input
transformer secondary may be bypassed with a condenser or with a
resistor and at the same time it may be necessary to insert either a choke
coil or a 50,000-chm resistor in the lead from the center tap of the input
transformer to the biasing point or the C-minus connection.

F1e. 9.—Oscillation Prevention.
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Frc. 10.—Remedies for Unbalance. Fic. 11.—Push-pull Output Choke.

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

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

E

INTERSTAGE
TI?I}NSFORMER

BIAS BIAS

B+
Fic. 12—Dual Push-pull Amplification.

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

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

PLATE [ | GRID
il
STOPPHIG
§ CONDENSER
PLATE

RESISTOR

il
-ll||“_‘|

ll"”
|

B+ = S
F16. 1.—Resistance-capacity Coupled Amplifier.

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

]

TUBE PLATE L i

STOPPING

_RESISTANCE CONDENSER

-- a5
PLATE .~ .

;.'.  RESISTOR g~ -TUBEL

TUBE -

Fi6. 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 apphed
‘It will be found that the voltage applied through a resistance
coupling to the grid of the second tube never can be as great as
the voltage developed in the plate circuit of the first tube. The
amplification of a resistance coupled stage, including its tube, is
less than the amplification factor of the tube alone.

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

oare 1 sommeL
RESISTANCE ] COND.#
~ ;i
GRID =
(e T2 R 2%
7EOE g _
PLATE
RESISTOR
== 6
F16. 3.—Condenser and Grid Leak F1c. 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
ca{Jacities are no smaller than those given below for various grid leak
values :

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

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

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

plate resistor ohms X grid leak ohms

= effective circuit resistance
plate resistor ohms + grid leak ohms

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

effective circuit resistance

Stage _. amplification % coupling

amplification — factor of tube factor tube’s plate N eff ective circuit

resistance resistance

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

Typical unit values in a resistance coupled stage are shown in Fig. 5,
for which the stage amplification may be calculated. To find the coupling
factor it is necessary to use the reactance of the stopping condenser at the
frequency to be considered. At a frequency of 100 cycles, for example, the
reactance of the 001 mid. stopping condenser is approximately 159,000
ohms. Placing this value, and the 500,000 ohms of the grid leak, in the
first formula the coupling factor is found to be about 0.953. The effective
circuit resistance is calculated from the values of the plate resistor and the
grid leak with the second formula and is found to be 115,385 ohms.

Then the nominal stage amplification may be calculated from the third
formula by substituting the known values. The amplification is found to
be 7.273. Since the amplification of the tube is 8.2, that of the coupling
alone must be 7.273 divided by 82, which is 0.887 and represents a step-
down of voltage.

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

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

Blocking of the second tube is due to excessive collection of negative

electrons on its grid when a large charge is accumulated by the large
capacity in a stopping condenser. The blocking will econtinue 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 instead of 500,000 ohms the coupling factor would drop to about
0.532 instead of its original value of 0.953, and the circuit resistance would
drop to 60,000 ohms instead of its former value of 115,385 ohms. These
lowered values would bring the stage amplification down to 3.88 from its
former value of 7.273. Thus it becomes apparent that use of a low resist-
ance grid leak results in a serious decrease of amplification,

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

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

The voltage drop across the plate resistor must be added to the actual
plate voltage to find the voltage required from the source. In the example
of Fig. 5 the tube may be assumed to require a plate current of 1.0 milliam-
pere or 0.001 ampere through the resistance of 150,000 ohms which results
in a drop of 150 volts. If the tube requires a plate potential of 65 volts
(plate to cathode) the plate power supply must furnish 150 plus 65 or
a total of 215 volts, of which all but 65 volts is dropped across the plate
resistor.

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

The actual operation of a resistance coupled amplifier is ser-
iously affected at the higher audio frequencies by the capacities

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 mmfds., and in
tubes other than screen grid types the grid-plate capacity will range
between 5 and 10 mmids.

&P
r s ' '
INPUT g; j ardns ““gp'Q l OuTAUT
t T ingl? RO J

F1e. 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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4 value determined by this grid-cathiode capacity, by the grid-plate capacity,
by the tube’s amplification factor and by the resistance or impedance in the
tube’s plate circuit. The paths for escape of signal currents are indicated
by the arrows in Fig. 7. ]

With tube capacities between 5 and 10 micro-microfarads the effective
input capacities of tubes ‘generally employed runs between 50 and 100
mmfds. The decreasing reactance of a 50-mmf{d. capacity with increase
of frequency from 100 to 30,000 cycles is shown by the reactance curve in
Fig. 8. This capacity is in parallel with the resistance of the grid leak so
that the impedance of the combination drops with increasing frequency
about as shown by the impedance curve in Fig. 8 if the grid leak is of
500,000. ohms resistance. The result is that stage amplification shows a
marked falling off toward the higher frequencies.
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Fi16, 8.—Effect of Frequency on Reactance and Impedance.

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

Screen grid tubes, in which there is but an exceedingly small capacity
between control grid and plate, are successfully used in resistance-capacity
coupled amplifiers. With suitable plate resistors and stopping condensers

it is possible for amplifiers employing these tubes to effectively amplify
even the highest audio frequencies.

b e am e e —
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AMPLIFIER, AUDIO FREQUENCY, TRANSFORMER
COUPLED.—The transformer coupled audio amplifier is more
commonly used than any of the other types. In this amplifier the
coupling between tubes is formed by an iron-core transformer hav-
ing separate and insulated primary and secondary windings as in
Fig. 1. The cores provide closed magnetic circuits. Audio fre-
quency transformers have step-up turn ratios of from one and one-
half to one up to ten to one. The operating characteristics and
various details relating to these units are taken up under the head-
ing of Transformer, Audio Freguency, which may be referred to.
Here are considered only the uses of such transformers in a practical
amplifier unit. :

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

F16. 1.—Transformer Coupling for Audio Frequency Amplifier.

than three and one-half to one or four to one. Greater volume on
some notes may be obtained with ratios as high as six to one or
even ten to one but this volume is obtained only on certain fre-
quencies and the amplification at higher and lower notes is far from
good.

Factors Affecting Amplification.—The amplification of a
transformer coupled stage often is assumed as being equal to
the amplification factor of the tube multiplied by the turns

ratio of the transformer. Such amplification is not realized

in practice because of numerous modifying factors. These factors
include the change in transformer primary inductive reactance
with change of frequency, the input impedance of the following
tube connected to the secondary winding, the transformer leakage
reactance, the resistance of the windings and the distributed
capacity of the windings. Some of the factors may be allowed for
in calculating stage gain, but others cannot be arrived at with any
degree of certainty.

An approximation of stage gain in an amplifier such as that of Fig. 2
is given by the following formula: .
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TURNS RATIO
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F16. 2.—Circuit for Transformer Coupling.
tube input impedance X turns ratio
S'aag: = gmplification
g factor input + turnst X tube plate
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F1c. 3.—Simplified Dxagram of Transformer Coupling.

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

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

RATIO=2.5

i = N
: e 00,
80,000 x5 Stivs
OHMS | S T

F16. 4—Secondary Load as Reflected in Primary.
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Fig. 3 where common values have been assigned for the terms used in
the formula, The stage gain calculated from these values is approximately
17.4, whereas the product of the amplification factor (8) and the trans-
former ratio (2.5) would show a gain of 20,

If the primary inductive reactance be neglected then the apparent resist-
ance of the primary winding depends on the secondary load which, in this
case, is the input impedance of the following tube. This reflected value
of impedance as it appears in the primary is equal to the following input
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Fic. 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 resistance actually is in parallel with the pri-
mary’s inductive reactance, and this reactance varies directly with fre-
quency. The reactance is small at low frequencies and becomes steadily
larger as the operating frequency is increased. The variation of reactance
with change of frequency from 100 cycles to 10,000 cycles for a primary
inductance of 20 henrys is shown in Fig. 5. This reactance and the apparent
resistance in parallel result in a plate. circuit resistance which always will
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F16. 6.—Frequency Effect on Apparent Resistance.

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

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

OISTRIBUTED . TUBE-
CAPACITY CA/PACITY

Fig. 7.—Capacities in Transformer Secondary Circuit.

pmame

The effect of primary reactance on low frequencies and of secondary

reactance on high frequencies is shown by the gain curves of Fig. 8 which -

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

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

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

I
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F16. 9.—Remedies for Oscillation.

Parallel Feed Audio Amplifier.—In the usual connection
scheme for transformer coupling the direct current for the
plate circuit flows through the primary winding of the transformer.
In an alternative design, called parallel plate feed, the direct cur-
rent for the plate of the preceding tube is carried through an ad-
ditional choke as in Fig. 10, or through a resistor as in Fig. 11. The
plate circuit of the tube is then coupled to the transformer primary
through a coupling condenser.

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

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

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

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

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

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

With parallel feed it is possible to tune the plate circuit to resonance at
some low frequency at which extra amplification is desired. At the resonant
frequency there will be a decided increase of audio frequency plate current
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Frc. 11.—Paraliel Feed with Raistpr 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.
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F16. 1-A.—Class A Operating B.—Circuit Connections for
Characteristics. Class A Operation.

In general, all radio frequency amplifier stages in radio re-
ceivers and the majority of audio frequency amplifier stages are
of the class A type. \When designed correctly, distortion is at a
minimum. Where large power output is required, a number of
stages are used, terminating in so-called power output tubes
operating at high voltage. No current flows in the grid circuit
of a class A amplifier, thus preventing a change of input im-
pedance, Inasmuch as no current flows in the grid circuit, it is
impossible to rate such an amplifier as to its power conversion
gain. The low efficiency is due to the fact that the normal plate
dissipation, iec., Ep, 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 amplxﬁes one alternation
of the signal voltage, recombination occurring m 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 alternatlon, resulting in a flow of
grid current. Power is dissipated in the grid circuit, requiring
a preceding “‘driver” stage for full excitation of the class B stage.

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

INPUT-CLASS A-ONE TYPE 46

PLATE VOLTS=250 GRID VOLTS=-33
OUTPUT-CLASS B-TWQ TYPE

PLATE VOLTS =300 GRID VOLTS=0

INPUT TRANSFORMER VOLTAGE RAnopg"‘s‘ =2.2

INPUT TRANSFORMER PEAK POWER EFFf.= 79%
OUTPUT LOAD. PLATE TO PLATE=3500 OHMS

Fi6. 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 :rid 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
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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 amph-
fier” are high plate current efficiency and high power output.

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

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

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

A “class BC amplifier” is an amplifier in which the grid
bias and the exciting grid voltage are such that the plate current
flows during less than 180 degrees of the exciting grid voltage,
but the bias is not as great as for a class C stage. The character-
istics of a “class BC amplifier” are intermediate in efficiency and
output to those of class B and class C stages. These amplifiers
are not met with in practice. '
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AMPLIFIER, DIRECT CURRENT.—A direct current
amplifier is an amplifier containing one or more tubes so operated
that application of a steady voltage or a direct current to its input
results in a proportionate but larger steady voltage or direct cur-
rent in the output circuit or load circuit. Direct current amplifiers
are capable of magnifying all frequencies from zero up through
the audio frequency and intermediate frequency ranges, but are not
used for radio frequencies. Other amplifiers especially designed to
work at audio, intermediate and radio frequencies are not ordinar-
ily capable of magnifying an unchanging or steady voltage and
all are relatively inefficient at frequencies below about twenty
cycles. Direct current amplifiers are useful chiefly for experi-
mental work, for laboratory measurements of small quantities, and
for television amplification.

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

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

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

Application of a steady direct voltage to the input terminals of Fig. 1
causes current to flow downward through resistor R1, thus making the
upper end or grid end of this resistor become more positive. Since this
upper end is connected to the tube’s control grid, the grid becomes more
positive and causes an increase of plate current through resistor R2. This
larger current produces a greater voltage drop in R2 and the lower end
of this resistor becomes morespositive with reference to the upper end. If
R2 has sufficiently high resistance and if the applied voltage is not so great
as to make the control grid positive, then the increase of voltage across
R2 will be greater than the voltage applied to the input and each change
of applied voltage will cause a proportionate increase of voltage across
R2. That is, any voltage applied to the input will be multiplied by a
constant factor.

-
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Should greater amplification be required a second stage may be
added as in Fig. 2 where resistor R2, already in the plate circuit
of the first tube, now is included also in the grid circuit of the
second tube. Since the upper end of R2 is connected to the second
tube’s control grid and the lower end to this tube’s cathode, the
voltage drop across R2 will apply a negative bias to the second
tube. This voltage drop ordinarily is greater than the voltage
required for biasing. so part of the voltage in R2 is balanced out
by the second biasing battery which is connected with its positive
terminal toward the control grid. Then,. for example, were the
drop across R2 to be 25 volts and the second biasing battery one
of 22.5 volts potential, there would be the difference of 2.5 volts
for negative grid bias.

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

across the input terminals of the first tube will cause more current to flow
in R2 and will increase the voltage drop in this resistor. This results in
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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.
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Fic. 3.—Balancing the Plate Resistor Voltage.

It is possible to construct a direct current amplifier to operate
without batteries by taking all plate voltages and biasing voltages
from suitable taps on a single voltage divider. This method is
similar to that described for a direct coupled amplifier under
Amplifier, Audio Frequency, Direct Coupled.
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AMPLIFIER, INTERMEDIATE FREQUENCY.—An
intermediate 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 amp'ifier is the same as that of
the impedance coupled audio frequ....y amplifier. In both these
types of amplifiers we obtain a drop of voltage across an impedance
or a resistance in the plate circuit of one tube, and, through a fixed
condenser used as a stopping condenser, we apply the changes in
voltage across this impedance or resistance to the grid of the fol-
lowing tube. :

GRID CONOENSER OR 5 4
STOPPING gg COND.

Tuned Impedance Coupling for Radio Amplifier.

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

With the coil and condenser tuned to resonance they offer maxi-
mum impedance and there is maximum amplification at the tuned
frequency. The plate circuit voltages are transferred through the
grid condenser to the grid circuit of the following tube.
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AMPLIFIER, RADIO FREQUENCY, TUNED TRANS-
FORMER COUPLED.—A radio frequency amplifier using
tuned transformer coupling provides transfer of signal voltage
from the plate circuit of one tube to the grid circuit of a following
tube by inductive coupling between one winding in the plate cir-

cuit and another winding in the grid circuit. Typical connections
are shown in Fig. 1.

TRANSFORMER

N ||
!
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F16. 1.—Transformer Coupling for Radio Frequencies.

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

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

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

Voltage mutual resistance circuit resistance

amplification — conductance

tube plate + effective plate
resistance circuit resistance

. $ince 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
X ehechte
el os factor circuit resistance

. . =
amplification tube plate + effective plate
resistance

circuil resistance

Fi16. 2—Shielded Radio Frequency Transformer.

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

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

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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.\ ¢ secondary 2
( 0.00628 X Treauency ‘”) X ( Y A )

Efective kilocycles microhenrys
plate circuit = e
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 chms. 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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F16. 4—Effect of Primary Frequency on Amplification.

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

Modern amplifiers employing tuned transformer coupling for
radio frequency amplification use screen grid tubes or some modi-
fication of these tubes, thus avoiding nearly all of the feedback
through tube capacities which was so difficult to overcome with
earlier designs using three-element tubes. The transformers gen-
erally are placed within individual shields as in Fig. 2 and all of
the parts in one stage of amplification are completely shielded from
parts in other stages. Conductors common to more than one stage

1
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are isolated by filtering and bypassing the high frequency cur-
rents so that feedbacks external to the tubes are reduced to a
value at which self-sustained oscillation is avoided.

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

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

The natural frequency of the transformer primary may be lowered until
it is below any frequency to be amplified, this result being secured by the
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F1c. 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
th 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 830 kilocycles,
while the tuning below this frequency is so 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,



ANTENNA

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

ANTENNA.—The antenna includes the wires or conductors
which extend outside of the receiver proper and which are affected
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F1o. 1—Relation of the Antenna and Aerial.

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

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

Between antenna and ground connections in the receiver there is
always an inductance, a coil, The inductance of the coil together

UPPER CONDENSER PLATE p
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Fi16. 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. a

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-
creasc of antenna length increases the size of the plates of the con-
denser which is formed by antenna and ground.

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

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

In the following tables the left hand columns give the height of the antenna
in feet. The columns toward the right cover various lengths of antenna from
thirty to one hundred feet. At the intersection of the vertical and horizontal
lines will be found the capacity of the horizontal wires measured in micro-
microfarads,

Caracity oF HorizoNTAL SiNGLE WIRE ANTENNA

Antenna Hor_izontal Portion of Antenna—Length in Feet
Height in ;
Feet 30 ft. 45 fr, 60 ft. 75 ft. ‘ 100 ft.

20 fr. 59 Mmfds | 83 Mmfds | 111 Mmfds| 139 Mmfds| 179 Mmfds
30 fr. 58 Mmfds | 81 Mmfds | 109 Mmfds| 131 Mmfds| 175 Mm{ds
40 ft. 57 Mmfds | 80 Mmfds | 107 Mm{ds| 123 Mmfds| 173 Mmids
60 ft. 57 Mmfds | 80 Mmfds | 105 Mmfds| 121 Mmfds| 171 Mmfds
100 ft. 56 Mmfds | 79 Mmfds | 104 Mmfds| 119 Mmfds| 169 Mmfds

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

Length in Feet of Horizontal Portion of Antenna
Antenna
Height in 30 ft. 45 fu. 60 . 75 ft, 100 ft.
Hor.~Vert. | Hor.—Vert, | Hor.—Vert. | Hor.—Vert. | Hor.—Vert.
20 ft. 59-40 8340 111-40 139-40 182-40
30 ft. 58-56 81-56 109-56 131-56 175-56
40 ft. 57-71 80-71 107-71 123-71 172-71
60 ft. 57-103 80~-103 105-103 121-103 170-103
100 ft. 56-166 79-166 104-166 119-166 168-166

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

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

INpucTANCES IN ANTENNA SysTEMS—MICROHENRIES

Length in Feet of Horizontal Portion of Antenna
‘}-lln'erinm
in o 30 f. | 45 fe 60 ft. 75§, | 100 ft.
Hor.~Vert. | Hor.~Vert. | Hor~Vert. | Hor.—Vert, ‘ Hor.—Vert.
20 ft. 20-10 30-10 41-10 50-10 ! 68-10
30 fe. 20-15 30-15 41-15 51-15 ’ 69-15
40 ft. 20-21 3o-21 42-21 52-21 71-21
60 ft. 20-34 31-34 42-34 53-3¢ | 72-34
100 ft. 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 secparate 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 svstem forty-
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five feet long and forty feet high it is seen that the inductance of the hori-
zontal portion is 30 microhenries and of the vertical portion 21 microhenries.
Their sum is 51 microhenries and the approximate effective inductance is one
third of 51 or 17 microhenries.

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

'Antenna

Antenna

Circutl ANTENNA
Receiver @A o/fzfcm)
Inductance GROUND

Capacity Equivalent ctreuit
pactty gf 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. g

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

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

ANTENNA, CONDENSER TYPE OF.—See Antenna.

ANTENNA, COUPLING OF.—The general custom in cou-
pling the antenna to the first tuned circuit in the receiver is to use a

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

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

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

The form of antenna coupling shown in Fig, 2 provides maximum
selectivity and very satisfactory operation in general. The antenna
coil and the tuned coil are placed at right angles with each other
and in line so that there is practically no inductive coupling between
them. The antenna coil is composed of two windings, one having
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F1c. 1.—Close Coupling and Loose Coupling of Antenna Circuit.
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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 beccome somewhat broader at the
same time, until a maximum signal strength is rcached. 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-
sther frequency or wavelength which is different from the first. The difference
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Fic. 2—Separate Coupling Coil for Antenna Circuit.

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

with very close coupling the antenna Close [

tuner will respond to either one of these '\

frequencies. See Coupling, Optimum. tm
The use of a coupling tube to prevent = >

antenna inductance and capacity from Y

affecting the first tuned stage is found Qose

in some receivers.
The use of a tapped antenna coil or
coupler to obtain various degrees of

coupling is shown in Fig. 3. This changes .
the number of active turns in the an- F10- 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 receiver or of the loop type. Both of
these are described under their respective headings.

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

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

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

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

Antenna Frequency 159.3
in Kilocycles Y Effective Inductance X Effective Capacily

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

FunpaMENTAL FrREQUENCIES AND WAVELENGTHS OF ANTENNAS

Length in Feet of Horizontal Portion of Antenna

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

Feet

Kilo-C Meters|Kilo-C Meters Kilo-C Meters| Kilo-C Meter::Kilo-C Meters

20 ft. | 5060 59 ‘ 3940 76 | 3145 9512650 113 | 2100 143
30 ft. | 4360 69 | 3515 85 [ 2875 104 | 2475 121 | 1980 151
40 fr, | 3720 80 | 3085 97 | 2655 113 ! 2325 128 | 1855 162
60 ft. 2950 102 | 2550 118 | 2200 136 | 1910 157 | 1625 185

100 fr. | 2060 145 | 1840 163 |l655 182| 1530 196 | 1305 229




ANTENNA, HEIGHT AND LENGTH

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

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

Capacity of X (Capacity of + Capacity of

Total Capacity = Series Condenser Antenna ad-1n
Capacity of + Capacity of + Cazlacity of
Series Condenser Antenna i1

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

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

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

A high antenna brings in lots of signal and also lots of interfer-
ence, such as static. As the antenna is lowered the 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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ANTENNA, INDOOR TYPE

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.

Insulator

F1o. 1.—Installation of Antenna Insulators.

Glass arnd Dorcelain Insulators

il difip =

Composition Insulators  Jland-off Insulator
Fic. 2—Types of Antenna Insulators.

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

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

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

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

Antenna Lead-in Carried Through Tube.

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

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

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

Sometimes the lead-in is connected near the center of the an-
tenna rather than at one end. Then the effective length of the an-
tenna is equal to about half its actual physical length or half that
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of an antenna of the same length in feet but having the lead-in at
one end. Where the lcad-in enters the building it should run
through a porcelain or glass insulator. Such an insulator may be
passed through a nine-sixteenths inch to three-quarter inch hole
bored in the window frame.

The outer end of the lead-in wire should be scraped perfectly
clean and a secure mechanical joint made between it and the end
of the antenna wire, which also has been thoroughly cleaned of all
insulaticn 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 th2 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 froin 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 signuls o: no signals in the receiver.

Never use a lead-in device in the erds 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 recciver must either be solde:cd o: ese solidly bolted and well shellacked.

to keep water from the joint.

After the lead-in hus enteved 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 buildine entrance to the receiving set in the
straightest line possible, in a line with the fewest possible turns.

ANTENNA, LIGHT AND POWER CIRCUIT FOR.—
The wiring of the light and power circuits of any public service
company may be made to act as a fair antenna. Of course, it
would not do to connect such wires directly to the antenna post of
a receiver but by placing a fixed condenser between the light or
power wires and a wire leading to the antenna post of the receiver,
the radio impulses which are always present in such wires are car-
ried into the receiver without interruption.
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ANTENNA, MULTIPLE RECEIVER CONNECTION
TO.—A single outdoor antenna may be used as a source of signal
energy for two or more receivers with circuits arranged to allow
each receiver to select any desired station regardless of the stations
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ANTENNA, OPEN

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

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

Each receiver uses the coupling coil as the primary winding of a
radio frequency transformer in the first tuned circuit of the receiver.

- The balance of the receiver may consist of any combination of radio
frequency amplifying stages, detector, and audio frequency ampli-
fying stages,

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

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

While this arrangement allows simultaneous reception from one
antenna at various frequencies, it great'y 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 ecnergy
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 circu’t 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 th: fact that
the effect of static disturbances is greatly r:duced below their
normal strength, the reduction of static biins conziderably greater
than the reduction of signal so that the signal-static ratio is im-
proved. The same method of antenna coup'ing 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 cme or more elevated wires and a ground be-
tween which is connected the receiver,

ANTENNA. RESISTANCE OF.—See Resistance, Antenng



ANTENNA, TELEVISION

ANTENNA, TELEVISION.—Nearly every practical type
of television antenna is either a half-wave dipole or some
modification of this fundamental form. The principle of the
half-wave dipole is illustrated by Fig. 1. Two conductors,
usually pieces of metallic tubing, are supported horizontally
in line with each other and at right angles to the direction of
wave travel of the signals. During one instant of time, indi-
cated at the left, the electric field of the electromagnetic wave
is acting in one polarity. At a time one half-cycle later the
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F16. 1.—Induction of signal currents in a half-wave
dipole antenna.

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

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

Electron movements induced in the antenna conductors act
through the transmission line and input circuits of the re-
ceiver. Fig. 2 shows the connections for a simple straight
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Fi1g. 2.—Connections to receiver input from a single straight dipole
and from a folded dipole,

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

The simple dipole and all its many modifications are reso-
nant antennas which behave toward received signal energy
like series resonant circuits tuned to the frequency at which
a half-wavelength is equal to the effective length of the an-
tenna conductors. At this frequency there is minimum im-
pedance to signal currents, as shown by Fig. 8. For the
simple half-wave dipole with straight conductors this imped-
ance is approximately 72 ohms. The impedance of any half-
wave antenna increases at all other frequencies, both lower
and higher,

\@
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For any given strength of transmitted signal reaching the
antenna, the strength of signal currents delivered from the
antenna will be inversely proportional to antenna impedance.
Consequently, the response always is maximum at the fre-
quency for which a half-wavelength equals the effective length
of the antenna. The response of the simple straight dipole is too
sharply peaked to allow a single antenna to provide satisfac-
tory reception for all channels in the low band or for all chan-
nels in the high band television ranges except in localities
where signals are fairly strong. Modified forms of the dipole

Frequency corresponding to length

!
:

Impedance

|
— Frequency — >

F1G6. 3.—Half-wave dipole antennas act like series resonant circuits
in their change of impedance with frequency.

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

The modification which has been most generally employed
is the half-wave folded dipole at the right in Fig. 2. This
antenna consists of parallel rods or tubes joined at their outer
ends, and with a gap of one to three inches midway of one
side for connection of the transmission line going to the re-
ceiver. The folded dipole is mounted with its two sides in the
same vertical plane. Spacing between upper and lower con-
ductors usually is two to three inches. The effect of the looped
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-ends is to lessen the change of impedance with variations of
received frequency either way from the resonant frequency.
This allows fairly uniform response over a greater frequency
range than with a straight dipole. The change of impedance
with frequency in a folded dipole may be somewhat as shown
at the right in Fig. 8, when the impedance of a straight di-
pole is as shown at the left. The impedance of the folded half-
wave dipole is approximately 300 ohms at the frequency for
which a half-wavelength is the length of the antenna.
Antennas which are variously called V-type, X-type, fan
type, and by other names are illustrated by Fig. 4. Each of
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Fic. 4—V-type or X-type antennas with conductors in a
vertical plane (left) and in a horizontal plane (right).

the two conductors is bent into the form of a capital letter V.
Center angles usually are between 15 and 30 degrees. At the
upper left the two sides of the V’s are in the same vertical
plane. A less common arrangement, shown at the lower right,
places the sides of the V’s in the same horizontal plane. All
these antennas have broader frequency coverage than the
simple dipole. Impedance at the frequency corresponding to
antenna length often is specified as 800 ohms, but in some
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‘styles the actual impedance is more nearly 150 ohms at the
‘resonant frequency. '

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

N N

Received Signal

F16. 5.—A modified V-beam or conical antenna,
called also an inclined-V. ,

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

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

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

ANTENNA LENGTHS AND WAVELENGTHS

CENTER HALF-waAVE Free Seace Distances

CHaNxzL FREQUENCY, ANTENNA, Half-wave, Quarter-wave,
Mc IncHEs Inches Inches
2 b7 95.3 103.6 518
3 63 86.2 98.8 46.9
4 69 78.8 85.6 42.8
b 9 68.8 74.8 37.4
(] 86 64.0 69.6 34.8
7 S | 30.7 33.4 16.7
8 183 29.7 32.3 16.1
9 189 28.7 31.3 15.6
10 195 27.9 30.3 15.2
11 201 27.0 29.4 14.7
12 207 26.2 - 286 14.3
13 213 25.6 27.7 13.9

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

5433
frequency, megacycles

Antenna length, inches =

Antenna length may correspond to the center frequency of
any channel. However, when a single antenna is used for all
channels in a band it is usual practice to make the length cor-
respond to a frequency at or slightly higher than the center
of the band. This would be the center frequency of channel 4
in the low band, or of channel 10 in the high band. If signals
are weakest in some one channel, the antenna length may be

‘\t«a
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made - suitable for that channel in order to obtain maximum
response. The accompanying table gives channel center fre-
quencies, lengths for half-wave dipoles, and also actual dis-
tances covered by half-waves and quarter-waves in free space.
These latter distances are useful when cutting line stubs for
traps and impedance matching.

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

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

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

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

various signals will be proportional to lengths of the arrows

from different directions. There is maximum response to sig-
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F16. 6.—Directional patterns of a stralght dipole
and of an inclined V-dipole.

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

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

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

ok ¥

F16. 7.—Changes of directional pattern of a straight dipole
with increase of received frequency.

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

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

Fi1e. 8.—Antennas intended to have good response in both the low band
and the high band.

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

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

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

Antenna

\ Reflector
\

\

Signal
Direction

F1G6. 9.—A reflector and the resulting directional pattern.

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

A reflector for any style antenna most often is a continuous
straight length of tubing, although the reflector sometimes is

of the same form as the anfenna and may consist of two or.

even more than two pieces of conductor placed end to end.
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There is no conductive electrical connection from the reflector
to the antenna, the receiver, or anything else. The reflector
may or may not be insulated from the mast.

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

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

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

In order that a reflector may not act as a director for any
channel it must not come closer to the antenna than about 14
wavelength in channel 2. This minimum separation is about
30 inches. With less separation, and with an antenna suited
for low band reception, the directional pattern could reverse
at lowest frequencies.

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

"When a single transmission line is used for dual antennas
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the line may go from the receiver first to the high-band an-
tenna and from there to the low-band antenna, or the line may
g0 to the low-band element and then to the high-band element,
or the two antennas may be connected together through a
phasing link with the transmission line connected to some
point along this link.

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

F16. 10.—High-band and low-band antennas mounted on tixe same mast,

different angle for best reception at the lower frequencies.
If all transmitters are in approximately the same direction
from the receiver, or in any case where high-band and low-
band arrays may be turned the same direction it is possible
to use the structure shown by Fig. 11. Out in front is the
high-band folded dipole. Next is the low-band dipole which
picks up its own signals and also acts as a reflector for the
high-band element. At the back of the assembly is a long re-
flector for the low-band element.
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Instead of connecting the same transmission line to both
arrays of a dual antenna there may be two lines, one for the
high-band and another for the low-band elements, with both
lines extending all the way to antenna terminals on the re-
ceiver. Then a switch operated with the channel selector or
built as part of the channel selector changes the receiver in-
put circuits to suit the band selected. This avoids undesirable
interaction between the two antennas, as may occur with a
single line unless the link between high-band and low-band

F1e. 11.—High-band and low-band antennas mounted in line
with each other.

elements is constructed and installed in exact conformance
with instructions furnished by makers of the particular an-
tenna.

Antenna Gains.—The primary object of most of the antenna
structures which have been described is extension of the fre-
quency range so that response will be fairly uniform through-
out either the low-band or high-band channels, or, with some
designs, throughout all the channels in the very-high fre-
quency range. Such uniform frequency response is desirable
wherever a number of stations may be received. In localities
where signal strength is weak it often is necessary to install
an antenna whose primary object is increased energy pickup.

Relative responses or relativé abilities of antennas to pick
up signal energy is called gain. Gain usually is given in num-
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bers of decibels that signal energy to the receiver is increased
by the antenna in question when compared with signal energy
made available by some other antenna as a reference. Theo-
retical gain may be computed on the basis of a theoretical
reference antenna having uniform sensitivity in all directions,
or having a circular directional pattern. Measured gains of
single elements or arrays often are in comparison with signal
strength from a simple straight half-wave dipole. Where two
or more similar arrays are used together and connected to-
gether as a stacked array, the gain may be in comparison with
one of the arrays used alone.

Antennas should not be compared on the basis of stated
relative gains unless it is known that the reference is the same
in both cases and that testing methods are identical. Useful
information is, however, given by gains obtained from the
same antenna at different signal frequencies or with reception
in different channels or bands.

Stacked Antennas.—The usual method for obtaining large
increases of gain or of signal pickup is to mount two or more
similar arrays one above the other or side by side in order
that a greater area of the wavefront will be intercepted by
antenna conductors. Such an arrangement is called a stacked
antenna or a stacked array. The name array usually means
one active antenna element (connected to the receiver) and a
reflector, a director, or both a reflector and one or more di-
rectors. Reflectors and directors may be spoken of as para-
sitic elements. Each array which is stacked may be called a
bay. A stacked antenna may consist of two or more bays.
All the bays in a stacked antenna are of similar type and size,
and all have the same frequency coverage. The antenna of
Fig. 10 is not stacked, because its arrays are not alike.

Arrays of any type may be stacked. At the left in Fig. 12
two simple straight dipoles are stacked one above the other.
At the center are shown two folded dipoles similarly stacked.
At the right are two V-type or X-type elements formed into
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a stacked antenna. Reflectors and directors may or may not
be used, or may be used on one bay and not on the other. As
a general rule, reflectors are used on all bays because weak
signal conditions which make it desirable to employ a stacked
antenna make it desirable also to have the extra gain pro-
vided by reflectors.

Stacked antennas have sharper directional properties than
single arrays, and give the effect of broader frequency cover-
age at the same time because there is increased gain in all
channels. A worth-while advantage of stacked antennas in
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F16. 12.—Several types of stacked antennas.

places where there is severe electrical interference is reduc-
tion of this interference coming from either above or below
the antenna structure. Each array seems to act as a shield
for the other.

Vertical separation between bays in a stacked antenna de-
signed for reception of a single channel usually is made by a
half-wavelength for the middle frequency of that channel.
With a stacked antenna for reception throughout either the
low-band or high-band the vertical separation would be a
half-wavelength at the middle frequency of the band. The
fractional wavelength for vertical separation is with reference
to the length of the vertical link which connects the top and
bottom bays, or with reference to the time required for elec-
trical impulses to move in the connecting link while remain-
ing in phase with the signal. If the link is formed of air insu-



ANTENNA, TELEVISION

lated tubing or rod, as in Fig. 12, its length should be about
five per cent more than the half-wavelengths specified for
antennas in a preceding table. If the link is made of trans-
mission line it should be five or six per cent shorter than a
half-wave antenna. Spacing of less than a half-wavelength
" causes some reduction in gain, and greater spacing up to
about one wavelength allows increased gain over the half-
wavelength separation. '

When a stacked antenna is used for reception throughout

" both the low-band and high-band channels the vertical sepa-.

ration usually is a quarter-wavelength or somewhat greater
length at the middle frequency of the low band. Then, because
wavelengths are much shorter in the high-band channels,
there is greater effective separation for high-band reception
and the result is to provide somewhat more gain on the high
"channels. A quarter-wavelength for channel 4 equals about
seven-tenths wavelength on channel 10, and a quarter-wave-
length for channel 2 is nearly a full wavelength for channel 13.

To obtain still greater gain than is possible with two bays
in a stacked antenna it is possible to stack four bays as illus-
trated by Fig. 13. At the left are four similar stralght di-
poles. At the right are four similar V-type or X-type arrays.
The diagrams show also two different methods of connecting
the transmission line to the four sections in order to have
such phase relations of signal impulses as will add the effects
for maximum output from the antenna rather than allowing
potentials induced in some sections to partially oppose the
potentials in other sections. Either of the phasing connections
illustrated might be used with any style of arrays, simple di-
poles, folded dipoles, flat or forwardly inclined V- or X-dipoles,
and other types. Note that when the takeoff is from a link
between the two center arrays, as at the left, the links to the
top and bottom arrays are transposed. When the takeoff is
divided, as at the right, none of the connections are transposed.

As compared with the same type of array used alone, em-
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ploying two such arrays in a stacked arrangement usually
gives an average gain of about three decibels in low-band
channels and about five decibels in high-band channels. Using

F1e. 18.—Connections for stacked antennas with four bays.

four stacked arrays gives an average gain of about seven deci-
bels in all channels, as compared with a single array of the
same kind. ‘

Antenna Installation.—An outdoor antenna should be erected
as high above ground level as is possible without adding tco



ANTENNA, TELEVISION

greatly to the labor cost for installation. An additional six
or eight feet of elevation often makes the whole difference
between satisfactory and unsatisfactory reception. The an-
tenna should be mounted as far as possible from electrical
machinery and switching apparatus, and from automobile
traffic, in order to lessen interference. Usually it is better to
select a location reasonably free from interference even though
this means using an additional 40 to 50 feet of transmission

line. Transmission lines in excess of 100 feet long are to be

avoided ufless absolutely necessary, since there is consider-
able attenuation of signal energy in very long lines.

An antenna should clear all large metal objects by a dis-
tance at least as great as the length of the antenna conductors,
this being a half-wavelength at the frequency for which the
antenna is cut. Metal to be avoided includes gutters, down-
spouts, roof vents, all large pipes and beams, and metal roofs.
The location chosen for the antenna must permit reasonably
easy erection of the mast, also of guy wires when the mast is
more than six or eight feet high and of ordinary tubular con-
struction.

After a tentative location has been chosen for the antenna
it is necessary to conduct tests of actual reception before mak-
ing a permanent installation. In localities of very high signal
strength it would be possible to connect a microammeter and
crystal diode rectifier directly to the antenna or to a length
of transmission line and obtain meter indications of relative
signal strengths. But in any locality where all possible signal
strength is desired, the weak currents or voltages from the
antenna must be amplified to make comparisons of any real
value. The most readily available amplifier is the television
receiver which is to be operated from the antenna, or some
receiver used especially for the purpose of determining the
best positions and orientation for antennas.

The receiver must be in first class alignment and in gener-
ally good operating condition. The channel selector should be
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tuned for a station known to be transmitting, preferably with
a test pattern rather than a regular program. If there is any
choice, the tests should be made in a channel where reception
is known to be difficult or weakest. Of course, all stations or
all channels should be tested before the installation is con-
sidered as finished.

One method of installation requires the services of two men,
one at the antenna and the other at the receiver to note re-
sults of all changes. It may be possible to talk or shout back
and forth, but usually it is necessary to use some kind of tele-
phonic equipment. The simplest method of communication is
with a pair of self-powered or sound-powered phones which-
require no batteries or other external power for their opera-
tion. The phones sometimes are connected through the trans-
mission line which will be used between antenna and receiver.
This is not too objectionable with the low-impedance 72-ohm
lines but may cause difficulty in picture reception when the
connection is made through 300-ohm twin-conductor line. In
order to have maximum evidence of the effect of all changes
at the antenna, the contrast control of the receiver should be
kept as low as allows noting details of pattern or pictures.

When positioning and orienting of the antenna must be
completed by one person it is necessary to have either a com-
plete television receiver at the antenna and connected to the
antenna, or to have a meter at the site of the antenna with
a long wire connection running to the receiver. Portable re-
ceivers are manufactured especially for this class of work,
with a microammeter connected into some amplifier circuit be-
tween video detector and picture tube.

A practical and convenient method of using a meter is
shown by Fig. 14. The meter should be a d-¢ microammeter
with full-scale range preferably no more than 100 micro-
amperes. This meter is connected through any required length
of any kind of two-conductor cable to a detector probe or
high frequency probe at the receiver. A highly sensitive probe
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may be made up with a crystal diode for rectifier. Capacitors
Ca and Cf are 0.005 mfd mica types. Resistance at Ro should
be anything from 1 to 5 megohms, and at Rf is 10,000 ohms.
The probe input is shown connected across the video detector
load resistor, but the connection may be made from plate to
B— or ground on any video amplifier tube or may be from

Microommeter
ot Antenna

......

Video
Detector

Probe

Fic. 14.—Connections for a meter used to indicate signal strengths
during orientation of an antenna.

the picture tube input electrode (grid or cathode) to B— or
ground. Connecting the probe to points beyond the video de-
tector will increase the meter readings for any given antenna
input.

Since there are variations of direct current and voltage in
the video detector load resistor the d-¢ microammeter might
be used without the rectifying probe. The probe, however,
keeps high-frequency alternating currents from the connect-
ing cable and removes the effect of the cable from the receiver
circuits. As the antenna is rotated and moved from place to
place, the meter reading will increase as signals become
stronger and decrease for weakening of the signals. For best
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results, the automatic gain control of the receiver should be
overridden to allow accurate indication of signal peaks.

The meter will indicate nothing but changes of signal
strength during positioning and orienting of the antenna, it
will give no indications of whether the picture is good or
poor, nor will it indicate the presence of interference. Obser-
vation of a picture or pattern at the receiver will show qual-
ity as well as signal strength.

When whatever type of signal indication is employed has
been arranged and made ready for use, the antenna should be
placed in a likely spot and rotated so that its conductors are
at right angles to the probable direction of signal wave travel.
If other receiving antennas are in sight it is advisable to com-
mence by using the same orientation employed for most of
the others. Then rotate the antenna very slowly one way and
the other to obtain the best pattern or maximum meter read-
ing. If construction of the antenna allows it, try tilting the
conductors away from the horizontal. The antenna should be
moved to all the readily accessible positions to find the one
where best pattern or highest meter reading is obtained.

With any straight antenna it should be kept in mind that
the directional pattern may not be the same for all channels
or all stations. This was discussed in relation to Fig. 7.
Results should be checked on at least one channel in the low
band and one channel in the high band. It may be necessary
to use a compromise position for the best average of results
in both bands.

Any antenna mast which con51sts of two or more sections
coupled together, and any ordinary tubing type of mast more
than six to eight feet high, should be securely supported with
at least three guy wires. Otherwise there is almost sure to be
swaying with wind, which- causes pictures of varying bright-
ness and contrast, and may cause such sudden changes of
signal strength as to upset synchronization. Consideration
must be given to probable loads imposed by rain, snow, and
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ice. Guy wires which come as close to the antenna as the
length of the antenna conductors are preferably broken up,
electrically, with insulators of glass or glazed porcelain with-
in about two feet of the antenna conductors.

Every antenna should be equipped with a lightning arrester
approved by the Underwriters. Many suitable types are listed
in parts and supply catalogs. They come with instructions for
correct installation. Failure to use a lightning arrester con-
stitutes a serious fire hazard, and is likely to allow damage in
the receiver even though no fire is started. A high metallic
antenna mast is an invitation for lightning to strike it. Con-
sequently, every such mast should be connected to ground
through a good ground clamp on the mast and a length of
copper wire or cable of no less than number 10 gage size
leading to a cold water pipe or else to a steel pipe driven into
earth to a depth of three or more feet. Atmospheric electrical
charges will pass harmlessly to ground through such a wire,
and the mast will be made into a protection for the building
rather than a hazard.

Antennas should be installed commercially or in a service
capacity only when you are familiar with current require-
ments of the National Electrical Code, with any restrictions
imposed by local ordinances, and with prohibitions which may
be in the leases for apartment houses and other buildings.
These restrictions relate to heights, permissible locations,
types of supports, protection of other electrical conductors,
and installation methods in general.

Indoor Antennas.—Indoor or portable antennas, generally
similar to the one at the left in Fig. 15, may be placed on
the receiver cabinet or anywhere in the same room and con-
nected to the receiver through a suitable length of transmis-
.gsion line. The conductor arms telescope to allow adjusting
the length for different channels or bands, and are pivoted
or hinged to allow setting them horizontally or at any angle
found to provide best reception. To obtain the best possible
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" picture the antenna should be rotated to various positions, the
arms should be extended for low-band channels and retracted
for high-band channels, and the arms should be tried at vari-
ous angles to obtain the widest frequency coverage. Some-
times it is necessary to alter the adjustments when changing
from one channel to another. .

A temporary indoor antenna may be made in the form.of
a folded dipole as at the right in Fig. 15. The horizontal di-
pole section is made from a piece of 300-ohm.twin-conductor
transmission line with its conductors shorted together at both
ends. The conductor on one side is opened at the center, and
the cut ends are soldered to the conductors of another piece
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F16. 16.—Two types of indoor antennas.

of transmission line which is run to the receiver. To deter-
mine the correct length for the horizontal dipole section, di-
vide 5160 by the number of megacycles frequency at which
the antenna is to act as a half-wave element.

Only in rare instances will an indoor antenna or a built-in
antenna provide satisfactory reception from stations as much
as 15 miles distant, and as a general rule these antennas work
well only within eight to ten miles from transmitters. Unsat-
isfactory reception will result also from any of the following
conditions: Nearby tall buildings, tanks, stacks, or hills. Re-
ceiver and antenna in a basement, below ground level. Placing
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the antenna near radiators, near pipes for water, steam or
gas, or near metal rods for curtains or drapes. Antenna lo-
cated in a steel frame building, near walls containing steel
beams, metal lath, metal foil types of heat insulation, near
metal window or door frames, or near metal Venetian blinds.
Metal roofs make difficult reception with antennas in attics
or on top floors. Indoor antennas work best when near a
window and when mounted as high as possible.

Indoor and built-in antennas are more adversely -affected
than outdoor types by interference from electrical appliances
and machines, by sparking which results from switching and
from defects in fixtures or building wiring, and by automo-
tive traffic. Reception.is affected when people come too close
to these antennas. Reflections or ghosts may be troublesome
because of the many surfaces of all kinds which are near the
antenna. ' :

Built-in Antennas.—Many television receivers of recent de-
sign have antennas mounted in or on the cabinets. All such
built-in antennas are subject to the limitations previously
mentioned in connection with indoor antennas. There are two
major problems in obtaining satisfactory performance. First,
unless the entire receiver is to be moved in order to orient the
antenna for signals in different directions there must be pro-
vision for either physical or electrical rotation of the built-in
antenna while the cabinet remains stationary. Second, in or-
der to have good reception in all channels there must be some
means for altering the electrical length of the antenna so that
it will be resonant in each of the bands.

In some receivers the antenna is mounted on a disc or plate
which may be rotated within the cabinet for best orientation.
Most receivers employ some switching device which provides
the electrical equivalent of rotation. Two methods are illus-
trated by Fig. 16. In each case there are four antenna strips
in the form of a cross made up of two dipoles at right angles
to each other. In the design at the left the transmission line
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from antenna terminals of the receiver connects to opposite
‘metallic segments on a rotor which may be turned by the
operator. With the rotor in the position shown, antenna strips
a and ¢ are active, and might be oriented for directions such
north-east and south-west. Other positions of the rotor acti-
vate strips b and d, or @ and b may be connected together at
the same time that ¢ and d are connected together. The rotor
is moved to whatever position gives best reception for each
station, each band, or the entire range of television frequen-
cies in both bands.

At the right in Fig. 16 the four antenna strips again are
in the form of two crossed dipoles. Each of the antenna strips

. Antenna
Antenna Capacitar

Switch

to Receiver
F16. 16.—Methods for electrical rotation of built-in antennas.

i8 connected to one of four separate stators of a four-section
adjustable capacitor. The two rotor segments of this capaci-
tor are connected to the antenna terminals of the receiver.
Turning the rotor support to various positions allows capaci-
tive coupling to the antenna strips in various combinations
which provide directional response as required for the re-
ceived station.
. Tuning a built-in antenna for resonance in the low band
presents difficulties because there is not room in a cabinet for
the five to eight foot length of a low-band dipole. Conse-
quently, it is usual practice to mount within the cabinet a
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dipole of such overall length .as suits high-band frequencies
and to tune this short dipole or modify it in some manner
which permits reasonably good response in low-band frequen-
cies. Effective length is added by turning the ends to allow
more actual length in a given cabinet, by flaring the ends or
adding open sections, and by other expedients.

Small adjustable capacitors are used for tuning many types
of built-in antennas to resonance at various channel frequen-
cies. Some methods are shown in principle by Fig. 17. At 1

@ Channe! or @

Band Tuning St
u

Stub

F1G, 17.—Methods for electrically changing the length
of built-in antennas.

the adjustable capacitor is between the dipole conductors and
across the short transmission line which goes to the receiver.
At 2 there is added a shorted stub in parallel with the tuning
capacitor. When the length of the stub is less than a quarter-
wavelength it adds inductance, and when between a quarter-
and a half-wavelength the stub adds capacitance. At 8 there
are small inductive loops at L-L in addition to the tuning ca-
pacitor and the shorted stub. The tuning capacitors are ad-
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Jjustable from the front panel, being operated in the same
general manner as a fine tuning control to attain best possible
reception.

A shorted stub cut to a quarter-wavelength at some mid-
frequency tends to lessen the change of antenna impedance at
lower and higher frequencies. At lower frequencies the an-
tenna reactance becomes capacitive, but the stub then has an
effective length less than a quarter-wavelength and acts like
added inductance. At higher frequencies the antenna becomes
inductive but the stub becomes capacitive as its effective
length exceeds a quarter-wavelength.

Any built-in antenna must be completely disconnected from
the receiver input circuit when an outdoor antenna.is substi-
tuted. Some receivers have jumpers which may be removed
to disconnect the built-in antenna. Most common troubles
with built-in antennas include loose or dirty connections, or
enough slack or looseness in antenna sections to allow their
movement when the cabinet is jarred or to allow them to
come too close to other metallic parts of the receiver. Lengths,
spacings, and relative positions of all conductors are critical
at the carrier frequencies which act in built-in antennas.
Every short piece of wire and foil has enough inductance and
capacitance to form important fractions of inductances and
capacitances being used for tuning.
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ANTENNA, TUNED.—An antenna may be tuned by placing
a large capacity variable condenser in series with the lead-in or in
series with the antenna circuit inside the receiver. Such a series
condenser should have a capacity of .001 microfarad. The connec-
tions are shown in Fig, 1. Even with this large capacity condenser
it may be found difficult to tune an antenna of ordinary size over
the entire band of broadcasting frequencies now in use.

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

When the antenna circuit is tuned to the same frequency as that to which
the grid circuit of the first tube is tuned it will be found that a moderate
degree of coupling between the antenna circuit and the grid circuit of the
first tube places a heavy load on the grid circuit of this tube. In order for
the first tube to oscillate it must develop power enough to set the entire 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 additional load of the antenna circuit 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 feet deep. The more moist the earth the better will be the
results with this method of reception.

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

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

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

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

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

ANTI-CAPACITY SWITCH.—See Switck, 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.
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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 nn ~ntenna 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 vacuun or gas-filled tube the electrodes may
be of any conducting material. There must be a dust-proof enclosure for
the gap and if the arrester is to be placed out of doors this enclosure must
also be weather-proof. Any lightning arrester must allow an arc to form
and a discharge to pass between the electrodes when an alternating voltage
of 500 or more volts is applied. . .

The foregoing requirements are specified from the standpoint of 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 capacity. Any inductance in
the arrester is in series with the antenna. This is shown in Fig. 2. Both
the capacity and inductance of the arrester will raise the natural 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

ssible 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 comparatively
little effect on signal strength. )

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

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

bon electrodes are very close together.
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"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, Closcd Field Type.

ATMOSPHERICS.—A form of static. See Static.

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

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

AUDIO FREQUENCY.—See Frequency, Audio.

AUDIO FREQUENCY AMPLIFIER.—See Amplifier,
Audio Frequency. '

AUDIO FREQUENCY OSCILLATOR.—See Oscillator,
Audio Frequency.

AUDIO FREQUENCY TRANSFORMER.—See Tranms-
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 manrual 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 Recesver, Automobile.

AUTO-TRANSFORMER.—See Transformer, Auto-

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

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

Directional transmitters and receivers -have been employed in several
different systems. In Fig. 1 there is a non-directional transmitter on the
ground, radiating signals with approximately equal strength in all directions.
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A directional receiver, with loop antenna, on an aircraft then determines
the position of the transmitter with reference to the ship. The loop
antenna may be rotated on its support or else the loop may be fixed in
position and the entire body of the aircraft may be turned in the direction
from which signals are coming. The latter system is objectionable in forc-
ing the ship to turn from its course in many cases.

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

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

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

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

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

f

N\
4

21N\

v

Fre. 4—Radiation from Loop Antennas.
comes between the dot and dash of the A-signal, while the dash of the
A-signal comes between the dash and dot of the N-signal,

"As long as the course of an aircraft is maintained within two or threc
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 ma
consist of the pair B (—---) and V (---—) or else the pair D (—--3’
and U (- - —). These code signals are listened to with earphones and
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F1c. 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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Fie. 5.—Equisignal Zones with
Aural System.
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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 deviation from the course the reed
for the side toward which the aircraft swings will increase its travel while
the movement of the other reed becomes less in extent. The tips of the
reeds are white and their background is dark, consequently any variation
in amplitude is very noticeable.

Fig. 7 shows two loops furnishing signals at 65 cycles and at 86.7 cycles,
also an airplane flying from right to left. With the airplane approaching
this beacon the 65-cycle signal will be on the pilot's right and the 86.7-
cycle signal will be on his left. But, as shown in the diagram, the positions
of the frequencies are reversed as the airplane passes over the tramsmitter
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. g
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. In the aural type of radio range the two loops are excited alternately,
radiation taking place first from one and then from the other. The field
pattern from each loop may be represented by two circles such as those
marked 4 and those marked N in Fig. 4, the resulting courses then being
indicated by the heavy lines drawn through the intersections of adjacent
circles. If the field strength of one loop be reduced, as by insertion of
resistance in its circuit, the circles will change to some such relative size
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 antenna in connection with the regular loop antennas, the com-
bination of the radiation fields from the two antennas serving to effectively
bend the courses to desired angles.

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

" F16. 8.—Typical Angles Between Air Routes,

signals are being transmitted all the time rather than alternately.
With the aural system there are four courses while with the visual
system there are natfirally 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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fgure. 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.

/ 65-CYCLE SIGNAL

) \\ 87-CYCLE SIGNAL
Fi1c. 9.—Effect of Field Fi16. 10.—Radiation from Visual
Strength on Beams. Beacon Transmitter,

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

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

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

The triple modulation beacon provides twelve courses which may be
adjusted to any desired angles so that they coincide with directions of the
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airways. With this twelve-course beacon is used a visual indicator having
three reeds, each tuned to one of the modulating frequencies A com-
bination of two reeds is used when following a course 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 instrumeats indicate that the beacon has been reached since their read-
ings drop to minimum value. 3
Altitude Indicators.—The principles of radio and elec-
. tricity are employed in several ways to indicate the height of air-
craft above the ground. Such devices are called altimeters. The
capacity altimeter makes use of the fact that the electrostatic
capacity between two metal plates changes in value as these plates
approach or recede from a third conductor. The third conductor
is the carth below the aircraft and measurement of the capacity
. variation between the first two plates forms an indication of
height above the earth’s surface. Such altimeters are of greatest
usefulness when used at distances not more than 200 feet above
the ground.

Other altimeters depend on the principle of radio wave reflection from
the surface of the earth. The phase relation of the returning or reflected
wave to that of the transmitted wave depends on the distance of trans-
mitting antenna and aircraft above the ground. -If the returning or re-
flected wave is in phase with the transmitted waves their effects are aid-
ing and the frequency of the transmitter oscillator will increase. If the
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Fi6. 12.—Leader Cable at
Landing Field.
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8EACON
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 signals also gives some indication of the
ship’s height.

A system of locating the field and determining the runway direction is
shown in Fig. 13. This system employs a marker beacon having a region
of minimum signal extending along the edge of the field, this minimum



AVIATION, RADIO IN

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 Axis OF geAM

F1c. 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 again:t moisture and dust.

Volume control must be of the remotely operated type, must be operated
with greatest ease and must be thoroughly effective at all frequencies used.
The low frequency response must be uniform from about 40 to 120 cycles
for beacon signals, and the voice fidelity must be satisfactory between about
200 and 3,000 cycles. To operate the course indicators the low. frequency

output must be 10 volts into an impedance of 5,000 to 6,000 ohms, These -

requirements call for high sensitivity (about five microvolts per meter)
because of the small and relatively inefficient aircraft antenna systems and
the necessity of receiving at distances as great as 150 miles from trans-
mitters of about two-kilowatt rating. Good selectivity is required because
of the rather close spacing between chanmnel 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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Fi1a. 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
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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 completcd 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

HORIRNT

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 runm 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
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Fic. 1.—Combining the Feedbacks for Balancing,
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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
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Fic. 3.—Roberts Circuit for Balancing.
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Fic. 4—Rice Method of Balancing.

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-

denser connects one end of the center-tapped grld 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.

F1c. 5—Balancing Principle of Fic. 6.—Position of Tube Capacity in

the Wheatstone Bridge. a Bridge Circuit for Balancing.
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Fie. 7—The Isofarad Method Fic. 8—The Isofarad Balanced
of Balancing. Circuit in Bridge Form.

c Y/
L-'l'lll'lll'i——J [s]efule]o
Fic. 9.—The Neutrodyne Balanced Fic. 10.—The Rice Balanced

Circuit in Bridge Form, Circuit in Bridge Form.



'BALANCING

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
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Relation of Wave Bands to Each Other.

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

Amperes Hours Hours Days Hours Hours Days Hours Hours Days Hours Hours Days Hm?r.s 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 535 680 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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and the electrolyte is a solution of caustic soda. The battery is
shipped dry, and is placed in operation by adding water to the
cells.
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Fic. 1.—Air Cell Battery F16. 2—Dry Cell Air Cell ‘Life
Construction. 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 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 1% times the number of cells.
Commonly used B-battery voltages are 221z, 45, and 90, al-
though other and higher voltages are used for special purposes.

BATTERY, C-—Any battery which furnishes a potent1a1
for the grid bxas 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 1% (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 {5
to 214 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-in
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 sometimnes are waterproofed.

Standard discharge tests are made through a 4-ohm resistance.
The intermittent test consists of a S-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 % x1 % 12 25

B B X2 K 2% 65

C 184¢ X 11344 . 42 20

D - 1% X2 Y% 100 . 380

E 114 x2 % 150 550

F 13 X3 %s 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, celiuloid 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- Fie. 1.—How Positive and
tion will deliver only two volts pres- Neg&‘st"’e Phﬁes A'teén?lte
sure, but its ability to deliver current It Storage Battery Cell

or amperage depends upon the size of the plates, the quantity of:

material in the plates and the amount of electrolyte in the cell.

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

Both positive and negative plates are formed of metallic lead frames called
grids. Spaces in the grids are filled with active material formed from com-
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pounds of lead. After manufacture the plates are given several charges and
discharges, called forming. This forming turns the active material in the
positive plate to peroxide of lead, which is reddish brown in color. The
material in the neghtive plates becomes sponge lead, dull gray in color.
When the battery is connected to the receiver and the filament switch
turned on an action immediately begins to take place between the plates and
the electrolyte. A part of the sulphuric acid in the liquid combines with the
lead in the plates to form lead sulphate and the surfaces of both plates
gradually become covered with this sulphate. The percentage of water in
the electrolyte is increased because of the combining of part of the acid
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Fic. 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 (sec Ampere-Flonr). 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 niumber of plates is not required.

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

From the explanation given of the action that takes place during
charge and discharge, it will be seen that the proportion of acid in
the electrolyte will give an indication of the condition of the battery,
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Fic. 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 discharged to a point at which no further
discharge should be allowed. The gravity is often mentioned in
“points,” the difference between 1.200 and 1.250 being fifty points.

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

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

.The water used for filling cells must be distilled water or else perfectly clean
rain water. Tap water or water that has been kept in metal containers must
never be used. Except when some of the electrolyte has been spilled from one
ot the cells, nothing but pure water should ever be added. In no case should
undiluted sulphuric acid or strong electrolyte be used. Such work should be
done only by a battery service station.
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Care should be used when testing not to spill electrolyte on top of the
battery, as it will cause corrosion at the terminals and partial short-circuiting
of the cells. The level of the liquid in the cells should not be made so high
that overfiow results from the gases evolved as the battery is charged.

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

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

BATTERY, TESTING OF.—See Battery, Dry Cell Type;
Battery, Storage Tvype, -

BATTERY, WET.—See Battery, Storage Type.

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

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

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

BEAM TUBE.—See Tube, Beam Power.

BEAT FREQUENCY.—Sce Bcats, Formation of.

BEAT FREQUENCY OSCILLATOR.—See Oscillator,
Beat Frequency.

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

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

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

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

At the instant represented by the vertical line C-C the positive
voltage peaks of the two upper frequencies have combined to form
a new positive peak of much greater amplitude. Between point
A-A4 and point C-C the voltage of the combined currents rises stead-
ily from minimum to maximum amplitude. Then from point C-C
to point D-D the combined voltage steadily falls to minimum value
again.
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The Formation of a Beat Frequency from Two Higher Frequencies.

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

BEESWAX.—See Waxes, Insulating,

BELL WIRE.—See Wire, Bell.
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BIAS, GRID.—Grid bias is the potential of the control grid
of a tube with reference to the potential of the cathode, considered
as zero, when no signal is being applied to the grid. If the grid
return is connected directly to the cathode there is said to be zero
bias. If the grid is more negative than the cathode there is
negative bias, and if more positive than the cathode there is

positive bias.

Fig. 1 shows the \anatnon of plate current in a tube whose control grid
has zero bias and is receiving a 3-volt signal. When the signal becomes
three volts negative it makes the grid three volts more negative than the
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Fic. 1.—Effect of Zero Grid Bias, Distortion.

cathode or filament, and when the signal is three volts positive it makes
the grid three volts posm\e with reference to the cathode or filament. When-
ever a control grid is posm\e with reference to the cathode or filament,
current flows in the grid circuit and flows from grid to cathode inside the
tube. Changes of plate current then are not proportional to changes of grid
signal voltage, and there will be distortion if the tube is an amplifier.

In Fig. 2 the grid bias has been made three volts negative, and the same
3-volt signal is apphed to the grid. Now, when the slgnal voltage becomes
three volts positive it just balances the 3-volt.negative bias, and the grid
becomes of zero potential with reference to the cathode or filament. When
the signal becomes three volts negative its voltage is added to the 3-volt
negative bias, and the grid is made six volts negative with reference to the
cathode or filament.
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In Fig. 3 the grid bias has been increased to six volts negative. When
the signal goes three volts negative the grid becomes nine volts negative and
operation is on the lower bend of the plate current curve. This means that
decreases of plate current will be less than the increases of plate current
when the signal voltage changes are equal, and since the plate current
changes are not proportional to signal voltage changes there will be dis-
tortion if the tube is used as a class A amplifier.

If grid bias is less than the maximum signal voltage the grid will become
positive at some instants, and there will be flow of grid current. With the
negative bias equal to the maximum signal voltage the grid will remain

-3 o +3
F-volt sipna/
J-volls
rnegalive
0
/
e ,/
Ny /
<, /
¥ /
N y
N, /
"
]
{ /
Y2
2
§
— -
; 6" i qag‘

F10. 2—Negative Grid Bias Equal to Signal Voltage, No Distortion,

negative at all times and no grid current will flow. With still greater neg-
ative bias there will be distortion in a class A amplifier if the signal voltage
is great enough to work the tube on the lower bend of the plate current
curve.

Fig. 4 illustrates plate current flow, with no grid current, when the grid
bias is sufficiently negative to maintain the grid negative with reference to
the cathode at all times. Fig. 5 shows how current flows in the grid circuit
when the relations between grid bias and signal voltage are such that the
control grid becomes positive at some instants, and then carries current just
as does a positive plate. Conditions shown here with batteries as the poten-
tial supply would be the same were the supply of the usual rectified direct-
current type.
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Methods of Obtaining Bias.—In tubes having an indirectly
heated cathode the grid bias is equal to the potential difference
between the control grid and the cathode. In tubes having fila-
ments carrying alternating current the grid bias is the difference
of potential between the control grid and the center of the filament,
which is the same as the difference between the grid and the elec-
trical center of a resistor or a coil winding connected across the
ends of the filament. With a battery heated filament the bias is
the potential difference between the control grid and the negative
end of the filament,

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

cathode and the lower end is connected through ground to the control grid
return, thus making the control grid negative with reference to the cathode.
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Fic. 6—Biasing for Heater Tubes.

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

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

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

The number of ohms required in any biasing resistor is equal
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to the required grid bias in volts divided by the current in amperes
which flows through the resistor. This current is equal to the
combined currents in plate circuits, screen circuits and all other
circuits for additional electrodes except the filament or heater
and the control grid. The current for resistance calculation must
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be that which actually flows when the proposed working voltages
and grid biases are in use. The reactance of the bypassing con-
denser at the lowest frequency amplified should be no greater in
ohms than the resistance in the biasing unit.

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

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

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

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

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

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

BINOCULAR COIL.—See Coil, Closed Field Type.
BLANKETING.—The effect of a powerful signal from a
nearby station because of which a receiving set is unable to re-
ceive signals from other stations operating at frequencies near
that of the blanketing station. The nearby station forces the re-
ceiving circuits to oscillate at its frequency by means of shock
. excitation whenever the receiving circuits are tuned to resonance.
See Selectivity.
BLOCKING LAYER PHOTOCELL.—See Cell, Photo-
voltaic.
BLOCKING OSCILLATOR.—See Oscillator, Relaxation.
BLOOPER.—A radiating receiver. See Re-radiation.
BLUE GLOW.—See Tube, Ionization in.
BODY CAPACITY.—See Capacity, Body.
BOUND CHARGE.—See Induction, Electrostatic.
BRASS.—Brass is a metal made by alloying copper and

zinc in various proportions. Its electrical resistance varies with

the composition. The more copper the less the resistance and the
less the mechanical strength or hardness. Resistances vary from
1.1 times to 2.5 times that of copper of equal cross sectional area.



BRIDGE CIRCUIT -

Various radio receiver parts are made of brass, these parts including *
brackets, condenser parts, tube socket parts, screws, etc. Brass may be easily
soldered and it is comparatively easy to drill, thread and bend into various
shapes. Brass corrodes when used near storage batteries and oxidizes slowly
in the air. To prevent oxidation brass parts are often lacquered. See also
Shielding.

BRIDGE CIRCUIT.—See Balancing.

BRIDGE, MEASUREMENTS BY.—Various forms of the
Wheatstone bridge may be used for making ~uick and easy measure-
ments of unknown resistances, inductances and capacities used in
radio work., The principle of the Wheatstone bridge, or Wheatstone
balance as it is sometimes called, is shown in Fig. 1. Four arms of
the bridge are connected as shown in Fig. 1, the arms being desig-
nated by the letters 4, B, X and S. Points ¢ and d are connecte_d
to a battery or other source of voltage. Between points e and f is
connected a sensitive galvanometer or a pair of headphones. :

—Jii]~
Ballery

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

Current flows from the battery or other source to ¢, then divides
and flows by way of the two parallel paths 4-B and X-S to point
d and back to the source. If the values in the four arms are such
that they conform to the proportion

4 X

B N
then the voltage drop from ¢ to e will be-the same as the drop from
¢ to f and points e and f will be at equal voltages. Since there is no
difference between the voltage at e and that at f, there will be no
flow of current through the meter or phones and the bridge is then
said to be balanced.
A balanced bridge is shown in Fig. 2 where arm 4 has.a value of 1, arm

B has a value of 2, arm X a value of 3 and arm S a value of 6. Substituting
these values in the above proportion or equation we have,

A X 1 3

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

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

a0 uo S0 60

(AC vollzge)

Fic. 3.—Functions of the Arms in a Fic. 4—Principle of the Slide
Bridee. Wire Bridge.

If S cannot be gradually varied to secure a balance, then the ratio arms 4 and
B are changed until the bridge is balanced.
Slide Wire Bridge.—A form of bridge in which the ratio arms

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

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

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

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

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

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

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

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

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

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

: W 700 u fenry

S, nductance (nductance

F16. 7.—Inductance Measurement with Bridge.

P S
Unknown capactly ca/lac//y

F1c. 8 —Capacity Measurement with Bridge.

ments but now use the inverse ratio, 4/B equals S/X. Substituting
the known values in this proportion we have 66/33 equals 1000/X.
The fraction 66/33 is close enough to the true values 66/34 and is
used because it forms a comparatively simple tatio equal to 2/1.

Solving this equation (66/33 equals 1000/X) gives 500 micro-micro--

farads as the capacity of the unknown condenser.
BRIDGE RECTIFIER.—See Rectifier, Full-wave.
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BROADCASTING.—The transmission of entertainment
and other matters of public ihterest by means of radio waves
which may be picked up by any receiver within range of the sig-
nals is called broadcasting. Speech was sent out from arc trans-
mitters as early as 1907 and from continuous wave vacuum tube
transmitters in 1915. However, modern broadcasting generally is
considered to have begun with the sending out of the Harding-
Cox election returns from station KDKA at Pittsburgh on
November 2nd, 1920.

The earliest commercially manufactured broadcast receivers were mar-
keted in 1921 in the form of crystal detector sets and single tube regen-
erative detector sets. At this time all entertainment and music was trans-
mitted on the single wavelength of 360 meters, while weather and crop
reports were on 485 meters. A year later the 400-meter wavelength was
allowed for certain high quality stations. In 1923 broadcasting spread

* through the wavelengths from 230 meters to 545 meters with ten-kilocycle

separation between channels, transmitters were moved out of thickly settled
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F1. 1.—Speech Input Equipment for Broadcasting.

1¢:’listricts and connected by wire to their studios, and chain broadecasting
egan. :

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

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

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

The wire line from the speech input equipment is shown entering the
transmitter in the block diagram of Fig. 2, The signal passes first to the
line equalizer and filter in which correction is made for over- or under-
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Fi16. 2—Low Power Equipment for Amplifying.

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

Radio Frequency Equipment.—The radio frequency portion
of the broadcaster’s circuits begins with the crystal controlled
oscillator in which the station’s carrier frequency is fixed at an
exact value. Frequency control with crystal oscillators is described
under Crystal, Frequency Control by. The buffer stage of radio
frequency amplification isolates the oscillator from the following
radio frequency amplifier so that the amplifier cannot react on

the oscillator to disturb the frequency setting. The radio fre-

quency amplifier shown in Fig. 2 operates in connection with the
audio frequency modulator so that the audio signal is impressed
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on the carrier current at this point in the process. A modulation
meter of any type may be connected to the output of the modu-
lated radio frequency amplifier or may be used later on, nearer
the antenna, so that the station’s maximum allowable percentage

modulation is not exceeded.

The output of the modulated radio frequency amplifier in Fig. 2 forms
the input for the radio frequency power amplifiers shown as the first unit
in the diagram of Fig. 3, The output of this power amplifier determines
the output power or antenna power of the transmitter. Next in order comes
the harmonic reducer which is a filter system designed to greatly attenuate
frequencies other than those contained in the modulated carrier, especially
the second harmonic of the carrier frequency. At this point there may be
provided a monitor to rectify, amplify and reproduce the station’s signal,
The output of the transmitter may here be switched either to the regular
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F16. 3.—High Power Equipment Used at Transmitter.

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

Chain Broadcasting.—In chain broadcasting the studio or
the station at which a program originates may be at a considerable
distance from the transmitter or transmitters which finally put
the signals on the air. When the wire lines between these points
are long it becomes necessary to use intermediate amplifiers, the
general makeup of which is shown in Fig. 4. Here there is an
equalizer to correct frequency discrimination occurring in the
lines, a local audio frequency amplifier to restore the signal power
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to the required level, and a monitor to allow observation of the
signal. Although nct indicated in the diagram, all such repeating
equipments have impedance matching transformers at their input
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F16. 4—Equipment at Repeater Station,

A single program often is delivered to a number of broadcast trans-
mitters, division of the signal being made at bridging points consisting of
the elements shown in Fig. 5. The wire line terminates in an impedance
matching transformer from which the signal goes to the usual equalizer
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Fi16. 5.—Bridging System Used in Chain Broadcasting.

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

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

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

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

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

The standard zero level or reference level for broadcasting is
a power of 10.0 milliwatts, which is equal to a potential difference
of 2.45 volts across a resistance of 600 ohms or to a current of
4,08 milliamperes through the same resistance.
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Volume or Gain Control.—The control room operator ob-
serves the volume indicator and monitor loud speaker while oper-
ating the master volume control of Fig. 1 to maintain the power
level within limits which can be handled by the wire lines and
other equipment. To avoid danger of cross talk the transmission
line seldom is worked with a power level greater than plus five
or six decibels. To allow a margin of safety for line variations
with temperature, weather, etc., the line output actually is main-
tained below two or three decibels. The level of unavoidable noises
from all kinds of interference is found at about minus 25 decibels.
Thus there is permissible a power level range of from minus 25
to plus 3 decibels. Under favorable conditions a range of 30
decibels is allowable, and within this the operator must hold the
power level.
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Fic. 6.—Speech Amplifier for Audio Frequencies.

Large orchestras, as one example of sound source, have a range of 60
decibels or even more and this range must be compressed by the volume
control within the 30-decibel range of permissible transmission. The vol-
‘ume control is used to raise the level of the weaker passages and lower
the level of the most intense sounds. Previous rehearsals, or the help of
a trained musician, may be used to assist the operator in knowing when
and how to handle the volume control or gain control. Some stations use
automatic volume control to prevent overloading the lines.

The volume indicator allows control of power level and the monitor
loud speaker allows observation of the general quality of the signals.
The usefulness of the monitoring equipment is limited by the judgment
of the listener, whose hearing may be entirely normal or else may be
deficient in some frequency ranges. The loud speaker, or sometimes two
or more loud speakers, are placed in a room of moderate size which has
been acoustically treated to have a suitable reverberation period and
which is protected from outside sounds. A view of the studio‘'and the
artists is provided through windows. 2
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Wire lines, line equalizers and filters are discussed under Public
Address Systems, all of the principles there explained applying
also to the transmission circuits used between the elements of a
broadcasting system. Where the lines are run in the open on
elevated pole cross arms the amplifying and equalizing stations
are needed at intervals of 150 to 250 miles. With underground
cable lines as used in city districts the repeaters are used every
10 to 15 miles. The amplifiers provide sufficient gain to hold the
signal above the line noise level and the equalizers compensate
for the unequal transmission of certain frequencies.

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

adjacent channels. Thus, as indicated in Fig. 7, the 1000-kilocycle
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F1e. 7.—Relation of Side Bands to Carrier.
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channel extends from 995 kilocycles to 1005 kilocycles and all
other channels are similarly arranged.

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

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

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

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

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

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

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

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

for the monitor and for whatever means of modulation measurement may
be employed.
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Fi16. 10.—Antenna System and Harmonic Filter.
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Antenna System.—The harmonic filter in Fig. 10 provides
tuned circuits allowing a low impedance path to ground for second
harmonics of the carrier frequency. Radiation of these harmonics
is further prevented by very complete shielding of all inductance
coils and connections carrying such currents, Efficient and eco-
nomical operation of the tubes in the radio frequency amplifiers
results in the producton of quite powerful harmonics and these
undesired frequencies must be eliminated in the output circuits.

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

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

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

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

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

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

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

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

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

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

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

Transmitters are located so that the |
ﬁheh,i‘(l strengﬂll at c{chg edge of the nearest b3
thickly populated district is not greater o 0 :
than 100 millivolts per meter, this Fia. u'};-e\]ﬁlrlla?ons'tm Radio
rule putting 5-kilowatt stations about ! I LSTETIEE
two miles from such areas and 50-
kilowatt stations about seven miles away. Because of the great amount
of interference in cities it takes a field intensity of five to thirty millivolts
per meter to provide high grade reception, while in country districts
equally good service is provided by an intensity of 100 millivolts per meter
or even less than this under favorable conditions.

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

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

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

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

With the use of a base frequency one of the stations may contain the

control apparatus or this apparatus may be at some intermediate position,
The frequency is chosen to be above the audible range so that it may be
carried by the same wire lines or cables which transmit chain programs.
The control frequency must be some sub-multiple of the carrier frequency
since it is to be multiplied to reach the carrier value. Filters separate the
synchronizing frequency and the program audio frequencies.
* The use of independent oscillators depends for success on the stability
of these devices. Highly developed apparatus employing quartz plate
oscillators is capable of maintaining a stability to within less than one part
in 100,000,000. One station provides the reference frequency and any devi-
ation in the other’s carrier is corrected at frequent intervals,



BRONZE

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

BURIED ANTENNA.—See Antenna, Underground.

BUS WIRE.—See Wire, Bus.

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

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

/

Construction and Circuit of Buzzer Exciter.

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

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

BYPASS.—See Condenser, Bypass; Filter; and Detector, Plate
Bypass for.
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C.—Symbol for capacitance or electrostatic capacity.
CABLE.—See [Vire, Stranded.
CAGE ANTENNA.—See Antenna, Forms of.

CAM SWITCH.—See Switch, Cam Type.

CAMBRIC INSULATION.—Sez Cloth, Insulating.

CAMBRIC TUBING.—See Tubing, Insulating.

CANDLEPOWER.—See Light. .

CAPACITANCE.—Another name for capacity. See Capacity.

CAPACITIVE COUPLING.—See Coupling, Capacitive.

CAPACITIVE FEEDBACK.—See Oscillation.

CAPACITIVE REACTANCE.—See Reactance.

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

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

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

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

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

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

The most successful method of elmininating body capacity in such cases
is to avoid bringing the metal shaft of the condenser or variometer through
the panel to the hand operated dial or knob. As shown in the illustrat;on the

Lxtension S, shaft may be cut off and extended by
Faceld 'fﬂsffﬂme:;?éaft means of a short length of hard rubber
tubing placed over it with an extension
shaft may be cut off and extended by
the other end of the piece of tubing. This
extension shaft may then be brought
through the panel.
- When it is necessar%r to b{{ing tge live
shafts of variometers, feedback condensers
ca”;”U/Z” ”a/'/.;r o and similar devices through a panel so
Extension Shaft for A 7d.' Bod that the operator’s hand will come close
ension Shaft for Avoiding Y to them the effect of body capacity may
Capacity Effect. be avoided by mounting the instrument
itself an inch or two back of the panel and extending its shaft through the
coupling described.

CAPACITY, CONDENSER.—See Condenser, Capacity of.
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CAPACITY, DISTRIBUTED.—In addition to the concen-
trated or lumped capacity between the plates of condensers 'there is

METAL BRACKET
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Distributed Capacities in a Receiver.

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

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

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

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

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

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

CAPACITY, MEASUREMENT OF.—See Bridge, Measure-
ments by.

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

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

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

A microfarad is the one millionth part of one farad.

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

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

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

CARRIER CURRENT TELEPHONY.—See Radio, Vired.

CARRIER FREQUENCY.—The high frequency radiation
from a transmitter, which may be modulated with signal fre-
quencies. The component of a modulated wave that is of the
same frequency as the original continuous or unmodulated wave.

CASCADE AMPLIFICATION.—See Amplification, Cas-
cade.

CATHODE.—The electrode at which an electron flow enters
a vacuum, a gas, an clectrolyte; or other medium through which
it passes to the anode. The cathode of a tube is its electron emit-
ting surface, which may be a filament, a unit heated by a separate
element, or a cold surface of solid metal or liquid mercury. The
cathode of a battery cell is its positive electrode connected to the
positive terminal for external circuits.

CATHODE-RAY OSCILLOSCOPE.—Sce Oscilloscope.

CATHODE-RAY TUBE.—See Tube, Cathode-ray.

CAVITY RESONATOR.—See Resonator, Cazity.

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

CELL, BATTERY.—See Battery, Storage Type.
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Fic. 1.—Photoconductive Element. Fic. 2—Photoconductive Cell.
CELL, PHOTOCONDUCTIVE.—A photoconductive cell

is a form of photoelectric cell in which the clectrical resistance

becomes less when light strikes the cell's active material. The
active material in most commercial forms of photoconductive cell
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is the element selenium, although some other elements and com-
pounds have similar properties.

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

Selenium is an allotropic material, or a material capable of assuming
different physical states without change in its chemical composition. The
metal must be changed to a grey, crystalline, metallic form by the process
of annealing beforc the light-sensitive property becomes prominent. Once
the material is prepared it must be protected against absorption of mois-
ture. Some cells, as shown in Fig. 2, are enclosed within a glass bulb
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Fi1c. 3—Current-illumination Char- F16. 4.—Curent-voltage Curve of
acteristic of Photoconductive Cell. Selenium Cell.

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

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

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

shorter and the resistance has not time to change by the full amount that
would be realized with longer periods between impulses. Although the
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response of the cell drops quite rapidly with frequency increase, types
have been developed which operate successfully up to about 10,000 cycles

per second. .
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F16. 5.—Color Sensitivity of Selenium Cell.
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The current-illumination curve for a typical selenium cell is given in
Fig. 3. It may be seen that much greater changes of current are secured
with weak 111ummatlons than with strong ones when the percentage change
of illumination remains the same in both cases. Although the response of
the cell is not linear with respect to illumination, it is possible to use
either very weak or very strong light and obtain a response nearly pro-
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F16. 6.—Photoconductive Cell Amplifier for Batteries.

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

The color sensitivity of the selenium cell is exceptionally good in the
long wave or red end of the visible spectrum, although the greatest sensi-
tivity is found with violet and ultra-violet. A sensitivity curve for a
selenium cell is shown in Fig. 5. Another photoconductive cell uses
thallium sulphide for its light sensitive material, being called the Thalofide

cell. This unit is most sensitive in the infra-red rays, around 9,000
Angstrom units.
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F1e. 7.—Photoconductive Cell Amplifier for Power Line,

Two circuits recommended by the Burgess Battery Company for use
with their selenium cell in the operation of a relay are shown in Figs. 6

and 7. The circuit of Fig. 6 employs batteries as the energy source and
that of Fig. 7 uses alternating current line power.

CELL, PHOTOELECTRIC.—A photoelectric cell is any
device which, when subjected to a change of light or other radiant
energy, causes a corresponding change of electric current in a
circuit connected to the cell. In a photoemissive cell, which is a
phototube, the radiant energy causes emission of electrons from
a cathode in the cell and the electrons form a current. The photo-
voltaic cell changes the force of the radiant energy into electro-
motive force, with an effect comparable to the change of chemical
energy to electromotive force in a galvanic cell. With the photo-
conductive cell the radiant energy acts to alter the electrical re-
" sistance of the cell, decreasing the resistance as the radiant energy

increases. The three types of photoelectric cells are described
under their several names in accompanying articles.
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CELL, PHOTOELECTRIC, USES OF.—The uses of
photoelectric cells of various types are already so numerous and
are increasing so rapidly that a complete enumeration is impossible.
These cells find important uses for reproduction of sound in sound
picture work and in the pictorial arts including television, tele-
photography and photoengraving. Photocells are employed to
give warnings of dangers and to operate safety devices of many
kinds. They are quite generally used in automatic control of
interior and outdoor lighting. Photoelectric devices are adapted
to the control of traffic and to all manner of timing and counting
operations. Manufacturing processes of the most varied types are
handled by photocells, this work extending even into the fields of
grading, sorting and matching of products. Measurement of light
is one of the original uses and still is one of the most important.

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

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

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

A second group of photocell applications includes those which
depend on a more or less gradual change in light intensity or
flux between a minimum and a maximum value, without any
complete stoppage of the light. The beam in its normal travel
between source and photocell may be direct, or it may be reflected,
refracted or transmitted through some medium other than air.

In this classification are fire alarms operating upon the appearance of
fame to increase the illumination, or upon the appearance of smoke in the
light beam to reduce the illumination. The density of smoke in a stack
may operate a recording instrument to indicate the efficiency or lack of it
with which a boiler is being fired throughout a period of time. Changes
in amount of reflected light will indicate surface spots, flaws and other
defects.

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

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

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

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

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

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

Almost any manufacturing process may be started, stopped or regulated
by means of photoelectric devices. Machines may be set in motion, may
be shut down or may be reversed in direction. Cutting and shearing oper-
ations may be made to occur at exact points or times. Labels may be
affixed by having the position of a package affect a photocell. Pressure
may be indicated or controlled through a manometer, by allowing the
pressure to move a liquid held in the U-shaped tube into the path of a
light beam. Doors may be opened or closed in elevators, garages, restaur-
ants or other places either by the interruption of a light beam or by reflec-
tion of a beam.” Heat controls ‘may be operated from the expansion of
any heated material, thus shutting off the light or reducing the light to
a photocell.
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In some cases it is desired that a condition existing for only a moment
shall set into action a signal or other device, the action continuing until
it draws attention, An example might be a flashover on the commutator
of 4n electric machine, or the passage of a train past a certain point. Here
a photoglow tube may be used in which a light impulse causes formation
of a conductive glow discharge that continues until the voltage is dropped.

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

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

See Cell, Photoemissive; Cell, Photoconductive; and Cell, Pho-
tovoltaic,
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CELL, PHOTOEMISSIVE.—The photoemissive cell,
which commonly is called a phototube, consists of a cathode and
an anode inside of an evacuated glass bulb. In most of the earlier
types, and in some of those used today, the substance which forms
the cathode is deposited on the inner surface of the bulb as shown
by Fig. 1, with the anode a metallic wire or ring in the approxi-
mate center of the hulb. Light or other radiant energy enters the
bulb through a portion called the window, which is left clear. The
majority of general purpose phototubes now manufactured are
constructed as shown by Fig. 2. The entire bulb is of clear glass.
The cathode substance is coated on a semi-cylindrical metallic
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ANODE
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S T
Fic. 1.—Phototube with Wall - 'F16. 2—Phototube with Inserted
Type of Cathode. Cathode.

element supported inside the bulb, and the anode is a straight
vertical wire placed in front of the cathode surface.

The active surface of the cathode is of some material which, when sub-
jected to the radiant energy of visible light or of ultra-violet or infra-red,
emits electrons in quantity proportional to the energy of the received radi-
ation. When the phototube is connected in series with a source of current
and a resistor, as shown by Fig. 3, electrons emitted from the negative
cathode are drawn to the positive anode and a current flows in the circuit
so long as the cathode is reached by radiant energy. The electron emission
and current increase and decrease with increase and decrease of the in-
tensity of radiant energy on the cathode, and thus there js caused to flow
in the resistor a current which varies with the radiant energy. The potential
drop across the ends of the resistor varies .with the current, and is pro-
portional to the radiant energy received by the phototube cathode. The
changes of potential may be applied to the control grid circuit of a follow-
ing electronic tube and there amplified, or the changes of current may be
used to directly operate ultra-sensitive relays which, in turn, will contro}
electric circuits carrying more power,
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Wavelength Sensitivity.—The rate of electron emission
from the phototube cathode depends not only on the intensity of
the radiation reaching the cathode, but also on the substance of
which the cathode is made and on the wavelength of the radiation.
In most of the present-day phototubes designed for general use
the cathode material is the element caesium, prepared and treated
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in various ways to give desirable characteristics. Other substances
used for special purposes include rubidium, zirconium and thorium.

If a phototube having one particular variety of caesium cathode is oper-
ated at a constant voltage and load, and it then is subjected to radiation of
different wavelengths, or to light of different colors, the electron emission
and current will vary with wavelength of the radiation about as shown by
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Fig. 4. Maximum emission and current occur with this particular tube at a
wavelength of 8,000 Angstroms, which is in the infra-red region just be-
yond the deepest visible red. Minimum response is with a wavelength of
about 4,500 Angstroms, which is blue light. The relative responses or sensi-
tivities shown by the curve are those secured when the radiant flux is the
same at all wavelengths. Sensitivity under usual operating conditions would
be affected by the kind of radiation. For cxample, daylight would be strong-
est in the violet and blue wavelengths, and light from a tungsten lamp would
be strongest in the red and infra-red regions.

Anode Characteristics.—The anode characteristics of a pho-
totube are shown by a group of curves representing the anode
_current which flows with various anode potentials and various
amounts of luminous flux as measured in lumens. Such charac-
teristics for a typical tube with an evacuated envelope are shown
by Fig. 5, where each curve applies to a certain luminous flux.
For any given luminous flux on this vacuum type tube, a gradual
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Fi6. 5.—Anode Characteristics of a Typical Vacuum Type Phototube.

increase of anode potential causes an initial sharp rise of current
which is followed by a leveling off to a practically constant cur-
rent at potentials above 10 to 30 volts. Thus we find that the
vacuum phototube is characterized by current which varies almost
wholly with luminous flux and hardly at all with potential above
a certain minimum potential.

Fig. 6 shows anode characteristics for a typical gas-filled or gaseous pho-
totube. Such a tube is completely evacuated during manufacture, and then
there is admitted to the bulb a small quantity of some inert gas such as he-
lium or argon. When the cathode of the gas-filled tube receives a certain
luminous flux, and when anode potential is gradually increased, the initial
rise and leveling off of current is much like that in a vacuum phototube.
But when anode potential reaches a value around 20 to 30 volts the current
commences to increase as the potential is increased and the luminous flux
held constant.

This increase of current in the gas-filled phototube results from ijoniza-
tion of the gas by electrons drawn from cathode to anode when the anode
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potential reaches 20 to 30 volts. At higher and higher potentials there is
increased ionization and a rapid rise of current. With more than a certain
limiting potential, usually 90 volts, or with more than a limited light flux,
ionization becomes so great as to cause a visihle glow discharge in the
tube. If such a glow discharge continues it destroys the cathode surface
and ruins the tube. Once the glow commences it will continue even though
light is cut off, and can be stopped onty by cutting off the potential and
current supply. Gas-filled cells must have in their circuit a resistance or
impedance which prevents cell voltage from reaching the value at which
glow discharge occurs with any luminous flux which may reach the cell.

Luminous Sensitivity.—The luminous sensitivity of a pho-
totube is a measure of the change in anode current which is caused
by a given change of luminous flux reaching the cathode. The

T Lh:aa

TTIIT

g
NG ¢
|

P ] HAHH
IEBNE S IS ) i
e
[

S

-3
o

Lumens

L

B3

X
1
e

B
11

i
\

Anode Current— Microamperes
Luminous Flux—

14 ,...'-'/ 4 e
o | T

0 20 30 40
Anode Potentiol - \Volts

Fic. 6—Anode Characteristics of a Gas-filled Type of Phototube.
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usual unit is microamperes per lumen, which means the number
of .microamperes of current change per one lumen of fix change.

At the left-hand side of Fig. 7 is shown, for the vacuum phototube of
Fig. 5, the relation betwecen anode current and luminous flux with anode
potentials of 250, 150 and 50 volts. There is but little difference between
current for the upper line at 250 volts and the lower one at 50 volts, show-
ing that current in the vacuum phototube is almost independent of anode
potential so long as the potential is above 20 to 30 volts. Also, the current
curves are straight lines, showing that changes of current are exactly pro-
pertional to changes of light flux.

At the right-hand side of Fig. 7 is shown, for the gas-filled phototube
of Fig. 6, the relation between current and flux for potentials of 80, 50 and
20 volts. Here it becomes apparent that current in the gas-filled tube is
greatly affected by anode potential. The curves for relatively high potential
are not straight lines, showing that the changes of current in this type of
phototube may not be exactly proportional to changes of flux.
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Luminous sensitivities are found by dividing’ the microamperes of cur-
rent by the lumens of flux. For the vacuum phototube at 250 volts the-
current is 9.8 microamperes at 0.5 lumen, and dividing 9.8 by 0.5 shows
the sensitivity to be 19.6 microamperes per lumen. The sensitivity is about
the same for other potentials and for other fluxes.

Luminous sensitivity for the gas-filled tube at 80 volts and 0.5 lumen is
found, by dividing the 11 microamperes of current by 0.5 lumen of flux,
to be 22 microamperes per lumen. But at 50 volts (middle curve of Fig. 7)
the sensitivity is only 9 microamperes per lumen, and at 20 volts is but 44
microamperes per lumen. Sensitivities might be similarly computed from
the anode characteristics of Figs. 5 and 6.

It should be kept in mind that the flux in lumens is that reach-
ing the exposed area of the phototube cathode. Areas in various

tubes may be anything from about 0.2 to 2.0 square inches. A
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Fi6. 7—Relations between Current and Luminous Flux in
Vacuum Phototube (left) and Gas-filled Tube (right).

flux of one lumen is equivalent to an illumination of one foot-
candle on a total area of one square foot, or 1728 square inches.
Then a flux of one lumen per square inch would mean an illumina-
tion of 1728 foot-candles, a flux of 0.5 lumen per square inch
would mean an illumination of 864 foot-candles, and so on.

It may be seen that the illumination must be of rather high value in
order to have even small currents in the phototube, The illumination from
a 60-watt incandescent lamp at a distance of three feet is about 10 to 12
foot-candles in a horizontal plane on the center of the lamp. This means
a luminous flux of only 10 to 12 lumens per square foot or about 0.006
lumen per square inch. Phototube sensitivities usually are measured with
light from a Mazda projection lamp.

The number of lumens per square inch received from a source of light
decreases as the square of the distance from the source when the light is
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allowed to spread normally. To avoid the effects of such decrease it is
common practice to employ lenses or reflectors, or both, at the light source,
and to employ lenses at the phototube, as illustrated by Fig. 8 Small
sources, such as automobile headlamp bulbs, then are effective over con-
siderable distances.
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Fic. 8. —Reflector and Lenses Prevent Excessive Spread of Light.

Amplifiers for Phototubes.—The performance of a photo-
tube in a circuit containing a source of potential and a load re-
sistance or impedance may be shown by drawing load lines on the
anode characteristics as has been done for a gas-filled tube in
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Fic. 9—Load Lines Showing Phototube Performance,

Fig. 9. The load lines are laid out in exactly the same manner
as on the plate characteristics for an amplifying tube.

Referring to Fig. 9, which is a typical example of performance, it may
be seen that with various loads there are the following changes of anode
current when the flux is changed from 0.2 to 0.1 lumen.
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1 megohm 189 to 10.0 = 89 microamps. change
2 megohms 144 to 85 = 5.9 microamps. change
3 meghoms 120 to 74 = 4.6 microamps. change
4 megohms 103 to 67 = 3.6 microamps. change
5 megohms 9.1 to 6.0 = 3.1 microamps. change

Thus it appears that the greater the resistance or impedance of the load
the smaller is the change of current for a given change of luminous flux or
of illumination, and the lower is the range of anode currents. If load lines
are drawn on the anode characteristics of a vacuum phototube it will be
found that the change of current for a given change of light is practically
unaffected by changes of load resistance or impedance within the usual
ranges of operation. Load resistances for gas-filled tubes ordinarily are no
more than 10 megohms, while for vacuum types the load resistances may
be as high as 50 megolims or even more.
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Fic. 10—The Relay Closes upon Increase of Light.

Fig. 10 shows a circuit for a vacuum tube amplifier actuated from a
photo-cell and operating a magnetic relay, all from an a-c line and trans-
former. On the a-c half-cycle which makes the photocell anode positive,
current from the transformer flows through the relay winding to the
photocell anode, through the photocell to the cathode, through the hy-
passed resistor and back to the transformer through the voltage divider.
Potential drop across the bypassed resistor is applied between control grid
and filament-cathode of the amplifying tube. Plate current for the ampli-
fying tube flows from the transformer through the relay, through the tube,
the center-tapped filament winding of the transformer and back to the
upper winding. When there is an increase of light on the photocell there
is an incrcase of current in the bypassed resistor and an increase of poten-
tial drop in such direction as to make the upper end of the resistor and the
grid of the amplifying tube more positive. Thus the plate current is in-
creased and the relay pulled in upon an increase of light.

Fig. 11 shows a circuit arranged so that the relay pulls in upon a de-
crease of light on the photocell. The anode of the photocell is connected
to the grid of the amplifying tube, Phototube current flows upward through
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Fi16, 11.—The Relay Opens upon Increase of Light.

the bypassed resistor, making the upper end of the resistor and the grid
of the amplifying tube negative. Decrease of light lessens the phototube
current, lessens the potential across the bypassed resistor, makes the ampli-
fier grid less negative, and thus increases the amplifier plate current to
pull in the relay. The meters of Figs. 10 and 11 need be connected into

the circuits only until the voltage divider is adjusted to permit correct
relay current.
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Fi16. 12.—Phototube and Thyratron for Pull-in of Relay
upon Increase of Light.
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Fig. 12 shows a phototube relay circuit employing. a screen grid thyratron
instead of a vacuum tube for the amplifier. The relay pulls in upon in-
crease of light on the phototube. The action is similar to that for Fig. 10.
With a gas-filled phototube resistor 1, of about 10,000 ohms, is used to
limit the phototube potential. Resistor 2 is of equal resistance, while 3 is
a voltage divider of 1,000 to 2,000 ohms resistance. With a vacuum photo-
tube, resistor 1 may be omitted and 2 made about 20,000 ohms. Resistor 4
is placed in series with the relay only if it is needed to reduce relay cur-
rent to a desirable value or to a safe value for the relay winding,

Fig. 13 shows the thyratron amplifier circuit re-arranged so that the
- relay pulls in with a decrease of light on the phototube, the action being
similar to that for Fig. 11. Again resistor 7, now of about 2,500 ohms, is
used only with a gas-filled phototube, and resistor 2 is made of equal
value. With a vacuum phototube resistor r is omitted, and 2 is made of about
5.000 ohms resistance. The resistance of the voltage divider 3 is made 100
to 200 ohms,
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Fic. 13.~Phototube and Thyratron for Relay Pull-in
upon Decrease of Light.

In the four amplifiers of Figs. 10 to 13 the bypassed resistor through
which flows the phototube current forms the load in the phototube circuit.
This resistor is made of one to ten megohms resistance, depending on the
load desired in this circuit. The bypass condenser across the relay winding
usually is needed to prevent chattering of the relay with alternating-
current operation of the amplifier. This bypass may be of two microfarads,
or more, capacitance.

Fig. 14 shows the circuit for a battery-operated amplifier em-
ploying a screen-grid vacuum tube. The relay pulls in with in-
crease of light on the phototube. It is characteristic ¢f all ampli-
fiers with which the relay pulls in upon increase of light that the
phototube cathode is connected to the grid of the amplifier tube.
When the relay pulls in with decrease of light the phototube anode
is connected to the amplifier control grid.

\ ]
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Fig. 15 is a circuit for carrier frequency amplification. The
high-frequency photocell is subjected to carrier-frequency light
impulses. In series is a low-frequency photocell, the light on which
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F16. 14.—Screen Grid Amplifier F16. 15.—Phototube Amplification
for Phototube. of Carrier Frequency.

is modulated or varied with the frequency or the signal which is to
be transmitted on the carrier. The output of the two cells then is
a high-frequency carrier modulated with a signal.
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CELL, PHOTOVOLTAIC.—Photovoltaic cells are devices
which change the energy of light and of ultraviolet and infra-red
radiation directly into electromotive force or potential. Cells at
present in use are of the barrier layer or blocking layer type,
consisting of a backing plate of metal on one side of which are
deposited extremely thin films of other metals or of the oxide of
the backing metal. Light which passes through these films re-
leases electrons at the contact surface between the films and back-
ing metal. It is this surface which is called the barrier layer,
blocking layer, or barrier plane. The entire assembly is lacquered
for protection against moisture. The construction principle is
shown by Fig. 1.

There are two principal kinds of barrier layer cells. In one kind a base

of copper is covered with an extremely thin film of copper oxide. Over the
oxide is a transparent film of some conductive metal, and around the edge

of this film is a ring of heavier metal for a current collector. Light passes:

through the conductive film and the oxide to release electrons at the barrier
layer. An excess of electrons collects on the oxide side of the barrier,

Light-Sensitive
Transparent Surface

Canductive Current- Collecting
Film J Ring

- C
Selenium

External
or Oxide ~7 4 Circuit

Backing Metal >ﬁ'\
Iron or Copper

F16. 1—Principal Parts of Barrier Layer Photocells.

leaving the copper positive and making the oxide and conductive film nega-
tive. Current then will flow through an external circuit from the copper
around to the metal ring on the front of the cell.

A more recently developed barrier layer cell consists of a backing plate
of iron or steel on which is a film of selenium or a selenium alloy. The
selenium is covered with thin, transparent, conductive films of a metal such
as gold, silver or platinum. Around the edge of this conductive film is the
current-collecting ring. Light passes through the transparent conductive
film, rcleases clectrons at the barrier layer, and the excess of electrons passes
to the conductive film. Thus the iron backing plate becomes positive and
the conductive film negative. Current will flow from the iron around to
the conductive film through an external circuit.

The curves at the left-hand side of Tig. 2 show typical relations
between current in microamperes and illumination in foot-candles
for load resistances of 100, 500 and 1,000 ohms. The current is
more nearly in exact proportion to illumination as the load re-
sistance is decreased. At the right is shown a curve of open cir-
cuit electromotive force in millivolts for various illuminations.
The open circuit emf would be greater at higher cell tempera-
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tures, and would be less with lower temperatures. The internal
resistance of a barrier layer cell becomes less as the illumination
is increased, and also becomes less when the external load re-
sistance is increased.

Barrier layer cells are used to actuate sensitive currént meters, which
may be calibrated to read directly in light units. These cells are used also
to operate ultra-sensitive relays which, in turn, operate power relays. They
are commonly employed as light meters for measurement of illumination,
also for many methods of control, sorting, counting, and alarm systems.
The wavelength or color sensitivity is similar to that of the human eye,
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Fic. 2—Current and Emf in Barrier Layer Photocells.

and with suitable filters may be made to almost exactly match that of the
eye. The chief disadvantages of barrier layer cells are that their output
is difficult to amplify by means of electronic tubes, and that their output
falls rapidly with increase of frequency of light impulses on the cells. This
is due chiefly to the high-frequency bypassing effect of the capacitances
between films and backing plates in the cell.

In early types of photovoltaic cells there are two electrodes immersed in
a liquid electrolyte. Either or both electrodes are electron-emitting when
subjected to light. Release of electrons occurs at-the contact surface be-
tween the lighted electrode and the liquid, this electrode becoming the
cathode from which current flows to the external load circuit.
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CELLULOID.—Celluloid is a rathen hard, but flextible sub-
stance made from gun cotton and oil of camphor. It may be
transparent or colored in various ways. The dielectric strength
of celluloid varies from 250 to 700 volts per thousandth of an
inch thickness. Its dielectric constant also varies between wide
limits, running from as low as 4.0 up to 6.0. Celluloid is highly
inflammable. It may be softened in hot water and bent into
almost any shape.

CELERON.—See Phienol Compounds.

CEMENT.—See Binders.

CENTIGRADE THERMOMETER SCALE.—See Tem-
perature, Scales of.

CENTIMETER.—See Metric Svystem.

CENTRALIZED SOUND SYSTEM. — See Public Ad-
dress Systent.

CERESIN WAX.—See IVaxes, Insulating.

CHAIN BROADCASTING.—See Broadcasting.

CHARACTERISTIC.—A quality or attribute of any device
showing its behavior under certain conditions of use. For in-
stance, characteristic curves of electronic tubes show relations
between such things as control grid voltage and plate current,
plate voltage and plate current, and so on.

CHARGE.—The electrons or electricity which represent an
excess or a deficiency with reference to a neutral condition of a
condenser or a dielectric. The unit of charge is the coulomb.

CHARGE, BOUND AND FREE.—See Induction, Electro-
static.

CHARGE, SPACE.—The term space charge usually refers
to negative electrons which have been emitted from a cathode
of a tube and which are in the space near the cathode or between
the cathode and the anode or plate of the tube. The space charge
is of great impottance in the operation of nearly all types of tubes.

Because electrons emitted from the cathode are themselves negative
charges, and because two negative charges repel each other, the space
charge opposes the emission of additional electrons. When the anode or
plate of a tube s made positive it attracts electrons from the space charge,
and these electrons form the anode current. This action rcduccs the con-
centration of electrons in the space charge so that additional emission may
take place.

In the normal operation of hot-cathode tubes used as rectifiers, amplifiers
and oscillators, the heating of the cathode to rated temperature causes
emission of enough electrons so that some space charge remains near the
cathode, or so that there is a surplus of electrons over and above those
being drawn to the anode so long as the anode potential is not made unduly
high. However, if the anode potential is made excessively high the elec-
trons will be drawn to it as rapidly as they are emitted and there will be
no space charge. Also, if the cathode temperature is made much lower
than normal, the rate of emission will drop to a value at which electrons
are drawn to the anode as rapidly as they are emitted from the cathode.

When electrons arc drawn to the anode as fast as emitted from the

- - .m
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cathode the condition is called saturation, and the anode current or plate
current is called saturation current. But if some space charge remains
near the cathode, to oppose emission, the action is said to be space charge
limited. Under this latter condition the plate current will vary with plate
potential, because there is a surplus of electrons from which to draw.
But when the plate potential is high enough to cause saturation, further
increase of plate potential causes but little increase of plate current unless
cathode temperature and resulting emission are increased.

In a tube having a control grid between cathode and anode the
control grid is located in the space charge region. If the grid is
made negative with reference to the cathode the negative charge
of the grid adds its effect to the negative space charge, with the
result that electron emission is reduced or, if the grid is made
sufficiently negative, is stopped. This is the condition called plate
current cutoff. A positive control grid attracts electrons from the
space charge, they enter the grid to flow through its circuit as
grid current, and the space charge is reduced to allow increased
emission from the cathode.

In beam power tubes a negative space charge is produced in the region
between the screen grid and the plate by a slowing down of electrons in
this region and by the resulting increase of electron density. The electrons
slow down and congregate when plate voltage drops below screen grid
voltage, for then the acceleration of electrons from screen to plate is less
than from cathode to screen.

When ionjzation occurs in a gas-filled tube the atoms or molecules of gas
which have lost one or more electrons become positive ions. These ions are
attracted toward the negative cathode, and in the space charge region they
again pick up electrons to become neutral. The electrons taken from the
space charge by the positive jons reduce the charge, and a high rate of
emission is permitted. It is this reduction of space charge which is largely
responsible for the very high rates of current flow during ionization in
these tubes.

The positive ions which exist during ionization in a gas-filled
tube may be called a positive space charge. Such ions exist
throughout the inter-electrode space, and they collect in consider-
able density near any element which is negatively charged. See
Tonization and Tube, Gas-filled.

CHASSIS, RECEIVER.—A name sometimes applied to
the electrical parts and framework of a radio receiver.

CHOKE, AUDIO FREQUENCY.—See Coil, Choke.

CIRCUIT.—A complete conductive path, including a source
of electromotive force, or connected between points which may
have a difference of potential, so that current may flow in all parts
of the path. Also a path in which magnetic flux may issue from
one pole of a source of magnetomotive force and return to the
other pole, The magnetic circuit may be composed either wholly
or in part of magnetic materials.

CIRCUIT, ACCEPTOR.—A series resonant circuit in
which a coil and condenser, tuned to resonance at a certain fre-
quency, offer minimum impedance to currents at that frequency
and so may be said to accept the tuned frequency.
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CIRCUIT, ANTENNA.—See Antenna, Circuit of.

CIRCUIT, APERIODIC.—See Aperiodic.

CIRCUIT, BAND SELECTOR.—A band selector consists
of two tuned circuits, coupled together so that their reactance is low
to an entire band of frequencies which it is desired to receive and
is very high to all other frequencies.

A transmitter sending a signal on a carrier frequency of 800 kilo-
cycles, for example, will modulate this frequency for the sending
of music and speech with additional frequencies of 5,000 cycles or
five kilocycles each side of 800 so that the entire band extends from
795 kilocycles to 805 kilocycles as explained under Band, Wave.
‘f'wo such bands are indicated in Fig. 1. One is that portion of the
broadcast spectrum occupied by a station operating at 800 kilocy-
cles carrier frequency and the other is that of a station operating
at 780 kilocycles. Each band occupies a width of ten kilocycles.

The response of broadly tuned and sharply tuned resonant circuits at various
frequencies is shown in Fig. 2. With the broadly tuned circuit at the left,
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Fic. 1.—Frequency Bands. Fic. 2—Response of Resonant Circuits

the voltage induced in the tuner is maximum for the tuned frequency, 800
kilocycles, but the response is also quite strong to frequencies as low as 775
kilocycles. Signals from another transmitter operating on the 780 kilocycle
band will represent a considerable percentage of the signals received by such
a broadly tuned circuit, the proportion of the wanted and unwanted signals
being roughly indicated by the shaded portions of the frequency bands.
At the right hand side of Fig. 2 is shown the voltage response of a sharply
- tuned resonant circuit at a frequency of 800 kilocycles. It is seen that the re-
sponse is only to the desired frequency with no interference from the un-
wanted signal on 780 kilocycles. From the standpoint of selectivity the
sharply tuned circuit is satisfactory but from the standpoint of tone quality
it is unsatisfactory. The voltage response peak of the sharply tuned circuit
is so narrow that it does not take in the side bands which carry the audio
frequency modulations. Only the lower audio frequencies, those lying close
to the carrier frequency, are fully reproduced. The higher audio frequencies,
which are the farthest above and below. the carrier frequency, are not well
reproduced by the sharply tuned circuit. From the left hand part of Fig. 2
it is apparent that the broadly tuned circuit gives satisfactory response to
all the audio frequencies in the entire band.
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A fairly satisfactory response to the entire audio frequency range, together
with satisfactory selectivity, may be secured through the use of a number of
successive broadly tuncd stages of radio frequency amplification, by the use
of the successive tuned intermediate stages in a superheterodyne receiver, or
by the use of a band selector circuit in connection with a radio frequency
amplilier. :

One of the simplest band selector circuits depends upon a prin-
ciple long known in radio, the principle that two coupled circuits,
each separately tuned to the same frequency, will respond to two
frequencies one of which is above and the other below the original
tuned frequency. The application of this idea is shown in Fig. 3.
In the plate circuit of the first tube is a.resonant circuit including
the tuning condenser C7 and the coil L1. The plate circuit is com-
pleted through the bypass condenser C3 and the direct plate current
for the tube is supplied through the choke. In the grid circuit of
the second tube is another resonant circuit including tuning con-
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F1c. 3.—Band Selector with Tuned F1c. 4—Double Resonance
Plate and Tuned Grid Circuits. Peak.

denser C2 and the coil L2. The grid circuit is cbmpleted through
bypass condenser C4.

The two resonant circuits are tuned to the same frequency, that of the
carrier which it is desired to receive. The response curve, shown in Fig. 4,
consists of two peaks slightly separated from each other so that quite uniform
amplification is secured over a whole band of frequencies rather than over
only a narrow peak as at the right in Fig. 2. Each circuit alone must be
capable of producing a sharply peaked response, therefore the construction
must include coils and condensers having the lowest possible resistance at
radio frequencies. The coils and condensers are matched so that they tune
alike with the two condensers operated from one control. The separation
of the two peaks is determined by the frequency being received and by the
degree of coupling between the circuits. See Coupling, Coeflicient of.

As shown in Fig. 5, the closer the coupling the farther apart are the two
peaks and the greater is the dipbetween them. This produces a receiver in
which the response is less when tuned exactly to the desired frequency than
: when tuned slightly above or below that frequency. As shown in Fig. 6,
the response curve is much broader at high frequencies or low waveler.gths
than at low frequencies or high wavelengths. Therefore the selectivity is
better at the low frequencies.
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In Fig. 7 is shown the principle of the Vreeland selector in which
the two tuned circuits are coupled through a mutual inductance con-
sisting of a third coil rather than by electromagnetic coupling be-
tween the two tuned coils as in Fig. 3. The resonant circuit in the
plate circuit of the first tube consists of tuning condenser C1, coil L1
and coil L3. The resonant circuit for the grid circuit of the second
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F16. 5.—Peaks Secured with Frc. 6—Effect of Frequency on
Changes in Coupling. Resonance Peaks.

tube consists of tuning condenser C2, coil L2, and coil L3. Coupling
is by means of the coil L3. Bypass condensers complete the plate
circuit, the grid circuit and the resonant circuits. In general, the
action of this system is like that of the one first described.

In the two circuits so far described, the band selector feature is
combined with the radio frequency amplifying circuits. In a third
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Fio. 7—Circuit Arrangement of Vreeland Band Selector.

design, the Jones or Technidyne system, the band selector circuit is
separate from and precedes the radio frequency amplifier, being
placed between the antenna and the amplifier. The amplifier may
then be of the untuned type.

In Fig. 8 are shown two tuned circuits; one including coil L1 and con-
denser C1 the other including coil L2 and condenser C2. The circuits are
coupled together by the coil M, which is common to both and which forms
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an inductance mutual to both tuned circuits. The two tuned circuits are
made rcsonant at exactly the same frequency or are tuned exactly together.
Were these circuits uncoupled. each would respond to a narrow band of fre-
quencies and the bands would be alike as at the right hand side of Fig. 2.

When these two tuned circuits are coupled through the mutual inductance,
they will respond well at a frequency slightly below the original one and
at a frequency slightly higher than the original tuned frequency. The com-
bined response is then like that shown in Fig. 4. The comparatively steep
sides of the individual sharply tuned circuits have been retained, thus giving
good selectivity because of slight response to freyuencies outside the selected
band. The top of the combined curve is now broad enough so that the entire
frequency band with all the audio modulation is reproduced very well. In
actual practice, a signal enters the band selector through circuit 7 of Fig. 8
which might be connected to an antenna, and leaves the selector through
circuit O, which might lead to the grid of the first amplifying tube.

The selectivity of this circuit depends on the sharpness of tuning in the
two tuned portions because sharp tuning preserves the steepness of the sides
of the response curves. Sharpness of tuning depends on the use of high
grade and carefully constructed parts throughout, on the reduction of high
frequency resistance and on correct shielding of the circuits.

The broadness of the response depends on the degree of coupling used be-
tween the two tuned circuits, the closer the coupling the broader the response
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curve. The width of the response curve depends also on the frequency being
received, the curve being broader at high frequencies and narrower at low
frequencies.

When using a coil for mutual inductance and coupling, the smaller the coil
the smaller will be the coupling and the narrower the top of the response
curve. Varying the number of turns in the coil or otherwise varying its in-
ductance will make a corresponding variation in the width of the response.

The degree of coupling is determined by the amount of common reactance.
The larger a coil, the greater will be its reactance at a given frequency.

When used with tuning coils of sizes generally employed for broadcast
work, the coupling coil M need have only about one and one-half micro-
henries inductance, four to six turns of wire on a one inch diameter form
being about right. The reactance of such a coil at 800 kilocycles would be
approximately seven and one-half ohms.

A band selector circuit as used ahead of the first radio frequency
amplifying tube is shown in Fig. 9. The antenna circuit passes
through an adjustable condenser Ca which adjusts the natural fre-
quency or the capacity of the antenna. The remainder of the an-
tenna circuit includes the tuned circuit LI1-C1 in which the coil
couples to coil L2 of the band selector. Coil L2 of the selector is
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tuned with adjustable condenser C2. The coupling coil is marked
M, and couples the first circuit of the selector to the second circuit
consisting of coil L3 and tuning condenser C3. This second circuit
is coupled to coil L4 which, in turn, is tuned with adjustable con-
denser C4 to form a resonant circuit connected to the grid of the
first amplifying tube. The broken lines indicate shields, The an-
tenna circuit and the first tuned circuit of the selector are enclosed
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Fic. 9.—Circuit of Jones Pre-selector.

in one shield, the coupling coil in a second shield and the remaining
two tuned circuits in a third shield. The first shield, for the an-
tenna circuit, is sometimes omitted.

Capacitive coupling instead of inductive coupling may be used as shown
ir. Fig. 10. This circuit should be compared with that shown in Fig. 8. Here
the capacity M is common or mutual to both tuned circuits, The degree of

coupling is changed by changing the capacity of condenser M. Increasing
the condenser reactance by making its capacity smaller will increase the coup-
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F16. 10.—Mutual Coupling with Condenser.

ling and cause the response curve to become broader. The opposite effect
is secured with a greater capacity and smaller reactance.

The reactance of a coupling coil increases with increase of frequency while
the reactance of a coupling condenser decreases with increase of frequency.
Therefore, the tendency of a coupling coil is to make broader tuning at high
frequencies and the tendency of a coupling condenser is to make broader
tuning at low frequencies. Since the lower frequencies naturally tune more
sharply than the high frequencies, the effect of using a condenser for coup-
ling is to compensate for the frequency effect with more uniform width of
response curve for all frequencies. :
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CIRCUIT, GRID.—A control grid circuit includes the con-
trol grid, a conductive path from grid to cathode or filament
(which may include coils or resistors), the cathode or filament,
and the space between the cathode or filament and the control
grid inside the tube. 1f the grid potential is positive with refer-
ence to the cathode or filament, current flows from grid to cathode
inside the tube and from cathode back to grid in the external
circuit. If grid potential is zero or negative there is no appre-
ciable flow of current in this circuit.

CIRCUIT, MAGNETIC.—A magnetic circuit includes a
permanent magnet or an electromagnet winding as a source of
magnetomotive force, and a path through which there is mag-
netic flux or magnetic lines of force from one pole to the other
of the source. The circuit may consist in whole or in part of either
magnetic iron and steel or of nonmagnetic materials, including air.
The field in an air gap is part of the magnetic circuit.

Inductance

Capacily

5
Cor/ Condenser

Magnetic Circuits in Iron Core An Oscillatory Circuit,
and in Air Core.

CIRCUIT, OSCILLATORY.—A circuit which includes an
inductance and a capacity, usually a coil and a condenser, which
are in series with each other. Energy passes back and forth be-
tween the inductance and capacity, or oscillates. First the energy
is stored as a magnetic field around the inductance. Collapse of
this field induces a current flow which charges the capacity, where-
upon the energy exists as an electrostatic field in the dielectric.
The potential of this field causes a reverse current flow which
again builds up a magnetic field around the inductance.

CIRCUIT, PARALLEL.—Two or more resistances or im-
pedances connected across a single potential or current source
are said to form a parallel circuit and to be in parallel with one
another. See Resistance, Parallel Circuit.

CIRCUIT, PLATE.—A plate circuit or anode circuit in-
cludes the plate or anode of a tube, whatever resistance or im-
pedance forms the output load for the tube, the source of potential
and current for the plate, the cathode or filament of the tube, and
the space between the cathode and plate inside the tube. Current
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Fio. 1—Parallel Circuits. Fio. 2—Tube Filaments in Parallel Circuit.

flows from plate to cathode inside the tube, and from cathode back
to the plate in the external circuit.

CIRCUIT, REJECTOR.—A parallel resonant circuit,
formed Dy an inductance and capacity in parallel with each other
and in series with the line, may be called a rejector circuit be-
cause it offers maximum impedance to line currents at the tuned
frequency.

CIRCUIT, SERIES.—Two or more resistances or imped-
ances connected end to end across a source of potential or cur-
rent, or so connected and including the source, form a series cir-
cuit and the parts are said to be in series with one another. The
same current flows in all the parts of a series circuit. See Re-

sistance, Series Circuit,
[ — ol

F10, 1.—A Series Circuit, F10. 2~Tube Filaments in Series Circuit.
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CIRCUIT, SHORT.—An undesired conductive connection
between circuit conductors at different potentials, allowing cur-
rent to flow from the source and to return to the source without
passing through the load, and causing such a decrease of im-
pedance as to allow excessive flow of current between the source
and the short circuited point,

A Short Circuit.

CIRCUIT, SHUNT.—A parallel circuit. See Circuit, Parallel.

CIRCULAR MIL.—See Mil, Circular.

CLAMP, GROUND.—A device arranged to clamp securely
around a pipe or other grounding conductor leading to earth,
and to provide a connection for circuits or elements which are to
be grounded.

CLASS A, B, AND C AMPLIFIERS.—See Amplifier Clas-
sification.

CLOSE COUPLING.—See Coupling, Close.

CLOTH, INSULATING.—Varnished muslin and varnished
cambric are made of cotton and linen treated with oils to increase
their dielectric strength, which is from 500 to 1,000 volts per
thousandth inch thickness. The dielectric constant is from 3.0-
to 5.0. Empire cloth is in this general class.

CODE.—A system of signals used for radio or wire teleg-
raphy is called a code. On the following page is shown the Con-:
tinental or International Morse code, which differs from the one
used in wire telegraphy. Various combinations of dots, dashes
and spaces represent letters, numerals, punctuation and short
phrases. In “speaking” the code a dot is called “dit” and a dash
1s called “dah.” The dash is equal in length to three dots. Be-
tween parts of the same letter the interval is equal to one dot. At
the end of each letter in a word is allowed a time interval equal
in length to three dots before commencing the next letter. At the
end of each word the interval is equal in length to five dots.



CODE

Tuae InTeErNATIONAL MORSE CopE anp CONVENTIONAL SicNaALs

A omm
R umooee Semicolon. ........... - umomme
Coumome | S
Dumee Period ............. Cmmommomm
E o Colon .......cvveenn. --—-— cee
(I; ._. :: Interrogation ....... ¢ommmmoe
H oooeo Comma .......c..... - - ¢ mm mm
I oo Apostrophe........... omm mm = -
] omm - am Hyphen... -—ceeomm
K o mm Hlihaoo000c0c
b OO0 Bar indicating fraction. == e ¢ =m o
M == - Parenthesis. ..... ..., e mm mme s
N mme
O o= =n == Inverted commas.. . ... oemmoomme
5 OL IO Underline o0 mm mm o mm
o =6 | GseSiThocoooo0nons
R emme Double dash.......... mmeceomm
s 000 Distress Call (S.0.5.). . coomm mm umooo
T ==
U oomm Attention call to precede
V eoomm every transmission.. . S ¢ wm ¢ mm
Weomn am . .
X wm oo mm General inquiry call
Y CQY. v - ms e mm mm o
N ¢ N uEm
Z mmumese From (de)............ m=ee o
A (German) Invitation to transmit
o mm ) mm (go ahead) (K)..... - mm

A or A (Spanish-Scandinavian)

Pyl i et Warning—high power. . == == ¢ ¢ mm um

CH (German-Spanish) Question (please repeat
- .- after...)—interrupt-
E (French) ing long messages . .. 0o mm mm e o

~ Wait.......oovvennen oemmeooe
N (Spanish)
- um e mm mm Break (Bk.) (double
O (German) dash).............. -—eeemm
——— Understand. ......... seomme
U (German)
® ¢ mm mm Error.....cooviiain (XXX YR
1] oum om on = Received (0.K.) (R)..ommoeo
2 o0 mmmmmm Position report (to pre-
3 o0 ummum s cede all position mes-
4 o000 mm SAES). . ..t - emmoe
g 00000 End of each message
6 mmosoe (cross) . .....oovnenn ommomme
7 omeumooe 0--q .
A o= —0C Transmission finished

(end of work) (conclu-

sion of correspond-
() un s on on = ence)
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COIL, ANGLE OF MOUNTING.—For air-core coils with-
out shielding to have minimum coupling they should be mounted
with their axes at right angles and intersecting, as in the drawing.
The axis of one coil intersects that of the other at the center of
winding length on the second coil.

FRONT VIEW
= = : Axls e A‘ -
- = -2
- 3 ===
SIDE
Qi VIEW

X
TOR, VIEW <

Relative Coil Positions for Minimum Coupling.

COIL, BANK WOUND.—Bank winding is a method for
minimizing the potential differences between adjacent turns of a
multi-layer winding, and of thus lessening the effects of distrib-
uted capacity. The left-hand drawing shows the order in which
turns are wound onto a form when making a two-layer bank

WiNDING
Placing of Turns in Bank and Layer Windings.

winding. At the center is a two-layer plain winding wherein the
greatest difference is between turns 1 and 13, while in the bank
winding it is between 2 and 5, 4 and 7, and so on. The right-
hand drawing shows positions of successively applied turns in a
three-layer bank winding.

COIL, BASKET WOUND.—A basket wound coil is made
by lacing the wire around vertical pins arranged in a circle, just
as the cane or wicker is woven in a basket. The winding is
cemented or laced to be self-supporting. The spaced turns lessen
the effects of distributed capacity.
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. COIL, CHOKE.—A choke coil is a coil of great reactance or
1m;_>edance whose purpose is to limit the flow of alternating or pul-
sating currents of certain frequencies through part of a circuit in

which the choke is placed.

By means of various combinations of choke coils and condensers,
a circuit containing currents of both high and low frequencies and
also direct current may be so divided as to send the low frequency
current through one path, the direct current through another path,
and the high frequency current through a third path.

The plate circuit of the vacuum tube shown in Fig. 1 carries both
radio frequency (high frequency) current and direct current. If

Radio frequency
choke corl

2o low freyaeﬂ;{
crreyit and 4.
Sypply

£ ondenser

Zo|hrgt ﬁq?qeﬂ:y‘

c/reds

Fic. 1.—Separation of Frequencies

with a Choke Coil.

to gudio fregquency
_circdity,

Todvo —=— Thoke

Treguen cyT
bypass

Jc
circuit
Fic. 2—Separation of Direct and
Alternating Currents with Choke Coil.

the tube should happen to be a detector, audio frequency (low fre-
quency) currents are also taken from the plate circuit, If a radio
frequency choke coil and a condenser are placed as shown in the
plate circuit, the choke coil will oppose passage of radio frequency
current through itself. But the radio frequency current will pass
easily through the condenser since the condenser’s reactance to high
frequencies is very small. The condenser, however, forms an open
circuit for the direct current of the B-battery. Consequently this
e direct current cannot pass through the condenser. The radio fre-
quency choke has no iron core and is wound with comparatively
large wire, therefore, it offers very little opposition to the low fre-
quency audio current or to the direct current which flows freely
through the choke. Audio frequency currents will pass through a
radio frequency choke coil if the coil is properly designed to offer
high reactance only at high frequencies.
The use of an iron-core choke coil is shown in Fig. 2. In this cir-
cuit the plate of the vacuum tube is carrying radio frequency or
high frequency current, audio frequency or low frequency current
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and direct current or battery current. The high frequency current
finds a path of low reactance through the bypass condenser and re-
turns to the tube filament. The direct current flows easily through
the choke, leaving only the audio frequency current to pass to the
audio frequency circuits. The bypass condenser is assumed to be of
small capacity so that it offers high reactance to the audio frequency
current and forms an open circuit for the direct current.

Wire Size in Chokes.—The wire must be of sufficient size to
carry the current without overheating. This consideration is of im-
portance in audio frequency chokes, also in filter chokes used for
filament supply and for eliminating interference. In radio fre-
quency circuits the maximum current is not over five milliamperes
in the great majority of cases. In audio frequency circuits the maxi-
mum current is seldom more than twenty-five milliamperes for the
lines in any one stage.

The wire size and the length used determine the direct current resistance of
the choke. The resistance is one factor in impedance. The alternating current
that will pass through any choke may be found by dividing the voltage by
the impedance. The total current through the choke is the sum of the high
frequency current, the low frequency current and the direct current. The wire
is chosen to handle whatever total current will actually pass.

The following table shows the maximum allowable current in milliamperes
for the different gauge sizes of copper wire used in choke coils of all types.

CurrenT CarrYinG Caracrty oF CoppeErR WIRE

Gauge Current in Gauge Current in Gauge Current in
Size Milliamperes Size Milliamperes Size Milliamperes
16 1700 to 2600 24 275 to 400 32 40 to 63
17 1300 to 2000 25 200 to 325 33 35 t0 50
18 1100 to 1600 26 175 to 250 34 25t0 40
19 850 to 1300 27 125 to 200 35 20 to 32
20 675 to 1000 28 100 to 160 36 18 to 25
21 550 to 800 29 85 to 125 37 13 t0 20
22 425 to 650 30 65 to 100 38 10 to 15
23 350 to 500 31 55t0 80 40 5t0 10

Proportions of Choke Coils.—A choke coil should contain the
maximum possible inductance and the least possible resistance. The
best ratio of resistance to inductance is obtained in solid layer-
wound coils by making them of the following proportions:

With the length of the winding represented by 100, the thickness or depth
of winding should be also represented by 100. The inside diameter of the
winding, or the outside diameter of the winding form, should be represented
by 266. The outside diameter of the winding should be represented by 466.
As an example; supposing a choke coil were to be made one inch long. The
length being 1.0 inch, the depth of winding should be 1.0 inch, the inside
diameter of the winding should be 2.66 inches and the outside diameter should
be 4.66 inches.

While the foregoing are the ideal proportions, chokes may vary widely from
these dimensions and still be entirely satisfactory for their work.



COIL, CHOKE

Radio Frequency Chokes.—Choke coils designed to oppoze only
the flow of high frequency currents are usually of air-core type.
They must be constructed to have the least possible distributed ca-
pacity since such capacity will pass the high frequency across the
choke. The size of wire is of no particular importance, gauges
from number 24 to number 32 being often employed. Larger sizes
are equally satisfactory but they increase the bulk of the coil.
Single cotton covered or double cotton covered wire is preferable to
enameled wire because of the increased spacing and lower distributed
capacity with the cotton covering, With double cotton covered wire
the coil will be of considerably larger bulk than with single cotton in
order to obtain the same inductance.

The radio frequency choke must oppose the passage of high fre-
quencies but must not choke back the audio frequencies. There-
fore, when only radio frequency currents are to be stopped the choke
should not have an iron core unless the core is of very small size
because the iron will give the coil so much inductance and reactance
that some of the higher audio frequencies are quite likely to be lost.

If both radio frequencies and audio frequencies are to be choked by the same
coil it is then necessary to use iron-core construction in order to obtain enough
reactance to properly oppose the lower audio frequencies. Radio frequency
currents will be choked effectively by any coil that will choke audio frequency.

An inductance of at least two and one-half millihenries is required for
radio frequency chokes used in broadcast receivers. For almost complete
stoppage of the radio frequency an inductance of five millihenries is better.

Honeycomb coils make excellent radio frequency chokes when there is
,space enough to allow their use. A honeycomb coil of 200 turns is the small-
*est that will prove reasonably effective. Coils of 250 or of 300 turns do very
good work as chokes. A satisfactory radio frequency choke coil may be made
by winding one thousand to fifteen hundred turns of number thirty-two single
cotton covered wire on a form one inch long with a center formed by a five-

sixteenth inch diameter wood or rubber rod or a fibre tube. Use no iron in the
core.

Audio Frequency Choke Coils.—An audio frequency choke
coil should offer a very high impedance at audio frequencies but
should be of sufficiently low resistance so that direct current for the
plate circuit is not unduly reduced.

Since the reactance of such chokes varies according to frequency.
it is a rather difficult matter to obtain sufficient reactance to act as
an effective stop for the very low audio frequencies. As an ex-
ample, a choke to offer a certain reactance in ohms at twenty-five
cycles would require eight times the inductance of a choke offering
the same reactance at two hundred cycles. If the low frequencies
are to be held back very large coils. will be required for audio fre-
quency chokes.

Audio frequency chokes always have an ‘iron core. They are
generally formed with layer windings of enameled wire, although
single cotton covered is more satisfactory from the standpomt of
low distributed capacit) The gauge of wire employed is deter-
mined by the maximum current as shown in the preceding table.



COIL, CHOKE

'
Audio frequency chokes are made with inductances of from twenty-five
to five hundred henries. The inductance required depends on the circuit in

which the choke is to act. The audio frequency current will divide in inverse .

proportion between two or more possible paths according to the impedances
of the paths, the greater part of the current flowing through the path of less
impedance.

If an audio frequency circuit is attached to a choke coil of 200 henries
inductance and also to an audio frequency transformer of 100 henries induc-
. tance the current will divide approximately in inverse proportion to the induc-
tances, two-thirds passing through the audio frequency transformer and one-
third through the choke.

Chokes sold as audio frequency amplifier coupling chokes or impedances
make satisfactory coils for this-work in any part of a receiver where the cur-
rent to be carried is not greater than allowed by the wire size used in these
coils. Secondary windings of audio frequency transformers may be used as
makeshift choke coils with the same limitation as to wire size.

Several points in the design of choke coils for handling low frequencies are
taken up in following paragraphs on iron-core choke coils.

Filter Chokes.—Choke coils used in.filters of power supply units -

and in filters for the elimination of power line hum are always of
the iron-core type. These chokes are built to have twenty, twenty-
five or thirty henries inductance in most cases. The wire used de-
pends on the current the choke must carry without overheating.
Suitable wire sizes are given in the preceding table showing the maxi-
mum carrying capacity of copper wires.

Iron-Core Chokes.—Iron-core choke coils are often used in cir-
cuits carrying both direct current and alternating current. The
direct current tends to magnetize the iron with a polarity depending
on the direction of current flow around the iron. To prevent satu-
ration of the iron, one or more air gaps are always built into the
core. The total air gap must be wide enough to prevent magnetic
saturation, which would prevent normal or proper action of the al-
ternating current, yet the gap must not be so wide as to reduce the
inductance below the required minimum.

The air gap in the core may be divided into a number of small
gaps or may consist of a single large gap. The minimum air gap
that is generally found satisfactory may be calculated from the fol-
lowing formula:

‘Number of TurnsX Current in Amperes 2.2

Flux Density in Lines per Inch

Air Gap in Inches ==

The flux density allowed may be anywhere from 10,000 to 30,000
lines. The smaller the core used for a coil of given inductance the
greater will be the density. -

The cores of choke coils may be either of the shell type or core
type of construction. The section of the iron over which the wind-
ing is placed may be conveniently made square, using dimensions
of from one-half inch up to one inch on a side. The overall size
of the core is made to accommodate the winding required for the in-
ductance. Under Wire, Turns per Inck is a table which shows the
number of turns per square inch of cross section of winding,
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Following are the approximate inductances obtained when using windings
in which the length is equal to one and one-half times the depth of wire be-
tween inside and outside diameters and which are wound on one leg of a rec-
tangular core. The air gap is assumed to be of a size determined by the
formula given in a preceding paragraph.

With core iron three-quarters of an inch square in cross section; twenty
henries will require 7,600 turns, thirty henries will require 9,800 turns, forty
henries will require 12,000 turns and fifty henries will require 14,500 turns.

With core iron one inch square in cross section; twenty henries will require
5,750 turns, thirty henries will require 7,500 turns, forty henries will require
9,350 turns and fifty henries will require 11,250 turns.

All of these figures assume the use of enameled wire of gauge sizes between
numbers thirty and thirty-four.

Iron-core chokes for prevention of radio frequency currents may
be of two and one-half to five millihenries inductance. The core may
be straight, formed either of iron wires or of thin flat iron lamina-
tions. Radio frequency filter chokes may be called upon to carry
large currents when used for the reduction of power line interfer-

ence. Following are wire sizes to be used:

To carry 0.75 to 1.0 ampere use number 18 gauge

To carry 1.0 to 1.75 ampere use number 16 gauge
To carry 2.0 to 3.0 ampere use number 14 gauge
To carry 3.0 to 5.0 ampere use number 12 gauge
To carry 5.0 to 8.0 ampere use number 10 gauge
To carry 8.0 to 15.0 ampere use number 8 gauge

" The inductance of iron core choke coils may be calculated from
the following formula:

Core Area X (Number of Turns)?

Inductance = —— e b X 40,000,000

This assumes the use of silicon steel transformer core iron, an air
gap determined by the preceding formula and a flux density of about
20,000 lines. The inductance is in henries, the core area in square
inches of cross section and the air gap in inches. The result is close
enough for average construction work.

COIL, CLOSED FIELD TYPE.—A single coil, as at the
left in Fig. 1, has a widely distributed magnetic field, while in
double or four-part coils the field remains close to the windings.
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Fic. 1.—Coils with Open Fields and Closed Fields.
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COIL, CLOSED FIELD, TOROID.—The toroid coil of
Fig. 1 has an almost completely closed field. There is a slight
external field due to the fact that the whole coil acts like a single
turn, as in Fig. 2. External radio waves reaching a toroid coil

generate equal and opposite voltages in oppomte halves of the
ring. These voltages cancel.

7o0R0/0 CcLASED
AlEcO <Ol

F1c. 1.—Toroid Fic. 2—Magnetic Field of Toroid
Type of Coil. Winding Acting as a Single Tum.

Fig. 4 shows how a toroid coil may be proportioned to obtain
the best relation between resistance and inductance. The outside
radius is the distance from the center of the ring formed by the
coil to the center of the wire forming the outside of the turns.
The inside radius is measured from the center of the ring to the
center of the wire on the inside. Maximum inductance is obtained
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F1c. 3.—Opposing Voltages Set F1¢c. 4.—Measurements for Toroid
Up in Toroid Winding. Coil Inductance Formula.

when the outside radius equals 1.7 times the inside radius, but
the highest ratio of inductance to resistance is obtained with an
outside radius equal to 2.6 times the inside radius. The diameter
of the turns should be small and the number of turns large m
order to keep the overall size within reasonable limits.
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ADVANTAGES AND Di1sapvANTAGES IN CoiL DesieN

> g g| B
= § gl 52
R IR AR LR
585 | 8E |58 T3
A |25 | 3= |88 viix
Tygt of Winding
ylindrical, single layer, close wound..... Best |Best [Best (Poor (Poor
single layer, space wound.....[Good [Poor |Good |[Good [Poor
bank wound................ Good |Good |Poor [Poor |Poor
honeycomb, duolateral, etc..../Good |Good |Fair |Good |Good
basket wound............... Fair |Fair [Good |Best |[lair
Flat, basket wound, diamond............ Fair |Fair |Fair |[Best |Good
flat wound, spiderweb.............. Good [Fair |Poor |Good |Good
Shape of Winding

Open field type, cylindrical or circular... ..|[Best |Good |Good |Fair (Fair
hexagon, octagon, etc. ...|Good |Fair |Good |Fair |(Fair

square, oblong, etc....... Good [Poor [Fair |Fair |Fair
Closed field type, double, toruid, ete...... Fair [Poor |Fair |Good |DBest
Proportion of Winding
Large diameter, short in length........... Good |Best {Good |Poor |Fair
Small diameter, long winding............ Good |Poor |Fair |Good |[Fair
Diameter about half of length............ Good |Good |Best [Fair |Good
Wire Insulation
Air,bare wirc.......coeeveniininnan... Fair [Good (Fair
Cotton, double covered.................. Fair  |[Best (Tair
single covered.................. Yai Fair |Fair |Good
Silk, double covered.................... G Good [I"air |Good
single covered. ... i I Iair  |Poor |Good
Enamel........ooiiiiiiiinniiinennnn. i Fair  [Poor |Guud
cotton covered................. Good |Good |Fair
Wire Size
Small, No. 30to No. 26................. Good [Best (Fair [Best [Good
Medium, No. 24 to No. 20............... Good [Good |Good (Good |Fair
Large, No. 18 toNo. 14................. Best |Fair |Best |Fair |Poor
Material of Winding Form
Paraffined paper or cardboard............ Poor — |Good (Good | —
Fibre and “mud” dielectrics............. Good | — |Poor |Poor —
Dry paraffined wood.................... Good — |Good |Good | —
Hardprubber ............... v..t....jFair — |Best |Good | —
Phenol fibre, bakelite, etc................ Best — |Fair [|Fair —
Glass. . ..viii i iiiniei e ienennnanaan Fair — |Fair [Fair —
Design of Winding Form
Solid or continuous material............. Best — {Fair |Fair —
Skeleton form................cviiin... Good | — |Good |Good | —
No form, self-supporting coil............. Poor — |Best |Good | —

Fastenings of Winding
Wire laced together or in place........... Fair
Binder of collodion or coil cement........ Good
Binder of varnish, glue, etc....... 10000000 Good

Good |Good _—
Tair  |Fair
Poor |Poor | —
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COIL, DESIGN.—The table on the adjoining page lists
various structural features of air-core inductance coils, and shows
which are desirable and undesirable from the standpoint of du-
rability, most inductance, least high-frequency resistance and dis-
tributed capacity, and smallest size of field around the coil.

COIL, DISTRIBUTED CAPACITY IN.—The turns of a
coil winding, also the leads, consist of conductors separated by
insulation or dielectric, and so form capacities as shown by the
illustration. Between each pair of adjacent turns there is a dif-
ference of potential equal to the total potential across the coil
divided by the number of turns. Then there will be a leakage
and a power loss due to these potential differences across the
small capacities. The loss will increase with frequency.

Even though no condenser is connected to the coil, the combination of
distributed capacity and inductance will make the coil itself act as a reso-
nant circuit at some high frequency, and at this frequency there will be a
great loss of power for maintaining oscillating currents in the coil. The
distributed capacity of a coil acts, in effect, like a fixed capacity in parallel
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Distributed Capacity and Its Effect in a Coil.

with the capacity of a tuning condenser across the coil. The effect may be
serious when the tuning condenser is adjusted for small capacity, for then
the distributed capacity added to condenser capacity makes it impossible to
have a total capacity small enough for resonance at high frequencies.

Distributed capacity is lessened by the following constructions : Relatively
great length of winding in proportion to diameter; small diameter and
large number of turns; wire insulation of kinds having low dielectric con-
stant; wire of small diameter; supports or coil form made of material
having a low dielectric constant.

COIL, EXPLORING.—A small inductance coil connected
to headphones, a sensitive meter, or other indicator which responds
to currents induced in the coil when it is moved into magnetic
fields. The location, extent, and relative strengths of fields are
thus determined.

COIL, INDUCTANCE OF.—The following formula ap-
plies to close wound cylindrical coils. Dimensions are in centi-
meters.

Inductance in _ Number of Turns Squared X Radius Squared X 004 X K
Microhenries Length of Winding .
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The values for K are given in the following table. The number
of turns is the total number in the winding. The radius and the
length of winding are both in centimeters. The number 0.04 is an
approximation for 0.039478 by which the multiplication may be
made instead of by 0.04 if more accurate results are required. The
radius is the distance from the center of the winding to the center
of one of the wires in any turn.

When the measurements are all in inches the following formula
may be used:

Inductance in Number of Turns Squared X Radius Squared X K
Microhenries = 10 X Length of Winding

Here again the values for K are found from the following table.
The radius and the length of winding are in inches.

To find the proper value of the elongation factor, K, in the following
table, divide the coil’s ‘diameter by its length and find the resulting number in
the column headed “Ratio D/L”” The value of K for this coil will be found
at the right.

Varues or EroneaTtion Facror “K”

Ratio ! Ratio ! Ratio Ratio Ratio
D/. K |DA K |D/L K |D/L K |D/L K
1000 00350 | 140 01605 | 5.4 03050 | 29 04370 | 095 0.6995
900 0381 |13.0 1692 | 52 3122 | 28 4452 | .90 .7110
800 0419 | 120 179 | 50 3198 | 27 4537 | 85 7228
700 0467 | 110 1903 | 48 3279 | 2.6 4626 | .80 7351
600 0528 | 100 2033 | 46 336t | 25 4719 | 75 7478
500 0611 | 9.5 .2106 | 44 3455 | 24 4816 | 70 7609
450 066+ | 90 2185 | 43 3502 | 23 4918 | 65 7745
100 0728 | 85 2272 | 42 3551 | 22 5025 | 60 .7885
350 0808 | 80 2366 | 41 3602 | 21 5137 | .55 8033
300 0910 | 7.5 2469 | 40 3654 | 20 5255 | .50 818l
280 0059 | 7.4 2491 | 39 3708 | 19 5379 | 45 8337
260 1015 | 72 2537 | 38 3764 | 18 5511 | 40 8499
240 1078 | 70 2584 | 37 382 | 17 5649 | 35 8666
220 1151 | 68 2633 | 36 3882 | 16 .5795 | .30 8838
200 1236 | 66 2685 | 35 3944 | 15 5950 | 25 9018
190 1284 | 64 2739 | 34 4008 | 14 615 | .20 .901
180 1336 | 62 2795 | 33 4075 | 13 6290 | .15 .9391
170 1394 | 60 2854 | 32 4145 | 12 6475 | .10 .9588
160 1457 | 58 2916 | 31 4217 | L1 6673 | 05 9791
150 (1527 | 56 81 | 30 4% | 10 688 | 00 10000

In using the first formula for inductance it is convenient to know the number
of turns per centimeter of coil length when using the various gauges of wire
with their different insulations. The following *table gives this information,
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Wire Turns PER CENTIMETER OF LENGTH

Wire Gauge l Single Cotton |Double Cotton | Single Silk Double Silk

20 104 9.3 10.9
22 12.4 11.1 14.2 13.3
24 15.1 13.0 17.55 16.2
26 18.0 15.1 215 19.5
28 21.2 17.2 26.4 23.4

19.5 319 27.7

11.5 |
|
|
|

Effective Inductance.—There is an increase of effective or ap-
parent inductance with increase of frequency at which a coil is used.
For example, the apparent inductance of a certain single layer coil
is found to be 298 microhenries at 500 kilocycles and 356 micro-
henries at 1500 kilocycles. This change is detrimental because it
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calls for a greater change in the capacity of a variable tuning con-
denser to overcome the increasing inductance. To tune to higher
frequencies either the capacity of the condenser, the inductance of
the coil, or both capacity and inductance must be reduced. Inas-
much as the inductance of the coil increases with frequency, the
capacity of the condenser must be still further reduced to tune to a
given frequency. The change in inductance for several types of
coils, all having a nominal inductance of 291 microhenries, is shown
in the curves.
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COIL, LOSSES IN.—Energy losses in coils operating at
high frequencies are increased by distributed capacity, by increase
of effective resistance due to eddy currents and skin effect, by
dielectric absorption in the wire insulation and in the coil form
or supports, by close proximity to metal parts, and by the use of
cements and binders which have poor dielectric properties. Such
losses not only waste energy, but they tend to broaden the tuning
and to reduce selectivity.

COIL, Q OF.—See Q-factor.

COIL, SPACE WOUND.—A coil in which adjacent turns
have an air space between them for the purpose of reducing the
effects of distributed capacity at high frequencies. The leads to
space wound coils should be well separated. A single-layer space
winding may be made by running a heavy cord onto the winding
form at the same time as the wire, securing the wire and then
removing the cord. Coil forms sometimes have grooves like screw
threads in which the wire is laid and thus held spaced between
turns.

COIL, TUNING, SIZES REQUIRED FOR.—In order that
a coil may be tuned to resonance at any frequency throughout
a range of frequencies, the variation of capacity in the tuning
condenser must be great enough to cover the range indicated in
the table under Resonance, Inductance-capacity Values for.

The total maximum capacity of the resonant circuit will be more than
the maximum capacity of the tuning condenser, because to the condenser
capacity will be added the distributed capacity of the coil and of wires and
connections in the circuit. Also, the minimum capacity of the circuit will
be greater than the minimum of the condenser because of these extra fixed
capacities.

Required coil inductance may be found by dividing the L-C value for the
lowest frequency by the maximum rated capacity of the condenser, thus
finding the inductance for this frequency. Then the L-C value for the
highest frequency may be divided by the probable minimum capacity of
the condenser to find the inductance for this high frequency. The required
inductance usually will -be between the two values thus computed, or, at
least, this is the inductance with which may be made the first trials in
determining whether the frequency range can be covered. If the coil and
the circuit have large distributed capacities the required inductance will be
somewhat less than the computed value, and since the distributed capacity
cannot be adjusted it may be difficult or impossible to tune over the entire
range of frequencies which is to be covered.

COLD-CATHODE TUBE.—See Tube, Cold-cathode.



COLLODION
COLLODION.—See Binders.

COMPASS, RADIO.—A radio compass consists essentially of
a receiver mounted in a completely shielded cabinet and equipped
with a directional loop as shown in Fig. 1. The receiver is not
affected by radio waves or signals except those coming through the
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F1c. 2—Determining Ship’s Position with Radio Compass.

loop. By turning the loop it is possible to tell from which direction
of the compass a signal is coming.

A transmitting station as at S in Fig. 1 may be located as to posi-
tion with the aid of such a receiver. The receiver is tuned in on the
station from two or more positions and the bearing of the loop is
noted in each case. At the intersection of the bearings, such as those
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taken from positions 4 and B in the illustration, the location of the
transmitter may be determined.

For use on shipboard the radio compass is in the form of a large loop
carried usually above the pilot house of the ship. Compass signals are trans-
mitted from two or more shore stations. These signals are distinguished from
each other as received by the ship. The location of the shore stations is
known to the navigators and the ship's position with reference to the shore
stations may be determined. Such a position finding method is illustrated in
Fig. 2, the ship’s radio compass being designated as C and the shore stations as
Xand Y.

A form of apparatus used for locating transmitting stations uses a portable
receiver, and is often called a radio direction finder although its principle is
exactly the same as that of the radio compass. See also Beacon, Radio and
Goniometer.

CONDENSER, ACTION OF.—All radio circuits consist
principally of capacity, inductance and resistance as shown in Fig.
1. Capacity is the property of two electrical conductors, when
separated by insulation or a dielectric, to receive and retain elec-

Induclonce Capacity
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F1c. 1.~The Elements of a Radio Circuit Containing a Condenser.

tricity. Inductance is the property of conductors by which voltage
and current are produced in them by movement of electromagnetic
lines of force through the conductors. Resistance is the opposition
to flow of electric current in conductors.

Inductance is found principally in the coils. Resistance is found
in all conductors. The condenser is a device intended to have ca-
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Fic. 2—The Plates and Dielectric of a Condenser

pacity only. Electricity flows into the conductors or plates of the
condenser, forming what is called the condenser’s charge, and re-
mains there until released.

A condenser consists of two principal parts, considered from the
electrical standpoint. One of these parts is formed by metal plates
which receive and hold the charge. The other part is the dielectric -
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or insulation which separates the plates and is between them. The
dielectric may be air, mica, paper, glass, oil or any other electrical
insulator. The dielectric is whatever is between the plates. This
is shown in Fig. 2.

There are two kinds of plates, positive and negative. In con-
struction they are usually similar to each other. A condenser may
‘consist of only two plates, one positive and one negative, or it may
consist of many plates as in Fig. 3. Approximately half will be
positive and the other half negative. All positive plates are con-
nected with each other and all negatives are connected together,
This makes all the positive plates the equivalent of one large plate
and makes the negatives the equivalent of a second large plate.

Charge of Condenser.—When a source of electricity or electri-
cal pressure is connected to a condenser with the positive side of the
source connected to one set of plates and the negative of the source
connected to the other set of plates, the condenser will be charged.
That means, the electricity will flow from the positive of the source
into the positive plates attached to it. There will be a flow of nega-
tive electricity away from the condenser plates connected to the
negative of the source. The positive plates are then at a higher
electrical pressure than are the negatives.

With one of the plates or sets of plates at a positive voltage or
potential and the other at a negative voltage or potential, there is
what we call an electrostatic pressure or strain placed on the dielec-
tric between the plates. In this strained condition the dielectric
stores electrical energy.

The condition is much the same as if a
piece of elastic rubber were either com-
pressed or stretched out between pieces of
metal. The strain thus put upon the rubber
would cause it to store or contain mechani-
cal energy. This energy in the rubber
would tend to return the metal pieces to
their original positions as soon as the strain
wWiLL PASS HERE was relieved. The electrostatic strain set
“einiereo up in the material of the dielectric does
Fic. 3—A Condenser May likewise; tends to return the plates to iheir

Have Many Plates.  original condition of no voltage difference
as before receiving the charge.

A FLOW OF CURRENT

After a condenser absorbs a certain amount of charge with a certain im-
pressed voltage it will take no more and the flow of current ceases. If the
source is then disconnected from the condenser plates and nothing else is
connected between them the charge will remain on the plates, If a wire or any
other electrical conductor is now connected between the plates of the condenser
they will discharge and there will be a flow of current from the positive to
the negative plates through the conductor.

The capacity, also the amount of charge the condenser holds depends on the
four things shown in Fig. 4. First, the higher the voltage used to charge the
condenser the more electricity it will hold. Second, the larger the area of the
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plates and the greater the number of plates, the more electricity will be held.
Third, the closer the plates are to each other, that is, the closer together are
the positive and negative plates, the greater will be the charge. Fourth, certain
kinds of dielectric allow the condenser to hold a greater charge than other
kinds. For instance a condenser using mica for a dielectric will take more
than twice the charge of a condenser otherwise exactly alike but using paper
for a dielectric. The relative value of dielectrics is called their dielectric
constant and is indicated by the capital letter “K.” See Constant, Dielectric.
The thickness of the plates has no effect on capacity.
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F16. 4—The Four Factors Affecting a Condenser’s Charge.

The charge of a condenser is measured in the unit of electrical quantity
valled the coulomb. One coulomb is the amount of electricity that flows
through a circuit in one second when the rate of flow is one ampere. The con-,
denser’s charge in coulombs is equal to the number of volts applied to the
condenser terminals multiplied by the capacity of the condenser in farads.
Sce Condenser, Capacity of.

Stray Capacities.—From the explanation of a condenser just
given it is easy to realize that any two electrical conductors separated
by air or any other diclectric form a condenser. All wires in a radio
receiver have capacity to each other, in other words, form an active
condenser if they are at different alternating voltages. See Ca-
pacity, Distributed. A ball of metal as small as one inch in diameter
has a measurable capacity to the walls of an ordinary room. A
radio set is literally full of all kinds of small stray capacities which
cannot be eliminated, although all radio work would be simplified
beyond measure were such a thing possible.

In a condenser as actually constructed, in addition to the metal forming the
plates, at least a part of the support for the plates is usually of metal. The
insulating material between the plates forms the dielectric and does the useful
work of the condenser, but other insulation is used for supporting and fasten-
ing together the various parts of the condenser and for insulating the positive
plates from the negative plates.

Current Flow Through a Condenser.—Certain materials are
known to be good insulators. For instance, a wire surrounded by a
covering of silk or cotton is considered as being insulated from an-
other nearby wire similarly covered. This is perfectly true of direct
currents but not of alternating currents. When a current alternates
its effect will pass through a condenser. The alternating current in
house lighting systems has a very low frequency, usually only sixty
cycles per second and such a low frequency is easily insulated. But
in radio work we deal with frequencies running into the millions
per second and electric currents at such tremendously high fre-
quencies cannot be fully insulated.
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If one end of a high frequency electric circuit is connected to one
side of a condenser and the other end of the circuit is connected to
the other side of the condenser, the condenser plates will abserb
the positive voltage peaks during one alternation and will be dis-
charged by the following negative alternation. A large condenser
will absorb a large charge during each alternation and under such
conditions the rapid charge and discharge of the condenser plates
allows the effect of the current to pass right through the condenser.

This action may be understood by reference to Fig. 5 which shows
a hydraulic comparison to an electric condenser. This illustration
shows a reciprocating water pump whose piston moves up and down.

\ =

D SN SRR

F16. 5—Hydraulic Explanation of Condenser Action.

This pump is connected through a circuit of water pipes to both
sides of a hollow chamber containing a flexible rubber diaphragm.
With movement of the pump piston upward, as shown by the full
line arrows, the flow of water through the circuit will be in the direc-
tion of the full line arrows and the diaphragm will be stretched
downward as shown. Upon the reverse motion of the piston, as
shown by broken line arrows, the direction of water flow is reversed
and the diaphragm is stretched upward. The motion of the water
back and forth in the chamber is apparently carried right through
the diaphragm, although no water actually passes through and only
the effect is transmitted.

In Fig. 6 is an electric circuit containing an alternating current
generator which sends electric current first one way, then the other
way; just as the reciprocating water pump sends water first one way,
then the other. The plates of the condenser are represented by the
top and bottom halves of the chamber in the water circuit of Fig. 5
and the dielectric of the condenser is represented by the diaphragm
in the chamber.

In the water circuit the pump places a strain on the diaphragm
and the diaphragm then contains energy which would do the work *
of sending water through the circuit were the pump removed. In
the electric circuit the generator places the condenser’s dielectric
under an electric strain and the energy then stored in the dielectric
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would send a flow of electric current through an external circuit
were the generator disconnected.

Condensers always may be thought of as passing alternating current. They
are not insulators for alternating current as for direct current. The greater
the condenser capacity the more easily the alternating current effect passes
through and the smaller the condenser capacity the harder it is for the alternat-
ing current to pass through it. :

The higher the frequency of the current being handled the more easily it
will pass through a condenser of given size or capacity. Also the more easily
it wil pass from one conductor to another, from one metal part to another
when these parts are near each other. The radio frequency currents received
by the antenna and carried through the receiver as far as the detector are at
extremely high frequencies, consequently pass through condensers or between
conductors very easily. The audio frequency currents from the detector to the
loud speaker or headphones are at much lower frequency and their escape
from one conductor into another is more easily prevented.

Alternating cur- e
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F1e. 6—Flow of Alternating Current Through a Condenser.

The higher the frequency of the current the smaller need be a condenser
that will pass a given amount of current through its circuit. The lower the
frequency the larger will be the condenser required to allow the same amount

of current to pass through. Direct current will not pass through a condenser
at all.

CONDENSER, ANTENNA.—A condenser connected in
shunt or parallel with the antenna, by attaching it between the an-
tenna binding post and the ground binding post on the receiver, is °
called an antenna shunting condenser and will allow the antenna
circuit of the receiver to be tuned to higher wavelengths or lower
frequencies. g

A condenser connected in series with the antenna by attaching it
between the antenna lead-in and the antenna binding post of the re-
ceiver is called an antenna series condenser and it will allow the an-
tenna circuit to be tuned to lower wavelengths or higher frequencies.
These effects may be understood from Figs. 1, 2 and 3. _

Fig. 1 shows an antenna and ground with an inductance coil of a
receiver connected between them in the ordinary way. Since the
antenna and the ground form the two plates of a condenser, this
circuit may be represented as at the right hand side of Fig. 1; this
being an equivalent circuit, ’




CONDENSER, ANTENNA

In Fig. 2, at the left, is shown the connection of a parallel or
shunting antenna condenser P between the antenna 4 and the
ground G. The equivalent circuit is shown at the right of Fig. 2
where the condenser formed by antenna and ground is represented
by the condenser whose plates are marked 4 and G.

It will be seen that the condenser 4-G is in parallel with the con-
denser P. Two condensers in parallel add their capacities together

Antenna| Coll Equivalent
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F16. 1.—The Usual Outdoor Antenna Acts as a Condenser.

and this greater total capacity across the coil will allow resonance
or tuning at lower frequencies or higher wavelengths.

In Fig. 3 is shown, at the left, an antenna series condenser S be-
tween the antenna and the inductance of the receiver. The equiva-
lent circuit is shown at the right, the condenser with plates 4 and
G representing the capacity of the antenna and ground while the
condenser S represents the antenna series condenser. Now it will
be seen that the two condensers A-G and S are in series with each
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Fic. 2—Connection of Parallel or Fi1c. 3.—Connection of Series
Shunting Antenna Condenser. Antenna Condenser.

other. Any two condensers in series have a combined capacity less
than the capacity of either one alone, therefore this lessened capacity
used with the coil allows resonance or tuning at higher frequencies
or lower wavelengths.

A receiver which cannot be tuned to the higher wavelengths may be helped
by placing a small additional condenser (usually smaller than 00025 micro-
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farad capacity) from antenna terminal to ground terminal as in Fig. 2. A
receiver which cannot be tuned to the lower wavelengths may have a fairly
large condenser (.0001 to .0005 microfarad capacity) connected between the
antenna lead-in and the antenna terminal of the set as in Fig. 3. It should
be borne in mind that this expedient will help only the first tuned circuit in
the receiver, the one coupled to or connected with the antenna. It will not
help the other tuned circuits of a receiver using several tuned radio frequency
stages. See also Antenna, Tuning of.

A single condenser, either variable or fixed, may be so connected that it can
be placed first in series and then in parallel with the antenna. Such con-
nections are shown under Jacks and Switches, Uses of, and under Switch,
Series-Parallel.

CONDENSER, BALANCING.—A condenser used to balance
the feedback effect of the capacity between the grid and plate of a
tube is called a balancing condenser. A condenser used for this
work is sometimes called a neutralizing condenser because it is used
to neutralize the effect of the grid to plate capacity in the tube.
See Balancing. .

CONDENSER, BLOCKING.—See Condenser, Stopping.

CONDENSER, BYPASS.—A bypass condenser is a condenser
which allows alternating or high frequency currents to pass around
or away from parts through which the current should not flow.
These parts may be of high impedance to such currents or they
might produce coupling effects due to resistance or impedance.

In any radio receiver there are, among others, two circuits which it is
especially desired to keep complete in themselves and separate from all other
circuits.  These two are the plate circuit and the grid circuit of each tube.
These circuits are described under Circuit, Grid and Circuit, Plate.

GRID : PLATE
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F16. 1.—Grid Circuit and Plate Circuit Bypass Condensers.

Fig. 1 shows a vacuum tube with its plate circuit and its grid circuit com-
pleted through a plate bypass and a grid bypass condenser respectively. The
complete grid circuit without the bypass condenser would pass not only
through the grid coil, but also through a C-battery, rheostats, an A-battery
and other parts. If any of these parts are also used in the circuits of other
tubes as well as in the circuit of the tube being considered, then there will be
the possibility of undesirable feedbacks and couplings which tend to produce
distortion and to prevent the proper control of oscillation and regeneration.
By the insertion of a grid bypass condenser as shown the grid circuit is com-
pleted directly from the return end of the grid coil to the filament of the tube
so that the high frequency voltages affecting the grid find a complete circuit
through the coil and the bypass without going through any of the other parts
just mentioned. The chance of couplings and feedbacks is thus reduced to a
minimum or eliminated,
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The plate circuit without the bypass condenser would be completed through
the B-battery or other source of plate voltage back to the filament and this
battery or voltage source would undoubtedly be used for other tubes as well
as for the one considered. But here again, by connecting a condenser between
the return end of the plate coil and the tube’s filament, the plate circuit is
completed for the high frequency currents without their having to pass through
any other parts than those shown.

The grid bypass is connected from the negative filament terminal of the
tube (usually marked —) to the grid return of the same tube, which may be
a terminal of any coupling unit such as a radio frequency transformer, an
antenna coupler, an audio frequency transformer, a choke, a resistance or
whatever unit is used in the receiver. The plate bypass is connected from
either the negative or positive filament terminal of the tube to the plate return
of the same tube, which is the B-battery terminal of any of the coupling units
just mentioned. This does away with the need of separate bypass condensets
tor batteries, rheostats, potentiometers, etc., since both plate and grid circuits
have thus been completed independently.

Of the two bypasses, grid and plate, the plate condenser is of greater use-
fulness provided both kinds are not used. A plate bypass will greatly improve
the quality of reception from any receiver. These bypasses as described should
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F16. 2—Bypass Condensers in a Receiver.

be used on all amplifier tubes, both radio frequency and audio frequency
typ;_s, but the connection for the detector tube is slightly different as shown
in Fig. 2.

Fig. 2 chows many of the parts and circuits of a complete receiver up to
the detector tube and shows the proper use of grid and plate bypasses for each
tube. For the first amplifier tube the grid bypass condenser is marked G-1.
Without this bypass the grid return would be through the potentiometer whose
high resistance in the grid circuit would broaden the tuning and reduce the
volume. The plate bypass for this first tube is marked P-1. Without it the
plate return would be through the B-battery to the tube filament.

The grid bypass for the detector tube is marked G-2 and without it the
detector grid return would be through the rheostat which is bypassed by
conders - (-

Two bypasses are connected to the plate of the detector tube in Fig. 2.
One o. thesz, P-2, is the regular plate bypass already explained. It is con-
nected f-om the B-battery terminal of the audio frequency transformer to
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the tube's filament terminal. The bypass marked P-3 is for the purpose of
bypassing the radio frequency currents around the high impedance of the
audio frequency transformer with its iron core, Without this condenser there
would be such great impedance to the radio frequency currents attempting
to pass through the transformer winding that amplification and volume
would be reduced to a fraction of their proper value. Bypass condenser P-3
allows the radio frequency currents from the plate of the detector tube to
return directly to the cathode of this tube, while the lower frequency audio
currents pass through the winding of the transformer.

Sizes or Capacities of Bypass Condensers.—In the circuits of
radio frequency amplifying tubes, grid bypasses may be of any
capacity from .0005 microfarad up. Plate bypasses for these tubes
may be from .001 microfarad up to any size available. :

In the circuits of audio frequency amplifying tubes the grid by-
passes should be of at least one-half microfarad capacity. The plate
bypasses should be of at least one microfarad capacity. Any capaci-
ties greater than those mentioned may be used for either radio
frequency or audio circuits and for either grid or plate returns.

The radio frequency bypass connected between the plate of the
detector tube and this tube’s filament must be large enough to by-
pass the radio frequency, but not so large as to freely bypass
the audio frequency currents. At this point, indicated by P-3 in
Fig. 2, the condenser should not be smaller than .001 microfarad
and not larger than .005 microfarad capacity. The best value for
any particular receiver may be found by experimenting with dif-
ferent capacities until the greatest volume and best quality are
secured.

All resistors which are a part of the rectified direct-current
supply in a receiver or other unit should be bypassed when other-
wise it would be necessary for radio-frequency or audio-frequency
currents to flow through these units in completing the plate, grid,
or cathode circuits. This precaution applies to all voltage divider
resistors. Without adequate bypassing there will be undesirable
feedbacks through resistance coupling. :

CONDENSER, CAPACITY OF.—The capacity of a con-
denser is a measure of its ability to receive and hold an electric
charge. The capacity is the relation between the charge that will
be taken by a condenser and the voltage that is applied to give
the charge.:

. The capacity depends on four things, (1) the surface area or
size of the plates, (2) the number of plates in the condenser,
(3) the separation of the plates or the thickness of the dielectric
between them, and (4) the kind of dielectric or the nature of the
material between the plates.

Capacity is increased hy larger plates, by more plates, and by
bringing the plates closer together. Capacity is decreased by using
smaller plates, fewer of them, and by separating them more from
one another. The capacity is also affected by the nature of the
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dielectric. See Constant, Dielectric. The capacity is measured in
microfarads, micro-microfarads, or centimeters of capacity. See
Capacity, Units of.

The capacity in micro-microfarads of a multiple plate condenser with air

for dielectric, such a condenser as used for tuning purposes, may be calculated
from the formula:

Area of One Side Total Number
Capacityin_ 25 X “of One Plate. X\ "of Plates ! )
Micro-microfarads Separation between Plates

The area of one side of one plate is in square inches.

The thickness of the dielectric or separation of the plates is in inches.

The capacity of condensers using other dielectrics than air; such as mica
condensers and paper condensers, may be found by multiplying the value given
from the above fomula by the number representing the dielectric constant
of the material between the plates. The formula then becomes:

Miabactty in 4, = Capacity with dir Diclectric X Diclectric Constant
in which all of the values are the same as in the first formula but with the
addition of the dielectric constant K. Values of K are given in the table
under the heading Constant, Dielectric.

As an example, take a variable air condenser of 14 plates, each plate having
an area on one of its sides of 2.6 square inches and with a separation of 0.3
inches between plates. Using the first formula and substituting the values:

0.225 X 2.6 X (14~1)
0.3

Capacity =

Solving this equation gives the capacity as 253.3 micro-microfarads. The
condenser is undoubtedly intended to have a nominal capacity of 250 micro-
microfarads or .00025 microfarads, one of the common sizes.

Were the dielectric of mica with a dielectric constant (K) of 6, in place of
air, but with all other values and dimensions remaining the same, this con-
denser would have a capacity six times as great, 1519.8 micro-microfarads or
approximately .0015 microfarad.

To find the capacity in micro-microfarads of a two-plate condenser such as
a paper condenser the following formula is used: .

Area of One Side Diclectric
Capacity in e o of One Plate X Constant

Micro-microfarads Thickness of Dielectric

The area of one side of one of the two plates is measured in square inches.
The dielectric constant is the constant of the material used between the plates.
The thickness of the dielectric is measured in inches.

Condensers in Parallel.—Condensers connected in parallel add

their capacities together thus:
Total Capacity==C14C2-4-C3, etc. for all so connected.

Taking four condensers in parallel with capacities of .001, .0005,'
.0005 and .0002; they would be added:
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making a total of .0022 microiarad in all.

Condensers in Series.—To obtain the value of a number of con-
densers connected in series it is necessary to add together the re-
ciprocals of the capacities of the separate condensers which gives the
reciprocal of the total capacity. The reciprocal of a number is 1
divided by the number.

1 1 1 1

1
Total Capacity =~ C, + C, + G + —a-,m-,forallm connected

As an example, take the four condensers just considered as in
parallel and connect them in series, using the capacities in micro-
microfarads as 1000, 500, 500, and 200: these corresponding re-
spectively to the values in microfarads of .001, .0005, .0005, .0002.
The reciprocals then are:

1 1 1 1 1
06t 500t S0t 00 ¢

Adding these fractions gives the result as 10/1000 which is equal
to 1/C. Then 1000/10 is equal to C/1, and C/1 is equal to C itself

and the total capacity must be 100 micro-microfarads for the four
condensers connected in series.

Parallel

Condensers in Parallel and in Series.

The capacity of any two condensers in series is equal to the
product of the two capacities divided by their sum. For example,
with 0.2 and 0.05 mid. the product is 0.010 and the sun is 0.250,
Dividing the product by the sum gives 0.040 mfd. as the com-
bined capacity. Similarly, 8 and 2 mfds. have a product oi 16,
a sum of 10, and 16/10 or 1.6 mfd. for their combined capacity.
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CONDENSER, DESIGN AND CONSTRUCTION OF.—
The principal parts of a typical single-unit tuning condenser are
shown by Fig. 1. The condenser is supported from the chassis
or a panel by its end plate or by a metal framework or enclosure
attached to the end plate. The adjustable rotor plates are electri-
cally connected to the end plates and shaft, while the stationary

END PLATE A
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F16. 1.—The Parts Considered in Design of a Typical Variable Condenser.

stator plates are supported on insulation attached to the end plates
or framework. The plates usually are made of thin brass or alumi-
num, welded, brazed, soldered, or securely clamped to their sup-
ports.

The electrostatic field between the condenser plates is repre-
sented by arrows in Fig. 2. If supporting insulation is very close
to the edges of the plates, part of the field which extends beyond

A |! B
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Fic. 2—The Electrostatic Field Affecting Design of a Condenses.

- the edges may be short-circuited through the insulation. Insula-
tion of low dielectric constant has some advantages in this respect,
especially when the body of the insulation has its greatest length
parallel to the field lines. \ith the design of Fig. 3 the support-
insulation is somewhat farther from the electrostatic field than
with the arrangement of Fig. 1. However, it would be difficult
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to note any appreciable difference of performance in actual prac-
tice.

As indicated by Fig. 4, the stator plates ordinarily are con-
nected to the more sensitive side of the tuned circuit. When the
tuned circuit is connected to the control grid of a tube it is the
grid side of the circuit that is the more sensitive. When the tuned

Z ROTOR
772> PLATES

//'
,‘e'
|

S suP q
= SUI
///{'/ﬁ? /NSZ?frr/’gN

(). STATOR
TERMINAL ),

\

......

Fic. 3.—Terminal Positions Considered in Condenser Design.

circuit has a ground return the rotor plates are connected to the
grounded side. The adjusting shaft, which is most closely ap-
proached by the hand of an operator, thus is maintained at ground
potential.

Fig. 5 shows three basic shapes of rotor plates which may be
used in tuning condensers. \Vith the semi-circular plate at the
upper left the effective capacity varies directly and proportionately

cornnection to’
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F1c. 4.—Connections to Rotor and Stator of Condenser.

to the degrees of dial rotation or plate rotation. When the plate
shape is modified as shown at the upper right the capacity will
change at a rate that causes variations of tuned wavelength to be
proportional to the degrees of dial rotation. \ith the plate form
shown at the bottom of Fig. 5 the change of capacity is such that
variations of tuned frequency are proportional to degrees of dial
rotation.
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F16. 5.—Basic Forms of Condenser Rotor Plates.

= //4\/// >
peie=""

=

AV

Fre. 6.—Modified Straight Line Frequency Condenser.
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The straight line capacity condensers are used in many testing
and measurement instruments where capacity is to be uniformly
varied, and were used in the earliest radio receivers. The straight
line wavelength form is suitable for wavemeters, and was used in
receivers during the period when station allocations were accord-
ing to wavelength, The straight line frequency type came into

Fic. 7.—Increasing the Number of Plates Allows Decreasing the
Width and Height of the Condenser.

F1c. 8—Stator Plates Shaped for Straight Line Tuning with
Semicircular Rotor Plates.

use when allocations were changed to certain frequencies. The
straight line frequency shape of I'ig. 5 is too bulky for general
use, so practical condensers have the uniform frequency spacing
over only a portion of the entire rotation, usually at the lower
frequency range. Figs. 6, 7 and 8 illustrate some of the modified
plate forms that permit easy tuning with a reasonably compact
design.
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CONDENSER, ELECTROLYTIC.—In an electrolytic
condenser there is a thin aluminum foil acting as one plate or
electrode, a liquid electrolyte acting as the other plate or electrode,
and on the aluminum a thin film of oxide acting as the dielectric,
In wet electrolytic condensers the-liquid electrolyte is sealed with-
in a tight can of metal. In the so-called dry types the liquid is
carried in layers of absorbent paper and cellulose gauze which
are in contact with the dielectric film.

On one surface of the aluminum foil in a dry electrolytic condenser the
dielectric film is formed by application of a potential difference during
manufacture, The thickness of the film increases with applied potential.
The thicker the film, the less is the capacity per unit of surface area. A
film only 00000004 inch thick, as formed at around 30 volts, provides a
capacity of about 0.13 microfarad per square inch of area. At ten times
this potential the film becomes enough thicker to allow only about one-tenth
as much capacity. The maximum working voltage of the condenser is only
slightly higher than the voltage of formation. The increase of film thick-

D-C TYPE A-C TYPE

Foilw\ ’/Foil

Anode Cathode
Fo\“/\, /J Foil

S & Film—~" 7 " Film
Oxide Film Electrolyte Electrolyte

Elements Used in Electrolytic Condensers.

ness required for high working voltage means that high-voltage condensers
are considerably larger than low-voltage units of equal capacity.

In contact with the dielectric film is the electrolyte-carrying absorbent
material. On the opposite side of this material is a second aluminum foil
which is not oxidized and which acts merely to provide electrical connec-
tion to the electrolyte in the absorbent material. A condenser such as de-
scribed has high resistance to flow of current from the dielectric film to
the electrolyte, but low resistance to flow in the opposite direction. Conse-
quently, the unit may be used only with direct or pulsating potentials, and -
only with the positive side of the external circuit connected to the oxidized
foil and the negative connected to the plain foil. The leads, terminals, or
cases of these condensers are plainly marked or colored to indicate correct
polarity of connections. Direct-current condensers of this kind may be called
polarized electrolytic condensers.

In-a wet electrolytic condenser the anode or positive electrode is inserted
in a metallic can which contains the liquid electrolyte, and is insulated from
and supported in the can by liquid-tight gaskets or grommets. The can
itself forms the negative terminal or electrode for the external circuit.
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To permit the use of electrolytic condensers on alternating-
current circuits, where equal potentials act in both directions,
there must be two dielectric films. Two separate d-c units may
have their negative terminals comnected together and their posi-
tive terminals connected to the a-c circuit. Single units for a-c
service are made with two dielectric films on the facing surfaces
of two aluminum foils, and with a common electrolyte carried in
absorbent material between them. Such a type may be called
non-polarized. Two units connected back-to-back have a combined
capacity equal to only half that of a d-c type of equal size.

The dielectric films and electrolyte have only moderately high resistance
to flow of current, even in the correct direction. Consequently, there is
some flow of current in this direction whenever a potential difference is
applied. This leakage current may normally exceed one-half milliampere.
Potentials above the rated working voltages cause excessive leakage cur-
rent, and when this current flows in the resistance of the condenser the
resulting leating causes quick breakdown. Wet electrolytic condensers have
higher resistance and less leakage than dry types. The capacity of elec-
trolytic condensers drops quite rapidly as their temperature falls below
70° F., although it increases but little at higher temperatures. Capacity
increases slightly, and leakage current shows a decrease, during the first
few thousand hours of use. .

Radio types of electrolytic condensers have capacities of from one to
S0 microfarads in the units generally available. Rated working potentials
for direct current run from 20 to as much as 500 volts. Maximum per-
missible peak or surge (instantaneous) voltages are 20 to 50 per cent
higher than the d-c working voltages. These condensers are in general use
for filter systems of d-c power supplies as well as for bypassing.

CONDENSER, FIXED.—A condenser whose capacity can-
not be varied or adjusted. Fixed condensers of small capacity
may have dielectrics of paper or mica. High-voltage types of
medium capacity usually have paper dielectric. Large capacity
medium voltage condensers usually are of the electrolytic type.

CONDENSER, LOSSES IN.—Energy losses in condensers
are due chiefly to skin effect, eddy currents, surface and volume
leakages, and dielectric absorption. There may be additional loss
due to high ohmic resistance in defective connections and in
loose or corroded joints.

Loss of energy due to skin effect and eddy currents increases with op-
erating frequency. The loss due to dielectric absorption is similar to that
caused in a conductor by heating, which represents a loss of the energy
changed into heat. The energy losses in a tuning condenser increase in im-
portance and effect as the condenser is used at lower capacities. It is un-
desirable to use tuning condensers whose plates must be turned almost com-
pletely out of mesh in order to reach high frequencies. Leakage losses
occur principally by flow of current across the surfaces of insulation which
is damp or coated with thin films of any foreign matter.

When a condenser having high dielectric absorption is used at high fre-
quencies the condenser cannot be completely charged and discharged within
‘the time between alternations, and the result is a reduction of effective
capacity and a failure to return all of the charging energy to the circuit
during discharge. Losses which act to oppose free flow of charging current
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Equivalent Resistances in Condensers.

into and out of a condenser have the same effect as a resistance connected
in series with the condenser, which is called the equivalent series resistance.
Losses which permit current to flow through the condenser rather than act-
ing only to build up a charge have the same effect as a resistance in parallel,

CONDENSER, TUNING.—A condenser whose capacity is
adjusted so that it, in combination with the inductance of a coil,
becomes resonant at a frequency to which the circuit is said to be
tuned. With the condenser adjusted to its maximum capacity
the tuning will be at the lowest frequency, and with minimum
capacity the tuning will be at the highest frequency to which the

A Ganged Condenser for Tuning Three Circuits.

circuit may be made resonant. Because of distributed capacity in
the coil and circuit conductors, a capacity which cannot be varied,
the condenser usually requires a capacity range of at least ten ‘to
one to tune throughout a frequency range of three to one. The
tuned inductance should be small enough so that the condenser
need not be adjusted to its minimum capacity for the highest
frequencies. See Resomance, Inductance-Capacity Values for.
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CONDENSITE.—See Phenol Compounds.

CONDUCTANCE.—The ability of a conductor to carry an
electric current is called conductance. It is measured in mhos
and is the reciprocal of resistance.

CONDUCTANCE, MUTUAL, OF TUBE.—See Tube, Mu-
tual Conductance of .

CONDUCTIVE COUPLING.—See Coupling, Conductive.

CONDUCTIVITY.—The conductance measured in mhos
through a centimeter cube of a conductor is called the conductivity
or specific conductance of that conductor. Conductivity is a
measure of the current carrying ability of a certain size of
conductor.

CONDUCTOR.—Any path through which an electric current
may flow with comparatively little resistance is called a conductor.
The best conductors are of metal. All wires used in radio work are
conductors,

CONE SPEAKER.—See Speaker, Loud,

CONFINED FIELD.—See Ficld, Stray and Confined.

CONICAL HORN.—A horn which increases its diameter at
a constartt rate,

CONSERVATION OF ENERGY.—A principle stating that
energy can neither be created nor destroyed but can only be
changed from one form into another. Some of the energy may
change to forms no longer useful.

CONSOLE.—An ornamental cabinet for a radio receiver or
other device, the cabinet standing on legs.

CONSONANCE.—Either electrical or acoustical resonance oc-
curring between bodies or circuits which are not connected directly
with each other, See Resonance.

CONSTANT.—Any quantity which expresses a fixed value,
condition or property.

CONSTANT CURRENT GENERATOR.—A generator
which maintains an unchanging current output when there are
changes in the connected load.

. CONSTANT CURRENT MODULATION.—See Modu-
lation.”

CONSTANT, DIELECTRIC.—The capacity of a condenser
depends upon the kind of dielectric used between the plates. If a
certain condenser with air as the dielectric has a capacity of ten
microfarads, substituting mica in place of the air for a dielectric
will increase the capacity of the condenser. If the capacity is now
measured and found to be sixty microfarads the capacity has been
increased six times by using the mica in place of air as the dielec-
tric. The dielectric constant of this mica is then said to be six.

The dielectric constant of any material is the number of times
its use as a dielectric will increase the capacity over the use of air
as a dielectric in the same condenser. Another name for dielectric
constant is specific inductive capacity. A table of the values of
dielectric constants of different materials follows.
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The dielectric constant of any material is a measure of its ability or power
to carry the effect of electric charges through it between the plates. This
term should not be confused with “dielectric strength” which refers to the
strength of the material as an insulator, that is, its resistance to voltage.

The variations between low and high limits of the dielectric constants are
- due to the differences between grades and qualities of the materials. The
constant depends to a great extent on how nearly free from moisture the
material is made, since the presence of water will raise the constant materially.
The values also depend on whether measurements are made with direct or
alternating voltages and if alternating voltages are used the dielectric constant
will change with change of frequency.

DieLecTrIc CONSTANTS

Dielectric Material Constant Dielectric Material Constant
Air (taken as standard).. 1.0 Oil, neatsfoot ........... 30to 3.2
A reduction of pressure olive .............. 30 to 33
below that of the at- petroleum .......... 20 to 2.2
mosphere lowers the Sperm ............. 30 to 3.2
constant transformer ........ 24 to 2.7
Alcohol ................ 15.0 turpentine ......... 21to 23
Bakelite, C ............ 40 to 85 Paper,insulating, untreated 1.6 to 2.5
dielectro ........... 50to 75 oiled or waxed ...... 20 to 3.2
micarta ............ 4.5 to 6.0 cardboard, press-
Beeswax ............... 30to 3.2 board ......... 30
Celluloid ............... 40 to 6.0 blotting, porous ..... 5.0
Ceresin Wax .......... 25 Paraffine wax .......... 20to 25
Collodion .............. 3.7 to 40 Phenol composition,
Cloth, oiled or varnished 3.0 to 5.0 moulded .......... S0to 75
Ebomte (see Rubber, hard) Porcelain .............. 40 to 6.0
Fibre, uncolored ........ 5.5 Quartz .........c.0000s 45 to 5.0
black .............. 7.5 Resin .........0000vene. 25
red ........ 00l 50 to 80 Rubber,gum ........... 23
Fxlm, photographic ...... 6.8 soft vulcanized ..... 20 to 30
Gelatine ............... 40 to 6.0 hard ............... 20to 35
Glass, window ......... 75 to 80 Shellac ................ 30 to 3.6
plate .............. 30to 7.0 Silk .......iiieiiennns 4.6
heat resisting ....... 50 to 6.0 Slate, electrical ......... 60to 7.0
Gutta percha ........... 30to 50 Sulphur ............... 25 to 4.0
Isolantite .............. 36 Varnish ................ 45to S5
Marble .........vvvn... 95 to 115  Vaseline ............... 20
Mica, sheet ............ 30 to 60 ‘Water, distilled ......... 81.0
built up ............ 50 to 00 Wood: bass, cypress, fir . 2.0 to 30
Oil, castor ............. 45 to 438 maple ............. 25 to 45
cottonseed ......... 30 to 3.3 oak ..........00.ln 30 to 60

CONSTANT, OSCILLATION.—The square root of the
pruduct of inductance and capacity which together are resonant at

a frequency is the oscillation constant for that frequency. The
oscxllatxon constant for a frequency in kilocycles is equal approxi-
mately to 25,320 divided by the square of the number of kilocycles.
For example, with a frequency of 200 kilocycles the square of 200,
which is 40,000, is divided into 23,320, which gives the oscillation
constant as 0.633 at this frequency.

If the oscillation constant for a certain frequency is divided by some

number of microhenrys of inductance the result will be the microfarads of
capacity which, with the chosen inductancé, will be resonant at that fre-
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quency. Dividing by microfarads of capacity will give the microhenrys of
inductance with which the capacity will resonate at that frequency. See also
Resonance, Inductance-capacity Values for.

CONSTANT, TIME.—The time constant of a circuit con-
taining only capacity and resistance in series is the number of sec-
onds required for the capacity to receive 0.632 of its full charge at
the applied voltage after this voltage has been applied to the circuit,
and is also the time in seconds required for the capacity to lose
0.632 of its charge when discharged through the resistance.

The time constant of a circuit containing only inductance and
resistance in series is the number of seconds required for current in
the inductance to rise to 0.632 of its final value after application
of voltage to the circuit, and is also the time in seconds required
for the current to decrease to 0.368 of its maximum value after the
inductance and resistance are short circuited.

The time constant in seconds for a capacity-resistance combina-

.tion is equal to the number of microfarads of capacity multiplied
by the number of megohms of resistance. The time constant in
seconds for an inductance-resistance combination is equal to the
inductance in henrys divided by the resistance in ohms.

The accompanying table shows condenser voltages during charge and dis-
charge, also inductor currents during rise and fall of current, for various
lengths of time. Times are given as numbers of time constants. One time
constant, in seconds, is equal to microfarads times megohms for capacity-
resistance, or is equal to henrys divided by ohms for inductance-resistance.
The first step is to compute the time constant for the circuit considered.
Then the actual length of time for which values are to be determined is
divided by the time constants. The result is the number of time constants,
which is found in the first column of the table.

The second column lists, opposite each number of time constants, the frac-
tion of maximum condenser voltage which will have been reached during the
charging of a condenser, or the fraction of maximum current which will
have been reached with an inductor and resistor connected to a current
source. That is, the second column shows the rates of increase of condenser
voltage or inductor current. The third column lists the fraction of maximum
voltage remaining on a condenser, or the fraction of maximum current still
flowing in an inductor, at the various times in time constants after the con-
denser has commenced to discharge through the resistor, or after the induc-
tor and resistor (in series) have been short circuited.

As an example, assume 0.01 microfarad capacity and 0.5 megohm resis-
tance, a maximum voltage of 200, and a time of 0.008 second. The time con-
stant (0.01 x 0.5) is 0.005 second. Dividing the actual time by the time con-
stant (0.008 = 0.005) gives 1.6 as the number of time constants. The volt-
age during increase is shown by the table to be 0.798 of maximum, and 0.798
X 200 gives 159.6 volts on the condenser at the end of 0.008 second after
charging commences. During decrease, or discharge, the fraction is shown
as 0.202, and 0.202 x 200 gives 40.4 volts as the condenser potential remain-
ing at the end of 0.008 second after discharge commences. .

For another example assume 20 henrys inductance and 5,000 ohms in
series, maximum current of 04 ampere, and a time of 0.008 second. The
time constant (20 —=— 5000) is 0.004 second. Dividing the actual time by
this time constant (0,008 = 0.004) gives 2.0 as the number of time constants.
The current during increase is shown by the table to be 0.865 of maximum,
and 0.865 X 04 gives 0.346 ampere as the current at the end of 0,008 second
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after applying voltage. The current during decrease is shown as 0.135 of
maximum, and 0.135 X 0.4 gives 0.054 ampere as the current at the end of
0.008 second after short circuiting.

CHANGES OF CONDENSER VOLTAGE AND INDUCTOR CURRENT

WITH TIME
Fréction of Maximum Fréction of I{I/aximum
ondenser Voltage ondenser Voltage
(I:}u%t:; or Inductor Current ﬁu"ﬂ?:; or Inductor Current
Constants  Dyring During Constants  During During
Increase Decrease Increase Decrease
0.00 0.000 1.000 0.85 0.573 0.427
02 020 980 0.90 593 407
04 .039 961 0.95 613 387
.06 .058 942 1.00 632 .368
.08 077 923 1.05 650 .350
10 095 905 110 667 333
12 113 .887 1.20 699 .301
14 131 869 1.30 727 373
.16 148 852 14 753 247
.18 165 835 1.5 777 223
20 181 819 1.6 798 202
22 197 .803 17 817 183
25 221 779 18 835 165
.30 259 741 19 850 150
35 .295 705 2.0 .865 135
40 330 670 22 .889 d11
A5 362 638 24 909 0907
50 .393 607 26 926 0743
.55 423 577 28 939 0608
.60 451 .549 30 950 0498
.65 478 522 35 970 0302
70 .503 497 4.0 982 .0183
75 .528 472 5.0 993 .0067
80 551 449 6.0 998 0025

CONTACT RECTIFIER.—See Rectifier, Contact.

COPPER.—The resistance of annealed copper wire is 10.371
ohms per circular mil-foot at 68° I'. Calculations usually are
made with an assumed value of 104 ohms. Hard drawn copper
wire has a resistance of 10.65 ohms per circular mil-foot. Stand-
ard resistances of annealed copper wire of all gages are given
under Wire, Copper. The oxide coating that forms on the sur-
face of copper exposed to air is of rather high resistance, so
should be removed when making connections. The temperature
coefficient of resistivity is 0.00218 per degree F. at 68° F. The
specific weight of copper is 0.32 pound per cubic inch. Weights
of sheets are given under Shiclding. Copper melts at 1980° F.

COPPER OXIDE RECTIFIER.—See Rectificr, Contact.

CORE.—The central portion of an inductance coil in which
is the greatest concentration of magnetic field is the core.
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If the core of the coil contains sheets or laminations of steel or
iron it is called an iron-core coil. If there is no iron in the core,
even though insulation be present, the coil is an air-core type.
Finely divided iron is used in the cores of some intermediate-
frequency coils, which are said to have a dust core.

COULOMB.—A unit of quantity of electricity or of electric
charge. A charge equal to that of 6,280,000.000,000,000,000
electrons. A rate of flow of one ampere is a rate of one coulomb
per second.

COUNTER ELECTROMOTIVE FORCE.—See Induct-
ance, Self.

COUNTERPOISE.—A counterpoise is a network of wires or
other conductors carried underneath an antenna and used in place
of a ground in the antenna circuit of a receiver. Considering the
antenna system as a condenser, the antenna itself forms the upper
plate and the counterpoise forms the lower plate with air as the
dielectric between them, The counterpoise is connected to the
ground terminal of the receiver. A counterpoise and its connections
are shown in the illustration.

Anterna.

RECEIVER
=2 Antenna terminal
g'ﬁ\ $— Oround termiral
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=0 =
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Use of Counterpoise in Place of Ground.

A counterpoise in shape and size should practically duplicate the antenna.
It is still better if the space covered by the counterpoise is larger than that
covered by the antenna. The counterpoise should be supported a foot or
more above the ground and well insulated. If the receiver is in an upper
floor of a tall building or if the earth is - >ry dry a counterpoise may work
better than a ground. A counterpoise must be protected with a grounded
lightning arrester just as an antenna would be protected.

A counterpoise may be built out of doors or it may be placed under a
floor, in a cellar or anywhere else underneath the antenna. The construction
may be carried out according to the rules given for antenna construction.
The counterpoise may be close to the ground or it may be ten feet or more
above ground and work equally well.

COUNTERSINK.—See Tools.

COUPLER.—Any arrangement of inductance coils, condensers
or resistances so placed with reference to each other that there is
electromagnetic or electrostatic coupling between their circuits is
called a coupler. See Coupling.

COUPLER, FIXED TYPE.—A fixed coupler consists of two

windings, primary and secondary, which have a fixed relation or a
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fixed coupling with each other. After such a coupler is constructed
the primary and secondary cannot be moved with reference to each
other. In the common type shown the secondary winding is on one
end of a tubular form with the primary on the other end of the same
form and separated from the secondary by a small space, generally
of one-eighth to one-half an inch. The greater the separation the
less the coupling. If the coupler is used for interstage coupling be-
tween tubes the outer end of the primary is connected to the plate
of the preceding tube and the inner end is connected to the B-bat-
tery. In either case the inner end oi the secondary is connected to
the filament circuit and forms the grid return while the outer end
of the secondary is connected to the grid of the following tube. See
also Transformer, Tuned Radio Frequency.

“COUPLER, LOOSE.—Any coupler that provides what is
known as loose coupling is called a loose coupler. See Coupling,
Loose. '

COUPLING.—When any two circuits are arranged so that
energy from one circuit passes into the other circuit the two are said
to be coupled. Coupling is obtained whenever parts of a magnetic
field or electrostatic field of one circuit pass through the field of the
other circuit. Coupling is obtained when the two circuits have re-
- sistance, capacities or inductances in common with each other. See
also Radio, Principles of. '

COUPLING, ANTENNA.—See Antenna, Coupling of.

COUPLING, BACK.—See Feedback.

COUPLING, CAPACITIVE.—Capacitive coupling is coupling
obtained by means of a condenser or an electrostatic field which is
common to two circuits. This common capacity is called the mutual
capacity. In the capacitive coupling illustrated the capacity C is
mutual or common to circuit 4 and to circuit B.

. COUPLING, CLOSE.—Any degree of coupling whose coef-

ficient of coupling is greater than 0.5 is called close coupling. The
closer the coupling, that is, the greater the coefficient of coupling,
the more energy will be transferred from one circuit to the other.
See Coupling, Coefficient of.

COUPLING, COEFFICIENT OF.—The coefficient of cou-
pling between two circuits is a measure of the amount or degree of
coupling between them. It is a measure of the ease with which
energy may be transferred from one circuit to the other,

The coefficient of coupling is the ratio of the mutual inductance,
capacity or resistance of both circuits to the square root of a number
obtained by multiplying together the separate inductances, capaci-
ties or resistances of the two circuits. The coupling coefficient is
represented by the letter K. The value of the coupling coefficient
when two circuits are coupled by inductive coupling is represented
by the formula on the following page.
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Cocficient _ Mutual Inductance or Coupling Inductance
of Coupling . Inductance of |, Inductance o
Square Rootof ( 17mutirce i x (Guntne )

All inductances are in microhenries, all in millihenries or all in
henries; the same unit being used for all three values.

If the mutual inductance is not known, the coefficient of coupling
may be calculated from the diameters and lengths of the two coils
when their axes coincide and when the centers of their lengths are
together as at the left in the illustration. The formula for this value
of coupling coefficient follows:

Diameter of \} X Length of Winding \?

Coefficient  _ Smaller Coil on Smaller Coil
of Coupling — [ Diameter o )2 Length of Winding \3
( Larger Cm{ = on Larger Coil )

1 the axes of the coils are inclined to make an angle with each other but
remain in the same plane as at the right in the illustration, the value of the
coupling coefficient K is proportional to the cosine of the angle of inclination.

Effect of Coil Position on Coupling Coefficient.

The following table gives the proportional values of K for various angles
of inclination. To find the actual value of coupling, multiply the value of K
as found from the above formula by the decimal fraction given opposite the
-angle of inclination.

COUPLING WITH ANGLE OF INCLINATION

| Angle l ’ Angle “ Angle

) Decimal

Angle . ‘ . .
Degrees iDegrcesI Decimal " Degrees Decimal || Degrees ‘Declmal
| { |

0 1.000 Ii 2218 924 || 4§ 707 6713 ! .383
24 ' .999 25 906 || 4713 .676 70 342
S | 9% i 27%4 887 | 50 643 7215 ‘ .301
% 991 | 30 .866 5215 609 |75 .259
10 985 || 32l ‘ 843 'l S5 574 ‘l 774 | .216
1214 976 |‘ 35 819 || S7Y | 537 80 174
15 .966 37% 793 60 .500 8214 131
17% 954 0 J66 || 62L% 462 85 .087
20 ‘ 940 : 4215 L 737 ‘ 65 423 8714 .044

If the two coils are moved bodily apart while their axes are kept in line
the coefficient of coupling depends on the separation between the coils, be-
coming less as the separation is increased. The separation is measured be-
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tween the ends of the windings which are toward each other, not from the
center of one winding to the center of the other.

The following table shows the change in coupling when the coils are moved
apart. The coupling with a separation of one inch is taken as 100. The two
coils are assumed to be exactly alike in every respect.

Cuance IN MutuaL Inpuctance witk SeparaTioN ofF Two Coirs

J
Separation ' Per Cent ' Separation Per Cent Separation | Per Cent
in Inches  Inductance I in Inches Inductance | «n Inches | Inductance
|
10 | 1000 3.5 ! 362 ! 6.0 10.6
1.5 91.1 4.0 28.5 6.5 8.1
2.0 78.7 4.5 22.1 7.0 6.4
2.5 65.1 | 5.0 17.4 7.5 5.1
3.0 | 47.6 5.5 | 13.6 8.0 4.3

1
See also Coupling, Optimum.
COUPLING, CONDENSER TYPE.—See Coupling, Capaci-

tive.

COUPLING, CONDUCTIVE.—Conductive coupling, which
is also called direct coupling, is obtained through an inductance which
is common to two circuits. This type of coupling is equivalent ip

P
——
.

Conductive or Direct Coupling.

its effect to inductive coupling. One form of direct coupling as used
in radio receivers is shown at the right of the drawing. An auto-
transformer makes use of direct or conductive coupling.

COUPLING, DIRECT.—See Coupling, Conductive.

COUPLING, EFFECT ON RESONANCE.—When two
tuned circuits are very closely coupled to each other it is found that
resonance is obtained with two different adjustments of the tuning
condenser or the tuning inductance. With the closest possible cou-
pling the two points of resonance or the two resonance peaks are
some distance apart.
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Close Coupling Loose Coupling

Effect of Coupling on Resonance.

As the coupling is made looser the two peaks keep coming closer
and closer together until, with very loose coupling, they practically
merge and form a single resonance peak of greater height or ampli-
tude than either of the others alone. This explains the broadness of
tuning when using very close coupling in radio frequency circuits.

COUPLING, ELECTROSTATIC.—See Coupling, Capaci-
tive.

COUPLING, IMPEDANCE.—Impedance coupling is ob-
tained through an impedance Z which is common to the two circuits
A and B. The principle of impedance coupling as used in radio am-
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Impedance Coupling.

plifying circuits is shown at the right hand side of the drawing. See

also Amplifier, Audio Frequency, Impedance Coupled.
COUPLING, INDUCTIVE.—Inductive coupling is obtained

through parts of two magnetic fields which are common to two
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Tuductive Coupling.




COUPLING, INTERSTAGE

circuits as in the drawing where the two inductance coils L have
parts of the field of each passing through the field of the other.
. These two coupling coils are said to have mutual inductance and
through this mutual inductance, coupling is obtained between cir-
cuits A and B. Inductive coupling as found in the commonly used
transformer coupling of radio circuits is shown at the right hand
side of the drawing.

COUPLING, INTERSTAGE.—Any form of coupling by
means of which one stage of amplification is coupled to the follow-
ing stage of amplification so that energy may pass from one stage to
the next is called interstage coupling. The interstage coupling is
obtained through a transformer, a resistance, an impedance or a
reactance placed between the amplifying tubes in two stages.

COUPLING, LOOSE.—Any degree of coupling whose co- -

efficient of coupling is 0.5 or less is generally called loose coupling.
The looser the coupling the less energy is transferred from one cir-
cuit to the other and the less will be the effect of the inductance, the.
capacity or the resistance in one circuit on the other circuit. See
Coupling, Coeflicient of.

COUPLING, MAGNETIC.—See Coupling, Inductive.

COUPLING, OPTIMUM.—The optimum coupling between
two circuits is that coupling with which there is the greatest transfer
of ‘energy from one circuit into the other. The optimum coupling is
neither the closest nor the loosest coupling which may be used.
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Optimum Coupling for Energy Transfer.

With circuits containing high resistance the optimum coupling may be a
rather close coupling, a coupling whose coefficient is rather high, As the cir-
cuit resistance is reduced the greatest power transfer is secured with looser
and looser coupling. This effect is shown in the curve which illustrates the
rise in energy transferred as the coefficient of coupling is increased. It is seen
that with zero coupling there is no energy transfer, that the transfer increases
quite rapidly with increase of coupling up to the optimum point, then de-
creases gradually. )

Optimum coupling and maximum possible transfer of energy are obtained
when the values of frequency, mutual inductance and resistance satisfy the
equation on the following page. .

.-



COUPLING, RESISTANCE

Mutual Inductance \ ( Frequency in )’ -
of Circuits ) 2 Kilocycles X 6280

Total Resistance Total Re.ri:tanc‘e)
of One Circuit of Other Circui

The resistances are the high frequency resistances measured at the frequency
used in the first part of the equation. See Resistance, High Frequency.

COUPLING, RESISTANCE.—Resistance coupling is ob-
tained by a resistance which is common to two circuits. In t'he
drawing the common resistance R provides a coupling between cir-
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Resistance Coupling.

cuits 4 and B. The principle of resistance coupling as used in radio
amplifying circuits is shown at the right hand side of the drawing,
See also Amplifier, Audio Frequency, Resistance Coupled.

COUPLING, SELECTIVITY AFFECTED BY.—See
Selectivity.

COUPLING, TIGHT.—See Coupling, Close.

COUPLING, TRANSFORMER.—Coupling from one stage
of amplification to the following stage which is obtained through
the mutual inductance of the two windings in a transformer is called
transformer coupling. This is the most common type of interstage
coupling. Tuned transformers are used for coupling in radio fre-
quency circuits and untuned iron-core transformers are used for
coupling between audio frequency circuits. See Transformer.

COUPLING TUBE.—A tube used between the antenna and
first tuned circuit of a receiver.

CROSS MODULATION.—Rectification occurring in an am-
plifying tube which is so negatively biased as to cause operation on
the lower bend of the plate-current, grid-voltage curve. The aver-
age plate current changes at the frequency of modulation of any
strong signal so that this signal is applied to following stages, is
finally detected and heard from the loud speaker along with a
weaker signal which is amplified in the usual manner. Both signals
are audible in the output.

CROSS TALK.—An effect due to magnetic or electrostatic
inducton between nearby conductors; signals in one conductor
being reproduced also in the other one.

CRYSTAL DETECTOR.—See Detector, Crystal.
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CRYSTAL, FREQUENCY CONTROL BY.—A small
plate of the mineral quartz may be used under certain conditions
to control the operating frequency of a vacuum tube oscillator and
connected circuits so that this frequency varies by less than one
part in 100,000 from a desired value. Crystalline forms of quartz,
rochelle salts and tourmalin exhibit the piezo-electric effect which
makes possible this means of frequency control, but quartz is the
substance universally used in practical applications.

Plates made from crystals having piezo-electric properties will develop
electrostatic charges between opposite faces when the plates are com-
pressed or twisted, and if placed between electrostatic charges of opposite
polarity these plates are changed in dimensions. For any given plate this
effect takes place most energetically at a certain definite frequency, the
frequency depending upon the physical measurements of the plate and
on the manner in which it is cut from the original crystal.

Quartz is a very elastic material. If a plate made from this mineral
is subjected to pressure on opposite faces it becomes thinner and expands
sidewise. Upon release of the pressure the quartz plate reacts by return-
ing not only to its original dimensions, but by becoming thicker and
shorter than before. The action then continues, with the plate becoming
alternately thicker and thinner, or undergoing mechanical vibration at its
natural frequency.

CRYSTAL METAL

F16. 1.—~The Quartz Plate.

If such a piece of crystal is placed between two metal plates as in
Fig. 1 and a potential difference is applied to the plates, the crystal is
between two electric charges of opposite polarity. The crystal becomes
thinner, wider and longer. Removal of the exciting voltage allows the
crystal to commence vibrating and electric charges will be developed which
reverse in polarity at the frequency of the crystal's vibration.

Characteristics of Quartz Plates.—Quartz plates are cut
from a mother crystal of the form shown at the right in Fig. 2,
the center line of which is called the Z-axis or the optical axis.
A line drawn between diametrically opposite corners of the crystal
and perpendicular to the Z-axis, is called an X-axis or an electric
axis. A line drawn between opposite faces, perpendicular to the
faces and to the Z-axis, is called a Y-axis or mechanical axis. A
quartz plate cut from the crystal so that an X-axis is perpendicular
to the face of the plate is said to be X-cut, face perpendicular cut,
zero-angle cut or Curie cut, all these names meaning the same
thing. If the plate is cut in such manner that its face is perpen-
dicular to a Y-axis it is said to be Y-cut, face-parallel cut or
thirty-degree cut.

The rate of vibration of a quartz plate, often called a piezo-electric res-
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onator, is specified according to the corresponding wavelength in meters
divided by the dimension in millimeters along which vibration takes place,
this wave constant being given as suo many meters per millimeter. With
an X-cut plate the wave constant is lower than with a Y-cut plate.

The thinner the resonator plate the higher is its frequency of vibration
and the shorter the corresponding wavelength. Thus the frequency is in-
versely proportional to the thickness and the wavelength directly propor-
tional to the thickness of the plate. Because of their different wave con-
stants the X-cut plate for a given frequency is thicker than the Y-cut
plate for the same frequency.

The accuracy with which these plates must be ground is indicated by
the fact that a difference of 0.001 inch in thickness makes a frequency
change of about 45,000 cycles in an X-cut plate and of about 30,000 cycles
with the Y-cut plate. Opposite faces of the plate are made flat and parallel
within one or two ten-thousands of an inch in most cases, although much
greater differences will still allow vibration in some crystals.

The prepared resonators are supported in holders usually consisting of
brass or copper plates having smooth, flat surfaces which rest against the
resonator, A light spring pressure is applied to one side of the holder so
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F1c. 2—Methods of Cutting Quartz Plates,

that good contact with the resonator is insured. The holders are designed
to maintain constant pressure and to keep the crystal resonator and the
contact surfaces in the same relative positions at all times. A change of
pressure will cause a change in the vibration frequency.

Circuits for Frequency Control.—As used for frequency
control in a transmitter the crystal generally is placed in a circuit
of the type shown in Fig. 3. The crystal resonator is connected
between the control grid and cathode of the oscillator tube. The
crystal is a dielectric, so in order to allow suitable grid bias there
must be a direct current connection through the resistor and choke
coil from grid to cathode. The plate circuit of this oscillator tube
is tunable and is loosely coupled to the grid circuit of the amplifier
tube in which the operating frequency is to be controlled.

The plate circuit load of the oscillator tube is inductive, so that energy
losses in the crystal resonator are supplied by tube feedback. As the plate
circuit is tuned toward the crystal’s natural frequency, oscillation will
commence and will be maintained until the tuned frequency of the plate
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circuit is very near the crystal’s frequency. When the two frequencies come
very close together the crystal will absorb so much power that oscillation
will cease. Therefore the plate circuit is not tuned to the exact frequency
of the resonator crystal but is kept at a point which allows continued
vibration of the resonator. The grid circuit of the tube is then being sup-
plied with oscillating currents at the vibration frequency of the resonator
and the entire oscillator circuit operates at that frequency or very close to it.

The crystal resonator cannot be considered as the sole factor in deter-
mining the oscillator frequency. The entire circuit with all its capacities
and inductances must be taken into account and consideration also must
be given to the conditions under which the resonator plate is used. The
tube voltages should be held constant, although slight changes in plate or
filament potentials will make negligible changes in the operating frequency.
Replacement of the oscillator tube with another of the same type will
result in a slight change of frequency, and changing the type of tube will
make a greater change in frequency. Vibration or jarring of the circuit
elements will cause variation of frequency, and this trouble should be
guarded against in mounting the parts. The crystal controlled tube should
be operated at a low power level. It usually 1s coupled to a following
amplifier tube which is operated with grid bias sufficiently negative to
allow no current 'in its grid circuit, this together with a loose coupling
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Fic. 3.—Circuit of Crystal Controlled dscillator.
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preventing loading of the plate circuit of the crystal controlled tube,
Changes in tuning of the plate circuit will cause a considerable change in
operating frequency.

_ Temperature Control.—The greatest variation in frequency
is caused by changes in the temperature of the crystal itself and
elaborate precautions are used to maintain a fixed and constant
operating temperature. With X-cut plates an increase of tempera-
ture lowers the frequency while with Y-cut plates the temperature
increase raises the frequency. Changes of temperature have a
greater effect on the frequency of a Y-cut plate than on that of an
X-cut plate.

The quartz plate or plates of which the temperature is to be controlled
are placed within a small closed chamber fitted with a thermometer for
temperature observation, and with a heating element and a thermostat
which controls the heating element according to the amount of added
heat which is required.

.. A typical temperature control box as illustrated in Fig. 4 contains an
inner chamber about four inches square and three and one-half inches deep
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with its walls made of aluminum, a metal which evenly distributes. heat.
Surrounding the aluminum is a layer of asbestos. Then comes another
enclosure of aluminum and this 1s covered with balsa wood for further
heat insulation. The whole is placed within a walnut case.

The operating temperature 1s chosen well above ordinary room tempera-
ture so that control always may be had by adding heat. Were the oper-
ating temperature too low it might be necessary to cocl the unit were it
used in very warm climates, A temperature of 50 degrees centigrade (about
122 degrees Fahrenheit) has been adopted in many installations. Tempera-
ture control boxes will hold the plate within one-tenth degree centigrade
of this value when the external temperature varies anywhere between 50
and 70 degrees Fahrenheit. . . .

Oscillator Frequencies.—Some form of adjustment often is
provided as a means of compensating for changes caused by varia-
tions in the elements of which the oscillator is composed. A com-
monly used adjustment is that of change in the air gap in the
holder for the quartz plate, a change m spacing altering the capaci-
tance of the holder. Frequency adjustment sometimes is made by
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F16. 4—Temperature Control Box for Quartz Plates.
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changing the temperature at which the resonator plate operates,
such a change being made possible by the design of some tempera-
ture control devices. In order to bring the oscillator frequency
to the exact value required there may be provided a small variable
condenser connected across the terminals leading to the resonator
plate.

Commercial quartz plates are available for frequencies between
15 and 4000 kilocycles, or wavelengths from 20,000 to 75 meters.
Plates for higher frequencies or shorter wavelengths are extremely
thin and are difficult to handle. When it is necessary to control
frequencies higher than this value it is customary to employ fre-
quency multipliers or harmonic amplifiers. .

If the quartz plate is used in the grid circuit of an oscillator having its

plate circuit tuned with a relatively large inductance and small capacity,
and if thi§ oscillator is operated with a high exciting voltage and highly
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negative grid bias there will be generated in the plate circuit an extensive
range of harmonic frequencies of which the resonator frequency is the
fundamental. The fundamental frequency may be filtered out and the
second or a higher harmonic amplified. Thus it becomes possible to use,
for example, a 500-kilocycle quartz plate to control harmonic frequencies
of 1000 kilocycles or even higher multiples of the crystal frequency. By
the use of two or more frequency multipliers in cascade the original fre-

quency may be multiplied to any required value.

The resonator plate itself will generate harmonics of its fundamental
frequency and in many installations the crystal harmonics are used with-
out employing a frequency multiplying circuit. It should be noted that the
use of harmonics, however generated, will multiply any error in the funda-
mental frequency by the number of the harmonic employed. For example,
the use of the fourth harmonic, with a crystal error of one-tenth per cent
in frequency from its rating, results in a final error of four-tenths per cent.

CRYSTAL RECEIVER.—A receiver using a crystal de-
tector.

CUPROUS OXIDE PHOTOCELL.—A type of photovol-
taic cell employing a cathode of cuprous oxide and an inert anode
immersed in the electrolyte carried by a sealed glass jar. See
Cell, Photovoltaic.

CURIE CUT.—A method of cutting a quartz plate from a
mother crystal. See Crystal, Frequency Control.

CURRENT.—The flow of electricity through a circuit is called
the electric current and is measured in amperes. The current
through a circuit is increased when the voltage is increased. It is
decreased when the resistance is increased, other things remaining
the same,
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One Cycle of Alternating Current.

CURRENT, ALTERNATING.—In an alternating current
the voltage rises from zero to its maximum value, whatever that
may be, then falls hack to zero and goes on below zero on the negative
side just as far as it rose on the.positive side. It then comes back
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to zero. This rise to positive and fall to negative which starts from
zero and ends at zero is called one cycle. This is shown by the dia-
gram.

The rise from zero to maximum positive voltage and the return to zero
is one alternation. The drop below zero to the negative voltage peak and
the return to zero is another alternation, therefore there are two alternations
in one cycle.

One cycle is divided into 360 electrical degrees just as any circle may be
divided into 360 degrees. Since one alternation is a half cycle it is 180 degrees.
A quarter cycle is then 90 degrees. Any part of a cycle may thus be measured
by the number of degrees covered.

Alternations which are maintained by alternating voltages steadily applied
to a circuit are called forced alternations. Forced alternations may be main-
tained in any circuit. If the circuit is oscillatory, containing inductance and
capacity, energy applied to the circuit will start alternations or oscillations at
the natural or fundamental frequency of the circuit. These are called free
alternations,

CURRENT, CALCULATION OF.—See Law, Ohm’s.

CURRENT, DIELECTRIC.—The current that seems to pass
into the dielectric of a condenser is called the dielectric current. See
Absorption, Dielectric.

CURRENT, DIRECT OR CONTINUOUS.—An electric
current which always flows in the same direction through conductors
or a current which does not change its polarity is called a direct cur-
rent or a continuous current. A direct current generally remains at
constant voltage, that is, the voltage does not rise and fall. See also
Current, Alternating.

CURRENT, DISPLACEMENT.—When there is a voltage
difference impressed upon opposite sides of an insulator a slight
amount of electricity moves in the insulator. This is called displace-
ment current. See Flux, Dielectric.

CURRENT, EDDY.—Whenever there is a movement of elec-
tromagnetic lines of force through any piece of metal, electric cur-
rents are set up in the metal. These are called eddy currents, If
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Formation of Eddy Currents in Metal.

the electromagnetic field caused by an alternating or oscillating -

current in a coil is allowed to pass through parts made of metal,
eddy currents are caused to flow in these metal parts. Since it re-
quires considerable energy to produce these eddy currents they place
a load or an effective resistance on the circuit which produces them.
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d.—The symbol for density.

DAMPED WAVE.—See Wave, Damped.

DAMPING.—The damping in an oscillating electric eircuit
determines the rate at which the voltages decrease. This is illus-
trated in the drawing. Damping is the ratio of one maximum am-
plitude, such as 4 in the drawing, to the one preceding it in the
opposite direction, such as B in the drawing. To damp a circuit
means to impede the oscillations, The coefficient of damping is
equal to the effective resistance in the circuit divided by twice the
inductance. Therefore, the damping of a circuit depends on its
resistance, being greater the larger the resistance. Damping is also
increased by distributed capacity in the inductance coil of an oscil-
lating circuit.

Whenever energy is subtracted from a circuit by any cause that
cause is said to introduce damping. All forms of losses in coils and
all losses in condensers increase the damping in the circuit. See Coil,
Losses in, also Condenser, Losses in. Any of these forms of damp-
ing reduce the voltage or amplitude of the oscillations.

Effect of Damping.

The decrement of a circuit is the damping coefficient of that circuit multi-
plied by the time of one cycle. This is the logarithmic decrement that is
generally called simply the decrement of the circuit.

If the damping effects in a circuit are exactly balanced by energy that is
being added to the circuit, the amplitude of successive waves remains con-
stant and there is no decrement or there is zero decrement. A continuous
wave has zero decrement.

The decrement or damping in a circuit determines to a great extent the
selectivity of that circuit because it determines the sharpness of resonance.
Excessive damping of any kind will increase the range of frequencies to which
a receiver will respond.

It is possible to have too little damping in a circuit. Tuning then becomes
too sharp and the response curve of the receiver is not broad enough to take
in a wave channel 10,000 cycles wide. When this condition exists the higher
notes will be weakened or cut off.

It has been mentioned that damping is the ratio of the effective resistance
to the inductance, being found by dividing the effective resistance by twice
the inductance. Therefore, damping does not depend on resistance alone or
on inductance alone, but on the ratio between the two.

In an attempt to reduce damping a larger size of wire might be used on a
coil. But the larger wire would allow fewer turns per inch and would there-
fore reduce the inductance at the same time. Thus the resistance of the wire
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and the inductance would be reduced together and their ratio would show
little if any change. Increasing the number of turns of the larger wire in
order to regain the lost inductance would add to the wire length and its re-
sistance. Thus the inductance and the resistance would increase together
and their ratio would show little change. It is difficult to improve the ratio
and reduce the damping, although either factor alone may be easily changed.

The damping so far spoken of is electrical damping but mechanical
damping is also used in radio work. Mechanical damping impedes
or hinders mechanical oscillatory motion such as the vibration of a
loud speaker’s diaphragm. Diaphragms used in loud speakers have
a natural period or frequency at which they are resonant and they
will respond much more strongly at this natural period than at any
other period or frequency Mechanical damping in the form of
friction or clamping may be introduced to reduce the effect of this
natural resonant period of the diaphragm.

Rooms of certain size and proportion are known to produce loud
echoes of certain tones or notes. These echoes may be damped out
by the use of heavy draperies or by the use of wall coverings of
non-resonant material. This is an example of acoustical damping.

In building transformers it is generally found that the combination
of inductance and distributed capacity will produce a stronger re-
sponse at some one frequency than at other frequencies. This is
called the resonance hump of the transformer. It may be reduced
by the use of additional damping windings.

D. C.—An abbreviation for direct current. See Current, Direct
or Continuous.

DECIBEL.—The decibel is a commonly employed unit for
measurement of the ratio of the output voltage, current or power
to the input voltage, current or power at an amplifier, transmis-
sion line or other electrical apparatus. If this ratio is greater than
1.0 it indicates amplification or gain, and if less than 1.0 it indi-
cates atténuation or loss. When measuring power in watts the
number of decibels is equal to ten times the common logarithm
of the ratio. When measuring voltage or current the number of
decibels is equal to twenty times this logarithm when the terminal
impedances are equal.

One decibel is equal to one transmission unit and all values
given in this latter unit under Unit, Transmission may be read
as the same number of decibels. :

DECOUPLING.—Prevention of feedback couplings by use of
resistors, chokes and bypass condensers.

DECREMENT.—See Damping.

DECREMETER.—A tunable oscillatory circuit with a cur-
rent indicating device allowing measurement of decrement.



DEGENERATION

DEGENERATION.—Degeneration means a feedback of
energy from output to input of a tube or a circuit in such phase
relation to the original signal input that the gain or amplification is
reduced. Degeneration has an effect that is the opposite of the
effect of regeneration, in which the feedback energy reinforces
the original signal input. Degeneration is most often used in audio-
frequency amplifiers and in modulated r-f amplifiers, where maxi-
mum fidelity is desired. A

As an example of the effect of degeneration assume an amplifier with a
normal gain of 100, wherein a 1-millivolt input causes a 100-millivolt out-
put, and assume that 10 per cent of the output is fed back. This means that
the original signal is opposed by a 10-millivolt feedback. To maintain a
net input of one millivolt the original input signal now must be increased-
to 11 millivolts, which gives the neccessary l-millivolt in excess of the
10-millivolt degenerative feedback. The original overall gain was 100 to 1.
and now it is 100 to 11.

Were the normal gain of the amplifier now reduced to 50, and the output
maintained at 100 millivolts, the net input would have to be 2 millivolts.
This is because 2 millivolts multiplied by a gain of 50 equals the required
100-millivolt output. The 10 per cent degenerative feedback still returns
10 millivolts to the input. To provide the nceded net input of 2 millivolts
the incoming signal now must be 12 millivolts, because this 12 millivolts
minus the 10-millivolt opposing feedback leaves 2 millivolts net. Now, with
a 12-millivolt input signal and a 100-millivolt output, the gain is 100 to 12,
which is little different from the former 100 to 11 gain. Thus it appears
that the overall amplification becomes fairly independent of amplifier gain.

If the amplifier system tends to over-amplify certain frequencies,
or to have too much gain at certain frequencies, the degenerative
feedback helps to maintain a relatively constant output, or to pre-
vent the over-amplification of certain frequencies. Thus the fidel-
ity is improved, although the overall gain is reduced. Degeneration
also reduces tube noises, hecause some of the plate voltage varia-
tions that represent these noises are fed back in reversed phase,
which reduces reamplification of the noise voltages. .

DETECTOR, CRYSTAL.—A crystal detector consists of
a piece of mineral, usually galena, on which rests a pointed metallic
contact. The combination acts as a rectifier of currents at radin
frequency, changing the alternating current which would come
from a tuned circuit to pulsating direct current whose average va-
riation is at the audio frequency of the modulation of the radio-
frequency carrier. The diagram shows a circuit used with a crystal
detector.

DETECTOR, DIODE.—A two-element vacuum tube or
diode used for a detector acts as a rectifier, allowing radio-fre-
quency voltages to produce high-frequency pulsating direct cur-
rents through the tube. The average value of the direct current
varies at the modulation frequency or the audio frequency of the
signal, and will produce audible signals in headphones, or may be
amplified to operate a loud speaker. The diode section of double-
diode tubes is used as the detector in many receivers. See Tube,
Double-diode,
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Elementary Principle of Diode Detector.

DETECTOR, GRID-LEAK.—A grid-leak detector, called
also a grid curreiit detector or a grid rectification detector, con-
sists of a vacuum triode with a grid condenser between its grid and
the tuned input circuit, and with a high-resistance *grid leak” re-
sistor between the grid and cathode. The arrangement may be as
in Fig. 1, or else the leak resistor may be connected across the
ends of the grid condenser to provide a cathode connection through
the coil of the tuned circuit. .

High-frequency alternations of voltage in the tuned circuit are applied
through the grid condenser to the grid-cathode circuit of the tube. The
grid and cathode act as an anode and cathode of a diode rectifier. When
alternations of signal voltage make the grid positive there will be flow of
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grid current as at the left in Fig. 2. This corresponds to electron flow as
at the right. This direction of flow makes the upper end of the grid leak
negative, and the side of the grid condenser which is toward the tube be-
comes negatively charged.

Grid Deleclor A.F
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Fi1c. 1.—Typical Detector Tube Circuit with Grid Leak and Condenser.

Because the carrier is modulated, the amplitude of the high frequency
voltages increases and decreases. During increases there is an increase of
condenser charge and potential. During decreases there is no further charg-
ing of the condenser. At all times there is a slow leakage of the condenser
charge through the high resistance of the grid leak, but the rate of leakage
is not-enough to prevent rise and fall of condenser charge and potential with
rise and fall of carrier amplitude.

Since the varying amplitude of the high-frequency voltages corresponds to
the audio-frequency modulation of the carrier, the varying charge and po-
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F16. 2—Action of a Grid Leak Detector. At the left is shown conventional
current flow, positive to negative, while the grid is positive. At the right
is the corresponding electron flow and charging of the grid condenser.

tential of the grid condenser follow the modulation. Because the triode

grid is connected to the negative side of the grid condenser, the grid voltage

varies with that of the grid condenser. Thus the grid is subjected to a

1 negative potential which varies with audio-frequency modulation of the car-
. rier. As shown in Fig. 3, the variations of grid voltage cause corresponding
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£16. 3.—Action of the Grid Leak Detector. Variations of grid voltage
cause corresponding variations of plate current, the latter decreasing in
value as detection takes place.

variations of plate current or of output from the detector, and this output
current is varied with audio-frequency modulation of the received carrier.
Grid condensers commonly are of about 0.00025 mid. capacity, and grid
leaks of one or more megohms resistance. Thcir time constant must be
much longer than the period of any frequency to be handled.

DETECTOR, PLATE-CURRENT.—A plate-current de-
tector, called also a grid-bias detector, consists of a vacuum triode
operated with a grid bias so highly negative that the negative alter-
nations of grid signal voltage receive very little amplification, while
the positive alternations are fully amplified. As shown by Fig. 1,
this results in plate current with increases much greater than de-
creases from the value of current that exists with no signal applied
to the grid.

Since the positive alternations of plate current are greater than the nega-
tive alternations, there is more current in the positive than in the negative
direction and the effect is that of a pulsating positive current. The ampli-
tude of signal voltages applied to the grid rises and falls with the modula-
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tion of the signal or carrier. Since changes of plate current follow changes
of grid voltage, the average plate current rises and falls with modulation
of the signal. This is shown by Fig. 2.

A typical detector circuit is shown by Fig. 3. Here the grid bias is pro-
vided by a biasing resistor with bypass condenser in series with the cathode.
The plate of the detector tube is connected through a radio-frequency choke
coil to the audio-frequency amplifier, and through a radio-frequency bypass
condenser to the tube cathode. Thus the high-frequency component of the
plate current is bypassed back to the cathode, while the average plate current
changes, at modulated or audio frequency, go through the choke to the
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F16. 1.—Action of Detector Using Grid Bias for Plate Current Rectification.

audio amplifier. The required negative bias may be provided also by a
C-battery or hy a negative tap on the voltage divider of the d-c power
supply system.

The grid of a plate current detector is biased sufficiently nega-
tive to reduce plate current practically to zero when no signal
is being received. Because of the strongly negative bias there is
no appreciable current in the grid circuit, or input circuit, and
the selectivity remains higher than with grid leak detection. \With
plate current detection there is amplification as well as detection
in the tube circuit, .
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DETUNING.—As the word implies, detuning is the op-
posite of tuning. Tuning consists of making such adjustments that
the impedance of a circuit to currents of a certain frequency is re-
duced to the lowest possible point, and the circuit is then said to be
tuned to this frequency.

When a circuit is detuned, either the capacity of a tuning con-
denser or the inductance of a tuning coil is changed so that the
combination of capacity and inductance is no longer resonant or at
lowest impedance to the frequency being received. In effect, im-
pedance has been added for this frequency.

DIELECTRIC.—Any material through which electric force
may act is a dielectric. All dielectrics are instilators, not .conduc-
tors. A dielectric substance will allow the passage through it of in-
duction, of magnetic lines of force, and of electrostatic lines of
force.

Just as iron placed in a magnetic field will allow easier passage of
the magnetic lines of force through itself, so will a dielectric placed
in an electrostatic field allow easier passage of the electrostatic lines
of force through itself. A dielectric placed in the electrostatic field
of a condenser, between the plates of the condenser, will cause the
field to become stronger and the condenser plates to become more
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DIELECTRIC ABSORPTION

highly charged with the same impressed voltage than when air only
is between the plates.

The power of the dielectric to thus increase the capacity of a condenser
in which it is used is called the specific inductive capacity or the dielectric
constant of the material. See Constant, Dielectric, under which heading
are given the dielectric constants for most of the substances used in radio

© work.

The dielectric constant of a dielectric material is a measure of its ability
to increase the capacity of a condenser. A substance may be a very good
dielectric from the standpoint of increasing capacity, yet may be poor from
the standpoint of radio work because of the losses it may introduce. The
measure of a dielectric’s value for radio work is its phase angle difference,
that is, the amount it displaces the waves or oscillations passing through it.

The various properties and characteristics of the different di-
electrics are discussed under the headings of the dielectric’s name.

Following are the most important which may be referred to:

Air Fibre Porcelain

Celluloid Glass Quartz

Cloth, Insulating Mica Waxes

Binders Oils, Insulating " Woods

Rubber Paper Insulation, Moulded

All of these things are insulators as well as dielectrics. When they are
considered from the standpoint of insulation, it is their resistance to voltage
that is important. When they are considered from. the standpoint of their
dielectric properties, such as dielectric constant and phase angle, it is their
effect on the electric force or electrostatic fields in radio that is of impor-
tance. Some materials are powerful dielectrics, others are strong insulators, and
many fulfill both requirements at the same time.

Many parts of a radio receiver should be thought of from the standpoint
of their dielectric properties. This applies to the insulation of wires and
cables, which takes in cotton, silk, enamel and rubber. It also applies to all
the insulating supports used in building condensers and coils, and to the sheets
of insulation used for panels, sub-panels and cabinets; taking in such things
as bakelite, hard rubber, fibre, glass, porcelain and woods. Then come the
oils, waxes and binders used as insulators, and finally the mica and paper used
because of their dielectric properties in condensers.

DIELECTRIC ABSORPTION.—See Absorption, Dielectric;

. also Condenser, Losses In.

DIELECTRIC CONSTANT.—See Constant, Dielectric.
DIELECTRIC CURRENT.—See Current, Dielectric.
DIELECTRIC HEATING.—See Heating, Electrostatic.
DIELECTRIC RESISTANCE.—See Resistance, Dielectric.
DIELECTRIC STRAIN.—See Strain.

DIELECTRIUC STRENGTH.—See Strength, Dielectric.
DIELECTRIC STRESS.—See Stress.
DIFFRACTION.—An action by which waves of different fre-

quencies are deflected or bent out of their original paths by differ-

ing amounts depending on their frequency. Long waves or low fre-

- quencies are diffracted or bent more easily than short waves. The
“*long waves will pass around and almost completely envelope a small

obstacle in their path while with short waves the obstacle will pro-
duce a comparatively “‘sharp shadow’ because the waves pass on in

" almost straight lines.
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DIODE.—A tube having but two elements, filament and plate.
DIRECT COUPLED AMPLIFIER.—See Amplifier, Audio
Frequency, Direct Coupled.
DIRECT COUPLING.—See Coupling, Conductive.
DIRECT CURRENT.—See Current, Direct or Continuous.
DIRECT CURRENT AMPLIFIER.—See Amplifier, Direct

Current.

DIRECTION FINDER.—See Compass, Radio.
DIRECTIONAL ANTENNA.—See Antenna, Directional
Effect; also Loop, Directional Effect of.
DISC RECORDING.—See Sound Pictures; also Phonograph.
DISTANCE, GEOGRAPHICAL.—The following list shows the

approximate air line distances between principal cities in the United States,

Canada and Mezxico.

Ames, lowa
Atlanta, Ga
Atlantic City, N. J.. . ...

Baltimore, Md
Beaumont, Texas
Birmingham, Ala........

Boston, Mass
Bristow, Okla
Buffalo, N. Y...........

Calgary, Canada
Chicago, Il
Cincinnati, Ohio

Cleveland, Ohio
Columbus, Ohio
Dallas, Texas

Davenport, lowa
Denver, Colo...........
Des Moines, lowa

Detroit, Mich
Elgin, IlL .. ......oo00
Fort Worth, Texas

Galveston, Texas
Hartford, Conn
Hastings, Neb..........

Havana, Cuba
Hot Springs, Ark........
Houston, Texas

Cincinnati
Cleveland

750( 300! 500/ 610
700| 590‘ 375 SSOl
|

270| 335 700 530| 405

350! 180] 600, 420 310:
15101200| 875! 8251035
1050 sos] 575 420 620

400 8351 725 540
1400|1035/ 615 680| 865
400] — | 450, 390 175

1725 1380‘1630
450 — | 250
390| 250, —

540| 175| 300| 220
625 295| 275/ 100
1520{1180 795| 800

990! 600, 155! 360
1750(1350| 900(1375
1150| 750| 300| 500

600| 215! 235/ 225
870! 480/ 30! 275
1550/1205 810I 820

15801270 9451 850
90| 325 750! 630
1405|1005 560/ 735

1495/1390(1320/1100

1650!
300
220"

125!

2080
835
725

1205
605

90
330
1025

1100
460
860

1250
765

I1570|126OI

12801 945 575/ 550 e

Detroit

75401000/ 965 720 285

600
490

4051 170

103
640

600
830
215

1550
235
225

90| 400

160

1005| 990
455 390

1140
540

265
10035
1100

525

795

1320
745
1085

011325/1250(1050| 645

New York
Pittsburgh
St. Louis

Philadelphia

§ l Washington

740

660| 525| 470/ 535
95

55'295| 880| 140

90| 195 7300 35
1125
775 610 400| 630

265! 475(1025! 385
1175| 930| 310/1065
285| 180 650‘ 295

119011750]14401950
655 415 255 590
495| 253 515| 400

355 115‘ 485 300
470/ 410 160 390 325
1350'1280\1060| 5451165

860| 805' 560! 200 735
1600 1550(1300| 7751475
1010 965| 705 260, 890

475| 440/ 210 450/ 395
735 685 45| 255 620
137513101085 5601190

13851315 1125 6901200
150/ 175 375 960) 300
12651210 960 4451120

1295/1270/1215 11651125
11051030 820( 340| 925

850

190
1235
295

2000
705
555

925I 890

14001131511125 665|1200
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Boston
Buffalo
Chicago

’ Cincinnati
Cleveland

|

Indianapolis, Ind
Towa City, lowa........

Jefferson City, Mo.......

Kansas City, Mo........
Lancaster, Pa...........
Lansing, Mich

Lincoln, Neb,...........
Los Angeles, Cal
Louisville, Ky...........
Madison, Wis
Memphis, Tenn
Mexico City, Mexico. ...
Miami, Fla.. . ..........
Milwaukee, Wis
Minneapolis, Minn

Monreal, Canada
Newark, N. J
New Orleans, La

New York City.........
Oakland, Cal...........
Omaha, Neb

Ottawa, Canada
Philadelphia, Pa
Pittsburgh, Pa

Pontiac, Mich...........
Portland, Ore...........
Providence, R. 1

Regina, Canada.........
Rochester, N. Y.........
St. Louis, Mo...........

Salt Lake City, Utah....
San Antonio, Texas
San Francisco, Cal.......
Schenectady, N. Y..
Scranton, Pa....
Seattle, Wash.....
Springfield, Mass
Tampa, Fla
Toronto, Canada........

"Troy, N. Y
Vancouver, Canada
Waco, Texas

* Washington, D. C
Winnipeg, Canada
Zion, 111

.| 145
-1 2460

255
510/
585

|
690
300
170

775
2015
305

400!

790
1045
1130

1230
305
675

|
1315
2530

425 160 100
630| 200 405
750| 325] 420
850, 400! 540
255! 600 430
275 170 235

920/ 470| 645/
2160117251875
815| 475 270 90

925| 525 120/ 375
1125/ 800/ 475 410| 625
2300/2000{1680/1600' 1300

12751185(1175| 9501080
840/ 450/ 80! 323| 333
1110, 725| 355 600| 625

260| 320 740| 700 490
195| 285| 700 550/ 390|
1335/1075| 825| 700 915

190 295 705’ 555 400,

2650|2260(1825/2005|2125
1260| 875 425| 625| 735

310/ 240| 645| 635] 410
2651 285| 655 495/ 355
| 475| 180| 415| 255 115

615] 230/ 225/ 240| 110
2500(2120{1725/1960(2030
45| 390 825 710| 525

11680!1325(1000(1250/1260
340 63 310 45| 235
1025, 650, 255 315| 485

|
20731673 1250144011550
1735/1410(1035(1025(1235
26102250(1815(1995 2115

250/ 700| 600| 400
230( 615/ 490| 315
2095/1710(1950|2000

320] 755 650| 460
1050(1000| 775| 925
55| 425/ 400| 185
135| 265| 710| 605, 413
2480|2115/1750/1990/2035
1585 1250/ 870/ 860/1075
385! 295/ 590 400/ 300
1350 990, 710, 965 940

245

80
1180
430

| 840I 450;

40| 285 300l
I

Detroit
New York
l St. Louis

235/ 630
35 910
540[ 975

64011075/1025
390 125/ 65
80| 550 520

700111751125
1950124252360
310} 650, 570

325| 800 750
615 950/ 875
1795 2125 2035

1150111001025
250 723 685
540(1010| 975

515| 340) 400
0 8 73
930 1160|1075
475 — | 80
2050(2525 2475
66011351080| 835| 350

430, 340 385 410 880
440 "80l — | 230/ 800
210 305 250 — | 560

201 490| 450/ 225| 450
1935(2420(2375(2150/1745
585( 150/ 235 450{1000

1160(1620/1600(1375|1095
275 250| 260| 225| 725
450 870| 800| 360, —

14751950(1900(165011150
1225/156514751275| 765
2040(2515|2465(2220(1715

160! 150/ 210| 350! 900
390 100| 103| 230 790
1920,2385/2360/2115|1700
525! 120/ 200/ 100, 960
935 1000! 925| 865| 860
200 345| 340 225| 640

475| 140/ 205| 360| 910
1945/2400/2375[2150/1743
1050 1400(1335(1125| 615

395/ 200{ 120| 190| 705

235
210
665| 110

775| 225
200{ 750|
285| 400

875 360
2115/1570
345 250

520/ 300
650! 240
18601425

1015/1075
450 320
740, 460

475| 975
300| 875
910; 605

305 870
223011710

23 ' Pittsburgh
n

w

eEv | Philadelphia
O wnn

Washington

4

&
“no

816
925

470

1145
2255
465
700
750
1850
925
625
925

490
195
950
200
2400
1010

460
120
190

410
2320
355
1550
300
705
1825
1360
2390
315
200
2300
320
815
350

325

12325

1225

850/1285]1260(1050{ 850
235| 710 660 420| 265‘1

1245
595




DISTORTION

DISTORTION.—Symptoms of distortion include the fol-
lowing: High notes weak. Consonant sounds suppressed in
speech. Low notes weak, with good reproduction of higher notes.
Drum-like or muffled reception. Shrill and excessively loud repro-
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F1e. 1.—Detector Circuit with Bypass and Radio Frequency Choke
to Prevent Distortion,
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Fic. 2.-Distortion Caused by Zero Grid Bias.
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duction of certain notes. Harsh, rasping sounds on all signals (may
be incorrect tuning).

If distortion exists when receiving only one station there may
be temporary trouble at the station. Otherwise the fault is in the
receiver, the antenna, or their connections. It will be necessary to
check the radio frequency and intermediate frequency amplifiers,
the converter, second detector, audio and power amplifiers, and

loud speaker.
=T © |+
Grid KWolllge

v /

224 (drrdnZ
N

» Amplitied Signal

A

Bollom of signal
cul off

Incoming signal

i
I
I
]
i
|
)
|
| wollages

Fic. 3—Distortion Caused by Excessive Negative Grid Bias.

Distortion due to cutting off of higher audio frequencies will
result from too sharp tuning in radio and intermediate frequency
stages. Strong signals may make the detector grid positive, which
causes distortion. High frequency currents getting into audio
amplifying stages overload the audio tubes. Such currents are
bypassed with condensers (.001 to .005 mfd.) and held back with
radio frequency chokes as in Fig. 1.

Insufficient bias or incorrect bias on audio frequency tubes
causes distortion by cutting off one side of the signal as in Fig. 2.
Excessive negative bias acts as shown by Fig. 3. Operation of
all tubes at recommended plate voltages and grid biases prevents
these troubles.



DISTORTION
Distortion results from using audio frequency transformers
which are too small, or which have excessive distributed capacity
that combines with their inductance to cause resonance at some
high audio frequency. This causes an amplification peak as in
Fig. 4. Small loud speakers distort signals which are too strong
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Fic. 4—Resonance Peak Causing Distortion in Audio Frequency Coupler.

for them to reproduce. Audio frequency amplification varies
somewhat at different frequencies, but if there is excessive ampli-
fication at some frequencies the result will be as in Fig. 5.

If some signal voltages are amplified more or less than others
we have amplitude distortion with results as indicated at the cen-
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Fic. 5.—Result of Frequency Distortion in Amplifier.

ter and right-hand side of Fig. 6 for a signal correctly amplified
as at the left. Relations between signal voltages and amplification
ratio for a unit having amplitude distortion are shown in Fig. 7.
Negative voltages receive less amplification than positive voltages.
Such trouble results from overloaded tubes, or tubes operated
at incorrect plate voltages and grid biases.
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Other causes for distortion are as follows: Oscillation in any
of the amplifying tubes. Incorrect bias for detector tubes. En-
ergy feedback between grid and plate circuit connections running
too close together. Omuission of bypass condensers which should
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Fic. 6.—Result of Amplitude Distortion.
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Fic. 7.—Variation of Amplification with Changes of Input Voltage.

be on the plate, screen, grid, cathode or other leads. These con-
densers bypass high frequency currents which otherwise over-
load some of the tubes, and they also prevent feedbacks. Heater
or filament voltages may be too low to provide ample emission.
Apparent distortion may result from interference.
DISTRIBUTED CAPACITY.— See Capacity, Distributed.
DIVIDER.— See Tools.
DOUBLE BUTTON MICROPHONE.— See Microphone.
DOUBLE-DIODE TUBE.—See Tube, Double-diode.
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DRILLING.—In the construction and assembly of radio re-
ceivers it becomes necessary to drill holes in various kinds of metals
and of insulating materials. The following paragraphs give infor-
mation needed in doing this work:

Machine Screw Tap and Clearance Holes.—Different sizes of
machine screws are used in radio work. The following table shows
the number of the screws, the number of threads per inch, their
diameter, and the drills to be used in making holes either for thread-
ing (tapping) or for allowing the screw to pass through freely
(clearance). Further information on such screws is given under
Screws and Bolts, Types of.

Sizes oF Tap Anp CLEARANCE DriLrs

l | Drill Number ' Drill Number
Screw Threads Screw | Threads -
i For Tap | Clearance Numberiper Inch For Tap | Clearance
2 48 No. 50 No. 42 7 28 [No.32 [No. 21
2 56 49 ) 7 30 31 21
2 64 48 42 7 2 | 30 | 2
3 40 47 38 8 | 24,30 30 17
3 48 45 38 8 32 29 17
3 56 44 38 9 24 29 13
4 32 43 31 9 28 28 |- 13
4 36 42 31 9 30 27 13
4 41 31 9 32 25 | 13
5 130,32 0 | 2 10 24 25 8
5 | 36 38 29 10 30 22 8
5 40 37 29 10 32 21 8
6 | 30,32 35 26 12 20 19 1
6 | 36 33 2 12 | 22,24 7 | 1
6 40 32 26 12 | 3 15 | 1

Drilling Metals.—All metal drilling is done with round twist
drills which may be secured in sizes designated by numbers as in
the foregoing table or in sizes designated by fractions of an inch
varying by sixty-fourths. When drilling steel the drill should be
lubricated with light machine oil as it enters the hole. Brass, alu-
minum and cast iron are drilled dry without lubricant of any kind.

Drilling Insulating Material.—Moulded and laminated phenol
compositions such as Bakelite, Formica, Redmanol, Celoron, etc.,
are best drilled with the point of the drill ground to the usual sixty
degree angle but with the front of the cutting edge ground straight
or flat to remove the hook. With hand drills any speed within the
ability of the ‘operator will be satisfactory. With power drills for
holes not larger than one-half inch diameter speeds up to 1500 rev-
olutions per minute may be used. These materials may be drilled
dry or a small quantity of light machine oil or lard oil may be used
as a lubricant. All phenolic substances of this class are very hard
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on drills and dull the points quickly. The hole may be found two
or three thousandths of an inch smaller than the drill size should
the work be done so rapidly as to heat the material being handled.

To prevent the hole breaking around the edges when the drill comes
through the back it is advisable to hold a block of wood solidly against the
rear surface of the material being drilled. To prevent the holes from run-
ning off from the true position as marked with a punch it is best to first
drill a small hole, about one-sixteenth inch diameter. The larger drill to
make the finished hole will then follow this small hole as a guide.

Hard rubber is drilled in much the same manner as the other in-
sulating materials just mentioned. The rubber is much easier to
work than are the phenolic substances. It is essential to drill small
guide holes first and to back up the rubber with wood blocks to
prevent its breaking through around the hole.

Drilling Glass.—Plate glass in thicknesses of five-sixteenths inch
and greater may be drilled successfully if plenty of time is spent
and plenty of work applied. The drilling is done with emery dust
kept wet with turpentine. A piece of drill rod is secured of proper
diameter for the finished hole and the end of the rod is ground off
perfectly flat. The rod is rotated at a few hundred revolutions per
minute and is held against the glass with moderate pressure while
the emery dust and turpentine are applied in liberal amounts until
the glass is literally worn through by the process.

Laying Out Drill Holes.—It is advisable to lay out the posi-
tions of.all holes for screws and control shafts with a pencil on a
sheet of heavy paper the exact size of the panel or base board being
used. This paper template is then fastened to the panel with library
paste. Each point for drilling is marked by placing a sharp prick
punch on the mark and striking the punch a single light blow with
a hammer. The paper is then removed and all punch marks gone
over with a center punch, again striking but a single sharp blow to
avoid the possibility of working the mark out of place with added
blows. The work is then ready for drilling.

See also Tools.

DRIVER.—A source of high frequency alternating current used
to supply energy to radio circuits is called a driver since it supplies
the necessary driving force for the work to be done. See Oscillator.

DROP, VOLTAGE.—See Potential, Difference of.

DRY CELL.—See Battery, Dry Cell Type.

DRY CONDENSER.—See Condenser, Electrolytic.

DRY RECTIFIER.—See Rectifier, Contact.

DYNATRON.—See Oscillator.

DYNE.—A unit of physical force. It is the force exerted
by a weight or mass of one milligram when acted upon by grav-
ity. One milligram is equal to 1/454,545 pound.

L Y AR
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e.—The symbol for electromotive force (instantaneous value).

E.—The symbol for electromotive force or voltage (effective
value). See Electromotive Force.

EARTH.—See Ground, Receiver.

EBONITE.—See Rubber, Hard.

EDDY CURRENT.—See Current, Eddy.

EFFECTIVE RESISTANCE.—See Resistance, Effective.

EFFECTIVE VALUES.—See Value, Average and Efective.

ELASTANCE.—The reciprocal of the capacity of a condenser .

or anything having capacity is called the elastance of the condenser

or other unit. The elastance is equal to 1 divided by the capacity
in farads.

ELECTRIC EYE.—See Cell, Photoelectric.

ELECTRICITY.—The cause of all electric and magnetic ef- -

fects is called electricity. Many theories have been advanced from
time to time to explain the nature of electricity itself, the most re-
cent being known as the electron theory which is explained under
the heading Electrons. The effects and action of electricity are used
in radio and all electrical sciences.
ELECTRICITY, PRODUCTION OF.—See Induction, Elec-
tromagnetic; Battery; and Thermo-Electricity.
ELECTRODE.—Either one of
Cat ’ZOZ@ the terminals of an electric source is
7 (7 tUbe  called an electrode. The terminal,
g Anode  connection or conductor through which
7/ in tube electric current or an electron stream
enters or leaves anything is called an
electrode.  The terminal through
. which the current enters is called the
Anode Calhode anode, the terminal through which
bg’;fe -, the current leaves being called the
Y cathode. See Anode and Cathode.
ELECTRODYNAMIC. — Re-
lated to or caused by the action of an
electric current upon itself, by the
action of two electric currents upon
S each other, or by the action between
Electrodes of Tube and Battery. electric currents and magnets. Elec-
trodynamics is the science of electric currents or of electricity in
motion.
ELECTRODYNAMIC SPEAKER.—See Speaker, Loud.
ELECTROLYTE.—A liquid or solution in which the passage
of an electric current causes chemical and electrical changes is
called an electrolyte. An electrolyte must be an electrical conductor
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whose atoms are broken up by the effect of the current. See also
Battery, Storage Type.

ELECTROLYTIC CONDENSER.—See Condenser, Elec-
trolvtic.
, ELECTROLYTIC RECTIFIER.—See Rectifier, Electro-
ytic. .

ELECTROMAGNETIC FIELD.—See Pield, Magnetic and
Electromagnetic.

ELECTROMAGNETIC FLUX.—See Flux, Electromagnetic.

ELECTROMAGNETIC SPEAKER.—See Speaker, Loud.

ELECTROMAGNETISM.—See Magnetism and Electro-
magnetism.

ELECTROMOTIVE FORCE.—This is the force which will
produce a flow of electric current in a conductor: Electromotive
force is measured in volts. Its abbreviation is E. M. F.

Electromotive force acts when there is a difference of potential
or difference of electric charge between two parts of a circuit. Elec-
tromotive force in an electrical circuit is similar to water pressure
in a water circuit. Electromotive force may exist without there
being a flow of current just as pressure may exist in a water system
without there being any flow of water.

Electromotive force is produced by primary batteries which
change the energy of their chemicals into electric pressure, by clec-
tric generators which turn mechanical energy into electric pressure,
by thermocouples which turn heat into this pressure, and by certain
crystals which turn mechanical pressure changes into voltages.

The term electromotive force means practically the same thing
as either voltage or potential difference. - Electromotive force is
generally taken as meaning the total difference in electrical pres-
sure throughout an entire circuit or the difference in pressure at
the terminals of a source. Potential is generally used when men-
tioning the difference in pressure between two parts of a circuit.
Voltage is often limited to designating the difference of pressure
between a point and the earth which is assumed to be at zero volt-
age.

ELECTRON COUPLING.—See Receiver, Superheterodyne.

ELECTRON-RAY TUBE.—See T'ube, Llectron-ray.

ELECTRONS.—An electron is the smallest quantity of negative
electricity that may move by itself between atoms of matter. The
electron is a charge of negative electricity. All material substances
as we know them are composed of molecules of the substance.
Each molecule is made up of a number of atoms of the different
elements which cannot be further subdivided into other substances.
For instance, the finest division of water is a molecule of water;
but this water molecule may be divided into atoms of hydrogen and
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oxygen. Hydrogen and oxygen are elements and cannot be divided
into anything -else,

An atom of any substance contains both positive and negative
electricity in equal amounts. When the smallest portion of some
of this negative electric charge becomes detached from the atom,
this detached charge is called an electron. An electron is not mat-
ter as we know it, nor has it any material substance of any kind.
It is simply an electric charge.

An electron must be thought of as a charge of negative elec-
tricity rather than as any material form of matter of any kind. A
study of electrons and their action is comparatively easy with an
active imagination, otherwise it is difficult.

In a vacuum tube, electrons pass from the heated filament to the
positively charged plate. The plate is positively charged because
it is connected to the positive terminal of the B-battery or power
unit. The number or amount of electrons flowing depends on sev-
eral things. The hotter the filament the more will flow, the higher
the plate voltage the more will flow, and the higher the degree of
vacuum in the tube the more will flow. An increased flow of elec-
trons is also causcd by larger filaments and plates and by having
the filament and plate closer together.

One reason for thinking of electrons only as charges of electricity
is that no matter how long the electron flow continues from the
filament to the plate, and no matter how great the flow, the plate
never gains the slightest bit of weight. '

The electrons are negative charges and flow toward a positively
charged body such as the platc. That is, they flow from a point
of lower voltage to another point of higher voltage. Electric cur-
rent flows from a point of positive voltage to one of negative volt-
age. Therefore, in any circuit, the electron flow is in just the op-
posite direction to the current flow. The electrode from which the
electrons flow is called the cathode. In the case of a radio tube the
filament forms the cathode. The electrode to which the electrons
flow is called the anode. In a vacuum tube the plate is the anode.

Atoms of matter of all kinds are composed of various numbers
of electrons associated in the atom with a positive nucleus, The
positive charge of the nucleus exactly balances the negative charge
of the electrons. If one or more negative electrons are rcmoved
from an atom then the atom becomes positive. If the atom gains
one or more negative electrons in addition to its normal number
of electrons then it becomes negative or is negatively charged.

The flow of electrons from the filament in a tube when the fila-
ment is heated is often called the thermionic currcnt. The amount
of energy or voltage required to cause electrons to flow away from
or leave the filament or cathode is called the equivalent voltage.
The smaller the equivalent voltage for a certain cathode the larger
will be the thermionic current which flows, that is to say, the less
the energy that is required to cause electron low the greater will
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be the flow. The equivalent voltage is a measure of the power re-
quired in heating the filament to cause a given electron flow.

When electrons leave the cathode and travel toward the anode
they collide with the atoms of any gas which may be in the space-
between cathode and anode. Each time an electron collides with
an atom it imparts some of its own energy to the atom.

The speed with which the electrons travel through the space is
in proportion to the voltage between anode and cathode. The
greater the voltage the greater the speeéd of the electrons. With
high voltage the electron speed will be so great that enough energy
is imparted to the atoms to detach some electrons from the atoms.
The voltage at which this action takes place is called the ioniza-
tion voltage and the process of breaking away of electrons from an
atom by the collision or impact of other Current
electrons is called ionization.

If the filament temperature or volt-
age in a tube is too high, ionization
will be greatly increased and will be
noticeable by a blue glow in the tube.
This blue glow is caused by ionization
due to the collisions of electrons with
atoms. When ionization takes place
under such conditions there is an ex-
cessive flow of thermionic current, this ==
current being visible as the blue glow.

The movement or flow of electrons
is always toward a positively charged
body or toward a point of higher po-. — =
tential. That is, the electron flow is Electron Flow and
from negative to positive. Since elec- Current Flow.
trons are themselves negative, they are attracted to and flow toward
the positive or high voltage points. Before the electron theory was
so widely accepted the convention was adopted which says the elec-
tric current flows from a positive point to a negative point in a cir-
cuit. Therefore, we find the electron flow from negative to positive
and the current flow from positive to negative. 3

ELECTROSTATIC.—Electricity may exist either in motion
or at rest. Electricity in motion, either as an electric current or as
a magnetic field, is studied under the names of induction and of
electromagnetism. Electricity existing as a stationary charge, as it
exists on the plates of a charged condenser, is studied under the
name of electrostatics. Therefore, any action or effect that is
associated with stationary charges of electricity is called an electro-
static or a capacitive action or effect. Any action or effect asso-
ciated with the electric current is called an inductive or an electro-
magnetic action or effect.

An electrostatic field, such as that existing between the plates
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of a condenser and extending through the dielectric, is a stationary
field. It exists between the positive charge of one plate and the
‘negative charge on the other plate. The two charges are always
of opposite polarity and of equal quantity. The electrostatic field
is between stationary charges of electricity.

Whenever the word electrostatic is used it refers to effects, to
causes or to conditions having to do with condensers or with the
capacitive effect between conductors.

ELECTROSTATIC CAPACITY.—See Capacity.

ELECTROSTATIC CHARGE.—See Charge.

ELECTROSTATIC COUPLING.—See Coupling, Capacitive.

ELECTROSTATIC FIELD.—See Field, Electrostatic.

ELECTROSTATIC INDUCTION.—See Induction, Electro-
static.

ELECTROSTATIC HEATING.—See Heating, Electro-
static.

EMF.—An abbreviation for electromotive force. See
Electromotive Force.

EMISSION, ELECTRON.—A flow of electrons from the
surface of a solid or a liquid, due to additional energy imparted
to free clectrons in the material by the action of heat, light, or
other radiant energy. or by the impact of other electrons on the
surface. See Electrons.

EMISSION, SECONDARY.—See Tube, Secondary Emis-
sion In.

ENAMELLED WIRE.—See Wire, Enamelled.

ENERGY.—The ability to do work is called energy. While
energy implies the ability or power to do work, this energy may not
be in use but simply held available for use. There are many forms
of energy such as electrical energy, mechanical energy, chemical
energy, etc.

Kinetic energy is any form of energy contained in a body by
virtue of the body’s motion. The amount of kinetic energy con-
tained in the body depends on its size and weight, also on its speed
or velocity of motion. Thus a baseball thrown with speed contains
more kinetic energy than is contained in a light feather dropping
slowly through the air.

Potential energy is the energy contained in a body because of the
body’s position, shape, etc. Thus, a coiled spring contains potential
energy because of its shape, a suspended weight contains potential
energy because of its being held up in the air. If the spring is
allowed to uncoil, its energy changes to kinetic energy and like-
wise if the weight is allowed to drop its energy changes from po-
tential to kinetic energy. The magnetic field about a coil con-
tains kinetic energy, the charge on the plates of a condenser is a
form of potential energy.

ENERGY, TRANSFER OF.—See Coupling.
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EQUALIZER, LINE.—See Public Address System.

EQUALIZING CONDENSER.—See Condenser, Balancing.

EQUIVALENT RESISTANCE.—See Resistance, Equiva-
lent.

ETHER.—It is supposed that all space is filled with a medium
called the ether. The ether is not itself a material thing and there-
fore exists everywhere, even when the space is occupied by solids,
liquids or anything else. The existence of the ether has not been
proven, but by supposing it to exist explanations of many peculiar
actions are made easier. :

Radio waves and electromagnetic waves traveling through space
with the speed of light are said to travel in the ether. \ave motion
in radio is assumed to consist of movements or strains set up in the
ether. A wave consists of alternating compressions and rarefac-
tions passing through the ether. See Radiation.
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FACSIMILE TRANSMISSION.—Facsimile is the trans-
mission by radio or by wired circuits of still pictures, or of maps,
drawings and any other copy which is in black and white or in well
defined colors. There may be shadings or intermediate tones. The
copy which is to be transmitted is examined or scanned by passing
across it from side to side, along a straight line, an intense light
which is allowed to illuminate a height of only about %00 inch on
the copy. As soon as one line is thus scanned the light is shifted by
%o inch and again is traversed across the copy on a line paralleling
the first one. Thus the light is caused to scan the entire area of the
copy, by successive movements of either the copy or the light with
reference to each other,

Light reflected from the copy is focused on a phototube or photocell. The
intensity of the reflected light varies with the shade or tone of the small
area of the copy being illuminated from instant to instant, and this causes
current and potential drop in the phototube circuit to vary with the shading
of the copy. ‘Changes of potential in the phototube circuit control an audio-
frequency oscillator whose output is used to modulate the carrier of a radio
transmitter.

With one method of facsimile reception the incoming signal is amplified
and the amplifier output rectified to provide direct current that varies with
the modulation. One side or one polarity of the d-c circuit is connected to
a metal drum on which is placed a sheet of recording paper which has been
chemically or photographically treated so that its coating is affected by
changes of current passed through it. The other side of the d-c circuit is
connected to a metal point or stylus that rests acainst the other side of the
paper. The current which varies with modulation causes directly, or after
photographic development, black lines or spots whose density or size is pro-
portional to changes of current and to the modulation.

By means of a constant speed motor at the receiver the recording stylus
is moved across the paper at exactly the same rate at which the light beam
in the transmitter travels across the copy being scanned. Each time that
the transmitter mechanism shifts the light spot downward to a new line
there is transmitted to the receiver a very low frequency impulse or signal.
As the end of a line is reached by the receiver stylus, the stylus is moved
down to the next line and held there by a stop. At the same instant the
output of the rectifier at the receiver is switched from the stylus and drum
to an electromagnet. The low-frequency signal from the transmitter operates
the electromagnet to release the stop, whereupon the recording proceeds
across the new line in correct time relation to the scanning beam at the
transmitter.

FADING.—Weakening of signals at a receiver is thought
to be due largely to their irregular reflection from the Heaviside
layer of ionized gases near the upper limit of the atmosphere.

Radio signals or impulses sent out from the aerial of a broad-
casting or transmitting station may travel in every direction after
leaving the aerial. They go east, west, north and south, also up
and down. The waves that travel down are stopped by the earth,
which is a conductor. That is to say, the waves do not penetrate
the earth for any great distance. The waves that start out hori-
zontally are absorbed by the atmosphere and various objects and
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grow weaker and weaker as the distance from the transmitter in-
creases.

The waves that travel upward continue until they strike the
Heaviside layer and many of them are then reflected back toward
the earth. Under some conditions the radio waves seem to slide
along on the Heaviside layer for a tremendous distance before being
reflected back to the earth. The signals coming to an antenna are

a combination of those that travel directly through the atmosphere.

and those which have gone up to the Heaviside layer and have been
reflected back.

In the daytime, due to the sunlight, the waves which go up in
the air are.absorbed and do not return and the only signals received
are those called ground signals which come direct. But, at nignt
both the ground wave and the wave from above come to a receiver
which is comparatively near a transmitter, say within one hundred
fifty to two hundred miles. It is evident that the signals which have
gone up to the Heaviside layer and have then been reflected back
have traveled a greater distance than those coming direct from the

Heaviside Layer

Direct Wave’

= —=——— EFARTH'S SURFACE —e—e s
RECEIVER . TRAKSHITTER

Effect of Heaviside Layer on Fading.

transmitter. Consequently the reflected signals may arrive just a
little later than those coming direct. The combination may be
such that the two waves balance each other out because the positive
alternations of one arrive with the negative alternations of the other.

A shifting of the position or surface of the Heaviside layer will
change this relation and signals may again be heard. This seems
to be the most reasonable explanation of fading so far made. When
at such a great distance from the transmitter that no ground wave
is received fading is caused by movement of the Heaviside layer.
The reflected waves are sometimes concentrated quite strongly and
again are reflected hardly at all toward the antenna.

Fading is worst around 250 meters wavelength. Below this wavelength it
is not so bad and above 400 meters there is very little fading and what does
occur is not so pronounced as at low wavelengths. When within about one

hundred fifty miles of a broadcaster the greater part of the signal strength
is provided by the ground wave, both day and night, and fading is practically

absent. Beyond this distance signals are received from the reflected wave more -

than from the ground w.. 2 and fading will take place. There is a certain
distance from a broadcasting station where fading is worst for that one station,
This distance generally runs between one hundred twenty-five and one hundred
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seventy-five miles. The signals from that one station will be received better
at grcater distances and also at less distances but there will be a band of
comparatively dead spots forming a ring around the transmitter at some
critical mileage. The critical mileage is sometimes called the skip distance.

Fading is noticed at night on distant reception because at night the over-
head wave provides most of the signal strength from the distant stations,
little coming from the ground wave. In the daytime the ground wave provides
much of the strength and this part of the wave is not affected by fading.
The worst fading of all seems to occur at sunrise in the morning and again
at sunset in the evening. .

Fading does not depend to any great extent upon the transmitter, the
receiver, the weather, or anything under human control. When a signal fades
there is nothing to be done about it until conditions change.

The following conclusions were drawn from tests on fading conducted by
the Bureau of Standards and the American Radio Relay League. A changing
barometer at the transmitting station does not affect the fading. The fading
is greater when transmission takes place up or down the barometric gradient,
although there seems to be no difference between transmission of signals travel-
ing up and those traveling down. Waves which travel along the isobars or
lines of equal barometric pressure produce stronger signals than waves cross-
ing the lines. The same conclusions apply to transmission across and in line
with the isotherms or lines of equal temperature. Best transmission is had
when the signals can travel with a line of some one temperature.

It was concluded that clouds at the transmitting station have no effect on

fading. Generally cloudy weather at and- between the transmitter and re-
ceiver seems to increase the fading above the amount in clear weather. Clouds
at the receiving station seem to cause stronger signals. When the signals are
weak the fading is found to be slow and quite bad. Nearby wire lines were
found to have no effect on fading.

FAHRENHEIT THERMOMETER SCALE.—See Tem-
perature, Scales of.

FARAD.—The farad is the unit of measurement of electrical
capacity. A condenser of one farad capacity would be of such size
that a current of one ampere might flow into its plates for one
second in charging the condenser to a pressure of one volt. A one
farad condenser would be of tremendous proportions. Were the
plates separated about three-eighths of an inch, with air for a
dielectric, the two plates of this one farad condenser would each
cover about three and four-tenths square miles. The practical units
of capacity as used in radio work are the microfarad, which is
equal to one millionth of a farad, and the micro-microfarad which
is equal to one-millionth of a microfarad or the one-millionth part
of a millionth of a farad.

FEEDBACK.—A transfer of energy from the plate circuit or
output circuit of a vacuum tube back to the grid circuit or input
of that same tube is called a feedback. Also, a passage of energy
from any part of one stage of amplification to any part of the pre-
ceding stage or any other previous stage in a receiver is called a
feedback. Feedbacks may take place from the parts of a receiver
" into the antenna of that receiver.

Regeneration is one form of feedback which is useful in radio. But an
undesired feedback may so strengthen the impulses in the grid circuit of a
tube as to cause local oscillations in the tube’s circuits. Controlled feed-
backs are useful while uncontrolled feedbacks are harmful.
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Feedbacks may take place through any form of coupling, they may take
place through condensers, through stray capacities or through the internal
capacities of tubes; also through the electromagnetic couplings of coils or
the windings of transformers and chokes, Feedbacks may take place through
amplifying resistances or through the resistance of wiring and batteries.

Since the power in the output circuit is much greater than the power
in an input circuit of a vacuum tube used as an amplifier, it is easier for
this power to feed backward than for the desired forward progression to take
place,

Couplings may occur across resistors (Figs. 1 and 2) as well

as through inductive and capacity couplings. Feedback couplings

Resistance
of FPlale power supply

of grid bias

Fic. 1.—Feedback through Plate Sup- Fic. 2—Feedback through Grid Bias
ply Resistance to Cause Oscillation, Resistance to Cause Oscillation.

are lessened by bypass condensers, Fig. 3, and by arranging coils
with their axes at right angles, Fig. 4. There may be electro-
static or capacity coupling between unshielded coils as in Fig. 5.
Such coupling is reduced by transformers with small primaries
as in Fig. 6.

Grid Jate
bypass bypass

Fic. 3.—Bypass Condensers for Re- Fic. 4—Coils Placed to Have Mini-
ducing Feedback Couplings and mum Inductive Coupling in Reduc-
Oscillation, tion of Oscillation,

High frequency currents are kept out of audio frequency am-
plifiers by a radio frequency choke and bypass condenser in the
detector plate circuit, Fig. 7. High frequency oscillation in low
frequency tubes may be stopped by a small capacity bypass con-
denser as in Fig. 8.

Tendency to oscillate is increased by the following: Operation
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at high frequencies. Use of high frequency amplifying stages.
Well designed parts having low radio frequency resistance. Large
coils and small condensers in tuned circuits. Close coupling in
high frequency transformers. Loose antenna coupling. High
plate and screen voltages, and highly negative grid bias. The
opposite of all these reduces the tendency to oscillate.

anar_y Secondary

Electroslalic
Field

. Fic. 5.—Capacity Effect between Fic. 6.—Primary and Secondary with-
Coils Which Causes Oscillation. Minimum Capacity Coupling to
Reduce Oscillation.

Resistance and inductive feedbacks are lessened by the follow-
ing: Bypass condensers in plate, screen and grid returns. Avoid-
ing common returns for two or more grids. Using interstage
shielding. Keeping wires for the two sides of any circuit close
together,

Delector RF cégie

coupler

Pﬁypd.fs B+

Fic. 7.—Radio Frequency Choke and  Fic. 8.—Bypass in.Grid Circuit
Bypass on Detector for Prevention of Tube for Prevention
of Oscillation. of Oscillation,

Capacity feedbacks are lessened by the following: Using coils
of small physical size. Avoiding parallel plate and grid leads.
Using short leads to plates and grids. Using transformers with
small primaries and little capacity coupling between windings.
Avoiding excessively close inductive coupling in high frequency
transformers.

Feedbacks in audio amplifiers are lessened by the following:
Shortest possible wiring leads. Bypass condensers in all plate
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returns, especially for detector tubes. Keeping loud speaker con-
nections away from high frequency circuits and parts.

Oscillation increases the plate current of an amplifying tube,
and often may be discovered by measuring and noting a difference
between current measured with a d-c meter when the tube is ampli-
fying and when its control grid is shorted to its cathode. Exces-
sive use of regeneration will cause oscillation to occur,

See also Regeneration, Action and Principle of and Oscillation.

FIBRE.—Fibre is a hard, tough material made from paper and
cellulose, compressed and dried into sheets, rods and tubes. This
is called vulcanized fibre and comes as red fibre, black fibre or
natural gray fibre according to the coloring matter that is added.
Fibre absorbs moisture and upon drying it warps badly.

The dielectric constant of fibres ranges between 50 and 80. Its dielectric
strength varies between 200 and 400 volts per thousandth of an inch thick-
ness, consequently it is a good insulator. Fibre is an undesirable and altogether
poor material to use in radio receiver construction as may be gathered from
the fact that its phase angle difference is from three to five degrees.

Coils are sometimes wound on fibre tubing and spiderweb coils are often
wound on flat fibre forms. Fibre is sometimes used for supports and for
bushings. All of this indicates the cheapest and least efficient type of con-
struction.

FIELD, ELECTROSTATIC.—Between any two electrically
charged bodies there exist lines of electric force which form an
electrostatic field between the two charged bodies. Any two bodies

—
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Fig. 1.—Electrostatic Field be- F16. 2—Electrostatic Field
tween Condenser Plates. of a Coil Winding.
between which there is a difference of voltage are charged with
reference to each other. The body at the higher voltage or positive
voltage carries a positive charge and the one at the lower or negative
voltage carries a negative charge. The space between them is placed

Fic, 3—Electrostatic Field between Wires.
under a dielectric strain. Any insulating substance in this space
forms a dielectric and the two bodies are then in effect the plates of
a condenser.

The electrostatic field between two plates of a condenser is indicated by
the arrows representing electrostatic lines of force in Fig. 1. The direction of
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these lines of force is assumed to be from the positively charged body to the
negatively charged body.

In Fig. 2 is shown a cross section cut through the winding of a coil. If
current is flowing through the coil there will be a drop in voltage from one
turn to the next one. The wires forming the turns have therefore a voltage

difference between them and electrostatic lines of force form small electrostatic
fields between the turns.

Fig. 3 shows two wires which run parallel to each other through a part of
their length. Assuming that the two wires are at different voltages there
will be an electrostatic field between them as indicated by the arrows.

FIELD, MAGNETIC AND ELECTROMAGNETIC—
The space in which are found the lines of force of a magnet is
called the field of the magnet. If this field is produced by an
electromagnet it is called an electromagnetic field, while if produced
by a steel magnet or a permanent magnet it is called a magnetic
field, There is no difference in the lines or in their action whether

the field is produced by a permanent magnet or an electromagnet.

7 Direction
Magnelsc Lines ol of Currenl
f.a rece

Fic. 1.—Electromagnetic Field Lines around a Conductor.

A conductor through which is flowing an electric current is sur-
rounded by circular lines of force which whirl around the conductor
as a center. These lines of force always travel around the con-
ductor in one direction relative to the direction of current flow
through the conductor as shown in Fig. 1. If the current flow is
reversed through the conductor, the direction of the lines of force is
also reversed
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Frc. 2.—Electromagnetic Field around a Solenoid or Coil.

Should the conductor be made into a coil as shown in Figs. 2 and
3 the lines of force will not make complete circles around the turns
of the conductor, but will pass completely through the coil, which
is now a solenoid, and will then return in the other direction around
the outside of the coil.

If a piece of iron be placed.within the solenoid the lines of
force that were traveling inside the coil will travel through the iron




FIELD, STRAY AND CONFINED

in the direction shown in Flg 4, making the iron a magnet whose
polarity corresponds to the dlrectlon in which current flows through
the conductor. This combination of an iron core and a coil is
called an electromagnet. The strength of the electromagnet de-
pends on the number of amperes flowing through the coil and on
the number of turns of the conductor around the iron core.

To produce a strong magnetic effect in iron or steel, the conductor
is wound around the metal. The lines of force then go through the
metal, called the core, and their direction through the core depends
on the direction of current flow through the conductor and on the
direction in which it is wound around the core.

The core of an electromagnet is made from soft iron, usually in
thin sheets or lengths of wire in place of in a solid piece. Such a
magnet retains its magnetism only as long as current flows through
its winding. A small amount of magnetism remains in the core, no
matter how soft the iron may be, and this remammg magnetlsm is
called residual magnetism.

&/’ j winding 422
% ¢ /
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) F16. 4—An Electromagnet

current
| Flow |

F16. 3—Electromagnetic Lines of with Its Field.

Force around a Helix.

Every coil through which flows an electric current has around it an elec-
tromagnetic field. The coil may be wound around an iron core, it may be
wound on an insulating tube, or it may be wound in the air; but the magnetic
field exists nevertheless as long as current flows in the coil. The field rises
out of the coil as the current starts, the field becomes stronger as the current
becomes stronger, and then as the current drops away, the field lines of force
shrink and recede back into nothing as the current stops. This action is
called electromagnetic induction. See Induction, Electromagnetic. The same

action takes place around any wire or other conductor in which current
flows

FIELD, STRAY AND CONFINED.—A stray field is either
an electromagnetic or an electrostatic field which extends out to a
considerable’ distance from its source of origin in a conductor carry-
ing current or in conductors at different voltages. The stray field
may interfere with the action of other parts of the receiver.

A confined. field is an electromagnetic or an electrostatic field
which is closely confined within a coil carrying current or between
the plates of a charged condenser. Confined electromagnetic fields
are such as found in closed field coils described under the heading

€Coil, Closed erld Type. Confined fields of any kind are closed
ﬁelds ] ’ .




FILAMENT

FILAMENT.—An electron-emitting tube cathode in the
form of a wire or ribbon directly heated by flow of current
through it; this heating current being separate from that which
flows from the cathode to the anode. )

FILAMENT CAPACITANCE.—The sum of direct capaci-
tances between a filament and all other elements in a tube.

FILAMENT-CATHODE.—See Filament.

FILAMENT EMISSION.—See Emission, Electron.

FILAMENT RESISTOR.—Usually a fixed resistor con-
nected in scrics with tube filaments to limit the maximum cur-
rent. In battery-operated units the resistor may be a ballast auto-
matically compensating to somc extent for the excess of potential
in new batteries,

FILAMENT RHEOSTAT.—An adjustable resistor con-
nected in series with a filament circuit to limit current flow.. . .

FILM GATE.—In the film system of sound pictures, the
part of the mechanism that holds the film against the aperture
plate. .

FILM RECORDING.—See Sound Pictures.

FILTER.—A filter is a combination of condensers and coils th_at
will separate direct current from alternating current or that will
separate alternating current of one frequency from alternating cur-
rent of a different frequency.

Centrifugal
Peomp (Bteady)

Fre. 1 —Three Water Circuits with One Common Tank.

It is possible to have a number of different currents flowing in the same -

wire at the same time. One wire or conductor may be common to almost any
number of currents and may carry a part of many different electric cir-
cuits at the same time. This is illustrated by the water circuit in Fig. 1.
Here is a large overhead tank partially filled with water and having six
openings from the bottom. The centrifugal pump sends a steady flow of water
in one direction through its pipe connections and the tank. The reciprocat-
ing pump sends water first one way and then the other through its piping and
the tank. The pulsating pump sends water always in the same direction but
n short pulses through its piping and the tank. 0
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Al of the water circuits enter, pass through and leave the tank which is
tommon to them all. Yet outside of the tank these circuits of the three
pumps are separate and distinct.

In Fig. 2 are shown electric circuits similar to the water circuits of Fig. 1.
The direct current generator sends a steady flow of electricity through its
wiring connections and the common conductor. The alternator forces electricity
first one way then the other through its wiring and the common conductor.
The rectifier sends a pulsating direct current through its wiring and the
common conductor. All of these electric circuits enter, pass through and
leave the common conductor.

Between points ¢ and b in the common conductor of Fig. 2 we find
only direct current. Between b and ¢ we find both direct and alternating
current at the same time. Between ¢ and d we have all three kinds of current.
From d to e there is alternating current and also pulsating direct current.
And between e and f there is only alternating current.

One side or one part of any number of electric circuits may be
completed through one common wire or other conductor. It is the
purpose of a filter to separate these currents at any desired point
and to direct each of them separately into the conductors or wires
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F16. 2—Three Electric Circuits with a Common Return.

through which we desire to have them flow and to keep them out
of other wires or conductors.

A filter used to separate direct current and alternating current
operates because of two facts. First, direct current will not pass .
through a condenser while alternating current will pass through a
condenser. Second, direct current will pass freely through the wind-
ings of a coil while the same windings will offer opposition or re-
actance to the passage of alternating current through them.

Take the case shown in Fig. 3. Here, in the wire at the left, we
have both direct current and alternating current coming along
through the same wire. Then this wire divides, one part being
connected to a condenser, the other to a choke coil. The dielectric
which is between the plates of the condenser is an insulator as far
as the direct current is concerned and the direct current cannot get
through the condenser. But the direct current can pass through the
winding of the choke coil with only the ohmic resistance of the
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wire to hinder its flow. So the direct current takes the path
through the choke coil and avoids the path through the condenser.

But when the alternating current starts through the choke coil
its alternations set up a strong electromagnetic field around the
coil and the counter eclectromotive force set up in the coil windings
o opposes the alternating current that it finds great difficulty in
getting through. The condenser, if of large enough capacity, offers
little opposition or reactance to the alternating current passing
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F15. 3 —Filter Separation of Alternating Current from Direct Current.

-right on through it. This is explained under the heading Con-
denser, Action of. So the alternating current takes the path through
the condenser and avoids the path through the choke coil. At the
right hand side of Fig. 3 the two kinds of current have been sep-
arated, each going its own way.

While it is of great advantage to be able to separate direct and
alternating currents it is of equal importance to be able to separate
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F16. 4 —Effect of Large and Small Filter Condensers on Alternating Currents.

an alternating current of one frequency from an alternating current
of a higher or a lower frequency when both frequencies are origi-
nally flowing in the same wire.

For separating different frequencies use is made of several rather
peculiar properties of coils and of condensers. _

In Fig. 4 an alternating current is shown passing through two condensers,
one of small capacity, the other of large capacity. The condenser of small
capacity offers a great reactance or opposition to any alternating current.
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“The voltage or amplitude of any alternating current is' rcduced and the flow
of current is reduced by a condenser of small capacity placed in a circuit. -

At the bottom of Fig. 4 is shown the effect of a condenser of large capacity
on an alternating current. The greater the capacity of a condenser, the less
reactance or opposltlon it offers to any alternating current, consequently but
little reduction in current is caused by the large condenser.

In Fig. 5 are two alternating currents passing through the same capacity
or same condenser. One current is of high frequency, the other of low fre-
quency. The high frequency current passes ‘through the condenser with little
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F1e. 5—Effect of Filter Condensers on High and Low Frequencies.

reduction either in its amplitude or current flow. The condenser has little
reactance or opposition to a high frequency current.

At the bottom of Fig. 5 is shown the effect of the Jow frequency current
meeting the same condenser or capacity in its circuit. Now the current is
‘greatly reduced. Any given size or capacity of condenser has greater reactance
to low frequencies than to high frequencies. Thus it is possible to choose con-
densers which offer either large reactance or small reactance to alternating cur-
rents.

Small induclince - lillle reaclance

Large induclance - greal reaclance
F16. 6 —Effect of Filter Inductances on Alternating Currents.

Now to consider the effect of inductance as obtained in coils on the flow
of alternating currents, At the top of Fig. 6 is shown an alternating currcnt
passing through a coil of small inductance. As may be seen, such a coil offers
little reactance or opposition to the current, which passes through without
much loss of voltage or amperage.

Should the amount of inductance be increased, as at the bottom of Fig. 6,
and the same alternating current brought to the coil, there would be a great
reduction of voltage and amperage because of the greater reactance of the
larger’ inductance in the coil.



FILTER

“"Fig. 7 shows the effect of a given inductance on alternating currents of
différent frequencies. At the top is a current of high frequency trying to
pass through the inductance coil. The coil has a large reactance to the high
frequency and the flow of current is greatly reduced.

At the bottom of Fig. 7 is shown a low frequency current passing through
the same inductance. Here we find but little reactance and the low frequency
current passes with but small loss through the same inductance that nearly
stopped the current of high frequency. So we may choose inductances or
coils which offer either little reactance or great reactance to the flow of alter-
nating currents of various frequencies.

Hegh frequency current - greal reaclance

Low frequency current - lill/e reaclance
Fic. 7.—Effect of Filter Inductances on High and Low Frequencies,

The facts brought out in the foregoing examination of capacities
and inductances in their effects on alternating currents of high and
low frequencies are summarized in the following table:

Amount of Opposition to
Alternating Currents
At High At Low
Frequency Frequency
Small Little Great ™.
Condenser capacity..... .
Large Very Little Little
Small Little Very Little
Coil Inductance........
g0 Large Great Moderate

In addition to the effects produced by condensers and coils when
used separately from each other, there are other valuable and useful
effects to be secured by using capacities and inductances together.
In Fig. 8 are shown the effects to be secured by employing series
resonance and by employing parallel resonance.

At the left in Fig. 8 the circuit carries an inductance coil and a condenser
connected in series. The combination of inductance and capacity will, at some
certain frequency, become resonant or “tuned” to that frequency. In the con-
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‘dition of series resonance the reactance of the circuit drops to the lowest pos-
sible value. In fact, the opposition to current flow which is caused by the
reactance of the coil and the condenser is completely balanced out and
nothing remains to hold back the current except the ohmic resistance of the
conductors.

At the right in Fig. 8 the coil and the condenser, the inductance and the
capacity, have been connected in parallel with each other and the combination
is placed in series with the rest of the circuit. Just as before, the combination
of inductance and capacity will be resonant at some certain frequency. Bu:
now, in place of series resonance reducing the reactance we have parallel reso-
nance increasing the reactance to an enormous extent. In fact the reactance in
the circuit becomes so high that currents of this particular resonant frequency
are practically stopped from passing through at all.

Series Parallel m
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F16. 8—Effects of Series Resonance and Parallel Resonance in Filters.

Kinds of Filters.—Filters may be made to do almost anything
in the way of passing or rejecting different frequencies of alternat-
ing current. Four principal types are in common use. These are;
low pass filters, high pass filters, band pass filters and band exclu-
sion filters. The purpose of each is shown in Fig. 9. .

At the left of Fig. 9 the shaded square is supposed to represent
a great number of different frequencies from low frequencies at the
bottom to high frequencies at the top of the square.

%
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Fic. 9—Types of Filters.
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A low pass filter will allow the low frequencies to pass through
the circuit but will oppose high frequencies.

A high pass filter will allow the higher frequencies to pass through
the circuit but will oppose the lower frequencies.

A band pass filter will allow certain frequencies to pass through
but will oppose frequencies which are either lower or higher than
the band that the filter is designed to pass.

A band exclusion filter opposes certain frequencies but allows
passage through the circuit of all frequencies which are either higher
or lower than the band which the filter is designed to exclude.
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Low pass and high pass filters are used for the prevention of some
kinds of interference and are also used in power units for supply-
-ing filament and plate current to receivers. Band pass filters are
the basis of tuned radio frequency amplifier circuits and are used in
the absorption type of wave traps. Band exclusion filters are used
in the impedance type of wave traps.

Action of Filters.—Circuits generally consist of two sides and
are composed of two conductors or wires which are called the line.
As shown in Fig. 10 the line comes from the source and, after pass-
ing through the filter, goes on to the other devices in which the
current is to be used.

Filter units are made up of coils, of condensers, or of both coils
" and condensers working together. - A filter unit connected into the
line may be called a line unit as in the diagram. The purpose of
any unit in the line is to pass or encourage the flow of the desired
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F. 10.—Connection of Filter Units in Circuit. Desired Frequencies in Full
Line Arrows; Unwanted Frequencies in Broken Line Arrows.

frequencies and it may also resist or hold back the unwanted fre-
quencies as indicated by the full-line and broken-line arrows in
Fig. 10.

Many types of filters also employ coils, condensers, or both coils
and condensers connected between the two sides of the line.” Units
50 connected may be called bypass units. Their purpose is to bypass
or to turn the unwanted frequencies back to the source without let-
ting them go on with the current to be used. Another purpose of
bypass units may be to oppose the flow of the desired frequencies
so that they are forced on through the line, this also being indicated
in Fig. 10. -

In the types of filters to be shown it will be sufficient to illustrate the
action by showing only one line unit and one bypass unit in most cases. How-
ever, it should be understood that the effectiveness of any filter will be im-
proved if duplicates of line units are inserted in both sides of the line as in
Fig. 11. Additional bypass units may also be connected as shown. The com-
plete filter may be followed by another set of units exactly like the first set,

thus further increasing the effectiveness of the whole device. This is shown at
the right hand side of Fig. 11.



FILTER, BAND EXCLUSION TYPE’

The capacity of bypass condensers is generally between oné-half
microfarad and two microfarads, although much larger capacities
are often employed in the filters for power cupply units and for
special filters of various kinds.

L ine —O0 Line Line f—=0
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F16. 11 —Filters Composed of Multiple Line Units and Bypass Units.

In the design of general purpose filters the reactance of the chokes
is more than double that of the condensers. The ratio of condenser
reactance to choke reactance usually runs between 1/10 and 1/50.

See Coil, Choke; Condenser, Bypass; Power Unit; and Interfer-
ence.

FILTER, BAND EXCLUSION TYPE.—The purpose of a
band exclusion filter is to oppose the flow of certain frequencies in
a circuit while allowing the flow of frequencies both above and below
the excluded band.

To prevent the passage of the unwanted frequency a coil and condenser in
parallel with each other are placed in the line as shown at the left of the
diagram. The inductance and capacity are of such values that the combination
is resonant at the frequency to be excluded and this resonant condition offers
great opposition to this frequency. Other frequencies flow through easily.
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Band Exclusion Filter Units.

In the center of the diagram is shown a bypass unit consisting of a coil and a
condenser in series with each other. The inductance of the coil and the
capacity of the condenser are so selected that the combination is resonant at
the frequency to be excluded from the main circuit. Therefore, at this fre-
quency the bypass offers the lowest possible opposition to current flow and the
unwanted frequencies go back through the bypass to the source, being thus
prevented from going on through the filtered circuit.

At the right is shown the combination of line unit and bypass unit for
the complete band exclusion filter. These units may be used in both sides of
the line or may be repeated.

FILTER, BAND PASS TYPE.—The purpose of a band pass
filter is to allow the entrance into a circuit of only a certain fre-
quency or a narrow band of frequencies, excluding all frequencies
either greater or less than those wanted.



FILTER, HIGH PASS TYPE

The combination of a coil and a condenser in series with each other will be
resonant at a certain frequency. The inductance of the coil and the capacity
of the condenser are selected so that they are resonant at the frequency to be
passed through the circuit. Their reactance will then be least at this fre-
quency and will be high at all other frequencies.

In the center of the diagram is shown the bypass unit for a band pass filter.
This unit consists of a coil and condenser in parallel with each other. The
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Band Pass Filter Units.

inductance of the coil and tl.Ie capacity of the condenser are selected so that
the combination is resonant at the desired frequency. The combination forms
a case of parallel resonance which offers the greatest possible opposition to
flow of current at the resonant frequency. Consequently this frequency is re-
jected by the bypass unit and is forced on through the circuit. All other fre-
quencies, however, go back to the source through the bypass which offers little
opposition to frequencies other than the one at which it is resonant.

At the right hand side of the diagram is shown the combination of line unit
and bypass unit to form a complete band pass filter. These units may be re-
peated to increase the effectiveness of the filter. .

FILTER, HIGH PASS TYPE.—A high pass filter is designed
to allow all frequencies above a certain point to flow in a circuit
and to prevent the flow of all frequencies below this point. A con-
denser will pass currents of high frequency much easier than cur-
rents of low frequency. A condenser is inserted in the line as
shown at the left in the diagram, the capacity of this condenser
being selected of such value as to allow passage of frequencies above
the desired cut-off point and to hinder the flow of frequencies

below this point.
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High Pass Filter Units,

.. In a high pass filter it is desired to return all frequencies lower than the
critical point to the source and to accomplish this an inductance coil is used for
a bypass as shown at the center of the diagram. An inductance will allow com-
paratively free flow of low frequencies through it while offering great opposition
to higher frequencies. The inductance of this coil is of such value that it carries
off the frequencies below the cut-off point, but rejects the higher frequencies
which are thus forced to pass on through the circuit.

The combination of a line condenser and a bypass coil to form a high pass
filter is shown at the right. As with all other filters, thése units may be re-
peated. Since the cut-off points of coils and condensers with respect to fre-
quency are not sharply defined it is necessary to build a high pass filter
repeated units if it is to be reasonably effective in its work. 2




FILTER, LOW PASS TYPE

FILTER, LOW PASS TYPE.—A low pass filter is used to.
allow all frequencies below a certain value to pass into a circuit
while rejecting or turning back all higher frequencies. An induc-
tance coil inserted in the line, as at the left hand side of the dia-
gram, will allow low frequencies to pass through it with comparative
ease while offering much greater opposition to high frequencies.
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Low Pass Filter Units.

In order to turn the undesired high frequencies back to the source a con-
denser may be used as a bypass as shown in the center. The capacity of a
condenser may be selected of such value that it offers little reactance or oppo-
sition to frequencies above a certain value, yet greatly impedes the flow of
lower frequencies through it. Such a condenser is used for low pass filters.

At the right hand side of the diagram is shown the combination of a coil
line unit and a condenser bypass unit, making a low pass filter. The induc-
tance of the coil holds back the higher frequencies, which are bypassed through
the condenser. The condenser rejects the lower frequencies, which are allowed
to puss through the coil to the circuit.

The cut-off points of coils and condensers are not at all sharp with reference
to passing or rejecting certain frequencies, therefore a low pass filter should
be made un of a number of similar units as shown at the right.

FILTER, SCRATCH.—See Phonograph.
FILTER, WAVE.—See Trap, Wave.
FINDER, DIRECTION.—See Compass, Radio.

FIXED CONDENSER.—See Condenser, Fixed.
FIXED COUPLER.—See Coupler, Fixed Tvpe.
FIXED RHEOSTAT.—See Resistor, Filament Control.

- FLAT TOP ANTENNA.—See Antenna, Forms of.

FLEMING VALVE.—A two-element vacuum tube used as a
detector.

FLUX, DENSITY OF.—See Iron and Steel.

FLUX, DIELECTRIC.—It is considered that when tHe plates
of a condenser are charged with a certain quantity of electricity an
equal quantity of electricity is displaced or moved through the di-
electric which is between the plates of the condenser. This elec-
tricity that is displaced in the dielectric is called the dielectric flux.
See Current, Displacement.

FLUX, ELECTROMAGNETIC.—The magnetism which
flows in a magnetic circuit and forms the field of the magnet or
coil is called the electromagnetic flux. The flux consists of the lines
of force. See Field, Magnetic and Electromagnetic.



FLUX, LEAKAGE

FLUX, LEAKAGE.—In a