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b Foreword W

Foreword

HE EDITORS of RapIo long have been convinced of the need

I for a radio handbook that is authoritative technically, yet one
which is journalistically sound and substantially new, one that
represents far more than a mere condensation of previously published
magazine articles with the same illustrations, the same mathematics.

The history of this handbook, now in its fourth edition, gratify-
ingly has supported this view. Within the short period during which
it has been published, sales have approached closely the 100,000 mark,
and this despite the fact that changes in the book’s title have occurred
twice. Called last year the Jones Radio Handbook by reason of its
being a separate publishing venture, this issue the book returns to
its former title, RADI0 HANDBOOK.

This fourth edition of the handbook comes in an enlarged and
revised form. No chapter remains unchanged; all, we believe, are
improved. With patience and perseverance Frank C. Jones, the prin-
cipal author, and the editors of RaDIO have sought to determine the
clearest methods of presenting all technical information. Even the
fundamentals of the theory have been simplified, made more under-
standable. The new mathematical formulae, based upon laboratory
experience, are more clear and far more workable.

As the reader turns through these pages he will find chapter

after chapter of vital information.
New methods have been evolved for the presentation of the

buffers and amplifiers. By means of them the reader will be able to
select the oscillator, buffer, and doubler or final amplifier he prefers,
regardless of the type of tube he has or desires to use. This will
permit the design of a transmitter employing one of several suitable
combinations of the respective units. It is no longer necessary to
adhere to one complete set of instructions in constructing a trans-
mitter unless the reader wishes to do so. For those who do so desire,
several pages devoted to completely-built transmitters also will be
found.

Taken in all, no effort has been spared in this attempt to compile
a more comprehensive source of reference than has ever been pub-
lished previously. We are confident that this edition will meet with
the reader’s approval.

THE PUBLISHERS.

L0S ANGELES, CALIFORNIA.
November, 1937

The authors' appreciation for helpful adeice and cooperation is

extended to Prof. FF. E. Terman of Stanford University, Mr. Clayton
F. Bane, D. B. McGotwan, and to the Radio Corporation of Awmerica
for its permission to reprint certain of the formulae in the theoretical

pages of the handbook



Chapter 1

FuaxpAMENTAL ELECTRICAL

PRINCIPLES

AND RaAabio

THEORY

T IS ditfhicult for anyone to advance in

the study of radio without a first-hand
knowledge of electrical phenomena. Elec-
tricity can be considered as a movement of
extremely minute negative charges; an un-
derstanding of electricity can therefore be
acquired from a knowledge of the action
and nature of infinitesimal units.  These
small particles of energy are known as
electrons.

® The Electron

Our food, clothing, houses. our entire
world—in fact, the human being himself—
is a combination of approximately ninecty-
two substances, called elements. In spite of
this large number of clements, cach in turn
is composed of two basic units, the positive
proton and the negative clectron. The differ-
ence between iron and copper, for example,
lies not in the basic units of which they are
composed, but rather in the quantity and the
position of these units.

In combination, these electrons and pro-
tons are known as afoms. The proton (one
or more) represents the central or neuclear
positive charge, while the electron (or elec-
trons) represents the outer or negative
charge. These electrons revolve around the
central unit in an elliptical path or orbit, in
much the same manner as the planets in our
solar system revolve about the sun. The
atoms which make up the various elements
differ mainly in the fact that some have
several “rings” of electrons, rather than a
single ring.

The electrons in the orbits which surround
the positive nuclews have a charge that is
exactly equal to the central unit, and, since
they are opposite in polarity, a periect state
of Dbalance exists. It is this same general
state of balance which exists throughout na-
ture, generally speaking.

It is important to understand that an
atom (or atoms) containing several orbits
of electrons around the central portion (nu-

cleus) will have many of 1ts electrons at a
considerable distance from the nucleus, and
consequently these electrons will not be so
strongly held as those in the nearer orbits.

In relative size the proton is considered
to be approximately 1,845 times larger than
the electron. Any attempt to visualize the
actual physical mass of either is quite im-
possible, the realization becoming evident
when it is considered that countless billions
upon billions of electrons and protons make
up a tiny piece of copper wire.

When this enormous quantity of atoms in
any particular object is taken into consid-
eration, it 1s casier to understand why, when
clectrons in some far-removed orbit are not
so strongly held by their central positive
proton, such electrons are very apt to be
attracted by some other atom which has pre-
viously lost its outer electron. This is pre-
cisely what happens.

As was previously related, the atom at all
times sceks to maintain a state of balance:
this is accomplished only when an atom has
the proper number of electrons. If one
electron is lost to some other atom, balance
1s quickly restored by attracting another.
Consequently, there is a continuous helter-
skelter movement of clectrons, a constant
shifting from one atom to another. The
clectrons which move about in a substance
are called free electrons, and it is these free
clectrons that make possible the electric cur-
rent.,

® Insulators and
Conductors

If the atomic structure of a certain ma-
terial is such that all of the electrons in an
individual atom are tightly held by their
positive proton and tend to remain within
their own orbits, the material or substance
will have very few free electrons and becomes
what is known as an insulator. Mica, glass.
porcelain, and dry air are examples of such
insnlators.  On the other hand, materials
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that have a large number of free electrons
are known as conductors. Most metals, such
as copper, silver and aluminum are conduct-
ors. The ability of a material to pass an
electric current is known as its conductivity.
Metals which have high conductivity may be
said to have low resistance to the flow of an
electric current.

® The Electric Current

The free electrons in a conductor move
constantly about and change their position
in a haphazard manner. If, however. the
conductor is connected between the positive
and negative terminals of a battery, there
will be a steady movement of electrons from
the negative to positive terminal, in addition
to the irregular movement of the electrons.
This flow constitutes an electric current, but
as soon as the battery is removed, the cur-
rent will cease.

In explanation, it can be said that when
the battery was first connected to the wire,
there existed a shortage of electrons at one
terminal, which the electrons at the other
terminal attempted to supply.

It must always be remembered that the
constant mozvement of electrons in a definite
direction creates an clectric current. In the
previous example, the constant eclectron
movement was brought to a halt when the
battery was disconnected, since the surplus
electrons immediately supplied the deficiency
existing at one end and established a bal-
ance throughout the entire conductor.

® Resistance

The molecular structure of certain metals
is such that when the free electrons are made
to flow in a definite direction, there are fre-
quent collisions between them and the indi-
vidual atoms in the material. The result of
these collisions is to decrease the total num-
ber of electrons flowing out of the material.
This ability of a substance to resist the
steady electron flow is called its resistance.

It will require a greater clectromotive
force to produce a given current through a
substance with high resistance than to pro-
duce the same current in a good conductor.
In the case of the conductor, virtually all of
the electromotive force is effective in pro-
ducing current, whereas in the resistor a
portion is wasted in the form of lost energy,
due to electron collisions. These collisions
cause the material to become heated, and
part of the initially-applied electroinotive
force is thus ultimately lost in the form of
heat. This same phenomenon of heat is ex-

kapio
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hibited when a metal is repeatedly struck
by a hammner.

The resistance of a uniform length of ma-
terial is directly proportional to its length,
and inversely proportional to its cross-sec-
tion. A wire with a certain resistance for a
given length will have twice as much re-
sistance if the length of the wire is doubled.
For a given length, doubling the size (cross
section) of the wire will halve the resistance.
It is also important to note that the re-
sistance of most materials will increase as
the temperature is increased. Thus, the re-
sistance of the filament in a vacuum tube, or
in a tungsten electric lamp, is many times
higher when brought to operating tempera-
ture than when it is cold.

The resistance of a material or circuit can
be expressed by a constant, R, which is equal
to the ratio of the applied electromotive force
to the current produced. Expressed as an

cquation :
clectromotive force
R — .
current
This cquation constitutes the basis  for

Olun's Law, which is treated at length in
the succeeding text.

The commonly-used unit of resistance is
the o/un, although the expression wmicgolm
(1,000,000 ohms) is sometimes used when
very large quantities are involved.

® The Ampere

The strength of an electric current de-
pends upon the rate at which electrons pass
a given point. The units of measurement are
the ampere and the coulomb, one ampere
being equal to 6.28 X 10" electrons passing
a given point in one second. The generally-
used term in electrical practice is the am-
pere, in which the time element is already
implied and need not be stated. as would bhe
the case when referring to current in terms
of coulombs (coulombs per sccond).

® The Volt

The electrons are driven through the
wires and components of a circuit by a force
called an electromotive force, usually abbre-
viated e.m.f. or EMF. The unit that denotes
this force is called the wolt. This force or
pressure is measured in terms of the ditfer-
ence in the number of electrons at one point
with respect to another. This is known as
the potential difference.  The relationship
between the electromotive force (voltage)
to the flow of current (amperes), and the
resistance which impedes the flow of cur-

World Radio Histo
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rent (ohms), is very clearly expressed in a
simple but highly valuable law, known as
Ohnm's Law.

® Ohm’s Law

This law states that the current in am-
peres is equal to the woltage divided by the
resistance in ohms. Expressed as an equa-
tion :

E
] = ——
R

If the voltage (E) and resistance (R) are
known, the current (I) can he readily found.
If the voltage aud current are known, and
the resistance is unknown, the resistance

E
(R) is cqual to —.
1
the unknown quantity, it can be found by
multiplying T X R. These three equations
are all secured from the original by simple
transposition. The expressions are here re-
peated for quick reference:
E E
I =— R=—
R I
where 1 is the current in amperes.
K is the resistance i olms,
I is the electromotive force in volts.

\When the voltage 1s

E=1IR

® Practical Problems

A typical example for the application of
Ohm’s law would be a resistance-coupled
amplifier whose plate resistor has a value of
50,000 ohms, with a measured current
through this resistor of 5 milliamperes. The
problem is to find the actual voltage applied
to the plate of the tube. From Ohm's law,
the resistance R is 50,000 ohms. The current
[ is given as 5 milliamperes; milliamperes
must, therefore, first be converted into am-
peres; .005 amperes equals 5 milliamperes.
The electromotive iorce or voltage, E, is
the unknown quantity. Ohm’s law is applied
as follows:

Formula: E =T X R
R = 50,000 ohms
I = .005 amperes

Solution: .005 X 50,000 = 250 volts drop
across the resistor.

If the power supply delivers 300 volts, the
actual voltage on the plate of the tube would
be only 50 volts. This means that 250 volts
of the supply voltage would be consumed in
forcing a current of .005 amperes through
the 50,000 ohm plate resistor.

LExample (2)
Given the same amplifier, suppose it is de-

sirable in this case to have a voltage of 150
on the plate of the tube. The known quanti-
ties are a plate current of 10 milliamperes
(.010 amperes), and a supply voltage of 300
volts. Tt is desired to find the value of plate
resistor to provide this drop in voltage.

It is obvious irom the foregoing that with
300 volts plate supply available, the voltage
that must be consumed across the plate re-
sistor is 150 volts, so that 150 volts will re-
main at the plate of the tube. The problem
is solved as follows:

E

From Ohm's law, R = —

I

I in the above example is equal to the
difference between supply and desired volt-
ages, or the “twoltage drop” across the re-
sistor, K.

Therefore :

150
R = ——. or 15,000 oims,
0.010
livample (3)

The given supply voltage is 300, and the
(measured) voltage on the plate of the tube
is 100 volts. Find the current flowing
through the plate resistor of 20,000 ohms.

E
IFrom Ohm’s law, I = —. E again cquals
R
the difference between supply and measured
plate voltages.

Therefore :
200
| == ——,
20,000

I = .01 ampercs, or 10 milliamperes.
® Resistances in Series

The total resistance of several resistances
in series is equal to the sum total of the in-
dividual resistances. A 50,000-ohm  resis-
tance in sericy with a 25,000-ohm resistance
would give a total resistance ol 75,000 chms.

FFormula: Ry 4+ R. = R,

Ry R2
————AA——— W

|

Figure 1

® Resistances in Parallel

When two resistances of equal value are
connected in parallel, the total resistance
will be one-half the resistance of one. Two
100,000-ohm resistances connected in parallel

World Radio History|
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would have a total resistance of only 50,000
ohms.

When two or more resistances are con-
nected in parallel, the effective total is al-
ways less than the value of the lowest re-
sistance in the group. The value of three or
more wunequal resistances in parallel is solved
from the following formula:

1
e
1 1 1
—— L= L
R, R. R:

Ry ng R3 R

Figure 2

® Three or More Parallel
Resistors All Having
the Same Value

When three or more resistors of the same
walue are comnected in parallel, the effective
resistance is the common value divided by
the number of resistances connected in
parallel,

Examples :
Three resistances of 75,000 ohms ecach.
connected in  parallel, would hazve an
75,000
cffective  resistance of ———— or oniy
3

25,000 olims.

Four resistances of 200 ohms each, con-
nected in parallel, would have an e¢fective

200

resistance of , or only 50 oluns.

4

® Two Unlike Resistances
In Parallel

When two resistances have the same value.
the above formula applies. \When the re-
sistances are of unequal values, the following
formula is used:

Ri X R
R=—ouou—
R, =+ R.
where R is the unknown quantity,
Ry is the resistance of the first re-
sistor,

R. is the resistance of the second
resistor.

A typical example would be an a.v.c. re-
sistor of 500,000 ohms, which is to be shunted
(paralleled) with another resistor of some
value, in order to bring the cffective resis-
tance value down to a value of 300,000 ohms.
Substituting these values in the equation for
two unequal resistances in parallel :

500,000 X R.
300,000 = ———
500,000 4 R:
By transposition, factoring and solution, the
cffective value of R will be 750,000 ohms.
Thus a 750,000-chm resistance must be con-
nected across the 500,000-ohm resistance in
order to secure an effective resistance of
300,000 ohms.
In solving for values other than those
given, the simplified equation becomes:
R, X R
Ri= ——
R — R,
where R is the resistance present,
Ry is the resistance to be obtained,
R. is the value of the unknowon re-
sistance mecessary to give R,
when in parallel with R.

® Resistances in
Series-Parallel

Resistances in series-parallel can be solved
from the equation:

1
R = . _ _
1 1 1
Ri4+ R: R: 4+ Ri Ry + R«
>
R4 §R3 Rs
R

>

R2 %Ra Rs

Figure 3

® Power Measurements
and Formulas for
Resistive Circuits

It was previously stated that when a volt-
age causes a given current to flow through
a resistor, heat is generated or dissipated by
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the resistor. This loss is attributable to the
molecular structure of the material through
which the current is made to pass. In other
words, if the constant flow of electrons is
always coming into contact with the atoms
of the material through which the electrons
flow, there will be countless collisions and
the electrons must, therefore, be forced
through in order that a given number will
constantly move from the conducting me-
dium. This phenomenon results in heating of
the conductor, and this heating results in a
loss of power or encrgy.

From Ohm’s law, E = I X R, it can
readily be seen that if the resistance of a
circuit is doubled, it will require twice the
voltage to maintain the same current flow
through the added resistance. This expendi-
ture of power can be considered as the
product of the voltage and current in the
circuit and is expressed in watts. Hence, W
(watts) = E X 1. Since it is very con-
venient to express power in terms of the re-
sistance and current, a substitution of I X R
for E (E = I X R) in the above formula,
gives: W = IR X I, or I'R.

In terms of voltage and resistance, \W =
E? E
Here | = — and when this was sub-
R R
stituted for I, the formula became W = E

I E?
X — or W = —_ These three expressions
R R

arc repeated for quick reference:

E2
W=FXR W="-
R

W =E X I,

where 117 is the power in watts,
E is the electromotive force or
voltage,
I is the current tn amperes.

This equation is used in a typical example.
as follows: The voltage drop across a cath-
ode resistor in a power amplifier stage is
50 volts; the plate current flowing through
the resistor is 150 milliamperes. The num-
ber of watts the resistor will be required to
dissipate is found from the formula: W
(watts) = E X I, or 50 X .150 = 7.5 watts.
(.150 amperces is equal to 150 milliamperes).
From the foregoing it is seen that a 7.5-watt
resistor will safely carry the required cur-
rent, yet a 10- or 20-watt resistor would or-
dinarily be used to provide a safety factor,

In another problem, the conditions being
similar to those above, but with resistance
and current being the knowen factors, the so-

lution is obtained as follows: W = I’ X R

= .0225 X 333.334+ = 7.5.
If only the voltage and resistance are
E* 2500

known, W = — — = 7.5 watts. It

R 333.33
is seen that all three equations give the same
result; the selection of the particular equa-
tion depends only upon the known factors.

e Voitage Dividers

A voltage divider is exactly what its name
implies: a resistor or a series of resistors,
connected across a source of voltage from
which various lesser values of voltage may
be obtained by conmnection to various points
along the resistor. A voltage divider serves
a most useful purpose in a radio receiver,
transmitter or amplifier, because it offers a
simple means nf obtaining plate, screen and
hias voltages of different values from a com-
mon power supply source. It may also be
used to obtain very low voltages of the or-
der of .01 to .001 volts with a high degree
of accuracy, even though a means of meas-
uring such voltages is lacking. The proce-
dure for making these measurements can
hest be given in the following example:

It is assumed that an accurately calibrated
0-150 voltmeter is available and that the
source of voltage is exactly 100 volts. This
100 volts is then impressed through a re-
sistance of exactly 1,000 ohms. It will then
be found that the voltage along various
points on the resistor, with respect to the
grounded end, will be exactly proportional
to the resistance at that point. From Ohm’s
law, the current would be 0.1 ampere; this
current remains unchanged, since the orig-
inal value of resistance (1,000 ohms) and
the voltage source (100 volts) are un-
changed. Thus, at a 500-ohm point on the
resistor (half its entire resistance), the volt-
age will likewise be halved or reduced to 50
volts.

The equation gives the proof: E = 500 X
0.1 = 50. At the point of 250 ohms on the
resistor, the voltage will be one-fourth the
total value or 25 volts (E = 230 X 0.1 =
25). Continuing with this process, a point
can be found where the resistance measures
exactly one ohm, and where the voltage
cquals 0.1 volt. It is, therefore, obvious that
il the original source of voltage and resis-
tance can be measured, it is a simple mat-
ter to predetermine the voltage at any point
along the resistor, provided that the current
remains constant.

[World Radio Histol
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® Bleeder Resistors

Resistors are often connected across the
output terminals of power supplies in order
to “bleed off” a constant value of current or
to serve as a constant, fixed load. The regu-
lation of the power supply is thereby im-
proved and the voltage is maintained at a
more or less constant value, regardless of
load conditions. When the load is entirely
removed from a power supply, the voltage
may rise to such a high value as to ruin
the filter condensers. The amount of current
which can be drawn from a power supply
depends upon the current rating of the par-
ticular power transformer in use. If a trans-
former will carry a maximumn safe current
of 100 milliamperes, and if 75 milliamperes
of this current is required for operation of a
radio receiver, there remains 25 milliam-
peres of current available to be “wasted” in
the bleeder resistor.

Anexample for calculating bleeder resistor
values for safe wattage rating is as follows:
The power supply delivers 300 volts. The
power transformer can safely supply 75 mil-
liamperes of current, of which 60 milliani-
peres will be required for the receiver. The
problem is to find the correct value of re-
sistance to give a bleeder current of 15 mil-

liamperes. Ohm’s law gives the solution:
E 300

R = — = —— = 20,000 ohms, (15 milli-
I 015

amperes is equivalent to .015 ampere.) There-
fore, it is seen that the bleeder resistor
should have a resistance of 20,000 ohms.

Another problem would be to find the re-
quired safe wattage rating of the bleeder,
under the same conditions as given in the
previous example. The answer is secured
as follows: W = E X I = 300 X .015 =
4.5 watts. It is considered good practice to
allow an overload factor of at least 100 per
cent, since the voltage will increase some-
what when all load except the bleeder is re-
moved. Therefore, a 10-watt resistor should
be chosen.

® Design of
Voltage Dividers

The design of a voltage divider for any
type of radio equipment is a relatively simple
matter. The first consideration is the amount
of bleeder current to be drawn, which is dic-
tated largely by the examples previously
given. In addition, it is also necessary that
the desired voltage and the exact current at

cach tap om the voltage divider be knowrn.
The current does not flow from the tap-on
point through the resistor to ground or nega-
tive terminal, but rather from the positive
side, then out through the tap, then through
the device to ground. This explanation can
be more easily followed by referring to fig-
ure 4, wherein the arrows indicate the direc-
tion of current flow through the external
load.

Figure 4

The device which secures current from
the voltage divider is indicated as C. The
current drawn by C flows through section 4
of the bleeder resistor, then through C. and
back to ground. The bleeder current, how-
ever, flows through the entire divider, i.c.,
through both 4 and B. Therefore, it becomes
apparent that when a tap-on point is chosen
to give the voltage desired, it is necessary to
consider not only the current drawn by the
device C, but also the bleeder current.

The design of more complex voltage di-
viders can best be illustrated by means of
the following problems:

A power supply delivers 300 volts and is
conservatively rated to supply all needed
current for the receiver and still allow a
bleeder current of 10 milliamperes. The fol-
lowing voltages are wanted: 250 volts at 20
milliamperes for the plates of the tubes. 100
volts at 5 milliamperes for the screens of
the tubes, and 75 volts at 2 milliamperes for
the detector tube. The voltage drop from the
300-volt value to the required 250 volts
would be 50 volts; for the 100-volt value,
the drop will be 150 volts; for the 73-volt
value, the drop will be 225 volts. These
values are shown in the diagram of figure
5. The respective current values are also
indicated.
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Tabulating the above: 4+ 5 1 --}-
Voltage Drop 10+2+5+20 MA ‘; A 50 VOLTS OROP
A ) B = 250 VOLTS AT 20MA
Current
10+2+5 MA B 150 VvOLTS DROP
o vggg‘s 100 VOLTS AT S MA
— 1.351 ohms.
037 10+2MA C 25VvOLTS DROP
78 VOLTS AT 2 MA
Dissipation = 037 ¥ 50 BLEEDER
— 1.85 watts. CURRENT D 75 vOLTS OROP
10 M A L
Voltage Drop LY e -
B = — - =
Current -
150 -
— 8.823 ohms. Figuie §
017
Dissipation = .017 150 = 2.25 watts. current  distribution.  Most manufacturers
Voltaee D - rate their resistors in this manner; if not,
o . g ! p
C — B o P o be calculated from the resistance and
- C rr;t— o _"(;; = 2083 ohns. (aitage rating.
urren 012 g .
Dissivation = 012 - . ) Once the sliders on the resistor are set to
isstpation = .012 >0 25 = 0.3 watts. the proper point, as in the above example,
\oltage Drop 5 the voltages will remain constant at the
D = —— — — :.5000hms. values shown as long as the current remains
Current 010 a constant value. One of the serious dis-

Dissipation = 010 X 5 = 0.75 watts.

The total resistance of the divider is 19,7537
ohms; this value is secured by adding to-
gether the four resistance values of 1,351,
8,823, 2,083 and 7,500 ohms. A 20,000 ohm
resistor with three sliding taps will, there-
fore, be of the approximately-correct size
and therefore would ordinarily be used be-
cause of the difficulty in securing four sep-
arate resistors of the exact, odd values in-
dicated, and because no adjustment would be
possible to compensate for any slight error
in estimating the probable currents through
the various taps.

Although the wattage dissipation across
all the individual sections is only 5.15 watts,
the selection of a single resistor, such as a
large resistor with several sliders, should
be based not only on the wattage rating but
also on the current that it will safely carry.
In the above example, the wattage of the
section carrying the heaviest current is only
1.85 watts. The maximum dissipation of
any particular section is 2.25 watts. Yet,
if a 3-watt resistor were selected, it would
very soon burn up. The reason for this is
that part of the divider must handle 37 ma.
The selection for wattage rating is there-
fore made on the basis of current, because
wattage rating of resistors assumes uniform

advantages of the voltage divider becomes
evident when the current drawn from one of
the taps changes. It is obvious that the
voltage drops are inter-dependent and, in
turn, the individual drops are in proportion
to the current which flows through the re-
spective sections of the divider resistor. The
only remedy lies in providing a heavy,
steady bleeder current, so as to make the
individual currents so small a part of the
total current that any change in current will
result in only a slight change in voltage.
This can seldom be realized in practice be-
cause of the excessive values of bleeder cur-
rent which would be required.

\When a power supply is used for C-bias
service, still another factor must be taken
into consideration. The rectified grid cur-
rent from the amplifier stages will flow
through the divider, in addition to the
bleeder current. If this current changes,
the voltage applied to the grid will also cor-
respondingly change. When adjustments of
a C-bias supply are made, the amplifier
should be operated in the condition where
it draws its proper amount of grid current;
otherwise, the C-bias resistor setting will
be greatly in error. Heavy bleeder currents
are thus required for C-bias supplies, espe-
cially where the grid current is changing
and the bias must remain constant, as in
certain tvpes of phone transmitters.
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o Resistances for Operating
Filaments In Series

When computations are made for the op-
eration of vacuum tube filaments or heat-
ters in series-connection, it should be remem-
bered that cach has a definite resistance and
that Ohm’s law here again holds true, just
as it does in the case of a conventional re-
sistance.

No particular problem is involved when
two exactly similar tubes of the same volt-
age and current rating are to be operated
with their filaments or heaters connected in
series in order to operate them from a source
of voltage twice as high as is required for
the tubes. If two six-volt tubes, each re-
quiring 0.5 ampere for heater operation,
are connected in series across a 12-volt
power source, each tube will have the same
voltage drop (6 volts), and the total cur-
rent drawn from the power supply will be
the same as for one tube or 0.5 ampere. By
making this connection, the resistance has
actually been doubled; yet, because the volt-
age is doubled, each tube automatically se-
cures its proper voltage drop. In this ex-
ample, the resistance of each tube would be
12 ohms (6 divided by 0.3). In series, the
resistance would be twice this value or 24

12
The current I would then equal —
24

or 0.5 amperes, from which it can be seen
that the current drawn from the supply is
the same as for a single tube.

It is important to understand that in a
series connection the sum of the voltage
drops across all of the tubes in the circuit
cannot be more than the voltage of the sup-
ply. It is not possible to connect six similar
6-volt tubes in series across a 32-volt sup-
ply and expect to realize 6 volts on the fila-
ments of each, since the sum of the various
voltage drops is equal to 36 wvolts. The
tubes can, however, be connected in such a
manner that the correct voltage drop will be
secured, as will be explained later.

The following examples and diagrams give
all needed design information for series- and
series-parallel connections:

Example—One 6F6 and one 6L6 tube are
to be operated in a low-power aeroplane
transmitter. The power supply delivers 12.6
volts. The problem is to connect the heat-
ers of the two tubes in such a manner that
each tube will have exactly the same volt-
age drop across its heater terminals. The

ohms,

tube tables show that a type 6F6 tube draws
0.7 ampere at 6.3 volts. Its resistance, ac-

E 6.3
cordingly, equals R = — = — = 9 ohms.
I 0.7

The 61.6 tube draws 0.9 ampere at 6.3 volts,

6.3
and its resistance equals — = 7 ohms.
0.9

If these tubes are connected in series with-
out precautionary measures, the total resist-
ance of the two will be 16 ohms (9 + 7).
A potential of 12.6 volts will pass a current
of 0.787 amperes through this value of 16
olms. The drop across cach scparate re-
sistor is found from Ohnr's law, as follows:
9 X 0.787 = 7.083 volts, and 7 X 0.787 =
5.4 volts. Thus, it is seen that neither tube
will have the correct voltage drop. One of
the resistor values must, therefore, be
changed so that it will be equal to the other,
in order that the voltage drop will be equal
across both tubes. If the larger of the two
resistors is taken, and another resistor con-
nected in parallel across it, the value of the
larger resistor can then be brought down to
that of the smaller.

Substituting these values in an equation

TX9

previously given, R = = 31.5 ohms.

=19

By coumnecting a resistance of 31.5 ohms in
parallel with the 9-ohm resistance, the ef-
fective resistance will be exactly 7 ohms or
equal to that of the other resistor.

The problem is made more simple by the
following procedure:

If the tubes are regarded on the basis of
their respective current ratings, it will be

6F6 = 9 OHMS 6L6 = 7 OHMS
9 OHMS 7 OHMS
[WI Wwa
34.5 OHMS

—— 12.6 VOLTS ————

Figure 6
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found that the 6.6 draws 0.9 ampere and the
476 0.7 ampere, or a difference of 0.2 am-
pere. If the resistance of the 6F6 is made
equal to that of the 616, both tubes will draw
the same current. Simply take the differ-
ence in current, 0.2 amperes, and divide this
value into the proper voltage drop, 6.3 volts;
the answer will be 31.5 ohms, which is the
exact same value which was obtained in the
previous round-about method of calculation.

6.3v SECTION 6.3V
0.9A A 0.7A

34,5 OHMS
0.3A
8.3V
SECTION Ol
8
AV
0.3A
8.3v 8.3V
PARALLEL 0.3A 0.7TA
RESISTOR
9 OHMS
128 voLTs ———%

Figure T

The diagram in figure 7 shows other pos-
sible connections for tubes of dissimilar
heater or filament current ratings. Although
section B in figure 7 appears formidable, it
is a simple matter to make the necessary cal-
culations for operating the tubes from a
common source of supply. In section B
there are three tubes, with their heaters
connected in parallel. The current, there-
fore. will be 0.3 4+ 03 + 0.7 = 1.3 amps.
The two tubes in parallel draw 0.3 + 03 =
0.6 amps. The difference between 1.3 and
0.6 is 0.7 amps. The drop across each sec-

6.3
tion is the same or 6.3 volts; therefore, —
0.7

— 9 ohms. This value of resistance across
the two parallel-connected tubes gives their
sections the same resistance as that of the
three tubes; consequently, all tubes sccure
the proper voltage.

When tube heaters or filaments are oper-
ated in series connection, the current is the
same throughout the entire circuit.  The
sistance of all tube filaments must then be
made the same if each is to have the same
voltage drop across its terminals. The re-
sistance of a tube heater or filament should

never be measured when cold, because the
resistance will be only a fraction of the re-
sistance present when the tube functions at
proper heater or filament temperature. The
resistance can be satisfactorily calculated by
using the current and voltage ratings given
in the tube tables.

Conversion Table for Volts,
Amperes and Watts.

1 kilovolt = 1,000 volts.

1 volt = 1/1000 kilovolt, 10°°
kilovolts, or .001 kilovolts.

1 millivolt = 1/1000 volt, 107°
volts, or .001 volts.

1,000 millivolts = 1 volt.

1 microvolt = 1/1,000,000 volt,
10™° volts, or .000001 volts.

1,000,000 microvolts = 1 volt.

1,000 microvolts = 1 millivolt,
or 107* volts.

1 milliampere —
pere, 107°
amperes.

1,000 milliamperes — 1 ampere.

I microampere = 1/1,000,000
ampere, 10°°® amperes, or
.000001 amperes.

1,000 microamperes = 1 milli-
ampere, or 10~° amperes.

1 kilowatt = 1,000 watts.

1 watt =1/1,000 kilowatt, 10~
kilowatts, or .001 kilowatts.
1 milliwatt = 1/1,000 of a watt,
107 watts, or .001 watts.

1,000 milliwatts = 1 watt.

1 microwatt — 1/1,000,000 of
a watt, 10™° watts, or .000001
watts.

1,000 microwatts — 1 milliwatt
or 107° watts.

1/1,000 am-
amperes, or .001

o Alternating Current

In all previous portions of this text, con-
sideration was given only to a steady flow
of electrons in one direction. Such currents
are known as wuni-directional or direct cur-
rents, abbreviated d.c. Radio and electrical
practice also makes use of another and al-
together different kind of current, known as
alternating current abbreviated a.c.

An alternating current begins to flow in
one direction, meanwhile changing its ampli-
tude from zero to a maximum value, then
down again to zero, from which point it
changes its direction, and again goes through
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the same procedure. Each one of these zero-
maximum-zero amplitude changes in a given
direction is called a half cycle. The com-
plete change in two directions is called a
cycle.  The number of times per second
that the current goes through a complete
cycle is called the frequency. The frequency
of common house-lighting alternating cur-
rent is generally 60 cvcles, meaning that it
goes through 60 complete cycles (120 re-
versals) per second.

High radio-frequency currents, on the
other hand, go through so many of thesc
changes per second that the term cycle be-
comes unwieldy. As an example, it can be
said that a certain station is operating on
14,000,000 cycles. However, it is simpler to
say 14,000 kilocycles, or 14 megacycles. A
conversion table for simplifying this termi-
nology is given here:

1,000 cxcles = 1 kilocycle.  The ab-
breviation for kilocyele is ke.
cycle = 1/1,000 of a kilocycle, .001
kc. or 107 ke,

-

1 mcgacycle = 1,000 Fkilocycles, or
1,000,000 cycles, 107 ke, or 107
cveles.

kilocvele = 1/1,000 megacycle, 001
megacycles, or 107 Mc. The abbre-
ciation for megacyeles is Me.

® Ohm’s Law Applied to
Alternating Current

Ohm's law applies equally to direct or
alternating current, provided that the cir-
cuits under consideration are purely resistive,
e, circuits Jwhich bave neither induct-
ance {coils) nor capacitance (condensers).
Problems which involve tube filaments, drop
resistors, electric lamps, heaters or similar
resistive devices can be solved from Ohm's
law, regardless of whether the current is
dircet or alternating. When a condenser or
a coil is made a part of the circuit, a prop-
erty common to each, called rcactance. must
be taken into consideration. Reactance will
be treated under a separate heading.

o Electromagnetic Effects

When an electric current flows through a
conductor, the moving electrons which com-
prise this current set up lines of force in the
surrounding medium.  These are termed
lines of magnetic force, and they extend out-
wardly from the conductor in a plane at
right angles to its direction. It is these lines
of magnetic force that make up the maug-
nctic Aux. In drawing an analogy of volt-

age, current and resistance in terms of mag-
netic phenomena, magnetic flux might be
termed magnetic current; magneto-motive
force, or magnetic voltage. The reluctance
of a magnetic circuit can be thought of as
the resistance of the magnetic path. The
relation between the three is exactly the
same as that between current, voltage and
resistance (Ohm’s law).

The magnetic flux depends upon the ma-
terial, cross-section, and length of the mag-
netic circuit, and it varies directly as the
current flowing in the circuit. The reluct-
ance is dependent upon the length, cross-
section, permeability, and air-gap, if any. of
the magnetic circuit.

In the electrical circuit. the current would
cqual the voltage divided by the resistance,
and so it is in the magnetic circuit.

Magnetic Flux (g) =

magneto-motive force (m..i.)

reluctance (r)

® Permeablility

Permeability  deseribes  the  difference i
the magnetic properties of any magnetic sub-
stance as compared with the magnetic prop-
crties of air. Iron, for example, has a per-
meability of around 2,000 times that of air,
which means that a given amount of mag-
netizing effect produced in an iron core by
a current flowing through a coil of wire will
produce 2,000 times the Aluar density that the
samie magnetizing effect would produce in
air.  The permeabilities of different iron
alloys vary quite widely and permeabilitics
up to 100,000 can be obtained, if required.

Permeability is similar to clectric condnc-
tivity.  There is, however, one important
difference: the permeability of iron is not
independent of the magnetic current (flux)
flowing through it, although electrical con-
ductivity is usually independent of electric
current in a wire. After a certain point is
reached in the flux density of a magnetic
conductor, an increase in the magnetizing
field will not produce a material increasc
in flux density. This point is known as the
point of saturation. The inductance of a
choke coil whose core is saturated declines
to a very low value.

The magnetizing effect of a coil is often
described in amperc turns. Two amperes of
current flowing through one turn is equal
to two ampere turns. From this it can bhe
seen that the flux can be increased by either
increasing the current through the conductor



Magnetism and Inductance

17

or by making the conductor into the form
of a coil of many turns. As a means of
showing why the flux is increased when the
conductor is put into the form of a coil, two
figures are given here:

A 8
Figure 8-A Figure 8-B

In .1 of figure 8, an arbitrary point “P”~
is chosen to represent a point at some fixed
distance from a straight conductor, X-Y.
Upon examination, it will be seen that the
maximum effect will be exerted on X-V by
the lines of force which are nearest this
point, or at ). The field intensity at the
fixed point is the resultant or vector sum of
all the fields due to the individual electron
flow along the conductor. Other fields than
those at the shortest distance will then have
tess and less cffect as they lie farther along
the conductor. If the conductor is arranged
in the shape shown in B of figure 8, it will
readily be seen that all of the fields along
the conductor will act equally on the cen-
tral point, />, with the result that the field
is greatly strengthened.

When a conductor is wound into a num-
ber of turns in the form of a coil, the flux
which encircles the current flowing through
an individual turn also links the turns adja-
cent to it. Thus, in a multi-turn coil, the
magnetic field which is produced will be
much greater than if only a single turn were
used. This flux increases or decreases in
direct proportion to the change in the cur-
rent. The ratio of the change in flux to the
change in current has a constant value,
known as the inductance of a coil.

It is a fundamental law of clectricity that
v.hen lines of force cut across a conductor,
a voltage is induced in that conductor.
Therefore, it can be readily seen that in the
case of the coil previously mentioned, the
flux lines from one turn cut across the adja-
cent turn, and a woltage is induced in that
turn.  The effect of these induced voltages
is to create a voltage across the entire coil

of opposite polarity or in the opposite direc-
tion to the original voltage. Such a voltage
is called counter e.m.f. or back e.m.f.

If a direct current potential such as a
battery is connected across a multi-turn coil
or inductance, the back em.f. will exist only
at the mstant of connection, at which time
the flux is rising to its maximum value.
While it is true that a current is flowing
through the turns of the coil and that a
magnetic field exists around and through
the center of the inductance, an induced volt-
age may only be produced by a changing
flux. It is only such a changing flux that
will cut across the individual turns and in-
duce a voltage in them. By a changing flux
is meant a flux that is increasing or decreas-
ing, as would occur if the e.m.f. across the
coil were alternating or changing its direc-
tion pertodically.

As the current increases, the back e.n..
increases ; as the current decreases, the back
e.m.f. decreases. This back voltage is al-
ways opposite to the exciting voltage and,
hence, always acts to resist any change in
current in the inductance. This property of
an inductance is called its self inductance and
is expressed in lenrys, the henry being the
unit of inductance. A coil has an inductance
of one henry when a voltage of one volt is
induced by a current change of one ampere
per second. The unit, henry, is too large for
reference to inductance coils such as thosc
used in radio-frequency circuits; millihenry
or microhenry are more commonly used, in
the following manner :

| hienry = 1,000 millihenrys, or 10° mnilli-
lenrys.

1 millihenry = 1/1,000 of a henry, or 001
henry, or 107 henry.

1 microhenry = 1/1,000,000 of a henry, or

000001 hienry, or 107 henry.
One-one-thousandth of a millihenry —=
or 107 millithenrys.
1,000 niicrohenrys = 1 millihenry.

.001

e Mutual Inductance

When two inductances are so placed in
relation to each other that the lines of force
encircling one coil are interlinked with the
turns of the other, a voltage will be set up
or induced in the second coil. As in the casc
of self-inductance, the induced woltage will
be opposite in direction to the exciting volt-
age. This effect of linking two inductances
is called mutual inductance, abbreviated A/,
and is also expressed in henrys. Two cir-
cuits thus joined are said to be inductively
coupled. The magnitude of the mutnal in-
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ductance depends upon the shape and size of
the two circuits, their positions and distances
apart, and the permeability of the medium.
The extent to which two inductances are
coupled is expressed by a relation known as
coefficient of coupling. This is the ratio of
the mutual inductance actually present to the
maximum possible value.

o Inductances in Parallel

Inductances in parallel are combined ex-
actly as are resistors in parallel, provided
that they are far enough apart so that the
mutual inductance is entirely negligible, i.e.,
if the coupling is very loose.

o Inductances in Series

Inductances in series are additive, just as
are resistors in series, again provided that
no mutual inductance exists. In this case,
the total inductance L is:

L=IL 4+ L4 ... etc.
Where mutual inductance does exist :
L = L: + L. 4+ 2M,

where M is the mutual inductance.

This latter expression assumes that the coils
are connected in such a way that all flux
linkages are in the same direction, i.e., addi-
tive. If this is not the case, and the mutual
linkages subtract from the self linkages, the
following formula holds:

L =1L, 4+ L. — 2M,
where M is the mutual inductance.

o Formulas for
Calculating Inductance

The inductance of coils with magnetic
cores can be determined with reasonable ac-
curacy from the formula:

I. = 1237 X N2 X P X 10"

where

L is the inductance in henrys,

N is the number of turns,

P is the permeability of the core material.

From this formula it can be scen that the
inductance is proportional to the square of
the number of turns, as well as to the per-
meability. Thus, it is possible to secure
greater values of inductance with a given
number of turns of wire wound on an iron

HANDBOO

core than would be possible if an air-core
coil were used.

Ordinary magnetic cores cannot be used
for radio frequencies because the eddy cur-
rent losses in the core material become enor-
mous as the frequencv is increased. The
principal use for magnetic cores is in the
audio frequency range below approximately
15,000 cycles, whereas at very low fre-
quencies (50 to 60 cycles) their use is man-
datory if an appreciable value of inductance
is desired.

An air core inductor of only one henry
in inductance would be quite large in size,
vet values as high as 100 henrys are com-
monly available in small, iron core chokes.
The inductance of a coil with a magnetic
core will vary with the amount of direct
current which passes through the coil. For
this reason, iron core chokes that are used
in power supplies have a certain inductance
rating at a predetermined value of d.c.

One exception to the statement that metal
core inductances are highly inefficient at ra-
dio frequencies is in the potedered iron cores
used in some types of intermediate fre-
quency transformers. These cores are made
of very fine particles of powdered iron,
which is first treated with an insulating com-
pound so that each particle is insulated from
the other. These particles are then molded
into a solid core, around which the wire is
wound. Eddy current losses are greatly re-
duced, with the result that these special iron
cores are entirely practical in circuits which
operate up to 1,500 ke. in frequency.

The inductance of an air core coil is pro-
portional to the square of the number of
turns of wire, provided that the length and
diameter remain constant as the turns are
changed (actually an impossibility, strictly
speaking). The formula for inductance of
air core coils is given with good accuracy,
as follows:

I.= N %X d X F.

where
I. = inductance in microhenrys,
d = diameter of coil, measured to center
of wire,
FF =a constant, dependent upon the ratio
of length-to-diameter.
This formula is explained under the head-
ing of Coil Calculation, where a graph for
the constant F is given.

® Mutual Conductance

The unit of conductance is the mho,
which can be recognized as ol spelled back-
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ward. Transconductauce, or mutual conduct-
ance, is expressed in miicromhos; the latter
is 1/1,000,000 of a mho. A mutual conduct-
ance of 5,000 micromhos would be .005 mhos.

® Energy Stored in a
Magnetic Field

The stored energy in a magnetic field is
LXxTI

expressed in joules, and is equal to
2

® Transformers:
Primary—Secondary

\When two coils are placed in such induc-
tive relation to each other that the lines of
force from one cut across the turns of the
other and induce a voltage in so doing, the
combination can be called a transformer.
The name is derived from the fact that en
ergy is transformed from one coil into an-
other. The inductance in which the original
flux is produced is called the primary; the
inductance which reccives the induced volt-
age is called the secondary. In a radio re-
ceiver power transformer, for example, the
coil through which the 110-volts a.c. passes
is the primary, and the coil from which a
higher or lower voltage than the a.c. line
potential is obtained is the secondary.

Transformers can have either air or mag-
netic cores, depending upon whether they
are to be operated at radio or audio fre-
quencies, The reader should thoroughly im-
press upon his mind the fact that current
can be transferred from one circuit to an-
other only if the primary current is changing
or alternating. From this it can be scen
that a power transformer cannot possibly
function as such when the primary is sup-
plied with non-pulsating d.c.

A power transformer usually has a mag-
netic core which consists of laminations of
iron, built up into a square or rectangular
form, with a center opening or “window.”
The secondary windings may be several in
number, each perhaps delivering a different
voltage. The secondary voltages will be
proportional to the number of turns and to
the primary voltage.

If a primary winding has an a.c. potential
of 110 volts applied to 220 turns of wire on
the primary, it is evident that this winding
will have two turns per volt. A secondary
winding of 10 turns, wound on an adjacent
“leg” of the transformer core, would have a
potential of 5 volts. If the secondary wind-
ing has 500 turns, the potential would be
250 volts, etc. Thus a transformer can be

designed to have cither a step-up or step-
down ratio, or both simultaneously. The
same applies to air core transformers for
radio-frequency circuits.

® Inductive Reactance

It was previously stated that when an al-
ternating current flows through an induct-
ance, a back- or counter-electromotive force
is devcloped; this force opposes any change
in the initial em.f. The property of an in-
ductance to offer opposition to a change in
current is known as its reactance or indiuc-
tive reactance. This is expressed as Xi:

Xl, = 27['”,,

where X1 = inductive reactance expressed in
ohms,
® = 3.1416 (27 = 6.283),
f = frequency in cycles,
L = inductance in henrys.

Since it is very often necessary to com-
pute inductive reactance at radio frequencies,
the same formula may be used, except that
the units in which the inductance and the
frequency are expressed will be changed.
Inductance can, therefore, be expressed in
millihenrys and frequency in kilocycles. For
higher frequencies and smaller values of in-
ductance, frequency is expressed in mega-
cycles and inductance in microhenrys. The
basic equation need not be changed, since
the multiplying factors for inductance and
frequency appear in numerator and denomi-
nator, and hence are cancelled out. How-
ever, it is not possible, in the same equation,
to express L in millihenrys and f in cycles
without conversion factors.

When it becomes desirable to know the
value of inductance necessary to give a cer-
tain reactance at some definite frequency, a
transposition of the original formula gives
the following :

X
=

2xf
or. when Xy and L are known:

X
f=

2al

o Capacity; Condensers

When two metallic plates are separated
from each other by a thin layer of insulating
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material (called a dielectric, in this casc),
the combination becomes a condeiser. When
a source of d.c. potential is momentarily ap-
plied across these plates, they may be said
to become ‘“charged.” 1If the same two plates
are then joined together momentarily, by
means of a wire, the condenser will “dis-
charge.”

When the potential was first applied. elec-
trons immediately started to flow from one
plate to the other through the battery or
such source of d.c. potential as was applied
to the condenser plates, However, the cir-
cuit irom plate-to-plate in the condenser was
incomplete (the two plates being separated
by an insulator) and thus the electron flow
ceased, meanwhile establishing a shortage of
clectrons on one plate and a surplus of elec-
trons on the other.

It will be recalled that when a deficiency
of electrons exists at one end of a conductor.
there is always a tendency for the electrons
to move about in such a manner as to re-
establish a state of balance. In the case of
the condenser herein discussed. the surplus
quantity of eclectrons on one of the condenser
plates cannot move to the other plate. be-
cause the circuit has been hroken: ie.. the
hattery or d.c. potential was removed. This
leaves the condenser in a “charged” condi-
tion; the condenser plate with the electron
deficiency is positively charged. the other
plate being necgative. In this condition. a
considerable stress exists in the insulating
material (dielectric) which separates the
two condenser plates, due to the mutual at-
traction of two unlike potentials on the
plates.  This stress is known as electrostatic
cnergy, as contrasted with electromagnetic
cnergy in the case of an inductance. This
charge can also be called potential cncrgy.
because it is capable of performing work
when the charge is released through an ex-
ternal circuit.

When the external circuit of the two con-
denser plates is completed by joining the
terminals together with a piece of wire. the
clectrons will immediately rush from one
plate to the other through the external cir-
cuit and establish a state of equilibrium. This
latter phenomenon explains the discharge
of a condenser. The amount of stored en-
ergy in a charged condenser is dependent
upon the charging potential, as well as a
factor which takes into account the size of
the plates, diclectric thickness. nature of the
dielectric. and the number of plates. This
factor. which is determined by the foregoing.
is called the capacity oi a condenser and is
expressed in farads.
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Stored energy in joules = -—

9
where C = unit of capacity, the farad,
E = potential in volts.

The farad is such a large unit of capac-
ity that it is rarely used in radio calculations,
and the following more practical wnits have,
therefore, been chosen:

microfarad = 1/1.000,000 of a farad. or
000001 farad, or 107° farads.
micro-microfarad = 1/1,000,000 of a mi-
crofarad, or .000001 microfarad, or 107°
microfarads.

micro-microfarad = one-million-millionth
of a farad, or 000000000001 farad. or 1077
farads.

i the capacity is to be expressed in nticro-
farads in the equation just given, the factor
C would then have to be divided by 1,000.-
000, thus:

- ) CXE*
Stored energy in joules = — -.
2 % 1,000,000

This storage of energy in a condenser is
one of its very important properties, particu-
larly in thosc condensers which are used in
power supply filter circuits.

® Dielectric Constant

The capacity of a condenser is largely de-
termined by the thickness and nature of the
dielectric separation between plates. Certain
materials otfer a greater capacity than others,
depending upon their physical makeup. This
property can be expressed by a constant K,
called the diclectric constant. A table for
some of the commonly-used dielectrics is
given here:

Material Dielectric Constant
Alr oo 1.00
Mica .. ... . 2,94
Hard rubber . ........... ... ... 2.50 to 3.00
Glass ......... ..ol 1.90 to 7.00
Bakelite derivitives ............ 3.50 to 6.00
Celluloid ..................... 1.10
Fiber ... . .. 1to 6
Wood (without special prepara-

tion) :

Oak ........................ 3.3

Maple ... ... ... +.4

Birch ........... o B
Transformer oil .............. 2.5
Castor otl .................... 5.0
Porcelain ..................... 1.4

i

[World Radio History]
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o Breakdown in Dielectric

The nature and thickness of a diclectric
has a very definite bearing on the amount of
charge of a condenser. If the charge be-
comes too great for a given thickness of di-
electric, the condenser will break down, ie.,
the dielectric will “puncture.” It is for this
reason that condensers are rated in the man-
ner of the amount of voltage they will safely
withstand.  This rating is commonly ex-
pressed as the d.c. working wvoltage.

e Calculation of Capacity

The capacity of two parallel plates is
given with good accuracy by the following
formula:

A
C = 02244 X N X —,
t

where C = capacity in micro-microfarads,
K = dielectric constant of spacing 1ma-
terial,
A = area of dielectric in square inches,
t = thickness of dielectric in inches.

An examination of this formula will show
that the capacity is directly proportional to
the area of the plates, and inversely propor-
tional to the thickness of the dielectric (spac-
ing between the plates). This simply means
that when the area of the plate is doubled.
the spacing between plates remaining con-
stant, the capacity will be doubled. Also, if
the area of the plates remains constant, and
the plate spacing is doubled, the capacity will
be reduced to half. The above equation also
shows that capacity is directly proportional
to the dielectric constant of the spacing ma-
terial. A condenser that has a capacity of
100 in air would have a capacity of 500 when
immersed in castor oil, because the dielectric
constant of castor oil is 5.0, or five times
greater than the dielectric constant of air.

In order to determine the capacity of a
parallel plate condenser, the following trans-
position is of value when the spacing be-
tween plates is known:

CXt
A=m—m——
0.2244 X K

where .\ = area of piates in square inches,
K = dielectric constant of spacing ma-
terial,
C = capacity in micro-microfarads,

t = thickness of dielectric (plate spac-
ing) in inches.

Where the area of the plates is definitely
set, and when it is desired to know the
spacing needed to secure a required capacity :

A X 0224 XK

1= — -_—

C

where all units are expressed just as in the
preceding formula. This formula is not con-
fined to condensers having only square or
rectangular plates, but also applies when
the plates are circular in shape. The only
change will be the calculation of the arca
of such circular plates; this area can be
computed by squaring the radins of the
plate, when multiplying by 32,1416, or "pi”.
Iixpressed as an equation:

A =31416 X,

where r = radius in inches,

T T I T ] T 1T 1 T
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Figure 9

Multi-plate condenser capacity can be cal-
culated by taking the capacity of one section
and multiplying this by the number of die-
lectric spaces. In such cases, however, the
formula gives no consideration to the ef-
fects of “edge capacity,” so that the capac-
ity as calculated will not be entirely accurate.
These additional capacities will be but a
small part of the effective total capacity, par-
ticularly when the plates are reasonably
large, and the final result will, therefore, be
witiiin practical limits of accuracy.
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® Condensers in Parallel

Equations for calculating capacities of
condensers in parallel connection are the
same as those for resistors in serics:

C=0GC -+ C, ete.

Cy C2

CONDENSERS IN
Figure 10

PARALLEL

® Condensers in Series

Again, as in resistor calculations, condens-
ers in series connection are calculated in the
same manner as are resistors in parallel.

Cy C2
I n
11 il
> C <
CONDENSERS IN SERIES

Figure 11

The formulas are repeated: (1) For two or

more condensers  of wnequal  capacity  in
series :
1 1 1 1 1
C - 0T = —4—4—
1 1 1 c G G G
L als
(..l (/J (
(2) Two condensers of uncqual capacity in
series :
Ci X G
C\ + C:

DI
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(3) Three condensers of equal capacity in
series:

C
C = —, where C, is the common capacity.
3

(4) Three or more coundensers of equal ca-
pacity in serics:

Value of common capacity
C=—— - -
Number of condensers in series

(5) Condensers in series parallel :

I
Icf Ic3 IC5
TCz 'I'c4 TCs

CONDENSERS IN

SERIES - PARALLEL

Figuie 12

® Voltage Rating of
Series Condensers

A well-made paper diclectric filter con-
denser has such a high internal resistance
(indicating a good dielectric) that the exact
resistance will vary considerably from con-
denser to condenser even though they are
made by the same manufacturer and are of
the same rating. Thus, when 1000 volts d.c.
is connected across two 1-ufd. 500-volt con-
densers, the chances are that the voltage will
divide unevenly and one condenser receive
more than 500 volts and the other less than
500 volts. By connecting a half-megohin
1-watt carbon resistor across each condenser,
the voltage will be equalized. because the re-
sistors act as a voltage divider and the in-
ternal resistances of the condensers are so
much higher (many megohms) that they
have but little effect in disturbing the volt-
age divider balance.

Because carbon resistors of the inexpen-
sive type are not particularly accurate (not
being designed for precision service), it is
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advisable to check several on an accurate
ohnmuneter to find two that are as close as
possible in resistance. The exact resistance
is unimportant, just so it is the same for the
two resistors used.

When two condensers are connected in
series, alternating current pays no heed to
the relatively high internal resistance of each
condenser, but divides across the condensers
in inverse proportion to the capacity. Be-
cause, in addition to the d.c. across a ca-
pacitor in a filter or audio amplifier circuit,
there is usually an a.c. or a.f. voltage com-
ponent, it is inadvisable to series-connect
condensers of unequal capacitance, even if
dividers are provided to keep the d.c. within
the ratings of the individual capacitors. For
instance, if a 300-volt 1-ufd. capacitor is
userl in serics with a 4-ufd. 500-volt con-
denser across a 2350-volt a.c. supply, the
1-ufd. condenser will have 200 volts a.c.
across it and the 4-ufd. condenser only 50
volts. An cqualizing divider to do any good
in this case would have to be of very low
resistance, because of the comparatively low
impedance of the condensers to a.c. Such a
divider would draw excessive current and be
impracticable.

The safest rule to follow is to use only
condensers of the same capacity and voltage
rating and to install matched, high resis-
tance  proportioning-resistors across the
various condensers to equalize the d.c. volt-
age drop across each condenser. This holds

regardless of how many capacitors are
series-connected.
Similar electrolytic capacitors, of the

same capacity and made by the same manu-
facturer, have more nearly uniform (and
much lower) internal resistance, though it
still will vary considerably. However, the
variation is not nearly as great as encoun-
tered in paper condensers, and an odd com-
pensating effect automatically puts the low-
est voltage across the weakest clectrolytic
condensers of a series group.

As an clectrolytic capacitor begins to
show signs of breaking down from excessive
voltage, the leakage current goes up, which
tends to heat the condenser and aggravate
the condition. However, when used in series
with one or more others, the lower resistance
(higher leakage current) tends to put less
d.c. voltage on the weakening condenser and
more on the remaining ones. Thus the ca-
pacitor with the /lowest leakage current,
usually the best capacitor, has the highest
voltage across it. FFor this reason, dividing

resistors are not essential across series-con-
nected electrolytic capacitors.

Electrolytic condensers use a very thin
film of oxide as the diclectric and are “po-
larized” ; that is, they have a positive and a
negative terminal which must be properly
connected in a circuit; otherwise, the oxide
will boil, and the condenser will no longer
be of service. When electrolytic condensers
are connected in series, the positive terminal
is always connected to the positive lead of
the power supply; the negative terminal of
the condenser counnects to the positive ter-
minal of the ncat condenser in the series
combination. The method of connection is
illustrated in figure 13.

POLARIZED CONDENSERS, (ELECTROLYTIC) IN SERIES

Figure 13

® Condensers Iin a. c.
and d. c. Circuits

When a condenser is connected into a di-
rect current circuit, it will “block” the d.c.
or stop the flow of current. Beyond the ini-
tial movement of electrons during which the
condenser is charged, there will be no flow
of current, because the circuit is effectively
broken by the dielectric of the condenser.
Strictly speaking, a very small current may
actually flow, because the dielectric of the
condenser may not be a perfect insulator.
This minute current flow is the ‘“leakage
current” previously referred to and is de-
pendent upon the internal d.c. resistance of
the condenser. This leakage current is
usually quite noticecable in most types of
electrolytic condensers.

When an alternating current is applied to
a condenser it will charge and discharge a
certain number of times per second in ac-
cordance with the frequency of the alternat-
ing voltage. The clectron flow in the charge
and discharge of a condenser when an a.c.
potential is applied constitutes an alternating
current, in cffect. It is for this reason that
a condenser will pass an alternating cur-
rent, vet offer practically infinite opposition
to a direct current. These two properties
arc repeatedly in evidence in a radio cir-
cuit.

World Radio Histo
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® Capacitive Reactance

It has been explained that inductive re-
actance is the ability oi an inductance to op-
pose a change in an alternating current, Con-
densers have a similar property, although in
this case the opposition is to the woltage
which acts to charge the condenser. This ac-
tion is called capacitive reactance and is ex-
pressed as follows:

1
N.

2 iC
capacitive reactance in ohms,

where X,

= 3.1416,
f = firequency in cycles,
C = capacity in farads.

I{ere again, as in the case of inductive re-
actance, the units of capacity and frequency
can be converted into smaller units for prac-
tical problems encountered in radio work.
The eauation may be written:

1,000,000

)
2riC

frequency in megacycles,

capacity in micro-micro-
farads.

In the design of flter circuits, it is often

convenient to express firequency (f) in

cxcles and capacity (C) in microfarads, in

which event the same formula applies.

where 1

C

® Comparison of Inductive
to Capacitive Reactance
with Changing Frequency

From the equation for inductive reactance,
it is seen that as the f{requency becomes
greater the reactance increases in a corre-
sponding manner. The reactance is doubled
when the frequency is doubled. If the re-
actance is to be very large when the fre-
quency is low, the value of inductance must
he very large.

The equation for capacitive reactance
shows that the reactance varies tnwversely
with frequency and capacity. With a fixed
value of capacity, the reactance will become
less as the frequency increases. When the
irequency is fixed, the reactance will be
greater as the capacity is lowered. In or-
der to have high reactance, it is necessary
to have low capacitance, although in power
filter circuits the reactance is always made
low so that the alternating current compo-
nent from the rectifier will be bypassed.
The capacitance must be made large in this
casc, because the frequency is quite low (60-
120 cycles). ’

A comparison of the two types of re-
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actance, inductive and capacitive, shows that
in one case (inductive) the reactance in-
creases with frequency, whereas in the other
(capacitive) the reactance decrcases with
frequency.

® Reactance and Resistance
in Combination

When a circuit includes a capacity or
an inductance or both, in addition to a re-
sistance, the simple calculations of Ohm'’s
taw will not apply when the total a.c. re-
sistance of the circuit is to be determined.
Reference is here made to the passage of an
alternating current through the circuit; the
reactance must be considered in addition to
the d.c. resistance, because reactance offers
an opposition to the flow of alternating cur-
rent.

When alternating current passes through
a circuit which contains only a condenser,
the voltage and current relations are as fol-
Tows @

E=IXeand | = —
AN

where © = voltage,
I = current in amperes,
1
X. = capacitive reactance or
2aC

(expressed in ohms).
When the circuit contains inductance only,
vet with the same conditions as above, the
formula is as follows:
[
I =1 XL. and [ .
Xu

where £ = voltage.
I = current in amperes,
X, = inductive reactance or 2 il

(expressed in ohms).

When a circuit has resistance, capacitive
reactance and inductive reactance in scrics,
the cffective total opposition to the alternat-
ing current flow is known as the impedance
of the circuit. Stated in another manner,
the impedance of a circuit is the vector sum
of the resistance and the ditference hetween
the two reactances. This 1~ expressed:

A =\ (Ne N or

7 I 4 <L’:n'l. -
20

impedance in ohms,

resistance in ohms,

inductive reactance
in ohms,

z

where 72 =

r =

X

(2ail)
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1
X. = capacitive reactance
2afC
in ohms.

An example will serve to clarify the relation-
ship of resistance and reactance to the total
impedance. 1f a 10-henry choke, a 2-pfd.
condenser, and a resistance of 10 ohms
(which is represented by the d.c. resistance
of the choke) are all connected in series

across a 60-cycle source of voltage:
for reactance Xr. = 6.28 X 60 X 10 =
3,750 ohms (approx.),

1,000,000
X — e —— =

6,28 X 60 X 2

1,300 ohms (approx.)
r == 10 ohms

Substituting these values in the impedance
equation :

7 == V 10 4+ (3750 — 1300)° = 2430 ohms.
This is nearly 250 times the value of the
d.c. resistance of 10 ohms. The subject of
impedance is more fully covered under
Resonant Circuits.

Again recalling previous text, an alter-
nating current is one which rises to a maxi-
mum, then decreases to zero from that point,
and then goes through a negative-maximum-
to-zero in the opposite direction. This con-
tinual change of amplitude and direction is
maintained as long as the current continues
to flow. The number of times that the cur-
rent changes direction in a given length of
time is called the frequency of change, or
more generally, it is simply called the fre-
quency.  Alternating currents which range
from nearly zero to many millions of cycles
per second are commonplace in radio appli-
cations. Such a current is produced by the
rotating machine which generates the com-
mon 60-cycle house-lighting current; it is
likewise produced by oscillatory circuits for
the high radio frequencies. A machine that
produces alternating current for house-
lighting, industrial and other purposes is
called an alternator. It is also commonly
referred to as an a.c. generator.

Figure 14 shows an alternator in its very
basic form. It consists of two permanent
magnets, M, the opposite poles of which face
each other, and the poles being machined so
that they have a common radius. Retween
these two poles, north (N) and south (S).
magnetic lines of force exist; these lines of
force constitute a magnetic field. 1f a con-
ductor in the form of C is so suspended that
it can freelv rotate between the two poles,

Figure 14

and if the opposite ends of conductor ¢ are
hrought to collector rings, R, which are con-
tacted by brushes, there will be a flow of al-
ternating current when conductor C is ro-
tated. Thic is the basic method of producing
alternating current.

\When the conductor loop is rotated so that
it cuts or passes through the magnetic lines
of force between the pole pieces (magnets),
a current will be induced in the loop, and
this current will flow out through the col-
lector rings R and brushes B to the ex-
ternal circuit. X-}. As the rotation con-
tinues, the current becomes increasingly
greater as the center of the pole pieces are
approached by the loop. The field intensity
of the magnets is greatest at the center, and
gradually falls to a low value either side of
center,

'
—
b

moC4-r3E>

Ll

Figure 15

Figure 15 will serve to clarify the opera-
tion of the alternator. The point P is taken
as the revolving conductor, which is C in
figure 14. As point P is revolved in a cir-
cular manner, the change in field intensity
with consequent change in voltage can be
visualized. It will be seen that as the con-
ductor P begins its rotation, it starts through
the lesser field intensity, gradually coming
into the maximum field, then away again to
another field of minimum intensity. The con-
ductor then cuts the magnetic field in the
opposite direction, going through the same
varving intensity as previously related, then

World Radio Histo
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reaching a maxinuun, and then falling away
to zero, from which point the current again
increases in the original direction. When the
conductor has completed its 360° rotation,
two complete changes—or oine cycle—will
have been completed.

The voltage does not increase directly as
the angle of rotation, but rather as the sine
of the angle; hence, such a current has the
mathematical form of a sine wave. Al-
though most electirical machinery does not
produce a strictly pure sine curve, the de-
partures are usually so slight that the as-
sumption can be regarded as fact for all
practical purposes.

— 4 CYCLE —————=
|

4 4
= gevaLe "‘t“'z‘"“i -l
o '

90
6’ ‘f". 0
\ |

TIME

mocH-ruy»

4
1cvYCLE =
1 L)
ZCvele = 3%
SECOND

WHERE, F = FREQUENCY IN CYCLES PER

Figure 16

Referring to figure 16, it will be seen
that if a curve is plotted for an alternating
voltage, such a curve would assume the
shape of a sine wave and by plotting ampli-
tude against time, the voltage at any instant
could be found. When dealing with alter-
nating current of sine wave character, it be-
comes necessary to make constant use of
terms which involve the number of changes
in polarity or, more properly, the frequency
of the current. The instantaneous value of
voltage at any given instant can he calcu-
lated as folllows:

¢ = Euax sin 2uft,

where ¢ = the instantaneous voltage.
sin = the sine of the angle formed by
the revolving point P at the in-
stant of time, t.
< — maximum crest value of voltage
(figure 16).

The term 2xf should be thoroughly under-
stood. because it is of basic importance.
Returning again to the rotating point P
(fgure 13), it can be seen that when this
point leaves its horizontal position and
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begins its rotation in a counter-clockwise
direction, through a complete revolution back
to its initial starting point, it will have
traveled through 360 electrical degrees. In-
stead of referring to this movement in terms
of degrees, mathematical treatment dictates
that the movement be expressed in radians.
If radians must be considered in terms of

‘\D

WHERE,
O (THETA) s PMASE ANGLE = 21FT
A=Z manians or 90
B=7 AADIANS OR {80
=3nm °
€ =3 RADIANS OR 270
o
D =2mRaDIANS OR 360
1 RADIAN = 57.324 OEGREES

Figure 17

degrees, there are approximately 57.32 de-
grees to one radian. In simple language, the
radian is nothing more than a unit for divid-
ing a circle into many parts. In a complete
circle (360 degrees) there are 2xradians.
Figure 17 shows lesser divisions of a circle
in radians.

When the expression 2aradians is used,
it implies that the current or voltage has
gone through a complete circle of 360 elec-
trical degrees; this rotation represents two
complete changes in direction during one
cycle, as was previously shown. 2xf then
represents one cycle, multiplied by the num-
ber of such cycles per second or the fre-
quency of the alternating voltage or current.
The expression zaft is a means of showing
how far point P has traveled from its zero
position toward a possible change of 2ara-
dians or 360 electrical degrees. In the case
of an alternating current with a frequency
of 60 cycles per second, the current must
pass through 120 changes in pofarity in the
same length of time. This *time” can be
expressed as:

1

2f

However. the only consideration at this
point is one-half of one alternation. and

because the wave 1s symmetrical between
0-and-90-degrees rising. and from 90-degrees-
to-zero when falling., the expression there-
fore becomes :

1

41
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The actual time ¢ in the formula is seen
to be only a fractional portion of a second:

1

a 60-cycle frequency would make = equal
H

to — of a second at the maximum value.

240
and correspondingly less at lower ampli-
tudes. 2aft represents the angular wvelocity.
and since the instantancous voltage or cur-
rent is proportional to the sine of this angle,
a definite means is secured for calculating
the voltage at any instant of time, provided
that the wave very closely approximates a
sine curve.

Current and voltage are synonymous in
the foregoing discussion, since they both
follow the same laws. The instantaneous
current can he found from the same formula.
except that the maximum current would be
used as the reference, viz.:

i = lmax sin 2adft,
wlere 7 = instantancous current,
I = maximum or peak current.

o Effective Value of
Alternating Voltage
or Current

The fact that an alternating voltage or
current in an a.c. circuit is rapidly changing
in direction and that since it requires a
definite amount of time for the indicator
needle on a d.c. measuring instrument to
show a deflection, such instruments cannot
be used to measure alternating current or
voltage. Even if the ncedle had such negli-
gible damping that it could be made to fol-
low the a.c. changes, it would merely vi-
brate back and forth near the zero point on
the meter scale.

Alternating and direct current can be ex-
pressed in similar terms from the standpoint
of heating effect. In other words, an alter-
nating current will have the same value as
a direct current in that it produces the
same heating effect. Thus, an alternating
current or voltage will have an equivalent
value of one ampere when it produces the
same hcating effect in a resistance as does
one ampere of direct current. This is known
as the effective value; it is neither the max-
imum nor the instantaneous value, but an
entirely different value.

This effective value is derived by taking
the instantaneous values of current over a
cycle of alternating current, then squaring
these values, then taking an average of this
value, and then taking the square-root of
the average thus ohtained. By this pro-

cedure, the effective value becomes known
as the roof mean square or r.m.s. This is
the value that is rcad on alternating cur-
rent voltmeters and ammeters. The r.m.s.
value is approximately 70 per cent of the
peak or maximum instantaneous value and
is expressed as follows:

F,e” = 0.707 X EmuY or

Ieff = 0.707 >< ImlxY
where Ewar and Iaax are peak values of
voltage and current, respectively, and Eerr
and Ierr are effective or r.m.s values.

The following relations are extremely
useful in radio and power work:

18 = O 3% B
Eumar = 1.414 X Ernis.

In order to find the peak value when the
cffective or r.ms. value is known, simply
multiply the r.m.s. value Ly 1.413, When
the peak value is known, multiply it by
0.707 to find the r.m.s. value.

® Rectified Alternating
Current or Pulsating
Direct Current

When an a.c. current is passed through
a full-wave rectifier, it cinerges in the form
of a current of zarying amplitude which
flows in one direction only. Such a current
is known as rectified a.c. or pulsating d.c.
A typical wave form of a current of this
miture is shown in figure 18,

| TI1 M E

moCcCH~-r I >

OUTPUT FROM FULL-WAVE RECTIFIER

Figure 18

A d.c. measuring instrument will not read
the peak or instantaneous maximum value
of the pulsating d.c. output from the rec-
tifier; it will read only the average value.
This can be explained by assuming that it
could be possible to cut off some of the
peaks of the waves, using the cut-off por-
tions to fill in the spaces that are open,
thereby obtaining an awverage d.c. value. A
milliammeter and voltineter connected to
the adjoining circuit, or across the output
of the rectifier. will read this average value.

World Radio Histo
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It is related to peak value by the following
expression :

Eave = 0.636 X Emasx.
It is thus seen that the average value is
approximately 63 per cent of the peak value.

e Phase

When an alternating current  tlows
through a purely resistive circuit, it will
be found that the current will go through
maximum and minimum in perfect step with
the voltage. In this case the current is said
to be in step or in phase with the voltage.
For this reason, Ohm'’s law will apply equally
well for a.c. or for d.c. where pure resist-
ances are concerned. provided that the of-
fective values of a.c. are used in the calcn-
lations.

When a circuit has capacity or inductance,
or both, in addition to resistance, the cur-
rent does not reach a maximum at the same
instant as the voltage: Ohm's law will,
therefore, not apply. It has been stated that
inductance tends to resist any change in cur-
rent: when an inductance is present in a
circuit through which an alternating cur-
rent is flowing, it will be found that the
current will reach its maximum behind the
voltage. In electrical terms. the current will
Jag the voltage or. conversely. the voltage
will lead the current. Tf the circuit is
purely inductive, ie. if it contains neither
resistance nor capacitance. the current does
not start until the voltage has first reached
a maximum: the current therefore Jags the
voltage by 90 degrees as in figure 19. The
angle will be less than 90 degrees if resist-
ance is present in the circuit.

\When pure capacity alone is present in an
a.c. circuit (no inductance or resistance of
any kind), the opposite effect to inductance
will be encountered; the current will reach
a maximum at the instant the voltage is
starting and, hence. will lead the voltage hy
40 degrees. The presence of resistance in
the circuit will tend to decrease this angle.

e Power Factor

It should now he apparent to the reader
that in such circuits that have reactance as
well as resistance. it will not bhe possible
to calculate the power as in a d.c. circuit,
or as i an ac. circuit in which current
and voltage are in phase. The reactive com-
ponents cause the voltage and current to
reach their maximum at different times. as
was explained under “phase.”

The potcer fater in a resistive-reactive
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CURRENT LAGGING VOLTAGE &Y 90°

(CIRCUIT CONTAINING PURE INOUCTANCE ONLY)

L

- TIME
i-'o'-l
CURRENT LEADING VOLTAGE BY 90°
(CIRCUIT  CONTAINING PURE CAPACITY ONLY)
Figure 19

a.c. circuit may be expressed as the actual
watts (as measured by a wattmeter). di-
vicled by the product of voltage and current
or:
W
E X!
where \W = watts as measured.
I = voltage (r.m.s.).

I = current in amperes (r.m.s.).
Stated in another manner:
WV
- - Cost
LEXI

The character 6 is the angle of phase
difference between current and voltage. The
product of volts times amperes gives the
apparent power of the circuit, and this must
be multiplied by cosé to give the actual
power. This factor cos# is called the pozcer
factor of the circuit.

When the current and voltage
phase, this factor is equal to 1. Resonant
or purely resistive circuits are then said
to have unity power factor, in which case

are i

W=EXI. W=IR W=
R
¢ Resonant Circuits
Before proceeding with this text. the

reader is advised to review the subject mat-
ter on inductance, capacity, and alternating
current in order that he may gain a com-
plete understanding of the action of resonant
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Once the basic conception of the

circuits.
foregoing has been mastered, the more com-
plex circuits in which they appear in com-
hination will present no great problem.

The accompanying diagram shows an in-
ductance, a capacitance, and a resistance ar-
vanged in series, with a variable frequency
source I: of a.c. apphed across the com-
hination,

_|

Figure 20

Resistance is always present in a circuit,
because it is possessed in some degree by
both the inductance and capacitance. If the
frequency of the alternator E in figure 20
is varied fromn nearly zero to some high
frequency, there will bhe one particular fre-
quency at which the inductive reactance
and capacitive reactance will be equal. This
is known as the resonant frequency, and
in a series circuit it is the frequency at
which the circuit current will be a maximum.
Snch series resonant circults are chiefly
used when it is desirable to allow a cer-
tain frequency to pass through the circuit
(low impedance to this frequency), while
at the same time the circuit s made to
offer considerable opposition to currents of
other frequencies.

If the values of inductance and capacity
both are fixed, there will be only one res-
onant frequency. If, however, both the in-
ductance and capacitance are made variable,
the circuit may then be changed or “tuned.”
so that an unlimited number of combina-
tions of inductance and capacitance can res-
onate at the same frequency. This can he
more casily understood when one considers
that inductive reactance and capacitive re-
actance travel in opposite directions as the
frequency is changed. For example, if the
frequency were to remain constant, and the
values of inductance and capacitance are
then changed. the following combinations
would have the same reactance:

Frequency is constant at 60 cycles.

1. is cxpressed in henrys

C is expressed in microfarads (.000001
farad).

/. N C X¢
100 26.3 100
1,000 2.65 1,000
26.5 10,000 263 10,000
265.00 100,000 0265 100,000
2.650.00 1,000,000 0026 1,000,000

In the above table there are five rad-
ically different ratios of L. to C (inductance
to capacitance) each of which satisfies the
resonant condition, X1, = Xc. When the fre-
quency is constant, L must increase and C
must decrease in order to give equal re-
actance. Figure 21 shows how the two
reactances change with frequency: this il-
lustration will greatly aid in clarifying this
discussion.

RESISTANCE — REACTANCE — IMPEDANCE
o

SERIES CIRCUIT REACTANCE VARIATION WITH
CHANGE OF APPLIED FREQUENCY
Figure 21

I'or mechanical reasons it is advisable to
change the capacitance rather than the in-
ductance when a circuit is “tuned,” vet the
inductance can be made variable, if desired.

o Formula for Frequency

From the formula for frequency. where

1
2afl. = -, the resonant frequency can
2 C
readily be solved. In order to isolate f on
one side of the equation, merely multiply
both sides bv 2xf. thus giving:

1
177l = —.

Dividing by the guantity 4x°l.. the result
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Then by taking the square-root of both

sides:f = ———,
2aVLC
where f = frequency in cycles,
L = inductance in henrys,
C = capacity in farads.

It is more convenient to express L and C
in smaller units, especially in making radio-
frequency calculations; f can also be ex-
pressed in megacycles or kilocycles. A very
useful group of such formulas is:

. 25,330 235,330
1" =

25,330
or L= or C—= .
LC °C L

where f = frequency in megacycles,
L = inductance in microhenries,
C =capacity in micro-microfarads.
In order to clarify the original formula,
1

= ——, take two values of inductance

2aVLC
and capacitance from the previously given
chart and substitute these in the formula.
It was stated that the frequency is 60 cycles;
therefore, f = 60. Substituting these values
to check this frequency :

1 1

; 3,600 =

2aVLC

60 =

17°L.C
1

3600 X 47 X 000026
L =0.265

The significant point here is that the
formula calls for C in farads, whereas the
capacity was actually in microfarads. Re-
calling that one microfarad equals .000001
farad, it is, therefore, possible to express
26 microfarads as .000026 farads. This
consideration is often overlooked when com-
puting for frequency and capacitive react-
ance, because capacitance is expressed in a
totally-impractical unit, viz.: the farad.

L=

® Impedance of Serles
Resonant Circuits

The impedance across the terminals of a
series resonant circuit is
Z=Vr*4 (X.—Xoc)?,
where Z = impedance in ohms,
r =resistance in ohms,
X¢ = capacitive reactance in ohms,
X = inductive reactance in ohms.
From this equation it can be seen that the
impedance is equal to the vector sum of
the circuit resistance and the difference be-
tween the two reactances. Since at the res-
onant frequency X1 equals X, the difference
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hetween them is obviously zero, so that at
resonance the impedance is simply equal to
the resistance of the circuit . and, be-
cause the resistance of most normal radio-
frequency circuits is of a very low order,
the impedance is also low.

At frequencies higher and lower than the
resonant frequency, the difference between
the reactances will be a definite quantity and
will add with the resistance to make the
impedance higher and higher as the circuit
is tuned off the resonant frequency.

® Current and Voltage in a
Series Resonant Circuit

Formulas for calculating series resonance
are similar to those of Ohm’s law.
= =17
The complete equations :
E
= — -

Vit 4 (X — X¢)®
E=1Vr 4 (X1 — No)*
A careful consideration of the above formu-
las will show the following to apply to se-
ries resonant circuits: When the impedance
is low, the current will be high; conversely,
when the impedance is high, the current
will be low.

Since it is known that the impedance will
be very low at the resonant frequency, it
follows that the current will be a maximum
at this point. If a graph is plotted of the
current against the frequency either side of
resonance, the resultant curve becomes what
is known as a resonance curve. Such a curve
is shown in figure 22.

Several factors will have an effect on the
shape of this resonance curve, of which re-
sistance and L-to-C ratio are the important
considerations. The curves B and C in fig-
ure 22 show the effect of adding increasing
values of resistance to the circuit. It will
be seen that the peaks become less and less
prominent as the resistance is increased:
thus, it can be said that the sclectivity of
the circuit is thereby decrecased. Selectivity
in this case can be defined as the ability
of a circuit to discriminate against fre-
quencies adjacent to the resonant frequency.

Again referring to figure 22, it can be
seen from curve A that a signal, for in-
stance, will drop from 19 to 5, or more than
10 decibels, at 50 kc. off resonance. Curve
B. which represents considerable resistance



Resonance

3

f
. |
|

VIZSRNN

| ~

2200

2000 2400 2300

Figure 22

in the circuit, shows a signal drop of from
4 to 3, or approximately 2.5 decibels, when
the signal is also 50 kilocycles removed from
the resonant point. From this it bhecomes
evident that the steeper the resonant curve,
the greater will be the change in current
for a signal removed from resonance by a
given amount. The effect of adding more
resistance to the circuit is to flatten-off the
peaks, without materially affecting the sides
of the curve. Thus, signals far removed
from the resonance frequency give almost
the same value of current, regardless of
the amount of resistance present.

® Voltage Across Coll
and Condenser In
Series Circuit

For the reason that the a.c. or r.f. volt-
age across a coil and condenser is propor-
tional to the reactance (for a given cur-
rent), the actual voltages across the coil
and across the condenser may be many
times greater than the ferminal voltage of
the circuit. Furthermore, since the individ-
ual reactances can be very high, the voltage
across the condenser, for example, may be
high enough to cause flash-over, even though
the applied voltage is of a value consider-
ably below that at which the condenser is
rated.

® Circuit Q>

An extremely important property of an
inductance is its factor-of-merit, more gen-

erally called its (0. This factor can be ex-
pressed as the ratio of the reactance to the
resistance, as follows:

2fl.
V===

R
where R = total d.c. and r.f. resistances.

The actual resistance in a wire or in-
ductance can be far greater than the d.c.
value when the coil is used in a radio-fre-
quency circuit; this is because the current
does not travel through the entire cross-
section of the conductor, but has a tendency
to travel closer and closer to the surface
of the wire as the frequency is increased.
This is known as the skin cffect. The ac-
tual current-carrying portion of the wire is
decreased, therefore, and the resistance is
increased. This effect becomes even more
pronouncd in -square or rectangular con-
ductors, because the principal path of cur-
rent flow tends to work outwardly toward
the four edges of the wire.

An examination of the equation for Q
may give rise to the thought that even
though the resistance becomes greater with
frequency, the inductive reactance does
likewise, and that the Q might be a con-
stant. In actual practice, however, the re-
sistance usually increases more rapidly with
frequency than does the reactance, with
the result that Q normally decreases with
frequency.

o Parallel Resonance

Parallel resonance is more irequently en-
countered than series resonance, in radio
circuits: in fact, it is the basic foundation
of receiver and transmitter circuit opera-
tion. A\ circuit is shown in figure 23,

A [\M
\\Y,
: T
O—
) ' m
Figure 23

In this circuit, as contrasted with a cir-
cuit for series resonance, /. (inductance)
and C (capacitance) are connected in par-
allel, yet the combination can be considered
to be in serics with the remainder of the
circuit. This combination of L and C, in
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conjunction with R, the resistance which is
principally included in L, is sometimes called
a “tank circuit,” because it effectively func-
tions as a storage “tank” when incorporated
in vacuum tube circuits. o

Contrasted with series resonance, there
are two kinds oi current which must be
considered in a parallel resonant circuit:
(1) the line current, as read on the indicat-
ing meters M, and, (2) the circulating cur-
rent which flows within the parallel L-C-R
portion of the circuit. See figure 23.

At the resonant frequency, the line cur-
rent (as read on the meters M) will drop
to a very low value, although the circulat-
ing current in the L-C circuit may be quite
large. Tt is this line current that is read
by the milliammeter in the plate circuit of
an amplifier or oscillator stage of a radio
transmitter, and it is because of this that
the meter shows a sudden “dip” as the cir-
cuit is tuned through its resonant frequency.
The current is, therefore, a minimum when
a parallel resonant circuit is tuned to res-
onance, although the impedance is a max-
tmuom at this same point. Therefore, it is
interesting to note that the parallel resonant
circuit, in this respect, acts in a distinctly
opposite manner to that of a series resonant
circuit, in which the current is at a max-
imum when the impedance is minimum, It
is for this reason that in a parallel resonant
circuit the principal consideration is one of
impedance, rather than current. It is also
significant that the impedance curve for
parallel circuits is very necarly identical to
that of the current curve for series reso-
onance. The impedance at resonance is ex-
pressed as:

(2xil)?
R
where 7 = impedance in ohms,
I. = inductance in henrys,
f = frequency in cycles,

R = resistance in ohms.

The curves illustrated in figure 22 can he
applied to parallel resonance, in addition to
the purpose for which they are illustrated.

Reference to the impedance curve will
show that the effect of adding resistance to
the circuit will result in both a hroadening-
out and a lowering of the peak of the curve.
Since the voltage of the circuit is directly
proportional to the impedance, and since it
is this voltage that is applied to the grid
of the vacuum tube in a detector or ampli-
fier circuit, the impedance curve must have
a sharp peak in order for the circuit to he

selective.  1f the curve is broad-topped in
shape, both the desired signal and the inter-
fering signals at close proximity to res-
onance will give nearly equal voltages on
the grid of the tube, and the circuit will
then be non-selective, ic., it will tune
broadly.

e Effect of L/C Ratio
In Parallel Circuits

In order that the highest possible voltage
can he developed across a parallel resonant
circuit, the impedance of this circuit must
be very high. The impedance will be greater
when the ratio of inductance-to-capacitance
is great, ie. when I is large as compared
with . When the resistance of the circuit
is very low, Xi will equal X¢ at resonance
and, of course, there are innumerable ratios
of . and C that will have equal reactance
at a given resonant frequency, exactly as
is the case in a series resonant circuit. Con-
trasted with the necessity for a high L/C
ratio for high impedance. the capacity for
maximum selectivity must he high, and the
inductance loze. While such a ratio will re-
sult in lower gain. it will offer greater
rejectivity to signals adjacent to the reson-
ant signal.

In practice. where a certain value of in-
ductance is tuned by a variable capacitance
over a fairly wide range in frequency. the
1./C ratio will be small at the lowest fre-
quency and large at the high frequency end.
The circuit, therefore, will have unequal
selectivity at the two ends of the band of
frequencies which is being tuned. At the
low frequency end of the tuning band, where
the capacitance predominates, the selectivity
will be greater and the gain less than at
the high frequency end, where the opposite
condition holds true. Increasing the Q of
the circuit (lowering the series resistance)
will obviously increase both the sclectivity
and gain.

e Circulating Tank
Current at Resonance

The Q of a circuit has a definite bearing
on the circulating tank current at resonance.
This tank current is very nearly the value
of the line current multiplied by the circuit
Q. Tor example: an rf. line current of
0.050 amperes, with a circuit Q of 100, will
give a circulating tank current of approxi-
mately 5 amperes. From this it can be seen
that the inductance and connecting wires in
a circuit with a high Q must be of ample
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proportions, particularly in the case of high
power transmitters, if heat losses are to be
held to a minimum.

® E(iect of Coupling
on Impedance

When a parallel  resonant  circuit s
coupled to another circuit, such as an an-
tenna output circuit, the impedance of the
parallel circuit is decreased as the coupling
becomes closer. The effect of closer
(tighter) coupling is the same as though
an actual resistance were added to the pa-
rallel circuit. The resistance thus coupled
into the tank circuit can bhe considered as
heing reflected from the output or load cir-
cuit to the driver circuit. I the load across
the parallel resonant tank circuit is purely
resistive, just as it might be if a resistor
were shunted across part of the tank induct-
ance, the load will not disturh the resonant
setting. 1, on the other hand, the load is
reactive, as it could be with a too-long or
too-short antenna for the resonant f{re-
quency, the setting of the tank tuning con-
denser would have to he changed in order
to restore resonance.

e Tank Circuit
Fiywheel Effect

When the plate circuit of a class-B or
class-C  operated tube is connected to a
parallel resonant circuit, the plate current
serves to maintain this /L /C circuit in a
state of oscillation. 1f an initial impulse
is applied across the terminals of a parallel
resonant circuit, the condenser will become
charged when one set of plates assumes a
positive polarity, the other set a negative
polarity. The condenser will then discharge
through the inductance: the current thus
flowing will cut across the turns of the
inductance and cause a counter-e.m.f. to be
set up, charging the condenser in the oppo-
site direction.

In this manner an alternating current is
set up within the 7./C circuit and the oscil-
lation would continue indefinitely with the
condenser charging, discharging, and charg-
ing again if it were not for the fact that
the circuit possesses some resistance. The
effect of this resistance is to dissipate some
energy each time the current flows from in-
ductance to condenser and back, so that the
amplitude of the oscillation grows weaker

and weaker, eventunally dying out com-
pletely.
The frequency of the initial oscillation

is dependent upon the L/C constants of the
circuit. If energy is applied in short spurts
or pushes at just the right moments, the
[./C circuit can be maintained in a con-
stant oscillatory state. The plate current
pulses from class-B and class-C amplifiers
supply just the desired kind of *kicks.”

Whereas the class-B plate current pulses
supply a kick for a longer period, the short
pulses from the class-C amplifier give a
pulse of very high amplitude, thus being
even more effective in maintaining oscilla-
tion. So it is that the positive half cycle
in the tank circuit will be reinforced by a
plate current kick, hut since the plate cur-
vent of the tube only flows during a half cycle
or less, the missing half cvcle in the tank
circuit must be supplied by the discharge
of the condenser. Since the amplitude of
this half cycle will depend upon the charge
i the plates of the condenser, and since this
m turn will depend upon the capacitance,
the value of capacitance in use is very im-
portant. Particularly is this true if a dis-
torted wave shape is to he avoided, as
would be the case when a transmitter is
being wmodulated. The foregoing applies
particularly to single-ended amplifiers. Tf
push-pull were employved, the negative half
cvcle would secure an additional “kick.”
therchy greatly lessening the necessity for
the use of higher C in the L/C circuit.

o Impedance Matching:
Impedance, Voltage,
and Turns-Ratio

It is a fundamental law of electricity that
the maximum transfer of energyv results
when the impedance of the load is equal to
the impedance of the driver. Although this
law holds true, it is not necessarily a desir-
able one for every condition or purpose. In
many cases where a vacuum tube works into
a parallel resonant circuit load, it is desir-
able to have the load impedance considerably
higher than the tube-plate impedance, so
that maximum power will be dissipated by
the load, rather than in the tube. On the
other hand, one of the notable conditions
for which the law holds true is in the
matching of transmission lines to an an-
tenna impedance.

A vacuum tube circuit often requires that
the plate impedance of a driver circuit be
“matched” to the grid impedance of the
tube being driven. \When the driven tube
operates in such a condition that it draws
grid current, such as in all transmitter r.f.

World Radio Histo
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amplifier circuits, the grid impedance may In practice, however, it i‘s usually necessary
well be lower than the plate tank impedance to changc‘thc value of m(!uctan‘ce in order
of the driver stage. In this case it becomes to ma.intam‘ resonance while still correctly
necessary to tap down on the driver tank matching it to .the antenna or feeder.

coil in order to sclect the proper number of This method is discussed at greater length

turns that will give the desired impedance. elsewhere if_l these pages. .

If the desired working load impedance of As the impedance step-down ratio be-

the driver stage is 10,000 ohms, for example, comes larger, the voltage step-down bec9111es

and if the tank coil has 20 turns, the grid correspondingly great. Such a condition

impedance of the driven stage being 5,000 takes place when a resonant circuit is tapped

ohms, it is evident that there will be re- down for reasons of impedance m.atch‘mg;

quired a step-down impedance ratio of the voltage will be stepped-down in direct

10,000 proportion to the turn step-down ratio, The
, or 2-to-1. This impedance value reverse holds true for step-up ratios. As the
5,000 step-up ratio is increased, the voltage is in-

is not secured when the driver inductance creased. This principle applies in the case
is tapped at the center. It is of importance of an anto transformer  illustrated in

to stress the fact that the impedance is de- Figure 24.
creased four times when the number of turns SR oS

on ‘the tank coil is halved. The following

STEP-UP

equations will prove this fact:
Nx // Zn Nxﬂ Zn INPUT  VOLTAGE STEP-DOWN OUTPUT VOLTAGE

—= 1/ —o0r - = -,

N'.- Z; N'.-"’ 7:

N, Figure 24

where — = turns ratio,

N The type of transformer in figure 24 when

Z, wound with heavy wire and over an iron

— = impedance ratio core is a common device in primary power

2 circuits for the purpose of increasing or

In the foregoing example, a step-down decreasing the line voltage. In effect, it is
impedance ratio of 2-to-1 would require a merely a continuous winding with taps taken
turns step-down ratio of the square-root of at various points along the winding, the
the impedance or 1.41. Therefore, if the in-
ductance has 20 turns, a tap would be taken 1

on the 6th turn down from the “hot” end

or 14 turns up from the “cold” end. This is }
arrived at by taking the resultant for the @ + ster pown or 2
turns-ratio, ic, 1.41, and then dividing it -
into the total number of turns, as follows:
20

lr

.|||-—|

= 14 (approx.)
1.41
Either an impedance step-up or step-down
ratio can be secured from a parallel resonant
circuit. One popular type of antenna im- (®) ster ur o 2
pedance matching device utilizes this prin-
ciple. Here, however, two condensers are s -:T-
effectively in series across the inductance: -
one has a quite-high capacitance (500
upfd., the other is a conventional-size con-
denser, used principally to restore resonance. 1
The theory of the device is simply that the g " 3
impedance is proportional to the reactances
of the condensers, and, by changing the @ — vt0 ¢ matio of 2
ratio of the two, the antenna is effectively =
comiected into the tank circuit at impedance
points which reach higher or lower values
as the ratio of the condensers is changed. Figure 25

Ir‘

.|]|--|
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input vdltage being applied to the bottom
and also to one tap on the winding. If the
output is taken from this same tap, the
voltage ratio will be 1-to-1, ie., the input
voltage will be the same as the output
voltage. On the other hand, if the output
tap is moved down toward the common
terminal, there will be a step-down in the
turns-ratio with a consequent step-down in
voltage. The opposite holds true if the
output terminal is moved upward from the
middle input terminal; there will be a volt-
age step-up in this case. The initial setting
of the middle input tap is chosen so that
the number of turns will have sufficient
reactance to keep the no-load primary cur-
rent at a reasonably low value.

In the same manner as voltage is stepped-
up and down by changing the number of
turns in a winding, so can impedance be
stepped up or down. Figure 25(A) shows
an application of this principle as applied to
a vacuum tube circuit which couples one
circuit to another.

Assuming that the grid impedance may
be of a lower value than the plate tank
impedance of the preceding stage, a step-
down ratio will be necessary in order to
give maximum transfer of energy. In (B)
of figure 25, the grid impedance is very
high as compared with the tank impedance
of the driver stage, and thus there is re-
quired a step-up ratio to the grid. The
driver plate is tapped-down on its plate tank
coil in order to make this impedance step-up
possible. A driver tube with very low plate
impedance must be used if a good order of
plate efficiency is to be realized.

In (C) of figure 25, the grid impedance
very closely approximates the plate impe-
dance and no transformation is required,
therefore. The grid and plate impedances
are not generally known in many practical
cases and the adjustments, hence, are made
on the basis of maximum grid drive con-
sistent with maximum safe input to the
driver stage.

o Inductive Coupling

Inductive coupling is often used when two
circuits are to be coupled. This method of
coupling is shown in figures 26A and 26B.

The two inductances are placed in such
inductive relation to each other that the
lines of force from the primary coil cut
across the turns of the secondary coil, there-
by inducing a voltage in the secondary. As
in the case of capacitive coupling, impedance

transformation here again becomes of im-

portance. If two parallel tuned circuits are

coupled very closely together, the circuits
M

5 O u%{z@

.|||—|

Figure 26

can in reality be “over-coupled.” This is
illustrated by the curve in figure 27.

The dotted-line curve A4 is the original
curve or that of the primary coil alone.
Curve B shows what takes place when two
circuits are over-coupled; the resonance
curve will have a definite “dip” on the peak,
or a “double hump.” This principle of over-
coupling is advantageously utilized in band-
pass circuits where, as shown in C, the

moc-4-reg>»

FREQUENCY

Figure 27

coupling is adjusted to such a value as to
reduce the peak of the curve to a virtual
flat-top, with no dip in the center as in B.
Some undesirable capacitive coupling will
result when circuits are closely or tightly
coupled; if this capacitive coupling becomes
a factor, the tuning of the circuits will be
affected. The amount of capacitive coupling
can be reduced by so arranging the physical
shape of the inductances as to enable only
a minimum surface of one to be presented
to the other. Another method of accom-
plishing the same purpose is by electrical
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means. A Tcurtain” of closely-spaced paral-
lel wires or bars, comnected together only
at one end, and with this end connected to
ground, will allow eclectromagnetic coupling,
but not electrostatic coupling. Such a device
is called a FFaraday screen or shield.

Still another method of decreasing capaci-
tive coupling is by means of a coupling link
circuit between two parallel resonant cir-
cuits.  The capacity of the coupling link,
with its one or two turns, is o small as
to be negligible,

o Link Coupling

Link coupling is widely used in transmit-
ter circuits because it adapts itself so uni-
versally and eliminates the need of a radio-
frequency choke, thereby reducing a source
of loss. Link coupling is very simple: it is
diagrammed in figure 28,
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Figure 28

CouPLING

In .-l of figure 28, there is an impedance
step-down from the primary coil to the link
circuit.  This means that the line which
connects the two links or loops will have
a low impedance and can, therefore. be
carried over a considerable distance with-
out introduction of appreciable loss. A
similar link or loop is at the output end of

the line: this loop is coupled to the grid
tank of the driven stage.

Still another link coupling
shown in B of figure 28. It is similar to
that of A, with the exception that the
primary line is tapped on the coil, rather
than being terminated i a link, or loop.

method s

e Unity Coupling

Another type of commonly-used coupling
is that known as unity coupling. by reason
of the fact that the turns-ratio between
primary and secondary is one-to-one. This
method of coupling is illustrated in C of
figure 28. Only one of the windings is tuned,
although the interwinding of the two coils
gives an effect in the untuned winding as
though it were actunally tuned with a con-
denser. Unity coupling is used in some tvpes
of ultra-high frequency circuits, although the
mechanical considerations are somewhat
difficult.  The secondary, when it serves as
the grid coil, 1s placed inside of a copper
tubing coil ; the latter serves as the primary
or plate coil.

® Transformer Action:
Reflected Impedance

When two inductances are coupled to each
other, the result is a transformer in basic
form. The two inductances can be wound
on separate air-core forms, or, as in an
audio of power transformer, on iron or
magnetic cores,  Power transiormers are
treated in a separate chapter of this /land-
book; radio-frequency transformers have
already been treated, and thus this treatise
will be confined to audio frequency trans-
formers :

For all audio frequency circuit applica-
tions, it is only necessary to refer to the
tube tables in this book in order to find the
recommended load impedance for a given
tube and a given set of operating conditions.
For example, the table shows that a type
42 pentode tube requires a load impedance
of 7.000 ohms. Audio transformers are
always rated for both their primary and sec-
ondary impedance, which means that the
primary impedance will be of the rated value
only when the secondary is terminated in its
rated impedance.

If a 7.000-ohm plate load is to work into
a 7T-ohm loudspeaker voice coil, the impe-
dance ratic of the transformer would be
7.000

= 1.000-to-1. lence, the turns-ratio

World Radio Histo
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Figure 29- The reflected impedance Zr varies
directly in proportion to ZL and the square of the
turns ratio

will be the square-root of 1,000 or 31.6.
This does not mean that the primary will
have only 31.6 turns of wire and only one
turn on the secondary. The primary must
have a certain inductance in order to offer a
high impedance to the lower audio {re-
quencies. Consequently, it must have a large
number of turns of wire in the primary
winding. The ratio of total primary turns.
to total secondary turns must remain con-
stant, regardless of the number of turns in

the primary, if the correct primary impe-
dance is to be maintained.

The foregoing can be summarized by
stating that a certain transformer will have
a certain impedance-ratio (determined by
the square of the turns ratio) which will
remain constant. If the transformer is ter-
minated with an impedance or resistance
lower than the original rated value, the re-
flected impedance on the primary will also
be lower than the rated value. If the trans-
former is terminated in an impedance higher
than rated, the reflected primary impedance
will be higher.

For push-pull amplifiers the recommended
primary impedance is stated as some certain
value, plate-to-plate; this refers to the impe-
dance of the total winding without consider-
ation of the center-tap. The reflected impe-
dance across the total primary will follow
the same rules as previously given for
single-ended stages. The voltage relation-
ship in primary and secondary is the same
as the turns-ratio. For a step-down turns-
ratio of 10-to-1, the corresponding woltage
step-down would be 10-to-1, though the im-
pedanee ratio would be 100-to-1.
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Chapter 2

Vacvum TuBE

THNEORY

AND PRACTICE

\/7.-\C'L'l}\l TUBLES are widely used for
the gencration, detection and amplifica-
tion of audio and radio-frequency currents;
clectron tubes also serve as power rectifiers
to convert alternating current into direct
current, and in special cases for controlling
and inverting clectric power.

The performance of a thermionic tube de-
pends upon the emission of clectrons from a
metallic surface and the flow of these clec-
trons to other suriaces; the transition con-
stitutes an clectric enrrent.

An electron tube consists essentially of
an cvacuated glass or metal envelope in
which is enclosed an clectron emitting sur-
face, called a cathode. and one or more addi-
tional clectrodes. The connections for the
various clements are carried through the
tube envelope to special connectors,

o Electron Emission;
Cathodes

The rate of electronic motion in every
atom increases if the molecular constituents
of any material are subjected to thermal
agitation. llence, by heating certain metallic
conductors the motion of electrons becomes
so rapid that some of them break away from
their par