






































24 UNCLASSIFIED

Thermal agitation also produces mobile clec-
trons. Many non-conducting substances become
conductors when their temperature is increased.
Glass is a good insulator at normal temperatures,
vet is a fairly good conductor in the molten state.
This indicates that thermal agitation of molecules
and atoms may liberate outer planetary electrons
by molecular and atomic collision. Since thermal
agitation increases as the temperature is increased,
it would be expected that the number of free elec-
trons increases with the rise in temperature. This
is true only under certain conditions. In a non-
conductor, the number of mobile electrons per unit
volume is very small. As the temperature of a non-
conductor increases, thermal collision liberates
more electrons, and conduction increases. How-
ever, in substances in which the number of free
electrons at normal temperatures approaches one
per atom, an increase in temperature will not cre-
ate an apprccial)le increase in the number of mo-
bile electrons because removing more than one elec-
tron from an atom is extremely difficult. In
conductors it will be found that increased tempera-
ture does not produce sufficient additional mobile
clectrons to offset the increased difficulty of elec-
tron movement through the highly agitated mole-
cules.

Another factor tending to result in mobile elec-
trons is based upon the complex nature of electron
orbits. In elements of medium and high atomic
number, the total number of protons and electrons
in a normal atom is quite large. The reaction be-
tween the positive and negative fields ol the par-
ticles produces some electron orbits having a high
degree of eccentricity. By referring to Part 6, figure
7, in the December issue of Erectrown it will be
seen that the copper atom has one electron orbit
which carries the electron to a comparatively great
distance from the nucleus. The electron in this
orbit is easily removed from the atom by an ex-
ternal force. Indeed, there is only one element
that is better than copper as a conductor of elec-
tricity: silver. From an cconomic viewpoint, how-
ever, copper is the best conductor, and enormous
quantities of this element are used in the manufac-
ture of electric conductors and (rquipmcnt.

Conductors and Non-Conductors. Regardless ol
the actual mechanism by which free electrons are
operated in a substance, it may be said that all
substances will conduct electricity to some degree.
The difference between conductors and non-con-
ductors is a relative one. A conductor has a rela-
tively large number of mobile electrons per unit

volume; a non-conductor, a relatively small num-
ber. The only perfect non-conductor is space de-
void of all matter. Since the best man-made
racuum still contains millions of atoms per cubic
centimeter of space, the perfect non-conductor does
not exist. Similar reasoning indicates a perfect con-
ductor cannot exist. A perfect conductor would be
one in which an electric current would generate
no heat.

In the maintenance of electrical equipment, re-
tention of the conducting and non-conducting prop-
erties of materials is a major problem. Smoke de-
posits, dust, moisture, and chemcial reactions may
destroy or seriously affect the insulating properties
ol a non-conductor. Similarly, poor contact, mois-
ture, chemical reaction, etc., may decrease the con-
ducting properties of a conductor.

Mechanism of Electron Movement in Conduclors.
By virtue of the exceedingly small volume of space
occupied by an electron and the fact that an atom
is mostly empty space, it might scem that free elec-
trons move through conductors as smoothly as
water flowing through a pipe. This is definitely
not the case. Although an atom is mostly empty
space, that space is occupied by comparatively
strong electric fields. The electron, itself a minute
negative particle of clectricity, is thus acted upon
by the forces of the atomic electric fields so that
its motion is impeded. On this basis an electron
cannot readily pass directly through an atom.

Another important fact is that while an electron
may be liberated from an atom, it remains free for
a very small instant only before falling into an
outer orbit of an adjacent atom. Free electrons are
nothing more than clectrons in transit from one
atom to another. In a neutral substance [ree elec
trons are jumping in all directions so the average
motion in any one direction is zero. However, at
some particular instant, it may be possil)le for more
clectrons to be jumping in one direction than in
another, hence a minute current might flow for
an instant in a small portion of the substance. Such
currents are called thermal- or noise-currents and
are similar to the eddjes, whirlpools and back cur-
rents to be encountered in any flowing stream. It
will be found that thermal currents place a limit
upon electronic amplification because of the noise
or electrical disturbance they create.

When a difference of potential is applied across
a substance, the free electrons are all constrained
to move in the same direction. A free electron
moves only a minute distance before it is captured
by an atom only to be instantly replaced by another

electron liberated at a nearby point. The electric
current may produce cffects equivalent to those of
a smooth stream of electrons, but the electron flow
is actually a “hop, skip, and jump” affair made up
of the erratic movements of innumerable electrons.
In any conductor the average velocity ol lorward
motion of free electrons is extremely small, at best
only a small [raction of a centimeter per second.
The speed of clectricity is not the speed of the
clectron flow, however, but rather is the velocity
at which an electric force is transmitted through a
conductor. In figure 2 a number of billiard balls
are lined up so adjacent balls are just touching one
another. If ball A is given an impulse in the direc-
tion of F, ball B seems to move the instant the
force is applied to A. Furthermore, the force is
transmitted almost in full magnitude through the

FIGURE 2.

intervening balls without causing them to move
more than a minute distance. In any circuit of rea-
sonable length, an electric force may be assumed to
be transmitted around the circuit instantancously.
Later, in the study of certain types ol eclectronic
circuits, it will be found that the transmission of
the force is delayed, such delay being an important
item in determining the action of certain circuits.
In the early study ol clectrical principles, however,
it may be assumed that an electric force is trans-
mitted through a closed circuit at infinite velocity—
at the instant the force is applied at point A it ap-
pears at some remote point B.

Units of Llectric Current. Current is a measure
of the quantity ol charge that is passing through a
point in a given time. Hence a unit of current rep-
resents a unit quantity ol charge passing through
a point in a unit of time. When one statcoulomb
of electric charge moves through a point in each
sccond of time the current through that point is
one statampere. The M. K. S. unit is the ampere,
equivalent to a rate ol flow of one coulomb per
sccond. Tt has been explained that one coulomb is
equivalent to an excess or deficiency ol 101 elec-
trons. Il 101° ¢lectrons move through a point in
one sccond one ampere flows through the point.
However, il one electron moves through a point in

W sccond the current is also one ampere because,
190

in both cases, the RATE of flow is 10'® electrons
per second. In other words, a given current may be
produced by either a large number of electrons
moving slowly or by a smaller number moving
more rapidly.

Mathematically:

Quantity of charge moved through

point
Current = —; -

Time 1'equn'cd to move through
point

QO

J

I S )
t

where 1 is the current in amperes and Q, the charge
in coulombs moved through a given point in t sec-
onds. If ten coulombs move through a point in 2

scconds, the average current is 10/2 or 5 amperes.

A meter which measures the average rate of flow
of charge is called an ammeter il it is calibrated in
amperes, a milliammeter if it is calibrated in thou-
sandths of an ampere, and a microammeter it it is
calibrated in millionths ol an ampere.

1 a = 1000 ma = 1,000,000ua
The Greek letter p, pronounced “NMu,” is the stand-
ard symbol for the prefix “micro.”

Direction of Current. In Faraday's time little
was known about the nature ol an electric current.
It was assumed that electricity was a mysterious
fluid capable ol flowing through some substances
and incapable ol flowing through others. Since a
liquid tends to flow from a higher to a lower level,
it was only natural to make the assumption that
the mysterious clectrical liquid must flow from posi-
tive to negative. Several important electrical laws
arc based upon this assumption; in fact, the idea
has become so firmly entrenched that today the
positive-to-negative direction is known as the con-
ventional divection of an electric current. In every-
day clectrical work, the conventional direction may
be utilized at all times without experiencing undue
difficulty.  However, considerable difficulty avises
when the conventional direction is used to explain
electronic phenomena, particularly the theory ol
conduction in electronic tubes.

Since a movement of clectrons constitutes a cur-
rent, it is logical to assume that the direction in
which the electrons move is the direction ol cur-
rent. But consider this: electrons may move with
or be moved against an electric field. 11 the elec-
trons move under the impetus of an electric ficld
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they accomplish work; in this case, electrons always
move from negative to positive. However, before
electrons may accomplish electrical work they must
be given potential cnergy by being forced to move
against an electric field: in this case, where work is
done upon electrons, they arc moved from positive
to negative. Sooner or later the student will en-
counter the statement ‘“electrons always flow [rom
negative to positive.” The experienced engineer ac-
cepts it because he is familiar with the implica-
tions. As mentioned previously, utilization has
wider application than genceration. When electrons
flow from necgative to positive, electrical energy is
being utilized, not gc—rnerated.

The Electric Circuit. In figure 3, G indicates an
electric gencrator, a machine that functions as an
electron pump which, by means of the electric force
which it generates, forces electrons to move [rom
one terminal to another. Let the direction of this
generated clectric force be such that electrons are
removed from terminal A and deposited at terminal
B. The instant one clectron leaves terminal A, the
terminal ceases to be ncutral and becomes plus or
positively charged: at the same time, terminal B
becomes negatively charged the instant an electron
is added to it. Each electron removed from A is
compensated for by an excess electron appearing at
B, so that the positive charge developing at A is
at every instant equal in magnitude to the negative
charge developing at B.

Mechanical energy supplied to the generator is
utilized in moving electrons from A to B. Every
clectron removed from A and deposited at B will
tend to generate counterforces at both A and B
that oppose the movement of additional electrons.
As the magnitude of the charges at A and B in-
creases, the counterforce—resulting from the attrac-
tive force exerted by the charge at A and the force
of repulsion exerted by the charge at B—eventually
becomes so great that the mechanical force supplied
to the generator is incapable of moving any more
electrons. When this condition is attained, the gen-
erator ceases to accomplish any further work in
moving electrons, and a constant difference of po-
tential will then exist across terminals A and B.
Potential enevgy has been stored in the two ler
minal charges in equal amounlts bul of opposite
polarity.

Now let a conductor be connected across ter-
minals A and B as shown in figure 4. The negative
charge at B will exert a force of repulsion while the
positive charge at A exerts a force ol attraction on
all the free electrons in the conductor. In effect

Ficure 3.

clectrons will enter the conductor at B and move
toward A in an attempt to neutralize the two
charges. If the generator continues to pump clec
trons from A to B, the electrons will continue to
flow from B to A through the external conducting
path. A continuous current or drift of clectrons
will be established throughout the entire length of
the closed circuit or conducting path, with elec
trons flowing from positive to negative on the gen-
crator side and from negative to positive in the ex-
ternal conductor side. Work is done on the elec-
trons as they move through the generator, and in
turn the electrons moving through the external con-
ductor accomplish work. An electric field exists in
the circuit. The direction of the field is from A
to B through both the load and gencrator. Elec-
trons move under the impetus of this ficld through
the load but the generator must force them to move
against the field in moving them from A to B.

Electrons moving through the circuit increase the
temperature of the conductor which indicates that
electric energy is being converted to heat energy-
Any conductor carrying an clectric current will be
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Ficure 4.

heated. The theory of this conversion will be dis-
cussed later.

On the basis of this introduction to a simple elec-
tric circuit, several important ideas may be formu-
lated.

The first is that on the basis ol direction of elec-
tron movement, the circuit may be divided into two
parts. On the left side of the vertical dashed line
in figurc 4 work is done on the electrons and they
move from positive to negative. This section is
called the internal circuit of the generator or, more

~ simply, the source. To the right of the dotted line

is the external or load circuit. In the study of clec-
trical principles, maximum interest will center in
load circuits. Remember that the statement “elec-
trons always flow from negative to positive” refers
to the direction of the current in the load.

The sccond idea is that when electrons move al-
ways in the same direction around a closed path,
the current is called a direct current. Note that
clectrons passing from A to B or vice versa move
in opposite directions in the load and source; but
when the internal and external circuits are con-
nected to form a closed conducting path the clec-
trons move around the loop only in one divection.
I the closed loop is opened at some point, the flow
of electrons will be interrupted. The conducting
path is then said to be open-circuited. "The poten-
tial difference across A and B will be translerred to
the points where the circuit is opened.

The third idea is that the closed conducting path
in figure 4 is called a series circuit because there is
only one path around which the clectrons may
move. An ammeter connected at any point in a
series circuit will indicate the same average time
vate of electron flow. The concept, the current is
the same in all parts of a sevies circuit, is very useful,

Electromotive Force. The term “electromotive
force” means the force sustained by the source when
the source is supplying a certain quantity ol clec-

X}

trical encrgy per unit time.

Since the “difference in potential™ between any
two points in a circuit is used to measure electro-
motive force, the two terms are used interchange-
ably in clectrical work. In clectronics, however, it
is important to distinguish one term [rom the other,
and to understand what cach term implies,

First, consider a simple case illustrating difference
of potential. If two bodies having charges of equal
magnitude but opposite polarity are connected by
a conductor, a current will flow [rom negative to

positive until the charges are equalized. The mag-
nitude of the current will be maximum at the in-
stant the electrons begin to flow and will gradually
fall off to zero at the instant the two charges are
equalized. The decay of current with time is shown
in figure 5. Note that the use ol the term “differ-
ence in potential” between two bodies carries no
implication that a continuous current will flow if
these points are electrically connected.

LOAD
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Ficure 5—Decrease of current with time as two
unlike charges are permiited to neutralize.

Now consider a case illustrating electromotive
force. Starting again with two charged bodies, this
time let them be connected to opposite terminals
ol a generator. Under these conditions il a con-
ductor is now placed between the two bodies, a
current will flow from negative to positive as be-
fore, but this time instead of the charges equalizing
and the current decaying to zero, the source or gen-
crator acts to sustain the charge or difference in
potential. It does this by continuously moving
clectrons from positive to negative in the source
while electrons are moving from negative to posi-
tive in the load. In other words, the source exerts
an clectromotive force that acts to sustain the dif-
ference in potential. “Electromotive force”
ured simply by measuring the difference in poten-
tial, but use of the term implies that the difference
ol potential will be sustained il the two charged

is meas-

bodies or points are clectrically connected.

Generators are rated according to their power
output. For example, a rating ol 5 amperces, 220
volts, means that the generator is capable of gen-
erating and sustaining a difference of potential of
220 volts as long as the current passing through the
load does not exceed b amperes. If the current pass-
ing through the load slightly exceeds 5 amperes, the
generator may be incapable of doing work rapidly
enough to sustain the 220 volt difference of poten-
tial in which case the voltage will drop. This will
be indicated by a decrease in the clectromotive
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force across the output terminals of the generator.
If the current in the load becomes far greater than
5 amperes, the difference of potential across the
output terminals may fall to a very low level. A
very heavy current overload is customarily referred
to as a short-circuit.

RESISTANCE

The concepts of electromotive force and differ-
ence of potential lead to an understanding of po-
tential electrical energy. The concept of electric
current explains how potential electric energy be-
comes kinetic electric energy. The picture of elec-
trical energy will be complete when it is understood
how the kinetic energy is transformed to other
forms of energy, or, in other words, how moving
charges accomplish electrical work. This concept
begins with the study of electrical resistance.

In elementary studies of electrical principles it
is customary to consider resistance as a property of
matter. Later, in the study of electrical work and
power, resistance is redefined as a concept rather
than an actual property. In this text, the word “re-
sistance”” will be used to mean a property of matter,
and the expression “equivalent resistance,” to mean
the abstract concept of resistance. In time the
student will learn to select the proper meaning by
the way in which the word “resistance” is used.

According to Newton’s law of action and reac-
tion, a force cannot be exerted against a body un-
less that body exerts a force in opposition. In elec-
tricity, consider resistance as that physical property
of matter which, working in conjunction with a cur-
rent, produces the counter-electric force against
which the applied electric force is exerted.

One definition of resistance is “that property of
matter by virtue of which matter opposes the move-
ment of free electrons.” Since the movement of elec-
trons through a substance always generates heat,
another definition of resistance is ‘‘that property
of matter by virtue of which kinetic electrical en-
ergy is converted to heat energy.” The second defi-
nition is preferred because there are other forms of
electrical counter-forces in addition to resistance.

Nature of Resistance. It is customary to explain
resistance as the opposition offered by atoms and
molecules in a substance to the movement of free
electrons. The heat generated by an electric cur-
rent is assumed to result from the electrons col-
liding with atoms and molecules. It is rather diffi-
cult to visualize how an electron can mechanically
collide with an atom. Two electrons cannot col-

lide because at the instant of the impact the force
of repulsion between like charges approaches in-
finite magnitude. In a normal atom the planetary
electrons rotate about the nucleus at such enormous
velocities that the nucleus is.practically enclosed in
an impregnable negative field of force. To pene-
trate such a field and reach the positive nucleus the
free electron must attain an extremely high velocity.
An explanation of resistance on the basis of me-
chanical collision between electrons and atoms is, of
course, not very logical.

It has been explained that in a normal atom elec- .

trons rotate about the nucleus in stable orbits. If
an electron is accelerated it absorbs energy by jump-
ing to an.outer orbit. An outer orbit electron
must, therefore, be given energy in order to remove
it from the atom; hence, a free electron must have
an energy content greater than one occupying a
stable orbit. When the free clectron is captured by
an adjacent atom, this excess energy causes the
electron to fall into an unstable orbit. In time it
will jump to a stable orbit by radiating a little
packet of high frequency energy in the form of an
clectromagnetic wave. The frequency of this wave
may be such as to place it in the spectrum of radiant
heat. If an adjacent atom receives this form of en-
ergy it may become excited and if it is sufficiently
excited, an outer electron may escape from the
atom. However, it is possible that the atom might
absorb the energy by virtue of an increase in the
motion of the entire atom. An increase in atomic
(or molecular) agitation is perceived by our senses
as an increase in temperature. When the energy of
the free electron is utilized to increase the agita-
tion of an atom or molecule, electrical energy is
converted to heat energy.

Another way of explaining resistance is to con-
sider it as a measure of work that free electrons
must do as they move against the negative fields
surrounding atomic nuclei. The applied force com-
pels the free electrons to move against the repulsion
of these planetary electron fields, and work must be
done to overcome the forces of repulsion. Re-
sistance, then, is a form of electrical [riction be-
tween electric fields of electrons, rather than the
result of mechanical collision of electrons with
atoms and molecules.

The resistance offered by matter to the movement
of electrons depends upon the nature of the mat-
ter. It is customary to explain this on the basis of
the number of free electrons per unit volume. A
good conductor has a large number of free electrons
per unit volume—hence, a relatively low resistance.

The radiant energy theory, however, also offers an
excellent explanation quite different from that
based on the number of free electrons. The energy
emitted by an excited atom when an outer elec-
tron jumps to an inner, more stable orbit varies
directly as the frequency of the radiated electro-
magnetic wave. In some substances the radiated
frequency is higher than others, depending, of
course, upon the exact nature of the inward jump
made by the electron. In substances in which an
excited atom radiates a comparatively large packet
of energy in returning from an excited to a normal
state more heat per unit current is generated than
in a substance in which a smaller packet per atom
is radiated. The greater the quantity of heat pro-
duced by an individual excited atom, the greater
will be the resistance of that substance.

Regardless of these theories of resistance, there
is irrefutable experimental evidence that a move-
ment of electrons through any substance will gen-
erate heat, the quantity of heat generated by unit
current in unit time being a function of the nature
of the material. The definition that resistance is
that property by virtue of which kinetic electrical
energy is converted to heat energy may be substan-
tiated in so many ways that it must be accepted. In
the so-called purely-resistive circuit, all the electri-
cal energy is converted to heat. Later it will become
evident that any electrical circuit has an equivalent
purely-resistive counterpart, insofar as generation of
heat is concerned. This is an important concept be-
cause electrical devices such as motors, incandescent
lamps, etc, can be analyzed mathematically as
resistances.

Unit of Resistance. The practical unit of re-
sistance is the ohm. It may be defined in a variety
of ways, because it is intimately related to such con-
cepts as charge, potential, current, electrical work
and power. At this point particular interest lies
in finding its relation to potential and current. The
following definition points the way to that relation-
ship: Unit resistance is that resistance in which unit
difference of potential will establish unit current.
In the M. K. S. system one ohm is that vesistance in
which a difference of potential (or electromotive
force) of one volt will establish an average current
of one ampere.

An ohm is a unit of intermediate magnitude.
The student will encounter in everyday electrical
work electrical resistances ranging from several mil-
lion ohms to a few millionths of an ohm. A good
insulator or non-conductor may have a resistance
of many millions of ohms. A good conductor may

have a resistance much less than one ohm. There-
fore, the expressions “high resistance” and “low re-
sistance” are relative. In general, a high-resistive
circuit is one in which the applied potential estab-
lishes a current considerably less than one ampere.
A low-resistive circuit is one in which a compara-
tively small difference of potential may establish a
current of several amperes.

Ohm’s Law. George Simon Ohm, celebrated Ger-
man physicist of the eighteenth century, first formu-
lated the basic relation between potential, current
and resistance. Ohm'’s law is the fundamental law
of all electric circuits.

Electrical potential may be thought of as the
capacity of electric charges for doing work. A po-
tential although measured in terms of work and
energy is, in effect, a force or pressure that acts to
move electrons. It is through the medium of the
electric current that potential accomplishes elec-
trical work. Potential establishes the current, the
current does electrical work in overcoming the
opposition or counterforce of resistance. If one
volt establishes a current of one ampere in a resist-
ance of one ohm, then two volts, which represent a
force or pressure twice as great, should establish a
current of two amperes in the same resistance.
When the resistance is constant, the current estab-
lished in that resistance will vary directly as the
applied electromotive force; conversely, if the po-
tential applied across a resistance is constant, then
increasing the resistance means greater opposition
to electron movement, resulting in a reduction in
current amplitude. Two ohms will offer twice as
much opposition as one ohm so that if the poten-
tial is constant the amplitude of the current in a
resistance of two ohms will be only one-half that
established in a resistance of one ohm. These con-
ditions are summarized in Ohm’s Law which states
the current in any resistive circuit varies directly
as the applied electromotive force and inversely as
the circuit resistance.

Electromotive force

Current = "
Resistance

I
ks

When E is in volts and R in ohms, I will be in
amperes.

By rearrangement of Ohm’s law it is found that

E
R=",
I

which indicates a circuit has a resistance of 1 ohm
when one volt establishes a current of 1 ampere in
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the circuit. It should be noted that one ohm is
equivalent to one volt per ampere.

Another form of Ohm’s law is
L — IR.

This indicates the product IR is in the nature of
an electromotive force. The product IR is called a
resistive voltage drop (the so-called “IR-drop™),
and constitutes the opposing force against which
the applied electric force operates. It will be re-
membered that one of Newton's laws of motion
specified that a force accomplishes work by operat-
ing against an equal but oppositely directed force.
The voltage drop IR is often called a counter-
electromotive force. This counter force is gen-
erated by the current as it flows through the re-
sistance. The electric current in any resistance will
always adjust itself instantly to such a value that
the product of the current and resistance is always
exactly equal to the electromotive force applied
across the resistance.

Ohm's law describes the state ol clectrical equi-
librium in a circuit. It will be remembered that
when forces are in equilibrium the “effective” force
is zero. If

E—=1IR
then E-IR =0
The applied force E is just balanced by the counter
force IR, resulting in zero effective force.

Conductance. Experience indicates the average
student will grasp the concept of resistance much
more readily than the concept of conductance. Re-
sistance is a measure of the difficulty in establishing
a given current in a circuit. Conductance is a meas-
ure of the ease with which a given current may be
established in a circuit.

A series electrical circuit is one in which the cur-
rent must follow a single conducting path. A paral-
lel circuit is one in which two or more paths exist
for the current to follow, The concept of conduct-
ance is particularly useful in analyzing multiple-
path circuits. Resistance is the more useful concept
in dealing with series circuits.

The resistance of a circuit expressed in ohms de-
scribes the clectromotive force in volts that must be
applied to establish a standard current of one am-
pere. For example, if there are 10 ohms of re-
sistance in the circuit, 10 volts must be applied
across the circuit in order to establish a current of
one ampere; if 20 ohms, then 20 volts are required,
cte. In other words resistance is measured in lerms
of the potential vequived io establish unit current.

(1 ohm 1 voli per ampere.)

In analyzing conductance this idea is reversed.
Conductance of a circuit describes the current in
amperes that will result from the application of an
electromotive force of one volt. One volt is taken
as the standard potential; the current established
by this standard represents the circuit conductance.
In other words conductance is measured in terms of
the current established by unit potential. (Unit
conductance = 1 ampere per volt.)

The ohm is equivalent to one volt per ampere
whereas the unit of conductance corresponds to one
ampere per volt. It should be evident that con-
ductance is the reciprocal of resistance. By Ohm’s
law

E volts
R=— =
I ampercs
1 1 amperes
_1;: B T B volts -

where G represents the conductance of resistance R.

Since the number of units of conductance equals
the number of units of current established in a cir-
cuit by an applied e.m.f. of one volt, the current
established by any other potential is readily calcu-
lated, since the current in any circuit varies dircctly
as the applied potential. For example, il one volt
establishes a current of $ amperes in a given cir-
cuit, then ten volts must establish a current ten
times greater, or 30 amperes. Therefore, il the con-
ductance of a circuit is known, the current cstab-
lished by any potential may be determined without
the necessity of calculating the circuit resistance.

I =EG

The unit of conductance is called the “mho,” ob-
tained by reversed spelling of “ohm.” The logic
whereby

1

= mho
ohm

surpasses all understanding. It is often a source of
conlusion when, without adequate explanation,
conductance is defined as the t'cCipl‘OCﬂl of resist-
ance. The student should thoroughly memorize
the following: WHEN 4 CIRCUIT HAS A CON-
DUCTANCE OF X MHOS AN ELECTRO-
MOTIVE FORCE OF | VOLT WILL ESTAB-
LISH 4 CURRENT OF X AMPERES IN THE
CIRCUIT.

ELECTRICAL WORK AND POWER

Strictly speaking, work is done upon an electric
charge when energy in some form other than clec
trical is converted to electrical energy. For example,
the generator converts mechanical energy to elec-

trical energy by moving electrons from positive to
ncgative. Mechanical work is done in the generator
and appears as electrical energy. Also, for example,
in a storage battery, chemical energy is converted
to potential electrical energy by the movement of
electrons from the positive to the negative terminal
of the battery. Chemical work is done in the bat-
tery. Electrical work is done when clectrical encrgy
is converted to some other form of energy. Llectri-
cal work is done when a current generates heat in
a resistance. Electrical work is done when a cur-
rent forces a motor to rotate. Electrical work is
done when a battery discharges.

Since energy is measured in terms of the work it
may accomplish, a unit of work is also a unit of
energy. A volt represents one unit of work done
upon one unit of charge, hence the volt is a unit
of potential electric energy. Work is done by a force
acting through a distance, hence potential energy
provides the force by which work is done. For that
reason, the volt is a unit of electromotive force as
well as a unit of potential energy.

The unit of work in the M. K. S. system 1is the
joule. A mechanical joule is the work done by :
force of one newton acting through a distance of
one meter. It can be shown that the work done on
a charge of one coulomb when its potential energy
level is raised one volt is equivalent to one joule.
Since energy can be neither created nor destroyed,
it follows that one coulomb moving through a dif-
ference of potential of one volt must accomplish
one joule of electrical work. Therefore, when a
charge of Q@ coulombs moves through a voltage drop
of E volts a total of QL joules of work is done.

w in joules = (Q in coulombs) % (E in volts)
. w=QL.

Table T lists the common units of energy and
work and their values with respect to cach other.
Resistance is that property of matter by virtue of
which the conversion of electrical energy to heat
energy is carried out. When one coulomb of charge
is moved through a resistance of 1 ohm, one joule

Tasre I
: am-
oules t-1h o B.t. .
J f calories

9,182 % 104

joules 1 0.7376  0.2389

ft-1b 1.356 1 0.3240  1.286 ¢ 10-=
gm-calories  4.185  3.087 1 3.968 » 10-=
B.tu. 1055 777.9 252 1

ol heat energy appears. This heat energy would
increase the temperature of one cubic centimeter
(one gram) of water 0.2389° C. One joule of elec-
trical work, if completely utilized, will do 0.7876
ft-Ib of mechanical work.

Power. In general, machinery is rated in terms of
how rapidly it can accomplish work rather than by
how much work it can accomplish. The more pow-
erful the machine, the more work it can accomplish
during any given period ol time. Power is the time-
rate of doing work or

. work in joules
Power in watt§ = ————————
time in seconds
w
P—_
L
The work in joules done in a period of t seconds
is equal to w/t joules per second. The joule per
second is called the wati.

Since w = QFE, then P = w/t = QE/t.

However, Q/t is the time rate of flow ol electri-
cal charge, which has been defined as the clectric
current; hence,

QL

P=-—=1E.
L
The product of the electromotive force (in volts)
applied across a circuit, and the current (in am-
peres) established by that force, represents the rate
in watts at which electrical work is being done in
the circuit. The total work done in any circuit in
any time t is given by
w = EIt

where w is in joules; E, in volts; I, in amperes: and
t, in seconds.

The practical units of electrical work are the
watt-howr and the kilowatt-hour. The work done
in one hour at any average rate of 1000 joules per
seccond is equivalent to 1 kilowatt-hour. 'The
horsepower-hour is equivalent to 746 watt-hours or
0.746 kw-hr.

By the use of Ohm’s law, the equation for elec

trical power may be defined in terms of T and R,
or E and R.
Since P = El and LI = IR, then PP — (IR) 1 — I*R.
This particular form of the power equation is very
usclul in electronics work, much more so than the
Ll form. A current of 4 amperes in a resistance of
2 ohms will convert electrical energy to heat energy
at the rate of 4% % 2 or 32 watts.

it
Since T = 7 another form ol the power law is
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E) k=
P=EI=F "= ——.
R R
An clectromotive force of 8 volts applied across 2

ohms of resistance will convert electrical energy to

a

heat energy at the rate of ? or 32 watts.

The next two chapters will be concerned with
how the various electrical formulas developed in
this chapter are used in solving simple electrical
cireuits. In order to provide a ready point of ref-

erence the important formulas are here sum-
marized:
[ Q (I in amperes, Q in coulombs, t in
t  seconds.)
E= IR
E - -
1= = (I in amperes, E in volts, R in ohms.)
E
Boms =
1
I — EG (I inamperes, E in volts, G in mhos.)
P —=EI — IR — —— (P in watts, I in amperes,

E in volts, R in ohms.)

w = Pt — EIt = I*Rt :—t (w in joules, E
R in wvolts, I in
amperes, R in
ohms, P in watts,

t in seconds.)

TEST QUESTIONS
1. What constitutes a conduction current?

2, Convert an electron movement of 109 elec-
trons per sccond to milliamperes,

5010 107
cuit in 10 second, what is the average cur-

clectrons are moved through a cir-

rent in ]11i(fl'()illlll)cl'(?5?

I. (a) When R = 6.4 ohms, then G = ____
mhos.
(b) When G 0.00036 mhos, then R =
. ohms.
5. Convert:

(a) 0.35 v to mv.

~1

10.

(b) 45,600 a to ma.

(c) 3768 w to kw.

(d) 6.27 kv to v.

(e) 3 hp-hr to kw-hr.

(a) In most metals, resistance can be ex-

pected to (increase, decreasc?) with in-
crease in temperature.

(b) In most non-conductors, conductance
can be expected to (increase, decrease?)
with increase in temperature.

Which is the correet statement? The power

in an electric circuit may be doubled by:
(a) doubling the electromotive

force.

applied

(b) halving the circuit resistance.
(¢) increasing the circuit current by 509,
(d) increasing the applied electromotive

‘Orce a7

force 419;. *
(¢) decreasing the resistance 679,
Is this statement truc or false?
rated at 220 volts, 50 amperes, is more power-
ful than one rated at 440 volts, 50 amperes.

A generator

What current in amperes will be established
in a conductance of 0.15 mho by an clectro-
motive force of 8.5 volts?

Convert to joules:

(a) 326 ftlb.

(b) 1000 gram-calories.

(c) 350 B. t. u.

(d) 1.6 hp-hr.

(e) 0.75 kw-hr.

ANSWERS TO TEST QUESTIONS, CHAPTER 7

2.5 % 10" tons.
13.7 dynes.

8.67 w 10 and -8.67 > 107

coulomb.

coulomb

b > 107 dyne,

36.9, and 1.44 lines/cm®.
1800, 450, and 72 dynes.
1700 volts.

—10 volts.
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Frequency-
Shift-Keying -
Spread

By Coxmr. LE. H. CoNkLIN

B It is desirable for both the technician and the
operator ol a radio circuit to be able to listen to
a signal, and determine the existence or cause of
peculiarities that are detrimental to communica-
tions. The emission of a clear signal without spuri-
ous [requencies or undesired modulation will
clearly be recognized; but the proper spread be-
tween the “mark” Irequency and the “space” fre-
quency ol frequency-shilt-keying requires experi-
ence or instruction.

Some operators have found it to be sufficient to
tune a receiver until one ol the signals is in “zero
beat,” and then to estimate the tone of the other
signal which should be 850 cycles—a slightly lower
tone than the one that would peak on the 1000-
cycle audio flter in a model RBC receiver. How-
cver, when it is desirable to inform a distant trans-
mitting station that he should check his spread, it
it helpful to give a closer indication of the spread
by actual measurement. Frequently it will be ob-
vious [rom the measured spread that the wansmit-
ting station technician permitted his control of the
spread between the “mark” and “space”™ [requen-
cies to remain at the normal position for 850 cy-
cles, but that he set the “multiplier” switch at a
point that differs from the [requency multiplication
used in the transmitter.

Any receiving operator can measure the spread
between the two  Irequencies ol [requency-shilt-
keying by the following relatively simple means:

Using a receiver such as model RBC, tune the
signal until the beat note obtained from one ol
the two [requencies ol an FSK signal passes down
through the zero beat point and starts up again; at
this time, of course, the other ld'(‘(.lucm"\‘ ol the
signal will still be going down in tone. Continue
tuning, very carcfully, until the “mark™ tone and
the “space” tone fall at the same frequency; this

will remove the sound ol keying: and what appears
to be a continuous whistle, with some key clicks.
will be heard. The tone of this signal is exactly
hall of the spread between the “mark™ and “space”
frequencies.

To measure this hall-spread tone, hold two head-
phones up to one ear, with one phone operating
from the receiver and the second from an audio
oscillator such as model LO. When the constant
tone of the receiver is matched by that {rom the
audio oscillator, the dial setting of the oscillator
is onc-half the spread.

A visual comparison system involves using the
vertical and horizontal amplifiers of an oscillo-
scope instead of the two headphones. When an
ellipse is formed on the CRO tube screen, the [re-
quencies are the same. Generally, this method is
used in a slightly different manner—by not making
any careful adjustment ol the receiver but putting
it in the normal FSK receiving position, with both
the “mark”™ and “space” beatnote tones on the same
side ol the zero beat. The audio oscillator is then
matched first to the “mark” and then to the “space”
[requencics, and the difference between the two
measured audio frequencies taken as the measured
spread.

BEAT NOTE

2975 CYCLES
MIDPOINT

2125 CYCLES

AUDIO BEAT NOTE (KC)
i

|
| | A
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\
RECEIVER DIAL SETTING (KC) ‘
|
|
|
BEAT NOTE |
¢ |
z |
B |
Q
|
bl H B
o 1 i
[}
3 e e M Wi ans OYGLE BEATS
< g

RECEIVER DIAL SETTING (KC)

Ficure 1—Two methods wsed in measuving [re-
quency-shifti-keying spread, as explained in text:
A—two audio frequencies ave measured, and thet
difference taken: B—one frequency measurement

is made.
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in a small package

oy
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The PT-hoat, a tiny, fragile thing with powerful
engines and high speed. comhines 2 high stand-

ard of performance with small size when maintained
properly.

The navy’s electronic equipment, occupying only
a small amount of space in a ship, also comhines

punch performance with small size by providing

vision through darkness, hearing over great dis-

tances, and many other features unobtainable with-

out it. We must strive constantly to keep it in per-

fect working order.
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