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But the kinetic energy of a body is equal to the
work done in placing the body in motion; hence—

mu*

KE —

=

It is evident from this formula that velocity has
a greater effect on the kinetic energy of a moving
body than does mass. For example, if the velocity
is constant and the mass is doubled, the kinetic
energy is twice as great: but, if the mass is constant
and the velocity is doubled the kinetic energy then
becomes four times as great.

TRANSFORMATION OF POTENTIAL AND
KINETIC ENERGY

The oscillating electric circuit is of primary im-
portance in electronics engineering. In the follow-
ing paragraphs will be established the basic prin-
ciples of the operation of such circuits.

A weight of TV pounds when raised h feet above
the surface of the earth gains Wh foot-pounds of
potential energy. If the weight is permitted to fall
back toward its original position, the potential en-
ergy will decrease in direct proportion to the de-
crease in k. At the instant the weight strikes the
earth the value of % is zero, and hence the potential
energy must be zero. ‘Therefore, the potential
energy is maximum at the instant the weight begins
to fall, and zero at the instant it strikes the earth.

Consider now the kinetic energy of the falling
weight. At the instant the weight is released the

a

velocity is zero; since KE — , the kinetic energy
will be zero when the velocity is zero. As the weight
falls, the velocity increases and brings an incrcase
in kinetic energy. At the instant the weight strikes
the carth the velocity is maximum; hence, the ki-
netic energy is maximum.

If the weight falls in a vacuum so that the ef-
fect of air resistance may be neglected, no work
is done by the weight as it falls. By the law of
conservation of energy the total energy—potential
plus kinetic—possessed by the weight must be con-
stant. Under these conditions potential energy
at the instant the weight is first released must equal
the kinetic energy at the instant ol impact. At
any instant of time beween these two extremes,
the total energy in the system must be a combina-
tion of potential and kinetic energy, and must
satisfy the condition

mo*
PE L KE=Wh= —

where PE and KE represent instantaneous values of
potential and kinetic energy, Wh the maximum po-

- mu* ) N
tential energy, and B the maximum Kkinetic

energy.

There are many typical examples of transforma-
tions between potential and kinetic energy. Thus
rainfall is trapped in reservoirs located above sea
level. Such water storage is nothing more than
a storage of potential energy.” The water is released,
and, as it flows toward sea level, the potential
energy is converted to kinetic energy and used to
drive water wheels and turbines. In the pile driver,
the kinetic energy of an engine is converted to
potential energy by hoisting a heavy weight. This
weight is then permitted to fall, the potential
energy being converted to kinetic encrgy during
the fall. When the weight “strikes the pile, the
kinetic energy is converted to heat and mechanical
energy in driving the pile into the earth. Other il-

lustrations will come readily to the mind of the
reader,

OSCILLATION

When energy is transformed from one form to
another, and then back to the first form, it is said
to be oscillating. The action of a pendulum is in
nearly perfect analogy to the action of an oscil-
lating electrical circuit. A carefu] study of the
oscillating pendulum, with Particular attention to
the concepts involved, will make it much easier tO
understand the oscillating electric

und al circuit when
1t 15 encountered later on.

Now to consider the pendulum: 1In Figure 2
potential energy is stored in the pendulum bob
W by clevating it to position A above the reference
level XY. When the weight is released, it falls
toward position B, gaining momentum as it falls-
If the effects of air resistance and friction in the
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Ficure 2—The oscillating pendulum.

bearing Z are neglected, the kinetic energy of the
bob at point B should equal its potential energy
at point A. The momentum of the bob at position
B causes it to continue toward position C, but now
the kinetic energy is being transformed to poten-
tial energy. At point C the bob pauses for an in-
stant, the kinetic energy is zero, and the potential
energy is again a maximum. The process is re-
peated as the weight returns to point A. It is im-
portant to note that the action taking place as
the weight moves from A to C differs from that
taking place from C to A only in one respect. The
weight reverses direction at each extreme of the
swing.

Moving from A to C the energy is transformed
from potential to kinetic and then back to poten-
tial form. Such action, in which a change of direc-
tion occurs, is called an alternation. The next alter-
nation differs from the preceding one only in the
direction in which the bob moves. In passing from
A to C and back to A again the pendulum com-
pletes one cycle of events. A cycle consists of two
successive alternations in opposite directions. In
order to identify any selected alternation from the
one preccding or following it, a difference in direc-
tion is indicated by use of the plus and minus signs.
Figure 3 is a representation of how the kinetic and
potential energy varies in the pendulum. Move-
ment from A to C is considered positive and from
C to A necgative. The solid curve representing
kinetic energy begins at zero at position A, rises
to a maximum at position B, decreases to zero at
position C—at which point it reverses direction and
repeats the variation. The broken curve, represent-
ing potential energy, is maximum at position A,
decreases to zero at position B, and rises to maxi-
mum at position C—at which point it reverses
direction and repeats the variation in amplitude.
Note that both curves have the same maximum
value, a condition that is true only if the losses in
the pendulum system are eliminated.
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Ficure 3—Oscillatory exchange belween Fkinetic
and potential energy in the oscillating pendulum.

The time required for the pendulum to complete
one cycle (two successive alternations) is called
the period of the pendulum. If this time is ex-
pressed in seconds the number of cycles completed
in one second is

where f is the frequency of oscillation in’ cycles per
second.

The pendulum traverses a certain horizontal
distance in moving from A to C and back to A
again. This distance may be considered for our
purposes here as the wavelength of the pendulum
and is represented by the Greek letter A (lambda).
Although the velocity of the pendulum varies from
zero at points A and G to a maximum at point B,
it has a certain average horizontal velocity. The
average velocity, frequency, and wavelength are
all related by the formula

average velocity
Frequency =

wavelength
vﬂ'ﬁ'

A

This is an important formula in electronics engi-
neering.  Important, too, is the meaning of the
word alternation, and especially of the words cycle,
period, frequency, and wavelength.

The ideal pendulum (one without losses) exists
only in theory. However, once the theory of such
a pendulum is established, it is a simple matter to
qualitatively predict the action of a practical pen-
dulum. Air resistance plus friction in the pendulum
fulcrum acts continuously to transform some of
the energy in the system into heat energy. This
loss causes the pendulum to swing in an arc that
decreases steadily in length as energy is lost from
the system. When all the original energy has been
converted to heat, the pendulum comes to rest.
Figure 4 represents the series of waves produced
by a pendulum as the original energy in the system
is permitted to dissipate. Such a series of cycles
may be said to constitute a wave-train. An oscilla-
tion of this type in which the amplitude decays
in this manner is said to be damped. The more
rapidly energy is converted into heat in the pen-
dulum, the less will be the number of completed
cycles in any wave-train. Indeed, if the energy loss
per cycle is made sufficiently great, it is even pos-
sible for the pendulum to be unable to complete a
full cycle or to swing in the other direction at all.
In such a case it is no longer an oscillating device.
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CONTINUOUS WAVE

DAMPED WAVE

FIGURE 4—Continuous-wave and damped
oscillations.

The pendulum is an excellent timing device
because the period is independent of the mass of
the bob, and within reasonable limits is indepen-
dent of the length of arc through which the pen-
dulum swings. The period in seconds of a simple
pendulum is given by

==

C'ql""“i

where [ is the length of the pendulum and g is the
gravitational constant. The period is affected only
by the length, and not by the mass or length of
arc.

In the pendulum clock a source of potential
energy, usually the clock spring, supplies the energy
that keeps the pendulum in motion. Through an
escapement mechanism, small increments of energy
are delivered to the pendulum at just the right
instant of time to supply the energy lost from the
system in the frictional losses. This impulse is
usually delivered at the instant the pendulum is
passing through the lowest position in the arc of
swing. Under such conditions the pendulum gener-
ates continuous oscillations of equal amplitude and
identical periods. Through a system of gears the
pendulum drives the time-indicating mechanism.

In the oscillating electrical circuit three electrical
quantities are involved: inductance, which stores
energy in kinetic form, capacitance, which stores
energy in potential form, and resistance, which
converts some of the energy to heat energy. Like
the pendulum in the clock, the circuit will gener-
ate continuous waves if cnergy impulses are deliv-
ered to it to just compensate for the energy con-
verted to heat. The inductance and capacitance of
the circuit in combination control the “electrical
length” and hence the frequency of oscillations.
This type of circuit will be discussed later in a con-
siderably more detailed manner.

EXERCISES

1. What is the quantitative definition of power in
terms of mass, length, and time?

2. A 20 hp elevator motor will lift what load in
pounds through a distance of 100 feet in 20 sec-
onds?

8. What must be the length of a pendulum in feet
to have a period of one second? One-half second?

4. A 2.5 kilowatt generator is 839, efficient. What
input in horsepower is required for full output?

5. A 10 Ib force applied to a loaded pulley causes
the pulley to rotate at 200 rpm. If the pulley is
1 foot in diameter what power is being delivered
to the load?

6. A punch press exerts a pressure of 40 tons per
square inch when punching a hole 2 inches in
diameter through a sheet of steel 1.5 inches thick.
How much work in ft-1b is done in punching oneé
hole?

7. What kinetic energy in ft-lb is possessed by @

3000 1b automobile moving at 80 mph? At 40
mph?

8. If a gasoline engine develops a force of 200 1b
in keeping a 3000 1b automobile moving at 40 mph,
what is the power in hp developed by the motor?

9. A motor-driven pump having an overall ef
ficiency of 709, pumps 600 gallons per minute of
water (equivalent to 80 cu. ft. per min.) from a
well 50 feet deep. At a cost of 3 cents per kw-hr,

what will be the cost of operation for a ten-hour
day?

10. A typical public utility rate schedule for elec
trical energy specifies a rate of 8.5 cents for the
first 100 kw-hr, 8 cents for the next 150 kw-hr, an

2.5 cents for all amounts over 250 kw-hr. Compute

the cost of 485 kw-hr of clectrical energy under this
schedule.

Answers to Exercises, Chapter 1.
I. (a) 17 cm.

(b) 2500 ma.

(¢) 5.2 megohms.
(d) 0.00031 v.
(e) 40,000 kc.
(a) 1.915 ft.

(b) 9.84 in.

(c) 2.51 m=.

(d)y 61 in?,

() 1.304 kg.

3. 0.5 ft/sec.

o

4. 9.75 m/sec?, 24.4 m.
5. 5.2 newtons.
G. 980 dynes.

7. 4 ftfsect.
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TYPE 53349 ANTENNA FILTER FOR TDZ

On page 1-6 of the Model TDZ transmitting
equipment instruction book (NavShips 900,809)
there occurs the statement in reference to the Type
53349 antenna filter that “The filter should be em-
ploved only when necessary, as the transmitter out-
put is decreased when it is used.” Another state-
ment relative to the filter is made on page 2-17
where it is stated that “This filter should be used
only when the harmonic output of the TDZ trans-
mitter may interfere with the output of other trans-
mitters aboard ship, such as radar systems. When
the filter is employed, power output of the TDZ
transmitter may be reduced as much as 259, because
of reflection in the transmission line caused by the
characteristic impedance of the filter unit.” Still a
third time, on page 3-9, the instruction book states
that “This filter should not be used unless neces-
sary, since power output of the TDZ transmitter

will be reduced somewhat on certain [requencies
when the filter is used. Before this unit is installed,
consult the Electronics Officer for approval.”

It is only to be expected that after reading these
statements in the instruction book, many ETM’s
and installing activities would be hesitant about
connecting and using the filter without first ob-
taining approval. It is also to be expected that
many persons might interpret the 259, reduction of
the power output as being a substantial loss,
whereas it is actually equivalent to only about 1.3
decibels.

The Bureau considers that the advantages to be
gained by eliminating spurious emissions above
400Mc outweigh the disadvantage of this small loss
of radiated power. Accordingly, regardless of what
the instruction book states about not using the
53349 antenna filter, the Burcau desires that this
filter be used in every shipboard installation.
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If your thoughts are of that lovely
dancing girl, that’s fine, and we wish we
had her telephone number, too. Ah, ves.
That’s fine, that is—unless vou are about
to service some high-voltage equipment.
Then, p-f-[ft! And you become the

answer to an c¢mbalmer’s prayer.  One
moment's carelessness can cause death.
Be safe. Concentrate on the equipment.
Save all other thoughts until the job is
completed, or you may be completed be-
fore the job is.
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