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1 kw-hr = (1,000 joules / sec) X (3,600 seconds) 
= 3,600,000 joules. 

The horsepo" ·er-hour, u sed rather infrequently 
in e lectrical work, is equivalent to 1,980,000 ft-lb. 
One kilowatt-hour corresponds to about 1.3<1 
horsepo"·er -ho urs. By remembering that the 
horscp o"·er-hour is representative of the work clo ne 

by a large d raft horse in o ne ho u r, the reader h as 
some idea of the economy of electrical energy. Pub­
lic utility com p anies sell electrica l energy t? the 
average fam ily user at approximately five cents per 
kw-hr. Large i ndustria l users may purchase su ch 
e nergy at less than one cent p er kw-h r. 

POTENTIA L EN ERGY 

The e nergy stored in a body as a result of the 
state or po i tion of the body is called potential en­
ergy. The energy s tored in a bod y as the result of 
the motio n of the body is called hinetic e nergy. 
Potential e nergy is o fte n called sta tic or rest energy. 
Kine tic energy is ofte n refer red to as dynamic en­
ergy. 

A body suspended above the surface o f the earth 
posses es mech a nica l potential e nergy because work 
was clone o n the body in moving it about the sur­
face of the earth . A stretched rubber band pos­
sesses clas tic potential energy because work was 
done in stretching the band. The e nergy in a lump 
o f coal is chemica l potential energy resulting from 
the chemi ca l condition or state of the coa l. 

Applying the formul a for work to the case of 
liCting a weight of one pound a dista nce of one 
foot against the force of gravity, i t is readil y seen 
that one foot-pou nd of work has been performed . 
;\ foving the we ight one foot h as put it in a new 
position; the act that a new position has bee n 
ach ieved docs not in itself mea n that the we ight 
has ga ined potential energy, but the fact that work 
was done on the we ig ht in placing it in the new 
position docs mean t hat it has pote nt ia l e nergy­
one foot-pound in amount. T his potentia l e nergy 
is potentia ll y avai lable-he nce th e name- and will 
he regained if the weight is moved back to its 
original posit io n. The a mou nt the weigh t gives 
back, of course, will be exactly one foot-po und, 

since energy can be neither created nor destroyed. 
T he gravitational po te ntial e nergy stored in a 

body by vi1·t ue o f its position is g iven by 

Since 
then 

PE = "·eight X height 
PE = Tl'h 
Tr = mg 

PE = m[!lt 

" ·here h represents the distance the body 1s ele­
vated above a selected referen ce level. 

REFERENCE LEVEL 

This is an important concept. Full understand­
ing of it will make clea r th e often difficult prin­
ciple of posi tive and negative voltage drops in a n 
electrical circuit. For instance, i f a fi ve-pound 
weight is ra ised from the floor to a table" top three 
feet above the floor, i t will ga in 3 X 5 or 15 ft-lb of 
energy in reference to the floor. If t he floor is fif­
teen feet above the surface of the earth, the weight 
when resting on the floor contains 15 X 5 or 75 
ft-lb of energy with respect to the sur face of the 

earth. ·when the weight is resting on th e table, the 
energy stored in the weight in reference to the sur­
face of the earth will be 15 + 75 or 90 ft-lb. If the 
surface of the earth at the poin t at which th e weight 
is ra ised is 1,000 feet above sea level, the en ergy 
stored in the weight on the table top in re ference 
to sea level is 

PE = (1,000 X 5) + (15 X 5) + (3 X 5) = 5,090ft-lb. 
I 

It should be evident, th en, that the potential en­
ergy stored in an elevated bod y is relative in nat ure 
- it depends upon the reference level established i n 
making the measurement. vVh cn a reference level 
is not g iven, it implies that the sm"[ace of the em·th 
is to be used as n 1·e[e1·ence level. In some cases 
the reference level is assumed to be the earth's sur­
face at sea level. Instruments that fu nction on the 
basis of pressure are often ca librated in tem1s of 
a tmospheric pressure at sea level (about H -.7 lb 
sq uare inch) . This is the pressure exerted b y a 
v:nical column of mercury 29.92 in ch es (76 em) 
l11gh. A steam pressure or water p ressure gauge 
reads pressure above atmospheric p ressure. Abso­
lu te pressure is measured in terms of zero at­
mospher ic pressure; that is, in terms of a perfect 
vacu um. 

Electr ic pressure may be measured in electrica l 
circuits with respect to a ny poi nt in the circuit. If 
the pressure measures above the pressure at th e ref­
erence point, it is said to be positi ve; if it measures 
below the reference pressure, it is sa id to be nega­
tive. \Vhcn no reference level is g iven, it im p lies 
I he pressure is measured with respect to th e Jo"·est 
potentia l point in the circu it or in reference LO 

ground potential. 

ELASTIC ITY 

E lasticity is that property of matter \\·h ich per­
mits it to stretch, com press, or bend under the a p-

plication of an external force and then to return to 
it_s original shape when the external force is re­
moved . A body is strained beyond the "elastic 
limit" when it · is unable to return to its original 
shape after the external force is removed. The ap­
pl ied force must do work in deforming the body; 
this work sets up internal stresses within the body. 
It follows, then, that these stresses arc capable of 
accomplishing work when the body returns to its 
original shape. Familiar examples of phenomena 
involving the elastic property of matter are the 
vibrations of musical insu·uments, the transmission 
of sou nd, and the rustling of leaves. All matter is 
clastic to some extent- s.ome substances being more 
so than others. A strip of steel , for instance, IS 

more elastic than a similar strip of lead. 

The fundamental law of elasticity is called 

Hooke's law and is gjven by 

F =kl 

"·here F is the internal force set up in opposition 
to the applied external force, l is the distance over 
which the Sll·ain takes p lace, and k is the "clastic 
consta nt" of the material. The elastic constant rep­
resents the deformation produced by a unit force . 
The ord inary spring scale is example of a prac­
t ical application of this law. In such scales the 
amou nt the spring stretches is always directly pro­
portional to the weight (wh ich is a force) being 
appl ied, provided the weight docs not exceed the 
elast ic limit of the spr ing. 

Certain materials possess a properLy of electrical 
elasticity that is in many ways comparable to me­

chanical elasticity. A capacitor is a device in \'vhich 
electrical energy may be stored in potentia l form 
by virtue of the electrical elasticity of the materials 
in the device. Electrical elasticity, as would be ex­
p ected, varies with the type of material. Mica, for 
instance, has a greater electrical elasticity than hard 
rubber. Again in analogy to mecha nica l elastici ty : 
J( a sufficiently high potential is appl ied across a 
ca pacitor, the clastic limit will be exceeded and 
the capacitor w ill break clown. T he mechanical 
clastic consta nt, represented by the sym bol h in 
H ooke's law, has an electrical equ ivalent that is 
ca lled the "dielectric constant" o( the material. 

I< INET IC ENERGY 

A body in motion possesses dynami c or kincri r 
e nergy by virtue of its motion because work "·as 
d o ne o n the body to cstabli h the motion. This 
kinetic energy must be conver ted or tra nsf on ned 

to some other form of energy before the body 
comes to rest. The kinetic energy of a body in 
motion depends on the mass and velocity of the 
body. 

Because the formula for kinetic energy finds 
many uses in the study of electrical principles, it 
"·ill be derived step-by-step here. 

The force F required to impart acceleration a 

to mass m is 
F = ma 

The work clone by force F in moYing mass rn 

through distance d is 

TV= Fd = mad (1) 

.-\ body starting from rest and accelerating at a 
uniform rate will, at the end of timet) have a final 
Ycloci t y of 

from wh ich 
v = nt 

,, 
l= ­

a 

T he average: Yclocity during tillle I IS 

vn ... = i11itinl rwlocity + {i 11al ve /ucit')' 

2 

(2) 

1( the body starts from rest, the initial velocity is 
zero. Since the final velocity is nt) the average 
Yclocity is 

n + at at 

2 

The dista nce d traversed in time is 

d = 11,01• X t 

Since 
nt 

Vny = -
2 

then 
a/ (I) at" 

£1 = ---=-
2 2 

(3) 

v 
Since from (2) t =-, then t" =- . Su bstituting 

a a" 
for in (3) 

I = a (11" ) = v" 
( -- -

2 a" 2a 

:\fultiplying by a 
v" 

ad =­
<> 

' ub tituting rhi Yaluc for ad in (1) 

/117'" 
1L' = 11/{lr/ --
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But the kinetic energy of a body is equal to the 
work done in placing the body in motion; hence-

?nv~ 
KE = -

2 

It is evident from this formula that velocity has 
a greater effect on the kinetic energy of a moving 
body than does mass. }'or 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 
becom es four times as great. 

TRANSFORMATION OF POTENTIAL AND 
KINETIC ENERGY 

The oscilla ting electric circuit is of primary im­
portance in electronics engineering. In the follow­
ing paragraphs will b e established the basic prin­
cip les of the operation of such circuits. 

A weight of W 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 p otential en­
erg-y will decrease in direct proportion to the d e­
crease in h. At the instant t he weight strikes the 
earth the value of h is zero, and hence the potential 
energy must be zero. Therefore, the potential 
energy is maximum at the instant the weigh t begins 
to fall , and zero at the instant it strikes the earth. 

Consider nmv the k inetic energy of the falling 
weight. At the instant the weight is r eleased the 

1nv2 
velocity is zero; since KE =-- , the kinetic energy 

2 

will be zero when the velocity is zero. As the weight 
falls, the velocity increases and brings an increase 
in k inetic energy. At the instant the weight strikes 
the earth the velocity is m aximum; hence, the ki­
n etic energ-y is ma ximum. 

If the " ·eight fa lls in a vacuum so that the ef­
fect o f air resistance m ay be neglected, no work 
is clo ne by the weigh t as it fall s. By the law of 
conservatio n of energy the total energy-potential 
plus kine tic-possessed by the ·weight must be con­
sta nt. U nder these condi tions potential energy 
a t the instant the weight is fi rst released mt1st equal 
the ki netic energy a t the instant of impact. At 
a ny instan t of t ime b e:wce n these two extremes, 
the total energ-y in the system m ust be a combina­
tion of potential a nd kine tic energy, and must 
satisfy the cond itio n 

111712 

PE + KE = Wh = --
2 

where PE and KE represent instantaneous values of 
potential and kinetic energy, T~Vh the m aximum po-

1nv2 
tential energy, and the maximum kinetic 

2 

energy. 

There are many typical examples of transforma­
tions between potential and kine tic 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 
p otential energy by hoisting a heavy weight. This 
weight is then p ermitted to fa ll, the potential 
energy being converted to kinetic energy during 
the fa ll. ·when the weight ~s trikes 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 

' Vhen energy is transformed from one fo rm to • 

another, and then back to the first form, i t is sa id 
to be oscillati ng. The action of a p endulum is in 
nearly p erfect analogy to the action of an oscil­
la ti.ng ~l ectrica l circuit. A careful study of the 
osC1ll atmg p endulum, with particular attention to 
the concepts involved, will m ake it much easier to 

understand the oscillating electrical circuit when 
it is encountered later on . 

Now to consider the p end ulum: In Fio·ure 2, 
p otential e 1:erg~ is stor.ed in the pendulu~n bob 
'V by elevatmg 1t to position A above the reference 
level XY. ' !\Then the weight is r eleased, it falls 
toward posit ion B, gaining momentum as it (a il s. 
If the effects of air resistance and friction in the 

I ' 
' ' ' ' ' 

F i GURE 2- Tlte oscillating fJenclulum. 

bearing Z are neglected, the kinetic energ)' of the 
b ob at point B should equal its potential energy 
at p oint A. The momentum of the bob a t position 
B causes it to continue toward position C, but now 
the kinetic energy is being transformed to poten­
tia l energy. At point C the bob pauses for an in­
stant, the kinetic energy is zero, and the potential 
e nergy 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 p lace as 
the weight moves from A to C differs from that 
taking place from C to A only in one respect. The 
weirrht 1·everses di?-ection at each extreme of the 

0 

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 al ternation. The next alter­
n ation 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 t'~o 
successive al ternations in opposite directions. In 
order to identify any selected alternation from the 
one preceding or following it, a cli[erence in direc­
tion is indicated by use of the plus and minus signs. 
Figure 3 is a representation of how the kinetic and 
poten tial energy varies in the pendulum. Move­
m ent from A to C is considered positive and from 
C to A negative. The solid curve representing 
kine tic energy begins at zero a t position A, rises 
to a maximum at posi tion B, decreases to zero a t 
position C-at which point it reverses direction and 

repea ts the variation. T he 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 repea Ls the variation in amplitude. 
Note that both cur\res have the same maximum 
value, a condition that is true only i f the losses in 
the pendulum system are eliminated. 
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F IGU RE 3- 0 sci/latory exchange between hin r lic 
and fJotentia l energy in the oscillating fJendulum. 

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

I 
f = ­

t 

" ·here f is the frequency of oscillat ion in· cycles per 
second. 

T he 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 rept:esented by the Greek letter A. (lambda) . 
Although the velocity of the pendulum varies from 
zero at points A and C to a maximum at point B, 
it h as a certain average horizontal velocity. T he 
average velocity, frequency, and wavelength are 
a ll rela ted by the formula 

average velocity 
Frequency = ------­

' ravelength 

v~,. 

f = ­
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, i t is a simple m atter to 
qualitatively predict the action of a practical pen­
dulum. Air resistance plus friction in the p endulum 
fulcrum acts continuously to transform some of 
the energy in the system into heat energy. This 
loss causes the pendulum to swi ng in an arc that 
decreases steadily in length as energy is lost from 
the system. ' "'h en all the origin al energy has been 
converted to h ea t, the pendulum comes to rest. 
Figure 4 represents the series of waves produced 
by a pendulum as the origina l energy in the system 
is permitted to dissipate. Such a series of cycles 
may be said to consti tute a wave-train. An oscilla­
tion of this type in which the amplitude decays 
in this manner is said to be damped. The more 
rapid ly 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 b e unable to complete a 
fu ll cycle or to s"·ing in the other direction at all. 
Jn such a case it is no longer an oscillating device . 
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DAMPED WAVE CONTINUOUS WAVE 

FiG URE 4-Conlinuous-wave and damjJed 
oscillations. 

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

pendulum is givent by • v: 
where l is the length of the pendulum and g is the 
gravi tational constan t. T he p eriod is affected only 
by the length, and not by the mass or length of 
arc. 

In the pendulum clock a source of potential 
e nergy, usually the clock spring, supplies the energy 
tha t keeps the pendulum in motion. Through an 
escapement mechanism, small increments of energy 
are delivered to the pendulum at just the right 
insta nt o f t ime to supply the energy lost from the 
system in the frictional losses. T his impulse is 
usually d elivered at the instant the pendulum is 
passing through th e lowest position in the arc of 
s·wing. Under su ch conditions the p endulum gen er­
ates continuous osci llatio ns of equa l a mpl itude a nd 
identical p eriods. Through a system of gears the 
pendulum drives the time-indicating mechanism. 

In the oscillating electrical circuit three electrical 
quantities arc involved: inductance, which stores 
ene rgy in kinetic form , capacita nce, whi ch stores 
e nergy in potential form , and resista n ce, which 
converts some of the energy to heat e nergy. L ike 
the pendulum in the clock, the circuit will gener­
ate continuous waves if energy imp ulses a re deli v­
ered to it to just compensate for the energy con­
verted to heat. The inducta nce and capacita nce of 
the circuit in combina tion con trol the "electrical 
le ngth" and h ence th e freq uency of oscilla t ions. 
This type of circui t will be discussed later in a con­
siderably more de ta iled manner. 

EXERCISES 

I. V1'hat is the quantital ivc definit ion o f power m 

terms of mass, leng th . a nd t ime? 

2. A 20 hp elevator motor will li ft what load in 
pounds through a distance of l 00 feet in 20 sec­
onds? 

3. \ 1\Tha t must be the length of a p endulum in feet 
to have a period of one second? One-half second? 

4. A 2.5 kilowatt generator is 83 % efficient. ·what 
input in horsepower is required for full output? 

.~. A 10 lb force applied to a loaded pulley causes 
the pulley to ro tate at 200 rpm. If the p ulley is 
1 foot in diameter what power is being d elivered 
to the load? 

fi. 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-lb is clone in punching one 
hole? 

7. \1\Th at kinetic energy in ft-lb ts possessed by a 
3000 lb automobile moving at 80 mph? At 40 
mph? 

8. If a gasoline eng ine develops a force of 200 lb 
in keeping a 3000 lb automobile moving at <!0 mph, 
what is the p ower in hp d eveloped by the motor? 

<J. A motor-driven pump having a n . overall ef­
ficiency of 70% pumps 600 ga ll ons per minute of 
water (equivalent to 80 cu. ft. per min.) from a 
well 50 feet deep. A t a cost of 3 cents p er kw-hr, 
what will be the cost of operation for a ten-hour 
clay? 

10. A typical public u til i ty ra te sch edule for elec­
trica l energy specifies a rate of 3.5 cen ts for the 
first l 00 kw-hr, 3 cents for the next 150 kw-hr, and 
2.5 cents for all amounts over 250 kw-hr. Compute 
the cost of 485 kw-hr of electrical e nergy under this 
schedule. 

Answers to Exercises, C hapter I. 

I. (a) 17 em. 
(b) 2500 ma. 
(c) 5.2 megoh ms. 
(d) 0.00031 v . 
(e) 40,000 kc. 

2. (a) 1.91 5 ft. 
(b) 9.84 in. 
(c) 2.51 m2. 
(d ) 61 i n ~ . 

(c) 1.304 kg. 

3. -0.5 ft /scc2. 

-1. 9.75 mj scc2, 2-1.'1 m. 

5. 3.2 newtons. 

6 . 980 d ynes. 

7. -J ftj sec2 . 
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TYPE 53349 ANTENNA FILTER FOR TDZ 

O n page 1-6 of the :\Iodel TDZ transmitting 
equi p ment instruction book (NavShips 900,809) 
there occurs the statement in reference to the Type 
53349 antenna fi lter that "The fil ter should be em­
ployed only when necessary, as the transmi tter out· 
put is decreased when it is used." A nother state­
ment relative to the filter is made on page 2-17 
where it is stated that "This fi lter should be u sed 
only ""hen the ha rmo nic output of the TDZ trans­
mitter may interfere with the output of other trans­
mitters aboard ship, such as radar systems. \ t\Then 
th e filter is employed, power ou tput of the TDZ 
transmitter may be reduced as much as 25 % because 
of reflect ion in the transmission line caused by the 
characteristic impedance of the filter unit." Still a 
third time, on page 3-9, the instruction book sta tes 
that "This filter shou ld not be used unless neces­
!-tary. since power o utpu t of the TDZ transm itter 
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will be reduced somewhat on certain frequencies 
when the filter is used. Before this unit is installed, 
consu l t the E lectronics Officer for approval." 

It is only to be expected tha t a fter reading these 
sta temen ts in the instruction book, many ETM's 
and insta lling act ivi ties wou ld be h esitan t about 
connecting and using the filter without first ob­
taining approval. It is a lso to be expected that 
man y persons m igh t interpret the 25% reduction of 
the power ou tput as being a substantia l loss, 
whereas it is actua lly eq uivalent to only abou t 1.3 
decibels. 

The Bureau considers tha t the advantages to be 
ga ined by elimina ting spurious emissio ns above 
400Mc ou tweigh the disad vantage o f this small Joss 
of radi ated power. Accordingly, regardless o f what 
the instruction book sta tes abou t not u sino· the 

b 

53349 antenna fi l ter , the Bureau desires tha t this 
fil ter be used in every shipboard installa tion. 

If your tho ugh ts are of that lovely 
dan cing girl , tha t's fine, and we wish we 
had her te lephone number, too . Ah , yes. 
That's fin e, th at is- unless you are abou t 
to ser \' ice some high-voltage equipment. 
T hen, p-f-f.f-t ! And yo u become the 
answer to an embalmer's prayer. O ne 
moment 's carelessness ca n cause death. 
Be safe. Concentra te on the equipm ent. 
Save a ll o th er th ough ts un ti l th e job is 
completed , or yo u ma y be completed be­
fore the job is. 
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