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The intensive natuTe of the cwTicu lum fOT ETl\1. 
tmining has created an uTgent need for· a text 
fitted to the cuniculum. The Standm·ds and Cuni­
culum Division of the Bureau of Naval Pe,-sonnel 
has undeTtahen the prepamtion of such a text. 

Since considerable time will be Tequi1·ed to com­
plete the full text, the w ·gent need for electmnics 
instruction material jJrompts this printing of indi­
vidual assignments of the text in the ELECTRON. 

These assignments will seme as a ref1·eshe1· course 
for rated technicians and as prepamtory work for 
striken. There are no restrictions on the repmduc­
tion by Naval activities of this unclassified mate­
rial for training pw·poses. Constntctive o-it icism of 

the course material is desiTed and should be for­
warded to the Bureau of Naval Pe,-sonnel, attention 
Pe1·s-11. 

A numbe1· of test questions will be included at 
the end of each assignment. The questions m·e de­
signed to encoumge individual th ink ing and to test 
the unde1·standing of the comjJleted assignment. 
AnsweH to test pmblems will be included with a 
subsequent assignment. 

The fiHt couTse of inst1·uction will deal with basic 
jJhysics and elemen laTy electricit )'· A comjJanion 
cou,-se, not yet slaTted, will deal with the m athe­
matics essential to an understanding of elect1·ical 
and electmnic ci1·cuits. 

Elementa.r.y 

CHAPTER I- MEASUREMENT 
• All the engineering sciences are based upon the 
fundamental principles of physics . Physics is con­
cerned with the basic concepts of matter, energy, 
and measurement. Instruction in physics in a 
course of this type must necessarily be limited, but 
the student will bear in mind that so-called ad­
vanced engineering is li tt le more than a wider ap­
plication of basic physical principles. 

Instruction in ph ysics may be broadly classified 
as qualitative and quantitative. Qualitative knowl­
edge provides the necessary "know why," ·whereas 
quantitative knowledge provides the "know how." 
When the time available for instruction is li mited, 
it is customary to cur ta il qualitative instruction. 
This practice has two major disadvantages : first, 
the greater the limitation on quali tative instruction 
the greater will be the dependence p laced upon the 
student's memory; second, lacking qualitative 
knowledge, the ultimate engineering level to which 
the student may aspire is limited. Once adequate 
qualitative knowledge is acquired the engineer 

to become self-sufficient, new developmen ts 
bem g mastered by self-study methods. The cle­

of maximum emphasis on qualita­
tive m structwn 1s evident in the old adage, "the 
man who knows how may always h ave a job, but 
the m an who knows why will always be his boss." 

is t!1e pr.imary tool by wl!ich qualita­
tive knowledge 1s converted to quan tative knowl­
edge. The statement "an electromotive force is that 
force which establishes an electric current in a cir­
cuit" is qualitative in tha t it simply defin es what 
an electric force accomplishes. T he statem ent "the 
current in a resistive circuit varies directly as the 
applied electromotive force" is a quantitative sta te­
ment. In a m athematica l way it indi cates that if 
the electromotive force applied to a circuit is 
doubled the current in the circuit should be 
doubled. However, the second sta tement has little 
mea ning without the first; for there is nothing in 
the secund that describes th e nature o f an electro­
motive force. In other words, qualita tive instruc­
tion is required in order to give meaning to quanti­
tative methods, one form of instru ction com ple­
menting the othe1:. 
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SC IENTI FIC MEASUREM ENT 

It is impractical to discuss the concepts of physics 
without · some idea of the systems of measurement 
in common use. Measmement itself is a vitally im­
portant subject for the engineering student. Engi­
neering theory is substantiated by experiment and 
measurement. The qualita tive knowledge of the 
scholar becomes the quantitative knowledge of the 
enginee-.· tl.trough measurement. It is quite possible 
to be thoroughly conversant with the principles of 
a subject and yet be incapable of performing rou­
tine measurements on a specific equipment. 

By international agreement the met1·ic system of 
measurement has been adopted for all scientific 
measurements. The great advantage of the meu·ic 
system is its decimal nature. Shifting_ from larger 
to sma,ller or smaller to larger units is accomplished 
by the simple process of shifting the decimal p oint. 

1 kilometer 
1 meter 
1 centimeter 
l mil limeter 

1000 meters 
l 00.0 centimeters 
l 0.00 millimeters 
I 000 microns 

In the United States and Great . Britain the SO· 

called English system of measurement is u sed in 
domestic commerce. The fundamental units of this 
system are the foot, the pound, and the second . 
Engineers usua lly refer to it as the F.P.S. system. 
The student will be familiar with this system from 
everyday usage. 

In the metr ic system the fund amental units are 
the meter, the kilogram, and the second. However, 
when science adoptee!- the metric system, the centi­
me.ter, the gram, and the second were adopted as 
the fundamen tal units of length, mass, and time. 
This scientific system was called the C.G.S. system. 
H ere the centimeter represents l OOth of a meter, 
and the gram lOOOth of a kilogram. At the time 
the C.G.S. system was adopted electrical science was 
in its infancy. T he word "elecu·onics" had not yet 
been coined. As electrical and electronics knowl­
edge increased, clear definition of electrical and 
magnetic units became necessary. In 1935 the In­
ternational Electrotechnical Commission adop ted 
the M.K.S. (met er-kilogram-second) system for all 
scientific work. It has been proposed that a 'fourth 
fundamental unit, the ohm, be adopted in order 
to facili tate duplicati on of certa in electrical stand­
ards. If this is clone, the M. K.S. system will then be­
come the M.K.O.S. system. 

Most of the confusion that now exists in scientific 
measurement is the result of shifting from the 

C.G.S. to the M.K.S. system. Older engineering 
texts were committed to the C.G.S. system. More 
modern texts are using M.K.S. units. In this course 
emphasis will be placed upon M.K.S. units with 
certa in C.G.S. units being defined to give the stu­
dent a working knowledge of tha t system. 

FUN DAMENTA L UN ITS OF M EASUREM ENT 

All units may be classified as either fundamental 
or derived. The (unclamental units are the units of 
length, mass, and time: All other units are capable 
of definition in terms of these fund amental units. 
I n the M.K.S. system the fundamental units are 
the meter, the kilogram, and the second. The orig­
inal definitions of the fundamental units were in­
tended to meet certain broad specifications. They 
were to be simple and hence easily understood. 
They should permit establishing standards that 
could be easily maintained and duplicated. They 
shou ld apply anywhere in the umverse, would not 
change over long periods of time, and could not 
readily be altered by any action of man. In the 
final analysis no unit met a ll of these specifications. 

Unit of L ength: The fundamental unit of length, 
the meter, was originally intended to be one ten­
millionth of the distance, measured along the sur­
face of the earth, from the equa tor to the n orth 
pole. 

More accurate measurements h ave disclosed that 
this distance is 10,000,880 instead of 10,000,000 
meters as originaily measured. Today the standard 
meter is represen ted by the distance between two 
para llel lines, at 0° Centigrade, on a bar of plati­
num-iridium alloy stored in the vaults of the In­
ternational Bureau of \ 1\Teights and Measures n ear 
Paris, France. Two copies of the standard meter, 
called the National Pro totypes, are held in the 
U. S. Burea u of Standards. Copies of these proto­
types are ava ilable to industry and institutions 
needing them for ca libration purposes. Congress 

3600 
has lega lly defined the standard yard as -- of a 

3937 
standard meter . 

l meter = 39.37 inches 
1 foot = 0.3048 meter 

30.48 centim eters 
in ch = 2.54 centimeters 

Unit of Mass: The standard unit of mass in the 
metric system is the kilogram. Although m ass and 
weight a re different properties of matter, it is pos­
sible to define one in terms of the other. It was 
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F IGURE ! - Fundamental units of mass, length, and 
time. 

originally intended that 1000 cubic centimeters of 
water, at the temperature of maximum density 
3.98° Centigrade, should represent the standard 
kilogram weight. The discovery of heavy water in­
dicated that equal quantities of water did not al­
ways weigh exactly the same, so today the stand­
ard kilogram weight is a cylinder of platinum­
iridium alloy maintained in the International 
Bureau of Weights and Measures. Two National 
Prototypes are maintained in the U. S. Bureau of 
Standards. Congress h as legally defined the avoir-

1 
dupois pound as --- of a standard kilogram 

2.2046 
weight. 

I kilogram = 2.2046 pound 
I ounce = 28.35 grams 

For all practical purposes one cubic centimeter 
of water weighs one gram. 

Unit of Time: The fundamental unit of time, 
the second, is the same in all measuring systems. 

I 
It is defined as --- of a mean solar day, a dura-

86,400 
tion of time exactly equal to 24 hours or 86,400 
seconds. It is known that tidal friction is gradually 
decreasing the speed of rotation of the earth so tha t 
the mean solar day will gradually increase but it 
will be several m ill ion years before this change be­
comes important. 

T he standard second is made available through­
out the world by means of radio time signals. A 
master clock, maintained at the Naval Observatory 
in 't\Tashington, D. C., is regulated by suitable as­
tronomica l observations. When this clock is used 
to modulate a radio transmitter, the duration of 
time between second ticks is exactly one standard 
second. 

M ETRIC TA BLES 

Metric tab les of measures will no t be included 
in this text, as they are available in a varie ty of 
technica l publications. As a l as t resor t r eference 
may be made to the tables listed under t he word 
"metric" in any college standard dictionary. There 
is li ttle necessity for the student ~o memorize such 
tables, but it is im portan t to memorize the various 
prefixes used to indicate the different magnitudes 
of metric units. The m ost importa n t of these pre­
fixes are listed here. 

P1·efix 

mega 
(or meg) 

kilo 
hecto 
dcca 

(or deka) 
dcci 
centi 
milli 
micro 

Multiplying 
Factor Indicated 

by Prefix 

one m illion 
one thousand 
one hundred 

ten 
one-tenth 
one-hundredth 
one-thousandth 
one-millionth 

Example 

megohm 
kilocycle 
hectoliter 

= 1,000,000 ohms 
= 1,000 cycles 
= 100 liters 

decam eter = 10 meters 
decibel = 0.1 bel 
cen timeter = 0.0 1 m eter 
mill iampe1·e = 0.001 ampere 
microvolt = 0.000001 vol t 

THE LANGUAGE OF PHYSICS 

In the early stages of physics training, the stu­
den t is primarily concerned with learning the 
language or the vocab ular y of the subj ect. New 
words arc constantly being introduced, a nd it is 
important to learn their exact meaning. In some 
cases a new word will be defined, the n this word 
will be used to define a second eng ineering term. 
Failure to understand the first will make i t impos­
sible to understand the second. It is th erefore im­
portant to p lace em phasis on learn ing the exact 
meaning of each engineering term as soon as i t 
is m et. 

In the following pages some of the most comm on 
words peculia r to physics will be d efin ed . Only 

those considered of maximu m importance to an 
understanding of electrical p1) nciples will be dis­
cussed. In presenting the words, an attempt will 
be made to define them qualitatively and then 
quantitatively so that the student may get some 
idea of how derived uni ts are obtained from the 
fundamental units of length, mass, and time. 

L ength: Length is the extent of space or dis­
tance between points along a prescribed path. In 
measuring length · it is usually assumed that the 
measurement is made along a straight line; ·that is, 
along a path that represents the shortest distance 
between two points. However, length may be meas­
ured along a curved line: the circumference of a 
circle is measured in units of length. (The student 
may think of a curved line as a very large number 
of very short straight lines joined end to end.) 

·when more than one dimension of length is in­
volved in a measurement, it is customary to use cer­
tain words to describe each dimension. I n stating 
the dimensions of a rectangular box the greatest 
dimension is usually referred to as the length, the 
next greatest the width, and the shortest dimension 
the depth or thickness. T hus the statement that a 
box has dimensions 3 X 2 X 1 (read 3 by 2 by l ) 
meters mea ns the box is three meters long, two 
meters wide, and one meter deep. 

The fundamental unit of length (a distance) in 
the M.K.S. system is the meter, in the C.G.S. sys­
tem the cen timeter, and in the F.P.S. system the 
foot. The centimeter is one one-hundredth of a 
meter, and the foot is about 0. 305 meter. One 
meter is about 3.28 feet. 
ra. 

Area: Area is defined as the extent of surface. 
Unit area is a square, one unit long and one unit 
wide. A square centimeter is the area enclosed by 
a square measuring one centimeter on a side. \•Vhen 
the statement is made that a surface has an area 

.-4cm _.. - --- 8 em 
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FIGUR E 2-Fow· di{fe1·ent shapes, all of the same m·ea. 

of 16 square centimeters, it means that sixteen unit 
squares would just cover the surface. I t also means 
sixteen u nit squares would cover an area equal to 
that of a given surface no matter how the squares 
are arranged. T herefore an area of 16 cm2 could 
apply to any number of d ifferently shaped surfaces, 
for area does not define shape. T hus 16 cm2 de­
scribes the area of a circle 4.51 em in diameter, the 
area of a square 4 em on a side, the area of a rec­
tangle 2 X 8 em, 16 X I em, or 5 X 3.2 em, etc. See 
figure 2. 

It is evident that to measure area we must make 
at least two measurements of length. In the case 
of a square or rectangle, 

Area = length X width 
A= LHl 

where A will be in square units when L and W are 
expressed in units of length. The unit of area is a 
derived unit based upon the product of two meas­
ures of length. The idea of "square unit" comes 
from the fact that a product like "length times 
length" is called "length squared" in mathematics. 

More involved measurements are necessary in 
order to determine the area of irregular surfaces. 
The area of figure 2c can be found by adding the 
areas of its parts. Thus 

A= (3X3) + (2X 2) + (3X I) = 16 cm2 • 

The area of many small irregu lar surfaces, even 
those bounded by curved lines, may often be esti­
mated to a fair degree of accuracy by laying the sur­
face off in unit squares or by dividing the surface 
into a number of regular parts, the area of which 
can be calculated individually, and then added. 
The area of any surface is equal to the sum of the 
areas of its parts. 

The unit of area in the M.K.S. system is the 
square meter (abbreviated m2 ) , in the C.G.S. sys­
tem the sq uare centimeter (cm2 ), and in the F.P.S. 
system the square foot (ft 2) . \1\That is the multi­
plying constant to convert square meters to square 
ccn ti meters? 

l'olume: Volume is the extent of space enclosed 
11·i thin the boundary surfa ces of a body. T o de­
lcrm inc the volu me or a regular body, at least three 
measurements of length are required: 

Volum e = length X width X depth 
I'= L!VD 

Vol u1nc is sa id to have dimensions of "length 
cubed" bcca usc i l is the product of three factors 
of length. The unit of volume is a cube having 
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I em~ UNIT CUBE 

V = 3 X3X3 =27cm3 

FIGURE 3-The unit of volume is a cube with sides 
of unit length. 

sides of unit length . See figure 3. Considerable in­
genuity is often needed to m easure the volu me of 
irregular bodies. Sometimes it is p ractical to divide 
the given body into a series of regular sh aped p arts 
and then apply the rule tha t the total volume is 
equal to the sum of the volumes of all the indi­
vidual parts. Figure 4 demonstrates ano ther m ethod 
of measuring the volu me of comparatively small 
irregular bodies. The volume of water d isplaced 
by the body when submerged in water is equal to 
the volume of the body. 

The unit of volume in the M.K.S. system is the 
cubic meter (m3

), in the C.G.S. system the cubic 
centimeter (cm3), and in the F.P.S. system the cubic 
foot (ft3) • 

75cm~ 

50cm:
3

~ II 
25cm~~ 

f/ ' 1\ Ul' 

V: 75-50 = 25 cm3 

FIGURE 4-Meastaing the volume of an in-egulm·ly­
shaped object by measw·ing the volume of liquid 

it displaces. 

Velocity : The dictionary may define "speed" 
and "velocity" as the " rate of motion," but to the 
engineer there is a definite difference in the meaning 
of the two words. T he speed of an object simply 
states how rapidly the body is moving without any 
indication of the direction in which it is moving. 
To the mathematician, speed is a scalar quantity; 
that is, one that indicates only magnitude or size. 
But velocity is a vecto1· quantity; that is, one that 
indicates both magnitude and direction. A body 
may move at constant speed and yet any selected 
point on the body may be moving at a variable 

velocity. A wh eel may roll along the surface of 
the earth at constant speed but any point on the 
rim of the wheel will h ave a variable velocity be­
cause the ~:lirection in which the point moves con­
stantly changes. 

The word "rate" a lways implies a ratio. Unit 
veloci ty is a uni t ra tio involving the fundam ental 
units of distance (length) and time. 

Unit velocity = distance per u nit time 
distance 

time 

d 
v = -

t 
In the M.K.S. system the unit of velocity is the 
meter p er second, in the C .G .S. system the unit is 
the centimeter per second and in the F.P.S. system 
the foot per second. T h ese m ay be written m j s, 
cmj s, a nd ftjs, respectively. 
Other units of velocity are miles p er hour, revolu­
tions per minute, etc. These units are a lso used in 
measuring sp eed. 

Accelemtion: Acceleration is defined as the rate 
of change of velocity. Acceleration is said to be 
uniform when the change in velocity per unit time 
is a constant. Non-uniform acceleration exists when 
the rate of change of velocity is variable. Accelera­
tion is said to be positive when the velocity is in­
creasing and negative when it decreases. 

Unit accelera tion is represented by unit change 
in velocity in unit time. If a body is moving at a 
velocity of ten feet per second and each second the 
velocity increases by 2 feet, then the acceleration 
is two feet per second per second. This is usually 
written 2 ftj sec2 • If the velocity is decreasing a t the 
rate of 2 feet per second the acceleration is -2ftj sec2 

• 

velocity 
Acceleration = - ---

Since 

time 

v 
a = -

t 

d 
V=-, 

t 
then in terms of fu ndamenta l units 

d 
a =- -';- t 

t 

d 
a =­

t" 

U nit acceleration in the M.K.S. system is the 
meter per second squared, in the C.G.S. system the 
centimeter per second squared, and in the F.P .S. 
system the foot per second squared . 

In physics an important example of acceleration 
is that caused by gravity acting upon a fl·ee-falling 
body. Any body fa lling in a vacuum toward the 
earth accelerates at a constant rate. T his rate 
varies slightly with the distance of the body from 
the center of the earth and at various points over 
the surface of the earth, but in physics this varia­
tion is usually neglected and the acceleration 
caused by gravi ty is taken as 9.80 meters per second 
squared, equivalen t to 32.2 ftjsec~. Let us neglect 
the effects of air resistance; then if a body starts 
from rest and fa lls toward the earth, at the end of 
the first second it wi ll have a velocity of 9.80 mj sec, 
at the end of the second second the velocity will be 
9.80 + 9.80 or 19.60 mj sec, at the end of the third 
second 19.60 + 9.80 or 29.40 mj sec, etc. Each 
second of fa ll increases the velocity of the body 
by 9.80 mj sec. H the body is thrown upward 
against the Coree of gnvity, the velocity would de­
crease uniformly at the rate o[ 9.80 mj sec. The 
constant of gravitat ional accelerat ion is represented 
by the symbol g. 

g = 9.80 mj sec" = 980 cmj sec2 = 32.2 ftjsec~ . 

vVhen acceleration is uniform, it may be calcu­
la ted by measuring the velocity at the beginning 
and end of a known time interval. 

(fi nal velocity) - (initial velocity) 
Acceleration = . . 

(duratiOn of time mterva l) 

for example, if a car is moving at 45 mph at the 
instant the brakes arc app1ied and three seconds 
la ter the velocity has decreased to 30 mph, the 
acceleration is 

a= 
30 - 45 

3 
-5 milcsj hourj sccond . 

\Vhen the acceleration is non-uniform, this formu la 
yields the average, or mean accelerat ion. In the 
example above, if the speed o( the car decreased 
to 35 mph at the end of the first second and then 
to 30 mph in t.hc second and third seconds the 
average acceleratio n wou ld still be - 5 m ilesj hourj 
second. 

T he fin a l velocity of a uniformly accelerating 
body may be calculated from 

v1 = v; +at 
where v

1 
is the fin a l velocity, v; the ini tia l velocity, 

a the average acceleration d uring the time interval 
1. The average velocity of a uniformly accelera ting 
body over a given time interval is 

V =---
2 

W hen the average velocity is known, the d istance 
through which a body moves in a given time t is 

d =Val · 
An automobile moving at 30 mph accelerates at 
the rate of 5 mj hj sec for six seconds. Through 
what distance will the car move in this time in­
terval? 

v1 = 30 + (5X6) = 60 mph 

30+ 60 
v = 45 mph 

2 
6 sec = l j 600 hour 

3 
d = 45 X l j 600 = - mile = 396ft. 

40 

Mass: Mass was defined by physicists, many, 
many years ago, as a measure of the quantity of 
matter contained in a body. This definition leads 
to the logical conclusion that mass should be a con­
stant [or any given body. A gallon measure should 
hold a gallon of water on the earth, the moon, or 
anywhere in the universe. After formula ting this 
qualita tive definition, scientists were at a loss for 
many years as to how it could be placed in quanti­
tative form. I t was the work of Sir Isaac Newton 
that eventually solved the problem. The quantita­
tive relations which he established give a basic 
understanding of the words mass, force, and weight. 
T he student must grasp these quantitative relations 
because from them are derived the fundamental 
concepts of electromotive force, electrical work, 
energy, and power. 

Force: In order to define mass quantitatively, it 
is first necessary to define the meaning of "force." 
first impressions of Coree come from muscular 
effort. Intuition tells us that muscular force may 
be used to change the direction of motion of a body. 
A baseball player realizes intuitively tha t greater 
force is required to throw a baseball [rom first to 
third than from first to second base. T he same in­
tui tion tells us that more effort or Coree is required 
to move a large body a given distance than to move 
a smal ler one of the same material through the 
same d istance. T herefore the quantity of matter in 
a given body determines the force needed to move 
it through a given distance. It is easier (tha t is, 
less force is required) to stop a thrown baseball 
than a rifle bullet, a lthough the baseba ll may con­
tain several times more matter than the bullet. 
H ence the velocity of a body must a lso have some 
control over the force required to change the mo­
tion of the body. T hese rela tively simple ideas led 
Newton to believe that force, mass, and velocity 
were related in some definite man ner. As a starting 
point he defined force as an action exerted by one 
body on another tending to change the state of mo­
tion of the body acted upon. Note particu larly that 
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:\ewton did not say tha t applying a force always 
_resulted in a change in motio n. Lifting an object 
is eq uivalent to applying a force that changes the 
d irection of motion of the object li ft~d. H owever, 
if the body is sufficiently heavy tha t the applied 
force cannot move it, then the force simply tends 
to change the direction of motion . 

Anyone stepping from a moving vehicle notes 
that his body tends to continue in mo tion in the 
d irection of the vehicle. Similarly i t is much easier 
to step aboard a moving vehicle i£ a person is mov­
ing in the same direction and a t the same speed as 
the vehicle. Analyzing experiences of this type led 
1'\ewton to formula te his fi rst law of motion wh ich 
states that evePy body continues in a state of rest 
or unifoTm m otion unless the app lication of some 
ex ternal force compels a change in that state. An 
important proper..q o£ matter becomes evident from 
this law. I t is called ine1·t ia and is defined as that 
prope,-ty of matteT by v irtue of w hich it tends to 1·e­
main at Test or in uni{o1·m m otion unless external 
forces are operating upon it. In the study o f elec­
tr icity it will be fou nd that the electrical property 
called inductance is nothing m ore than the inertia 
of the electrical circuit which acts to oppose any 
change in curren t flow ing in the circuit. 

By a series o£ simple experiments and observa­
tions Newton noted that application of a known 
force to a given body would impart a given velocity 
to the body. If the mass of the body were increased, 
the same force would impart a lower velocity. If 
the mass was decreased, a higher velocity would re­
sult. A body in motion then possesses a property 
that does not ex ist when the body is at rest. H e 
called this property momentu m and on the basis 
of exper iment establ ished the relation 

momen tum = mass X velocity 
M = mv. 

Since velocity is measured in terms o£ u nit length 
(distance) per u nit time, then the fundamen tal 

dimensions of momentum are 

md 
M =- . 

t 

In the M.K.S. system the uni t of momentum would 
be the k il ogram-meter per second. 

When the motor of an automobile exer ts a driv­
ing force upon the car, the force acts to accelerate 
the movement of the car. In moving, the car mu st 
overcome the opposing forces of friction- friction 
in .the dr iving system of the car , the fr ictional re­
sistance of the a ir, and the resistance offered by the 
road over which the car moves. T hese opposing 

forces all increase as the velocity of the car in­
creases. \ !\Then the applied forces exceed the oppos­
ing forces, p ar t of the applied force is cancel~ed in 
overcoming the opposing forces; the rem amder, 
called the ne t or effective force, is u tilized in ac­
celera ting the for ward motio n of the car. Since the 
opposing forces incr ease with velocity, a ~nal 
velocity will eve ntu ally be attained for any g1v~n 
applied force. When the opposing forces h ave bL~ Il t 
up to a point where th ey just equal th~ a~phed 

. force, the effective force is zero, the velocity IS con­
stant, and the acceleration is zero. The forces are 
then said to be in equilibriu m. 

Considering on ly the e ffective force acting o n a 
body, it can be shown t hat t he greater the m ass of 
a body the less will be the accelerat ion imparted by 
a given force. If the appl ied force is constant, 
doubling the mass of a body will h alve the accelera­
tion, and halving the mass will d ouble the accelera­
tion. From these co ndi tions N ewton formula ted 
his second law of motio n which sta tes tha t the 
effective force acting upon a body is di1·ectly pro­
portional to both the mass of the bod)' and th_e 
acceleration produced by the fo?·ce. Note that th~s 
law gives a quanti tative defi n ition of a force. I t IS 

the basis o f severa l important electrical p rinciples. 

force = mass X acceleration 

F =ma 

md 
Dimensionally, F = - - . 

t2. 

Un it force is that force which will impart u nit 
acceleration to un it mass. In the M.K.S. system this 
unit is ca lled, appropria te ly enough, the n ewton . A 
newton is that force which will impart a n accelera-
t. f d to a mass 1on o one meter per second per seco n ' . 
of one kilogram. In the C.G .S. sys tem the _unit ~f 
force is called the dyn e and is tha t force which will 
impart an accelera tion of one cen timeter per second 
per second to a mass of o ne gram . 

T he importance of Newton's work in quan tita­
tively defin ing force is that it yields a useable defi ­
nition of mass. 

F = ma 

F 
m = 

a 

F d . · easily meas-orce a n acceleration are quanti ties . 
ured. U n it mass can now be defined . One kilogram 
o f m ass is th at m ass which will be accelerated one 
meter per second per seco nd by applying an effec­
t ive force of one newton . 

1·'~----~--

Newton's third and final law of motion states 
that for eve1-y action upon a body the1·e is an equal 
and opposite 1·eact ion. I n essence this third law of 
motion means that Body A cannot exert a force on 
Body B unless Body B pushes back against Body A 
with an equal force. A sheet of paper cannot stop 
a r ifle bullet because it is incapable of exer ting an 
opposing force equal to the force of impac~ ~f th_e 
bullet. A force is util ized or expended by p1ttmg 1t 
against an equal and oppos~te force. 

Weight: An a ttempt has been made up to this 
point to explain mass and force without reference 
to weight s6 as to avoid confusing the student. 
W eight is a property of matter and is defined as a 
measure of the force of gravity acting u pon the 
mass of a body. \.Yeight is a measu re of force, the 
force of gravity, acting upon a given body. In an 
earlier par agraph the gravitational constant g was 
defined, although it was stated that g was not 
strictly a constant. T he ra te a t which a free-fall ing 
body accelerates under the in fluence of gravity 
varies with the distance of the body from the center 
of the earth. The value of g at sea level is greater 
than on a high mounta in top. T o some extent the 
density of the earth's crust causes the gravitatio~1al 
constant ~o vary slightly, the value of g bemg 
greater ovei' areas of high dens~ty. Si~ce weight is 
a measure of the force of gravity actmg u pon the 
mass of a body, the weight of the body will vaxy in 
accordance with the variation in the value of g. 
The primary difference be~ween mass and weig~t is 
that m ass is a constant (m dependent of gravity) 
whereas weigh t may vary, although it is customary 
to consider weight a constant. 

Although the force of gravity varies _a t di fiere r~t 
points on the earth's surface and at d1 fferent a lti­
tudes, the range of variation is not very great. A 
mass that weighs 2000 pounds at sea level will 
weigh abou t 1999 pounds at an ~l t i tude of one mi l_e 
above sea level. Since the r adiUs of the earth IS 

slightly less at the poles than a t the equator, the 
va lue of g will be somewhat less at the equator 
than at the poles. I t varies from about 9.832 mjsec~ 
at the poles to 9.7799 m j sec" at t~1e equ~tor, ? oth 
these va lues being for sea level. Smce weigh t 1s an 
important proper ty of matter in commerce, Con­
gress has fi xed the legal value of g at 9.80665 
mj sec", and weigh t measu ring devices arc calibrated 
in terms of this value. 

The quanti ta tive relation between weight, mass, 
and g is given by 

W= mg 

Confusion results from the fact that m ass and 
weight are measured in units that have the same 

name. A mass of one kilogram weighs 9.80 kilo­
grams, a mass of one gram weighs 980 grams, a mass 
of one pound weighs 32.2 pounds. T o avoid con­
fusion, it is customary to use the word "mass'· to 
indicate that the measurement does not involve the 
force of gravity, and the words " force" or "weight". 
to indicate that the constant g is involved . A 
"pound force" is the force exerted by gravity on a 
pound weigh t. Measurements that are indep enden t 
of gravity are called absolute values. Those de­
penden t upon the force of gravity are called grf171i · 
tat ional values. 

Gravitationa l Un its: The fact tha t 

from which 

W = mg 

1n= 
w 
g 

has led to a system of units based upon the gravita­
tional constant g. Absolu te units are based upon 
the rela tion 

F 
U L = 

a 

It is interesting to note that W j g is a constant, al­
though both W and g may vary. The variation is 
always such that weight d iv ided by g yields the 
same q uotient. T o avoid confusion, the gravita­
tiona l units will not be defined here. When neces­
sary to clarify fu ture discussions, they will be de­
fined at the appropriate point in the text. 

L aw of Unive?"Sal Gmvita tion: ewton 's law of 
un iversal gravitation is of genera l interest because 
it is very similar to two laws in electr ical engineer­
ing that form the basis of the electromagnetic and 
electrostatic systems of un its. ' ewton reasoned 
that every body in the universe attracted every 
other body with a force directly p roportional to the 
masses of the bodies and inversely proportional 
to the square of the d istance between them. 

fun 1m 2 
F = - --

d~ 

where F is the force of attraction, m 1 and m2 the 
respective masses o( the bod ies, d the d istance be­
tween them, and k the constan t of proportionality 
whose value depends upon the units in which the 
other values arc measured . If 111 1 is the m ass of the 
earth and d the radius of the earth, then 

hm 1 

g ~ d2 • 

Since h and m 1 are constan ts, if the radius o[ the 
earth is constant then g is the constant of grav ita-
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tiona! attraction. This leads to the quantitative 
definition of weight 

F = W ==- m 2g. 

PROPORTIONALITY CONSTANT 

T he so·called constant of proportionality, usually 
represented by the symbol k, is a part of all engi­
neering formulas; however, it is customary to omit 
writing it when the value of k is unity. The stu­
dent will have little difficulty in visua lizing the 
nature of k if he remembers that the value of h is 
dependent upon the units in which other terms of 
the formula are measured. Consider the statement 
" the area of a rectangle is directly proportiona l to 
the length and width of the rectangle." This state­
ment is true regardless of the units in which the 
area, width, and length are measured. It is sym­
bolized as 

A o: LW 

where the symbol o: is read " varies as." This is a 

statement of proportionality which becomes an 
equation by introducing the constant of proportion­
al ity, 

A= kLW. 

T h e value of k will depend upon the units in which 
A, L, and W are expressed. This is a general 
formula th at applies in all cases. ·when written 

A = L W 

it is a special form ula that is t rue only when A L 
and W are expressed in u nits such that h = 1. Fo; 
examp le, if L and W are in feet a nd A in square 
feet, then k equals unity because the unit of area, 
the square foot, is measured in feet--the same unit 
that is used to measure L and W . H owever, if A 
is expressed in square yards and L and W in feet, 
the value of k is no lo nger u nity. ~Iultiplying L 
feet by W feet yields a p roduct LW square f eel. 
Since one square yard is equal to 9 squ are feet, the 
product LW sq uare feet is nine times too large 
for the value of A in q uare yards. 

To convert square fee t to square yards it is neces­
sary to divide by nine or perform the eq uivalent 
operation of multiplying by one-ninth . 

L ft X W ft L W ft" 
A yd 2 = = --

9 ft" 9 ft" 

Since A = kL W, 

1 
the n k =-

9. 

LW 1LW 

9 9 

This value of k is not so obvious whe n one-ninth is 
expressed as a decimal value--

A = 0.111 LW 

which would yield a value for A accura te o nly to 
three significant fig ures. 

In establishing a system of measurement, the 
fundamental idea is to d evelop units so that in 
basic formulas the value of k is equa l to unity. 
H owever, in many d erived formulas, or when shift­
ing from one system to another , or when using 
mixed units, the value of k freque ntl y is greater or 
less than unity. This o ften results in odd numeri cal 
constants appearing in the formulas. It should be 
no ted that k is a n abstract number and d oes not 
involve a ny p articular unit of measurement. The 
engineer views the formula 11 = hL W as a gen~ral 
formula true in a ll cases, wh ereas A = LW IS a 
special case in which the units used are such as to 
make k = I. 

TEST QU ESTIONS 

I. (a) 1.7 decameters ... . ...... centimeters 
(b) 2.5 amperes = ............ milliamperes 
(c) 5,200,000 ohms = .. . .. . . .. . . megohms 
(d) 310 microvolts = . . . . . . . ....... . . volts 
(e) 40 megacycles = .... .. .... .. kilocycles 

2. (a) 6.28 fee t = ............... .. .... meters 
(b) 25 em = . . . . . . . . . . . . . . . inches 
(c) 27 ft2 = . . . . ............ square me ters 
(d) 1000 em" = . . . . . ......... cubic inches 
(e) 46 ounces = .. ... . .. ........ kilograms 

3. A body has a present velocity of 12 ftj sec. In 
I 0 seconds it has a velocity of 7 ftjsec. What is the 
mean acceleration? 

1. A body starting from rest and h aving uniform 
acceleration moves in the fourth second through a 
dista nce of 11 2 fee t. \•Vha t is the accelera tion in 
meters per second squ ared ? Throug h wha t distance 
in meters does the bod y move in the third second? 

5. A body having a mass of 4 kg is moving at the 
rate of 8 m j sec. A t this instant a force begins to 
act upon the body in the directio n o f motion and 
a t the end of 20 seconds the velocity has increased 
to 24 mj sec. Determine the mag niwde o f the 
efiective force. 

6. A gram weiglu is equa l to wh at force in dynes? 

7. A spring bala nce is ca rried in a ba lloon tha t 
is ascend ing vertically. \ .Yhat is the vertical accel­
eration in fee tj sec" of the ba lloon if an 8-ounce 
weight causes the ba lance to read 9 ounces? g = 32. 

DON'T BE A TERMITE! · 

The termite a bove is going thro ugh this copy ol E LECTRO!': 

without learning anything. 

There is a tendency- we arc al l human- to read only the arti­
cles applying to pet eq uip111 ents. This reduces the usefu lness o f 
the magazine. \ Vhy do tha t? Thi s is your 111agazinc. By reading 
and understanding every arti cle you can gain [or you rselr a well­
rounded understanding of the principles involved 111 ma ny dif­
ferent types of electronic equipment. 

Don't be a termi te. R ead a ll articles th oroughl y ami get as 
mu ch i n fo r/1/alio n out o ( them as you ca n. 
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Coming events cast their shadows be­
fore them-for the alert technician to 
see. Carefully planned periodic inspec­
tions and testing will often warn of im­
pending breakdowns. Once warned, the 
technician can often correct the condi­
tion before an actual failure occurs, 
thereby averting many emergency repairs. 

DON'T DELAY • • DO IT TODAY 


