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GRAM CENTIMETER SECOND
KILOGRAM METER SECOND
POUND FOOT SECOND

FiGure 1—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 has legally defined the avoir-

dupois pound as of a standard kilogram

2.2046
weight.

1 kilogram = 2.2046 pound
1 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.

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

;
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 that
the mean solar day will gradually increase but it
will be several million years before this change be-
comes important.

The standard second is made available through-
out the world by means of radio time signals. A
master clock, maintained at the Naval Observatory
in Washington, D. C., is regulated by suitable as-
tronomical observations. When this clock is used
to modulate a radio transmitter, the duration of
time between second ticks is exactly one standard
second.

METRIC TABLES

Metric tables of measures will not be included
in this text, as they are available in a variety of
technical publications. As a last resort reference
may be made to the tables listed under the word
“metric” in any college standard dictionary. There
is little necessity for the student to memorize such
tables, but it is important to memorize the various
prefixes used to indicate the different magnitudes
of metric units. The most important of these pre-
fixes are listed here.

Multiplying
Prefix Factor Indicated Example

by Prefix
mega
(or meg) one million 1 megohm = 1,000,000 ohms
kilo one thousand 1 kilocycle = 1,000 cycles
hecto one hundred 1 hectoliter =100 liters
deca
(or deka) ten 1 decameter — 10 meters
deci one-tenth 1 decibel = 0.1 bel
centi one-hundredth 1 centimeter = 0.01 meter
milli one-thousandth 1 milliampere — 0.001 ampere
micro one-millionth 1 microvolt = 0.000001 volt

THE LANGUAGE OF PHYSICS

In the early stages of physics training, the stu-
dent is primarily concerned with learning the
language or the vocabulary of the subject. New
words are constantly being introduced, and it is
important to learn their exact meaning. In some
cases a new word will be defined, then this word
will be used to define a second engineering term.
Failure to understand the first will make it impos-
sible to understand the second. It is therefore im-
portant to place emphasis on learning the exact
meaning of each engineering term as soon as it
is met.

In the following pages some of the most common
words peculiar to physics will be defined. Only

those considered of maximum importance to an
understanding of electrical principles 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 units are obtained from the
fundamental units of length, mass, and time.

Length: 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. In 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. Thus the statement that a
box has dimensions 8x2x1 (read 3 by 2 by 1)
meters means the box is three meters long, two
meters wide, and one meter deep.

The [undamental unit of length (a distance) in
the ML.K.S. system is the meter, in the C.G.S. sys-
tem the centimeter, and in the F.P.S. system the
[oot. The centimeter is one one-hundredth of a
meter, and the foot is about 0.305 meter. One
meter is about 3.28 feet.

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. When
the statement is made that a surface has an area
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Ficure 2—Four different shapes, all of the same area.

of 16 square centimeters, it means that sixteen unit
squares would just cover the surface. It also means
sixteen unit squares would cover an area equal to
that of a given surface no matter how the squares
are arranged. Therefore an area of 16 cm? could
apply to any number of differently shaped surfaces,
for area does not define shape. Thus 16 cm? de-
scribes the area of a circle 4.51 cm in diameter, the
area of a square 4 cm on a side, the area of a rec-
tangle 28 cm, 161 cm, or 5x3.2 cm, 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= LW

where A4 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

4= (3X3) + 2X2) + (3X1) — 16 cm=.

The arca of many small irregular 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 ol its parts.

The unit of area in the M.K.S. system is the
square meter (abbreviated m?), in the C.G.S. sys-
tem the square centimeter (ecm®), and in the F.P.S.
system the square foot (ft?). What is the multi-
plying constant to convert square meters to square
centimeters?

Volume: Volume is the extent of space enclosed
within the boundary surfaces of a body. To de-

termine the volume of a regular body, at least three
measurements of length are required:

Volume = length % width x depth
V= LWD

Volume is said to have dimensions of “length
cubed” because it is the product of three factors
of length. The unit of volume is a cube having
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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 measure the volume of
irregular bodies. Sometimes it is practical to divide
the given body into a series of regular shaped parts
and then apply the rule that the total volume is
equal to the sum of the volumes of all the indi-
vidual parts. Figure 4 demonstrates another method
of measuring the volume of comparatively small
irregular bodies. The volume of water displaced
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 (m?), in the C.G.S. system the cubic

centimeter (cm?), and in the F.P.S. system the cubic
foot (ft*).

V=75-50=25cm3
FiGURE 4—Measuring the volume of an rregularly-
shaped object by measuring 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. The 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 veclor 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 wheel may roll along the surface of
the earth at constant speed but any point on the
rim of the wheel will have a variable velocity be-
cause the direction in which the point moves con-

stantly changes.

The word “rate” always implies a ratio. Unit
velocity is a unit ratio involving the fundamental

units of distance (length) and time.

Unit velocity — distance per unit time
distance
time
d
UV = —
t

In the M.K.S. system the unit of velocity is the
meter per second, in the C.G.S. system the unit 1s
the centimeter per second and in the F.P.S. system

the foot per second. These may be written m/s,
cm/s, and ft/s, respectively.

Other units of velocity are miles per hour, revolu-

tions per minute, etc. These units are also used in
measuring speed.

Acceleration: 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 1n-

creasing and negative when it decreases.

Unit acceleration is represented by unit change

in velocity in unit time. If a body is moving at 2
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 ft/sec?. If the velocity is decreasing at the
rate of 2 feet per second the acceleration is —2ft/sec’.

\ velocit
Acceleration — ——1
ume
U
a4 == —
t
y d
Since V=,
t
then in terms of fundamental units
d
a=— =1
t
d
a=—
12

Unit 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 free-falling
body. Any body falling in a vacuum toward the
earth accelerates at a constant rate. This 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 gravity is taken as 9.80 meters per second
squared, equivalent to 32.2 ft/sec®. Let us neglect
the effects of air resistance; then if a body starts
from rest and falls toward the earth, at the end of
the first second it will have a velocity of 9.80 m/sec,
at the end of the second second the velocity will be
9.80 ++ 9.80 or 19.60 m/sec, at the end of the third
second 19.60 -+ 9.80 or 29.40 m/sec, etc. Each
second of fall increases the velocity of the body
by 9.80 mysec. If the body is thrown upward
against the force of gravity, the velocity would de-
crease uniformly at the rate of 9.80 m/sec. The
constant of gravitational acceleration is repreSented
by the symbol g.

g — 9.80 m/sec — 980 cm/sec® — 32.2 fi/sec’.

When acceleration is uniform, it may be calcu-
lated by measuring the velocity at the beginning
and end of a known time interval.

(final velocity) — (initial velocity)

Acceleration = - —— -
(duration of time interval)
For example, il a car is moving at 45 mph at the
instant the brakes are appiied and three seconds
later the velocity has decreased to 30 mph, the
acceleration is
50 — 45 .
a — ——— = —5 miles/hour/second.

3

When the acceleration is non-uniform, this formula
yields the average, or mean acceleration. In the
example above, if the speed of the car decreased
to 35 mph at the end of the first second and then
to 80 mph in the sccond and third seconds the
average acceleration would still be —5 miles/hour/
second.

The final velocity of a uniformly accelerating

body may be calculated from
v, = v; | at

where v, is the final velocity, v; the initial velocity,
a the average acceleration during the time interval
t. The average velocity of a uniformly accelerating
body over a given time interval is
U - Uy

5"
When the average velocity is known, the distance
through which a body moves in a given time t is

UV =

d = v,t.
An automobile moving at 30 mph accelerates at
the rate of 5 m/h/sec for six seconds. Through
what distance will the car move in this time in-
terval?
vy = 30 - (5x6) = 60 mph
30 4 60

v — — = 45 mph
5 P

6 sec = 1/600 hour
3
d = 45 X 1/600 = T mile = 396 ft.

Mass: Mass was defined by physicists, many,
many years ago, as a mecasure of the quantity of
matter contained in a body. This definition leads
to the logical conclusion that mass should be a con-
stant for any given body. A gallon measure should
hold a gallon of water on the earth, the moon, or
anywhere in the universe. After formulating this
qualitative definition, scientists were at a loss for
many years as to how it could be placed in quanti-
tative form. It 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.
The 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 force 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 that greater
force is required to throw a baseball from first to
third than from first to second base. The same in-
tuition tells us that more effort or force is required
to move a large body a given distance than to move
a smaller one of the same material through the
same distance. Therefore the quantity of matter in
a given body determines the force needed to move
it through a given distance. It is easier (that is,
less force is required) to stop a thrown baseball
than a rifle bullet, although the baseball may con-
tain several times more matter than the bullet.
Hence the velocity of a body must also have some
control over the force required to change the mo-
tion of the body. These relatively simple ideas led
Newton to believe that force, mass, and velocity
were related in some definite manner. 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 particularly that
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Newton did not say that applying a force always

resulted in a change in motion. Lifting an object

Is ‘equivalent to applying a force that changes the
direction of motion of the object lifted. However,
if the body is sufficiently heavy that 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 motion in the
direction of the vehicle. Similarly it is much easier
to step aboard a moving vehicle if a person is mov-
ing in the same direction and at the same speed as
the vehicle. Analyzing experiences of this type led
Newton to formulate his first law of motion which
states that every body continues in a state of rest
or uniform motion unless the application of some
external force compels a change in that state. An
important property of matter becomes evident from
this law. It is called inertia and is defined as that
property of matter by virtue of which it tends to re-
main at rest or in uniform motion unless external
forces are operating upon it. In the study of elec-
tricity it will be found that the electrical property
called inductance is nothing more than the inertia
of the electrical circuit which acts to oppose any
change in current flowing in the circuit.

By a series of 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 exist when the body is at rest. He
called this property momentum and on the basis
of experiment established the relation

momentum = mass % velocity
M = muv.

Since velocity is measured in terms of unit length
(distance) per unit time, then the fundamental
dimensions of momentum are

md
M= — |
z
In the M.K.S. system the unit of momentum would
be the kilogram-meter per second.

When the motor of an automobile exerts a driv-
ing force upon the car, the force acts to accelerate
the movement of the car. In moving, the car must
overcome the opposing forces of friction—{riction
in .the driving system of the car, the frictional re-
sistance of the air, and the resistance offered by the
road over which the car moves. These opposing

forces all increase as the velocity of the car in-
creases. When the applied forces exceed the Oppos-
ing forces, part of the applied force is cancell'ed in
overcoming the opposing forces; the rema}nder,
called the net or effective force, is utilized in ac-
celerating the forward motion of the car. Since the

opposing forces increase with velocity, a final
velocity will eventually be attained for any given
applied force. When the opposing forces have bl}ll[
up to a point where they just equal thfi ﬂPPlled
.force, the effective force is zero, the velocity 1s con-
stant, and the acceleration is zero. The forces are

then said to be in equilibrium.

Considering only the effective force acting on a
body, it can be shown that the greater the mass of
a body the less will be the acceleration imparted by
a given force. If the applied force is constant
doubling the mass of a body will halve the accelera-
tion, and halving the mass will double the accelera-
tion. From these conditions Newton formulated
his second law of motion which states that the
effective force acting upon a body is directly pro-
portional to both the mass of the body and th.e
acceleration produced by the force. Note that th}s
law gives a quantitative definition of a force. Itis
the basis of several important electrical principles.

force = mass % acceleration
F — ma
: : md
Dlmensmnally, e .
2.

Unit force is that force which will impart unit
acceleration to unit mass. In the M.K.S. system this
unit is called, appropriately enough, the newton. A
newton is that force which will impart an deceleca
tion of one meter per second per second to @ Iass
of one kilogram. In the C.G.S. system the unit F)[
force is called the dyne and is that force which e
impart an acceleration of one centimeter Per sgcond
per second to a mass of one gram.

; ; : antita-

The importance of Newton's work in qlldnd fi
! : -
tively defining force is that it yields a useable ¢
nition of mass.

F — ma

F
M=
a
s ily meas-
Force and acceleration are quantities eas;:}(l b
: m
ured. Unit mass can now be defined. One X1 ?:1g
of mass is that mass which will be accelerate fc;ne
; ¥
meter per second per second by applylng an elie
tive force of one newton.

Newton's third and final law of motion states
that for every action upon a body there is an equal
and opposite reaction. In essence this third law of
motion means that Body 4 cannot exert a force on
Body B unless Body B pushes back against Body 4
with an equal force. A sheet of paper cannot stop
a rifle bullet because it is incapable of exerting an
opposing force equal to the force of impacf o'[ th-e
bullet. A force is utilized or expended by pitting it
against an equal and opposite force. '

Weight: An attempt has been made up to this
point to explain mass and force without reference
to weight s6 as to avoid confusing the student.
Weight is a property of matter and is defined as a
measure of the force of gravity acting upon the
mass of a body. Weight is a measure of force, the
force of gravity, acting upon a given body. In an
earlier paragraph the gravitational constant g was
defined, although it was stated that g was not
strictly a constant. The rate at which a f_ree-falhpg
body accelerates under the influence 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 mountain top. To some extent the
density of the earth’s crust causes the gravuauo}]al
constant to vary slightly, the value of g being
greater overl areas of high density. Since weight is
a measure of the force of gravity acting upon the
mass of a body, the weight of the body will vary in
accordance with the variation in the value of g.
The primary difference between mass and weight is
that mass is a constant (independent of gravity)
whereas weight may vary, although it is customary
to consider weight a constant.

Although the force of gravity varies at different
points on the earth’s surface and at different alti-
tudes, the range of variation is not very great. 'A
mass that weighs 2000 pounds at sea level W.lll
weigh about 1999 pounds at an altitude of one nul_e
above sea level. Since the radius of the earth is
slightly less at the poles than at the equator, the
value of g will be somewhat less at the equator
than at the poles. It varies from about 9.832 m /sec*
at the poles to 9.7799 m/sec? at the equator, Poth
these values being for sea level. Since weight is an
important property of matter in commerce, Con-
gress has fixed the legal value of g at 9.80665
m/sec?, and weight measuring devices are calibrated
in terms of this value.

The quantitative relation between weight, mass,
and g is given by
W = mg
Confusion results from the fact that mass 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. To 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 weight. Measurements that are independent
of gravity are called absolute values. Those de-
pendent upon the force of gravity are called grau:-
tational values.

Gravitational Units: The fact that
W =mg
from which
w

m = ——

has led to a system of units based upon the gravita-
tional constant g. Absolute units are based upon
the relation

m =

F
e
It is interesting to note that W /g is a constant, al-
though both W and g may vary. The variation is
always such that weight divided by g yields the
same quotient. To avoid confusion, the gravita-
tional units will not be defined here. When neces-
sary to clarify future discussions, they will be de-
fined at the appropriate point in the text.

Law of Universal Gravitation: Newton’s law of
universal gravitation is of general interest because
it is very similar to two laws in electrical engineer-
ing that form the basis of the electromagnetic and
electrostatic systems of units. Newton reasoned
that every body in the universe attracted every
other body with a force directly proportional to the
masses of the bodies and inversely proportional
to the square of the distance between them.
kmm,

de
where F is the force of atwraction, m; and m, the
respective masses of the bodies, d the distance be-
tween them, and k the constant of proportionality
whose value depends upon the units in which the
other values arc measured. If m; is the mass of the
earth and d the radius of the earth, then

km,

g=—

dz
Since k& and m, are constants, if the radius of the
earth is constant then g is the constant of gravita-

et
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tional attraction. This leads to the quantitative
definition of weight

F=W = m,g.

PROPORTIONALITY CONSTANT

"The so-called constant of proportionality, usually
represented by the symbol %, is a part of all engi-
neering formulas; however, it is customary to omit
writing it when the value of % is unity. The stu-
dent will have little difficulty in visualizing the
nature of k if he remembers that the value of k is
dependent upon the units in which other terms of
the formula are measured. Consider the statement
“the area of a rectangle is directly proportional 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

4 o LW
where the symbol « is read “varies as.”” This is a

statement of proportionality which becomes an
equation by introducing the constant of proportion-
ality,

A = kLW.

The value of k will depend upon the units in which
A, L, and W are expressed. This is a general
formula that applies in all cases. When written

A= LW

it is a special formula that is true only when A, L,
and W are expressed in units such that k — 1. For
example, if L and W are in feet and 4 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. However, if 4
is expressed in square yards and L and W in feet,
the value of % is no longer unity. Multiplying L
feet by W feet yields a product LW square feet.
Since one square yard is equal to 9 square feet, the
product LW square feet is nine times too large
for the value of 4 in square yards.

To convert square feet to square yards it is neces-
sary to divide by nine or perform the equivalent
operation of multiplying by one-ninth.

LitxX Wit LW ft* LW 1 Lw

Y = T 9w T 9 T
Since 4 — kLW,
1
then A = —
9

This value of % is not so obvious when one-ninth 1s
expressed as a decimal value——

A= 0.111 LW

which would yield a value for A accurate only to
three significant figures.

In establishing a system of measurement, Ll.m
[undamental idea is to develop units so that.m
basic formulas the value of & is equal to um_ty.
However, in many derived formulas, or when Sll.lft-
ing from one system to another, or when using
mixed units, the value of k frequently is greatel: or
less than unity. This often results in odd numerical
constants appearing in the formulas. It should be
noted that & is an abstract number and does not
involve any particular unit of measurement. The
engineer views the formula 4 — LIV as a gen_eral
formula true in all cases, wherecas 4 — LW 1s
special case in which the units used are such as to
make &k = 1.

TEST QUESTIONS

I. (a) 1.7 decameters — .......... centimeters
(b) 2.5 amperes — ... milliamperes
(¢) 5,200,000 ohms = ...... ..... mcgohm?
(d) 310 microvolts = ............. . ,voltrT
() 40 megacycles — ... ... .. __kilocycles
2. (@) 6.28feet— ... ... ... ... . " ‘1.11eters
(b)) 2Biemn = i iing i s o _mche:s
() 27fe2— . .. .. ... .. ..... square 1lnetels
(d) 1000 cm® = ... ... .. ~ cubic inches

() 46 ounces = ...... ... ...... kilograms

) : oc. In
3. A body has a present velocity of 12 ft/scC. II

. . is the
10 seconds it has a velocity of 7 ft/sec. What 15 t
mean acceleration?

4. A body starting from rest and having uniform
acceleration moves in the fourth second throughlEl
distance of 112 feet. What is the acceleration 1n
meters per second squared? Through what distance
i meters does the body move in the third second?

5. A body having a mass of 4 kg is moving at the
rate of 8 m/sec. At this instant a force begins to
act upon the body in the direction of motion and
at the end of 20 seconds the velocity has increased
to 24 m/secc. Determine the magnitude of the
cffective force.

6. A gram weight is equal to what force in dynes?
7. A spring balance is carried in a balloon that
is ascending vertically. What is the vertical accel-

eration in feet/sec* of the balloon if an 8-ounce
weight causes the balance to read 9 ounces? g= 32.

- DON'T BE A TERMITE!

without learning anything.

There is a tendency—we are all human—to read only the arti-
cles applying to pet equipments. This reduces li_m nsvl‘uhww_ of
the magazine. Why do that? This is your magazine. By .1'c;1(11n§.§
and understanding every article you can gain for yoursell a wc%l.-
rounded understanding of the principles involved in many dif-

ferent types of electronic equipment.

Don’t be a termite. Read all articles thoroughly and get as
much information out of them as you can.

The termite above is going through this copy ol LErecrron




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



