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Is a branch of the physical sciences that is concerned with the state of rest or motion of bodies
! that are subjected to the action of forces.

7 In general, this subject can be subdivided into three branches: rigid-body mechanics,

¢ deformable-body mechanics, and fluid mechanics. In this book we will study rigid-body
mechanics since it is a basic requirement for the study of the mechanics of deformable bodies

and the mechanics of fluids.
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Furthermore rigid-body mechanics is essential for the design and analysis of many types of
-structural members, mechanical components, or electrical devices encountered in engineering.

Rigid-body mechanics is divided into two areas: statics and dynamics.
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! Statics deals with the equilibrium of bodies, that is, those that are either at rest or move with a

constant velocity; whereas dynamics is concerned with the accelerated motion of bodies. We
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g can consider statics as a special case of dynamics, in which the acceleration is zero; however,

4 statics deserves separate treatment in engineering education since many objects are designed

4 with the intention that they remain in equilibrium.
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. The subject of statics developed very early in history because its
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4 principles can be formulated simply from measurements of geometry and force. For example,
ﬂf T the writings of Archimedes (287-212 B.C.) deal with the principle of the lever. Studies of the

B =)

ﬁif pulley, inclined plane, and wrench are also recorded in ancient writings—at times when the

@f requirements for engineering were limited primarily to building construction.
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Slnce the principles of dynamics depend on an accurate measurement of time, this subject

¢ developed much later. Galileo Galilei (1564—1642) was one of the first major contributors to
thls field. His work consisted of experiments using pendulums and falling bodies. The most
S|gn|f|cant contributions in dynamics, however, were made by Isaac Newton (1642—-1727), who

Y is noted for his formulation of the three fundamental laws of motion and the law of universal
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graV|tat|onaI attraction. Shortly after these laws were postulated, important techniques for their

@f
% application were developed by other scientists and engineers, some of whom will be mentioned
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! Before we begin our study of engineering mechanics, it is important to understand the meaning

o

of certain fundamental concepts and principles.
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The following four quantities are used throughout mechanics.
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Length is used to locate the position of a point in space and thereby describe the size
of a physical system. Once a standard unit of length is defined, one can then use it to define
¢ distances and geometric properties of a body as multiples of this unit.
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Time is conceived as a succession of events. Although the principles of statics are time
independent, this quantity plays an important role in the study of dynamics.
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Mass is a measure of a quantity of matter that is used to compare the action of one body

3

ith that of another. This property manifests itself as a gravitational attraction between two

(o

odies and provides a measure of the resistance of matter to a change in velocity.
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In general, force is considered as a “push” or “pull” exerted by one body on another.

—

his interaction can occur when there is direct contact between the bodies, such as a person

ushing on a wall, or it can occur through a distance when the bodies are physically separated.

m ©

' Examples of the latter type include gravitational, electrical, and magnetic forces. In any case, a

—h

orce is completely characterized by its magnitude, direction, and point of application.
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Idealizations. 4wtial) oAl

Models or idealizations are used in mechanics in order to simplify application of the theory.

¢ Here we will consider three important idealizations.
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. A particle has a mass, but a size that can be neglected. For example, the size of the
earth IS insignificant compared to the size of its orbit, and therefore the earth can be modeled as
a particle when studying its orbital motion. When a body is idealized as a particle, the principles <
of mechanics reduce to a rather simplified form since the geometry of the body will not be
mvolved in the analysis of the problem.
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. A rigid body can be considered as a combination of a large number of particles in
WhICh all the particles remain at a fixed distance from one another, both before and after

i applying a load. This model is important because the body’s shape does not change when a load 1
4
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ﬁ Is applied, and so we do not have to consider the type of material from which the body is made.
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453 In most cases the actual deformations occurring in structures, machines, mechanisms, and the &
4
4 like are relatively small, and the rigid-body assumption is suitable for analysis. %
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ﬂf Concentrated Force. A concentrated force represents the effect of a loading which is assumed
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ﬂf + to act at a point on a body. We can represent a load by a concentrated force, provided the area

E over which the load is applied is very small compared to the overall size of the body. An

o=

4 example would be the contact force between a wheel and the ground.
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Steel IS @a common engineering material that does not deform very much under load. Therefore,
¢ we can consider this railroad wheel to be a rigid body acted upon by the concentrated force of

the rail.
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! & Newton’s Three Laws of Motion. A alt AL (i g il
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%f Engineering mechanics is formulated on the basis of Newton’s three laws of motion, the

g validity of which is based on experimental observation. These laws apply to the motion of a

4 _ _ :
4 particle as measured from a nonaccelerating reference frame. They may be briefly stated as
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. A particle originally at rest, or moving in a straight line with constant velocity,
tends to remain in this state provided the particle is not subjected to an unbalanced force, Fig.
1 la.

a&@;hﬂ\é\dﬂmc@bi‘;w ..L.';uﬁd);;'ujisL\M\&Q}SuMB&QJ&L;ﬁ\M\
(al ldS.uJ\).Lu\) Mj\ﬂﬁojdy@\uaﬂ‘)f\.ia}m‘dbﬂ

. A particle acted upon by an unbalanced force F experiences an acceleration a that ;
has the same direction as the force and a magnitude that is directly proportional to the force,

Fig. 1-1b.* If F is applied to a particle of mass m, this law may be expressed

£ ﬂﬂ B 2 B 2 2 B B 2 S B R 2 2 B B B B 2 B B Bl 2 B e R 2 B B £ £

ﬂ
m
~+
=
@
3
)
[l
)
=
<
o
7

F=ma
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. The mutual forces of action and reaction between two particles are equal, opposite, <
and collinear, Fig. 1-1c.
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ﬁNewton s Law of Gravitational Attraction. alad) dall Qlall g ¢ ild
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i Shortly after formulating his three laws of motion, Newton postulated a law governing the

graV|tat|onaI attraction between any two particles. Stated mathematically,
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F = Gmimz/r2 (1-2)
¢ where
F = force of gravitation between the two particles (peseall n 3l 6
G = universal constant of gravitation; according to experimental evidence, G = 66.73(10?) m?
(k 052) Ay yaill AU G 5 cdall alall il
m

1, My = mass of each of the two particles (el e JS LS
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= distance between the two particles  Crepsal) (48l
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Accordlng to Eq. 1-2, any two particles or bodies have a mutual attractive (gravitational) force
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@f acting between them. In the case of a particle located at or near the surface of the earth,

e

@f however, the only gravitational force having any sizable magnitude is that between the earth
ﬂ;f “and the particle. Consequently, this force, termed the weight, will be the only gravitational force

4f .
4 considered in our study of mechanics.
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Y From Eq. 1-2, we can develop an approximate expression for finding the weight W of a particle g
h

aving a mass m; = m. If we assume the earth to be a nonrotating sphere of constant density and ‘“
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‘“havmgamass m, = M, then if r is the distance between the earth’s center and the particle, we

ﬂf have W =G mM, /r?
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& W=GmM./r

i

gLettmg g = GM./r? yields

i _

% W = mg (1-3)

ﬁ By comparison with F = ma, we can see that g is the acceleration due to gravity. Since it

‘“ depends on r, then the weight of a body is not an absolute quantity. Instead, its magnitude is

ﬂf determined from where the measurement was made. For most engineering calculations,

ﬂf however, g is determined at sea level and at a latitude of 45°, which is considered the “standard

u

& location.”
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! The astronaut’s weight is diminished since she is far removed from the gravitational field of the

earth
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A 4 Units of Measurement ubdl) Silaa g

zgz The four basic quantities—Iength, time, mass, and force—are not all independent from one

% another; in fact, they are related by Newton’s second law of motion, F = ma. Because of this,

% the units used to measure these quantities cannot all be selected arbitrarily. The equality F = ma
% Is maintained only if three of the four units, called base units, are defined and the fourth unit is

i then derived from the equation.
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SI Units. The International System of units, abbreviated Sl after the French “Systéme
Internatlonal d’Unités,” is a modern version of the metric system which has received WorIdW|de
! recognition. As shown in Table 1-1, the SI system defines length in meters (m), time in seconds %
(s) and mass in kilograms (kg). The unit of force, called a newton (N), is derived from F = ma.
i Thus, 1 newton is equal to a force required to give 1 kilogram of mass an acceleration of 1 m/s?
! (N =kg . m/s?).
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(N = kg .m/s?).
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ﬂflf the weight of a body located at the “standard location” is to be determined in newtons, then

ﬁif Eq. 1-3 must be applied. Here measurements give g = 9.806 65 m/s?; however, for calculations,
4 the value g = 9.81 m/s? will be used. Thus,
W =mg (g = 9.81 m/s?) (1-4)
Therefore, a body of mass 1 kg has a weight of 9.81 N, a 2kg body weighs 19.62 N, and so on,
Fig. 1-2a.
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Mame Length Time Maz==s Force
Iniernational mcler second kilogram
Sysicm of Uniis -
51 m 5 kg kg-m
5_1
TABLE 1-3 Prefixes
Exponential Form Prefix Sl Symbol
Mulltple
I EWh (600 DI 1P pipa G
1 DM (0 10F mega X
1 DM 1 kilo k
Submuliiple
CL0 1o milli m
CLOHD D] 1S MECT M
CLOOD D4 D01 1r# LR m

Important Points

Statics is the study of bodies that are at rest or move with constant velocity.

A particle has a mass but a size that can be neglected, and a rigid body does not deform under
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A force is considered as a “push” or “pull” of one body on another.

Concentrated forces are assumed to act at a point on a body.
Newton’s three laws of motion should be memorized.
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Mass is measure of a quantity of matter that does not change from one location to another.

S

eight refers to the gravitational attraction of the earth on a body or quantity of mass. Its

3

agnitude depends upon the elevation at which the mass is located.

In the SI system the unit of force, the newton, is a derived unit. The meter, second, and

Ep 2 2 2 B B 2 B 2 2y B B B B B B B B B B S B S B SN Ble e B 2y

« kilogram are base units.

i

ﬁif Prefixes G, M, k, m, m, and n are used to represent large and small numerical quantities. Their
exponentlal size should be known, along with the rules for using the Sl units.

Know the rules for rounding off numbers.
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» 1. What is the SI unit of mass?

A) Kilogram B) Meter

C) Second D) Newton

2. Which of the following is considered a particle in mechanics?
A) Earth B) A car

C) A molecule D) A dust particle

3. According to Newton’s first law, a body will remain at rest or move with constant
velocity unless:

A) A force is applied B) A particle is acted upon by a force
C) It reaches maximum velocity D) The body is in motion

¢ 4. Which of the following is the unit of force in the SI system?
A) Kilogram B) Meter

C) Newton D) Joule

5. What is the value of gravitational acceleration (g) used in most engineering
calculations?

A) 9.81 m/s? B) 9.806 65 m/s?
C) 10 m/s? D) 8.9 m/s?
i/ 6. Newton’s second law relates force, mass, and:

A) Velocity B) Acceleration

2
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C) Energy D) Distance

‘7. What is the idealization used when the size of a body can be neglected in mechanics?
A) Rigid body B) Particle
C) Deformable body D) Concentrated force

i 8. The force of gravitational attraction between two particles is directly proportional to
i the product of their masses and inversely proportional to:

A) The distance between them B) The acceleration of one body
C) The velocity of one body D) The radius of the particle
9. Which of the following best represents Newton’s third law of motion?

A) Every action has an equal and opposite reaction B) Force equals mass times
acceleration

C) An object in motion stays in motion D) The sum of forces equals zero in
equilibrium

10. The weight of a body is the force of:
A) Friction B) Gravitational attraction
C) Alir resistance D) Tension

Q(Z) (True/False)

1 The Sl unit of force is the meter. ( )

2 Newton’s first law states that a body will remain at rest unless acted upon by an
! external force. ( )
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3 The mass of a body is the same as its weight. ( )
v 4. A rigid body undergoes deformation when a force is applied. ( )
5 Newton's second law of motion can be written as F = ma. ( )
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e A
y 6 The gravitational force between two particles is stronger when they are farther apart.

( )

7 The weight of a body is independent of its location on Earth. ( )

© 8. In mechanics, a particle can be considered a body with no size but has mass. (

S

9 The force of gravity between two particles depends only on the mass of the smaller
partlcle ( )

10 The unit of time in the Sl system is the second (s). ( )

O(S) (Fill in the blank)

|

. The SI unit of force is the

N

. The mass of an object is a measure of the of matter in the object.

. Newton’s second law is expressed mathematically as

D

. A particle in mechanics is considered to have but no size.

ol

. The unit of time in the Sl system is the

D

. In the formula F=maF = maF=ma, FFF represents

\l

. The gravitational acceleration on Earth is approximately m/s2.

oo

. The weight of a body is calculated as W=mgW = mgW=mg, where ggg is the

(e}

. According to Newton’s third law, for every action, there is an equal and opposite

710. The mass of an object is measured in in the SI system.
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