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Introduction to Mechanics
Mechanics is a branch of physical sciences concerned with the state of rest
or motion of bodies subjected to forces.
The following diagram shows the classification of engineering mechanics.

Deformable body: A body is considered deformable when the changes in
distance between any two of its points cannot be neglected. Shown in figure
(3).

2

First Term

Engineering Mechanics

Rigid body: A combination of a large number of particles which remain in a
fixed position relative to each other, both before and after the application of a
force. A body is considered rigid when the changes in distance between any
two points with in its body are negligible, mechanics of rigid bodies is subdivided into statics and dynamics. Shown in figure (2).

Statics: The branch of

mechanics with bodies at rest and forces in

equilibrium. (When the resultant of all forces acting on a body is zero).or
Statics is actually the application of mathematics and basic physics (newton's
laws) to study force in materials, machines, and structures.
In Statics is used to calculate forces in systems that don’t move or move at
constant velocity.

Dynamics: The branch of mechanics concerned with the motion of bodies
under the action of forces. (When the resultant of all forces action on a body is
not zero). Or
Dynamics: the application of physics to study motion of bodies.
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Scalars and Vectors
All physical quantities in engineering mechanics are measured using either
scalars or vectors.

Scalar: A Scalar is any positive or negative

physical quantity that can be

completely specified by its magnitude. Examples of scalar quantities include
length, Mass, and time.

Vector: A vector is any physical quantity that requires both a magnitude and a
direction for its complete description Examples of vectors encountered in
statics arc force, Position, and moment. A vector is shown graphically by an
arrow. The length of the arrow represents the magnitude of the vector, and the
angle θ between the vector and a fixed axis defines the direction of its line of
action. The head or tip of the arrow indicates the sense of direction of the
vector.
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Vectors Algebra
Vectors
1-Equality ⃑⃑

⃑
⃑⃑

Two vectors ⃑⃑ and ⃑⃑ are said to be equal, if they have the same magnitude
(length) and direction regardless of the positions of their initial points.

2- Negative of a Vector ⃑

⃑⃑⃑⃑⃑⃑

A vector whose magnitude (length ) is the same as that of a given vector but
direction is opposite to that of it.(equal in length and opposite in direction)
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3- Vector Addition
We have two laws of vector addition the parallelogram law and the triangle
law which are equivalent to each other.
A- The parallelogram law of addition: Two vectors ⃑ and ⃑ are added to
form a ''resultant'' vector ⃑⃑

⃑⃑

⃑ using the following procedure:

1- First join the tails of the vectors at a point so that it makes them concurrent.

2- From the head of ⃑ , draw a line parallel to ⃑ . Draw another line from the
head of ⃑ that is parallel to ⃑ these two lines intersect at point P to form the
adjacent sides of a parallelogram.

3- The diagonal of this parallelogram that extends to P forms R, which then
represents the resultant vector ⃑⃑

⃑

⃑⃑ .
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B- The triangle law: We can also add B to A, using the triangle rule, which is
a special case of the parallelogram law. Where by vector ⃑ is add to vector ⃑ in
a ''head –to-tail'' fashion, i.e., by connecting the head of ⃑ to tail of ⃑ , (Fig b).
The resultant R extends from the tail of ⃑ to the head of ⃑ . In a similar manner,
R can also be obtained by adding ⃑ to ⃑ , (Fig c) .By comparison, it is seen that
vector addition is commutative in other words, the vectors can be added in
either order, i.e., ⃑⃑

⃑

⃑⃑

⃑⃑

⃑

 As a special case, if the two vector

⃑

⃑⃑ ) are collinear, i.e., both have

the same line of action, the parallelogram law reduces to an algebraic or
scalar addition (R=A+B ) as shown in fig. below.
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4- Vector Subtraction
The resultant of the difference between two vectors
pressed as: ⃑⃑

⃑

⃑⃑

⃑⃑

⃑

⃑⃑

may be ex

(⃑⃑⃑⃑⃑⃑ )

Subtraction is therefore defined as a special case of addition. So the rules of
vector addition also apply to vector subtraction. As shown in fig. below.

5- Multiplication and Division of a Vector by a Scalar
⃑⃑
⃑⃑

⃑⃑ (Same direction if +n = positive number)
⃑⃑ (Opposite direction if -n = negative number)

If a Vector multiplied by a positive scalar, its magnitude is increased by that
amount. When multiplied by a negative scalar it will also change the
directional sense of the vector.
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6-Scalar or dot product
The scalar product of two vectors is defined as:

⃑⃑

C: positive or negative number
⃑

A, B : length of vector
⃑.

θ : angle between
⃑

[

]

 [

] ⃑

 [

]

 ⃑⃑

⃑⃑

⃑⃑

[

]

⃑
⃑⃑ The scalar product is commutative.
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7- Components of a vector
In many problems, particularly three-dimensional ones, it is convenient to
express the rectangular components of V, in terms of unit vectors i, j, and k.
Because the vector V is the vector sum of the components in the x-, y-, and zdirections, we can express V as follows:
⃑

: Unit vector x-direction.
: Unit vector y-direction.
⃑ : Unit vector z-direction.
Unit vector: a unit vector has magnitude 1,
with no units.
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a- The Magnitude of a Vector in Terms of its Components
The magnitude of a vector is equal to the square root of the sum of the squares
of its components.
√
b- Finding a Unit Vector in the Same Direction as a Given Vector
⃑

Consider the vector

The unit vector (a) in the same direction as the vector ⃑ is simply the vector ⃑
divided by its magnitude.
⃑

√

, then
√

⃑ find the unit vector?

Example: ⃑
⃑⃑

=

⃑
√

Example: find
⃑⃑

=

√

√

?

⃑⃑

⃑

⃑

| |
00

√

⃑
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⃑

⃑

 Sine and cosine law

1- sin law

2-cos law

Fundamental Concepts and Principles in Mechanics
The following are the terms basic to the study mechanics, which should be
understood clearly:
1- Particle
A Particle has a mass, but a size that can be neglected. In the mathematical
sense, a particle is a body whose dimensions are considered to be near zero so
that we may analyze it as a mass concentrated at a point. For example, the size
of the earth is insignificant compared to the size of its orbit, a ship in mid sea,
and travelled distance is too long compared to the car size.
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2- Fundamental and Derived Quantities
The quantitative concepts used in mechanics can be classified into two groups,
one known as the fundamental or basic concepts consisting of three
quantities, length, time, and mass, which form the bases of mechanics, and a
second group known as the derived or secondary concepts consisting of the
other quantities used in mechanics, and can be defined accurately in terms of
the fundamental concepts.

A- Length
It is a term or concept for describing size and dimensions of bodies or material
in space. Or 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.
Many types of units are actually employed around the word; the most utilized
types are the meter in SI unit and the foot in British unit. The prefixes in
common use are indicated in Tables below.
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PREFIXES USED IN THE METRIC SYSTEM

B- Mass
Mass is the measure of the quantity of matter in a body. In Statics mass is also
the property of a body by which it experiences force of mutual attraction to
other bodies in space. Mass is also the measure of the inertia of a body. And,
inertia is the resistance to the change of velocity of a body.
The unit of mass In SI system is kilogram (kg), and in British system the
mass unit is the slug.

Prefix
Abbreviation
1 microgram
1μg
=
1 milligram 1 mg – 1 mLg =
1 gram
1 gm
=
1 ton
1t
=
04

Meaning
Kg
Kg
Kg
Kg
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c- Time
Time is the measure of succession of events and is a basic quantity in
dynamics. Time is not directly involved in the analysis of statics problems. The
successive event selected is the rotation of earth about its own axis and this is
called a day. To have convenient units for various activities, a day is divided
into 24 hours, an hour into 60 minutes and a minute into 60 seconds. Clocks
are the instruments developed to measure time. The unit of time is taken as
second.
Prefix

Meaning

Picosecond

Abbreviation
1Ps

=

sec

Nanosecond

1ns

=

sec

Microsecond

1µs

=

sec

Millisecond

1ms

=

sec

Minute

1min

=

60 sec

Hour

1h

=

3600sec

Force
Is the action of one body on another. In dynamics we will see that a force is
defined as an action which tends to cause acceleration of a body .A force tends
to move a body in the direction of its action. It may be exerted either by actual
contact, as a "push" or "pull ", or from a distance when the bodies are
physically separated, as in the case of gravitational forces and magnetic forces.
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A force is described by:
(i) Its point of application,
(ii) Its magnitude, and
(iii) Its direction.

These quantities are called specifications of a force. A force, having magnitude
and direction, is a vector quantity. The magnitude of force is obtained by
comparing it with a certain standard, arbitrarily taken as a unit force. These
units are commonly taken a newton (N) in SI units or pound (Ib) in the U.S.
customary system .
Force Systems
When several forces act simultaneously on a body, they constitute a system of
forces. Force systems can be classified according to the arrangement of the
lines of action of the forces of the system as follows:
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Collinear forces: all forces of the system have a common line of action. For
example, Forces on a rope in a tug of war.

Concurrent, coplanar forces: the action lines of all the forces of the system
are in the same plane and intersect at a common point.

Parallel, coplanar forces: the action lines of all the forces of the system are
parallel and lie in the same plane.
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Nonconcurrent, nonparallel, coplanar forces: the action lines of all the
forces of the system are in the same plane, but they are not all parallel and they
do not all intersect at a common point.

Concurrent, Non-coplanar forces: the action lines of all the forces of the
system intersect at a common point, but they are not all in one plane.

Parallel, Non-coplanar forces: the action lines of all the forces of the system
are parallel, but they are not all in the same plane.
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Nonconcurrent, nonparallel, noncoplanar forces: the action lines of the
forces of the system do not all intersect at a common point, they are not all
parallel, and they do not all lie in the same plane.

Newton's Three Laws of Motion
Engineering mechanics is formulated on the basis of Newton's three laws of
motion, the validity of which is based on experimental observation. They may
be briefly stated as follows.
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First Law: 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.

 First law contains the principle of the
equilibrium of forces → main topic of
concern in Statics.

∑

Second Law: particle of mass ''m'' 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.

 If F is applied to a particle or mass m, this law may be expressed
mathematically as:
 Second Law forms the basis for most of the analysis in Dynamics.
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Third Law: The mutual forces of action and reaction between two particles are
equal, opposite, and collinear.

 this law may be expressed mathematically as:

Newton's Law of Gravitational Attraction: Everybody attracts the other
body. The force of attraction between any two bodies is directly proportional to
their masses and inversely proportional to the square of the distance between
them.

 According to this law the force of attraction between the bodies of mass

m1 and mass m2 at distance ''r'' as shown in Fig. above is:

 Where F= mutual force of attraction between two particles.
20

First Term

Engineering Mechanics

 G= universal constant of gravitation.
 Experiments→
 m1, m2= masses of two particles.
 r = distance between two particles.
Units
In mechanics we use three fundamental quantities called dimensions. These are
length, mass, and time. The units used to measure these quantities. There are a
number of different systems of units, only the two systems most commonly
used in science and technology (SI) and (U.S.).
SI Units: The International System of Units, abbreviated SI (from the French,
Systeme International d’Unites), is accepted in the United

States and

throughout the world, and is a modern version of the metric system. By
international agreement, SI units will in time replace other systems. As shown
in the table, in SI, the units kilogram (kg) for mass, meter (m) for length, and
second (s) for time are selected as the base units, and the newton (N) for force
acceleration (m/s2), Thus, 1 newton is

is derived from, force (N) = mass (kg)

equal to a force required to give 1 kilogram of mass an acceleration of 1 m/s2

 A body of mass 1kg located at the "standard location" has a weight of 9.81 N.
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U.S. Customary Units: The U.S. customary or British system of units, also
called the foot-pound- second (FPS) system, has been the common system in
business and industry in English-speaking countries. Although this system will
in time be replaced by SI units, for many more years engineers must be able to
work with both SI units and FPS units, and both systems are used freely in
Engineering Mechanics. As shown in the table, in the U.S. or FPS system, the
units of feet (ft) for length, seconds (sec) for time, and pounds (lb) for force are
selected as base units, and the slug for mass is derived from force force (lb) =
mass (slugs)

acceleration (ft/sec2).

 A body weighing 32.2 lb located at the "standard location" where g= 32.2 ft/sec2 has a
mass of 1 slug.
Systems of Units
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Conversion from One System of Unit to Another
To change units from one type to another that may be needed during
computation of some mechanical problems. In such cases we must replace the
unit in question by physical equivalent number of the new units.

Examples of force, mass, and length in the two systems of units
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 There are many instances when an engineer wishes to convert into SI units
a numerical result obtained in U.S. customary units or vice versa. Because
the unit of time is the same in both systems, only two base units need be
converted. Thus, since all other units can be derived from these base units,
only two conversion factors need be remembered.
Units of Length: By definition the U.S. customary unit of length is

It follows that

Units of Force: the U.S. customary unit of force (pound) is defined as the
weight of the standard pound (of mass 0.4536 kg) at sea level and at a latitude
of 45ο(where g= 9.807 m/s 2 ).
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Units of Mass: The U.S. customary unit of mass (slug) is a derived unit.

 lbf = unit of force = lb
 lbm = unit of mass→ 32.2 lbm= 1 sluge

Example: Determine the weight in newton of a car whose mass is 1400 kg.
Convert the mass of the car to slugs and then determine its weight in pounds.
W= m

g = 1400 (9.81) = 13 730 N
*

1 slug is equal to 14.594 kg →
Finally, its weight in pounds is
W= m

g = (95.9)(32.2) = 3090 lb

26
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Prefixes:
When a numerical quantity is either very large or very small, the units used to
define its size may be modified by using a prefix.
For example, 4 000 000 N= 4000 kN (kilo-newton) = 4 MN (mega-newton).

Prefixes

Example(1): Convert 2 km/h to m/s how many ft/s is this?
2 km/h =

(

)(

)=

1 ft = 0.3048 m. thus,
0.556 m/s = (

)(

)
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Example(2): Convert the quantities 300 lb.s and 52 slug/ft3 to appropriate SI
units.

 lb= 4.448 N.
(

) = 1334.4 N.s = 1.3344 kN.s

 1 slug = 14.59 Kg and 1 ft = 0.3048m then
(

)(

)

= 26.8(103) kg/m3= 26.8Mg/m3

Example(3): Evaluate each of the following and express with SI units having
an appropriate prefix: (a) (50mN)(6GN) (b) 45 MN3/900 Gg.
(a) (50mN)(6GN)=[50(10-3)N] [6(109) N] =300(106) N2(
(b) 45 MN3/900 Gg
(

)

(

)

(

)
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Example(4): Wood has a density d = 4.7

. What is its density

expressed in SI units?
(

)(

)

Example(5): If a car is traveling at speed

, determine its

speed in kilometers per hour and meters per second?
1 mi =1.609 km
(

)

(

)(

)

Example(6): What is the weight in newton's of an object that has a
mass of (a) m1=10kg , (b) m2= 0.5 gm, and (c) m3=4.5 Mg Express the
result to three significant figures. Use an appropriate prefix.
(a) m1=10 kg

(b) m2= 0.5 gm
(

)

(c) m3=4.5 Mg
(

)
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Example(7): Two particles have masses m1=8kg, and m2= 12kg, respectively.
If they are a distance d= 800mm apart, determine the force of gravity acting
between them. Compare this result with the weight of each particle.

= 7.848

=
Example(8): For the vectors V1 and V2 shown in the figure,
(a) Determine the magnitude S of their vector sum S= V1 + V2
(b) Determine the angle α between S and the positive x-axis
(c) Write S as a vector in terms of the unit vectors i and j and then write a unit
vector n along the vector sum S
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(a) We construct to scale the parallelogram shown in Fig. a for adding V1 and
V2. Using the law of cosines, we have

√
√

(b) Using the law of sines for the lower triangle, we have

(c) With knowledge of both S and α, we can write the vector S as
⃑
⃑

[

]
[

⃑

]
Units

Then, a unit vector
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Example (9): The screw eye in Fig. below is subjected to two forces F1 and F2.
Determine the magnitude and direction of the resultant force.

Using the law of cosines to determine FR:
√

Applying the law of sines to determine θ,

Thus, the direction ϕ of the

, measured from

the horizontal is
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Example(10): Determine the magnitude of the component force F and the
magnitude of the resultant force FR if FR is directed along the positive y axis.

The magnitudes of F and FR can be determined by applying the Jaw of sines.

33

First Term

Engineering Mechanics

Example(11): Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis. Given:
F1=80lb, F2= 60lb, and θ=120ο

√
√
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Example(12): Determine the magnitude of the resultant force
and its direction, measured counterclockwise from the positive u axis. Given:
F1= 25 lb , F2 = 50 lb, θ1= 30ο, θ2= 30ο,and θ3= 45ο.

α= 180ο- ( θ3+ θ1) = 180ο- (45ο+ 30ο) = 105ο
√
√
̀

̀

̀

̀
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Home Work:
1- What is the mass in both slugs and kilograms of a 3000-lb car?
2- Determine the magnitude of the resultant force
and
its direction, measured counterclockwise from the positive x axis.
Given: F1= 250 lb , F2 = 375 lb, θ= 30ο, and ϕ= 45ο.

3- Represent each of the following combinations of units in the correct
SI form using an appropriate prefix:
(a) Mg/mm (b) mN/µs (c) μm⋅Mg
4- Use Newton's law of universal gravitation to calculate the weight of
a 70-kg person standing on the surface of the earth. Then repeat the
calculation by using W=mg.
me = 5.976 1024 kg
R= 6371 103 m
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5- Determine the magnitude of the resultant force

and its

direction, measured counterclockwise from the positive u axis. Given: F1=
300N , F2 = 500N, α= 30ο, β= 45ο, and γ= 70ο.

6- The post is to be pulled out of the ground using two ropes A and B. Rope A
is subjected to force F1 and is directed at angle θ1 from the horizontal. If the
resultant force acting on the post is to be

, vertically upward, determine the

force T in rope B and the corresponding angle θ. Given:
F1=600lb, and θ1= 60ο .
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