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PREFACE

Success in examinations depends on proper planning of studies and appropriate
selection of study materials. The pattern of examinations become tough. This is the
reason that a right choice of study materials plays a very important role. This book
cover thoroughly all the basics of the whole course as well as present to the
examinee a wide spectrum of the multiple choice questions having a huge variety.
The author has made a sincere attempt in this direction in the present book. Various
unique features of the book are as under for example :

☛ A brief review of concepts at a glance covering all fundamentals and important
conclusions are given at the start of every chapter.

☛ Chapters are classified under different units.

☛ Multiple choice questions in every chapter are arranged in a systematic and
sequencial way covering the whole text and spectrum of the chapter.

☛ Answers are provided at the end of every chapters.

☛ Model Test Papers covering the whole syllabus are also provided at the end of
the book again with their answers. These papers will prove to be fit for examina-
tion and provide a chance to students in assessing their level of preparation.

The present book is self-sufficient in all respects.

I am thankful to my wife Mrs. Rita Mishra who has put a hard labour in reading the
proofs thoroughly and pointing out errors and omissions. My sincere thanks are also
to publisher Mr. Mahendra Jain who gave me a chance to write this type of books.
This edition is a nice form.

Although all attempts have been made to avoid errors and printing mistakes, but
omissions are a human weakness and, therefore, constructive suggestions, modifica-
tions and errors brought to my notice will be highly appreciated and incorporated in
the next edition.

—Pramod Kumar Mishra
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Chapter-1

APPLIED MECHANICS

Physical Quantity
All quantities in terms of which laws of physics can be expressed and which can be measured

directly or indirectly are called physical quantities. Such as length, mass, time, temperature, force,
velocity etc.

Unit
The chosen standard of same kind taken as reference to measure a physical quantity is called the

unit of that quantity.
Unit

⏐

Fundamental units Derived units

Fundamental units are those units, which
can neither be derived from one another
nor can they be further resolved into any
other units, i.e., for mass, length and time.

The units of all such physical quantities which
can be expressed in terms of the fundamental
units of mass, length and time are called Deri-
ved units such as area, acceleration, force, etc.

Mass of body
Mass of a body is the quantity of matter it

contains. It is an essential property of a material
body. Unit of mass is kilogram.

Length of an object
Length of an object may be defined as the

distance of separation between its two ends. Units
of length is metre.

Time
Time is simply what a clock reads. The idea

of passage of time occurred to man from the
motion of the moon across the sky and the rotation
of earth about its own axis and around the Sun.
Unit of time is second.

Four system of units are :
(1) C.G.S. system
(2) F.P.S. system
(3) M.K.S. system
(4) S.I. system

Dimension
The dimension of a physical quantity are the

powers to which the fundamental units of mass,
length and time have to be raised to obtain its
units.

Dimensional equation
The relation bet-ween the physical quantity

and its dimension is called dimensional equation.
F = [MLT–2]

Dimensional constant
The quantities which possess dimensions and

have a constant values are dimensional constants
such as gravitational constant, Planck’s constant
etc.

Non-dimensional constant
The constant quantities having no dimensions

are called non-dimensional constants. This
includes pure numbers, trigonometrical functions,
exponential functions etc.
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S. No. Physical quantity Formula Dimensions S.I. units

 1. Velocity Displacement
 Time

[LT–1] m/s

 2. Acceleration Velocity
Time

[LT–1]
[T]  = [LT–2]

m/s2

 3. Force Mass × Acceleration [MLT–2] kg m/s2-(N)

 4. Work F r cos θ [ML2T–2] kg m2/s2 (joule)

 5. K.E. 1
2 mv2 [ML2T–2] kg m2/s2 (joule)

 6.  Potential energy mgh [ML2T–2] kg m2/s2 (joule)

 7. Torque Fr sin θ [ML2T–2] kg m2/s2 (joule)

 8. Power Work
Time

[ML2T–3] kg m2/s3 = J/s = watt (W)

 9. Momentum Mass × Velocity [MLT–1] kg m/s or N-s

10. Impulse Force × Time [MLT–1] kg m/s or N-s

11. Angle Arc
Radius ( )L

L
[M0L0T0] No units

12. Strain ΔL
L

 =[ ]L
L

[M0L0T0] No units

13. Stress Restoring force/Area [ML–1T–2] N/m2

14. Modulus of elasticity
 
Stress
Strain

[ML–1T–2] N/m2

15. Pressure
 
Force
Area

[ML–1T–2] N/m2

16. Frequency 1
Time period

1
[T]= [M0L0T–1]

Hz

17.  Angular velocity
 
Angle
Time

1
[T]= [M0L0T0]

rad/s

18. Moment of inertia Iω [ML2T–1] kg m2/s or J-s

19. Surface energy Energy
Area

[ML0T–2] N/m

20.  Surface tension Force
Tension

[ML0T–2] N/m

21.  Spring constant F
x

[MT–2] N/m
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Force
Force is a push or pull which try to change or

changes the state of rest or uniform motion of a
body.

Action of Force on a Body

1. Body at rest—(a) If body remains at rest,
force is trying to change the state of rest :

u = 0 v = 0

Push

(b) If body moves, force is changing the state of
rest.

Pull

u = 0 v > 0

2. Body in motion—(a) When force is parallel
or anti parallel to motion, it changes the magnitude
and not the direction of motion (in a small interval
of time).

F u

Magnitude of u increases

F u

Magnitude of u decreases

(b) When force is always perpendicular to
motion. Direction of motion only changes and not
the magnitude and motion is uniform circular.

v

v

F

(c) Both magnitude and direction of motion
changes and motion is non-uniform circular, elliptic,
parabolic or hyperbolic.

v

F = mg

When force changes the state of rest or
motion of a body, by Newton’s second law

→
F =

d
dt

 
→
P

→
F =

d
dt

 (m
→
v ) (

∴ →
P = m

→
v )

→
F = m 

d
→
v

dt
  + 

→
v  

dm
dt

Since  m = constant,  then  
dm
dt

  = 0

→
F = m 

d
→
v

dt

→
F = m 

→
a   ⎝

⎜
⎛

 ⎠
⎟
⎞∴ →

a   =  
d

→
v

dt
 

Force = Mass × Acceleration

Law  of  Forces
(a) Law of parallelogram of forces

If two forces acting simultaneously on a
particle be represented by the two adjacent sides
of a parallelogram in magnitude and direction,
their resultant may be represented in magnitude
and direction by the diagonal of the parallelogram.
Which passes through their point of intersection.

(b) Law of triangle of forces
If two forces acting simultaneously on a

particle be represented in magnitude and direction
by the two sides of a triangle, taken in order, their
resultant will be represented by the third side of
the triangle taken in opposite order.

(c) Law of polygon of forces
If a number of forces acting simultaneously

on a particle be represented in magnitude and
direction by the sides of a polygon, taken in order,
the resultant of all these forces may be represented
in magnitude and direction by the closing side of
the polygon, taken in opposite order.

(d) Equilibrium of forces
If the net effect of various forces acting on a

body is zero and they do not reduce to a couple,
then those forces are to be in equilibrium.

Moment of inertia
The moment of inertia of a body about an axis

is equal to the product of mass of the body and
square of the distance from that axis. It is
represented by I.
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Table : M.I. of Most Common Sections

Section IXX IYY IZZ

1. Rectangular section 1
12 bd3 1

12 db3

2. Circular section πd4

64
πd4

64
πd4

32

3. Hollow rectangular section 1
2 (BD3 – db3)

1
2 (DB3 – db3) —

4. Triangular section bh3

12

5. Trapezoid h3

36( )a2 + 4ab +b2

a + b

6. Square
d4

12
b4

12

Friction
The opposite force which comes into play in

between the surfaces of two bodies when one
body moves, slids or rolls over the other body is
known as force of friction or friction,

The friction observed by a body at rest is
known as static friction. The friction observed by
a body, when in motion is known as dynamic or
kinetic friction.

Limiting friction
The maximum static friction observed by a

body is known as limiting friction.

Laws of Friction
(i) The force of friction always acts in a

direction, opposite to that in which the body is
moving or tends to move.

(ii) The magnitude of the force of friction is
equal to the force which just makes the body to
move.

(iii) The magnitude of the limiting friction
bears a constant ratio to the normal reaction
between the two surfaces.

(iv) The force of friction is independent of
area and shape of the surface in contact so long as
the intensity of the normal reaction remains
constant.

(v) The force of friction depends upon the
roughness of the surface in contact and the
material of which the surface are made.

(vi) For moderate speeds, the force of friction
remains constant but it decreases slightly with the
increase of speed.

Angle of friction
When a body is at the point of limiting

equilibrium, the force of friction is maximum. The
angle which the resultant of the maximum force of
friction and the normal reaction makes with the
normal reaction, is called the angle of friction and
is denoted by λ.

tan λ =
Maximum force of friction

Normal reaction

Angle of repose
The angle which  an inclined rough surfaces

makes with the horizontal when a body placed on
it, is on the point of moving down, is called angle
of repose.

Periodic motion
When a body repeats its motion again and

again after a fixed period, its motion is called
periodic motion such as motion of earth around
the sun.

Simple harmonic motion
When a particle moves right to left or up and

down from a fixed point on a straight line in such
a way that at any instant its acceleration is
proportional to its displacement from the fixed
point and is always directed towards the fixed
point, then the motion of particle is said to be
simple harmonic motion.

Simple pendulum
When a heavy bob suspended by a weightless

inextensible but flexible string from a rigid
support so that it may oscillate without any
friction is called a simple pendulum.
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