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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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Laws of Simple Pendulum
(i) Law of isochronism—For a fixed length

of the pendulum and at a certain place each
oscillation takes equal time if the amplitude is
small (less than 4°).

(ii)  Law of length—At a certain place the
time period of pendulum is proportional to the
square root of its effective length.

(iii) Law of acceleration due to gravity—
For a certain length of the pundulum its time
period is inversely proportional to the square root
of acceleration due to gravity at that place.

(iv) Law of mass—The time period of a
pendulum of fixed length and at a certain place
does not depend upon the mass or material of the
bob.

Compound pendulum
Compound pendulum is that rigid body which

oscillates independently about an axis passing
through itself. It is a practical pendulum.

Kater’s pendulum
Kater’s pendulum is a special type of

compound pendulum by which acceleration due to
gravity is determined correctly. It is a bar of
copper and steel.

Gravity
The force of attraction on objects due to earth

is called gravity.

Gravitation
The attraction between two bodies due to

their masses is called gravitation.

Newton’s law of gravitation
Newton’s law of gravitation states that

everybody in this universe attracts every other
body with a force which is directly proportional to
the product of their masses and inversely
proportional to the square of the distance between
their centres.

Inertial mass
Inertial mass is the mass of the material body,

which measures its inertia and is defined as the
ratio of magnitude of external force applied on it
to magnitude of acceleration produced in it.

Gravitational mass
Gravitational mass of the material body which

determines the gravitational pull acting upon it.

Kepler’s law
Kepler discovered the following three laws

concerning the motion of planets :
(i) First law—Each planet revolves around

the sun in an elliptical orbit with the sun as one
focus of the ellipse.

(ii) Second law—The straight line joining the
sun and the planet sweeps out equal area in equal
time intervals.

(iii) Third law—The square of the periodic
times of the planet is proportional to the cube of
the semi major axis of its orbit, i.e., T2 ∝ r3

Law of Conservation of Angular
Momentum

It states that if no external torque acts on a
rigid body, then the product of its moment of
inertia and the angular velocity about the axis of
rotation must remain constant.

Applications—(i) The angular velocity of a
planet revolving in an elliptical orbit around the
sun increases when it comes nearer the sun and
vice-versa.

(ii) An ice-skater or a ballet-dancer can
increase her angular velocity by folding her arms
and bringing the stretched leg close to the other
leg.

(iii) The speed of the inner layers of the whirl-
wind about its axis in a tornado is alarmingly high.

(iv) The speed of rotation of a person with
some weights in his hands and a rotating turn table
increases as he drows the weights to his chest.

Elasticity
The property of matter by virtue of which a

body tends to regain its original shape and size
after the removal of deforming forces is called
elasticity.

Stress
The restoring force per unit area set up inside

the body is called stress and is measured by the
magnitude of the deforming force acting on unit
area of the body when the equilibrium is establi-
shed.

Strain
The relative change in dimensions or shape of

a body which is subjected to stress is called strain
and is measured by the ratio of change in length to
the original length.
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Hook’s law
It states that under elastic limit the stress is

proportional to the strain.
Stress ∝ Strain
Stress = E Strain

⇒ E =
Stress
Strain

where E = Constant

Work
Work is said to be done by a force if the

direction of displacement is same as the direction
of applied force.

Measurement of work
Work done in moving a body is measured by

the product of force exerted on body and the
distance moved by the body in the direction of
force.

Energy
If a body has the ability to do work the body

is said to possess energy.
Energy of a body is defined as its ability to do

work.

Kinetic energy
The energy possessed by a body by virtue of

its motion is called kinetic energy.

Potential energy
The energy possessed by a body by virtue of

its position and configuration is called potential
energy.

Power
Power is defined as the rate of doing work.

Law of conservation of energy
Law of conservation of energy states that

energy can neither be created nor be destroyed. It
can only be transformed from one form to an
equivalent form.

Internal energy
An object possesses internal energy because

of its temperature. The molecules of any object
possess potential energy due to their locations
against the intermolecular forces. Internal energy
is the sum of these energies.

Heat energy
An object possesses heat energy due to the

disorderly motion of its molecules.

Chemical energy
An object possesses chemical energy due to

chemical binding of its atoms. Such an object may
be preferably called as a chemical compound,
which has lesser energy than that possessed by the
parts of which it is made. This difference in
energy is called chemical energy.

Electrical energy
Work has to be done in order to move an

electric charge from one point to another in
electric field or for the transverse motion of a
current carrying conductor inside a magnetic field.
This work done appears as the electrical energy of
the system.

EXERCISE

01. The S.I. unit of pressure is—
(A) Atmosphere (B) Bar
(C) Pascal (D) mm of Hg

02. The S.I. unit of energy is—
(A) Erg (B) Calorie
(C) Joule (D) Electron volt

03. The dimensional formula for surface tension
is—
(A) [MT2] (B) [MT–2]
(C) [M–1L0T–2] (D) [ML2T–2]

04. The expression [ML2T–2] represents—
(A) Power (B) Kinetic energy
(C) Momentum (D) Pressure

05. The dimensions of torque are—
(A) [ML2T–2] (B) [MLT–2]
(C) [ML–1T–2] (D) [ML–2T–2]

06. The dimensions of pressure are—
(A) [MLT–2] (B) [ML–1T–2]
(C) [ML–1T–2] (D) [MLT2]

07. Which of the following is a scalar quantity ?
(A) Energy (B) Momentum
(C) Torque (D) Impulse

08. One kilogram weight in absolute units is
equal to—
(A) 32·2 dyne (B) 9·81 newton
(C) 32·2 newton (D) 981 dyne
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09. Force is—

(A) Scalar quantity

(B) Linear quantity

(C) Vector quantity

(D) Non-measurable quantity

10. The component of a force (P) at right angles
to its direction will be—

(A) Zero (B) Half

(C) Same (D) 1·414 P

11. If P and Q are the force acting at an angle θ
and their resultant make an angle α with P
then—

(A) tan α = 
Q sin θ

P + Q cos θ

(B) tan α = 
Q sin θ

P + Q sin θ

(C) tan α = 
Q sin θ

P + Q tan θ

(D) tan α = 
Q sin θ

Q + P cos θ

12. Newton’s second law of motion gives the
measure of—
(A) Acceleration

(B) Force

(C) Momentum

(D) Angular momentum

13. Impulse has the same unit as—
(A) Work (B) Force
(C) Momentum (D) Power

14. When a spring is loaded, the strain produced
is—
(A) Longitudinal (B) Volumetric
(C) Shearing (D) None of these

15. The change in the shape of a regular body is
due to—
(A) Bulk strain
(B) Shearing strain
(C) Longitudinal strain
(D) None of the above

16. Which one of the following substances has
the largest value of Young’s modulus ?
(A) Rubber (B) Nylon
(C) Iron (D) Copper

17. If two forces of magnitude Pact at an angle θ,
then resultant will be—

(A) 2P cos 
θ
2

(B) 2P sin θ

(C) 2P cos θ (D) P cos 2θ

18. If the resultant of two forces has the same
magnitude as either of the forces, then the
angle between the two forces is—
(A) 30° (B) 60°
(C) 90° (D) 120°

19. The angle between two forces, when the
resultant is maximum and minimum
respectively are—

(A) 0 and 180 (B) 180 and 0

(C) 90 and 180 (D) 90 and 0

20. The set of forces, whose resultant is zero, are
known as—

(A) Equilibrium forces

(B) Collinear forces

(C) Coplanar forces

(D) Concurrent forces

21. The forces whose line of action lie on the
same line are known as—

(A) Concurrent forces

(B) Coplanar forces

(C) Equilibrium forces

(D) Collinear forces

22. The necessary condition of equilibrium of a
body is—

(A) ∑H = 0 (B) ∑V = 0

(C) ∑M = 0 (D) All of the above

23. Concurrent forces are those forces whose
lines of action—

(A) Lie on the same line

(B) Meet at one point

(C) Meet on the same plane

(D) None of the above

24. In S.I. units, the unit of moment is—

(A) kg-m

(B) Newton-metre (N-m)

(C) N-m/sec.

(D) kg. wt.
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25. The point through which the whole body
weight acts, irrespective of the position of the
body is called—

(A) Centroid

(B) Centre of gravity

(C) Both (A) and (B)

(D) None of the above

26. The plane figures like triangle, circle etc.
have only areas, but no mass. The centre of
such figures is called—

(A) Centroid

(B) Centre of gravity

(C) Both (A) and (B)

(D) None of these

27. The centre of gravity of a hemisphere of
radius r from its base measured along vertical
radius is—

(A)
4r
3

(B)
3r
2

(C)
3r
8

(D)
4r
7

28. The moment of inertia of a triangle of base b
and altitude h  with respect to a centroidal
axis parallel to its base would be—

(A)
bh3

12 (B)
bh3

18

(C)
bh3

36 (D)
bh3

3

29. The moment of inertia about the base of a
triangle of mass m and height h is—

(A)
mh2

4 (B)
mh2

36

(C)
mh2

12 (D)
mh2

6

30. The moment of inertia of a sphere of radius R
and mass M about an axis tangential to it is—

(A)
2
3
 MR2 (B)

2
5
 MR2

(C)
7
5
 MR2 (D)

7
3
 MR2

31. IXX or IYY of a hollow circular section of
internal diameter ‘d’ and external diameter
‘D’ will be—
(A) π/32 (D – d)4 (B) π/32 (D4 – d4)
(C) π/64 (D – d)4 (D) π/64 (D4 – d4)

32. If F is the limiting friction, R = normal
friction then coefficient of friction μ will be
equal to—
(A) μ = F + R (B) μ = F – R
(C) μ = F/R (D) μ = R/F

33. Coefficient of friction depends upon—
(A) Nature of surface only
(B) Area of contact only
(C) Both A and B
(D) None of these

34. M.I. of a square of side b  about an axis
through its centre of gravity is—

(A)
b3

3
(B)

b4

3

(C)
b4

12
(D)

b4

8

35. Static friction is always—
(A) Greater than dynamic friction
(B) Less than dynamic friction
(C) Equal to dynamic friction
(D) None of the above

36. A ladder is resting on a smooth ground and
leaning against a rough vertical wall, the force
of friction acts—
(A) Towards the wall at its upper end

(B) Downwards at its upper end

(C) Upward at its upper end

(D) Away from the wall at its upper end

37. In actual machines mechanical advantage is—

(A) Unity

(B) Less than unity

(C) Less than velocity ratio

(D) Greater than velocity ratio

38. The main advantage of using worm gears is—

(A) Ease of manufacture

(B) High velocity ratio

(C) Low power loss

(D) Minimum cost

39. The efficiency of a screw jack is equal to—

(A)
Actual effort
 Ideal effort

(B)
Ideal effort

 Actual effort
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