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Moment of inertia

RECTLINEAR TRANSLATION
In this chapter, we study the kinematics of a particle - recall that a particle has a mass but
negligible size and shape. Therefore, we limit the discussion to those objects that have
dimensions that are of no consequence in the analysis of the motion. Such objects may be
considered as particles, provided motion of the body is characterized by motion of its center of
mass and any rotation of the body is neglected.
By Curvilinear motion we refer to the motion of an object along a curve. The firrst step in
describing the motion of a particle is to identify its position at any time t. This can be done by
specifying its rectangular coordinates (x; y; z), or in the case of plane motion (x; y) coordinates, its
cylindrical coordinates (r; _; z), or in the case of plane motion polar coordinates (r; _). The motion
of the particle can also be described by measurement along the tangent t and normal n to the
curve as shown in the figure below. The directions and n lie in the local plane of the curve. In the
next few paragraphs we will discuss the kinematics of a particle motion in all these different
frames.

Principle of dynamics
NEWTON’S LAWS OF MOTION
Following are the three laws of motion, which were enunciated by Newton, who is regarded as
father of the Science.
1. Newton’s First Law of Motion states, “Everybody continues in its state of rest or of uniform
motion, in a straight line, unless it is acted upon by some external force.”
2. Newton’s Second Law of Motion states, “The rate of change of momentum is directly
proportional to the impressed force, and takes place in the same direction, in which the

force acts.”
3. Newton’s Third Law of Motion states, “To every action, there is always an equal and
opposite reaction.”
NEWTON’S FIRST LAW OF MOTION

It states “Everybody continues in its state of rest or of uniform motion, in a straight line, unless
it is acted upon by some external force.” It is also called the law of inertia, and consists of the
following two parts :
1. A body at rest continues in the same state, unless acted upon by some external force. It
appears to be self-evident, as a train at rest on a level track will not move unless pulled by
an engine. Similarly, a book lying on a table remains at rest, unless it is lifted or pushed.
2. A body moving with a uniform velocity continues its state of uniform motion in a straight
line, unless it is compelled by some external force to change its state. It cannot be
exemplified because it is, practically, impossible to get rid of the forces acting on a body.
NEWTON’S SECOND LAW OF MOTION

It states, “The rate of change of momentum is directly proportional to the impressed
force and takes place, in the same direction in which the force acts.” This law enables us
to measure a force, and establishes the fundamental equation of dynamics. Now consider
a body moving in a straight line. Let its velocity be changed while moving.

In S.I. system of units, the unit of force is called newton briefly written as N. A Newton
may defined as the force while acting upon a mass of 1 kg, produces an acceleration of 1
m/s2 in the direction of which it acts. It is also called the Law of dynamics and consists
of the following two parts :
1. A body can posses acceleration only when some force is applied on it. Or in other
words,
if no force is applied on the body, then there will be no acceleration, and the body will
continue to move with the existing uniform velocity.
2. The force applied on a body is proportional to the product of the mass of the body and the

acceleration produced in it..
NEWTON’S THIRD LAW OF MOTION :
It states, “To every action, there is always an equal and opposite reaction
D’ALEMBERT’S PRINCIPLE*
It states, “If a rigid body is acted upon by a system of forces, this system may be reduced to a
Single resultant force whose magnitude, direction and the line of action may be found out by the
Methods of graphic statics.”
We have already discussed in art. 24.6, that force acting on a body.
P = ma
.(i)
Where m = mass of the body, and
a = Acceleration of the body.
The equation (i) may also be written as:
P – Ma = 0
(ii)
It may be noted that equation (i) is the equation of dynamics whereas the equation (ii) is the
Equation of statics. The equation (ii) is also known as the equation of dynamic equilibrium
under theaction of the real force P. This principle is known as D' Alembert’s principle.
CONCEPT OF INERTIAL AND NON INERTIAL FRAME
In general we solve the problem of mechanics using inertial frame, which was discussed in
chapter two, but as the same time it is possible to solve the same problem using a
non-inertial frame. Let us discuss about the difference between these frames.
When Newton stated his first law he made a very important distinction. He decreed the
absolute equivalence between a state of rest and one f uniform motion and distinguished it
specifically and absolutely from that of an accelerated motion. If the environment is
completely symmetric then no direction is preferred over another and therefore if a body
possesses a initial velocity (which might be zero) it will persist with that velocity. If suppose
we say that the velocity will change then we will have to concede that the velocity changes in
a particular direction. But why should it change in one direction and not in the other, since all
direction are equally favored. So the only way it can change is to change in all directions. But
this is impossible so it will not change at all, i.e. if environment is really
symmetric. Therefore if we grant a change in velocity we will also have to grant an
irregularity in the environment in the same direction as the change in velocity. The
acceleration, he said to be understood as an irregularity and he expressed force as that
basic asymmetry in the environment which produces this irregularity. The most important
aspect in all this is that force is theoretical construction to explain away the irregularities in
motion and is not to be understood as a tangible entity.

We see that the force is not the same as that in the inertial frames.
Therefore we postulate that under observation from an accelerated reference frame we
substitute the inertial forces on the body with those same initial forces plus an additional
force which numerically equal to the mass of the body under observation times the
acceleration of the frame taken in the opposite direction. This force we call as pseudo
force. Now, we can work on a problem from an accelerated reference frame by just adding a
pseudo force and pretending that nothing has changed. Let us illustrate our point.
(a) Inertial Frame:A frame of reference either at rest or moving with a uniform velocity (zero
acceleration) is known as inertial frame. All the laws of physics hold good in such a
frame

(b) Non-Inertial or Accelerated Frame:It is a frame of reference which is either having a uniform linear acceleration or is
being rotated with uniform speed.
MOTION OF TWO BODIES CONNECTED BY A STRING AND PASSING OVER A
SMOOTH PULLEY

Consider two bodies of masses m1 and m2 kg respectively connected by an inextensible
light string (i.e., its weight is neglected) and passing over a small smooth fixed
pulley as shown

It may be noted that if the string is light (i.e. its weight is neglected) the tension will be
the same throughout its length. But if the string is heavy (i.e., its weight is considered)
the tension will vary, depending upon the weight per unit length. Moreover, if the string
is extensible the tension will also vary with the extension.
It may also be noted that if the string passes over a smooth pulley, the tension will be the
same on both sides. But if the string does not pass over a smooth pulley, the tension, in
the two strings will also vary

For simplicity, we shall consider light inextensible string passing over a smooth
pulley, so that the tension in both the strings may be the same.
Let m1 be greater than m2. A little consideration will show, that the greater
mass m1 will move downwards, whereas the smaller one will move upwards. Since
the string is inextensible, the upward acceleration of the mass m2 will be equal to the
downward acceleration of the mass m1.
Let a = Acceleration of the bodies and
T = Tension in both the strings.
First of all, consider the motion of body 1 of mass m1 kg, which is coming downwards.
We know that the forces acting on it are m1. g newtons (downwards) and T newtons
(upwards).
the body is moving downwards, therefore resultant force= m1g – T (downwards) -------1

MOTION OF TWO BODIES CONNECTED BY A STRING, ONE OF
WHICH IS HANGING FREE AND THE OTHER LYING ON A ROUGH
INCLINED PLANE

Consider two bodies of masses m1 and m2 respectively, connected by a light
inextensible string as shown in Fig. 25.11.

Let the body of mass m1 hang free and the body of mass m2 be placed on an inclined rough
surface. Let the body of mass m1 move downwards and the body of mass m2 move upwards
along the inclined surface.
We know that velocity and acceleration of the body of mass m1 will be the same, as that of the
body of mass m2. Since the string is inextensible, therefore tension in both the string will also be
equal.
Let a = Acceleration of the system in m/s2
T = Tension in the string in N,
= Coefficient of friction, and
 = Inclination of the plane

MOTION OF TWO BODIES CONNECTED BY A STRING, ONE OF WHICH IS HANGING FREE
AND THE OTHER LYING ON A ROUGH HORIZONTAL PLANE

Consider two bodies of masses m1 and m2 kg respectively, connected by a light
inextensible string as shown in Fig.

Let the body of mass m1 hang free, and the body of mass m2 be placed on a rough
horizontal plane. Let the

body of mass m1 move downwards and the body of mass m2 move along the surface of
the plane.
We know that velocity and acceleration of the body of mass m1 will be the same as that
of mass m2. Since the string is inextensible, therefore tensions in both the strings will
also be equal.
Let a = Acceleration of the system,
T = Tension in the string and
μ = Coefficient of friction

Curvilinear translation

Work and energy

Projectile motion
A particle, moving under the combined effect of vertical and horizontal forces, is called
a projectile. It may be noted that the vertical component of the motion is always
subjected to gravitational acceleration, whereas the horizontal component remains
constant.
1. Trajectory. The path, traced by a projectile in the space, is known as trajectory.
2. Velocity of projection. The velocity, with which a projectile is projected, is known as
the velocity of projection.
3. Angle of projection. The angle, with the horizontal, at which a projectile is projected,
is known as the angle of projection.
4. Time of flight. The total time taken by a projectile, to reach maximum height and to
return back to the ground, is known as the time of flight.
5. Range. The distance, between the point of projection and the point where the
projectile strikes the ground, is known as the range. It may be noted that the range of a
projectile may be horizontal or inclined.
MOTION OF A PROJECTILE

Consider a particle projected upwards from a point O at an angle , with the horizontal,
with an initial velocity u m/sec as shown in Fig.
Now resolving this velocity into its vertical and horizontal components,

V = u sin and H = u cos 
We know that the vertical component (u sin ) is subjected to retardation due to gravity.
The

particle will reach maximum height, when the vertical component becomes zero. After
this the particle will come down, due to gravity, and this motion will be subjected to
acceleration due to gravity.

EQUATION OF THE PATH OF A PROJECTILE

HORIZONTAL RANGE

MAXIMUM HEIGHT OF A PROJECTILE ON A HORIZONTAL PLANE

D Alembert principle in curvilinear motion

