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If you want a body to remain static then not only the net force on it should be zero but the net torque on it (about any
stationary point) should also be zero. Hence, a necessary condition for a body not to rotate is that the resultant
torque about any point be zero. Although this condition is necessary, it is not a sufficient condition for a body not
to rotate. If a body is set rotating about an axis and there is no external torque acting, the body will continue to
rotate with constant angular velocity. (This is the same as the case of linear motion. A particle can be at rest and
remain at rest only if the resultant force is zero, but this is not a sufficient condition for being at rest. If the resultant
force is zero, the particle would be moving with constant velocity). Hence, a body maintains its rotational state
unless an external unbalanced torque is applied on it.
The physical quantity measuring the tendency of a body to maintain its rotational state is called as rotational inertia
or
of the body.
Consider the situation shown in figure 7.16. A force Fi is acting on
the ith particle of mass mi of a wheel which is pivoted about an
axis through its centre and perpendicular to the plane of wheel.
The component Fir parallel to the radius vector of the element, ri ,
has no effect on the rotation of the body. The tangential component
Fit , which is perpendicular to ri , does affect the rotation of the
body. The torque produced by the force Fi about the centre of the
wheel is given by
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Using Newton’s second law, the tangential acceleration of the particle is given by
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where is the angular acceleration of the particle which is same as that of the whole body.
Combining the two expressions above, we get,
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If we now sum over all the particles in the body, we obtain

[

is same for all elements] ...(7.18)

The quantity
i is the resultant torque acting on the body, which we denote as
property of the wheel and is defined as the
Therefore,

net .

The sum mi ri2 is the

...(7.19 a)

The moment of inertia depends upon the distribution of mass relative to the axis of rotation. For the same
body moment of inertial can be deferent for different axes. Moment of inertia has the dimensions ML2 and is
usually expressed in kg -m 2 .
For a particle of mass m at a distance r from the axis of rotation, moment of inertia is
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...(7.19 b)

