
CHAPTER 9

NEWTON'S SECOND LAW FOR ROTATIONAL MOTION AND
THE EQUATIONS OF ROTATIONAL KINEMATICS
In Chapter 4 we discussed Newton's second law of motion, ∑ =F ma .
This law shows how the net force ∑ F acting on an object of mass m
determines the acceleration a that appears in the equations of linear
kinematics. Now, for a rigid body rotating about a fixed axis, we have
seen that the rotational analog of Newton's law takes the form ∑ =τ αI . A
net torque ∑τ  acting on an object that has a moment of inertia I causes an
angular acceleration α. As is the case for linear motion, the angular
acceleration provides the link between Newton's second law and the
equations of rotational kinematics. If the net torque and the moment of
inertia are known, the angular acceleration can be determined from the
second law and then used in the equations of rotational kinematics.
Conversely, if the angular acceleration can be found from the equations of
rotational kinematics, it can then be used in Newton's second law to
provide information about the net torque or the moment of inertia.

ROTATIONAL MOTION AND THE CONSERVATION OF
MECHANICAL ENERGY
We encountered the important principle of conservation of mechanical
energy in Chapter 6. This principle states that the total mechanical energy
E of an object remains constant when the net work done by
nonconservative forces is zero. In Chapter 6, the total mechanical energy
E is the sum of the translational kinetic energy 1
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2mv  and the gravitational

potential energy mgh. When rotational motion also occurs and there is no
net work done by nonconservative forces, the total mechanical energy is
still conserved. Now, however, the rotational kinetic energy, 1
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be included in the total mechanical energy: E I mv mgh= + +1
2

2 1
2

2ω .
While E remains constant during the motion, the two types of kinetic
energies and the potential energy may be transformed into one another.

ROTATIONAL MOTION AND THE CONSERVATION OF
ANGULAR MOMENTUM
We discussed the principle of conservation of linear momentum in
Chapter 7. This principle states that the total linear momentum of an
isolated system remains constant, an isolated system being one in which
the sum of the external forces acting on the system is zero. A rotating
system, such as a spinning ice skater, also has momentum. It is called
angular momentum and is the product of the moment of inertia and
angular velocity. In a manner similar to that for the conservation of linear
momentum, the angular momentum remains constant if the net external
torque acting on the system is zero. Therefore, if the moment of inertia of
an isolated system should increase, for example, the magnitude of the
angular velocity must decrease in order that the angular momentum
remain unchanged during the rotational motion.


