
Rotational Motion and Angular Momentum

Rolling Motion of a Rigid Object

Rolling motion without slipping is the condition for 
pure rolling motion.



Angular Momentum



Torque can be written as

Because

And

is zero

Then

Ex/ A particle moves in the xy plane in a circular path of 
Radius r, as shown in Figure. Find the magnitude and 
direction of its angular momentum relative to O when 
its linear velocity is v.



Angular Momentum of a System of Particles
Ex/ A sphere of mass m1 and a block of mass m2 are 
connected by a light cord that passes over a pulley, as 
shown in Figure. The radius of the pulley is R, and the 
mass of the rim is M. The spokes of the pulley have 
negligible mass. The block slides on a frictionless, 
horizontal surface. Find an expression for the linear 
acceleration of the two objects, using the concepts of 
angular momentum and torque.

b) 



Angular Momentum of a Rotating Rigid 
Object



Ex/ A father of mass mf and his daughter of mass md sit on 
opposite ends of a seesaw at equal distances from the pivot 
at the center. The seesaw is modeled as a rigid rod of mass 
M and length 𝓁 and is pivoted without friction. At a given 
moment, the combination rotates in a vertical plane with an 
angular speed .

(A) Find an expression for the magnitude of the system’s
angular momentum.

(B) Find an expression for the magnitude of the angular 
acceleration of the system when the seesaw makes an angle 
 with the horizontal.

(A)

(B) 



Conservation of Angular Momentum

The total angular momentum of a system is constant in both 
magnitude and direction if the resultant external torque 
acting on the system is zero, that is, if the system is isolated.

For an isolated rotating system;

Ex/  A horizontal platform in the shape of a circular 
disk rotates freely in a horizontal plane about a 
frictionless vertical axle. The platform has a mass 
M=100 kg and a Radius R=2 m. A student whose mass 
is m=60 kg walks slowly from the rim of the disk 
toward its center. If the angular speed of the system 
is 2 rad/s when the student is at the rim, what is the 
angular speed when he reaches a point r=0.50 m 
from the center?



Ex/  A 2 kg disk traveling at 3 m/s strikes a 1 kg stick 
of length 4 m that is lying flat on nearly frictionless 
ice, as shown in Figure. Assume that the collision is 
elastic and that the disk does not deviate from its 
original line of motion. Find the translational speed of 
the disk, the translational speed of the stick, and the 
angular speed of the stick after the collision. The 
moment of inertia of the stick about its center of 
mass is 1.33 kg ·m2.




