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General Instructions: Answer all five questions. Please be sure to keep all parts of a question together and 
circle your final answer. 

 
1. A block of mass m is constrained to slide inside a ring of radius r as 

shown in Fig.1. The ring is fixed on a frictionless horizontal table. At 
t = 0 , the block is moving along the inside of the ring with tangential 
velocity v0. The coefficient of friction between the block and the ring is 
µ. Neglect gravity. 

(a) Find the speed of the block at any later time t. 
(b) Find the angular position of the block at any later time t.  

Fig. 1 
[3+3] 

2. Derive the moment of inertia of a thin circular disk of radius R and mass M  using plane polar 
coordinate system about an axis  

(a) passing through its center and parallel to the disk 
(b) passing through its center and perpendicular to the disk 

           [3+3] 
 

3. A uniformly filled crate of mass M, length L and height H is 
kept across the floor. A force F is applied at the top back 
edge of the crate as shown in Fig.2. Calculate the minimum 
frictional coefficient between the crate and the floor for 
which the crate will topple. 
                  

Fig.2               [6] 
4. A particle of mass m is inserted into a central force of the form  

 


F = − k

rn
r̂ , 

where, r is the radial distance from the origin, k & n are constants. Magnitude of the angular 
momentum about origin is L. 

(a) Derive the effective potential for the system. 
(b) Derive the general expression for r to calculate equilibrium points of the effective potential. 
(c) Determine the values of n for which the stable orbits are possible.  

[2+2+2] 
5. A cone of height h and base radius R is free to rotate about a fixed 

vertical axis as shown in Fig.3. It has a thin groove cut in the surface. 
The cone is set rotating freely with angular speed ω0 and a small block 
of mass m is released in the top of the frictionless groove and allowed to 
slide under gravity. Assume that the block stays in the groove. Take the 
moment of inertia of the cone about the vertical axis to be I0.  
 

(a) What is the angular velocity of the cone when the block reaches 
the bottom? 

(b) Find the speed of the block in inertial space when it reaches the 
bottom. 
 

 
Fig.3              
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