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PHYSICS

ASSIGNMENT ON ROTATIONAL MOTION


1.         Define centre of mass. Deduce expression for the centre of mass of a two particle system .
2.  
State the theorems of parallel axis & perpendicular axis for moment of inertia. Give proof for each  

3.  
A solid cylinder rolls down along an inclined plane without slipping. Derive an expression for (i) linear 

acceleration of the cylinder (ii) the frictional force , which prevents the cylinder from slipping .

4.  
What is the rotational analogue of mass of a body ?

5.  
Why does a cyclist lean to one side  while going  along a curve ? Explain briefly 

6.  
When water  in  a  bucket is rotated  in a vertical circle , explain why water does not fall out ?

7.  
Why does  a pilot not  fall down when the aeroplane loops a vertical  circle ?

8.  
The moment of inertia of two bodies A and B  are IA and IB  with IA > IB  . If they have identical angular 

momenta ,  which one has greater kinetic energy of rotation  ? 

9.  
When a planet  revolves around  a massive star  in an elliptical orbit ,  will the angular momentum be 

constant over the entire trip ? Will the linear momentum be constant ? Explain 

10.   
If the ice on the polar caps of the earth melts , how does it affect the duration of the day . Explain .

11. 
Derive an expression for the moment of inertia of a circular ring of mass M and radius R about an axis 

passing through the centre and perpendicular to the plane of the ring . Hence find the moment of inertia of the ring about any of its diameter .

12.  
A body of moment of inertia (I) starting from rest acquires angular velocity '(' in a time 't'  Find the torque 


acting on the body .

13.  
A sphere of mass m and radius R is rolling on a horizontal surface . What is the ratio of the  rotational 

kinetic energy to the total kinetic energy of the sphere ?

14.  
State and verify the law of conservation of angular momentum .

15.  
Derive an expression for the moment of inertia of an uniform circular disc of radius R and mass M  about 

an axis passing through its centre and perpendicular to its plane .

16.  
How is angular momentum of a particle in two dimensional motion related to the areal velocity  of the 

position vector of the particle ?

17.  
Explain clearly the meaning of banking of curves . Give the expression for optimum speed of car for 

negotiating a  banked curve for least wear and tear .

18. 
Obtain the expression for the moment of inertia of a thin uniform rod about an axis through  its centre 

and perpendicular to its length 
19.   
A ring , a disc  and a sphere , all of same the same radius  and same mass roll down an inclined plane  from 

the same height 'h' . Which of the three reaches the bottom (i) earliest (ii) latest ? 

20.  
Two bodies of masses 2 kg and 3 kg are located at ( 2,3 ) and (-1, 4) respectively . Calculate the co-ordinates 

of the  centre of mass .

21.  
In  NaCl  molecule , the separation between the nuclei of the two atoms is about  1.27 A( . Find the 

location of the centre of mass of the molecule ( At .mass  of Na is 23 a.m.u and Cl is 35.5 a.m.u )

22.  
At what angle should a cyclist bent when negotiating a circular path 34.3 m long  in  
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s . 

( take g =  9.8 m/s2) 

23.  
A bend in a level road has a radius of 80 m . What maximum speed can car posses while taking the curve , 

without skidding , if the  coefficient of friction between the car tyres and the road is 0.25 ?

24.  
An air craft executes a horizontal loop at a speed  of 720 km/h  with its wings banked at 15( . What is the 

radius of the loop ?

25.  
A long playing record revolves with a speed  of  
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 revolution/min. and has a radius of  15 cm . Two 

coins  are  placed   at 4 cm and  14 cm  away from the centre of the record . If the coefficient of  friction between the coins  and  the record  is 0.15 , which of the two coins will revolve with the record ?

26.  
What will be the  minimum speed of a bike at the highest  point of a globe of radius 9.8 m ?

27.  
A stone of mass 0.3 kg tied to  the end of  a string  in a horizontal plane is whirled around in a circle of 

radius 1m with a speed of  40 rev/min . What is the tension in the string ? What will be the maximum speed with which the stone can be whirled around if the string can withstand a maximum tension of 200 N ?

28.  
A man sits on a horizontal platform of a rotating wheel at a distance of 5m from the centre . The wheel 

begins to rotate and when the angular speed exceeds 10 rpm , the man just slips . What is the coefficient of friction between the man and the platform?

29.  
A bucket of water  is ties at the end of a 4.5 m long  rope and is rotated about the other end in a vertical 

circle . Find the minimum velocity   at the highest and lowest points such  that water in the bucket does not spill.

30.  
A solid cylinder of mass 20 kg rotates about  its axis with angular speed of 100 /s .The radius of the 

cylinder is 0.25  m . What is the kinetic energy associated with  the rotation  of the cylinder  and the corresponding angular momentum   ?

31. 
What will be the duration of day , if the earth  suddenly shrinks to 1/64 th of its original volume , mass 

remaining unchanged  . What will be answer if density remain unchanged ?

32.  
If  an Energy of 484 J is spent in increasing the speed of a flywheel from 60 rpm to 360 rpm , what will be 

the moment of inertia of the fly wheel  ? 

33.  
What is the radius of gyration of a  circular ring about 

a) a tangent parallel to the plane 

b) a tangent perpendicular to the plane 

c) about a diameter 


d) about the centre of mass , perpendicular to the plane 

34.  
A grind stone has a  moment of inertia of  6 kgm2 . A constant torque is applied  and the grind stone is 

found to have a speed of 150 rpm in  10 s after starting from rest . Calculate the torque .

35.  
A boy stands at the centre of  a turn table with his two arms outstretched . The turn table is set rotating 

with an angular speed of 40 rpm. What will be the angular speed of the boy , if he holds his hands  back reducing the moment of inertia to 2/5 time the initial value ? Assume that the turn table  rotates without friction . 

36.  
In the above question , show that the boy's kinetic energy after folding the hands is more than the initial 

kinetic energy  of rotation . 

37.  
To maintain a rotor  at  a uniform speed  of 200 rad/s  an engine needs to transmit a torque  of 180 N-m . 

What is the power of  the engine required ?

38.  
A rope is wound around  a hollow cylinder of mass 4 kg  and radius  50 cm . If the rope is pulled by a force 

of 50 N , what will be the angular acceleration of the cylinder ? Also determine the linear acceleration of the rope.

39.  
A solid cylinder rolls down an inclined plane . Its mass is 2 kg and radius is 0.1 m . If the height of the 

inclined plane is 4 m , What is its rotational K.E when it reaches the foot of the plane ?

40.  
A rope is wound  around a wheel of radius 15 cm . The axis of the wheel is horizontal . A mass of 0.5 kg is 

attached at the end of the cord  and it is allowed to fall from rest . If the weight falls 1.5 m in 4 s , what is 

the angular acceleration of the wheel ? Also calculate the moment of inertia of the wheel ?

41.  
Equal amounts of torques are  applied to a hollow  sphere and solid  sphere of  same mass and radius . 

Both are free to rotate about an axis passing through its centre . Which of the two will acquire greater angular speed ? 

42.  
Two  circular discs A and B of the same mass  and same thickness are made of  two different metals  whose 

densities are dA  and dB ( dA  > dB) . Their moment of inertia about the axis passing through their centres of gravity  and perpendicular to their planes are IA  and IB     . Which is greater IA  or IB ?

43.  
If one of the particle of a two particles system is heavier , near which particle will the centre of mass of such 

system locate ? Give reason . 

44.  
Why do we prefer to have a screw driver with long handle ?

45.  
Give the rotational analogue of 

a) force 

b) mass 

c) Newton's second law 
   d) law of conservation of momentum

46.  
What  are the units and dimensional formula for 

a) torque 

b) angular momentum 

c) moment of inertia 

47.  
Two solids spheres of same mass are made of  different densities . Which of them has larger moment of 

inertia about a diameter ?

48.  
Derive  expressions  for  the moment of inertia of  a uniform rod  of mass M and length L about an axis 

passing through the centre of mass  , perpendicular to its length 

49. 
Establish the relation between torque and moment of inertia of a rigid body .

50.  
Establish the relation between angular momentum  and moment of inertia of a rigid body .

51.  
Discuss briefly  the motion of  a point mass tied to a string  wound over a cylinder .

52.  
Obtain  an expression for  the minimum velocity of  a body at the lowest point for looping a vertical circle.

53. Explain briefly the banking of roads and rails and deduce expression for the velocity with which bodies 

 
negotiate banked roads and rails .
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