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Sec�on A (Objec�ve type)

 Answer all the ques�ons (1 Mark each)
 

1. The number of degrees of freedom of a rigid body is
(a) 2           (b) 6            (c) 9            (d) 3

2. Which of the following equa�on does not represent Hamilton's principle for a 
conserva�ve system 
(a)             (b)               (c)            (d) 

3. If the genera�ng func�on has the form 
(a)                     (b)                                 

(c)                    (d) 

4. If a rigid body is rota�ng with an angular velocity ' ' about an instantaneous axis 
through a fixed point in the body, the angular momentum vector  about the 
same point
(a) will be always in the direc�on of 

 (b) can be in the direc�on of 
 (c) will always perpendicular to ' '

 (d) will never be in the direc�on of .
5. Which of the following statement is true about chao�c systems

(a) chao�c systems can either be dissipa�ve or conserva�ve 
 (b) In dissipa�ve systems phase-space volumes contract

 (c) In conserva�ve system phase space volumes are conserved
 (d) All of these

 
Sec�on B (Short answer type)

 Answer any Seven (2 marks each)
 

6. Prove that the system for which the KE is conserved, moves along that path for 
which the �me of transit is extremum.

7. Differen�ate between conserva�ve and dissipa�ve systems.
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(2 x 7 = 14)

(5 x 4 = 20)

 
8. For a free par�cle  and . Hence from Hamilton's equa�ons 

 and from Lagrange's equa�ons . How do you reconcile the 

two equa�ons?
9. Obtain poisson bracket , where  and  are  and  components of 

angular momentum.
10. Explain how the method of ac�on angle variables provides a procedure for 

quan�za�on of systems.
11. What are principal axes and principal moment of iner�a of a rigid body?
12. Show that a non-iner�al frame is viola�ng Newton's second law of mo�on.
13. If the rota�on axis of a body is in the direc�on of  principal axis, show that the 

angular velocity vector and angular momentum will be in the same direc�on.
14. What are the characteris�cs of a strange a�ractor?
15. Differen�ate between chao�c system and an a�ractor.

 
 

Sec�on C (Problems / Short Essays)
 Answer any Four (5 marks each)

 
16. In a spherical  pendulum the bob  of mass ' ' is constrained to move on a 

spherical surface of radius ;  being the length of the pendulum. Set up the 
Lagrangian for the  spherical pendulum and obtain the equa�ons of mo�on.

17. Three masses  and  are a�ached with a spring with  in the middle 
and with . Obtain the modes of vibra�on of this system.

18. Two iden�cal simple pendulums, each of length ' ', are connected by a light 
spring of force constant ' '. If  ' ' is the mass of each bob, show that the 
normal frequencies of the system are,  and .

19. A rigid body is rota�ng under the influence of an external torque ' ' ac�ng on 
it. If ' ' is the angular velocity and  is the kine�c energy, show that 

, in the principal axes system.

20. Choosing the origin at any one corner, obtain the iner�a tensor of a rectangular 
parallelopiped of density ' ' and sides . Hence deduce the iner�a tensor 
for a cube of side ' '.

21. Show how the iterates of the 2D-Baker's map form a Cantor set pa�ern.

 
Sec�on D (Essays)

 Answer all ques�ons (12 marks each)
 

22(a) Discuss calculus of varia�ons and derive Lagrange's equa�ons from 
Hamilton's principle.
                                                    OR
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(12 x 3 = 36)

    (b) Discuss calculus of varia�on. Show that the integeral  

is sta�onary, when , where .

23(a) Use the Hamilton-Jacobi method to determine the mo�on of a par�cle falling 
ver�cally in a unfiorm gravita�onal field.
                                                   OR

   (b) Obtain the equa�ons of mo�on and first integrals of a par�cle moving in a 
central force field.

24(a) Explain the rate of change of a vector and derive an expression for the Coriolis 
force.
                                                   OR

    (b) Obtain the pendulum equa�on by considering it as a non-linear system. 
Obtain the phase portrait of the pendulum also.
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