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PART A
Answer All (1 mark each)

1. For a cyclic co-ordinate 'qj' associated with Lagrangian, the following statement is valid 
(a) The generalised momentum pj is cyclic
(b) The generalised momentum pj is a constant of moƟon
(c) The cyclic co-ordinate qj is zero
(d) The Hamiltonian is a constant of moƟon

2. Which of the following equaƟon does not represent Hamilton's principle for a conservaƟve
system 
(a)                 (b)                   (c)                 (d) 

3. Poisson bracket of two constants of moƟon is
(a) zero (b) infinity      (c) a constant   (d) Lagrange bracket

4. If a rigid body is rotaƟng 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 direcƟon of 
(b) can be in the direcƟon of 
(c) will always perpendicular to ' '
(d) will never be in the direcƟon of .

5. Lyapunov exponent of a chaoƟc system is 
(a) Always posiƟve           (b) SomeƟmes negaƟve              (c) Complex               (d) Imaginary

PART B
Answer any 7 (2 marks each)

6. State and explain the principle of least acƟon.
7. Why Hamilton's equaƟons are called canonical equaƟons?
8. Generalised co-ordinates need not have dimensions of length . Likewise components of

generalised force do not neccesarily have the dimensions of force. JusƟfy your answer.
9. The fundamental Poisson bracket provide the most convenient way to decide whether a given

transformaƟon is canonical. Discuss.
10. What is the role of acƟon-angle variables in transiƟon from classical to quantum theory?
11. State Kepler’s laws of planetary moƟon. If the law of gravitaƟon were different from the

inverse square law, which of the Kepler’s laws would sƟll remain valid?
12. Explain an orthogonal transformaƟon.
13. Show that infinitesimal rotaƟons commute.
14. What are the pre-requisites for chaos in a system?
15. What is "buƩerfly effect" in chaos?
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PART C
Answer any 4 (5 marks each)

16. Setup Hamilton’s equaƟons of moƟon for a projecƟle in space. Neglect the effects of earth’s
rotaƟon.

17. Show that the transformaƟons  and  is canonical. Obtain the
generator of the transformaƟon.

18. Show that the funcƟon , saƟsfies the Hamilton-Jacobi equaƟon.

19. Use Hamilton's equaƟon to prove that the areal velocity is constant in planetary moƟon.
20. Using suitable figures, explain the three cases of nutaƟon.
21. Explain logisƟc map in chaos.

PART D
Answer any 3 (12 marks each)

22.1. Prove that, if Lagrangian is not an explicit funcƟon of Ɵme, Hamiltonian is conserved. Prove
also that Hamiltonian represents the total energy if the system is conservaƟve.

OR

2.
Deduce Hamilton's principle from D'Alembert's principle. Derive Lagrange's equaƟon from
it.

23.1. A system of two coupled oscillators is shown in figure. Find expressions for normal
mode frequencies. If the force constant of the middle spring is the geometric mean of the
side springs, what are the modified expressions for the normal mode frequencies.

                                                         OR

    2. Obtain Kepler’s laws of planetary moƟon.

24.1. Discuss the general features of orbits in central force problem for repulsive and aƩracƟve
cases.

OR

2.
What are the properƟes of a chaoƟc system? Explain universality of chaos.
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