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 Answer ALL  questions: 

 

1. (a) State and prove D’Alembert’s  principle.        (5) 
(OR) 

(b) Find the equation of motion for simple pendulum of length 𝑙 and mass 𝑚 by using 
      Lagrange’s equations.          (5) 
 
(c) State and prove Lagrange’s equations in holonomic system.     (15) 
          

(OR) 
 (d) A particle of mass 𝑚 moves in a conservative force field. Find the Lagrangian and 

      the equations of motion in cylindrical coordinates (𝜌, 𝜑, 𝑧).    (15)   
         
2. (a) Obtain the Hamilton’s equation of motion for a projectile assuming that the axes are attached  
      to the earth.          (5) 

(OR) 
(b) Derive the Hamilton’s principle from the Lagrange’s equation of motion.   (5) 
 
(c)  State and prove Rouths’ Procedure.        (15) 

       (OR) 
(d) State and prove the conservation theorem for linear momentum in Lagrangian formulation.    
          (15) 

3. (a) With usual notations prove the following: 

(i) [𝑢, 𝑣]𝑞,𝑝 = −[𝑣, 𝑢]𝑞,𝑝 

(ii) [𝑢, 𝑢]𝑞,𝑝 = [𝑣, 𝑣]𝑞,𝑝 = 0. 

(iii) [𝑢 + 𝑣, 𝑤] = [𝑢, 𝑤] + [𝑣, 𝑤].       (5) 

   (OR) 

(b) Show that the transformation 𝑃 = √2𝑞𝑒−𝛼 sin 𝑝, 𝑄 = √2𝑞𝑒𝛼 cos 𝑝  is canonical.  (5) 

 
(c) State and prove principle of Least action.      (15) 

 (OR) 
(d) State and prove Poincare theorem.       (15) 
  

4. (a) Find the relation between infinitesimal contact transformation and Poisson bracket.      (5) 

      (OR) 
(b) Derive Hamilton-Jacobi equation.       (5) 
 
(c) Define Poisson bracket of two dynamical variables. Show that for three such variables 𝑢, 𝑣, 𝑤 the Jacobi identity: 

[𝑢, [𝑣, 𝑤]] + [𝑣, [𝑤, 𝑢]] + [𝑤, [𝑢, 𝑣]] = 0 is satisfied.   (15) 

(OR) 
(d) State and prove Liouville’s theorem in phase space.      (15) 
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5. (a) If {𝑢𝑙, 𝑢𝑖} is a Lagrange bracket and [𝑢𝑙, 𝑢𝑗] is a Poisson bracket, then prove that  

∑ {𝑢𝑙, 𝑢𝑖}
2𝑛
𝑙=1 [𝑢𝑙, 𝑢𝑗] = 𝛿𝑖𝑗.        (5) 

 (OR) 
(b)  Write short note on Action and Angle variables.      (5) 
 
 (c) Solve the problem of one dimensional Harmonic oscillator, where the Hamiltonian is given  

      by 𝐻 =
𝑝2

2𝑚
+

1

2
𝐾𝑞2.          (15)  

(OR) 
 (d)UsingHamilton-Jacobi’s equation, solve the Kepler’s problem for the Hamiltonian given by  

𝐻 =
1

2𝑚
[𝑝𝑟

2 +
𝑝𝜃

2

𝑟2
] −

𝜆

𝑟
.         (15) 
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