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1. The double pendulum consists of a mass m suspended by a massless string or rod of 

length l, from which is suspended another such rod (also of length l) and another mass m. 

(a) What are the generalised coordinates and the configuration space of this system? 

(b) Write down the Lagrangian and Hamiltonian of the system when the generalised coor

dinates take on small values. 

(c) What are Hamilton's equations for the Hamiltonian you wrote in (b)? 

2. The Hamilto11ian of a one dimensional system is given as 

H=pq 

(a) Using an appropriate canonical transformation convert this Hamiltonian into that of a 

particle of unit mass, moving in the presence of an inverted harmonic oscillator potential of 

unit 'spring ·constant'. Note: You must show that your transformation is indeed ~anonical. 

(b) For the transformed Hamiltonian draw the fixed energy contours in the ( Q, P) phase 

space. 

(c) Find a F1 type generating function for the canonical transformation you obtained in (a). 

3. Solve the problem of the motion of a point projectile in a vertical plane, using the 

Hamilton-Jacobi method. Find both the equation of the trajectory and the dependence of 

the coordinates on time, assuming that the projectile was fired off at time t = 0 from the 

origin with a speed v0 = lOm/s making an angle a= 45 degrees with the horizontal. 

4. Consider a particle of mass m moving in the potential 

where U and a are constants. 
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(a) Plot, qualitatively, the above potential as a function of q. 

(b) Find the action variable J for .the above system. 

(c) Plot the phase space curves in (q,p) and in the (w, J) variables. 

(d) Obtain the angle variable and the frequency v (as a function of E). 

Note: You may use the integral 

7f 

'5. Consider the vector Junction, F, given as 

:F = u r + v i5 + w r x iJ. 

where u, :v, and w are scalar functions of the three variables r2
, p2 and r · p. Show that 

·Note: Do .. not assume without proof, any re~!Jit invglving Poisson brackets1 other than the 

fundamental Poisson brackets. 

6. (a) If A denotes the Lorentz transformation matrix between frames S and S', where S' 

is moving at a speed 0.95 c along the z direction w.r.t S, then write down the matrix A-1
. 

What is the value of the determinant of the Lorentz transformation matrix? 

(b) Two four vectors are .given to you: Ai == (1, 0, 1, 0) and Bi = (1, 0, 0, 0). Find their 

invariant length squared and state whether they are timelikejspacelike/null. Write down 

the covariant components Ai, lk 
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