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a) High energy photons are scattered from electrons initially at rest. Assume
the photons are backscattered and their energies are much larger than the
electron’s rest-mass energy, E >> mc2. Calculate the Compton wavelength
shift.

b) Define a linear vector space and give an example.

c) Check whether the following sets of vectors (in the three-dimensional
Euclidean space) are linearly independent or dependent.

) A=(3,0,0,B=(0,-2,0),C=(0,0,-1)
i) A=(1,-2, 3),B=(4,1,7),C=(0,10,11), D=(14, 3, -4)
(3 + 8 +4 =15 Marks)

a) Define a linear operator. Show that the quantity |¢){(1| is a linear operator.
b) Define the commutator of two operators. Discuss their properties.

¢) Under what conditions will the operator 0 = ¢i€C pe unitary?
(4 +4 + 2 =10 Marks)

a) Prove that the eigenvalues of unitary operators are complex numbers of
unit moduli and the eigenvectors corresponding to different eigenvalues
are orthogonal.

b) Prove that: [X,p,] = ih
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c) Consider an operator 0 = [—i 1 1]. Is |A) = [71‘] an eigenket of 0.
0O 1 0 -2
(4 +4 + 2 =10 Marks)



a) Solve the Schrodinger equation for a particle in an infinite potential well
and obtain the energy eigenvalues and normalized eigenfunctions. Plot the
wave functions correspondington = 1,2 & 3 states.

b) Express the 1-D quantum harmonic oscillator Hamiltonian in terms of
raising and lowering (&, & d_) operators.

(6 + 4 = 10 Marks)

a) The 3-D Schrodinger equation in spherical polar coordinates is given by:
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Assuming the potential to be central, obtain the radial Schrodinger
equation using the variable-separable method.

b) Consider two identical particles in an infinite potential well. Find the
ground state energy and wave function for this system if the two particles
are: a) Bosons b) Fermions.

(3 + 2 =5 Marks)
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