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PHYSICS
PHY UT - 604 : Quantum Mechanics - II

(New Course) (2008 Pattern) (Semester - II)

Time : 3 Hours] [Max. Marks : 80

Instructions to the candidates :

1) Question No. 1 is compulsory

2) Attempt any four questions from the remaining.

3) Draw neat diagrams wherever necessary.

4) Figures to the right indicate full marks.

5) Use of mathematical tables and calculators are allowed.

Q1) Attempt any four of the following:

a) Use perturbation time independent theory to obtain the first order energy
correction for nth state of anharmonic oscillator with Hamiltonian

H = 
p2

2m
+ 1

2
mw2x2 + λx4  for small λ . [4]

b) Calculate differential cross section for Yukawa potential v(r) = – g2 e−αr

r
by using Born approximation. (Given : imaginary part of integral

exp
0

∞

∫ −αr( )eiqrdr = q

α 2 + q2 ). [4]

c) Show that there is no stark effect in the ground state of hydrogen atom.[4]

d) Determine the form of normalized antisymmetric total eigen-function
for a system of three identical particles. [4]

e) Describe scattering event in Laboratory and centre of mass frames and
show that scattering angles are related by expression:

tanθlab= 
sin θcm

m1 m2( ) + cosθcm

. [4]

f) Using WKB approximation, obtain the Bohr - Sommerfeld quantization
condition. [4]

P431
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Q2) a) Discuss the time independent perturbation theory for non-degenerate
case upto second order and obtain the first order correction of energy as
well as wave-function. [10]

b) Using the partial wave analysis method, show that the total scattering
cross-section for scattering from hard rigid sphere is 4 π a2. Where
a = radius of sphere. [6]

Q3) a) What is Green function? By using it, obtain the expression for scattering
amplitude when potential is symmetric. [8]

b) Apply variation method to find grand state energy of hydrogen atom

when trial wave-function is ψ = Αe−λγ  and λ  is variational parameter.[8]

Q4) a) Describe the classical and quantum mechanical pictures of Collisions
between identical particles.

For spin 
1
2

 particles, when spin orientations are not specified then write

down 
dσ
dΩ . [8]

b) State and prove the Fermi-Golden rule for the rate of transitions induced
by constant potential. [8]

Q5) a) What are identical particles? Define exchange operator P
12

 between
particle 1 and 2. (i) show that it's eigen - values are ± 1 and discuss how
it leads to symmetric and antisymmetric wave functions. [8]

b) Develope the time dependent perturbation theory to obtain transition
amplitudes for 1st and 2nd order. [8]

Q6) a) Using partial wave analysis, obtain the expression for phase - shift,
scattering amplitude and total cross-section. Use it to prove optical
theorem. [10]

b) Obtain slater determinant for system of N-electrons. [6]
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Q7) a) Discuss the conditions for validity of WKB approximation. [4]

b) Show that the variational method gives an upper bound to the ground
state energy. [4]

c) Using Born approximation, show that the scattering amplitude is the
fourier transform of potential. [4]

d) What is a dipole approximation? State the selection rules for electrical
dipole transitions. [4]
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