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M.Sc. 3rd Semester Examination, 2024

PHYSICS

PAPER - PHS_301.1 & 301.2'

Full Marks :50

Time :2 hotxs

Answer all questions

The figures in the right hand matgin indicate marl<s

Candidates are rcquired to gtve their answers in their
own words as far as practicable

PHS-301.1

( fuantum Mechanics-Ill )

GROUP - A

Answerany two ofthe following : 2 x Z

1 . t$/rite down the Lippmann-Schwinger equation

(Twtt Ovcr )



f
I
I(2)

in the position and momcntum spaces

and idcntifi the Grecn's functions for both

the cases.

2. By acting on the singlet statc, check that the

permutation operator /+to)for a two spin-

It2particle state can be written as

.#ot )

3. Wrirc down the Klein-Gordon equation and

show that in the non-relativistic limit the

eAratienneducwto the Schrodinger equation'

4. Writing the Dirac matrices as : y0 = p and

Y' - 9a,, show that theY satisfr

{r"r"lzT*r*

;('
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GROI.JP _ B

Answer any two ofthe following : 4 x 2

Consider scattering of a particle from a

potential Y (i = ? +.Compute the differ-

ential cross section in the Born approximation
(up to the first order).

6. If a system is in the initial state lr) at I = 0 and
a constant perturbation is swirched on at time
r=0sothat

v(t)=

Find the probability l*r<rll' of finding the

system in the state lz) using first order per-
turbation theory. Further derive the Fermi,s
Golden Rule for the transition rate using your
result

0 (r<0)

Y (t>O)
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oir
= 6(r)lfUse:. Nt

7. Write down the Dirac equation in terms of

the matrices (c,,p) and obtain thc conserva-

tion law for the probability p = rytry that

follows from this equation' Explain how this
t 
conservation law is different from the one

ob-taineilfi omftsKleitr€orCen+quation-

sin2(

Write downthe wave functions includingthe

spin ofthe electrons in an helium atom for

the following electnonic confi guration ( I s{2s)

neglecting the e2lr rrinteraction term' Next

considering the electron-electron interaction"

write down the expressions for the difference

inthe enerry levels AE, ofthe electronic states'

You do not need to Perform any integral'

Draw a schematic diagram showingthe enerry

levels ofthe electronic configurations '

lim
c--lio

8
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GROUP - C

Answer any onc ofthe following : 8x I

e. (, For a two state system with unperturbed
Hamiltonian.Elo and a time-dependent
perturbation Z(r) given by

ao =E,ltxrl* nrlzl(zl nd
v 1t1 =.1 e* t lrl (21 + T e- 

* l2(tl
where 7 is a real constant, set up the time
dependent evolution equations in the
interaction picture. Ifthe initial state of
the system at t : O is lt) , frnd the proba-

bility of obtaining the state IZ) aftertime
r by solving the above equations.

(ii) Given that the scattering amplitude in the
partial wave analysis is

6

1py = fipl+ l)eq sin 6,.Q(coso),
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use the oPtical theorem to find the total
cross section o, in terms of the phase

shift 6,. 2

10.(, A particle, initialty (i'e', r-+-co) in its

ground state in an infinite potential well

whose walls are located atr = 0 ar;ldx= a,

is subj ect at time , > 0 to a time-dependent

perturbation V(t)=eie-" where e is a

small real number. Calculate the proba-

bility (up to the first order in perturbation

theory) that the particle will be found in

its first excited state after a sufflrciently

long time (i.e., r -+ 'o)' 4

(ii) Compute the expression for the s-wave

quantum mechanical scattering cross

section ofa particle from a hard sphere

ofradius R. The potential corresponding

to a hard sPhere is given bY

[o (r<R)

{o 1,, ny
V(r)= 4
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PHS-30r.2

( Statistical Mechanics-I )

GROUP - A

Answerany two ofthe following : 2 x2

11. A spin system has energy E =t:ttnH. How
negative temperature state is explained ? Plot
Entropy vs. energy.

12. N free particles of mass z confined to a
box (1D) has energy eigen function

vr(x)= f; '^ *.
Calculate the number of accesible microstates.

13. Write down the expression of canonical
partition firnction for 3D Harmonic oscillator.

14. Prove that pure state can not evolve into
mixed state,

PMtrS/PHV3ol. I & 301.2/24 ( Tun Ovcr )
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GROUP _ B

Answer any two ofthe following :

I 5. If Hamilto oisn II =,r.4 fi +,18,fi + 1ZC,Pi4,

where g, andp, are the canonical variables'

Prove that (H) =3NKBT in 30'

16. Deduce B.E. distribution function from

grand-canonical ensentble'

17. IfenergY ofclassical rotator

4x2

,--11,e. Pi)
Gtel

1 8. For a relativistic particle energr E = Clpl show

that chemical Potential

lt(T'P1=Pr7r' 
h3c3P"'trltrr;'

show that C" = ks

PGr'l[Si/PHS/301. I & 301.2'l (Continud)



(e)

GROUP - C

Answer any one of the following : 8 x I

19. Calculate the equation of state for N two
dimensional quantum Harmonic oscillators.

20. Deduce an expression of density matrix for
particles in a box in zero potential in position
representation. Interpret the results.

I Internal Assessment - 10 Marks I
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