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in their own words as fo as procticable.

PHS - 301.1

(Quantum Mechanics-[I)

l. Arswer any tno qr.rcstions : 2x24

(a) Compute the total cross section for an electon of
energr E scafiering ela$ically fiom a nrrleus with

phase shifts of 6o=n/1, \=nl6and6r=0 for

all l>2.

O) Write down the Klein-Gordon equation and show

ihat in llte rnn-reldivistic limit the equaion rcdrces

to the Schddinger equation

(c) For m Helium aorr, suppose tlr* the ground state

wave firnction in ilrc certral field 4p'roximation is
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grren by v (;ri) = 1'-zt't'D)/ao26"r,n' GivinS
1'46

(Easons, write down the explicit expression for

Xspin itr tcnns of ryins of the Ldividual elec{r'ons.

(d) Exptain stimulated ernission and absorption with

diagrams and urite the conesponding Dirac delta

functions in the corresponding transition
pobabilities.

2. Answer any tru qnesions. 4x2=8

(a) Consider a system of two electrons in a one

dinssional infinie pdedial uidl wift V(x)=g fal

O s x < L and Z(r) = co otherwise. Write down

the eigenfiurctions including spin and eigenvalues

correspordirg to the grourd fid frst o<cited state

of the systrrn

O) Consider scattering ofa particle tom a potential

V(r)=y*-1'2rF), wher€ Vo ard R arc constants.

Compute the differential cross section in lhe Born

eproximation (rp to the first oder).

(c) Write down the Dirac equation in terms of

d and p matrices. Further using the Dirac

rcei€s€ffiion of d and p rnatic€s' find trc ersg/
eigenvalues ard eigenvectors in the rest frame of
the paticle.



(d) Consider n

(3)
Hamiltonian of the form

H =Ho+v(t\, wherc H6 =fir, *;,r*rr,

and tt1t1= -i-"-(ttrl2 . 6 particle initially
({'tt)

(i.e., r -+ -o; is in the ground state of I1o.

Daemrirrc tlre trasition gobability fiom fte gourd
stare of to an excited state ofI1o as r-+co, up
to first order in perturbarion theory.

3, Ansv-,er alnly onc question : 8x1=8

(a) O Show ttrat the Lippmarm-Schwinger equation

in the position basis can be wrinen as

(r r *,',) = (r r oy *ff ! a' tc,(;,r;(;P,l vt-t)

where zr is the mass of a particle. Further,

find tlre oqgEssion fo G*(x,x') for a paticle

of arrg E

(d Consider a syst€m of two spin ll2 particles

and suppose that the system is in the

state l+-) forr<O. The Hamiltonian for

the system for, > 0 is given bY

H=(4%r)Sr9r. Assume that the H=o

for r S 0. Fird the probability as a firnction of
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time for firding the paticles in tE l-+) sme

using filst order perturbaion dEory, t€ating H
as a perUrbation. 4+4

O) @ An electron is subjected to a time varying
rnagnetic field givat I
E(r) = aolicos(o' +isintor)

If at , : 0, the electron is in the eigenstate

1+)-. fina the probability of finding the

electron in the state | +). as a function of
time. [Jse the Rabi's fonnula].

(n) Compute the totd phase shift for the low-
energl scdering of a particle of mass nr trom

an atmctive square well poffitial, V = -Vs
for r < a urd V = 0 for r > a (V? O). 4+4

List of Formulec

1. Gaussim i@rals :

!* "-#*=Jnto;

!\," "-l * = 1-v fr 1\"-^' *;

1* e-i+t&=ebzt4aJf;G

2. Rabi's fcrnula :

p,<,>1' = Vffi,7a,in' {fl/r'z *t -.,,12 I eftl



(s)
3. Wave fimctiors of l-D harnonic oscilldor :

v(x) =

H,(x)=(-l)'e' dn

tlx

hff)I"#o[,[*,')'
("-t')
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PHS - 301.2

(Statistical Mechanics-I)

l. Answer any rxn questions: 2x2=4

(a) In Liowille's theorcrrL if p dm not d€pend on q

md p explicitly, then pmve rhat p : constant

@) For ideal gas, fmd an expression of microstates

o(8,N,,/:6E).

(c) I{ow concep of rydive tefiperdr€ is hltodEd?

(d) For spin % particle O=ai+fr show that

o=|(f+F')

2. Answer any txr qnestions: 4x2:8

(a) If Hamiltmiat of a sirgle paticle

iiH= +
2mr2 sinz 0

Fird an o<pression of eqr.ration of sae.

(b) Dedr m oqtssion of camical ptition fimction

for 3D quantun rlarnonic oscillmr.

^ /e, 0\(c) If H=l ' l-

[o er)

Plove that diagonal elerne,nts ae **imary in time
and the off-diagonal elements oscillate with

ftequency (er-er)tn.

L
2mr2



(7 )

(d) Find an expression of Fermi-Dirac distribution

firncion fiom grand canonical ensemble.

3. Answer any oze question: 8xl:8

.al
(a) Pmve that p;,,- =Lf zF Q-t)2 for a narticle

in a box of infinite Potential.

(b) Corsider a box containing an ideal classical gas at

plesstue P ard ternperatne f. Tbe walls of the box

have lfo absorbing sites, each of wtrich can absorb

one molecule of the gas. trt -e be the energr of
an absorbed molecule'

(! Find rhe fugacity of the 9s in tenns of I ad
P.

C0 Find the average number of absorbed

molecules at low and high-p€s$e limis.

Internrl Assesment : l0 msrks
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