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M.Sc. 3rd Semester Examination

PHYSICS
Paper: PHS - 301

(Quantum Mechanics-I[)

Full Marks : 25 Trne : One Hou

The Jigtres in the margin indicate full marks.

Candidates are required to give their otswers
in their ovn words as far as practicable.

l. Aoswer my tno qnestions ; 2x24

(a) Compute the total cross section for an electron of
energ ^E scdering elastically tom a nrrcleus with

phase shifts of 6o=n73,6, =n/6anddr =0 for

a\ l>2.

O) Write down the Klein4ordon equation and show

that in the mn-reldivistic limit tbe equaion rc&rces

to the ScluAtinger equation

(c) For an Helirmr atom, sppose lhd the grormd srarc

wave fimction in the central field ryoxirution is

-1
gv€nby,y(r1,4)- l' ^-z(4+'2)tq- /a;';'-- 
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(2)
nEasons, write down the explicit expression for

Ispio in tems of ryirs of the fuxCividDl electors.

(d) Explain stimulated emission and absorption with
diagrams and write tbe corresponding Dirac delta

functions in the corresponding transition

2. Ansrrcr any ,nD questions : 4x2=8

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

dirrmiornl idnits pffiial \rttl wilh y(x)=0 for

O 3 r < L and Z(.r) = co otherwise. Write down

the eigenfirnctions inchding spin and eigenvalues

corrEsponding to the gourd ad ftst orcied stae

of tbe gNern-

(b) Consider scattering ofa porticlc ft,om a potential

Y(r1=yp<?t/.), uihere Vo arld R arc constanB.

Cotrrpute the differcntial cross seciion in the Bom

ryproxhation (W to 6e firs o,rd€r).

(c) Write down the Dirac equation in terms of
d and p matriccs. Further using the Dirac

rEgtsenffion of d, and P mtices, fud fu ercrgt

eige,nvalrrcs and eigenvec'tors in tbe rcst frame of
the prticle.

(d) Consider a Hamiltonian of the form

(

I
H = Ho+V(t), *herc Ho

(2n) 2t2 +lmo2i2



(3)

aild V(t)=
"-(rtr)z. 

s particle initially

(i.e.,, -+ -<o) is in the ground state of 1lo.

Daermine tbe transition gobabilig ftom fie gourd
state of to an excited state of 4 as , -+ co, up
to first order in perturtation theory.

3. Answer any oze question: Exl=8

(a) O Show that the Lippmann-Schwing€r equation

in tlre position basis can be wriuen as

(r r *,',) = (, I o y *ff 
1 
a' rc,{;,;'y(;lr,lvt'r)

where zr is the mass of a particle. Further,

find tlre o<pression for Gr(r,x') for a paticle

of energr E

(n) Consider a system of tuio spin l2 particles

and suppose that the system is in

the state | +-) for r < 0. The Harniltonian

for the system for r > 0 is given bY

g =(+t/-rlil,Sr. Assume that the H = 0\ /h't '

for r < 0. Fird tlrc probability as a flmction of

time for finding the particles in tre l-+) sme

using fus order pertutdion theory, utating //
as a perffibatio[ 4+4
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(4)
O) @ An electron is subjected to a time varying

magrEtic field given by

E(r) = ^ao1i cosror + j'sin <or)

If at r = 0, the electron is h the eigenstate

l+)-. Find the probability of finding the

elecmn in the state | +)- as a fimction of
time. [Use the Rabls formula].

(i) Compute the total phase shift for the low-
erErgi scattedng of a particle of mass rr ftom

an atmctive square well poterfiial, V = -Vo

for r < a and V : 0 for r > a (Vo> 0). 4+4

List of Formulae

I. Gaussian htegrals :

1* "-*'?*=JiG;

ftx2oe-'2 dr=1-l)n
a"
oa

1* e--z *b" dc = eb2 
t 40 J;G

2. Rabi's formula :

f e-^2b,

t rt>l' = 7ffq6'in2 {[r2la' +t' - 
"'1'z 

I eft\



(s)
3. Wave finrtions of I-D harmonic oscillidor :

*r=h(#Ji,#o[,[*, .),

H,(x) = (-l)' e'2'
dn ?(e
&o
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