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PHYS8083T

M.SC. FIRST SEMESTER (NEP) EXAMINATION, 2023-24
PHYSICS

Quantum Mechanics

Time Allowed : Three Hours
Maximum Marks : 80

PART-A/ 9737 [Marks : 8§%2=16]

Answer all eight questions (Maximum 50 words each).

All questions carry equal marks.

G o g97] P GraT T FE9F F97 F SN ST 50 I=1 7 Gy
G go & ofF GHT &

PART-B/ 91-9 [Marks : 5%x8=40]

Answer five questions (Maximum 250 words each),

selecting one from each unit. All questions carry equal marks.

% S @ 0% 997 g7 g8, T 9T FeA B I oy
9% 797 F X SAHTT 250 = 7 Ao g T B 5F GHT 8

PART-C/ 977 [Marks :2x12=24]

Answer any two questions (Maximum 300 words each).

All questions carry equal marks.

2T @ g9 % 3aie v Fo9E F9T F I FwdT 300 = T o
T g7l & o T &
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PART-A/ 9FT-H
1. (1) Define Completeness.

qReeter 1 aRwE i

(i)  Write any mathematical form of Dirac delta function.
fedieh ScaT el @ g TOg WEY

(i11)  Define Linear Operator.
W HHRH I RN o

(iv)  Write the wave function of the 1s state of hydrogen atom.
BRSOH WA & s Sl & T Fo g

(v)  Write addition theorem of spherical harmonics.

Mg SEaEl a0 T 534 fr

(vi)  Write selection rules of addition of angular momenta and Clebsch-Gordan

coefficients.
FN-Te T AR HIoN ol & I & axo7 e fafam

(vil))  Find perturbed Hamiltonian of linear Stark effect.

IEY @ UG P IUEA! SAeIEN S i

(viii) Write path integral of a free particle.

W FOT 6 gHT 9 [T
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PART-B/ {9

Unit-I / 3%E-1
2. (1) Show that unitary operators have unimodular eigenvalues. [4]
q9sd % Utk T & STEIHMN SHETN 2id 2l
(i1)  Show that the eigenvectors of a Hermitian operator belonging to different
eigenvalues are orthogonal. [4]
iy 6 el e TR® & STeRT-3f SFMAN o ald STgiediest
AT B Bl
OR / 9qr
Write the postulates of quantum mechanics. [8]
FoeH A H STaeem R
Unit-1I / s&E-11
3. Showthat: J, | jm>=A/(j—m)(j+m+1)|jm+1). 8]

aeEd B ¢ T, | jm>=ny(j-m)(j+m+1)|jm+1).

OR / 3gdr

Find the three angular momentum matrices for J , Jy andJ when J= % . [8]

i I

=T % AR el W@ o 0,0 ), e @R
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Unit-IT1 / HE-111

4. Describe splitting of energy levels of hydrogen atom in Zeeman effect using

degenerate perturbation theory. [8]

YA IUET fard & Gerdl @ SHHH 919 & ded erglor qRH H Fell &Rl &
fare & srEn iR

OR / 19dr
Deduce Schrodinger equation from path integral method. [8]
0 Ny Ry e’ SR wiERe g i)
Unit-1V / S#E-TV
5. prove that [A.BC]=B[A.¢]+[AB]C ana [A+B.¢]=[AC]+][B.E]
[5+3=8]

Show that a state represented by Gaussian function gives minimum uncertainty

productin X and p. [8]

aligy o TR Ho ST SERiG S X T p § FAaw S o Ja
F Bl

Unit-V / $#E-V
6. Show that spherical harmonics follow orthonormal relation. [8]

aqiEd fh Ml THarel Arsihs T H I B 2l

OR / 3gdT
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10.

11.

If A and B are vector operators such that [6,1&] = [CAF,BJ =0 then show that

(6.A) (68

=(A-]§)+i6-(AX]§). [8]

PART-C/ 919
Find solutions of simple harmonic oscillator using Schrodinger picture. [12]
AR FBET 6 FEET § GO A &b % & < o
Find solutions of the hydrogen atom using Radial wave equation. [12]
Bredi T THIT & ST Y BRI GXHIY & & OIS SHior
Find expression of the free particle propagator. [12]
WA T THRE P @eTeh 51 Ao

Prove efficiency of non-degenerate perturbation theory by applying bx? perturbation

on simple harmonic oscillator. [12]

I ST Adh T bx? SUEG TR STHIEE SUEd! s & <erd s difor)

Construct ‘m1m2> and ‘ jm> states for two particle system when J, = % and

J, = % . Find out the Clebsch-Gordan coefficients and the matrix. [6+6=12]

Rt faer v e Rl 0, =1 @@ 1, =74 ¥, |mm,) @ |jm) sewend
FIESICIEMIERINECE I e e o Il S
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