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PHY8083T

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

PHYSICS

Quantum Mechanics

Time Allowed : Three Hours

Maximum Marks : 80

PART-A/ Hkkx&v [Marks : 8×2=16]

Answer all eight questions (Maximum 50 words each).

All questions carry equal marks.

lHkh vkB iz'uksa ds mRrj nhft,A izR;sd iz'u dk mRrj vf/kdre 50 'kCnksas esa nhft,A
lHkh iz'uksa ds vad leku gSaA

PART-B/ Hkkx&c [Marks : 5×8=40]

Answer five questions (Maximum 250 words each),

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

izR;sd bdkbZ ls ,d iz'u pqurs gq,] dqy ik¡p iz'uksa ds mRrj nhft,A
izR;sd iz'u dk mRrj vf/kdre 250 'kCnksas eas nhft,A lHkh iz'uksa ds vad leku gSaA

PART-C/ Hkkx&l         [Marks :2×12=24]

Answer any two questions (Maximum 300 words each).

All questions carry equal marks.

fdUgha nks iz'uksa ds mRrj nhft,A izR;sd iz'u dk mRrj vf/kdre 300 'kCnksas esa nhft,A
lHkh iz'uksa ds vad leku gSaA
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PART-A/ Hkkx&v

1. (i) Define Completeness.

ifjiw.kZrk dks ifjHkkf"kr dhft,A

(ii) Write any mathematical form of Dirac delta function.

fM+jkWd MsYVk Qyu dk dksbZ xf.krh; Lo:i fyf[k,A

(iii) Define Linear Operator.

jSf[kd ladkjd dks ifjHkkf"kr dhft,A

(iv) Write the wave function of the 1s state of hydrogen atom.

gkbMªkstu ijek.kq ds 1s voLFkk dk rjax Qyu fyf[k,A

(v) Write addition theorem of spherical harmonics.

xksyh; izlaoknh dh ;ksx izes; fyf[k,A

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

coefficients.

DyhC'k&xkWMZu xq.kkadksa vkSj dks.kh; laosxksa ds ;ksx ds oj.k fu;e fyf[k,A

(vii) Find perturbed Hamiltonian of linear Stark effect.

js[kh; LVkdZ izHkko dk minzoh gSfeYVksfu;u Kkr dhft,A

(viii) Write path integral of a free particle.

Lora= d.k dk lexz ikFks; fyf[k,A
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PART-B/ Hkkx&c

Unit-I / bdkbZ&I

2. (i) Show that unitary operators have unimodular eigenvalues. [4]

n'kkZb;s fd ,sfdd ladkjdksa ds vkbxsueku bdkbZeku gksrs gSaA

(ii) Show that the eigenvectors of a Hermitian operator belonging to different

eigenvalues are orthogonal. [4]

n'kkZb;s fd fdlh gfeZVh ladkjd ds vyx&vyx vkbxsueku nsus okys vkbxsulfn'k

leyEcd gksrs gSaA

OR / vFkok

Write the postulates of quantum mechanics. [8]

Dok.Ve ;kaf=dh dh vo/kkj.kk,¡ fyf[k,A

Unit-II / bdkbZ&II

3. Show that :   Ĵ | jm j m j m 1 jm 1      . [8]

n'kkZb;s fd %   Ĵ | jm j m j m 1 jm 1      .

OR / vFkok

Find the three angular momentum matrices for J
x
, J

y
 and J

z
 when Ĵ 2  . [8]

;fn Ĵ 2   gS rks rhu dks.kh; laosx vkO;wg J
x
, J

y
  ,oa J

z
  Kkr dhft,A
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Unit-III / bdkbZ&III

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

degenerate perturbation theory. [8]

viHkz"V minzo fl)kUr dh lgk;rk ls theku izHkko ds rgr gkbMªkstu ijek.kq esa ÅtkZ Lrjksa ds

foikVu dh O;k[;k dhft,A

OR / vFkok

Deduce Schrödinger equation from path integral method. [8]

lexz ikFks; fof/k }kjk JksfMaxj lehdj.k O;qRiUu dhft,A

Unit-IV / bdkbZ&IV

5. Prove that ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆA,BC B A,C A,B C             and ˆ ˆ ˆ ˆ ˆˆ ˆA B,C A,C B,C             .

[5+3=8]

fl) dhft, fd ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆA,BC B A,C A,B C             ,oa ˆ ˆ ˆ ˆ ˆˆ ˆA B,C A,C B,C            

OR / vFkok

Show that a state represented by Gaussian function gives minimum uncertainty

product in x̂  and p̂ . [8]

n'kkZb;s fd xkWfl;u Qyu }kjk iznf'kZr voLFkk x̂  ,oa p̂ esa U;wure vfuf'prrk xq.kuQy iznku

djrh gSA

Unit-V / bdkbZ&V

6. Show that spherical harmonics follow orthonormal relation. [8]

n'kkZb;s fd xksyh; izlaoknh ykEcSfdd lEcU/k dk ikyu djrs gSaA

OR / vFkok
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If Â  and B̂  are vector operators such that ˆ ˆˆ ˆ,A ,B 0          then show that

      ˆ ˆ ˆˆ ˆ ˆˆ ˆ ˆ.A .B A B i A B       . [8]

Â  ,oa B̂ bl izdkj ds lfn'k ladkjd gSa fd ˆ ˆˆ ˆ,A ,B 0          rks n'kkZb;s fd

      ˆ ˆ ˆˆ ˆ ˆˆ ˆ ˆ.A .B A B i A B      

PART-C/ Hkkx&l

7. Find solutions of simple harmonic oscillator using Schrödinger picture.          [12]

JksfMaxj fp=.k dh lgk;rk ls ljy vkorhZ nksyd ds gy izkIr dhft,A

8. Find solutions of the hydrogen atom using Radial wave equation.           [12]

f=T;h; rjax lehdj.k dk mi;ksx dj gkbMªkstu ijek.kq ds gy izkIr dhft,A

9. Find expression of the free particle propagator.           [12]

Lora= d.k izlkjd dk O;atd Kkr dhft,A

10. Prove efficiency of non-degenerate perturbation theory by applying bx2 perturbation

on simple harmonic oscillator.           [12]

ljy vkorhZ nksyd ij bx2 minzo yxkdj vuiHkz"V minzoh fl)kUr dh n{krk fl) dhft,A

11. Construct 1 2m m  and jm  states  for two  particle system when 1J 2   and

2J 2  . Find out the Clebsch-Gordan coefficients and the matrix.           [6+6=12]

fdlh f}d.k fudk; ftlds fy;s 1J 2   ,oa  2J 2   gSa] 1 2m m  ,oa jm  izkoLFkk,¡

fufeZr dhft,A DyhC'k&xkWMZu xq.kkad ,oa vkO;wg Kkr dhft,A

----- × -----


