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Note: The question paper is divided into three sections A, B and C. Write 
answer as per the given instructions. Check your paper code and 
paper title before starting the paper. In case of any discrepancy 
English version will be final for all purposes.

{ZX}e : ¶h àíZ nÌ VrZ IÊS>m| "A', "~' Am¡a "g' ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& àíZnÌ ewê$ H$aZo Ho$ 
nyU© àíZnÌ H$moS> d àíZnÌ erf©H$ Om±M b|& {H$gr ^r {dg§JVVm H$s 
pñW{V ‘| A§J«oOr ê$n hr ApÝV‘ ‘mZm Om¶oJm&

 Section - A 8 × 2 = 16
(Very Short Answer Type Questions)

Note: Answer all questions. As per the nature of the question delimit, 
your answer in one word, one sentence or maximum upto 30 
words. Each question carries 2 marks.
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 IÊS> - "A'
(A{V bKw CÎmar¶ àíZ)

{ZX}e : g^r àíZm| H$m CÎma Xr{OE& Amn AnZo CÎma H$mo àíZmZwgma EH$ 
eãX, EH$ dm³¶ ¶m A{YH$V‘ 30 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ 
àíZ 2 A§H$m| H$m h¡&

1) (i) Express | |><b a  in matrix form.
  | |><b a  H$mo ‘o{Q´>³g ê$n ‘| {b{IE&

 (ii) An electron is in a state described by the spinor given in the Sz 
basis as
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  What is the probability that the electron has spin up?
  EH$ Bbo³Q´>mZ H$s AdñWm H$mo AmYma Sz Ho$ ê$n ‘| {ZåZ àH$ma ì¶³V 

{H$¶m J¶m h¡&
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  Bbo³Q´>mZ Ho$ CÀM MH«$U ‘| àm{¶H$Vm ³¶m h¡?

 (iii) Show that following matrix is uni tarity.

  Xem©B©¶o H$s {ZåZ ‘o{Q´>³g E{H$H$ h¡&

i
i

2
1 1

1
> H



MPH-03 / 800 / 6 (3) (P.T.O.)

782

 (iv) Write Heisenberg form of equation of motion.
  hmB©OoÝ~J© ê$n H$s J{V H$m g‘rH$aU {b{IE&

 (v) Write the Hamiltonian for simple harmonic oscillator in 
momentum representation.

  g§doJ à{V{Z{YËd ‘| gab AmdV© XmobH$ Ho$ h{‘ëQ>mo{Z¶Z H$mo {b{IE&

 (vi) Write down eigen value of J2.
  J2 Ho$ AmB©JoZ ‘mZ {b{IE&

 (vii) List the quantum numbers L, S and J for symbol 2D
2
3 .

  2D
2
3  àVrH$ ‘| L, S VWm J ³dm§Q>‘ g§»¶m Ho$ ‘mZm| H$mo {b{IE&

 (viii) What do you mean by Perturbation?
  Perturbation go Amn ³¶m g‘PVo h¢?

 Section - B 4 × 8 = 32
(Short Answer Type Questions)

Note: Answer any four questions. Each answer should not exceed 200 
words. Each question carries 8 marks.

(IÊS> - ~)
(bKw CÎmar¶ àíZ)

{ZX}e : {H$Ýht Mma àíZmo§ Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2) What are main consequences of Stern Gerlach experiment?
 ñQ´>oZ Joab à¶moJ Ho$ ‘w»¶ {ZîH$f© {b{IE&

3) Define inner product of a bra and ket. Write it’s important properties.
 ~Jm Ed§ Ho$Q> Ho$ AmÝV[aH$ JwUZ ’$b H$mo n[a^m{fV H$s{OE& BgHo$ ‘w»¶ 

JwUY‘© {b{IE&
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4) If a set of eigenket {1a  >} forms a complete orthonormal set then 
show that | | 1>< /a a

a

/
 ¶{X AmB©JZHo$Q> H$m g‘yh {1a  >} EH$ gånyU© AmWm}Zmoa‘b g‘yh H$m 

{Z‘m©U H$aVm h¡ Vmo {gÕ H$s{OE {H$
  | | 1>< /a a

a

/
5) Establish a connection between momentum and coordinate 

representation of a Ket Vector.
 EH$ Ho$Q> g{Xe Ho$ g§doJ VWm {ZX}em§H$ àmê$nm| Ho$ ‘Ü¶ gå~ÝY kmV 

H$s{OE&

6) What are creation (a+) and annihilation (a) operators? Show that
  [a, a+] = 1
 {Z‘m©U (a+) Ed§ {dZme (a) g§H$maH$ ³¶m h¢? {gÕ H$s{OE& {H$
  [a, a+] = 1

7) Evaluate the position-momentum uncertainly product for the nth state 
of a linear harmonic oscillator.

 EH$ aoIr¶ gab Amd¥V Xmo{bÌ H$s n dt AdñWm ‘| pñW{V-g§doJ H$s 
A{ZpíMVVm H$m JwUZ’$b kmV H$s{OE&

8) Calculate the size ie. <r2> for the hydrogen atom in a ground state.
 hmB©S´>moOZ na‘mUw Ho$ ‘ybAdñWm ‘| AmH$ma <r2> H$m ‘mZ kmV H$s{OE&

9) Define W.K.B. approximation method and give an application of this 
method.

 W.K.B. AZw‘m{ZV {d{Y H$mo n[a^m{fV H$s{OE& VWm Bg {d{Y H$m EH$ 
CXmhaU Xr{OE&
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 Section - C 2 × 16 = 32
(Long Answer Type Questions)

Note: Answer any two questions. You have to delimit your each 
answer maximum upto 500 words. Each question carries 16 
marks.

(IÊS> - g)
(XrK© CÎmar¶ àíZ)

{ZX}e  : {H$Ýhr Xmo àíZm| Ho$ CÎma Xr{OE& AmnH$mo AnZo CÎma H$mo A{YH$V‘ 
500 eãXm| ‘| n[agr{‘V H$aZm h¡& àË¶oH$ A§H$ 16 A§H$m| H$m h¡& 

10) A certain observable in quantum mechanics has 3 × 3 matrix 
representation as follows.
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 Find the normalized eigenvectors of the observable and corresponding 
eigenvalues. Is there any degeneracy?

 ³dm§Q>‘ ¶m§{ÌH$s ‘o§ EH$ àojU ¶mo½¶ H$mo {ZåZ 3 × 3 ‘o{Q´>³g Ho$ Ûmam ì¶³V 
{H$¶m J¶m h¡&
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 Bg àojU ¶mo½¶ Ho$ AmB©JZ g{Xe H$m àgm‘mÝ¶rH$aU, VWm AmB©JZ ‘mZ 
kmV H$s{OE& ³¶m H$moB© An^«îQ>Vm h¡?
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11) Show that the operator of infinitely small translation in space can be 
expressed as 

  ( ) 1ax i dxT
'

t
= -

 Ý¶yZ ñWmZmÝVaU Ho$ g§H$maH$ H$mo {XH²$ ‘o§ {ZåZàH$ma go ì¶³V {H$¶m Om 
gH$Vm h¡&

  ( ) 1ax i dxT
'

t
= -

12) Discuss the particle in one dimensional potential box. Potential is 
given by 
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 Obtain the eigenfunction and eigenvalues of the particle in the box.
 {ZåZ EH$ {d{‘¶ {d^d ~m°³g ‘| H$U H$s J{V H$s ì¶m»¶m H$a|&

  
;

v
x a0

00

0

otherwise

< <
= * 4

 H$U Ho$ ~m°³g ‘o AmB©JZ ’$bZ VWm AmB©JZ‘mZ kmV H$s{OE&

13) Solve the schrodinger wave equation for the case of hydrogen atom 
and discuss its radial wave equation.

 hmB©S´>moOZ na‘mUw Ho$ {bE lmo{S>ÝOa Va§J g‘rH$aU H$m hb kmV H$s{OE& 
VWm {ÌÁ¶ Va§J g‘rH$aU H$s {ddoMZm H$s{OE&


