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

{ZX}e : ¶h àíZ nÌ VrZ IÊS>m| "A', "~' Am¡a "g' ‘| {d^m{OV h¡& àË¶oH$ 
I§S> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma {X{OE& {H$gr ^r {dg§J{V H$s 
pñW{V ‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àíZ nÌ ewé H$aZo go 
nyd© àý nÌ H$moS> d àý nÌ erf©H$ Om±M bo& 

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

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

{ZX}e : g^r àíZm| Ho$ 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) An electron state is described by the spin as given in the basis as
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  What is the probability that the electron has spin up?
  AmYma Ho$ én ‘| EH$ Bbo³Q´>moZ H$s pñnZ AdñWm {ZåZ Vah go Xr 

OmVr h¡&
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  Bbo³Q´>moZ Ho$ pñnZ An hmoZo H$s àm{¶H$Vm ³¶m hmoJr?

	 (ii)	 For	Pauli’s	matrices	σx,	σy,	σz 

	 	 What	is	the	value	of	σy	σz +	σz	σy

  ¶hm± σx,	σy,	σz nmCbr ‘o{Q´>³g h¡ Vmo σy	σz +	σz	σy  H$m ‘mZ ³¶m hmoJm?
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 (iii) What is the value of commutator L p p L-x y y x
t t t t` j

  Symbols have usual meanings.
  H«$‘ {d{Z‘¶H$ L p p L-x y y x

t t t t` j H$m ‘mZ ³¶m hmoJm? ¶hm± àVrH$m| Ho$ 
gm‘mÝ¶ AW© h¡&

 (iv) Ground state energy of a linear harmonic oscillator is hw4r  

  What is the energy of the oscillator in the second excited energy 
state.

  aoIr¶ AmdVu Xmo{bÌ H$s ‘yb AdñWm H$s D$Om© hw4r  h¡ Vmo Xmo{bÌ 
H$s {ÛVr¶ CÎmo{OV AdñWm H$s D$Om© H$m ‘mZ ³¶m hmoJm?

 (v) Expression a a n nb=+  here a is annihilation operator and 
a+	is	creation	operator.	What	is	the	value	of	β	?

  ì¶§OH$ a a n nb=+  h¡ Ohm± a A{Z{hboeZ Ed§ a+ {H«$EeZ 
g§H$maH$ h¡ Vmo β H$m ‘mZ ³¶m hmoJm?

 (vi) If spin matrices are Sx  and Sy  . Here S+  is defined as 

  S S iS= ++ x y  Is matrix S+  Hermitian?
  ¶[X pñnZ ‘o{Q´>³g Sx  VWm Sy h¡ ¶hm± S+  Bg Vah go n[a^m{fV h¡
  S S iS= ++ x y  ³¶m ‘o{Q´>³g S+  h{‘©eZ h¡?

 (vii) Write the Bohr Somerfield Quantization rule?
  ~moa gmo‘a{’$ëS> ³dmpÝVH$aU {Z¶‘ {bImo&

 (viii) What is the value of commutator ,y py8 B ?
  g§H$maH$ ,y py8 B H$m ‘mZ ³¶m hmoJm?
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 Section - B 4 × 8 = 32
(Short Answer 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$Ýht Mma àíZm| Ho$ 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) Briefly explain the WKB Approximation.
 g§jon ‘| WKB gpÝZH$Q>Vm H$mo g‘PmAmo&

3) Using Schrodinger wave equation obtain the equation of continuity 
0t

p
Div J

2
2
+ = 	 where	 ρ	 is	 the	 probability	 density	 and	 J  is the 

probability current density.
 lmoqS>Ja g‘rH$aU H$m Cn¶moJ H$aVo hþE gm§VË¶ g‘rH$aU 0t

p
Div J

2
2
+ =  

H$mo àmßV H$amo Ohm± ρ àm{¶H$Vm KZËd h¡ VWm J  àm{¶H$Vm Ymam KZËd h¡&

4) A linear harmonic oscillator is perturbed by bx2. Determine the 
correction in energy value up to first order using perturbation theory.

 EH$ aoIr¶ AmdVu Xmo{bÌ bx2  Ûmam {djmo{^V {H$¶m OmVm h¡, {djmo^ 
{gÕm§V Ûmam àW‘ H$mo{Q> H$m D$Om© ‘| g§emoYZ kmV H$amo&

5) Show that any two eigen vectors corresponding to two distinct 
eigenvalues of a unitary matrix are orthogonal.

 ¶h Xem©B©E {H$ ¶y{ZQ>ar ‘o{Q´>³g Ho$ g§JV Xmo {d{^ÝZ AmBJ|Z ‘mZm| Ho$ g§JV 
H$moB© ^r Xmo AmBJ|Z g{Xe bå~dV hmoVo h¡&

6) Prove that if A is Hermitian operator, then eiA  is unitary operator.
 ¶h Xem©BE {H$ ¶{X A h{‘©{e¶Z g§H$maH$ h¡ Vmo eiA  EH$ ¶y{ZQ>ar g§H$maH$ h¡&
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7) Prove that uncertainty product for linear harmonic oscillator is

 x p n h
2
1
2T T
r

= +b l

 ¶h Xem©BE H$s EH$ aoIr¶ AmdVu Xmo{bÌ Ho$ {bE A{Z{üVVm JwUZ’$b 
{ZåZ hmoJm&

 x p n h
2
1
2T T
r

= +b l

8) A wavefunction sinA L
n x

}
r=  exists in a region x L0< <  , Potential 

is given by

 
0

V
x L

otherwise
0 < <

3
= *

 Here n = 1, 2, 3, 4, .....

 By normalization condition determine the constant A.
 EH$ Va§J ’$bZ sinA L

n x
}

r=  joÌ x L0< <  ‘| {dÚ‘mZ h¡
 {d^d {ZåZ Ûmam {X¶m OmVm h¡

 
0

V
x L

otherwise
0 < <

3
= *

 Ohm± n = 1, 2, 3, 4, .....
 àgm‘mÝ¶H$aU eV© Ûmam {Z¶Vm§H$ A H$m ‘mZ kmV H$amo&

9) Evaluate n a a n
4

+ +` j

 ì¶§OH$ n a a n
4

+ +` j  kmV H$amo&

 Section - C 2 × 16 = 32
(Long Answer Questions)

Note: Answer any two questions. You have to delimit your each 
answer maximum up to 500 words. Each question carries 16 
marks.
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IÊS> - g
(XrK© CÎmar¶ àíZ)

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

10) Explain the time independent perturbation theory and obtain the first 
order correction term in energy.

 H$mb AZm{lV {djmo^ {gÕm§V H$mo g‘PmAmo VWm D$Om© ‘| àW‘ H$mo{Q> H$m 
g§emoYZ àmßV H$amo&

11) Explain the Stern Gerlach experiment and discuss the quantization of 
spin angular momentum of electron.

 ñQ>Z© Job}H$ à¶moJ H$mo g‘PmAmo VWm Bbo³Q´>mZ Ho$ pñnZ Ho$ H$moUr¶ 
³dmpÝVH$aU H$s ì¶m»¶m H$amo&

12) Solve the Schrodinger wave equation for the case of Hydrogen atom 
and	discuss	the	θ		and	z  solutions.

 hmBS´>moOZ na‘mUw Ho$ {bE lmoqS>Ja g‘rH$aU H$mo hb H$amo Ed§ θ	VWm z
hbmo H$s ì¶m»¶m H$amo&

13) (i)  A particle in an impenetrable potential box with walls at x = 0 
and x = a has the following wave function at some initial time:

  ( ) sin sinx
a a

x
a a

x
5
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5
3 3

z
r r= +

   What are the possible results of measurement of energy on the 
system and with what probability would they occur?
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 (i)  EH$ H$U A^oÚ {d^d ~m³g {OgH$s Xrdmao x = 0 VWm x = a h¡ ‘| h¡ 
VWm CgH$m {H$gr àmapå^H$ g‘¶ na Va§J ’$bZ h¡-

  ( ) sin sinx
a a

x
a a

x
5
1

5
3 3

z
r r= +

   {ZH$m¶ H$s D$Om© ‘mnZ Ho$ g§^m{dV n[aUm‘ ³¶m hm|Jo VWm {H$g 
àm{¶H$Vm Ho$ gmW hm|Jo?

 (ii)  Prove that the fundamental commutation relation ,x p ih
2r=x8 B  

remains unchanged under unitary transformation.
 (ii)  ¶h Xem©BE H$s ‘wb^wV H«$‘ {d{Z‘¶ gå~ÝY ,x p ih

2r=x8 B  ¶y{ZQ>ar 
ê$nm§VaU ‘| An[ad{V©V ahVm h¡&


