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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. Calculators is not allowed.

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

	 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 up to 30 
words. Each question carries 2 marks.

	 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¡&
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1)	 (i)	 Energy of a particle in a one dimensional potential box in ground 
state is E0. What is the energy of the particle in fourth excited state?

		  EH$ {d‘r¶ {d^d ~m³g Ho$ ‘yb AdñWm ‘| D$Om© E0 h¡ H$U H$s MVwW© 
CÎmo{OV AdñWm ‘| D$Om© ³¶m hmoJr?

	 (ii)	 “The expectation value of an anti-Hermintain operator is purely 
real.” Is this statement true?

		  à{Vh{‘©{e¶Z g§H$maH$ Ho$ àË¶mem ‘mZ ewÕ én go dmñV{dH$ hmoVo 
h¡& ³¶m ¶h H$WZ gË¶ h¡?

	 (iii)	 What is the eigenvalue of a unitary operator?
		  EH$m§H$ g§H$maH$ Ho$ AmBJoZ ‘mZ ³¶m hmoVo h¡?

	 (iv)	 ( )m
dt
d x

V x2

2

d=- 	

		  What is the name of the above equation in quantum mechanics? 
Here symbols have usual meanings.

		  ( )m
dt
d x

V x2

2

d=-

		  ³dm§Q>‘ ¶m§{ÌH$s ‘| Cnamo³V g‘rH$aU H$m Zm‘ ³¶m hmoJm? ¶hm± 
àVrH$m| Ho$ gm‘mÝ¶ AW© h¡&

	 (v)	 If a b4 5=
+  What is the value of constant b? Here a+ is 

creation operator.
		  ¶{X a b4 5=

+  AMa b H$m ‘mZ ³¶m hmoJm? ¶hm± {H«$EeZ g§H$maH$ 
a+  h¡&

	 (vi)	 What is the value of Probability current density corresponding 
to real wave function.

		  dmñV{dH$ Va§J ’$bZ Ho$ g§JV àm{¶H$Vm Ymam KZËd H$m ‘mZ ³¶m 
hmoJm?
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	 (vii)	The eigenvalue of operator L2  is bh
4 2

2

r
 . What is the value of b in

		  terms of function of azimuthal quantum number l ?

		  g§H$maH$ L2  H$m AmBJoZ ‘mZ bh
4 2

2

r
 h¡& {XJ§er ³dm§Q>‘ g§»¶m l Ho$ 

		  ’$bZ Ho$ ê$n ‘| b  H$m ‘mZ ³¶m hmoJm?

	 (viii)	For hydrogen atom, what are possible values of l and m for 
quantum number n=1 ? Symbols have usual meanings.

		  hmBS´>moOZ na‘mUw Ho$ {bE ³dm§Q>‘ g§»¶m n=1 Ho$ {bE l VWm m Ho$ 
g§^d ‘mZ ³¶m hm|Jo? ¶hm± àVrH$m| Ho$ gm‘mÝ¶ AW© h¡&

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

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

(IÊS> - ~)
(bKw CÎmar¶ àíZ)

{ZX}e :	 {H$Ýhr Mma àíZm| Ho$ 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$mo H$m h¡&

2)	 Write the expression for energy of one dimensional harmonic 
oscillator in nth state and also plot the wavefunctions corresponding 
to ground state 0}  first excited state 1}  and second excited state 2}  .

	 n dr AdñWm Ho$ {bE EH$ {d‘r¶ Amd¥{Îm Xmo{bÌ D$Om© H$m ì¶§OH$ ³¶m 
hmoJm? ‘yb AdñWm 0} , àW‘ CÎmo{OV AdñWm 1} , {ÛVr¶ CÎmo{OV AdñWm

2}  Ho$ g§JV Va§J ’$bZmo H$mo ^r {M{ÌV H$s{OE&



MPH-03 / 800 / 7	 (4)	 (Contd.)

782

3)	 Define inner product of a bra and ket. Write its important properties.
	 ~«m Ed§ Ho$Q> Ho$ Am§V[aH$ JwUZ H$mo n[a^m{fV H$s{OE& BgHo$ ‘w»¶ JwUm| H$mo 

{b{IE&

4)	 Suppose that A and B are compatible observables and the eigenvalues 
of A are B nondegenerate. Then show that matrix elements a aBm l  
are all diagonal.

	 ¶h ‘m{ZE {H$ A VWm B à{VñnYu àojUr¶ h¡ VWm A VWm B Ho$ AmBJ|Z 
‘mZ AZAn^«îQ> h¡ ¶h ^r Xem©BE {H$ a aBm l  g^r {dH$U© ‘o{Q´>³g 
Ad¶d h¡&

5)	 Show that a unitary operator remains unitary under a unitary 
transformation.

	 ¶h Xem©BE {H$ ¶y{ZQ>ar g§H$maH$ ¶y{ZQ>ar ê$nmÝVaU ‘| ¶y{ZQ>ar hr ahVm h¡&

6)	 Evaluate x0 04 , where x is the position operator of simple 
harmonic oscillator, 0  state is the ground state of simple harmonic 

	 oscillator, Here  
2

x m
h a a

2 r~=
+

+

f p

	 gab Amd¥{Îm Xmo{bÌ Ho$ {bE x0 04  H$m ‘mZ kmV H$[aE& ¶hm± gab 

	 Amd¥{Îm Xmo{bÌ Ho$ {bE 0  ‘yb AdñWm h¡&

	 Ohm± pñW{V g§H$maH$ 
2

x m
h a a

2 r~=
+

+

f p h¡&
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7)	 Using operator 
2

x m
h a a

2 r~=
+

+

f p

	 evaluate n x n2  for simple harmonic oscillator.

	 g§H$maH$ 
2

x m
h a a

2 r~=
+

+

f p H$m Cn¶moJ H$aVo hþE gab Amd¥{Îm 

	 Xmo{bÌ Ho$ {bE n x n2  H$m ‘mZ kmV H$[aE&

8)	 Obtain the Time Independent Schrodinger Equation from Time 
dependent Schrodinger Equation.

	 H$mb Am{lV lmoqS>Ja g‘rH$aU go H$mb AZm{lV lmoqS>Ja g‘rH$aU àmá 
H$s{OE&

9)	 Explain the W.K.B. Approximation.
	 W.K.B. gpÝZH$Q>Vm H$mo g‘PmE&

	 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& AnZo CÎma A{YH$V‘ 500 eãXm| ‘| 
n[agr{‘V H$s{OE& àË¶oH$ àíZ 16 A§H$mo H$m h¡& 
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10)	 (i)	 A wavefunction sinA L
n x

}
r

=  exists in a region x L0< <  	
	 potential is given by

		
;

V
x L

otherwise

0 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< <  ‘| h¡ Ohm± {d^d {ZåZ h¡

		
;

V
x L

otherwise

0 0< <

3
= * 		

		  Ohm±  n = 1, 2, 3, 4, ..........

		  àgm‘mÝ¶rH$aU eV© Ûmam AMa A H$mo kmV H$amo&

	 (ii)	 Show that  J J i h J2#
r

=

		  Here symbols have usual meanings.

		  ¶h Xem©BE {H$ J J i h J2#
r

=

		  ¶hm± àVrH$m| Ho$ gm‘mÝ¶ AW© h¡&

11)	 Using Schrodinger Equation, Obtain the , ,r i z  equations for 
hydrogen atom. Also discuss the solution of θ equation.

	 hmBS´>moOZ na‘mUw Ho$ {bE lmoqS>Ja g‘rH$aU H$m Cn¶moJ H$aVo hþE  , ,r i z
g‘rH$aUm| H$mo àmßV H$[aE VWm g‘rH$aU θ Ho$ hb H$s ^r {ddoMZm 
H$s{OE&
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12)	 (i)	 Find the probability current density corresponding to plane 	
	 wave

		  ( , )x t Ae ei k x i h
E t2

} =
r

- a k

		  {ZåZ Va§J ’$bZ Ho$ g§JV àm{¶H$Vm Ymam KZËd H$mo kmV H$amo&

		  ( , )x t Ae ei k x i h
E t2

} =
r

- a k

	 (ii)	� Using annihilation operator a evaluate the matrix elements 
m a n . Write the matrix representing a. Here symbols have 

usual  meanings.
		�  EZr{hboZ g§H$maH$ a  H$m Cn¶moJ H$aVo hþE ‘o{Q´>³g Ad¶d m a n

kmV H$amo& a  H$mo àX{e©V H$aZodmbo ‘o{Q´>³g H$mo {b{IE& ¶hm± àVrH$m| 
Ho$ gm‘mÝ¶ AW© h¡&

13)	 (i)	 What do you mean by stationary states? Explain it.
		�  How probabilities of various values of the energy of the system 

are determined.
		  ñWm¶r AdñWmAmo go AmnH$m ³¶m VmËn¶© h¡? Bgo g‘PmAmo&
		  {ZH$m¶ H$s D$Om© Ho$ g§JV à{¶H$VmE H¡$go {ZYm©[aV hmoVr h¡?
	 (ii)	� Explain the Bohr somerfield Quantization rule using a bound 

stationary state in a potential well
		�  EH$ {d^d Hy$n ‘| EH$ ~Õ ñWm¶r AdñWm H$m Cn¶moJ H$aVo hþE ~moa 

gmo‘a{’$ëS> ³dmpÝVH$aU {Z¶‘ H$mo g‘PmAmo&


