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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 are 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$n hr A§{V‘ ‘mZm Om¶oJm& àíZ nÌ ewê$ H$aZo go 
nyd© nona H$moS> d àíZnÌ erf©H$ Om±M bo& Ho$bHw$boQ>a H$s AZw‘{V Zhr 
h¡&

 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) The set of eigenfunctions n}  forms a complete set of normalized 
and Orthogonal functions, then dq Z

*

m n
} =}#

  What does Z represent?

  ¶{X AmBJ|Z’$bZmo n}  H$m goQ> àmg‘mÝ¶H¥$V VWm bmpå~H$ nyU© goQ>

  ~ZmVo h¡ VWm dq Z*
m n} } =#

  Vmo Z ³¶m àX{e©V H$aVm h¡?

 (ii) Matrix S+ = Sx + iSy Symbols have usual meanings.
  Is this matrix S+ Hermitian?
  ‘o{Q´>³g S+ = Sx + iSy  h¡ Ohm± àVrH$m| Ho$ gm‘mÝ¶ AW© h¡
  ³¶m S+ h‘u{e¶Z h¡?

 (iii) In total angular momentum representation. , ,J j m b j mz =

  What is the value of b?
  Hw$b H$moUr¶ g§doJ nÕ{V ‘| , ,J j m b j mz =

  Vmo b H$m ‘mZ ³¶m hmoJm?

 (iv) What do you mean by stationary states?
  ñWm¶r AdñWmAmo go AmnH$m ³¶m VmËn¶© h¡?

 (v) Ground state energy of one dimensional simple harmonic 
oscillator 

2
'~

	 	 What	is	the	energy	of	this	system	in	first	excited	state?
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  EH$ {d‘r¶ gab Amd¥Vr XmobH$ H$s ‘yb AdñWm ‘o D$Om© 
2
'~  h¡ Vmo 

Bg {ZH$m¶ H$s àW‘ CÎmo{OV AdñWm ‘o D$Om© ³¶m hmoJr?

	 (vi)	 The	unperturbed	wave	function	for	infinite	square	well	for	n=2

  state is ( ) sinx
a a

x
2 2

2

0 r=} ` j . Suppose we perturb the

	 	 system	by	simply	raising	the	floor	of	the	well	a	constant	amount	
V0.	The	first	order	correction	to	n=2	state	is	given	by	

  ( ) ( )x V x dx0

a

2

1

2

0

0
2

0
E = } }#  . Calculate the value of 2

1

E
 
  AZ§V dJm©H$ma Hw$E Ho$ {bE n=2 Ho$ {bE {~Zm{djmo^ H$m Va§J ’$bZ

  ( ) sinx
a a

x
2 2

2

0 r=} ` j  Ûmam {X¶m OmVm h¡& ¶{X h‘ gmYmaUV¶m

  Hw$E Ho$ Vb H$mo AMa n[a‘mU V0 go D$na CR>mH$a {djmo{^V H$aVo h¡& àW‘ 

H$mo{Q> H$m g§emoYZ n=2 AdñWm Ho$ {bE ( ) ( )x V x dx0

a

2

1

2

0

0
2

0
E = } }#

Ûmam {X¶m OmVm h¡ Vmo 2

1

E  H$m ‘mZ JUZm H$amo&

 (vii) Write the angular momentum operator Lz in spherical polar 
coordinates. 

  H$moUr¶ g§doJ g§H$maH$ Lz H$mo Jmobr¶ Y«wdr¶ {ZX}em§H$mo ‘| {bImo&

 (viii) Pauli matrix is given by 
0

1

1

0xv = e o	 Obtain	 the	 final	matrix	
form of x y zv v v

  nmCbr ‘o{Q´>³g 
0

1

1

0xv = e o Ûmam Xr OmVr h¡ Vmo x y zv v v  H$m A§{V‘

  ‘o{Q´>³g àmá H$amo&
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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) Explain the zero point energy of the one dimensional harmonic 
oscillator.

 EH$ {d‘r¶ gab Amd¥{V XmobH$ H$s eyÝ¶ q~Xþ D$Om© H$mo g‘PmAmo.

3) Prove that eigen values of Hermitian operator is real.
 {gÕ H$amo H$s h{‘©er¶Z g§H$maH$ Ho$ AmB©J|Z ‘mZ dmñV{dH$ hmoVo h¡?

4) Obtain the time independent Schrodinger equation from time 
dependent Schrodinger equation.

 H$mb Am{lV lmoqS>Ja g‘rH$aU H$s ghm¶Vm go H$mb AZm{lV lmoqS>Ja 
g‘rH$aU àmá H$amo&

5) For Pauli matrices prove that
 , 2ix y zv v v=6 @
 nmCbr Ho$ ‘o{Q´>³g Ho$ {bE {ZåZ {gÕ H$amo
 , 2ix y zv v v=6 @

6) Prove the following communication relation ,L L i Lx y z'=6 @
 {ZåZ H«$‘{d{Z‘¶ gå~ÝY H$mo {gÕ H$amo ,L L i Lx y z'=6 @
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7) Prove the completeness relation or closure using Bra-Ket notations.
 ~«m-Ho$Q> nÕ{V Ûmam nyU©Vm gå~ÝY (completeness relation ¶m closure) 

H$mo {gÕ H$s{OE.

8) Evaluate n a a n
4+ +^ h

 {ZåZ n a a n
4+ +^ h  kmV H$s{OE

9)	 Use	the	W.K.B.	method	to	calculate	the	transmission	coefficient	for	
the potential barrier

 ( )
;

;
V x

V ax x

x0

0

0
0 2

1
=

-)

 {d^d AdamoY Ho$ {bE W.K.B. {d{Y Ûmam nmaJ‘Z JwUm§H$ kmV H$[aE

 ( )
;

;
V x

V ax x

x0

0

0
0 2

1
=

-)

 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.

(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$aZm h¡& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 

10) A potential well is given by

 V(x) = 0  if –a < x < a

 V(x) = ∞  if |x| > 0
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 Solve the Schrodinger equation for a particle inside the given well 
and obtain the eigen function values of energy of the particle.

 EH$ {d^d Hy$n {ZåZ àH$ma go {X¶m OmVm h¡:

 V(x) = 0  if –a < x < a

 V(x) = ∞  if |x| > 0

 Vmo {XE {d^d Hy$n ‘o H$U Ho$ {bE lm|S>rÝOa g‘rH$aU H$m hb H$amo VWm 
H$U Ho$ AmB©JoZ ’$bZ VWm D$Om© Ho$ AmB©JoZ ‘mZ kmV H$amo&

11) (a)  Obtain the equation of continuity for probability in quantum 
mechanics.

 (b) Find the value of operator [xpx – px x]
 (a) ³dm§Q>‘ ¶m§{ÌH$s ‘| àm{¶H$Vm gVVVm g‘rH$aU àmá H$[aE
 (b) g§H$maH$ [xpx – px x] H$m ‘mZ àmá H$[aE

12) Explain the stationary perturbation theory for nondegenerate system.
 AZß^«ï> {ZH$m¶ Ho$ {bE ñWm¶r {djmo^ {gÕm§V g‘PmBE&

13) Describe the Steam Gerlach experiment. Also discuss the important 
results of this experiment.

 ñQ>Z© JoabH$ à¶moJ H$mo g‘PmBE VWm Bg à¶moJ Ho$ à‘wI n[aUm‘ ~VmBE&


