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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 
English version will be final for all purposes. Check your paper code 
and paper title before starting the paper.

{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$gr ^r {dg§JVVm H$s 
pñW{V ‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àýnÌ ewê$ H$aZo go nyd© 
àýnÌ H$moS> d àýnÌ erf©H$ Om±M b|&

 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.
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 IÊS> - "A'
(A{V bKw CÎma dmbo 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) "Inner product of a Bra and a Ket is a a  then a a  must 
satisfy the 0#a a ". Is this statement true?

  ""EH$ Ho$Q> d ~«m H$m Am§V[aH$ JwUZ a a  h¡ Vmo a a  Ho$ {bE 
gå~ÝY 0#a a  H$mo {Z{üV ê$n go g§Vwï> H$aoJm''& ³¶m ¶h H$WZ 
gË¶ h¡?

 (ii) What is the value of modulus of complex number which is the 
eigenvalue of a unitary operator?

  Cg g§{‘l g§»¶m H$m ‘moSy>bg H$m ‘mZ ³¶m hmoJm Omo {H$ ¶y{ZQ>ar 
g§H$maH$ H$m AmBJ|Z ‘mZ h¡?

 (iii) Write the value of following commutation relation 
  [ , ]y py .
  {ZåZ {d{Z‘¶ gå~ÝY H$m ‘mZ ³¶m hmoJm?
  [ , ]y py

 (iv) Relation a n n 1a= -   What is the value of a in terms of n?
  gå~ÝY a n n 1a= -  ¶hm± a H$m ‘mZ n Ho$ nXm| ‘| ³¶m hmoJm?

 (v) For one dimensional simple harmonic oscillator for state n, 
Hamiltonian operator H H n nb=   What is the value of b?

  AdñWm n Ho$ {bE EH$ {d^r¶ gab AmdVu Xmo{bÌ Ho$ {bE 
ho{‘ëQ>mo{Z¶Z H Ho$ {bE H n nb=  h¡ Vmo b H$m ‘mZ ³¶m hmoJm?  
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 (vi) What is the value of  
t

d
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t
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} } x)#  H$m ‘mZ ³¶m hmoJm?

 (vii) Write operator Lxt  in Cartesian coordinate?
  g§H$maH$ Lxt  H$mo H$mVu¶ {ZX}em§H$ Ho$ ê$n ‘| {b{IE&

 (viii) "Pauli spin matrix xv  is Hermitian matrix." Is this statement 
true?

  ""nmCbr pñnZ ‘o{Q´>³g xv  h{‘©{e¶Z ‘o{Q´>³g hmoVr h¡''& ³¶m ¶h 
H$WZ gË¶ h¡?

 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) If the set of eigenkets 'a" , forms a complete orthonormal set then

 show that ' ' 1a a
'a

//

 ¶{X AmBJoZHo$Q> H$m g‘wÀM¶ 'a" , EH$ nyU© Am°Wm}Zm°‘©b g‘wÀM¶ ~ZmVm

 h¡ Vmo ¶h Xem©Amo {H$ ' ' 1a a
'a

//
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3) Prove that the fundamental commutation relation ,x p ix '=6 @  
remains unchanged under unitary transformation.

 ¶h {gÕ H$amo {H$ ‘yb^yV {d{Z‘¶ gå~ÝY ,x p ix '=6 @  ¶y{ZQ>ar ê$nm§VaU 
Ho$ Xm¡amZ An[ad{V©V ahVm h¡&

4) For ladder operator show that  ,J J JZ '=+ +6 @
 boS>a g§H$maH$ Ho$ {bE Xem©Amo {H$ ,J J JZ '=+ +6 @

5) For Pauli matrices prove that 
 (i) , i2x y zv v v=6 @

 (ii) 
0

0i

i
x y zv v v = = G

 nmCbr Ho$ ‘o{Q´>³g Ho$ {bE {ZåZ {gÕ H$amo
 (i) , i2x y zv v v=6 @

 (ii) 
0

0i

i
x y zv v v = = G

6) 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$aU àmá H$s{OE&

7) What are the fundamental properties of Schrondinger equation.
 lmoqS>Ja g‘rH$aU Ho$ ‘yb^yV JwU {b{IE&

8) Plot wave function of one dimensional harmonic oscillator 
, , ,0 1 2 3} } } } .

 EH$ {d^r¶ Amd¥{V Xmo{bÌ Ho$ Va§J ’$bZ , , ,0 1 2 3} } } }  H$mo ~ZmBE&

9) What do you mean by WKB approximation?
 WKB g{ÞH$Q>Vm go AmnH$m ³¶m VmËn¶© h¡?
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 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& AmnH$mo AnZo CÎma H$mo A{YH$V‘ 
500 eãXm| ‘| n[agr{‘V H$aZm h¡& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 

10) Explain the Stern Gerlach Experiment.
 ñQ>Z© Job£H$ à¶moJ H$mo g‘PmBE&

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

	 (ii)	 	The	 trace	of	an	operator	X	 is	defined	as	 the	 sum	of	diagonal	
elements. Then show that Trace XY = Trace (YX)

 (i)  ¶h ‘m{ZE {H$ A VWm B gj‘ àojUr¶ h¡ VWm A Ho$ AmBJoZ ‘mZ 
Zm°Z S>rOoZoaoQ> h¡ V~ ¶h Xem©Amo {H$ ‘o{Q´>³g Ad¶d a B all l  g^r 
{dH$Zu¶ hm|Jo&

 (ii)  g§H$maH$ X H$m Q´>og CgHo$ {dH$Zr©¶ Ad¶dm| H$m ¶moJ hmoVm h¡ V~ ¶h 
Xem©Amo {H$ Trace XY = Trace (YX)

12) (i)  Prove that, if the wave function in coordinate space is normalized, 
the momentum wave function is also normalized.

 (ii)  Evaluate x0 04 , where x is the position operator of simple 
harmonic oscillator, 0  state is the ground state of simple 
harmonic oscillator.
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 (i)  ¶h {gÕ H$amo {H$ ¶{X {ZX}em§H$ AmH$me ‘| Va§J ’$bZ àgm‘mÝ¶H¥$V 
h¡ Vmo g§doJ AmH$me ‘| ^r Va§J ’$bZ àgm‘mÝ¶H¥$V hm|Jo&

 (ii)  ¶{X x gab Amd¥{V Xmo{bÌ H$m pñW{V g{Xe h¡, 0  AdñWm gab 
Amd¥{Îm Xmo{bÌ H$m ‘yb ñVa h¡ Vmo x0 04  kmV H$amo&

13) Explain the stationary perturbation theory for non degenerate system.
 Zm°Z S>rOoZoaoQ> {ZH$m¶ Ho$ {bE ñWm¶r {djmo^ {gÕm§V H$mo g‘PmAmo&


