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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 also before starting the paper.

{ZX}e : ¶h àíZ nÌ "A' "~' VWm "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& nona ewé H$aZo go nyd© 
AnZm àíZnÌ H$moS> d àíZnÌ erf©H$ Om±M bo&

 Section - A 8 × 2 = 16

Very Short Answer Questions (Compulsory)

Note: Answer all questions. As per the nature of the questions 
you delimit your answers 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 (A{Zdm¶©)

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

1) (i) An electron is in a state described by the spinwave function 

in the SZ - basis as .x
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 What is the probability that 

  the electron has spin up?

  EH$ Bbo³Q´>mZ H$m pñnZ Va§J’$bZ, SZ -  ~o{gg ‘| x
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  Bbo³Q´>m°Z H$s pñnZ An ‘| hmoZo H$s àm{¶H$Vm ³¶m hmoJr?

 (ii) What is a Hermitian operator? If C and D are two arbitary 
Hermitian operators, then find whether CDC is Hermitian 
or NOT. Answer ‘Yes’ or ‘No’.

  h‘u{e¶Z g§H$maH$ ³¶m hmoVm h¡? ¶{X C VWm D Xmo ñdoÀN> h‘u{e¶Z 
g§H$maH$ h¢, Vmo ³¶m g§H$maH$ CDC ^r h‘u{e¶Z hmoJm? CÎma "hm±' 
¶m "Zm' ‘o§ X|&

 (iii) Using the rules of bra-ket algebra, prove Tr(XY) Tr(YX),=  
where X and Y are operators and Tr is the abbreviation for 
Trace.

  ~«m-Ho$Q> EbOo~am H$m Cn¶moJ H$aVo hþE {gÕ H$amo {H$ 
Tr(XY) Tr(YX),=  ¶hm± na X VWm Y g§H$maH$ h¢ VWm, Tr 
‘o{Q´>³g H$m Q´>og àX{e©V H$aVm h¡&
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 (iv) Express the Hamiltonian of a linear simple harmonic 
oscillator in terms of annihilation operator a and creation 
operator a+.

  EH$ aoIr¶ gab AmdV© Xmo{bÌ H$m ho{‘ëQ>mo{ZA‘ E{Z{hboeZ Am°naoQ>a  
a VWm {H«$EeZ Am°naoQ>a a+ Ho$ ê$n ‘| ì¶³V H$amo&

 (v) For Pauli matrices, , ,x y zσ σ σ  what is the value of 
?x y y xσ σ σ σ+

  nmCbr ‘o{Q´>³g x y zσ , σ , σ  Ho$ {b¶o ?x y y xσ σ σ σ+  H$m ‘mZ kmV 
³¶m hmoJm?

 (vi) Write the angular momentum operator LZ in spherical polar 
coordinates.

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

 (vii) Write the ground state wave function of harmonic oscillator. 
Plot the wave function.

  gab AmdV© Xmo{bÌ H$m {Zå‘V‘ D$Om© AdñWm H$m Va§J ’$bZ 
{bI|& Bg Va§J ’$bZ H$m J«m{’$H$b {MÌ X|&

 (viii)What is a stationary state? Write the wave function of the 
stationary state of a free particle.

  ³dmÝQ>‘ {ZH$m¶ H$s "pñWa' (ñWm¶r) AdñWm ³¶m h¡? {H$gr ‘w³V 
H$U H$s ñWm¶r (pñWa) AdñWm Ho$ Va§J ’$bZ H$mo {bI|&

 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.
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(IÊS> - ~)
bKwÎmamË‘H$ àíZ

{ZX}e : {H$Ýht Mma àíZm| Ho$ CÎma Xr{O¶o& àË¶oH$ àíZ H$m CÎma 200 eãXm| 
‘| Xr{OE& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2) Using the rules of bra-ket algebra, prove that

 ,(XY) Y X=+ + +  where X and Y are operators.

 ~«m-Ho$Q> EbOo~«m Ho$ {Z¶‘m| H$m Cn¶moJ H$aVo hþE {gÕ H$amo {H$

 ,(XY) Y X=+ + +  Ohm± na X VWm Y g§H$maH$ h¢&

3) Prove the following commutation relations:

 (i) , i zL L Lx y &=7 A

 (ii) , 0L Lz
2 =7 A

 {ZåZ H«$‘{d{Z‘¶ gå~ÝY H$mo {gÕ H$amo&

 (i) , i zL L Lx y &=7 A

 (ii) , 0L Lz
2 =7 A

4) Find the energy eigenvalues and eigen functions of a particle 
in a one dimensional infinite deep well of width a; the motion 
takes place only between the points x = 0 and x = a.

 {dñVma a Ho$ VWm AZ§V JhamB© Ho$ EH$ {d^r¶ {d^d Hy$n ‘| {Z[hV H$U 
Ho$ D$Om© AmBJZ ’$bZ VWm D$Om© AmBJZ ‘mZ kmV H$amo& H$U H$s J{V 
{~ÝXþ x = 0 VWm x = a ‘Ü¶ h¡&
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5) Set up the schrodinger wave equation for a one-dimensional 
harmonic oscillator. Plot the wave functions , , ,0 1 2 3Ψ Ψ Ψ Ψ  of 
harmonic oscillator.

 EH$ {d^r¶ gab AmdV© Xmo{bÌ Ho$ {b¶o lmoqS>Oa g‘rH$aU àmá H$a|& 
AmdV© Xmo{bÌ Ho$ Va§J ’$bZm| , , ,0 1 2 3Ψ Ψ Ψ Ψ  H$mo ~VmAmo& 

6) Prove the relation

 iA B A B A B$ $ $ $σ σ σ #= +_ _ _ _i i i i where σ' s are the Pauli 
spin matrices, if the components of A  and B  Commute with 
those of .σ

 {gÕ H$amo {H$ iA B A B A B$ $ $ $σ σ σ #= +_ _ _ _i i i i

 Ohm± na , ,x y z/σ σ σ σ_ i nmCbr pñnZ ‘o{Q´>³g àX{e©V H$aVo h¢, VWm 

g{Xe A  d B  Ho$ KQ>H$ σ Ho$ KQ>H$m| go H$å¶yQ> H$aVo h¢&

7) Obtain the solution of radial equation of hydrogen atom. Find 
energy eigenvalues for hydrogen atom.

 hmBS´>moOZ na‘mUw Ho$ {b¶o ao{S>Ab ({ÌÁ¶r¶) g‘rH$aU H$m hb àmá H$a|& 
hmBS´>moOZ na‘mUw Ho$ {b¶o D$Om© AmBJZ ‘mZ àmá H$a|&

8) Show that the first order perturbation energy connection for a 
non-degenerate system is the expectation value of the perturbed 
Hamiltonian over the unperturbed state of the system.

 {gÕ H$amo {H$ {H$gr Zm±Z-{S>OoZoaoQ> ³dm§Q>‘ {ZH$m¶ Ho$ {b¶o àW‘ H$mo{Q> 
H$m D$Om© AmBJZ ‘mZ ‘| {djmo‘ Ho$ H$maU hmoZo dmbm g§emoYZ {ZH$m¶ Ho$ 
A{djmo{^V AdñWm na {djmo{^V ho{‘ëQ>mo{Z¶Z Ho$ àË¶mem ‘mZ hr h¡&
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9) (i) Define an unitary operator. 

 (ii)  An operator corresponding to infinitesimal transformation 
can be expressed as 1 iU F,. ε+t t  where ε is infinitesimal. 
Show that Ut  is unitary if the operator Ft  is Hermitian.

  ¶y{ZQ>ar AmonaoQ>a H$mo n[a^m{fV H$amo& 

  EH$ AmonaoQ>a Ut  A{Vgyú‘ énmÝVaU Ho$ {b¶o {ZåZ én ‘| ì¶³V 

{H$¶m Om gH$Vm h¡ 1 iU F,. ε+t t  Ohm± na  A{V gyú‘ am{e h¡& 

{gÕ H$amo {H$ AmonaoQ>a Ut  ¶y{ZQ>ar V^r hmoJm O~{H$ AmonaoQ>a Ft  
h{‘©{e¶Z hmo&

 Section - C 2 × 16 = 32
Long Answer Questions

Note: Answer any two questions. Each answer should not exceed 
500 words. Each question carries 16 marks.

(IÊS> - g)
XrK© CÎmar¶ àíZ

{ZX}e : {H$Ýht Xmo àíZm| Ho$ CÎma Xr{O¶o& 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) Find energy eigenvalues and eigenfunctions of a one-
dimensional simple-harmonic oscillator.

 EH$ {d^r¶ gab AmdV© Xmo{bÌ Ho$ {bE D$Om© AmBJZ ‘mZ VWm D$Om© 
AmBJZ ’$bZ àmá H$a|&
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11) Using commutation rules for angular momentum ,J  find out the 
eigenvalues of  J2 and JZ.

 H$moUr¶ g§doJ ,J  Ho$ {b¶o {d{Z‘¶ gå~ÝY H$m Cn¶moJ H$aVo hþE J2, JZ Ho$ 
AmBJZ ‘mZ H$mo àmá H$a|& 

12) If a and a+ are two operators which satisfy the commutation 
rule  ,a a 1=+7 A  then prove that

 (i) | | ,a a n n n=+  where n is positive integer

 (ii) | | 1a n n n= -

 (iii) | | 1a n n n1= + ++

 ¶{X a VWm a+ Xmo g§H$maH$ h¢ Omo {H$ {ZåZ {d{Z‘¶ g§~§Y gÝVwîQ> H$aVo 
h¢…

 ,a a 1=+7 A , Vmo {gÕ H$a| {H$

 (i) | | ,a a n n n=+  Ohm± na n EH$ YZmË‘H$ nyUmªH$ h¡&

 (ii) | | 1a n n n= -

 (iii) | | 1a n n n1= + ++
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13) A particle in an impenetrable potential box with walls at x = 0 
and x = a has the following wave function at some initial times:

 ( ) sin sinx
a a

x
a a

x
5
1

5
3 3ψ π π= + .

 (i)  What are the possible results of the measurement of energy 
and with what probability would they occur?

 (ii)  Suppose immediately after a measurement, energy is 
remeasured. What are now the relative possibilities of the 
possible outcomes?

 EH$ H$U {H$gr A^oÚ ~m°³g ‘| {Z{hV h¡& ~m°³g H$s Xrdma| x = 0 VWm 
x = a na pñWV h¢& ~m°³g ‘| {Z{hV H$U H$m Va§J’$bZ {H$gr àma§{^H$ 
jU na 

 ( ) sin sinx
a a

x
a a

x
5
1

5
3 3ψ π π= +  

 go {X¶m J¶m h¡&

 (i)  H$U H$s D$Om© ‘mnZ ‘| g§^m{dV ‘mZ ³¶m hm|Jo VWm CZHo$ ‘mnZ ‘| 
{‘bZodmbo ‘mZ H$s ³¶m àm{¶H$Vm h¡?

 (ii)  ¶{X D$Om© ‘mnZ Ho$ VËníMmV nwZ… D$Om© ‘mnZ {H$¶m Om¶o Vmo 
{‘bZodmbo g§^m{dV ‘mZm| H$s ³¶m gmno{jH$ àm{¶H$Vm hmoJr?


