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

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

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

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 02 marks.
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	 IÊS> - "A'
A{V bKw CÎmar¶ àíZ (A{Zdm¶©)

{ZX}e :	 g^r àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo àíZmZwgma EH$ 
eãX, EH$ dm³¶ ¶m A{YH$V‘ 30 eãXm§o ‘| n[agr{‘V H$s{OE& àË¶oH$ 
àíZ 02 A§H$m| H$m h¡&

1)	 (i)	 What are base kets?
		  AmYma kets ³¶m h¢?

	 (ii)	 It At  and Bt  are two Hermitian operators. Will their product  
At Bt  be essentially be Hermition?

		  At  Ed§ Bt  Xmo h{‘©Q>r g§H$maH$ h¡& ³¶m BZ g§H$maH$m| Ho$ JwUZ’$b 
At Bt  ^r Amdí¶H$ ê$n go h{‘©Q>r hm|Jo&

	 (iii)	Consider the base kets | ;Sz !  of spin 
2
1  system. Express 

		  Sz  in terms of projection operator.
		  AY© MH«$U Ho$ Ho$Q> AmYma | ;Sz !  H$mo ‘mZVo hþE Sz H$m àjoß¶ 

g§H$maH$ kmV H$s{OE&

	 (iv)	 Using bra-ket algebra, prove that
		  Tr(XY) Tr(YX)=t t t t

		  When Xt  and Yt  are operators and Tr is the abbreviation for 
Trace.

		  ~«m-Ho$Q> ~rOJ{UV H$m Cn¶moJ H$aVo hþE {gÕ H$s{OE {H$ 

		  Tr(XY) Tr(YX)=t t t t

		  Ohm± Xt  Ed§ Yt  Xmo g§H$maH$ h¢ VWm Tr H$m A{^àm¶ Q´>og h¡&
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	 (v)	 Write relation between momentum and coordinate 
represention of a Ket Vector.

		  EH$ Ho$Q> g{Xe Ho$ g§doJ Ed§ {ZX}em§H$ Ho$ {Zê$nU Ho$ ‘Ü¶ gå~ÝY 
{b{IE&

	 (vi)	 Write the difference between Schrodinger and Heisenberg 
pictures.

		  lmo{S>ÝOa Ed§ hmB©OoÝ~J© àmê$nm| ({MÌm|) Ho$ ‘Ü¶ AÝVa {b{IE&

	 (vii)	Write L2t  operator in spherical coordinates.
		  L2t  g§H$maH$ H$mo Jmobr¶ {ZX}em§H$m| Ho$ ê$n ‘| {b{IE&

	 (viii)Determine the value of x i y 2σ σ+_ i  where 'sσ  are Pauli’s 
matrices.

		  x i y 2σ σ+_ i  H$m ‘mZ kmV H$s{OE& ¶hm± 'sσ  Ed§ yσ  nm°S>br ‘o{Q´>³g 
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> - ~)
bKwÎmamË‘H$ àíZ

{ZX}e :	 {H$Ýht Mma àíZm| Ho$ CÎma Xr{O¶o& 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¡&
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2)	 If ft  and gt  are two conserved quantities then if ft  and gt  
commute, then show that energy levels of the system are in 
general degenerals.

	 ¶{X ft  VWm gt  g§a{jV am{e¶m± nañna commute H$aVo h¢ Vmo Xem©Amo {H$ 
gm‘mÝ¶V… {ZH$m¶ Ho$ D$Om© ñVa An^«îQ> hm|Jo&

3)	 Show that the expectation value of a Hermition operator is 
purely real.

	 {gÕ H$s{OE H$s g{‘{V g§H$maH$ H$m àË¶mem ‘mZ dmñV{dH$ hmoVm h¡&

4)	 Any two eigenvectors corresponding to two distinct eigen 
values of a unitary matrix are arthogonal.

	 ¶w{ZQ>ar ‘o{Q´>³g Ho$ Xmo {d{^Þ AmB©JZ ‘mZm| Ho$ g§JV Xmo AmB©JZ g{Xe 
A{^bå~V hmoVo h¢&

5)	 Prove that, if the wave function in coordinate space is 
normalized, the momentum wave function is also normalizes.

	 ¶{X {XH²$ {ZX}em§H$m| ‘| Va§J ’$bZ àgm‘mÝ¶rH¥$V h¡ Vmo g§doJ Va§J ’$bZ 
^r àgm‘mÝ¶rH¥$V h¡&

6)	 Evaluate | ( ) |n a a n< >4+ +

	 | ( ) |n a a n< >4+ +  H$s JUZm H$s{OE&

7)	 Find , xLx
t7 A

	 , xLx
t7 A H$s JUZmH$s{OE&
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8)	 Determine the electronic contiguration for an atom with the 
term symbol S4

3
2
 .

	 na‘mUw Ho$ {bE Bbo³Q´>mo{ZH$ {dÝ¶mg kmV H$s{OE {OgH$mo àVrH$ S4
3

2
 Ho$ 

Ûmam ì¶³V {H$¶m J¶m h¡&

9)	 Write eigen function of hydrogen atom for

	 (i)	 h = 1, l = 0, m = 0 1s
stals

	 (ii)	 n = 2, l = 1, m = 0 2p
stals

	 hmBS´>moOZ na‘mUw Ho$ {bE {ZåZ Ho$ {bE AmB©JZ’$b H$m ‘mZ {b{IE&

	 (i)	 h = 1, l = 0, m = 0 AdñWm
1s

	 (ii)	 n = 2, l = 1, m = 0 AdñWm
2p

	 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{O¶o& 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¡&
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10)	 Show that the following spin function 

	 ( ) ( ) ( ) ( )
2
1 1 2 1 2φ α β β α= +7 A 

	 is an eigen function of the total z component of spin angular 
momentam for a two electron system. What is the eigen value?

	 {gÕ H$s{OE H$s {ZåZ MH«$U ’$bZ 

	 ( ) ( ) ( ) ( )
2
1 1 2 1 2φ α β β α= +7 A

	 Xmo Bbo³Q´>moZ VÝÌ Ho$ Va§J’$bZ Ho$ MH«$U H$moUr¶ g§doJ Ho$ z Hw$b z KQ>H$ 
H$m Va§J ’$bZ h¡& BgH$m AmBJZ ‘mZ ³¶m h¡?

11)	 For hydrogen atom in an stationary state defined by quantum 
numbers n, l and m, prove that.

	 | |r r drR< > nl
3 2

0

=

3

w

	 hmBS´>moOZ na‘mUw Ho$ pñWa AdñWm ‘| ³dm§Q>‘ g§»¶m n, l Am¡a m Ho$ Ûmam 
n[a^m{fV h¡& {gÕ H$s{OE {H$

	 | |r r drR< > nl
3 2

0

=

3

w

12)	 Discuss the first order perturbation theory for a non-degenerates 
level.

	 {H$gr AZAn^«îQ> ñVa Ho$ {bE àW‘ H$moQ>r {djmo^ {gÕmÝV H$s {ddoMZm 
H$s{OE&

13)	 Use the W.K.B. approximation method to find the transmission 
coefficient of a particle through a barrier.

	 W.K.B. AZw‘mZV {d{Y H$m Cn¶moJ H$aVo hþE EH$ àm{Ma go JwOaZo dmbo 
H$U H$m nmaJå¶ JwUm§H$ H$m ‘mZ kmV H$s{OE&


