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{ZX}e : ¶h àíZ-nÌ VrZ IÊS>m| "A', "~' Ed§ "g' ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& àíZ nÌ ewê$ H$aZo go 
nyd© n«íZnÌ H$moS> d 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 Type Questions (Compulsory)

Note: Answer all questions. As per the nature of the question delimit 
your answer in one word, one sentence or maximum upto 30 
words. Each question carries 2 marks.
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 IÊS> - "A'
A{V bKw CÎma dmbo àíZ (A{Zdm¶©)

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

1) (i) A wave function y can be expanded in terms of 

eigenfunctions of any physical quantity as y = 
n
R  bn yn

  Here each of the wave function is supposed to be normalized. 

What is the value of  
n
R  |bn|2

  {H$gr ^m¡{VH$ am{e Ho$ g§JV AmBJoZ ’$bZ Ho$ nZo Ho$ ê$n ‘|
Va§J’$bZ  y H$mo {ZåZ ê$n go {H$¶m Om gH$Vm h¡ y = 

n
R  bn yn

  ¶hm± àË¶oH$ Va§J’$bZ A{^bmpå~H$ ‘mZm J¶m h¡ Vmo  
n
R  |bn|2 H$m ‘mZ 

³¶m hmoJm?

	 (ii)	 Which	 experiment	 confirms	 the	 quantization	 of	 electron	 spin	

angular momentum?

  H$m¡Zgm à¶moJ Bbo³Q´>m°Z Ho$ pñWV H$moUr¶ g§doJ Ho$ ³dm§{Q>H$aU H$mo 
{gÕ H$aVm h¡?

 (iii) An electron state is described by the spin or given in the s2 

basis as
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  What is the probability that the electron has spin down?



MPH-03 / 600 / 7  (3) (P.T.O.)

782

  EH$ Bbo³Q´>m°Z H$s AdñWm H$mo  AmYma Ho$ ê$n ‘| pñnZa {ZåZ {X¶m 
OmVm h¡
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  Bbo³Q´>m°Z Ho$ {ZåZ (down) MH«$U H$s àm{¶H$Vm ³¶m hmoJr?

 (iv) What is the value of commutator [x, px]?

  H«$‘{d{Z‘o¶H$ [x, px] H$m ‘mZ ³¶m hmoJm?

 (v) Write the equation of continuity in terms of probability current 

density.

  àm{¶H$Vm Ymam KZËd Ho$ nXm| go gmVË¶ g‘rH$aU {b{IE&

 (vi) Consider the linear harmonic oscillator with ground state

  energy 
hw
2

. What is energy required to excite the oscillator 

from	second	excited	state	to	fifth	excited	state?

  EH$ aoIr¶ Xmo{bÌ H$mo br{OE {Og‘| ‘yb ñVa D$Om© 
hw
2

 h¡&

  {ÛVr¶ D$Îmo{OV AdñWm go nm±Mdr CÎmo{OV AdñWm VH$ Xmo{bÌ H$mo 
CÎmo{OV H$aZo Ho$ {bE Amdí¶H$ D$Om© {H$VZr hmoJr?

 (vii) Consider the eigen function y = Be–inf  what is the value of 

Lzy?  Here Lz is the angular momentum operator in spherical 

polar co-ordinates.

  ¶hm± AmBJoZ’$bZ y = Be–inf {b{OE& Lzy H$m ‘mZ ³¶m hmoJm? 
¶hm± Jmobr¶ Y«wdr¶ {ZX}em§H$ ‘| Lz H$moUr¶ g§doJ g§H$maH$ h¡&
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 (viii) What is the value of n, l, m for ground state of hydrogen 

atom?

  hmBS´>moOZ na‘mUw Ho$ {bE ‘yb AdñWm Ho$ {bE n, l, m Ho$ ‘mZ ³¶m 
hm|Jo?

 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 CÎma dmbo 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$s{O¶o& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2)	 Consider	a	particle	in	one	dimensional	infinitely	deep	potential	box	

with width o x bG G . Wave function corresponding to particle is

 y  (x)  =  B  sin  
b
n xr` j	.	 Find	 the	 coefficient	 B	 for	 normalization	 of	

wave function.

 EH$ H$U AZÝV Jhao EH$ {d‘r¶ {d^d ~m³g ‘| Mm¡ ‹S>mB© o x bG G  
‘| n[a~Õ h¡& H$U Ho$ Va§J’$bZ Ho$ gå~pÝYV Va§J’$bZ 

 y  (x)  =  B  sin  
b
n xr` j  h¡ Va§J’$bZ Ho$ n«gm‘mÝ¶rH$aU Ho$ JwUm§H$ B H$s 

JUZm H$s{OE&

3) Prove that corresponding to operator 
x

x2

2
2

2
2 -c m eigen function is

 exp 
2
x2-c m.

 ¶h {gÕ {H${OE {H$ g§H$maH$ 
x

x2

2
2

2
2 -c m Ho$ g§JV AmBJoZ’$bZ 

 exp 
2
x2-c m h¡&
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4) consider the wave function corresponding to particle in one 
dimensional box.

 yn  (x)  =  cos
a

kx
1   where k

a
n
2
r=   and n = 1, 3, 5, .....

 Calculate the expectation value of momentum <  p >. Here – a < x < a.

 EH${d{‘¶ ~m³g ‘| n[a~Õ ~m³g ‘| H$U go gå~Õ Va§J’$bZ

 yn  (x)  =  cos
a

kx
1   Ohm± k

a
n
2
r=   VWm n = 1, 3, 5, .....

 g§doJ H$m àË¶mem ‘mZ <  p > H$s JUZm H$amo& ¶hm± – a < x < a.

5) Calculate the following :  ( )a a2 24+ +

 {ZåZ H$s JUZm H$s{OE :  ( )a a2 24+ +

6) Calculate the probability current density corresponding to plane wave

 y  ( , ) ( ) ( )cos sinBx t x i x e–iwta a= +" ,
 {ZåZ Va§J ’$bZ Ho$ g§JV àm{¶H$Vm Ymam KZËd kmV H$s{OE -
 y  ( , ) ( ) ( )cos sinBx t x i x e–iwta a= +" ,

7) A wave function corresponding to one dimensional harmonic 
oscillator is given by

 y (x)  =  
2
1  [y1 (x) + y3 (x)]

	 i.e.	 it	 is	 super	 position	 of	 first	 excited	 state	 and	 third	 excited	
state eigenfunctions. Calculate the expectation value of energy 
corresponding to wave function y (x).

 EH$ {d{‘¶ Xmo{bÌ Ho$ g§JV Va§J’$bZ

 y (x)  =  
2
1  [y1 (x) + y3 (x)]

 h¡ AWm©V ¶h Va§J’$bZ àW‘ CÎmo{OV AdñWm VWm V¥Vr¶ CÎmo{OV 
AdñWm Ho$ Va§J’$bZm| Ho$ AÜ¶mamonU go ~Zm h¡& Va§J’$bZ y (x) Ho$ g§JV 
D$Om© Ho$ àË¶mem ‘mZ H$s JUZm H$a|&
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8) If ,
x y
v v  and 

z
v  are Pauli spin matrices then 

 (i) Prove that  
x z z x
v v v v=-

 (ii) Find  
x y z
v v v

 ¶{X ,
x y
v v VWm 

z
v nmCbr H$s pñnZ ‘¡{Q´>³g h¡ Vmo 

 (i) {gÕ H$s{OE -  
x z z x
v v v v=-

 (ii) kmV H$s{OE -  
x y z
v v v

9) When perturbing term in linear harmonic oscillator problem is bx2, 

use perturbation theory to obtain the correction in energy eigen value 

up	to	first	order.

 EH$ aoIr¶ AmH¥${V Xmo{bÌ ‘| {djmo^ nX bx2 h¡ Vmo {djmo^ {gÕmÝV H$m 
Cn¶moJ H$aVo hþE àW‘ H$mo{Q> Ho$ {bE D$Om© AmBJoZ‘mZ g§emoYZ àmá H$a|&

 Section - C 2 × 16 = 32
(Long Answer 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© CÎma dmbo àíZ)

{ZX}e  : {H$Ýht Xmo àíZm| H$m CÎma Xr{O¶o& AmnH$mo AnZo CÎma H$mo A{YH$V‘ 
500 eãXmo§ ‘| n[agr{‘V H$aZm h¡& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 

10) Describe the Stern-Gerlach Experiment.

 ñQ>Z© JoabH$ à¶moJ H$m dU©Z H$s{OE&
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11)	 Discuss	the	particle	in	the	one	dimensional	patential	well	with	finite	

walls as given below:
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 Here U(x) represents the potential energy of the particle.

 n[a{‘V Xrdma go n[a~Õ EH$ {d{‘¶ {d^dHy$n ‘| H$U H$s {ddoMZm H$s{OE
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 ¶hm± H$U H$s pñW{VO D$Om© U(x) h¡

12) What do you mean by time independent perturpation theory? Obtain 

the	first	order	correction	term	in	energy.

 H$mbAZm{lV {djmo^ {gÕmÝV go ³¶m VmËn¶© h¡? D$Om© ‘| àW‘ H$mo{Q> 
g§emoYZ nX H$mo àmá H$s{OE&

13) (i)  Prove that any two eigenvectors corresponding to two distinct 

eigenvalues of a unitary matrix are orthogonal.

 (ii) Discuss the Schrodinger equation for the time evolution operator.

 (i)  ¶h {gÕ H$s{OE {H$ ¶y{ZQ>ar ‘o{Q´>³g Ho$ g§JV H$s Xmo {d{^Þ AmBJoZ 
‘mZm| Ho$ g§JV H$moB© ^r Xmo AmBJoZ g{Xe bå~dV hmoVo h¢&

 (ii) g‘¶ OZH$ g§H$maH$ Ho$ g§JV lmoqS>Ja g‘rH$aU H$s ì¶m»¶m H$s{OE&


