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Note: The question paper is divided into three sections A, B and C. 
Write answers as per the given instructions.

{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&

 Section - A 10 × 1 = 10
(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 01 mark.

 IÊS> - "A'
(A{V bKw CÎmamË‘H$ 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$V‘ 30 eãXm| ‘| n[agr{‘V H$s{O¶o& àË¶oH$ àíZ 
01 A§H$ H$m h¡&
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1) (i) The work-function of a metal is 1.10 eV. Radiation of wavelength 
330 nm is incident on it. Calculate the stopping potential of the 
electrons from the metal.

  EH$ YmVw H$m H$m¶© ’$bZ 1.10 eV h¡& Bg YmVw na 330 nm Va§JX¡Ü¶© 
Ho$ {d{H$aU AmnmVr h¢& YmVw go CËg{O©V Bbo³Q´>m°Zm| Ho$ {b¶o {ZamoYr 
{d^d H$s JUZm H$a|&

 (ii) X-rays with a wavelength of   l0  =  0.708  A0 undergo Compton 
scattering on paraffin. Find the wavelength of X-rays scattered

   in the direction 
2
r  .

  l0  =  0.708  A0  Va§JX¡Ü¶© H$s X-{H$aU| n¡am{’$Z go H$m±ånQ>Z àH$s{U©V 
hmoVr h¢& àH$sU©Z H$moU 

2
r  {Xem ‘| àH$s{U©V X-{H$aUm| H$s Va§JX¡Ü¶© 

H$m ‘mZ kmV H$s{OE&

 (iii) The energy operator is

  (A) 
i t
'
2
2  (B) i

t
'
2
2  (C) 

i
4
'  (D) i 4'

  D$Om© g§H$maH$ h¡:

  (A) 
i t
'
2
2  (B) i

t
'
2
2  (C) 

i
4
'  (D) i 4'

 (iv) Write the complete Schordinger wave function for the stationary 
state of a free particle.

  ‘w³V H$U H$s pñWa AdñWm Ho$ {b¶o nyU© lmoqS>Oa Va§J ’$bZ [bI|&

 (v) Write Planck's radiation law.
  ßbm§H$ H$m {d{H$aU gyÌ {bI|&

 (vi) Write the value of ground state energy eigenvalue of one 
dimensional simple harmonic oscillator and the expression of 
the ground state eigenfunction.
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   EH$  {d‘r¶ gab AmdV© Xmo{bÌ Ho$ {b¶o ‘yb (J«mC§S>) AdñWm Ho$ 
  {b¶o D$Om© AmBJZ ‘mZ VWm AmBJZ ’$bZ [bI|&

 (vii) The moment of inertia of a diatomic molecule is 1.65×10–46 kg m2.
  Determine the rotational energies of the first two energy levels 

of the molecule. Given '  = 1.05 × 10–34 Js.
  EH$ {Ûna‘mpÊdH$ AUw H$m O‹S>Ëd AmKyU© 1.65×10–46 kg m2 h¡& Bg 

AUw Ho$ àW‘ Xmo KyU©Z D$Om© ñVam| H$s KyU©Z D$Om© H$m ‘mZ kmV 

H$a|& ¶hm '  = 1.05 × 10–34 Js.

 (viii) What is zero-point energy?
  eyÝ¶ {~ÝXþ D$Om© ³¶m h¡?

 (ix) The magnitude of orbital angular momentum can take only
  (A) half integral values of  '  
  (B) integral values of  '
  (C) both integral and half integral values of  '
  (D) continuous values
  H$jr¶ H$moUr¶ g§doJ H$m ‘mZ h¡:
  (A) '   H$m AÕ©nyUmªH$ 
  (B) '   H$m nyUmªH$  
  (C) '   H$m AÕ©nyUmªH$ Ed‘² nyUmªH$ XmoZm| hr  
  (D) gVV ‘mZ

 (x) Is y  (x)  =  exp  (– x2)  a well behaved Schrodinger wave function? 
Answer 'Yes' or 'No' with your reasons.

  ³¶m y  (x)  =  exp  (– x2) gwì¶dhm[aV Va§J ’$bZ h¡? AnZm CÎma 
H$maU g{hV "hm±' ¶m "Zht' ‘| Xr{OE&



656

PH-09 / 500 / 7  (4) (Contd.)

 Section - B 4 × 5 = 20
(Short Answer Questions)

Note: Answer any four questions. Each answer should not exceed 
200 words. Each question carries 05 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 05 A§H$m| H$m h¡&

2) State Heisenberg's uncertainty principle. Use it to estimate the Bohr 
radius and the ground state energy of the hydrogen atom.

 h|{OZ~J© H$m A{ZpíMVVm Ho$ {gÕmÝV H$mo n[a^m{fV H$s{O¶o& Bg {Z¶‘ 
H$s ghm¶Vm go hmBS´>moOZ na‘mUw H$s ~mha [ÌÁ¶m VWm {ZåZV‘ D$Om© H$m 
ì¶§OH$ àmá H$a|&

3) Give the physical significance of the Schrodinger's wavefunction. 
Write down the Schrodinger's time dependent and time independent 
equation. Show that the probability density r and probability current

 density j  satisfy the equation of continuity 
t
div j 0

2
2t
+ =

 lmoqS>Oa Va§J’$bZ H$s ^m¡{VH$ gmW©H$Vm H$s ì¶m»¶m H$a|& lmoqS>Oa 
g‘rH$aU g‘¶ na {Z^©a H$aZodmbm VWm g‘¶ na {Z^©a Z H$aZodmbm 
XmoZm| H$mo hr {bI|& ¶h ^r {gÕ H$a| {H$ àm{¶H$Vm KZËd r VWm àm{¶H$Vm

 Ymam KZËd j  gVVVm g‘rH$aU 
t
div j 0

2
2t
+ =  H$mo gÝVwï> H$aVo h¢&

4) What is Compton effect? Give an explanation of the Compton effect 
on the basis of quantum nature of radiation. Deduce an expression 
for the Compton shift.
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 H$m°ånQ>Z à^md ³¶m h¡? {d{H$aU Ho$ ³dmÝQ>‘ {gÕmÝV Ho$ AmYma na 
H$m°ånQ>Z à^md H$s ì¶m»¶m H$a| VWm H$m°ånQ>Z {dñWmnZ Ho$ {b¶o ì¶§OH$ 
^r àmá H$a|&

5) A particle is confined in a one dimensional infinitely deep potential 
box of length a. Solve Schrodinger's equation to find energy 
eigenvalues and energy eigenfunctions of the particle.

 EH$ H$U EH$ {d^r¶ AZ§ÝV JhamB© Ho$ {d^d ~m³g {OgH$s bå~mB© a h¡ 
‘| {Z{hV h¡& lmoqS>Oa g‘rH$aU H$mo hb H$aHo$ H$U Ho$ D$Om© AmBJZ‘mZ  
VWm D$Om© AmBJZ ’$bZ H$mo kmV H$a|&

6) Define a Hermitian operator. Prove that for any operator  
A that A + A+ and i (A – A+) are hermitian.

 h{‘©{e¶Z g§H$maH$ H$s n[a^mfm X|& {H$gr g§H$maH$ A Ho$ {b¶o {gÕ H$a| 
H$s A + A+ VWm i (A – A+) h{‘©{e¶Z hm|Jo&

7) (i) Find the value of the commutator xx p p xx -t t t t^ h 
 (ii)  A proton is confined in a one dimensional potential box of  

length 1 Angstrom. The minimum energy of the proton is 
1.93 × 10–2eV. Calculate other energy eigenvalues of this proton.

 (i) H«$‘ {d{Z‘¶H$ xx p p xx -t t t t^ h H$m ‘mZ kmV H$a|&
 (ii)  EH$ àmoQ>moZ EH$ {d^r¶ {d^d ~m³g {OgH$s bå~mB© 1A

0

 h¡ ‘| {Z{hV 
h¡& àmoQ>moZ H$s Ý¶yZV‘ D$Om© H$m ‘mZ 1.93 × 10–2eV h¡& n«moQ>moZ H$s 
AÝ¶ D$Om© ‘mZm| Ho$ ‘mZ kmV H$a|&

8) Describe Frank and Hertz experiment to demonstrate the existence 
of discrete energy levels of an atom.

 ’«|$H$ Ed‘² hQ>©²O à¶moJ H$m dU©Z H$a| VWm Bg à¶moJ Ho$ Ûmam {H$gr na‘mUw 
Ho$ D$Om© ñVam| H$s {d{d³VVm H$mo àX{e©V H$a|&
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9) Explain the rotational spectrum of a diatomic molecule.
 {H$gr {Ûna‘mpÊdH$ AUw Ho$ KyU©Z D$Om© ñVam| go àmá ñno³Q´>‘ H$s 

ì¶m»¶m H$a|&

 Section - C 2 × 10 = 20

(Long Answer Questions)

Note: Answer any two questions. You have to delimit your each 

answer maximum upto 500 words. Each question carries 10 

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 

eãXmo§ ‘| n[agr{‘V H$s{O¶o& àË¶oH$ àíZ 10 A§H$m| H$m h¡&  
10) Write down Schrodinger's equation for a one-dimensional simple 

harmonic oscillator. Solve it to determine energy eigenvalues and 
eigenfunctions of the same. Plot the eigenfunctions for the ground 
and first excited state.

 EH$ {d^r¶ gab AmdV©Xmo{bÌ Ho$ {b¶o lmoqS>Oa g‘rH$aU {bI|& Bgo 
hb H$aHo$ D$Om© AmBJZ ‘mZ VWm AmBJZ ’$bZ àmá H$a|& ‘yb (J«mC§S>) 
AdñWm VWm àW‘ CÎmo{OV AdñWm Ho$ AmBJZ ’$bZ H$mo J«m’$ Ûmam 
àX{e©V H$a|&

11) Determine the transmission coefficient of a particle having energy 
E  <  V0 for a rectangular potential barrier defined by

 V (x)  = 0 for  x  <  0 and for x  >  a
 V (x)  =        V0 for 0  <  x  <  a. Explain Tunnel effect.



656

PH-09 / 500 / 7  (7) 

 EH$ Am¶VmH$ma {d^d àmMra {ZåZ ê$n go n[a^m{fV h¡:
 V (x)  = 0,  x  <  0 VWm x  >  a
 V (x)  =        V0 ¶{X 0  <  x  <  a, Bg {d^d àmMra na EH$ H$U AmnmVr h¡, 

{OgH$s D$Om© E h¡ VWm E  <  V0 h¡& nmaJ‘Z JwUm§H$ H$s JUZm H$a|& "Q>Zb 
à^md' (gwa§JZ à^md) ³¶m h¡?

12) What is the probability of finding the electron in the ground state of 
the hydrogen atom between r and r  +  dr ? Prove that the most probable 
distance of the electron is Bohr radius. Given that the radial wave

 function of the electron in the ground state is ( )R r
a
e

2
10

/r a
3

= -  .

 hmBS´>moZ na‘mUw ‘| Bbo³Q´>m°Z H$s r VWm r  +  dr Ho$ ‘Ü¶ ‘yb AdñWm ‘| 
nm¶o OmZo H$s àm{¶H$Vm ³¶m h¡? ¶h ^r {gÕ H$a| {H$ Bbo³Q´>m°Z Ho$ nm¶o 
OmZo H$s g~go A{YH$ g§^m{dV Xÿar ~moa {ÌÁ¶m h¡& ¶hm± Bbo³Q´>m°Z H$m ‘yb

 AdñWm (J«mD§$S> ñQ>oQ>) ‘| {ÌÁ¶r¶ Va§J’$bZ ( )R r
a
e

2
10

/r a
3

= -    h¡&

13) (i)  What is spin-orbit interaction? Explain fine structure of spectral 
lines on the basis of L  –  S interaction.

 (ii)  The two p-levels sodium atom are separated by 0.00214 eV. 
Estimate the wavelength difference of the doublet D1 and D2 
spectral lines of the sodium atom.

 (i)  pñnZ-H$jr¶ AÝ¶moÝ¶ {H«$¶m ³¶m h¡? ñno³Q´>‘r aoImAm| H$s L  –  S 
¶w½‘Z Ho$ AmYma na gyú‘ g§aMZm H$s ì¶m»¶m H$a|&

 (ii)  gmo{S>A‘ na‘mUw Xmo p-D$Om© ñVam| H$m D$Om© AÝVamb 0.00214 eV 
h¡& gmo{S>A‘ na‘mUw go CËnÞ D1 VWm D2 aoImAm| Ho$ ‘Ü¶ Va§JX¡Ü¶© 
AÝVa kmV H$a|&


