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BACHELOR OF SCIENCE (B. Sc.)  

Term-End Examination 

June, 2026 

PHE-011 : MODERN PHYSICS  

Time : 2 Hours  Maximum Marks : 50 

Note : (i) Attempt all questions. The marks for 

each question are indicated against 

it. 

 (ii) You may use a calculator. 

 (iii) The values of physical constants are 

given at the end. 

 (iv) Symbols have their usual meanings. 

1. Answer any five parts : 5×3=15 

(a) State the postulates of the special 

theory of relativity. Suppose you are 

travelling towards a source of light in 

spaceship at a constant speed of  

2.4 × 108 ms–1 as measured with 

respect to an inertial frame. What is the 

speed of light relative to you ? 
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(b) A rocket is moving with a speed of 0.8 c 

with respect to the earth in a certain 

direction. It is given an additional 

velocity of 0.2 c. Calculate its final 

velocity. 

(c) The average kinetic energy of a 

molecule of an ideal gas is B
3

T
2

k . 

Calculate the average de Broglie 

wavelength of a molecule of the gas at 

300 K, if the mass of the molecule is 

5.31 × 10–26 kg. Take kB = 1.38 × 10–23 

JK–1. 

(d) Given that the typical size of the atom 

is 1 Å, calculate the minimum energy 

for an electron in the atom. 

(e) Write the values of l and ml for n = 3 

state of hydrogen atom. What is the 

degeneracy of the state ? 

(f) Write the spectral terms for He ( Z = 2). 
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(g) Classify the following particles as 

leptons, baryons and mesons : 

e, º, n, , º, µ 

(h) State three applications of radioisotopes 

as tracers. 

2. Answer any one part : 1×5=5 

 (a) Using Lorentz transformation 

equations, derive the relativistic 

velocity addition formula. 5 

 (b) The rest mass of a free proton is 938 

MeV/c2.  A proton has a kinetic energy 

of 240 MeV. Calculate its total energy, 

relativistic mass and momentum. 1+2+2 

  Take 1 MeV = 1.6 × 10–13 J. 

3. Answer any two parts : 2×5=10 

 (a) (i) State the probabilistic inter-

pretation of the wave function. 

  (ii) If 1 (x, t) and 2 (x, t) are two 

solutions of one-dimensional 

Schrödinger equation. Show that a 

linear combination of 1 and 2 is 

also a solution of the same 

Schrödinger equation. 
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 (b) Determine the normalization constant 

N for the following wave function 5 

       ( ) Ne (1 ), 0x xx e x        

 (c) Calculate the expectation value of x for 

the  wave function 5 

       
 

    
 

2
( ) sin , 0 L

L L

x
x x  

4. Answer any two parts : 2×5=10 

 (a) A particle of mass m is moving in a one-

dimensional potential well defined  

as : 

 


   
 

0

0

V L

V( ) 0 L L

V L

x

x x

x

 

  Write down the time-independent 

Schrödinger equation in all three 

regions. State the boundary  

conditions. Obtain the general solution 

for – L < x < L.  2+1+2 
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 (b) Write down the Schrödinger equation 

for a particle of mass m in  a simple 

harmonic oscillator potential. Write the 

energy of the eigen states of this 

Hamiltonian. Calculate xp  for the 

ground state harmonic oscillator wave 

function   

         
   

         

1/2 2 2

0( ) exp
2

a a x
x  

  where 


2 m
a . 1+1+3 

 (c) State the selection rules for x-ray 

spectra. Using Moseley’s law, obtain the 

frequency of an X-ray line when L to k 

transition takes place in a silver atom. 

Take  = 3, R = 13.6 eV and the atomic 

number for silver to be 47. 

5. Answer any two parts : 2×5=10 

 (a) A sample containing 0.2 mg of Th230 

undergoes 4.0 × 106 disintegrations per 

minute. Calculate the half life of this 

nuclide. 
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 (b) Describe the shell model of the nucleus. 

 (c) Draw a schematic diagram of the 

nuclear reactor depicting its general 

features. Explain the functions of its 

blanket and reflector. 

Physical constants : 

h = 6.626 × 10–34 Js 

 = 1.054 × 10–34 Js 

1 eV = 1.6 × 10–19 J 

me = 9.1 × 10–31 kg 

mp = 1.67 × 10–27 kg 

c = 3 × 108 ms–1  

NA = 6.02 × 1023 
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 PHE–011 

foKku Lukrd (ch&,l- lh-) 

l=kar ijh{kk  

twu] 2026 

ih-,p-bZ-&011 % vk/kqfud HkkSfrdh 

le; % 2 ?k.Vs   vf/kdre vad % 50  

uksV % (i) lHkh iz'u gy dhft,A izR;sd iz'u ds vad mlds 

lkeus fn, x, gSaA 

 (ii) vki dSYdqysVj dk iz;ksx dj ldrs gSaA 

 (iii) HkkSfrd fu;rkadksa ds eku var esa fn, x, gSaA 

 (iv) izrhdksa ds vius lkekU; vFkZ gSaA 

1- fdUgha ik¡p Hkkxksa ds mÙkj nhft, % 5×3=15 

(d) vkisf{kdrk ds fof'k"V fl¼kar ds vfHkx`fgr 

crkb,A eku yhft, fd vki ,d varfj{k ;ku esa 

fLFkr izdk'k dh ,d lzksr dh vksj ,d tM+Roh; ra= 

ds lkis{k 2.4 × 108 ms–1 dh vpj pky ls 

xfreku gksA vkids lkis{k izdk'k dh pky D;k  

gksxh \ 
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([k) ,d jkWdsV] i`Foh ds lkis{k fuf'pr fn'kk esa] 0.8 c 

pky ls xfreku gSA mls 0.2 c dk vfrfjDr osx 

fn;k tkrk gSA mldk vafre osx ifjdfyr dhft,A 

(x) vkn'kZ xSl ds ,d v.kq dh vkSlr xfrt ÅtkZ 

B
3

T
2

k  gksrh gSA 300 K rkieku ij xSl ds ,d 

v.kq dk vkSlr Mh czkWXyh rjaxnS?;Z ifjdfyr dhft, 

;fn v.kq dk æO;eku 5.31 × 10–26 kg gSA  

kB = 1.38 × 10–23 JK–1 ysaA 

(?k) ;fn fn;k x;k gks fd ,d ijek.kq dk iz:ih eki  

1 Å gS] rks ijek.kq esa fLFkr ,d bysDVªkWu dh U;wure 

ÅtkZ ifjdfyr dhft,A 

(³) gkbMªkstu ijek.kq dh n = 3 voLFkk ds fy, l vkSj  

lm  ds eku fyf[k,A bl voLFkk dh viHkz"Vrk D;k 

gksxh \  

(p) He (Z = 2) ds LisDVªeh in fyf[k;sA 

(N) fuEufyf[kr d.kksa dks ysIVkWu] csfjvkWu vkSj ehlkWu esa 

oxhZÏr dhft, % 

e, º, n, , º, µ 
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(t) Vªslj ds :Ik esa jsfM;ksvkblksVkWi ds rhu vuqiz;ksx 

crkb,A 

2- dksbZ ,d Hkkx dhft, % 1×5=5 

 (d) ykWjsat :IkkUrj.k lehdj.kksa dk iz;ksx djrs gq,] 

vkisf{kdh; osx ;ksx laca/k O;qRiUu dhft,A 5 

 ([k) ,d eqDr izksVkWu dk fojke æO;eku 938 MeV/c2 

gSA ;fn izksVkWu dh xfrt ÅtkZ 240 MeV gks] rks 

izksVkWu dh dqy ÅtkZ] vkisf{kdh; æO;eku vkSj laosx 

ifjdfyr dhft,A 1 MeV = 1.6 × 10–13 J 

yhft,A  1+2+2 

3- dksbZ nks Hkkx dhft, % 2×5=10 

 (d) (i) rjax Qyu dh lkaf[;dh; O;k[;k dhft,A 

  (ii) ;fn 1(x, t) vkSj 2(x, t) fdlh ,dfoe 

JksfMaxj lehdj.k ds nks gy gSa] rks fl¼ 

dhft, fd 1vkSj 2 dk dksbZ ,d?kku 

lap; (Linear combination) Hkh mlh 

JksfMaxj lehdj.k dk gy gksxkA  
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([k) fuEufyf[kr rjax Qyu ds fy, 

izlkekU;hdj.k fu;rkad fu/kkZfjr dhft, % 5 

       
      ( ) Ne (1 ), 0x xx e x  

(x) fuEufyf[kr rjax Qyu ds fy, x dk izR;k'kk 

eku ifjdfyr dhft, % 5 

   
 

    
 

2
( ) sin , 0 L

L L

x
x x  

4- dksbZ nks Hkkx dhft, % 2×5=10 

 (d) æO;eku m dk ,d d.k fuEufyf[kr 

ifjHkkf"kr ,dfoe foHko 

 


   
 

0

0

V L

V( ) 0 L L

V L

x

x x

x

 

   esa xfreku gSA rhuksa {ks=ksa ds dky&Lora= 

JksfMaxj lehdj.k fyf[k, vkSj ifjlhek 

izfrca/k fyf[k,A – L < x < L ds fy, 

O;kid gy izkIr dhft,A 2$1$2 
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 ([k) ljy vkorhZ nksyd foHko esa fLFkr æO;eku 

m okys d.k ds fy, JksfMaxj lehdj.k 

fyf[k,A bl gSfeYVksfu;e ds vkbxsu 

voLFkkvksa dh ÅtkZ fyf[k,A ljy vkorhZ 

nksyd ds fuEufyf[kr ewy voLFkk rjax Qyu 

ds fy, xp  ifjdfyr dhft, % 1$1$3 

                      
   

         

1/2 2 2

0( ) exp
2

a a x
x  

    tgk¡ 


2 m
a  

 (x) X-fdj.k LisDVªe ds fy, oj.k fu;e fyf[k,A 

ekst+ys ds fu;e dk bLrseky djds pk¡nh ds 

ijek.kq ds fy, L ls K laØe.k gksus ij mRiUu 

X-fdj.k js[kk dh vko`fÙk izkIr dhft,A  

 = 3, R = 13.6 eV vkSj pk¡nh dk ijek.kq 

la[;k 47 ysaA 2+3 
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5- dksbZ nks Hkkx dhft, % 2×5=10 

 (d) ,d uewus esa] ftlesa 
230Th dh 0.2 mg 

ek=k gS] izfr feuV esa 4.0 × 106 vi?kVu 

gksrs gSaA bl U;wfDyvkbM dh v/kZ&vk;q 

ifjdfyr dhft,A 

 ([k) ukfHkd ds dks'k ekWMy dk fooj.k nhft,A 

 (x) ukfHkdh; fj,DVj ds lkekU; y{k.k fn[kkrs gq, 

mldk O;oLFkk vkjs[k cukb,A mlds lekPNn 

vkSj ijkorZd ds izdk;Z crkb,A 

HkkSfrd fu;rkad % 

h = 6.626 × 10–34 Js 

 = 1.054 × 10–34 Js 

1 eV = 1.6 × 10–19 J 

me = 9.1 × 10–31 kg 

mp = 1.67 × 10–27 kg 

c = 3 × 108 ms–1  

NA = 6.02 × 1023 

× × × × × 


