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BPHET-141 : ELEMENTS OF  

MODERN PHYSICS 

Time : 2 Hours  Maximum Marks : 50 

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

each question are indicated against 

it. 

 (ii) Symbols have their usual meanings. 

 (iii) You may use a calculator. 

 (iv) The values of physical constants are 

given at the end. 
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1. Answer any five parts : 5×2=10 

(a) State the two postulates of special 

theory of relativity. 1+1 

(b) By what factor does the mass of a 

relativistic particle increase from its 

rest mass when it travels at a speed  

0.8 c ?   2 

(c) Calculate the wavelength of a particle 

of mass 2.0 × 10–29 kg and kinetic 

energy 40.0 MeV. 2 

(d) Can a quantum particle have a well-

defined path ? Explain. 2 

(e) Determine the eigen value of the 

operator ˆ
y

p  for the wave function : 2 

   , N
i ky t

y t e





    
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(f) Write the time-independent 

Schrödinger equation for a particle of 

energy E in a step potential which has a 

step V0 for x > 0. 2 

(g) An element characterized by A = 238 

and Z = 92 loses 8 alpha and 6 beta 

particles in a decay process. What will 

the final stable product be ? 2 

(h) Define multiplication factor k. For what  

values of k is a nuclear reactor  

(i) critical and (ii) subcritical ? 1+1 

2. Answer any two parts : 2×5=10 

(a) Write the Lorentz transformation 

equations for a frame S  travelling 

parallel to another frame of reference S 

in the x-direction, with velocity V. 
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Hence, determine the coordinates of an 

object in S , given that its coordiantes 

in S are : 2+3 

91.2 10 m,x    0, 0y z  , 4.0 st   and 

V 0.6c    

(b) Derive the relativistic energy-

momentum relation for a free massless 

particle. 5 

(c) A particle having rest mass 2.0 kg has 

an initial speed of 2.4 × 108 ms–1. A 

constant relativistic force of magnitude 

2.0 610  N is exerted on the particle for 

100 s. Calculate the magnitudes of its 

initial and final relativistic momenta.  

2+3   
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3. Answer any two parts : 2×5=10 

(a) What observation in the Davisson-

Germer experiment confirmed the 

existence of matter waves ? Suppose, a 

beam of neutrons is incident on a 

crystal with an interatomic spacing of 

~1.5Å . What effect would be observed 

if the neutron temperature were  

300 K ? Explain. 1+4  

(b) Determine the normalization constant 

N for the following wave function : 5 

        N , 0
,

0 , elsewhere

i tc x e x c
x t

    
  


  

where c is a constant. 

(c) Calculate x  for the wave function : 5 

  
2

cos , 0 L
L L

x
x x

 
    

 
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4. Answer any one part : 1×10=10 

(a) Write the time-independent 

Schrödinger equation for a free particle 

of mass m confined in a length L. What 

are the boundary conditions for the 

problem ? Obtain the solution of the 

Schrödinger equation for these 

boundary conditions. Determine the 

energy eigen values for the particle.  

1+1+4+4 

(b) Define the potential function for a 

particle of mass m in the one-

dimensional finite potential well of 

finite energy V0 for x < L and x > L and 

zero elsewhere. Obtain the general 

solutions of the time-independent 

Schrödinger equation in all three 

regions. 2+8 
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5. Answer any two parts : 2×5=10 

(a) Define activity of a radioactive 

substance. The half-life of a radioactive 

substance (200X) is 8 × 104 years. 

Calculate the decay constant (in 1s ) 

and the rate of disintegration of 1 g of 

the substance. 1+2+2 

(b) Draw the schematic diagram of a 

nuclear fission reactor showing all its 

constituents. State the functions of 

moderator and safety rods in a nuclear 

fission reactor. 3+2 

(c) Calculate the atomic number (Z) for the 

most stable nucleus at a given mass 

number, from the semi-empirical mass 

formula. Calculate Z0 for A = 60.  
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Take 23.7, 0.71r    .   3+2 

Values of physical constants : 

346.626 10 J-sh     

341.054 10 J-s   

191eV=1.6 10 J   

271.675 10 kg
n

m     

23 1

B
1.38 10 JKk     

Avogadro’s number NA = 6.02 × 1023  

    mol–1,  

c = 3 × 108 ms–1
. 
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 BPHET–141 

foKku Lukrd (lkekU;) (ch- ,l- lh- th-) 

l=kar ijh{kk  

twu] 2025 

ch-ih-,p-bZ-Vh-&141 % vk/kqfud HkkSfrdh ds rRo 

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) izrhdksa ds vius lkekU; vFkZ gSaA 

 (iii) vki dSYdqysVj dk mi;ksx dj ldrs gSaA 

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

1- fdUgha ik¡p Hkkxksa ds mÙkj nhft, % 5×2=10 

(d) fof'k"V vkisf{kdrk fl¼kUr ds nks vfHkx`ghrksa dk 

dFku nhft,A 1$1 
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([k) tc ,d vkisf{kdh; d.k 0-8c  dh pky ls pyrk 

gS] rks mldk nzO;eku] mlds fojke nzO;eku ls fdrus 

xquk vf/kd gks tkrk gS \ 2 

(x) nzO;eku 
292.0 10 kg  vkSj xfrt ÅtkZ  

40.0 MeV okys d.k dh rjaxnS?;Z ifjdfyr 

dhft,A  2 

(?k) D;k ,d DokaVe d.k dk lVhd :i ls ifjHkkf"kr 

iFk laHko gS \ le>kb,A 2 

(³) rjax Qyu ds fy, ladkjd ˆ
y

p  dk vkbxsu eku 

izkIr dhft, % 2 

   , N
i ky t

y t e





  
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(p) ÅtkZ E okys ,d d.k ds fy, tks lksiku  

0
V  ( 0x   ds fy,) ds lksiku foHko esa fLFkr gS] 

dky&Lora= JksfMaxj lehdj.k fyf[k,A 2 

(N) A = 238 vkSj Z = 92 okys rRo ds {k; izØe esa  

8 vYQk vkSj 6 chVk d.k mRlftZr gksrs gSaA vafre 

LFkk;h mRikn D;k gksxk \ 2 

(t) xq.ku dkjd k  dh ifjHkk"kk nhft,A k  ds fdu 

ekuksa ds fy, ,d ukfHkdh; fj,DVj (i) Økafrd vkSj 

(ii) miØakfrd gksxk \ 1$1 

2- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

(d) x &fn'kk esa ra= S  ds lkis{k osx V ls xfreku ra= 

S  ds fy, ykWjsUt :ikarj.k lehdj.k fyf[k,A 
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vr,o] ra= S  esa ,d fiaM ds funsZ'kkad Kkr 

dhft, tcfd S  esa mlds funsZ'kkad gSa % 2$3 

91.2 10 mx   ] 0, 0, 4.0sy z t     vkSj 

V 0.6c   

([k) ,d eqDr nzO;eku jfgr d.k ds fy, vkisf{kdh; 

ÅtkZ&laosx laca/k O;qRiUu dhft,A 5 

(x) fojke nzO;eku 2.0 kg okys ,d d.k dh vkjafHkd 

pky 2.4 × 108 ms–1 gSA d.k ij 100 s  ds fy, 

ifjek.k 
62.0 10 N  okyk vpj vkisf{kdh;  

cy vkjksfir fd;k tkrk gSA ml d.k ds vkjafHkd 

vkSj vafre vkisf{kdh; laosxksa dh x.kuk  

dhft,A  2$3 
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3- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

(d) Msfolu&xeZj iz;ksx ds fdl izs{k.k ls nzO; rjaxksa dk 

vfLRkRo LFkkfir gqvk \ eku yhft, fd ,d U;wVªkWu 

iqat ,d  fØLVy ij vkifrr gksrk gS ftldh 

vUrj&ijek.oh; nwjh ~1.5Å  gSA ;fn U;wVªkWu 

rkieku 300 K gks] rks D;k izHkko izsf{kr fd;k 

tk,xk \ le>kb,A 1$4 

([k) fuEufyf[kr rjax&Qyu ds fy, izlkekU;hdj.k 

fu;rkad N izkIr dhft, % 5 

 
   N , 0

,
0 ,

i tc x e x c
x t

    
  

 vU;Fkk

 

tgk¡ c  vpj gSA 
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(x) fuEufyf[kr rjax Qyu ds fy, x  dh x.kuk 

dhft, %  5 

 
2

cos ,0 L
L L

x
x x

 
    

 
 

4- fdlh ,d Hkkx dk mÙkj nhft, % 1”1010 

(d) yEckbZ L  esa ifj#¼ nzO;eku m  ds ,d eqDr d.k 

ds fy, dky&Lora= JksfMaxj lehdj.k fyf[k,A 

bl leL;k ds fy, ifjlhek izfrca/k D;k gSa \ bu 

ifjlhek izfrca/kksa ds fy, JksfMaxj lehdj.k ds gy 

izkIr dhft,A d.k ds ÅtkZ vkbxsu eku Kkr 

dhft,A  1+1+4+4 

([k) nzO;eku m  okys d.k ds fy,] tks x L  vkSj  

Lx   esa ifjfer ÅtkZ 
0

V  vkSj vU;= 'kwU; ÅtkZ 
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okys ,dfoeh; ifjfer foHko dwi esa fLFkr gS] 

foHko Qyu dh ifjHkk"kk nhft,A bu rhuksa {ks=ksa esa] 

dky&Lora= JksfMaxj lehdj.k ds O;kid gy izkIr 

dhft,A  2$8  

5- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

(d) ,d jsfM;ks/kehZ inkFkZ dh lfØ;rk dh ifjHkk"kk 

nhft,A ,d jsfM;ks/kehZ inkFkZ  X
200  dh 

v/kZ&vk;q 
48 10  o"kZ gSA inkFkZ dk {k; fu;rkad 

(
1s
 esa)vkSj mlds 1 g dh {k;rk nj dh x.kuk 

dhft,A  1$2$2 

([k) ,d ukfHkdh; fo[kaMu fj,DVj dk] mlds lHkh 

?kVd n'kkZrs gq,] O;oLFkk vkjs[k [khafp,A ukfHkdh; 

fo[kaMu fj,DVj esa foeUnd vkSj lqj{kk naMksa ds 

izdk;Z fyf[k,A 3$2 
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(x) lkfe&vkuqHkfod (v/kZ&vuqHkotU;) nzO;eku lw= 

ls lokZf/kd LFkk;h ukfHkd ds fy, ijek.kq Øekad 

 Z  dh x.kuk dhft,] ftldh nzO;eku la[;k nh 

xbZ gksA A 60  ds fy,  
0

Z  dh x.kuk dhft,A 

23.7, 0.71r     yhft,A 3$2 

HkkSfrd fu;rkadksa ds eku % 

346.626 10 J-sh     

341.054 10 J-s   

191eV=1.6 10 J   

271.675 10 kg
n

m     

23 1

B
1.38 10 JKk     

vkoksxknzks    la[;k    
23 1

A
N 6.02 10 mol  ] 

83 10c    
1ms
  

× × × × × 

 

 


