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BACHELOR OF SCIENCE (GENERAL) 
(BSCG) 

Term-End Examination 
December, 2024 

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.  

 

1. Answer any five parts : 5×2=10 

(a) What is relativity of simultaneity ? 2 

(b) The kinetic energy of a relativistic particle 

is 100 MeV. What is its total energy (in 

MeV) if its rest mass is 938 MeV/c2 ? 2 
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(c) Calculate the energy (in eV) of a photon 
that has wavelength 3 nm. 2 

(d) The uncertainty in the position of a 

microscopic particle is 0.1 m. What is the 

uncertainty in its momentum ? 2 

(e) Determine the eigen value of the operator 

ˆxp  for the wave function : 2 

( )A i kx te +ωψ =   

(f) Write the time-independent Schrödinger 

equation for a free particle confined in the 

length L and the expression for its energy.  

1+1 

(g) An element characterised by A = 232 and  

Z = 90 loses 6 alpha and 4 beta particles in 

a decay process. What will the final stable 

product be ? 2 

(h) State the condition for a nuclear fission 

chain reaction to be self-sustained. 2 

B–1415/BPHET–141   



 [ 3 ] BPHET–141 

2. Answer any two parts : 2×5=10 

(a) What is length contraction ? Calculate  

the length of an object as measured by  

an observer moving at the speed 0.8 c  

(i) parallel and (ii) perpendicular with 

respect to the frame in which the object is 

at rest and of length 2.0 m. 2+2+1 

(b) Derive the relativistic velocity addition 

formulae. 5 

(c) Write the relativistic energy-momentum 

relation for a free particle. Hence, explain 

the concept of a massless particle. Give two 

examples of a massless particle. 1+3+1 

3. Answer any two parts : 2×5=10 

(a) What are matter waves ? Determine the 

phase velocity and group velocity of matter 

waves associated with a free particle 

having velocity v. 2+3 
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(b) Write the one-dimensional time-dependent 

Schrödinger equation for a particle of mass 

m moving in a potential V (x, t). Deduce the 

time-independent Schrödinger equation 

from it for a particle having constant 

energy E and subject to a potential V (x). 

1+4 

(c) Calculate the commutator : 5 

2
0 1 2ˆ ˆ ˆ, + + xc c x c x p  

where 0 1,c c  and 2c  are constants.  

4. Answer any one part : 1×10=10 

(a) Write the expression for a one-dimensional 

step potential having a non-zero value 0V  

in the region x > 0. Obtain the general 

solution of the time-independent 

Schrödinger equation for a particle of mass 

m in this step potential given that its 

energy is less than 0V . 2+8 
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(b) Define the one-dimensional potential 

barrier of height 0V  in the region 

0 R.x≤ ≤  Solve the time-independent 

Schrödinger equation for this potential and 

obtain the general solution for a particle of 

mass m when its energy E > 0V . 2+8  

5. Answer any two parts : 2×5=10 

(a) Calculate the disintegration rate of 1 g of 

131I (in curies), given that its half life is 

8.05 days. What is the safe dose of 131I  

used for medical treatment and the 

corresponding disintegration rate ? 4+1 

(b) Calculate the binding energy (in MeV) of 
4
2 He  based on (i) mass defect and (ii) semi-

empirical mass formula and compare the 

two. It is given that : 1.008665 ,=nm u  

=1M( H) 1.007825 ,u   =4
2M( He) 4.002604 u  

and 1 u = 931.5 2MeV/c .  2+2+1  
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(c) What is the source of energy in the Sun ? 
Give the relevant reactions and state the  
Q value.  1+3+1 

Values of Physical constants : 

346.626 10 J-sh −= ×   

341.054 10 J-s−= ×  
191eV 1.6 10 J−= ×  

8 13 10 msc −= ×   

Avogadro’s constant 23 1
AN 6.022 10 mol−= ×  
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      BPHET–141 

foKku Lukrd (lkekU;)  

(ch-,l&lh-th-) 

l=kkar ijh{kk 

fnlEcj] 2024 

ch-ih-,p-bZ-Vh-–141 % vk/qfud HkkSfrdh ds rRo 

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

uk sV % (i) lHkh iz'uksa ds mÙkj nhft,A izR;sd iz'u ds 
vad mlds lkeus fn, x, gSaA  

 (ii) izrhdksa ds vius lkekU; vFkZ gaSA  

 (iii) vki dSYdqysVj dk iz;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)  ledkfydrk dh vkisf{kdrk D;k gS \ 2 
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([k)  ,d vkisf{kdh; d.k dh xfrt ÅtkZ 100 MeV 

gSA ;fn mldk fojke nzO;eku  

938 MeV/c2 gks] rks (MeV esa) mldh dqy 

ÅtkZ D;k gS \ 2 

(x)  ,d iQksVkWu ftldh rjaxnS?;Z 3 nm gS] dh 

ÅtkZ (eV esa) ifjdfyr dhft,A 2 

(?k)  ,d lw{e&n'khZ d.k dh fLFkfr esa vfuf'prrk  

0.1 m gSA mlds laosx esa fdruh vfuf'prrk 

gS \  2 

(Ä)  fuEufyf[kr rjax iQyu ds fy, ladkjd ˆxp  

dk vkbxsu eku Kkr dhft, % 2 

( )A i kx te +ωψ =  

(p)  yackbZ L esa ifj#¼ ,d eqDr d.k ds fy, 

dky&Lora=k  ÜkzksfMaxj lehdj.k vkSj mldh 

ÅtkZ dk  O;atd fyf[k,A 1$1 
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(N)  A = 232 vkSj Z = 90 okys ,d rRo ds {k; 

izØe esa 6 vYiQk vkSj 4 chVk d.k mRlftZr 

gksrs gSaA vafre LFkk;h mRikn D;k gksxk \ 2 

(t)  ,d ukfHkdh; fo[kaMu  Ük`a[kyk vfHkfØ;k ds 

Loiks"kh gksus dh 'krZ fyf[k,A 2 

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

(d)  nS?;Z ladksp D;k gksrk gS \ ,d izs{kd }kjk 

ekih xbZ ,d fiaM dh yackbZ dh x.kuk dhft, 

tcfd og 0-8 c dh pky ls ml ra=k ds 

lkis{k (i) lekarj vkSj (ii) yacor~ xfreku gks 

ftlesa og fiaM fojkekoLFkk esa gS vkSj mldh 

yackbZ 2.0 m gSA 2$2$1 

([k)  vkisf{kdh; osx ;ksx iQkWewZyk O;qRiUu  

dhft,A 5 

B–1415/BPHET–141  P. T. O. 



 [ 10 ] BPHET–141 

(x)  ,d eqDr d.k ds fy, vkisf{kdh; ÅtkZ&laosx 

laca/ fyf[k,A vr,o] ,d nzO;eku jfgr d.k 

dh vo/kj.kk dks le>kb,A nzO;eku jfgr d.k 

ds nks mnkgj.k nhft,A 1$3$1 

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

(d)  nzO; rjaxsa D;k gksrh gSa \ osx V okys ,d eqDr 

d.k ls lac¼ nzO; rjax ds izkoLFkk osx vkSj 

lewg osx Kkr dhft,A 2$3 

([k)  foHko V (x, t) esa xfreku nzO;eku m ds d.k 

ds fy, ,dfoe dkykfJr JksfMaxj lehdj.k 

fyf[k,A vpj ÅtkZ E okys d.k ds fy, tks 

foHko V(x) esa fLFkr gks] dkykfJr JksfMaxj 

lehdj.k ls dky&Lora=k JksfMaxj lehdj.k 

izkIr dhft,A 1$4 
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(x)  fuEufyf[kr dE;wVsVj dh x.kuk dhft, % 5 

2
0 1 2ˆ ˆ ˆ, + + xc c x c x p  

 tgk¡ 0 1,c c vkSj 2c  vpj gSaA 

4- fdlh ,d Hkkx dk mÙkj nhft, % 1×10=10 

(d)  ,d ,dfoe lksiku foHko dk] ftldk {ks=k  

x > 0 eas 'kwU;srj eku 0V  gks] O;atd fyf[k,A 

bl lksiku foHko esa fLFkr nzO;eku m ds d.k 

ds fy, dky&Lora=k JksfMaxj lehdj.k dk 

O;kid gy izkIr dhft, tcfd mldh ÅtkZ 

0V  ls de gksA 2$8 

([k)  {ks=k 0 Rx≤ ≤  esa Å¡pkbZ 0V  okyh ,dfoe 

foHko jksf/dk dks ifjHkkf"kr dhft,A bl foHko 

esa fLFkr nzO;eku m  okys d.k ds fy, 

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

izkIr dhft, tcfd mldh ÅtkZ 0E V>  gksA 

2+8  
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5- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

(d)  (D;wjh esa) 131I  ds 1 g dh {k;rk nj dh 

x.kuk dhft, tcfd fn;k gS fd mldh 

v/Z&vk;q 8-05 fnu gSA fpfdRlk esa 131I  dh 

lqjf{kr ek=kk vkSj laxr {k;rk nj D;k gksrh  

gS \  4$1 

([k)  (MeV esa) 4
2 He  dh (i) nzO;eku {kfr vkSj  

(ii) v¼Z&vkuqHkfod lagfr iQkWewZyk ij vk/kfjr 

ca/u ÅtkZ dh x.kuk dhft, vkSj mudh rqyuk 

dhft,A fn;k gS fd %  2+2+1 

 1.008665 ,=nm u  
1M( H) 1.007825 ,= u  

=4
2M( He) 4.002604 u  vkSj 1 u = 931.5 

2MeV/c  A 
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(x) lw;Z dh ÅtkZ dk lzksr D;k gS \ mi;qDr

vfHkfØ;k,¡ fyf[k, vkSj Q eku crkb,A 1$3$1

HkkSfrd fu;rkadksa ds eku %

346.626 10 J-sh −= ×

341.054 10 J-s−= ×

191eV 1.6 10 J−= ×

8 13 10 msc −= ×

vkoksxknzks fu;rkad 23 1
AN 6.022 10 mol−= ×

× × × × × × × 
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