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BACHELOR OF SCIENCE (GENERAL) 
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Term-End Examination 
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BPHET-141 : ELEMENTS OF  

MODERN PHYSICS 

Time : 2 Hours  Maximum Marks : 50 

Note : (i) Attempt all questions.  

 (ii) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings. 

 (iv) You may use a calculator. 

 (v) The values of physical constants are 

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

(a) Distinguish between Galilean and 

Einsteinian principles of relativity.  

(b) The mean life time of a free neutron at 

rest is measured to be 900 s. What is its 

mean life time measured by an observer 

with respect to whom the neutron 

travels at a speed of 0.9 c ?   

(c) Calculate the de Broglie’s wavelength of 

a 1.0 MeV electron.  

(d) What is the probabilistic interpretation 

of the wave function ?  

(e) Define and draw a step potential of step 

V0 > 0 at  x = 0.  

(f) Explain briefly how quantum tunneling 

enables alpha decay from the atomic 

nucleus.  
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(g) What is secular equilibrium in 

radioactivity ?  

(h) Write the functions of slim rods and 

safety rods in a nuclear reactor.  

2. Answer any two parts : 2×5=10 

 (a) Show that simultaneous events that 

occur in an inertial frame of reference  

S at different positions are not 

simultaneous in another inertial frame 

of reference S' moving uniformly with 

respect to S. 5 

 (b) A spaceship is receding from the Earth 

at a speed of 0.25 c. An observer in the 

spaceship measures the wavelength of 

light from a source in it as 500 nm. 

What is the wavelength of this light as 

measured by an observer on the  

Earth ? 5 
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 (c) The rest energy of a particle is  

1000 MeV. Calculate its linear 

momentum and total energy (in MeV) 

given that it travels at a speed of 0.6 c. 

    3+2 

3. Answer any two parts : 2×5=10 

 (a) The wave function of a particle of mass 

m and zero energy is given by : 

                                   
22( ) N ,xx e   

  where N is a constant. Write down the 

time-independent Schrödinger equation 

for the particle and determine its 

potential energy.  

 (b) Use the uncertainty principle to explain 

the concept of zero-point energy.  

 (c) Calculate x  for the wave function   

        

 
    

2
( ) cos ,

L L

x
x       0 < x < L 
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4. Answer any one part : 1×10=10 

 (a) Write down the time-independent 

Schrödinger equation for a particle of 

mass m in a one-dimensional potential 

barrier of height 0V  and width a. 

Obtain the general solutions of the 

equation when the energy of the 

particle   E   >   0V .  Write down the 

boundary conditions for the problem.  

 (b) Show that for a symmetric potential 

function [V(x) = V(–x)], the parity 

operator commutes with the 

Hamiltonian.  

5. Answer any two parts :  2×5=10 

 (a) Define ‘activity’ of a radioactive 

substance. The half life of an element is 

6.93 days. After how many days will 

only 10% of the element be left ?  
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 (b) Calculate the binding energy of a 4He 

nucleus using the semi-empirical  

mass formula.  Take = 15.8, = 17.8,  

= 23.7, = 0.71 and = 34.  

 (c) Explain how a self-sustained fission 

chain reaction is achieved in a nuclear 

reactor.  

  Physical constants  : 

  me = 9.1 × 10–31 kg 

  h = 6.63 × 10–34 Js 

  c = 3 × 108 ms–1 
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 BPHET–141 

foKku Lukrd (lkekU;) 

(ch- ,l-&lh- th) 

l=kar ijh{kk  

fnlEcj] 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  

 (ii) izR;sd iz'u ds vad muds lkeus fn, x, gSaA 

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA 

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

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

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

 (d) xSyhfy;ks vkSj vkbaLVhu }kjk fn, x, vkisf{kdrk ds 

fl¼kUrksa esa varj fyf[k,A  
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 ([k) fojkekoLFkk esa fLFkr ,d eqDr U;wVªkWu dk e/; thou 

dky 900 s ekik tkrk gSA ml izs{kd }kjk mldk 

ek/; thou dky D;k ekik tk,xk ftlds lkis{k og 

U;wVªkWu 0.9 c dh pky ls xfreku gks \  

 (x) 1.0 MeV bysDVªkWu dh nh&czkWXyh rjaxnS?;Z dh 

x.kuk dhft,A 

 (?k) rjax Qyu dh izkf;drkRed O;k[;k D;k gS \  

(³) x = 0 ij lksiku 0V  > 0 okys lksiku foHko dh 

ifjHkk"kk nhft, vkSj mldk fp= [khafp,A  

(p) la{ksi esa le>kb, fd ijek.oh; ukfHkd ls ,YQk 

{k; DokaVe lqjaxu ds dkj.k fdl izdkj laHko gksrk 

gSA    

(N) jsfM;kslfØ;rk esa lsD;wyj lkE;koLFkk D;k gksrh  

gS \    

(t) ,d ukfHkdh; fj,DVj esa f'ke fu;a=d naMksa vkSj 

lqj{kk naMksa ds izdk;Z fyf[k,A  



 [ 9 ]  BPHET–141 

B–1721/BPHET–141 P. T. O. 

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

(d) fl¼ dhft, fd tM+Roh; ra= S esa vyx&vyx 

fLFkfr;ksa ij ?kVus okyh ledkfyd ?kVuk,¡ fdlh 

vU; tM+Roh; ra= S esa] tks S ds lkis{k vpj pky 

ls xfreku gks] ledkfyd ugha gksrhaA 5 

([k) ,d varfj{k;ku pky 0.25 c ls i`Foh ls nwj tk jgk 

gSA varfj{k;ku esa ,d izs{kd mlesa j[ks lzksr ls vkus 

okys izdk'k dh rjaxnS?;Z  500 nm ekirk gSA i`Foh 

ij fLFkr izs{kd }kjk ekih xbZ bl izdk'k dh 

rjaxnS?;Z D;k gksxh \ 5 

(x) ,d d.k dh fojke ÅtkZ 1000 MeV gSA  

;fn og 0.6 c dh pky ls xfreku gS] rks mlds 

jSf[kd laosx vkSj (MeV  esa) dqy ÅtkZ dh x.kuk 

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

 (d) nzO;eku m vkSj 'kwU; ÅtkZ okys ,d d.k dk rjax 

Qyu gS % 

 
22( ) N ,xx e  

  tgk¡ N ,d vpj gSA d.k ds fy, dky&Lora= 

JksfMaxj lehdj.k fyf[k, vkSj mldh fLFkfrt ÅtkZ 

dh x.kuk dhft,A  

 ([k) vfuf'prrk fl¼kUr dk mi;ksx djds 'kwU; fcUnq 

ÅtkZ dh vo/kkj.kk dks le>kb,A  

 (x) rjax Qyu  

2
( ) cos ,

L L

x
x

 
   

 
     0 < x < L 

  ds fy, x  ifjdfyr dhft,A  

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

 (d) Å¡pkbZ 0V  vkSj pkSM+kbZ a okyh ,dfoe foHko 

jksf/kdk esa fLFkr æO;eku m okys d.k ds fy, dky 
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Lora= JksfMaxj lehdj.k fyf[k,A bl lehdj.k ds 

gy izkIr dhft, tc d.k dh ÅtkZ E > 0V  gksA 

bl leL;k ds fy, ifjlhek izfrca/k fyf[k,A  

 ([k) fl¼ dhft, fd ,d lefer foHko Qyu  

[V(x) = V(–x)] ds fy, lerk ladkjd 

gSfeYVksfu;u ds lkFk dE;wV djrk gSA  

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

 (d) ,d jsfM;ks,fDVo inkFkZ dh ^lfØ;rk* dh ifjHkk"kk 

nhft,A ,d rRo dh v/kZ vk;q 6.93 fnu gSA fdrus 

fnuksa ds ckn ml rRo dk dsoy 10% Hkkx cpk jg 

tk;sxk \   

 ([k) v/kZ&vuqHkotU; æO;eku lw= dk mi;ksx djds 

4He ukfHkd dh ca/ku ÅtkZ ifjdfyr dhft,A  

 = 15.8,  = 17.8,  = 23.7,  = 0.71  

vkSj = 34 yhft,A   
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 (x) le>kb, fd ukfHkdh; fj,DVj esa Loiks"kh fo[kaMu 

Üka`[kyk vfHkfØ;k fdl izdkj izkIr dh tkrh gSA  

HkkSfrd fu;rkad % 

  me = 9.1 × 10–31 kg 

  h = 6.63 × 10–34 Js 

  c = 3 × 108 ms–1 

 

× × × × × 

 

 

 

 

 

 

 

 

 

 

 


