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BPHET-141 : ELEMENTS OF MODERN 

PHYSICS 

Time : 2 Hours  Maximum Marks : 50 

Note : (i) Attempt all questions. The marks  

of 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 : 

(a) What do you understand by relativity of 

simultaneity ? 2 

(b) Calculate the Lorentz factor for an 

object travelling at a speed of 0.6 c  

with respect to an inertial frame of 

reference. 2 

(c) The position of an electron in an  

atom is measured to within an accuracy 

of 0.4Å. Calculate the uncertainty in its 

velocity. 2 

(d) Write the potential function and time 

independent Schrödinger equations for 

a free particle of energy E confined in a 

length L. 2 
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(e) State any two properties of an 

acceptable wave function. 2 

(f) Define and draw a one-dimensional 

finite potential well of width 2L and 

depth V0. 2 

(g) Write the equation that represent :  

 (i) alpha decay of an unstable nucleus  

 (ii) beta decay of a free neutron. 2 

(h) Define multiplication factor. For what 

value of the multiplication factor is a 

nuclear reactor said to be critical ? 2 

2. Answer any two parts : 

(a) Describe one experimental evidence in 

support of length contraction. 5 
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(b) Light takes 7.2 years to travel from a 

galaxy to the earth. How long would it 

take an astronaut to reach the galaxy 

according to her clock if she travelled 

from the Earth to this galaxy at the 

speed of 0.80 c ? 5 

(c) Calculate the rest mass energy of a 

proton, its total energy and kinetic 

energy if it travels at a speed of 0.99 c. 

Answer in units of MeV. 5 

3. Answer any two parts : 

(a) Determine the normalization constant 

N for the wave function : 

   (x) = N (x – a) e– it, for 0  x  a. 

   (x) = 0  elsewhere. 5 
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(b) What is a matter wave ? Determine the 

dispersion relation, phase velocity and 

group velocity for matter waves, 

starting from the expressions for linear 

momentum and energy of matter  

waves.  2+3 

(c) Define linear momentum operator 
^
xp . 

 Show that it is Hermitian. 1+4 

4. Answer any one parts : 

(a) Write down the time independent 

Schrödinger equation for a particle of 

mass m in a one-dimensional potential 

barrier of height V0 and width a. Obtain 
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the general solutions of the equation 

when the energy of the particle E < V0. 

Write down the boundary conditions for 

the problem. 10 

(b) A particle of mass m is moving in a step 

potential defined by : 

           V(x) = 

0

0 for 0

V 0 for 0

x

x




 
  

 Obtain the general solution of the time 

independent Schrödinger equation for 

this system when the energy of the 

particle E > V0. Write down the 

boundary conditions for the system and 

apply them to the general solution to 

obtain the final solution. 10 
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5. Answer any two parts : 

(a) What is secular equilibrium ?  

A sample of uranium in which  

secular equilibrium has been obtained 

contains one atom of radium for  

every 2.8 × 106 atoms of uranium.  

If the half life of uranium is  

4.5 × 109 years, calculate the half-life of 

radium (in years). 2+3 

(b) Explain why electrons cannot reside in 

an atomic nucleus. 5 

(c) Calculate the number of fissions of 235U 

required per second to produce 1 MW 
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power given that 1 fission produces  

200 MeV of energy.  5 

 Physical Constants : 

 me = 9.1 × 10–31 kg 

 mp = 1.67 × 10–27 kg 

  = 1.05 × 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  

twu] 2026 

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

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

uksV % (i) lHkh iz'uksa ds mÙkj nhft,A izR;sd iz'u ds vad 

mlds lkeus fn, x, g®A  

 (ii) izrhdksa ds vius lkekU; vFkZ g®A  

 (iii) vki dSydqysVj dk mi;ksx dj ldrs g®A  

 (iv) HkkSfrd fu;rkadksa ds eku var esa fn, x, g®A 
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1- fdUgha ik¡p Hkkxksa ds mÙkj nhft, % 

(d) ledkfydrk dh vkisf{kdrk ls vki D;k  

le>rs g® \ 2 

([k) ,d tM+Roh; funsZ'k ra= ds lkis{k 0.6 c dh pky ls 

xfreku fi.M ds fy, yksjsUV~t xq.kd dh x.kuk 

dhft,A  2 

(x) ,d ijek.kq esa bysDVªkWu dh fLFkfr 0.4Å dh 

ifj'kq¼rk lhek esa ekih tkrh gSA mlds osx esa 

vfuf'prrk dh x.kuk dhft,A 2 

(?k) yEckbZ L esa ifjjG¼ ÅtkZ E okys ,d eqDr d.k ds 

fy, foHko Qyu ,oa dky Lora= JksfMUxj 

lehdj.k fyf[k,A 2 
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(³) Lohdk;Z rjax Qyu ds dksbZ nks xq.k/keZ  

fyf[k,A  2 

(p) pkSM+kbZ 2L vkSj xgjkbZ V0 okys ,dfoe ifjfer 

foHko dwi dh ifjHkk"kk nhft, vkSj mldk fp= 

[khafp,A  2 

(N) (i)  ,d vLFkk;h ukfHkd ds vYQk {k;] vkSj  

 (ii)  eqDr U;wVªkWu ds chVk {k; dks fu:fir djus 

okys lehdj.k fyf[k,A 2 

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

fdl eku ds fy, ukfHkdh; fj,DVj Økafrd gksrk 

gS \   2 

2- fdUgha nks Hkkxksa ds mÙkj nhft, %  

(d) nS?;Z ladksp ds fy, ,d izk;ksfxd izek.k dk o.kZu 

dhft,A  5 
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([k) ,d eankfduh ls i`Foh rd vkus esa izdk'k dks  

7.2 o"kZ yxrs g®A ;fn ,d varfj{k;k=h i`Foh ls bl 

eankfduh rd 0.80c dh pky ls ;k=k djs rks mldh 

viuh ?kM+h ds vuqlkj mls ml eankfduh rd igq¡pus 

esa fdruk le; yxsxk \ 5 

(x) ;fn ,d izksVkWu 0.99c dh pky ls xfr djrk gS rks 

mldh fojke nzO;eku ÅtkZ] dqy ÅtkZ vkSj xfrt 

ÅtkZ dh x.kuk dhft,A vius mÙkj MeV dh bdkbZ 

esa nhft,A 5 

3- fdUgha nks Hkkxksa ds mÙkj nhft, % 

(d) rjax Qyu  

   (x) = N (x – a) e– i t, 0  x  a ds fy, 

   (x) = 0   vU;= 

 ds fy, izlkekU;hdj.k fu;rkad N dh x.kuk 

dhft,A  5 
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([k) nzO; rjax D;k gksrh gS \ nzO; rjaxksa ds jSf[kd  

laosx vkSj ÅtkZ ds O;atdksa ls 'kq: djds]  

bu rjaxksa ds fy, ifj{ksi.k lEcU/k] izkoLFkk  

osx vkSj lewg osx ds O;atd O;qRiUu  

dhft,A  2+3 

(x) jSf[kd laosx ladkjd 
^
xp  dh ifjHkk"kk nhft,A 

fl¼ dhft, fd ;g gfeZVh gSA 1+4 

4- fdlh ,d Hkkx dk mÙkj nhft, % 

(d) Å¡pkbZ V0 vkSj pkSM+kbZ a okyh ,d&foe foHko 

jksf/kdk esa nzO;eku m okys ,d d.k ds fy, dky 

Lora= JksfMUxj lehdj.k fyf[k,A tc d.k dh 

ÅtkZ E < V0 gks] rc bl lehdj.k ds O;kid gy 
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izkIr dhft,A bl leL;k ds fy, ifjlhek izfrcU/k 

fyf[k,A  10 

([k) nzO;eku m dk d.k fuEuor~ ifjHkkf"kr lksiku foHko 

esa xfreku gS % 

         V(x) = 

0

0 0

V 0 0

x

x




 

ds fy,

ds fy,

  

 tc d.k dh ÅtkZ E > V0 gks] rks bl fudk; ds 

fy, dky Lora= JksfMUxj lehdj.k ds O;kid gy 

izkIr dhft,A bl fudk; ds fy, ifjlhek izfrcU/k 

fyf[k, vkSj mUgsa O;kid gy ij ykxw djds vfUre 

gy izkIr dhft,A 10 
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5- fdUgha nks Hkkxksa ds mÙkj nhft, % 

(d) lsD;wyj lkE;koLFkk D;k gksrh gS \ lsD;wyj 

lkE;koLFkk izkIr fd, gq, ;wjsfu;e [kfut esa]  

2.8 × 106 ;wjsfu;e ijek.kqvksa esa ,d jsfM;e 

ijek.kq feyrk gSA ;fn ;wjsfu;e dh v/kZ&vk;q  

4·5 × 109 o"kZ gks rks jsfM;e dh v/kZ&vk;q dh 

x.kuk dhft, (o"kks± esa)A 2+3 

([k) le>kb, fd ijek.oh; ukfHkd esa bysDVªkWu D;ksa ugha 

jg ldrsA 5 

(x) 1 MW 'kfDr mRiUu djus ds fy, vko';d izfr 

lsdaM 235U ds fo[k.Muksa dh la[;k ifjdfyr 

dhft,A tcfd fn;k gS fd ,d fo[k.Mu esa  

200 MeV ÅtkZ mRiUu gksrh gSA 5 
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 HkkSfrd fu;rkad % 

 me = 9.1 × 10–31 kg 

 mp = 1.67 × 10–27 kg 

   = 1.05 × 10–34 Js  

 c = 3 × 108 ms–1  

× × × × × 

 

 

 

 

 

 

 

 

 

 


