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BACHELOR OF SCIENCE (B. Sc.) 
Term-End Examination 

December, 2024 
PHE–11 : MODERN PHYSICS 

 Time : 2 Hours    Maximum Marks : 50 

Note : Attempt all questions. The marks for each 
question are indicated against it. You may 
use a calculator. The values of physical 
constants are given at the end. Symbols have 
their usual meanings. 

1. Answer any five parts : 3×5=15 

(a) The total energy of a relativistic particle is 
exactly twice its rest energy. Calculate its 
speed. 

(b) A charged particle at rest has a mean 
lifetime of 4 × 10–8 s. What is the mean 
lifetime of the particle measured by an 
observer at rest if the particles are moving 
relative to the observer at a speed of 0.6 c ? 
What would an observer moving with the 
particle measure their mean lifetime to  
be ? 
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(c) Show that the de Broglie wavelength of an 
electron accelerated from rest through a 

potential difference V is 12.2Å
V

. 

(d) A particle of mass m is confined to a one-
dimensional box of size ‘a’. Use the 
uncertainty principle to prove that the 
minimum energy of the particle cannot be 
zero. 

(e) Write the values of l and me for n = 3. Show 
that for n = 3 state there are 9 degenerate 
eigen functions for a hydrogen atom. 

(f) Use Moseley’s law to obtain the frequency 
of an X-ray line for an L to K transition for 

an atom. Take σ = 4, R = 2.18 × 10–18 J and 
Z = 44. 

(g) Define the multiplication factor for a 
nuclear chain reaction. For what value of 
the multiplication factor is the reactor said 
to be critical ? 

(h) Classify the following particles as leptons, 
baryons and mesons : 

π° η° Σ° τ, , , , ,p e  
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2. Answer any one part : 5×1=5 

(a) Consider two inertial frames of reference, S 
and S′ in which S′ is moving with a velocity 

ˆVi  along the positive x-direction of the 
rest frame S. Derive the expression for the 

velocity u
→
′  of a particle relative to the S′ 

frame if its velocity relative to the S frame 

is u
→

. 
(b) Derive the expression for the relativistic 

force required to give a particle an 

acceleration 
→
a  in the direction of its 

motion. 

3. Answer any two parts : 5×2=10 

(a) Write down the time dependent 
Schrödinger equation for the one-
dimensional motion of a particle of mass m 
moving in a potential V = V(x). From this 
deduce the time independent Schrödinger 
equation for a stationary state. 1+4 

(b) The wave function of a particle is given by : 
ψ = < <π( ) Nsin(5 ), 0x x x  

Determine the normalization constant N 
and the probability of finding the particle 

between x = 0 and 
4

x π
= . 5 
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(c) Derive the expression for the rate of 
change of an observable D, which does not 
depend explicitly on time and show that for 
a free particle of mass m : 3+2 

1 xd pd x
dt m dt

< >< >
=  

4. Answer any two parts : 5×2=10 

(a) The potential function for a one- 
dimensional rectangular potential barrier  
is :   2+2+1 

 < −= − < <
 >

0

0,
V( ) V ,

0,

x a
x a x a

x a
  

Write down the Schrödinger equation for a 
particle of mass m moving in this potential. 
State the boundary conditions for the wave 
function and the general solution for the 
wave function inside the barrier for  
E < V0. 

(b) Calculate xp< >  for the ground state 
harmonic oscillator wave function given  
by :   5 

  
ψ = −    π  

1/2 2 2
0( ) exp

2
a a xx

 

             where ω
=


2 .ma  
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(c) State Hund’s rules and obtain the spectral 
terms for =Si(Z 14) . 3+2 

5. Answer any two parts : 5×2=10 

(a) The half life of 232Th  is 101.4 10×  years. 
Calculate the disintegration constant in  
s–1. Calculate the number of 
disintegrations per second from 1 g of 
thorium. Take Avogadro’s number to be 

236.03 10× . 

(b) Describe the liquid drop model of fission. 

(c) Explain the structure and working of a 
cyclotron with the help of a schematic 
diagram. 

Physical constants : 
346.62 10 Jsh −= ×  

341.054 10 Js−= ×  
271.67 10 kgpm −= ×  

319.1 10 kgem −= ×  

−= × 191 eV 1.6 10 J  

8 –13 10 msc = ×  
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      PHE–11 

foKku Lukrd 

(ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2024 

ih-,p-bZ--11 % vk/qfud HkkSfrdh 

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

uk sV % lHkh iz'u dhft,A izR;ssd iz'u ds vad mlds 

lkeus fn, x, gSaA vki dSYdqysVj dk iz;ksx dj 

ldrs gSaA HkkSfrd fu;rkadksa ds eku vUr esa fn, 

x, gSaA izrhdksas ds vius lkekU; vFkZ gSaA  

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

(d)  fdlh vkisf{kdh; d.k dh dqy ÅtkZ mldh 

fojke ÅtkZ dh Bhd nksxquk gSA d.k dh pky 

ifjdfyr dhft,A 
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([k)  fojkekoLFkk esa fLFkr ,d vkosf'kr d.k dk 

vkSlr thoudky 4 × 10– 8 s gSA fojkekoLFkk esa 

fLFkr ,d izs{kd vius lkis{k 0.6 c dh pky 

ls py jgs vkosf'kr d.kksa dk D;k vkSlr 

thoudky ekisxk \ d.k ds lkFk xfreku ,d 

izs{kd mlds vkSlr thoudky dk D;k eku 

ekisxk \ 

(x)  fl¼ dhft, fd fojkekoLFkk ls foHkokUrj V 

esa Rofjr ,d bysDVªkWu dk ns czkWXyh rjaxnS?;Z 

12.2Å
V  

gSA 

(?k)  æO;eku m ds ,d d.k dks vkeki ‘a’ ds ,d  

,dfoeh; ckWDl esa ifjc¼ fd;k tkrk gSA 

vfuf'prrk fl¼kUr dk iz;ksx djrs gq, fl¼ 

dhft, fd d.k dh U;wure ÅtkZ 'kwU; ugha gks 

ldrh gSA 

(³)  n = 3 ds fy, l vkSj me ds eku fyf[k,A 

fn[kkb, fd gkbMªkstu ijek.kq dh n = 3 voLFkk 

ds fy, viHkz"V vkbxsu iQyuksa dh la[;k 9 gSA 
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(p)  eksTk+ys ds fu;e dk bLrseky djds fdlh 

ijek.kq ds L ls K laØe.k esa mRiUu X-fdj.k 

js[kk dh vko`fÙk izkIr dhft,A σ = 4,  

R = 2.18 × 10– 18 J vkSj Z = 44 yhft,A 

(N)  ukfHkdh;  Ük`a[kyk vfHkfØ;k ds fy, xq.ku 

dkjd dh ifjHkk"kk fyf[k,A xq.ku dkjd ds 

fdl eku ds fy, fj,DVj dks ØkfUrd dgk 

tkrk gS \ 

(t)  fuEufyf[kr d.kksa dks ysIVkWu] csfjvkWu vkSj 

ehlkWu esa oxhZÑr dhft, % 

π° η° Σ° τ, , , , ,p e  

2- dksbZ ,d Hkkx dhft, % 5×1=5 

(d)  S vkSj S′ nks tM+Roh; funsZ'k ra=k gSa vkSj S′ ] 

fojke ra=k S ds /ukRed x-fn'kk ds vuqfn'k 

osx ˆVi  ls xfreku gSA ;fn fdlh d.k dk osx 

funsZ'k ra=k S ds lkis{k u
→
 gks] rks funsZ'k ra=k ′S  

ds lkis{k d.k ds osx u
→
′ dk O;atd O;qRiUu 

dhft,A 
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([k)  fdlh d.k dks mldh xfr dh fn'kk esa Roj.k 

a
→
 iznku djus ds fy, vko';d vkisf{kdh; 

cy dk O;atd O;qRiUu dhft,A 

3- dksbZ nks Hkkx dhft, % 5×2=10 

(d)  foHko V = V(x) ds v/hu xfreku æO;eku m  
okys d.k dh ,dfoe xfr ds fy, dkykfJr 

Jks¯Mxj lehdj.k fyf[k,A mlls LFkk;h voLFkk 

ds fy, dky Lora=k Jks¯Mxj lehdj.k O;qRiUu 

dhft,A 1+4 

([k)  fdlh d.k dk rjax iQyu fuEufyf[kr gS % 

ψ = < <π( ) Nsin(5 ), 0x x x  

 izlkekU;hdj.k fu;rkad N vkSj d.k ds x = 0 

vkSj 
4

x π
=  ds chp ik;s tkus dh izkf;drk 

ifjdfyr dhft,A 5 

(x)  fdlh izs{k.kh; D, tks Li"V :i ls le; ij 
fuHkZj ugha djrk] dh ifjorZu nj dk O;atd 

O;qRiUu dhft,A fn[kkb, fd æO;eku m okys 
,d eqDr d.k ds fy, % 3+2 

1 xd pd x
dt m dt

< >< >
=  
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4- dksbZ nks Hkkx dhft, % 5×2=10 

(d)  ,dfoe vk;rkdkj foHko jksf/dk ds fy, 

foHko iQyu fuEufyf[kr gS % 2$2$1 

 < −= − < <
 >

0

0,
V( ) V ,

0,

x a
x a x a

x a
 

 bl foHko ds v/hu xfreku æO;eku m ds ,d 

d.k ds fy, Jks¯Mxj lehdj.k fyf[k,A rjax 

iQyu ds fy, ifjlhek izfrcU/ fyf[k,A 

0E < V  ds fy, jksf/dk ds vUnj rjax iQyu 

ds fy, O;kid gy fyf[k,A 

([k)  vkorhZ nksyd dh ewy voLFkk dk rjax iQyu 

fuEufyf[kr gS % 5 

      

  
ψ = −    π  

1/2 2 2
0( ) exp

2
a a xx  

 tgk¡ 2 ma ω
=


A bl voLFkk ds fy, xp< > 

izkIr dhft,A 

(x)  gq.M ds fu;e fyf[k, vkSj Si (Z = 14) ds 

fy, LisDVªeh in izkIr dhft,A 3$2 
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5- dksbZ nks Hkkx dhft, % 5×2=10 

(d) 232Th  dh v/Z&vk;q 1.4 × 1010 o"kZ gSA blds

fo?kVu fLFkjkad dh x.kuk s– 1 esa dhft,A 1 g
Fkksfj;e ds fy, izfr lsd.M fo?kVuksa dh la[;k

dh x.kuk dhft,A vkoksxkæks la[;k = 6.03 ×
1023 yhft,A

([k)  fo[k.Mu ds æo cw¡n ekWMy dk fooj.k nhft,A 

(x) ,d O;ofLFkr vkjs[k dh lgk;rk ls

lkbDyksVªkWu dh lajpuk vkSj dk;Ziz.kkyh dks

le>kb,A

HkkSfrd fu;rkad % 

346.62 10 Jsh −= ×  
341.054 10 Js−= ×

271.67 10 kgpm −= ×

319.1 10 kgem −= ×

−= × 191 V 1.6 10 Je  

8 –13 10 msc = ×  

× × × × × × × 
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