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BACHELOR OF SCIENCE (B. SC.)  

Term-End Examination 

December, 2025 

PHE-11 : MODERN PHYSICS  

Time : 2 Hours  Maximum Marks : 50 

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

each question are indicated against 

it. 

 (ii) You may use a calculator. 

 (iii) The values of physical constants are 

given at the end. 

 (iv) Symbols have their usual meanings. 

1.  Attempt any five parts : 5×3=15 

 (a) A spaceship is moving relative to an 

observer with a speed v and the 

observer measures its length to be 24 

m. If the length of the spaceship when it 

is at rest is 40 m, calculate v. 
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 (b) Calculate the de Broglie’s wavelength of 

a proton having energy 20 eV. 

 (c) Explain using the uncertainty principle 

why atoms in a solid at 0 K possess zero 

point energy. 

 (d) State Hund’s rules for determining the 

lowest energy state for a multielectron 

atom. 

 (e) Write down the electronic configuration 

for Z = 32 and Z = 28. 

 (f) A charged particle at rest has a mean 

lifetime of 2.7×10–8 s. What is the mean 

lifetime measured by an observer at 

rest when the particle is moving 

relative to the observer with a speed of 

0.8 c ? 

 (g) How long does it take for 80% of a 

sample of Sr90 to decay ? It is given that 

the half life of Sr90 is 28 days. 
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 (h) Explain, whether the following decays 

are allowed or not : 

  (i) p + n = p +  + +  – 

  (ii) n   p + e– + e  

  (iii) – + p  p + + 

2. Answer any one part :  1×5=5 

 (a) Write down Lorentz transformation 

equations. Show that two events 

simultaneous in S which are separated  

by x in space will be separated in S'  in 

both space and time, such that : 2+3 

' ; 'x x t x
c


        

 (b) Derive the relativistic energy- 

momentum relationship for a free 

particle. 5 

3. Answer any two parts : 2×5=10 

 (a) Write down the one-dimensional time-

dependent Schrödinger equation for a 

particle of mass m moving in a potential 
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V(x, t). For V = V(x), derive the time-

independent Schrödinger equation. 

What is a stationary state ? 1+3+1 

 (b) The wave function for a quantum 

particle of mass m, confined between 

0 Lx   is : 5 

4
( ) N sin

L

x
x

 
   

 
 

  Calculate the normalization constant N. 

 (c) Show that : 5 

[L , L ] Lz x yi  

4. Answer any two parts : 2×5=10 

 (a) A particle of mass m is moving in a one-

dimensional rectangular potential 

barrier defined by : 

0

0 , L

V( ) V , L L

0 , L

x

x x

x

 


   
 
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  Write down the time-independent 

Schrödinger equation for  

                      x < – L, – L < x < L and x > L  

  and state the boundary conditions. 

Explain what is meant by quantum 

tunneling. 2+2+1 

 (b) Calculate the mean potential energy  

< V > for a simple harmonic oscillator in 

its ground state defined by the wave 

function : 5 

1
2 2

2
0( ) exp

2

a a x
x

  
         

, 

  where 2 m
a


  and 2 21

V( )
2

x m x  . 

 (c) Write down the electronic configuration 

of Si (Z = 14) and determine the spectral 

terms.   

5. Answer any two parts : 2×5=10 

 (a) Define multiplication factor for a 

nuclear chain reaction. Explain when a 

nuclear reactor will be critical, 

subcritical or supercritical. 2+3 
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 (b) Describe the liquid drop model of 

fission.  5 

 (c) Explain the working of a bubble 

chamber. 5 

 Physical constants : 

 h = 6.626 × 10–34 Js 

  = 1.054 × 10–34 Js 

 me = 9.1 × 10–31 kg 

 mp = 1.67 × 10–27 kg 

 c = 3 × 108 ms–1  

 1 eV = 1.6 × 10–19 J 
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 PHE–11 

foKku Lukrd (ch-,l-&lh-) 

l=kar ijh{kk  

fnlEcj] 2025 

ih-,p-bZ-&11 % vk/kqfud HkkSfrdh 

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) vki dSYdqysVj dk iz;ksx dj ldrs gSaA 

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

 (iv) izrhdksa ds vius lkekU; vFkZ gSaA 

1- dksbZ ik¡p Hkkx dhft, % 5×3=15 

 (d) ,d varfj{k ;ku fdlh izs{kd ds lkis{k pky v ls 

xfreku gS vkSj izs{kd varfj{k ;ku dh yEckbZ dks 

24 m ekirk gSA ;fn fojkekoLFkk esa varfj{k ;ku dh 

yEckbZ 40 m gks] rks v dk eku ifjdfyr dhft,A 
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 ([k) 20 eV ÅtkZ okys ,d izksVkWu dk nh czkWXyh rjaxnS?;Z 

ifjdfyr dhft,A 

 (x) vfuf'prrk ds fl¼kUr dk iz;ksx djrs gq, le>kb, 

fd 0 K ij fdlh Bksl ds ijek.kqvksa esa 'kwU; fcUnq 

ÅtkZ D;ksa gksrh gSA 

 (?k) fdlh cgqbysDVªkWu ijek.kq dk U;wure ÅtkZ Lrj izkIr 

djus ds fy, gq.M ds fu;eksa dk dFku nhft,A 

 (³) Z = 32 vkSj Z = 28 ds fy, bysDVªkWfud foU;kl 

fyf[k,A 

 (p) fojkekoLFkk esa fLFkr ,d vkosf'kr d.k dk vkSlr 

thoudky 2.7 × 10
–8

 s gSA fojkekoLFkk esa fLFkr 

,d izs{kd vius lkis{k 0.8 c dh pky ls xfreku 

bl vkosf'kr d.k dk vkSlr thoudky D;k  

ekisxk \ 

 (N) Sr
90

 ds ,d uewus ds 80% Hkkx dk {k; gksus esa 

fdruk le; yxsxk \ ;g fn;k x;k gS fd Sr
90

 dh 

v/kZ&vk;q  28 fnu gSA  
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 (t) le>kb, fd fuEufyf[kr {k; vuqer gSa vFkok  

ugha % 

  (i) p + n = p +  + +  – 

  (ii) n   p + e– + e  

  (iii) – + p  p + + 

2- dksbZ ,d Hkkx dhft, % 1×5=5 

 (d)  ykWjsat :ikUrj.k lehdj.k fyf[k,A fl¼ dhft, 

fd ra= S esa ledkfyd nks ?kVuk,¡ tks vkdk'k esa 

nwjh x ij ?kV jgh gSa] S' esa fnd~ vkSj dky nksuksa gh 

esa] vyx&vyx fcUnqvksa ij ?kVsaxh vkSj muds 

lEcU/k fuEufyf[kr gksaxs % 2$3 

' ; 'x x t x
c


       

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

O;qRiUu dhft,A 5 

3- dksbZ nks Hkkx dhft, % 2×5=10 

 (d) foHko V(x, t) ds v/khu xfreku nzO;eku m okys 

d.k ds fy, dkykfJr ,dfoeh; JksfMaxj lehdj.k 
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fyf[k,A V = V(x) ds fy, dky&Lora= JksfMaxj 

lehdj.k O;qRiUu dhft,A LFkk;h voLFkk D;k  

gksrh gS \ 1$3$1 

 ([k) 0 Lx  esa ifjc¼] nzO;eku m ds ,d DokaVe 

d.k dk rjax Qyu fuEufyf[kr gS % 5 

4
( ) N sin

L

x
x

 
   

 
 

  izlkekU;hdj.k fu;arkd N ifjdfyr dhft,A 

 (x) fl¼ dhft, fd % 5 

[L , L ] Lz x yi  

4- dksbZ nks Hkkx dhft, % 2×5=10 

 (d) æO;eku m dk ,d d.k ,d ,dfoeh; vk;rkdkj 

foHko jksf/kdk esa xfreku gS] tks fuEufyf[kr }kjk 

ifjHkkf"kr gS % 

0

0 , L

V( ) V , L L

0 , L

x

x x

x

 


   
 
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  x < – L, – L < x < L vkSj x > L ds fy, dky& 

Lora= JksfMaxj lehdj.k fyf[k, vkSj ifjlhek 

izfrca/k crkb,A le>kb, fd DokaVe lqjaxu dk D;k 

vFkZ gSA 2$2$1 

 ([k) ewy voLFkk esa fLFkr ,d ljy vkorhZ nksyd ds 

fy, vkSlr fLFkfrt ÅtkZ < V > ifjdfyr 

dhft,A ewy voLFkk ds fy, rjax Qyu 

fuEufyf[kr gS % 5 

1
2 2

2
0( ) exp

2

a a x
x

  
         

 

  tgk¡ 2 m
a


  vkSj 

2 21
V( )

2
x m x   gSA 

 (x) Si(Z = 14) dk bysDVªkWfud foU;kl fyf[k, vkSj 

LisDVªeh in izkIr dhft,A 1$4 

5- dksbZ nks Hkkx dhft, % 2×5=10 

 (d) ukfHkdh; Üka`[kyk vfHkfØ;k ds fy, xq.ku dkjd dh 

ifjHkk"kk nhft,A le>kb, fd ,d U;wfDy;j 

fj,DVj dc Økafrd] miØkafrd vkSj vfrØkafrd 

gksxkA   2$3 
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 ([k) fo[kaMu ds æo cw¡n ekWMy dk o.kZu dhft,A 5 

 (x) cqncqn dks"B (Bubble chamber) dh dk;Ziz.kkyh 

dks le>kb,A 5 

  HkkSfrd fu;arkd % 

 h = 6.626 × 10–34 Js 

  = 1.054 × 10–34 Js 

 me = 9.1 × 10–31 kg 

 mp = 1.67 × 10–27 kg 

 c = 3 × 108 ms–1  

 1 eV = 1.6 × 10–19 J 

 

 

× × × × × 

 

 

 

 

 

 


