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BACHELOR OF SCIENCE (B. Sc.)  

Term-End Examination 

June, 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. Answer any five parts : 3×5=15 

(a) We observe two galaxies receding in 

opposite directions at speeds 0.5 c. 

What speed would an observer in one of 
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these galaxies measure for the other 

galaxy ? 

(b) A rod of proper length 1.0 m measures 

60 cm in an inertial frame that is 

moving with respect to the rod. What is 

the speed of the moving frame ? 

(c) What is the potential through which a 

proton must be accelerated so that its 

de Broglie wavelength is 2.0 Å ? 

(d) The uncertainty in the energy of a short 

lived particle is measured to be  

0.5 MeV. What is the smallest life time 

of the particle ? 

(e) Write down the spectral terms for the 

carbon atom (Z = 6). 

(f) State the selection rules for X-ray 

spectra. Is the transition LI to K 

allowed ? 

(g) The mean life of radon is 5.5 days. After 

how much time will 70% of the sample 

have decayed ?  
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(h) Explain any three uses of radioisotopes 

as tracers. 

2. Answer any one part : 5×1=5 

(a) Derive the relation between the 

relativistic energy and momentum of a 

free particle. 

(b) A star emits light with a wavelength 

4500 Å. Suppose in the light from a 

different galaxy, the same line has a 

wavelength of 6000 Å on earth. 

Calculate the ‘receding’ speed of the 

galaxy. 

3. Answer any two parts : 5×2=10 

(a) State the properties of an acceptable 

wave function. Is the following wave 

function acceptable ? 

2 2

A
( ) ,x x

x a
    


  

Justify your answer. 3+2 
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(b) In a region of space a particle of mass m 

and zero energy has a wave function : 

2 /4( ) N xx x e    

Using the time independent 

Schrödinger equation, determine the 

potential energy V(x) for the particle. 5 

(c) Show that : 5 

[L ,L ] Lx y zi . 

4. Answer any two parts : 5×2=10 

(a) Consider a particle of mass m confined 

to a line segment between 0x   and 

Lx  . Obtain the eigen functions for 

this system. 

(b) Calculate the expectation value of r for 

the ground state of the hydrogen atom 

which has the following wave function : 

0/

3/2
0

( )
r a

e
r

a



 


  

(c) Calculate the mean potential energy for 

a one-dimensional simple harmonic 

oscillator in its ground state, given that 
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the potential energy function is 

2 21
V( )

2
x m x   and the ground state 

wave function is : 

1
2 2

2
( ) exp

2

a a x
x

   
         

  

where 2 m
a


 . 

5. Answer any two parts : 5×2=10 

(a) Draw the graph of the variation of the 

binding energy per nucleon with mass 

number and describe its main features. 

3+2 

(b) Draw a schematic diagram of a nuclear 

reactor showing its general features. 

Explain why control rods and reflector 

are used in a nuclear reactor. 3+2 

(c) (i) Explain the working of the Wilson 

cloud chamber. 3 



 [ 6 ] PHE–11 

A–210/PHE–11 

(ii) Is the following decay reaction 

allowed ? 2 

n p e    

Explain. 

Physical constants : 

h = 6.62 × 10–34 Js 

 = 1.054 × 10–34 Js 

1 eV = 1.6 × 10–19 J 

me = 9.1 × 10–31 kg 

mp = 1.67 × 10–27 kg 

c = 3 × 108 ms–1  
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 PHE–11 

foKku Lukrd (ch&,l- lh-) 

l=kar ijh{kk  

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

(d) ge nks eankfdfu;ksa dks ,d&nwljs dh foijhr fn'kkvksa 

esa pky 0.5 c }kjk tkrs gq, izsf{kr djrs gSaA bu 

eankfdfu;ksa esa ls fdlh ,d eankfduh esa cSBk izs{kd 

nwljh eankfduh dh pky dk D;k eku ekisxk \ 
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([k) mfpr yackbZ 1.0 m okyh NM+ ds lkis{k xfreku 

funsZ'k ra= esa mldh yackbZ 60 cm ekih tkrh gSA 

xfreku funsZ'k ra= dh pky D;k gS \ 

(x) ml foHko dk eku fu/kkZfjr dhft, ftlls ,d 

izksVkWu dks Rofjr fd, tkus ij mlds ns czkWXyh 

rjaxnS?;Z dk eku 2.0 Å gksxkA 

(?k) ,d vYithoh d.k dh ÅtkZ esa 0.5 MeV dh 

vfuf'prrk ekih tkrh gSA d.k dk U;wure 

thoudky D;k gksxk \  

(³) dkcZu ijek.kq (Z = 6) ds fy, LisDVªeh in 

fyf[k;sA 

(p) X&fdj.k LisDVªe ds fy, oj.k fu;e fyf[k,A D;k 

LI ls K esa laØe.k vuqer gS \ 

(N) jsMkWu dh vkSlr vk;q 5-5 fnu gSA bl rRo ds 70% 

Hkkx dks {k; gksus esa yxs le; dh x.kuk dhft,A 

(t) Vªslj ds :i esa jsfM;ksvkblksVksi ds dksbZ rhu mi;ksx 

le>kb,A 
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2- dksbZ ,d Hkkx gy dhft, % 5×1=5 

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

esa lEcU/k O;qRiUu dhft,A 

([k) ,d rkjk rjaxnS?;Z 4500 Å okyk izdk'k mRl£tr 

djrk gSA eku yhft, fd ,d nwjLFk eankfduh ls vk 

jgs izdk'k esa blh js[kk dh i`Foh ij ekih xbZ 

rjaxnS?;Z dk eku 6000 Å gS] rks nwj tk jgh 

eankfduh dh pky D;k gksxh \ 

3- dksbZ nks Hkkx gy dhft, % 5×2=10 

(d) ,d ekU; rjax Qyu ds xq.k/keZ fyf[k,A D;k 

fuEufyf[kr rjax Qyu ekU; gS \ 

2 2

A
( ) ,x x

x a
    


 

vius mÙkj dh iqf"V dhft,A 3+2 
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([k) lef"V ds fdlh {ks= esa nzO;eku m vkSj 'kwU; ÅtkZ 

okys ,d d.k dk rjax Qyu % 

      

2 /4( ) N xx x e    

 gSA dky Lora= Jks¥Mxj lehdj.k dk iz;ksx djrs 

gq,] d.k ds fy, fLFkfrt ÅtkZ V(x) fu/kkZfjr 

dhft,A  5 

(x) fl¼ dhft, fd % 5 

[L ,L ] Lx y zi  

4- dksbZ nks Hkkx gy dhft, % 5×2=10 

(d) nzO;eku m dk ,d d.k 0x   vkSj Lx   ds 

chp js[kk [kaM esa ifj#¼ gSA bl fudk; ds fy, 

vkbxsu Qyu izkIr dhft,A 

([k) gkbMªkstu ijek.kq dh ewy voLFkk ds fy, r dk 

izR;k'kk eku ifjdfyr dhft,A ewy voLFkk rjax 

Qyu fuEufyf[kr gS % 

0/

3/2
0

( )
r a

e
r

a



 

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(x) ewy voLFkk esa fLFkr ,dfoe ljy vkorhZ nksyd ds 

fy, vkSlr fLFkfrt ÅtkZ dk ifjdyu dhft,A 

fLFkfrt ÅtkZ Qyu 
2 21

V( )
2

x m x   gS vkSj 

ewy voLFkk rjax Qyu fuEufyf[kr gS % 

1
2 2

2
( ) exp

2

a a x
x

   
         

 

tgk¡ 
2 m

a


  gSA 

5- dksbZ nks Hkkx gy dhft, % 5×2=10 

(d) nzO;eku la[;k ds lkFk izfr U;wfDyvkWu ca/ku ÅtkZ 

ds fopj.k dk vkjs[k cukb, vkSj mlds izeq[k y{k.k 

fyf[k,A  3+2 

([k) ukfHkdh; fj,DVj ds lkekU; y{k.k fn[kkrs gq, ,d 

O;oLFkk fp= cukb,A ukfHkdh; fj,DVj esa fu;a=d 

naMksa vkSj ijkorZd dk bLrseky D;ksa fd;k tkrk gS] 

le>kb,A 3+2 
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(x) (i) foYlu es?k d{k dh dk;Ziz.kkyh dks 

le>kb,A 3 

(ii) D;k fuEufyf[kr {k; izfrfØ;k vuqer gS \ 

n p e   

le>kb,A 2 

HkkSfrd fu;rkad % 

h = 6.62 × 10–34 Js 

 = 1.054 × 10–34 Js 

1 eV = 1.6 × 10–19 J 

me = 9.1 × 10–31 kg 

mp = 1.67 × 10–27 kg 

c = 3 × 108 ms–1  

× × × × × 

 

 

 

 

 

 


