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PHE–11 : MODERN PHYSICS 

Time : 2 Hours  Maximum Marks : 50 

Note : 

1. Attempt all questions. The marks for each 

question are indicated against it. 

2. Your may use a calculator. 

3. The values of physical constants are given at 

the end. 

4. Symbols have their usual meaning.   

 

1. Answer any five parts : 3 × 5 = 15 

 (a) A rocket of proper length 50 m is observed 

to 30 m long as it passes an observer. 
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Calculate the speed of the rocket relative to 

the observer. 

 (b) The linear momentum of a particle is  

4.0 × 10–21 kg ms–1 at a speed of 0.6 c. 

Calculate its rest mass. 

 (c) A proton is confined to a nucleus of radius 

4.0 × 10–15 m. Calculate the minimum 

uncertainty in its momentum and its 

minimum kinetic energy. 

 (d) State three properties of a physically 

acceptable wave function. 

 (e) Write down the electronic configuration of 

atoms with Z = 14, Z = 25 and Z = 37. 

 (f) Draw the approximate energy levels for the 

L and K shells and show all the allowed 

transitions. 
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 (g) The mean life of a radioactive element is  

18 months. Calculate the time required for 

75% of the element to decay. 

 (h) Classify the following particles as leptons, 

mesons and baryon : 

, 0, p, µ, 0,  

2. Answer any one part : 5 × 1 = 5   

 (a) Explain why we do not observe the effects of 

time dilation in everyday phenomena.  

A galaxy is receding from the earth at a 

speed of 2.5 × 7 ms–1. If it emits light of 

characteristic wavelength 500 nm, what is 

the corresponding wavelength measured on 

earth ?  2 + 3 

 (b) Derive the realistics energy-momentum 

relation for a free particle. 5 
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3. Answer any two parts : 5 × 2 = 10 

 (a) Write down the time-dependent one-

dimensional Schrödinger equation. Deduce 

the time independent Schrödinger equation 

from it.  1 + 4 

 (b) State the probabilistic interpretation of the 

wave function. The wave function for a 

particle is given by : 
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   Calculate the probability that the particle 

will be found between x = 0 and x = L/6. 

 1 + 4 

 (c) Evaluate the commulator [xpx, px2] 5 
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4. Answer any one part : 10 × 1 = 10 

 (a) Obtain the expectation value of the 

potential energy 

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 of a hydrogen 

atom in its ground state given by the wave 

function 
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  Show that for n = 3, there are 9 degenerate 

Eigen functions for the hydrogen atom.  

6 + 4 

 (b) The wave function of a particle of mass m 

inside an infinite square well of width 2a 

(between x = – a and x = a) is given by : 

 
  

5 5
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x x
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  Determine the values of B, A and the eigen 

energy corresponding to this eigen function 

 1 + 4 + 5 
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5. Answer any two parts : 5 × 2 = 10 

 (a) Describe the liquid drop model of fission. 5 

 (b) Define multiplication factor. State the 

conditions for a nuclear reactor to be 

subcritical, critical and supercritical. 5 

 (c) With the help of a diagram explain the 

working of a cyclotron. 5 

 

Physical constants :  

h = 6.62 × 10–34 Js 

 = 1.05 × 10–34 Js 

c = 3.0 × 108 ms–1 

me = 9. 1 × 10–31 kg 

mp = 1.67 × 10–27 kg 
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     PHE–11 

foKku Lukrd (ch-,l-lh) 

l=kar ijh{kk 

twu] 2024 

ih,pbZ–11 % vk/kqfud HkkSfrdh 

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

uksV % 

1. lHkh iz'u djsaA izR;sd iz'u ds vad mlds lkeus fn, 

   x, gSaA 

2. vki dSydqysVj dk iz;ksx dj ldrs gSaA 

3. HkkSfrd fu;rkadksa ds eku var esa fn, x, gSaA 

4. izrhdksa ds vius lkekU; vFkZ gSaA 

  

1. dksbZ ik¡p Hkkx gy dhft,µ 3 × 5 = 15 

 (d) fdlh jkWdsV dh mfpr yEckbZ 50 eh gSA tc 

jkWdsV fdlh izs{kd ds lkeus ls xqtjrk gS] rks 
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mldh yEckbZ 30 eh ekih tkrh gSA izs{kd ds 

lkis{k jkWdsV dh pky Kkr dhft,A 

 ([k) pky 0.6 c ls xfreku fdlh d.k dk jSf[kd 

laosx 4.0 × 10–21 kg ms–1
 gSA d.k dk fojke 

nzO;eku ifjdfyr dhft,A 

 (x) ,d izksVkWu 4.0 × 10–15 m ds ukfHkd esa ifjc¼ 

gSA mlds laosx esa U;wure vfuf'prrk vkSj xfrt 

ÅtkZ dk U;wure eku ifjdfyr dhft,A 

 (?k) HkkSfrd :i ls ekU; rjax Qyu ds rhu xq.k/keZ 

fyf[k,A 

 (M+) Z = 14, Z = 25 vkSj Z = 37 okys ijek.kqvksa ds 

bysDVªkWfud foU;kl fyf[k,A 

 (p) L vkSj K dks'kksa ds fy, lfUudV ÅtkZ Lrj 

vkjs[k [khafp, vkSj mlesa lHkh vuqer laØe.kksa 

dks fn[kkb,A 
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 (N) ,d jsfM;ks,fDVo rRo dh vkSlr vk;q 18 eghus 

gSaA bl rRo ds 75% Hkkx dk {k; gksus esa yxs 

le; dh x.kuk dhft,A 

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

esa oxhZd`r djsaµ 

p, µ

2. dksbZ ,d Hkkx gy dhft,µ 5 × 1 = 5 

 (d) dky o`f¼ dk izHkko gesa jkstkuk dh ifj?kVukvksa 

esa D;ksa ugha fn[kkbZ nsrk] le>kb,A ,d eankfduh 

2.5 × 107 m s–1
 dh pky ls i`Foh ls nwj tk jgh 

gSA mlds }kjk mRlftZr izdk'k dk vfHky{kf.kd 

rjaxnS?;Z 500 nm gSA i`Foh ij ekis x;s rjaxnS?;Z 

dk eku D;k gksxk \ 

 ([k) ,d eqDr d.k ds fy, ÅtkZ&laosx lEcU/k 

O;qRiUu dhft,A 5 
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3. dksbZ nks Hkkx gy dhft,µ 5 × 2 = 10 

 (d) ,dfoe dkykfJr JksfMaxj lehdj.k fyf[k,A 

blls dky&Lora= JksfMaxj lehdj.k O;qRiUu 

djsaA  1 + 4 

 ([k) rjax Qyu dh lkaf[;dh; O;k[;k fyf[k,A 

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

          

  
        



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                            0
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  ds fy, d.k ds x = 0 vkSj x = L/6 ds chp Ikk;s 

tkus dh izkf;drk ifjdfyr dhft,A 1 + 4 

 (x) dEI;wVsVj [xpx, px
2] dk eku IkzkIr dhft,A 5 

4. dksbZ ,d Hkkx gy djsaµ 10 × 1 = 10 

 (d) ewy voLFkk esa fLFkr gkbMªkstu Ikjek.kq dh 

fLFkfrt ÅtkZ 



2

V( )
e

r
r

 dk izR;k'kk eku izkIr 

dhft,A ewy voLFkk dk rjax Qyu fuEufyf[kr 

gSµ 
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
 



0/
0

3
0

1
( ) r ar e

a
 

  fl¼ dhft, fd n = 3 ds fy, gkbMªkstu ijek.kq 

ds 9 viHkz"V vkbxsu Qyu gksrs gSaA 6 + 4  

 ([k) ,d vuar oxZ dwi ftldh pkSM+kbZ 2a (x = – a 

ls x = a rd) gS] esa fLFkr nzO;eku m ds ,d 

d.k dk rjax Qyu gS&  

 
  

5 5
( ) Acos Bsin

2 2

x x
x

a a  

  B, A vkSj bl rjax Qyu ds laxr vkbxsu ÅtkZ 

dk eku fu/kkZfjr dhft,A 1 + 4 + 5 

5. dksbZ nks Hkkx gy dhft,µ 5 × 2 = 10 

 (d) fo[kaMu ds nzo cw¡n ekWMy dk fooj.k nsaA 5 

 ([k) xq.ku dkjd dh ifjHkk"kk nhft,A ukfHkdh; 

fj,DVj ds vfrØkafrd] Økafrd vkSj miØkafrd 

gksus ds fy, izfrca/k fyf[k,A 2+3 
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 (x) vkjs[k dh lgk;rk ls lkbDyksVªkWu dh dk;Zfof/k 

le>kb,A 5 

HkkSfrd fu;rkad % 

h = 6.62 × 10–34 Js 

 = 1.05 × 10–34 Js 

c = 3.0 × 108 ms–1 

me = 9. 1 × 10–31 kg 

mp = 1.67 × 10–27 kg 

 

*** 

 

 

 

 


