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BACHELOR OF SCIENCE (GENERAL) 
(BSCG) 

Term-End Examination 
December, 2022 

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 or log tables. 

 (iv) The values of physical constants are 

given at the end.  

1. Answer any five parts : 5×2=10 

(a) In an inertial frame of reference S, one of 
Maxwell’s equations is written as : 
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Write this equation in another inertial 
frame S' moving uniformly with respect to 

S. State the postulate of special relativity 
that explains this.  

(b) The length of a scale is measured to be  
1.0 m in the frame S in which it is at rest. 

What is its length as measured by an 
observer moving at the speed of 0.8 c with 
respect to the frame S ? 

(c) The average life time of an excited atom is 
−× 81.0 10 s . Calculate the minimum 

uncertainty in the energy of the emitted 
photon.   

(d) Calculate the average energy of a Planck 
oscillator which has an energy of 

υ = B0.20 Th k  at temperature T. 

(e) Explain why the wavelength of light 

emitted by a quantum dot changes with 
the size of the dot. 

(f) Define parity operator and state its eigen 
values. 
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(g) Explain multiplication factor. When is 
reactor said to be critical ? 

(h) What is beta decay process ? Give one 

example of a beta decay process.  

2. Answer any two parts : 2×5=10 

(a) An object moves with a uniform velocity 

( , , )x y zv v v v
→

 with respect to an inertial 

frame S which is at rest. Derive the 
expression for the velocity of the object 

( , , )x y zv v v v
→
′ ′ ′ ′  relative to the inertial frame 

S' which is moving with a constant speed V 
in the positive x-direction with respect to S. 

(b) Light takes 4.8 years to travel from a star 
to the earth. If an astronaut travelled from 
earth to this star at a speed of 0.80 c, how 
long would it take, according to the 
astronaut’s clock, to reach there ? 

(c) Calculate the linear momentum, total 
energy (in MeV) and kinetic energy (in 
MeV) of a proton travelling with a speed of 
0.6 c, given that its rest energy is 938 MeV.  
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3. Answer any two parts :  

(a) The wave function of a particle is given by : 

, for 0( )
, for 0

x

x
e xx
e x−

 <
ψ = 

>
  

(i) Is the wave function normalized ? 2 

(ii) Calculate the probability of finding the 
particle between 0 2x≤ ≤ .  3 

(b) Use the uncertainty principle to estimate 
the approximate size of an atom.  5 

(c) Define a Hermitian operator. Show that 

Hermitian operators have real eigen 
values.  5 

4. Answer any one part :  

(a) A particle is confined within a length 
segment lying between x = 0 and x = L. 

Solve the time independent Schrödinger 
equation for the particle and obtain the 
eigen functions and energy eigen values. 

Show that the eigen functions are 
orthogonal.  7+3 
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(b) A particle of mass m is moving in a step 

potential defined by : 

<
=  > > 0

0 , for 0
V ( )

V 0 , for 0
x

x
x

  

Obtain the general solution of the 

Schrödinger equation for this system when 

the energy of the particle E < 0V . State the 

boundary conditions.  

Write down the reflected and transmitted 

probability densities. 5+2+3 

5. Answer any two parts :  

(a) Plot a graph between binding energy per 

nucleon as a function of mass number. 

Write the main features of the curve. 3+2 

(b) Define mean life of a radioactive element. 

The mean life of a radioactive element is 

14.43 months. Calculate the time required 

for 75% of the element to decay. 1+4 
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(c) For two radioactive elements A and B in 
transient equilibrium, show that the 

activity of the daughter nucleii is greater 
than that of the parent nucleii by a factor 

B

B A

λ
λ − λ

. 5   

Physical constants : 

−= × 346.626 10 J-sh  
319.1 10 kgem −= ×  

271.6725 10 kgpm −= ×  

271.6747 10 kgnm −= ×  

c = 8 13 10 ms−×  
−= × 341.054 10 J-s  

1 eV = 191.6 10 J−×  
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      BPHET-141 

foKku Lukrd (lkekU;) 

(ch- ,l- lh- th-) 

l=kkar ijh{kk 

fnlEcj] 2022 
ch- ih- ,p- bZ- Vh--141 % vk/qfud HkkSfrdh ds rRo 

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

uk sV % (i) lHkh iz'u dhft,A izR;sd iz'u ds vad mlds 
lkeus fn, x;s gSaA 

 (ii) izrhdksa ds vius lkekU; vFkZ gSaA 

 (iii) vki dSYdqysVj ;k ykWx lkj.kh dk mi;ksx 
dj ldrs gSaA 

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

1- dksbZ ik¡p Hkkx dhft, % 5×2=10 

(d)  ,d tM+Roh; funsZ'k ra=k S esa eSDlosy ds ,d 

lehdj.k dks fy[kk tkrk gS % 

1 BE
c t

→
→ → ∂
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∂
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 S ds lkis{k ,dleku xfr dj jgs tM+Roh; 

ra=k S' eas bl lehdj.k dks fyf[k,A fof'k"V 

vkisf{kdrk ds ml vfHkx`ghr dk dFku fyf[k, 

tks bls le>krk gSA 

([k)  ra=k S esa fojkekoLFkk esa fLFkr ,d iSekus dh 

yackbZ 1.0 m ekih tkrh gSA ra=k S ds lkis{k 

pky 0.8 c ls xfreku izs{kd ml iSekus dh 

yackbZ D;k ekisxk \ 

(x)  ,d mÙksftr ijek.kq dk vkSlr thoudky 
81.0 10 s−×  gSA mRlftZr iQksVkWu dh ÅtkZ eas 

U;wure vfuf'prrk ifjdfyr dhft,A 

(?k)  ,d Iykad nksfy=k dh vkSlr ÅtkZ ifjdfyr 

dhft,] ftldh rkieku T ij ÅtkZ 

υ = B0.20 Th k  gSA 

(Ä)  le>kb, fd ,d DokaVe MkWV }kjk mRlftZr 

ÅtkZ dk rjaxnS?;Z] MkWV ds vkeki ds lkFk D;ksa 

cnyrk gSA 

(p)  iSfjVh ladkjd dh ifjHkk"kk nhft, vkSj mlds 

vkbxsu eku fyf[k,A 
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(N)  xq.ku dkjd dks ifjHkkf"kr dhft,A fj,DVj dks 

Økafrd dc dgk tkrk gS \ 

(t)  chVk {k; izØe D;k gksrk gS \ chVk {k; izØe 

dk ,d mnkgj.k nhft,A 

2- dksbZ nks Hkkx dhft, % 2×5=10 

(d)  ,d fiaM fojkeLFk funsZ'k ra=k S ds lkis{k 

,dleku osx ( , , )x y zv v v v
→

 ls py jgk gSA 

bl fiaM ds fy,] ra=k S'  ds lkis{k osx 

( , , )x y zv v v v
→
′ ′ ′ ′  ds O;atd O;qRiUu dhft, ;fn 

fn;k x;k gks fd ra=k S', ra=k S ds lkis{k 

/ukRed x&fn'kk esa vpj pky V ls xfreku 

gSA 

([k)  izdk'k dks ,d rkjs ls i`Foh ij igq¡pus eas  

4.8 o"kZ yxrs gSaA vxj ,d varfj{k ;k=kh i`Foh 

ls ml rkjs rd 0.80 c  dh pky ls pyrk gS] 

rks varfj{k ;k=kh dh ?kM+h ds eqrkfcd mls ogk¡ 

igq¡pus eas fdruk le; yxsxk \ 
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(x)  0.6 c dh pky ls xfreku izksVkWu ds jSf[kd 

laosx] dqy ÅtkZ (MeV esa) vkSj xfrt ÅtkZ 

(MeV esa) Kkr dhft,] ;fn fn;k x;k gS fd 

mldh fojke ÅtkZ 938 MeV gSA 

3- dksbZ nks Hkkx dhft, %  

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

−

 <
ψ = 

>

, 0( )
, 0

x

x
e xx
e x

� ��� �
� ��� �

 

 (i)  D;k rjax iQyu izlkekU;hÑr gS \ 2 

 (ii)  d.k ds 0 2x≤ ≤  esa ik;s tkus dh 

izkf;drk ifjdfyr dhft,A 3 

([k)  vfuf'prrk fl¼kUr dk mi;ksx djds ijek.kq 

ds vkeki dk vuqeku yxkb,A 5 

(x)  g£eVh ladkjd dh ifjHkk"kk nhft,A fl¼ 

dhft, fd g£eVh ladkjd ds vkbxsu eku 

okLrfod gksrs gSaA 5 

4- dksbZ ,d Hkkx dhft, %  

(d)  ,d d.k x = 0 vkSj x = L ds chp vofLFkr 

yackbZ ds ,d vo;o esa ifj#¼ gSA d.k ds 



 [ 11 ] BPHET-141 

  P. T. O. 

fy, dky&Lora=k  ÜkzksfMaxj lehdj.k dks gy 

dhft, vkSj vkbxsu iQyu vkSj ÅtkZ vkbxsu 

eku izkIr dhft,A fl¼ dhft, fd vkbxsu 

iQyu ykafcd gSaA 7$3 

([k)  nzO;eku m dk ,d d.k fuEufyf[kr lksiku 

foHko esa xfreku gS % 

 <
=  > > 0

0 , 0
V ( )

V 0 , 0
x

x
x

� ��� �
� ��� �

 

 ÜkzksfMaxj lehdj.k dk O;kid gy izkIr dhft, 

tc d.k dh ÅtkZ 0E V<  gksA ifjlhek izfrca/ 

fyf[k,A ijkofrZr vkSj lapfjr izkf;drk ?kuRoksa 

ds O;atd fyf[k,A 5$2$3 

5- dksbZ nks Hkkx dhft, %  

(d)  izfr U;wfDyvkWu ca/u ÅtkZ rFkk nzO;eku la[;k 

ds chp oØ [khafp, vkSj ml oØ dh eq[; 

fo'ks"krk,¡ fyf[k,A 3$2 

([k)  jsfM;ks,fDVo rRo dh ekè; vk;q ifjHkkf"kr 

dhft,A fdlh jsfM;ks,fDVo rRo dh ekè; vk;q 

14-43 ekg gSA bl rRo dh 75% ek=kk fdrus 

le; eas {kf;r gks tk;sxh \ 1$4 
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(x)  nks jsfM;ks,fDVo rRoksa A vkSj B ds fy, tks 

{kf.kd lkE;koLFkk esa gSa] fl¼ dhft, fd 

larfr ukfHkdksa dh lfØ;rk] fir` ukfHkdksa dh 

lfØ;rk ls B

B A

λ
λ − λ

 xq.kk T;knk gSA 5 

HkkSfrd fu;rkad %  

−= × 346.626 10 J-sh  
319.1 10 kgem −= ×  

271.6725 10 kgpm −= ×  
271.6747 10 kgnm −= ×  

c = 8 13 10 ms−×  
−= × 341.054 10 J-s  

1 eV = 191.6 10 J−×  
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