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BPHET–141 : ELEMENTS OF MODERN PHYSICS 

Time : 2 Hours     Maximum Marks : 50 

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

each question are indicated against it. 

 (ii) Symbols have their usual meanings. 

 (iii) You may use a calculator.  

 (iv) The values of physical constants are 

given at the end.  

 

1. Answer any five parts : 2×5=10 

(a) Why do we not observe the effect of time 

dilation in everyday phenomena ? 
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(b) What is the length of a scale as measured 

by an observer moving at a speed 0.6 c 

with respect to the frame in which the 

scale is at rest and of length 1.0 m ? 

(c) A quantum oscillator in the wall of a black 

body cavity has a frequency 1014 Hz. 

Calculate the spacing between the energy 

levels. 

(d) The average decay lifetime of an 

elementary particle is 5.0 μs. Calculate the 

minimum uncertainty in the measurement 

of its energy. 

(e) The energy of a particle in a one-

dimensional box in its first excited state is 

20 eV. Calculate the energy of the ground 

state and the second excited state. 
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(f) State the parity of the following wave 

functions : 

1( ) A cos
x

x
a

 
   

 
;  

2( ) B sin
x

x
a

 
   

 
  

(g) The half life of a radioactive element is  

10 months. What is the time required for 

3

4
 of a sample of the element to decay ? 

(h) Define the multiplication factor for a 

nuclear chain reaction. When is the chain 

reaction said to be critical ? 

2. Answer any two parts : 5×2=10 

(a) Write down the inverse Lorentz 

transformation equations and hence derive 

the relativistic velocity addition formula. 

2+3 
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(b) Show that the relativistic force required to 

give an acceleration a


 to a particle in the 

direction of its motion is given by : 5 

3
0F m a

 
  . 

(c) Calculate the linear momentum, kinetic 

energy and total energy of an electron 

travelling with a speed of 0.6 c, given that 

its rest energy is 0.511 MeV. 2+2+1 

3. Answer any two parts : 5×2=10 

(a) (i) Calculate the de Broglie wavelength of 

an alpha particle having a kinetic 

energy of 5.0 keV. The mass of the 

alpha particle is 6.64 × 10–27 kg. 3 

(ii) Show that ˆ ˆ[ , ]yy p i  . 

(b) Write the probabilistic interpretation of 

the wave function. The wave function of a 

particle is given by : 

2
( ) sin ( )x x  


 for 0 x     

Calculate the probability of finding the 

particle between 0x   and 
4

x


 . 1+4 
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(c) What is a Hermitian operator ? Show that 

a Hermitian operator has a real eigen 

value.  1+4 

4. Answer any two parts : 5×2=20 

(a) The wavefunction of a particle of mass m 

confined inside an infinite square well 

( )a x a    is given by : 

( ) A sin B cos
2 2

x x
x

a a

    
     

   
  

State the boundary conditions and 

determine A and B. 1+1+3 

(b) A step potential is defined by : 

0

0, for 0
V( )

V 0, for 0

x
x

x


 

 
  

Write down the time independent 

Schrodinger equation for a quantum 

particle in the two regions of this potential 

and obtain the general solution for 0E V  

in both regions. 2+3 



 [ 6 ] BPHET–141 

   

(c) A barrier potential is defined as : 3+2 

0

0 for 0

V( ) V for 0

0 for

x

x x a

x a




  
 

 

Write the time-independent Schrödinger 

equation for a particle of mass m in the 

three regions of the potential. State the 

boundary conditions for the wave function.  

5. Answer any two parts : 5×2=10 

(a) Consider the successive radioactive decay 

of a parent element A to B, C,..... etc. The 

disintegration constants are respectively 

A B C, ,   .... etc. If initially only NAO nuclei 

of the parent element A is present, show 

that the expression for the number of 

nuclei of the element B after a time t is : 5 

 A BA AO
B

B A

N
N t te e 

 
  

  

(b) Plot a graph of binding energy per nucleon 

as a function of mass number and write its 

main features.  3+2 
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(c) Describe the working principle of a fast 

breeder reactor. What are its advantages ? 

4+1 

Physical constants : 

346.62 10 Jsh     

341.054 10 Js    

319.1 10 kgem     

271.6725 10 kgpm     

271.6747 10 kgnm     

8 13 10 msc     

191eV 1.6 10 J    
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(ii) 

(iii) 

(iv) 

 

2×5=10
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m c

Hz

5.0 μs

;

20 eV
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1( ) A cos
x

x
a

 
   

 
; 

2( ) B sin
x

x
a

 
   

 
 

3

4

5×2=10 
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a


3
0F m a

 
   

0.6 c ª

]

0.511 MeV

 

(i) 5.0 keV

6.64 × 10
–27

 kg

3 

(ii) ˆ ˆ[ , ]yy p i 
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2

( ) sin ( )x x  


] 0 x    

0x 
4

x




1+4 

 

( )a x a  

m

( ) A sin B cos
2 2

x x
x

a a

    
     

   
 

A B
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0

0, 0
V( )

V 0, 0

x
x

x

 
 

 

 

0E V

0

0 0

V( ) V 0

0

x

x x a

x a




  
 

 

m
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5×2=10

A B, C, ....

A B C, ,   ].....

A

NAO ] t

B

 A BA AO
B

B A

N
N t te e 

 
  

 

3+2

+1
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346.62 10 Jsh     

341.054 10 Js    

319.1 10 kgem     

271.6725 10 kgpm     

271.6747 10 kgnm     

8 13 10 msc     

191eV 1.6 10 J    
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