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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination-2020 

PHYSICS 

PHE-n : MODERN PHYSICS 

Time : 2 Hours] 	 [Maximum Marks : 50 

Note: Attempt all questions. The marks for each question 

are indicated against it. You may use calculators. 

The values of the physical constants are given at 

the end. Symbols have their usual meaning. 

1. 	Attempt any five  parts: 	 • 2x5=10 

(a) A spaceship moves relative to an observer at 

a speed of 0.6 C. The observer measures its 

length to be 20 m. How long would it be when 

at rest? 

(b) Calculate the de Broglie wavelength of an 

electron which has an energy of 10 eV. 

(c) What is the probabilistic interpretation of the 

wave function? 

(d) Write down the electronic configuration for 

atoms with Z = 25 and Z = 32. 
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(e) State the selection rules for atomic transitions 

that yield a characteristic X-ray spectrum. 

(f) Calculate the binding energy of 17C135 . (mp  = 

1.0078 u, mn  = 1.0087 u, me  = 0.0005 u and 

1u = 931.3 MeV). 

(g) Give any four uses of radioisotopes as tracers. 

2. 	Attempt any two  parts: 	 5x2=10 

(a) The average lifetime of muons at rest is 2.2 

us. In a laboratory measurement on muons 

emerging from a particle accelerator, the 

average lifetime of the muons as measured in 

the lab frame is 6.6 ps. What is the speed of 

the muons and their kinetic energy in the lab 

frame? (Rest energy of the muon is 10 8  eV). 

(b) A transmitter of light flashes with a period 

and frequency 	in  1) in its rest fram S. 

Derive an expression for the frequency (y') 

of the light wave, as measured in a frame S' 

moving with a velocity ul with S. 

(c) Write down the expression for the relativistic 

force law. Show that the force required to 

give an acceleration a to a particle in the 
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— 	 - direction of its motion is P= y3  mo a, where mo 

 is the rest mass of the particle and 

1  
Y 

V.1+ v2 e2 

3. 	Attempt any two  parts: 
	

5x2=10 

(a) (i) The wave function of a particle moving 

	

along the x-axis is given by: 	3 

{Nx(a-x) 0<x<a 
(x) = 

0 	, elsewhere 

Determine the.normalization constant N. 

(ii) Show that [x, p,]= in . 	 2 

(b) Write down the time-dependent SchrOdinger 

equation for the one-dimensional motion of a 

particle of mass m moving in a potential V(x, t) . 

From this derive the time-independent 

SchrOdinger equation for a potential V(x) which 

is independent of time. 

(c) Show that the rate of change of an observable 

D which does not depend explicitly on time is 

given by: 

d(D) -  

• (ED H ]) 
dt 	in 
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4. 	Attempt any one part: 	 10 

(a) Calculate the mean kinetic energy and mean 

potential energy for a harmonic oscillator for 

the ground state defined by the wavefunction: 

2 
 410(X) 	 eXp( 

2

X
2 

 ) 

where a2  = ma) 	It is given that 
h 

V (x) = ime)
2

X
2

. Sketch the eigenfunction of 
2 

the harmonic oscillator in the ground state. 
8+2 

(b) (i) 

	

	State the selection rules for X-ray 

spectra. Explain with the help of a 

diagram the transitions that give rise to 

Ka  lines. 	 4 

(ii) Characteristic X-rays of frequency 

4.2x10 18  Hz are produced when 

transitions from L to K shell, take place 

in a material. Use Moseley's law to 

determine the atomic number of the 

material. Take a = 1. 6 
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5. 	Attempt any two  parts: 	 5x2=10 

(a) Define the activity of a radioactive substance. 

The initial activity of a radioactive sample of 

p1352  which has a half life of 14.2 days is 

5.22x106  Bq. Determine the number of nucleii 

of p.1352  which will be left after 10 days. 1+4 

(b) Describe the liquid drop model of fission. 

5 

(c) Draw a schematic diagram of a nuclear 

reactor showing its general features. Explain 

the purpose of iheilding and how it is carried 

out. 	 3+2 

Physical constants: 

h = 6.626x10-34  Js 

me  = 9.1x10-31  kg 

c = 3x108  ms-1  

—x- 
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aTracqwr 	ftt 
*1 	 3+2 

h=6.626x10-34  Js 

me  = 9.1x10-31  kg 

c = 3)008  ms-1  
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