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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 
CY, 
N- 	 June, 2011 
CV 
CD 	 PHE-11 : MODERN PHYSICS 

Time : 2 hours 	 Maximum Marks : 50 

Note : Attempt all questions. The marks for each question are 

indicated against it. Symbols have their usual meanings. 

You mm/ use log tables and calculators. The values of 

the physical constants have been given at the end. 

1. 	Attempt any five parts : 	 2x5=10 

(a) Compute the de-Broglie wave length of an 

electron of kinetic energy 100 MeV. 

(b) Assuming the electrons are trapped inside 

the nucleus of size 1.0-14  rn. Calculate the 

minimum energy that the electron would 

have. 

(c) The proper life time of a particle is 100 ns. 

How long does it live in the laboratory if it 

moves with v =0.98 c ? 

(d) Write down the Lorentz: transformation 

equations. Explain the symbols used. 

(e) In a rock sample one atom radium is found 

for every 2.8 x 106  atoms of Uranium. If the 

half life of radium is 1620 years, find the 

half life of Uranium. 
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(f) Which of the following transitions are 
allowed ? Explain. 

1D3/ 	2 P 1 / 

2 D 	2 D 
5 / 	3// 

i2 

(g) State two applications of radioisotopes. 

	

2. 	Attempt any two parts : 	 2x5=10 

(a) A particle moving away from an observer 

at a speed of 0.8 c ejects another particle 

along its direction of motion. This particle 

moves with a velocity 0.6 c relative to the 

parent particle. What is its velocity with 

respect to the observer ? 

(b) The density of a substance in the rest frame 

S is p. What is its density as measured by 
an observer in a frame moving with a 

speed v with respect to S ? 

(c) Light of frequency 8.5 x 1014  Hz is emitted 

from a distant galaxy. Its frequency 

measured on earth is 5.5 x 1 014Hz. 

Calculate the speed of the galaxy with 

respect to the earth. 

	

3. 	Attempt any two parts : 	 5x2=10 

(a) A particle of mass 711 is confined in a 

one-dimensional box of length L. Solve the 
Schrodinger equation to obtain energy 
eigenvalues and normalized wave 
functions. 
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(b) Spin angular momentum operator is given 

by --3,s = _ -j where the Pauli Matrices o-
2 

are 

10 1 	(0 -i 	1 0 
o- = 	

ff  

	

1 0 ; Y = (i 0 	0 -1 

Prove that [S Sy] = i h S . 

(c) Prove Ehrenfest theorem 

d (D) 	1 

dt 
— 

ih 
([D, Hi). 

4. 	Attempt any two parts : 	 5x2=10 

(a) Compute the expectation value of the 

e2  
potential energy V(r) = — of Hydrogen 

atom 	in 	its 	ground 	state 

1  

00 (0    e r/ao 

NITrao 

x  p x  
(b) For the operator a- 	, obtain the 

commutator [ a, al. 
(c) State Hund's rules. Find the ground state 

of Li using Hund's rules. 
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5. 	Attempt any two parts : 
	 5x2=10 

(a) Sun generates its energy by fusing 4 protons 

to make a 411,, nucleus with approximate 

release of 26 MeV of energy. The power 

output from the Sun is 4 x1026  IN. Find the 

life of Sun assuming that Sun contains 

roughly 1057  protons. 

(b) Draw the binding energy curve showing 

variation of binding energy per nucleon 

with mass number. With the help of this 

explain the phenomenon of nuclear fusion 

and fission. 

(c) Describe the principle and working of a 

cyclotron with the help of a diagram. 
2+2+1 

Physical Constants : 

m= 9.109 x10 -31  kg 

= 6.626 x10 -3-1  Js 

111
P
= 1.672 x 10 - 27  kg 

in !, =1.674 x 10 -27  kg 
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faFF T-frffT(T4t) 

	 gi 	aTT 

.7, 2011 

: 31-111tk 

3"1,(fq 	: 50 

	: 	 ci;i/ 	 3-1.,47 70; R77.74 	377 

(-1/47 	 797:1-)Ti 	v'tirtT f471d1.4?).  

1-11-1 	1-q-r 	ei 

1. 	 : 
	 2x5=10 

(a) 100 MeV+165.1 -31 11 -,TR 	 91.14 41-  

TT0T9T 	 I 

(b) 4*-1 	h7 -M409 10 1 '1 tn 371,171  

d-ig(1cfI  	 Iff ? 

(c) cI 	T 	I6 -id '311,::1-97*T-6J 100 ns I ?, =0.98 c 

*4- ( 4 1 -4•r--10 qt.; 	7*71111M3T.+:111.1 	 

	 ? 

(d) TtIrl 	iiii7Tt4)4.11 fj 	Pft   'TT 

3121 4,-0-15-aj 

(e) 727 	19 	, t fiT-114 017-  2.8 x1u6  

tR-1471,6-if t Fr:17 7,1"...1•f-,-?-4-T-4 T-171171 qTm i1Tflt I 

3R ft7f1=f i1 314 317 1620 	t. 4T 	-T411 

a->1 3p-4 3Tra -7r7 

7177 :2 
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(f) t5c-I -14   71/*1 49h 4-1 1-11 3T-117ff 	: 

1 D3/ 	2 P1 

/2 	/7 

2
E./ 	

, 2 P I.)  5/ 	3/ 
/2 	/ 

 	I 

(g) 31-71-50FT 

2. 	cl7 	 : 5x2=10 

(a) •4 0.8 c ci;1" 110 .A 	 A111 TOTT 

ctoir 	cr 	fq.vri 	3117 *or i -1(r411Psid 

	

cTr t I 	-WriT -0' 79 *or t 	c-1 0.6 c 

I ttict) t 4.-11 ZR-T 	*1 i 	m 	 61'11 ? 

(b) fqT7T1-4T-qT "14 ft-2Mci s 	1.) 4ql0   p 

t I St-Tn*,,T v i i 1 TirffITH 471 74 ft-P-M 

.g1T-f HILII 4 vir 7-{:rwr 	cfqi 	Jii ? 

(c) .7Tq gqii4)41 	,Achlw ch`l ,3Tr-Ifu 

8.5 x 1 014  Hz t I 1:12'1 'TT 	(41'1' 33-7-f-d 

5.5 x 1014  Hz TIT't 	 t I 1:1 2,t t" 'NT'*-41 

ch-1 ch '1l(1 ch 4101-11 	 ch I 
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3. 	 q>"1 : 	 5x2=10 

(a) kick 	ct-d 44-11-1 

	

{c4-4.4 14 TirP:iff fir 	tI5rrr----4-R (*I ch 

c'•1 -ch7t ,3-11$+1-1 ,-111 3TIT 51(-11 4-114 cpc1 di 4 1 

711. 

 

q-) I 

(b) "ftcF 	TOT1 	 : 

1-1 	A5T 	tr.r-Tft -ftcF 	: S = - 
2 

(0 1 	 (1 0 
1 0 "Y = (1 0 ); az  = (0 -1 

fq--4 cn . 	Esx, 	= h sz  

d (D)  

dt 	ih (113,1-1] )#Z c4 I 

4. 	7)-1-1T7 	: 	 5x2=10 

(a) 	,3-11 -717 k 	3MP-1T 

1 
thuo  (r) = 	e 	"0 t 	fT-9-Tf-d7 d)zi 

V (r) =- —
e -

TT kANRII 	-5171 	I 
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Px   
(b) 	11(cil : 	 cf, l

roq wzfea-T 

[ a, al .5177 ch••  I 

(c) 	fTc~2T 3~i~h1 l7c 7 Li chl 

fir 31-4T-21-r Trr7T 	 

5. 	 ch : 	 5x2=10 

(a) 1-1si 4 tal9. 	 4He 	q9—di 

040-1-7 26 MeV ' 1 30411-qc1 	t I 714 

F-111(1 Tr-WI 4 X1026  W Izit 7:Fi 14 Mt-4 

10 7  IsI3-1.-1 	air 	7iid ch .  I 

(b) T1T2.1-  -q''ET9.  67 5 T fa itfq-tNT 

.4q9.  3r)11 1541 3*fci 	1 7:R4 -111-  

(c) cb 3R-ft-TA' 	 #1-4t 

ti4-1*-i1(;* -37:1-*1 cbi4NRT 	crA I 	2+2+1 

2.7e6W ft:277/W: 

me = 9.109 x 10 -31  kg 

/1.= 6.626 x 10 -34  Js 

m1, 1.672 x 10 —27  kg 

in„= 1.674 x 10 — 27  kg 
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