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BACHELOR OF SCIENCE (B.Sc.) 
Term-End Examination 

June, 2015 

PHE-11 

PHYSICS 
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 may use log table or a calculator. 

	

1. Attempt any five parts : 	 5x2=10 

(a) Calculate the energy of an electron 

that has de-Broglie wavelength of 1.81. 
(h = 6.63 x 10-34  Js; me  = 91 x 10-31  kg) 

(b) What is the uncertainty in the energy of an 

atom in an excited state having a lifetime 
10-9  s ? ( h = 1.055 x 10-34  Js) 

(c) List any four applications of radioisotopes. 

(d) For a hydrogen-like atom in n = 2 state, give 

all possible values of L and J. 
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(e) Is the following wave function physically 
permissible ? Give reasons. 

e x2  
y(X) = A x2 — a2 ' — 00 < x < oo 

(f) Which of the following reactions are allowed ? 
Give reasons. 
(i) n—>p+e+y 

(ii) —> e + ve  + 

(g) Calculate the binding energy for 
9  4  Be given 

M(90e) = 9.0122 u, Mp  = F0073 u, 

Mn  = 1.0087 u, Me  = 0.0005 u and 

u = 931 MeV 

2. Attempt any two parts : 	 2x5=10 

(a) A particle at rest decays into two particles one 
of which is massless. Using relativistic laws of 
conservation of energy and momentum, obtain 
the momentum of the decayed particles. 	5 

(b) Two events occurring at the same place in a 
certain inertial frame of reference are 
separated by a time interval of 6 gs. In 
another inertial frame, they appear to be 
separated by 18 Rs. What is the velocity of 
the second frame relative to the first frame 
and what is their spatial separation in the 
second frame ? 	 5 

(c) Derive the relativistic velocity addition 
formula. 	 5 
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3. Attempt any one part : 	 1x10=10 

(a) Wave function of a particle of mass m in  
the following one-dimensional square well 

	

V(x) = 0 	-a <x<a 

	

= 00 	x < - a; x > a 
is given by 

41(x) = A sin —2nx  + B cos 2n x  
a 	a 

Calculate A and B and the energy eigenvalue 
corresponding to the above wave function. 
Explain how the existence of zero point 
energy for an infinite potential well is 
consistent with the uncertainty principle. 7+3=10 

(b) For the following function 

f(p ) = E n 

n = 0 

show that 

Ex, f (px)1 = ih af(Px)  . 
apx 

10 

4. Attempt any one part : 	 1x10.10 

(a) Calculate the average potential energy of a 
one-dimensional harmonic oscillator in the 
1st excited state 

)

1/2 
2 a x e

-a2x2/2  
Wi.(x) = 2 
	

10 
,/ TE 
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(b) Obtain the average value of < r > and 
2 

of potential energy V(r) = - 
e 	of a 
r 

hydrogen atom in the ground state 

100 (r) = 	II 
1 	 e-r/2a0  

Show that for n = 2, there are 4 degenerate 

eigenfunctions for the hydrogen atom. 	7+3=10 

5. Attempt any two parts : 	 2x5=10 

(a) Due to a nuclear accident, a radioactive 
substance leaked into the surrounding area 
and the level of radiation became 100 times 
the permissible level. If the half-life of the 

radioactive substance is 50 days, after how 
many days would the area be safe for 

occupation ? 	 5 

(b) Describe the general features of a nuclear 
reactor with the help of a schematic diagram. 5 

(c) Name the different models of the atomic 
nucleus. Discuss briefly the shell model. 2+3=5 
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1. cbli zew iTrTr 	- tP-4R 	 5x2=10 

() 1-8 A t .1Tic11 *01;4 .40 	r--4-0q.  *=r .3,41 
	trNR 
(h = 6.63 x 10-34  Js;  me  = 9.1 x 10-31  kg) 

N) 	•711 ard1:9-TI 4 TRITTigair ActichIci 10-9  s t I 
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(h = 1.055 x 10-34  Js) 

(Tr) 1-WaTrp:MEr * 	39-5KIT4 	t,41 
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(v) 	\314-Prf '4 1. 	n = 2 31 	1T L 
Trt linT4 -MIR I 
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PiHRikvi *rf th-07 	 ? 

chtkui tNR I 

e-x2 

w(x) = A 	-00 < x < 
x2 - a2 ' 

alfgrwzrrk. 	? 

ctaul tr-AR I 
(i) n-->p+e±y 

(ii) e + ve  +15-n  

() Be94 	11L4tIq 	cid *1NR, 

4eil TIM 	M(94Be) = 9.0122 u, 

Mp  = 1.0073 u, Mn  = 1.0087 u, 

Me  = 0.0005 u 	u = 931 MeV 

2. 	e 	-A=tr-47 : 	 2x5=10 

() -Num-44f -P-rd 	 cbul 	kizr 

	t 17B-1 	r o1HI i if 	d t I d),41 

*Tim-Err aTr4141-#4 14414 .wr zErzhrr 
era.  cbuil 	ttr-A7 

	 1-47f A7 t  	-61 T2TR tr( 

kie.c11 	 6µs * Tf1:14 3.i-d1TU 	31-- 71.  
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f<Tird't t I rl 1-*4r 	arr Tr-O -r-4-kw *A.  

Trr4k-T TErr 	d-lcbl 	fqr A-ff 
121T1* 3i1l-ro.-4;Err 	? 

(T) 374-WM 	1").rf Tata 	 5 

5 
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3. ct;li 	IITIT 	*ri* : 	 1x10.10 
() AHRiRsid Te411 3Trzid TT 

	

V(x) = 0 	-a <x<a 

	

= co 	x<-a; x>a 
500-11-11-1 m 11 R* *Err ► r wiTr rb-ml 

kv(x)= A sin —27(x + B cos 27cx 

	

a 	a 
ztrzl- 	Th-Fq * Tirru  	3 A 

B tfikchroct Ali-47 040(9q1 *F177 1 31R 

fairy 	* R-R 	1,-04 re dwil 3TPTM.  

31f4Wd-dr f 	* Tirral I 	7+3=10 

(ii) -14-1 tin th-Fq 

f(px) = E pX 

n =0 

thg Arr-4R 

[x, f (px  = ih af(Px )  
aPx 

10 

4. 'Qt 	11Fr 	: 	1x10=10 

() W-TIT 	 3r4RIT TI-41:1-  aTrOft-d* 
( a )1/2 

wi(x) = 	 2 axe'
2 
 '2  2-Jrc 

31R:rd -Ptr-d7 	tift.broci *11-4RI 	10 
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, 	1 	-r/ 2a 
Wioo(r)= 	e 	0  

Sao 

* 	 <r> r *ra 	-Prf-d7 4)•71 

V(r) = - —
e2 	IT14 Trrqr 	R 
r 

IL, 1-* n= 2 fcR 	14,31-1 

4 altrWZ 	old t I 	 7+3=10 

5. cal 	ITIT1 Alf-A7 
	

2x5=10 

RTFiTilzr 	* cbRut aTmErm * 	A 

Irsql- 1;te.ci IT-4-Ri fi Trzir 3 	*(-4 

-kf-*TuT iI1R:R 	 31 T1?100 Th-r 

Trzrr I aft IfseOici'da tRi2i 	34-3-1-11 

50 fqq t, TramA'rf--4R 1-* -f-*--A fc-11 * wg 

A TurcL-4-* chlei Phelf 	.14011 ? 	5 

(13) 141,2TE PaA 	iticif 	TFAT‘tt fk4-6 

kwifrer 	 tl-f-4I 	 5 

(ii) trt-grrul 	* few 	* RTU siciiV I 

41kir A chlkr 	 14-4-4T AINR I 	2+3=5 
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