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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination, 2019 

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 non-programmable calculators or log tables. 

The values of the physical constants are given at the 

end. 

1. 	Answer any five parts : 	 [5x4=20] 

(a) Two galaxies are recedin6 in opposite directions 

at speeds of 0.4c. What speed would an observer 

in one of these galaxies observe for the other 

galaxy ? 

(b) Use de-Broglie's relation for the wavelength of a 

particle of momentum p to derive Bohr's angular 

momentum quantization condition. 
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(c) A particle of mass m is confined to a line of length 

L. From arguments based on the uncertainty 

principle, show that the energy of the particle can 

never be zero. 

(d) State the selection rules for X-ray spectra. Draw 

the energy level diagram for L and M shells and 

show all the allowed transitions. 

(e) State Pauli's Exclusion Principle. Obtain the 

electronic configuration for atoms with atomic 

number Z = 19 and Z = 38. 

(f) How much time is required for 5mg of 22 Na to' 

reduce to 1 mg ? (T, for Na = 2.60 years) 

(g) (i) 	Classify the following elementary particles 

into 	leptons, 	baryons 	and 

mesons : 

z° , 	ve , A 

(ii) 	Explain whether the following reaction is 

allowed or not : 

e-  -Ft) 
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2. 	Answer any one part : 

(a) Explain why we donot observe the effects of time 

dilation in everyday phenomena. A galaxy is 

receding from the earth at a speed of 1.5x10 2 

 ms-1 . If it emits light of characteristic wavelength 

550 nm, what is the corresponding wavelength 

measured by astronomers on earth ? [1+4=4] 

(b) The rest mass of proton is 1.67x 10 -22  kg. 

Determine the force required to give the proton 

an acceleration of 10" ms -2  in the direction of 

motion when v = 0.8c • 	 [5] 

	

3. 	Answer any one part (a) or (b) : 

(a) 	(i) 	State the properties of a wave function. 

Can the following wave function represent 

a Physical System : 	 [5] 

= N(1 + ix)e -x  for x > 1 

=0 	 forx<1 

(ii) 	Evaluate [xpx  , 	 [5] 
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(b) 	( 
	

Write the time-dependent Schrodinger 

equation and deduce the time independent 

Schr6dinger equation from it. 	[5] 

(ii) 	Define the parity operator. Show that the 

parity operator is a Hermitian operator. [5] 

4. 	Answer any one part (a) or (b) : 

(a) 	(i) 	Calculate the mean potential energy for 

the one dimensional simple harmonic 

oscillator in its ground state defined by the 

wave function : 

a ■ '/2 	
azx

2 N. 

exp f__ 
.N./7t 	 2 

2 mo where a = 	and the potential energy 

function is V(x) 
= 2 

m w 2 x2 
	

[5] 

(ii) Write down the orbital and magnetic 

quantum numbers for n=4. Hence, 

deduce the number of degenerate eigen 

functions for the hydrogen atom for n=4. 
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(b) 	(i) 	Show that for a 1s electron in the hydrogen 

1 	1 
atom, the average value of —

r 
is /a0 

 , 

where the wave function is : 

= r- 
-V 7C a 0

3/2 
e - r la ° 	

(51 

(ii) 	Determine the probability that a particle 

in a box of width '12 can be found between 

L 
x=0 and X = — in its nth state. 

n 

use w„(x)= 
L 

sin nrcx  and write 

the intermediate steps. 

5. 	Answer any one part : 
	

[5] 

(a) Define mass defect and binding energy. Calculate 

the binding energy per nucleon for 

az MO (M = 95.94u) . Take m=1.008665u and 

m =1.007825u. 	 [24-3=5] 

(b) Describe in brief any five uses of radio isotopes 

as tracers. Distinguish between fast and thermal 

reactors. 	 [3+2=5] 
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Physical constants 

h = 6.6 x 10-34Js 

me  = 9.1 x 10-31 kg 

m = 1.67 x 10-27kg 

lu = 1.66 x 10 -27kg 

x 
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I  tfr.g.t.-ii  
fq11 ,1 tiltich (41A11. .111%) 

tiAlcl trthEIT, 2019 

Iftftw ids~ M 

: GTreq.  iftrat 
: 2 lEru 	 ‘Acbcpi 3T : 50 

91-e Witt Tr47 titql TAT P9 .  t 3# \it-A 	it4 Tfq 

5r 4r4 GTO* 	 GTO tI GIN alftrgtzt 4Wrzt zrr 
gTr 1r 	rr 	I 911f4 f*.roicni 1:17 

3t4R7 1711 

1. 	trk 	\1TR 41rM 	 [5x4=20] 

() 

	

4-i411Aeii 0.4c. ti -coo # 7` -vit t 
1.411 # 7T-0 tr 	71' 
	 4 item .41.TT am 7# 	 
w Tow Tarr Toff qzrr 	 ? 

ti 	.1 pq*Tcrr 	 i ft  -07-41 #44 
*Trzf t-R 1 1 ctclidAcbtul 3:ftW4ti T19' 

tritql 
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(Tr) 
	

Aa1+i1 ,i m Tur cRrrt L i1-w*-  
aff*Owdffr 	tit al-Rift-a a-4 

	

ti t7 f Sr i \3 ,),=11 	Ili 	i9et t - 
Tgt- i 

X-1Tur fkftRI L 3 t  

th,Y11-7T Gift T§iif* alY( 	 

Tit 31-117 tisbflut it3rgq1 

111741 3itr449.  ititcif cbt1-1 41N71 Z=19 ah 

Z = 38 11-7117  	777311 t Oct Act) 

fMtgqi 

22Na 5mg 	1mg 	Q1I; 4 itff9T 	 

ri' 1(11 	? 

	

Naij 	T, 2.601$ ) 

(7) 	(i) 	 ctv-II 	r .1Z19., kitarF 
4R:rF 41ii-  4 TitF- 	: 

(ii) 	t♦ 4-I51V 	aftftzu 31-Tiff 

zfr 9--ef : 

11" -  -> + V 
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2. liT2T   trit7 

() 
tp-mv 	t Ereffra4 4 T4 com 

MIK qilt 9ttitrdT1 iIt#41Egt 1.5x10 7 

 ms-'t c4K1 Ter WI * 4U 550 nm t 

GIRT-4e% UtIltatcif 17WRT 344ff We 

t 13121 bTIT 	ATIRT t TEIT Wt21-b4 

+1121 ? 	 [1+4=4] 

	

t1 4-1 Ad-1919 1.67x10 -27  kg WI 	t 

ItPIT 4 5k1.9.  t 1015 ms-2 ccRui 	7 

1 1 u 1 -11 tt7 q4t v = 0.8c [5] 

3. t 5 gPT, 	zif (7§f) tft7 

() 	(i)   TraT4 Witql ITT 

	 crT iltrOT F4Tizr t ft -ftrff TT 

Trwrr 	: 	 [5] 

w(x) = N(1+ 	, x > I t it7 

=0 	 , x <1 t it7 

(ii) 	[xp„, 	Trr9-  gry trA7i 	[5] 

(1I0 	(I) TrerRia-  -sWIt-4R tigkbvii ittrqaft z-frt 

cbm kc1c1sAft-PTT ti414)(.1 AfrT titql 

[5] 
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(ii) 	4ft-a 	titql ftf* 
vta ticbRcb, ftt-a ticbl tcf, t1 	[5] 

4. 	krt 1-TrTr, 	zrr 	trqq.: 

() 	(I) 	7-#41:r titM air-qt cit i s arq-Kr t 
t7 rrrtzr fted7 thAl   tftql 
TO' al-4Kr r cI 4 1 tb79' 

 

a 

Jr , 

 

,7 	'\ a -x 2 
 

2 
W0 (x) = exp 

  

61 a 2  = CD  ‘311T ItRird7 	 t5-09.  

V(x) = -1 
m co

2
X2 	

[5 ] 

(i) 	 T&3tl--(-1.qtzr 	 
WIt17 1 	n = 4 t 

1:0:f7 t altriPZ  	ATTE 
trI*1 	 [5] 

	

trr-A7 f 	i 	1 i i tr-e-Yrroj t is 

	

fq 	Tr ailTra. 1TH 

,716.1 cq4iLbo•- ■ 	: 
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(ii) 	ti 4Fff 	grftRwrr Wff tit7 i tt 

	

eitit nt.  31-4MT 	avi 'L' cII 

Alti 4 x=o 3 x= —n 	
1741' 

2 
kiln (x) = L sin( 

 L 
 ---rx ) 	ah hut-Il # 

tq' t wur itftRI 	 [5] 

5. 	 flP-r 

(5) 

	

AC4491 11 	et< Wei \I, w1 711 	itTurr tritql 

mo (M .95.94u) t 	APcf 	c 3AtT9' 

11 	77171 tit7I m p =1.008665u 

m p=1.007825u4A1 	 [2+3=5] 

	t r 4 litzWeiroYaq t 	T i 	l  

gff its 3 cit 	1 ftcrIzT 4 ata7 4771 
[3+2=5] 
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h = 6.6 x 10-34Js 

m0  = 9.1 x 10 -31 kg 

m = 1.67 x 10 -27 kg 

1 u = 1.66 x 10 -27kg 

x 
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