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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 physical 

constants are given at the end. 

1. Answer any five parts : 	 5x4=20 

(a) Calculate the kinetic energy of an electron 

moving with a velocity of 0.999 c in the 

laboratory system where c is the velocity of 

light. 

(b) Calculate the de Broglie wavelength of a 

100 MeV electron. 

(c) Calculate the minimum uncertainty in the 

momentum of a proton confined to a nucleus 

of radius 10 -14  m. Also calculate the 

minimum kinetic energy of the proton. 
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(d) Obtain the most probable value of r for the 

ground state of a hydrogen atom for which 

the wave function is 

tv(r) = 	e-riao 

0 

(a 3 )1/2 
' 

(e) List all the spectral terms of a 

hydrogen-like atom in n = 3 state. 

(f) The half-life of a radioactive element is 

26 days. Calculate the time required for 25% 

of the element to decay. 

(g) Explain whether the following reactions are 

possible : 

(i) + 	--> p + n + 	+ 17e  

(ii) h = p + e + ve  

2. Answer any one part : 

(a) An electron is moving with a speed of 0.85 c in 

a direction opposite to that of a photon. 

Calculate the relative velocity of the photon 

with respect to the electron. 	 5 

(b) A pion at rest decays into a muon and a 

neutrino (zero rest mass). Using the 

relativistic law of conservation of energy and 

momentum obtain the momentum of muon 

in terms of m it  and nil,. 
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3. Answer any one part : 

(a) (i) 	Write the time-dependent Schrodinger 

equation 	and 	deduce 	the 

time-independent 	SchrOdinger 

equation. 

(ii) Obtain the value of the commutator 

[Lx , Li] 

(b) (i) State the properties of wave function. 	5 

(ii) The wave function of a particle 

confined in a length 0 < x < L is 

xv(x) = A sin nn x  
L 

Obtain the normalisation constant. 	5 

4. Answer any one part 

(a) Give the selection rules for atomic 

transitions that yield a characteristic X-ray 

spectrum. Draw the approximate energy 

levels for the L and M shells and show all 

the allowed transitions. Use Moseley's law to 

obtain the frequency of an X-ray line when 

an L to K transition takes place in an Ag 

atom for a = 3. 10 
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(b) Write 	down 	the 	time-independent 

Schrodinger equation for a one-dimensional 

harmonic oscillator which has an angular 

frequency co. Also calculate the mean kinetic 

energy and potential energy of the oscillator 

in the ground state given by the wave 

function 

a )1/2 	( 
- 

a2 

2x2 \ 
kii(x) = (- 	exp 	 

TE  

where a =mw 
• 	

10 
h 

5. Answer any one part : 

(a) Define mass defect and binding energy. 

The energy released when two 
2 

 1 H nuclei 

fuse together to form 
4 

2 
He nucleus is 

23.6 MeV. Given that the binding energy per 

nucleon in 
2 
H is 11 MeV, calculate the 

binding energy per nucleon for 
4 

2 
He . 

(b) Explain the working of Wilson cloud 

chamber. 

Physical Constants 

h = 6.6 x 10-34  Js 

me  = 9.1 x 10-31  kg 

mp  = 1.67 x 10-27  kg 

5 

5 
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tRifruj Ar 	 CWT 	cR, 1 xh* 

cii-HroRgi t : 
e -riao  y(r) = 	 

(,. 3 )1/2 
‘ c1 0 

31-4-PaT * Pr1l r 	 3T1-T 	elchdl 

(3R431-rr) amt TTR 	*1-r-A7 I 

-ER-Tr9 	n = 3 3-T4P-if 

-F4fr *TO. 	le-44 *11r-A7 I 

WsiWe.ci dta t 3TO-3rrg 26 rc-t t 
dra * 25% ITTif 	4T4 6) 	 4r* Trqzr 

lifkcbRid Ai-47 I 

.14-15.11w -k rHr 	1(VI 3113.40 W t -le : 

(i) + E+ -> p + n + + Ve  

(ii) h = p + e + 17e  

2. 	Kf'W WIT T 3tittr-4 : 

r9Tq, 0.85 c 	-aio .4, BchIT)t-R" * 

fa a fq-vrr 	Trr-diTF -4 I -Fa -TOR-. 	th44-T 

Ot-R" 	aTrkr -- -1-r1-0,4-)R-R-1*r-A7 

(T) 	tqafrg" 	rakii-HcR-2F > t, 	931Tq 3 

) 	 faTrgr  	t) 	4T-zr 

t 	3-1-Afrzr 	A ,i,41 	-4K4-Tur 
1474111 	-5R4TT 	mit  A mi.,* trql 

p-TT-4 	31-rci%'i-F-4 I 

(0) 
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3. 1*711 	N-Fr di( trA7 : 

() (i) 	rFT 	ct)1 143ER 3l'1T 

.3(4 cnio-i-acil 34ftwR 	 

F47 	 5 

(ii) 	[Lx, Ly] T -grrq .srRr *)-P-A7 I 	5 

(i) fT 4)0.-1 	 A-dr4-R I 

(ii) o < x < 	 -ffiT1 

th-F9.  PiHrOrt.11 : 

y(x)= A sin n x 

  	(I 	5 

4. fift i ITPT dTik trALT : 

aTRTFurtir x-Rbkui .134-4-0 3(4A mta ak) 

	 4-040 	 -4-dT-  I 

L 	M 11* 	TrW-z .3,311-1* aTku 

aTIT 	arjgff 4-rruff 	fq-(3-qR 

TRliTrF chk4) 	 (Ag) * 

TRI:19 7q.  L K Ti 1:ful 6) 	 'TT dcLIA X-WM, 

ITT aTr-1 7R1 *1177 I 6= 3 r1rI 	10 

L 
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.> 	1.) 	1kcf 3744 cc 	ft-zr 
3Tr-1% w t I wr--  f(',R 	$31-W-R 
w-114)kut -r -R37 I to31---4Rff 4 -Pra- 
air-4-41 	1Z-R 31-1-Era- 	4)Ai A 

Trrq lft 144R-id *'i-r-A7I to 
3T-4-pa-r 4 -airr 

a 
)1/2 

kli(x) = (— 	exp 
TE 

 

— a 2x2 

 

 

-407, 

 

2 

   

	 m 
a = 	 w 	I 

5. f 	i 1WT -WE 37-Ik tr4R : 

	4T% A *4-9- 	trfomsn-  tr77 
,31 ,4 	21 11 	*11--Md. 	Bch TENT :He 

23.6 MeV 4)\711 3c4lI 	Id -01 
t I rye n Trzrr 	21 H 

4tR 4>ssli 1.1 MeV *, c 42  He 	Fc'R 

	lachRid 

fq-Rig 4E1 - 41.  

Oft Theirtieh 

h = 6.6 x 10-34  Js 

me  = 9.1x 10-31  kg 

nap  = 1.67 x 10-27  kg 

10 

5 
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