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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 
00161 	December, 2017 

PHYSICS 

PHE-11 : MODERN PHYSICS 

Time : 2 hours 	 Maximum Marks : 50 

Note : Attempt all questions. The marks for each question 

are indicated against it. You may use a calculator 

or log tables. The values of physical constants are 

given at the end. Symbols have their usual 

meanings. 

1. Attempt any five parts : 	 5x2=10 

(a) Calculate the velocity of an electron when its 
mass is equal to twice its rest mass. 

(b) Calculate the kinetic energy of an electron 
whose de Broglie wavelength is 700 nm 

(c) An electron is confined to a box of length 
10-8  m. Calculate the minimum uncertainty 
in its velocity. 
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(d) Calculate the expectation value < p. > of the 
momentum of a particle with the wave 
function 

_ 2 	. arm) 
Wn(x) — (LI1/2  

(e) The wavelength corresponding to the first 

transition of Balmer series of hydrogen is 

6563 A. 	Calculate the wavelength 

corresponding to the second transition. 

(f) A radioactive element has a half-life of 

16 years. Calculate the time in which 70% of 

the sample will decay. 

(g) Calculate the binding energy per nucleon 
in 6C12 

Given : Mass of 602  = 12.0 u 

m = 1.007275 u 

mn  = 1.008665 u 

me  = 0.00055 u 

2. Answer any two parts : 	 2x5=10 

(a) Light of wavelength = 4850 A is emitted by 

atoms in a galaxy receding from the earth 
with a speed of 0.3 c. Calculate the 

wavelength of light observed on the earth. 	5 

(b) Calculate the annual loss in the mass of the 

sun if approximately 8-4 J of radiated energy 

is received by each square cm of the earth's 

surface per minute. The distance of the sun 

from the earth's surface is 115 x 10 11  m. 	5 
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(c) Derive the relation between relativistic 
energy and momentum of a free particle. 	5 

3. Attempt any two parts : 	 2x5=10 

(a) What is the probabilistic interpretation of 
the wave function ? Write down the time 
dependent SchrOdinger equation. Obtain the 
time independent Schrodinger equation. 1+1+3 

(b) The unnormalised wave function of 
particle is given by 

= Nx exp (x2  /a2 ). 

Determine the normalization constant N. 	5 

(c) Show that 

[LZ , L]=iliLy 	 5 

4. Answer any two parts : 	 2x5=10 

(a) Consider a particle of mass m confined in a 
one-dimensional box : 

V(x)=0 
= o otherwise 

Solve the Schrodinger equation for the 
particle and obtain its energy eigenvalues. 	5 

(b) State Hund's rule. Use Hund's rule to obtain 
the spectral terms and ground state of 
Sc (Z = 21). 	 3+2 
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(c) X-rays from cobalt (Z = 27) tube have a 
strong K line of wavelength F785 A and a 
weak line due to copper impurity (Z = 29). 
Using Moseley's law, calculate the 
wavelength of the other line. 5 

5. Answer any two parts : 	 2x5=10 

(a) Explain the liquid drop model of fission 
qualitatively with the help of schematic 
diagrams. 	 5 

(b) Calculate the distance of closest approach of 
an a-particle of energy 5.3 MeV fired directly 
towards a nucleus of gold (Z = 79). Given 
mass of gold nucleus is (m = 6.7 x 10 -27  kg). 

(c) List the basic components of a nuclear 
reactor and explain the functions of 
moderator and coolant rods. 	 2+3 

Physical Constants : 

h = 6.626 x 10-34  Js 

= 9.1 x 10-31  kg 

mp  = F6725 x 10-27  kg 

mII  = 1.6747 x 10-27  kg 

c=3x108 m/s 

e = 1.6 x 10-19  C 

1  = 9 x 109  Nm2  C2  
47 p 
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1. .141 reiw iTml*zw ti* : 	 5x2=10 
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CI 
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(v) 1 1-.1 (1 	(VI Wtrr 4)C1.1 airl wit 	apt 	 
TIF < px  > 1-actliCio *Ii77 : 

1/2 
— (i—j ) sin 

2 	. rum) 

 	 -47R Oft 	-sram ti9t)Hui * 
ffiritui 6563 At I 	1cf 	a k.ist)i-m 	TiTFff 
*14414 lifkg)RidAf-A- I 

IrseiTfa 	ar-f-agg 16 Wi t I -4F 
kiHei LIRchiMI *Iftg Psiti4 	t.i4 70 31110Td 	 

kizt 7r-d-rt 

6012  * rc-R Nr 	 d),71114114,Rici 	
*I.NR 

f 	al IFFT : 6C12 W 	= 12.0 u 

mp  = 1.007275 u 

mn  = F008665 u 

me  = 0.00055 u 

2. f*- 1 	ITA gattftR : 	 2x5=10 

*ft* 4 TRITIliaff "PT rati 	 sirnm r 
cur X = 4850 A t, A44. -14-41W 0.3 c 
-alo 4 Tilt 4 	Tett iitzft tr-{ 
7-+-R-r *1-  *rrtuf 1.141Zici WAR I 

tkei * c'el+41.1 	alf44, OW (annual loss) 
NikchrZio *If4R zrft Aluit 	tidy .gm -sr ft 

T11-FT 8.4 J t iWklit 
4).3r 31TRT 	 t I 	kith; 	TO t- 
1.15 x 1011  m I 

(:) 

5 

5 
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(TO 	-13r 	app 114rar d)~f 3 tTi-43T 	4tq 
*Ea 	tri*I 	 5 

3. *41 nrill*3tiT-41P4R 	 2x5=10 

(") "ffiTT th—eR* 	Ili eoic4ict) eatitseli Wrr 	? 

wmfka-  ssrlit-AR toilchtui RIR1 I mire 
NA-AR ki4fichtui SITqf *ri4R 1 	 1+1+3 

(Z4) f+141 WiT f 315RIPITP4tt7 (unnormalised) 

Wkrf th—e4 •wr etiAch -144-1660 : 

=Nx exp x2 /a2 ) a2  

	chtul Azie* N *WO' *A7 I 	5 

(T) fiti4 *rikR 

[Lz  , Lx] = ihLy  

4. viTiv*z-dut-NR : 	 2x5=10 

At* f* in 50411411 	 K"-fOftzT 

wfav >f t11140 (confined) : 

V(x)=0 

= 00 arAriff 
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4ti .3,41f 	3rrRr Ati4R I 
	

5 

(13)  	 'Pe* I -ict)i .5441 W.  
Sc (Z = 21)* 4%41 trq atiT 1:0-3WRIT 7171 

trNR 1 
	

3+2 
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5. 1*-4f RA* -3W tNR : 	 2x5=10 

() Aimg 31-1-W *1-  tweidi 4 -ftsis-1 

guliclichcii (qualitatively) *I <Amgen 
*Ii* I 	 5 

5.3 MeV .311 * 1i a-WT 	1:114 (Z = 79) 

-Act) *I .UKE5 14114 4-4T (fired) W-dT t I 	ti;.) 1C-R 
Pcbe.041 	 *I.NR I -RR TR V14 

* -Act) 	(m = 6.7 x 10-27  kg) t I 	5 

(TO -AtAti it * .gftztltiltaT 3T-dzi-d1 

ttmlitsi.6 -41-NR MIT fi-iqcb 311( kildoct) t41-  

chitil 41 centseu trf*R I 2+3 

977PrWneferien/e/WW: 

h = 6.626 x 10-34  Js 

me  = 9.1 x 10-31  kg 

mp  = 1.6725 x 10-27  kg 

mn  = F6747 x 10-27  kg 

c = 3 x 108  mis 

e = 1.6 x 10-19  C 

1  = 9 x 109  Nm2  C2 
 47E co 
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