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BACHELOR OF SCIENCE (B. Sc.)
Term-End Examination
December, 2024

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. The values of physical
constants are given at the end. Symbols have
their usual meanings.

1. Answer any five parts : 3x5=15

(a) The total energy of a relativistic particle 1s
exactly twice its rest energy. Calculate its
speed.

(b) A charged particle at rest has a mean
lifetime of 4 x 108 s. What is the mean
lifetime of the particle measured by an
observer at rest if the particles are moving
relative to the observer at a speed of 0.6 ¢ ?
What would an observer moving with the

particle measure their mean lifetime to
be ?
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(c) Show that the de Broglie wavelength of an

electron accelerated from rest through a
12.2A
Jv

(d) A particle of mass m is confined to a one-

potential difference V is

dimensional box of size ‘a@’. Use the
uncertainty principle to prove that the
minimum energy of the particle cannot be

Zero.

(e) Write the values of [ and me for n = 3. Show
that for n = 3 state there are 9 degenerate

eigen functions for a hydrogen atom.

() Use Moseley’s law to obtain the frequency
of an X-ray line for an L to K transition for
an atom. Takec =4, R =2.18 X 1018 J and
7 =44,

(g) Define the multiplication factor for a
nuclear chain reaction. For what value of

the multiplication factor is the reactor said

to be critical ?

(h) Classify the following particles as leptons,

baryons and mesons :

n°, p,n% e X% 1
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2. Answer any one part : 5x1=5

(a) Consider two inertial frames of reference, S
and S’ in which S’ is moving with a velocity

Vi along the positive x-direction of the

rest frame S. Derive the expression for the
_)
velocity w' of a particle relative to the S’

frame if its velocity relative to the S frame

_>

s u.
(b) Derive the expression for the relativistic
force required to give a particle an

%
acceleration @ 1in the direction of its
motion.
3. Answer any two parts : 5%2=10

(a) Write down the time dependent
Schrodinger equation for the one-
dimensional motion of a particle of mass m
moving in a potential V = V(x). From this
deduce the time independent Schrédinger
equation for a stationary state. 1+4

(b) The wave function of a particle is given by :

v (x)=Nsin(bx), O<x<m

Determine the normalization constant N
and the probability of finding the particle

between x = 0 and ng. 5
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(¢) Derive the expression for the rate of
change of an observable D, which does not
depend explicitly on time and show that for
a free particle of mass m : 3+2

d<x> 1d<p,>

dt m dt

4. Answer any two parts : 5%2=10

(a) The potential function for a one-
dimensional rectangular potential barrier

1s : 24+2+1
0, x<-a
V(x)=1V,, -a<x<a
0, x>a

Write down the Schrédinger equation for a
particle of mass m moving in this potential.
State the boundary conditions for the wave
function and the general solution for the
wave function inside the barrier for

E < Vo.
(b) Calculate <p, > for the ground state

harmonic oscillator wave function given

by : 5
(x)= (ijlm ex (— a’y?)
Vo=l ) P T
where o2 =72
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(¢) State Hund’s rules and obtain the spectral
terms for Si(Z=14). 3+2

5. Answer any fwo parts : 5%2=10

(a) The half life of Th2%2 is 1.4 x 100 years.
Calculate the disintegration constant in
sL. Calculate the number of
disintegrations per second from 1 g of
thorium. Take Avogadro’s number to be

6.03x10%3.
(b) Describe the liquid drop model of fission.

(c) Explain the structure and working of a
cyclotron with the help of a schematic
diagram.

Physical constants :
h=6.62x10"34Js
h=1.054x10"34Js
m, =1.67x10"2"kg
m, =9.1x10"31 kg
1eV=1.6x10"19J

c=3x108ms!
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(@) foumeen ¥ feod & smW@fRE & @
e Sfeertel 4 x 10-8 s 21 fommareen o
fEord T UeTH U WU 0.6 ¢ I oA
Y ud W e w1 o S a
ST AT ? O & WY TAHHE Th
el IHh 3AMd St w1 A
T ?

(M) fag =ifse f& foummeeen 9 favgerw v
H @fd T SRM &1 2 §iel ques
12.2A

= 2

(9) THIME m & Th &0 hl IHY o' F Th

thfada dfem § ufeg fea s 2

iffyaaa fagra &1 WM X ge 98

HifsTT T 01 & =JAaq e A @I B
Tt B

() n=23% f90 | N me & AR fafEm)
feEmEu foh BESSA W] ki n = 3 3TeEel

% U TO9Yw AT WAl St &l 9 B
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(9) A5 & fem &1 swde e TR
T % L ¥ K §R90 § I+ X-fho

W & AP W ®INTE o = 4,
R=2.18 x 10- 18 J 3R 7 = 44 wifsu

(8) M SEen sAfafea & fag oM
FR&$ I IR9W fafeu TPH FRE &
frg 7 & fau fiuswex =1 wif<as &a
S ® 2

(§) Trefafga wof & @wd, dRst[ 3R

T o aiffepa hig

[e] 0] [e)
n°, p,n% e X% 1

2. HiE Wah N HifWT : 5x1=5

(%) SR & T Sgeg e 0 ? R 9,
form @ S & uTHs x-fem & W
M Vi 9 TgHE 81 afg e s w1 9w

frder a5 S WU 4 @ @ Few @ S

% WhE HU F W 4 B T S
AL
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(@) fwEr &1 k1 IUHt TG T fEom H =R
%
a USH & & fau revas smufdsia

I R Fsieh Fd— hifoIu|

3. i S 9N HifST . 5%2=10

(F) famd V=V & 311 fddqH S9H m
I HUT P Tehfad T & foq Hramsa
e gHiR fafgu) Su9 Tt steeen
% T o w@aa Aife®R gt o

hifSTa) 1+4

(@) TRt &1 &1 T Fod FEAfated ©

y(x)=Nsin(5x), O<x<m

TR0 Tadie N 3R &9 & x = 0

3ﬁ'{x=§ % a9 SH R UiEeRdn
qRehfeTd ShifSTd| 5
(1) el devfta D, S W €9 9 9 W
AR T8 @, & IREdT X FHT FSh
- Hity| f@se fF s\ m 9«
T Yo &0 & faq : 3+2

d<x> 1 d<p,>

dt m dt
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4. HIE J Y9N HITST : 5%2=10

(%) Thfad AR fawa Ufwr & fau

fave wem frefafed 2 . 2+2+1
0, x<-a
V(x)=1V,, -a<x<a
0, x>a

g faug & 1= Ifdq e o9 m & T
w0 & fau gifem gdew fafen @@
wed & fau ufwm ufdssa fafaw)
E<V, & fou Uftem & =<t T %o

% fau =9 g« fafau)
(@) Tedl Jeieh i T ST i T Hed
frefafaa ® . 5

([ a2x2)

\vo(x>=(%jmexpk— >

S a2=%| T e & fau <p >

T hiferd|
() g & f7om fafEae 8k Si @ = 14) &
foTt wWaeH! 98 9 hifag)| 3+2
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5. I E YN ST ; 5%2=10

(%) Th232 & -3 1.4 x 10109 2| &
faered feei &1 AT & 1 H HiIWWI 1 g
qifEg & fau 9fa v faueal =1 9@
1 UM Hifed| STENTR G&1 = 6.03 X

1023 TfifS)
(@) fa@ved & 59 9 Afea &1 faaro ey

() ThH oIy M@ &l HeEd 9
HEFASE 1 HEAT SR HEYUTE!
HHHAR
sifaer Traaies
h=6.62x10"3%Js
h=1.054x10"34Js
m, =1.67x10"2"kg
m, =9.1x10"31 kg
1eV=1.6x10"19J

c=3x108ms™!
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