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

June, 2026
PHE-011 : MODERN PHYSICS
Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions. The marks for
each question are indicated against
it.

(it) You may use a calculator.

(iti) The values of physical constants are

given at the end.

(iv) Symbols have their usual meanings.

1. Answer any five parts : 5x3=15
(a) State the postulates of the special

theory of relativity. Suppose you are
travelling towards a source of light in
spaceship at a constant speed of
2.4 x 108 ms! as measured with
respect to an inertial frame. What is the

speed of light relative to you ?
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(b) A rocket is moving with a speed of 0.8 ¢
with respect to the earth in a certain
direction. It 1s given an additional
velocity of 0.2 c¢. Calculate its final

velocity.

(0 The average Kkinetic energy of a
molecule of an ideal gas is ngT.

Calculate the average de Broglie
wavelength of a molecule of the gas at

300 K, if the mass of the molecule is

5.31 x 10726 kg. Take kB = 1.38 x 10723
JK-1.

(d) Given that the typical size of the atom
is 1 A, calculate the minimum energy

for an electron in the atom.

(e) Write the values of [ and m; for n = 3
state of hydrogen atom. What is the
degeneracy of the state ?

(f) Write the spectral terms for He (Z = 2).
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(g) Classify the following particles as
leptons, baryons and mesons :
e, T, n, A, M’

(h) State three applications of radioisotopes

as tracers.
2. Answer any one part : 1x5=5
(a) Using Lorentz transformation

equations, derive the relativistic
velocity addition formula. 5
(b) The rest mass of a free proton is 938
MeV/c2. A proton has a kinetic energy
of 240 MeV. Calculate its total energy,
relativistic mass and momentum. 1+2+2

Take 1 MeV = 1.6 x 10713 J.

3. Answer any two parts : 2x5=10
(a) (1) State the probabilistic inter-
pretation of the wave function.

(1) If Y1 (x, ) and Y2 (x, t) are two
solutions of one-dimensional
Schrodinger equation. Show that a
linear combination of W1 and ¥2 is

also a solution of the same

Schrodinger equation.
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(b) Determine the normalization constant

N for the following wave function 5
Y(x)=Ne *1-e7¥),0<x <o

(¢) Calculate the expectation value of x for

the wave function 5
2 . (nx
Y(x)=,—sin| — |[,0<x <L
L L
4. Answer any two parts : 2x5=10

(a) A particle of mass m is moving in a one-

dimensional potential well defined

as .
VO x <—L
Vx)=: 0 —-L<x<L
VO x> L

Write down the time-independent
Schrodinger equation in all three
regions. State the boundary
conditions. Obtain the general solution

for—-L<x<L. 2+1+2
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(b) Write down the Schrodinger equation
for a particle of mass m in a simple
harmonic oscillator potential. Write the
energy of the eigen states of this

Hamiltonian. Calculate <px> for the

ground state harmonic oscillator wave

function
1/2 2 9
(2] enf 2
J; 2
where a2 = % 1+1+3

(c) State the selection rules for x-ray
spectra. Using Moseley’s law, obtain the
frequency of an X-ray line when L to &
transition takes place in a silver atom.
Take o = 3, R = 13.6 €V and the atomic

number for silver to be 47.

5. Answer any two parts : 2x5=10
(a) A sample containing 0.2 mg of Th230

undergoes 4.0 x 100 disintegrations per

minute. Calculate the half life of this

nuclide.
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(b) Describe the shell model of the nucleus.
(c) Draw a schematic diagram of the
nuclear reactor depicting its general
features. Explain the functions of its

blanket and reflector.
Physical constants :
h =6.626 X 10-3* Js
h =1.054 X 1034 Js
1eV=16x%1019J
me=9.1 X 10-31 kg
mp = 1.67 X 1027 kg
c=3x%x108ms!

Na =6.02 x 10?3
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PHE-011
famT TR (Si-u, 9t)
R EIGRCRIE |}
S, 2026
UL U=E.-011 : 3Meen wiifaent

gHg ;2 qU2 SIfeHaH 37%F : 50

TJig: (i) T G99 T FIW | JAF J99 P 3% 3G%
G T T &1
(ii) 37T HeHAR BT TIT F GHd &1
(iii) “ifae il & @ 37d 9 feg 713 &/
(iv) Faiw! & 3797 T 37¢f &1

1. TRl ufer 9rll & W SN ¢ 5x3=15
(%) smferal & faftre fagm & sifimgfea
AT | T oY foh o7 T sTake I |
X JahTeT &1 Ueh 9Id i AR T S adf
% WHE 2.4 x 108 ms1 T =R = 9
A 811 A9 WUE YIS HI A

Bt ?
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(@) T Uhe, geat & graer Fiv=a feen 4, 0.8 ¢
o B faHE 1 ST 0.2 ¢ 1 Afalem am
T <t &1 sqehT 3ifqw 9 afiewfara sifsa

(TT) TSt T & TH A Hi AGd TS Sl

ngT Bt ¥1 300 K AWH | W & Th
3] 1 3TEd F sifvell Tlesd qReRfad Hifg
Ife A H FTEFEAE 5.31 x 10726 kg T
kB=1.38 x 10723 JK-1 < |

(1) afg fean = @ f% T wEw w1 gEd 9™

1A %, & wmm # feod s soie & <gaan
Sl gfiehfard shifeg |

() TEEISH WA i = 3 FATEA & foaw [ IR
m, & A fafere | 59 e &1 srgqysed i

Bt ?
() He (Z = 2) =% ST 75 fafed |
(®) Frfafen ol % e, IRe oK e 3
erfiepd HITST :
e, n°,n, A, N, 1
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(§) TR & &9 H Aediemeae & @9 g
AT |

2. IS ek 9 hITIT : 1X5=5

(F) ANS TIRO GHIRIOT HT IR HW g,
STUTETRTE ST AN HaY e T | 5

(@) TH o UieiA &1 foim g 938 MeV/e2
¥ ARG W & S S 240 MeV &,
TS 1 /A Soll, AR FTHAM TR FA

qiierfad hifsial 1 MeV = 1.6 x 10713 J

et | 1+2+2
3. hig &r 9N HifST ; 2x5=10

(F) () T He i HIieTHT AT Hi |
() AT Wi, t) AR WPa(x, ¢) fHdt wwfom
AfER o & & g €, @ fag

HIL fF w1 IR Wo &1 *HE THIH
=3 (Linear combination) *ff &t

NFETR THIHTOT T BA BT |
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(@) fmafafea @@ ®ew & fau
qaT=eR ol fgare fHeifa sifse ;. 5

Y(x)=Ne ™ 1 -e7%),0<x <o

(m) fr=Afafes T w5 faw x 1 g
M R {Ad I ¢ 5
2 . (nx
‘P(x):\/:s1n—,0<x<L
L L
4. I S 9N HI 2x5=10
(F)TFIH m w1 Tk Hu faefafed
TR Tehfam fawa
Vo x<-L
Vx)=: 0 -L<x<L
VO x>L

T TfqaE §1 @A &5 % -
Mfer Teo fafew iRk ol
yfgey fafeul — L < x < L & fag

STk B W hifold | 2+142
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(@) T 3Tadi Sk fava § frog goamm
m d& HU &% fau sifem wHewm
fafew) o Hedfem & oA
AT HI Holl ARG | TA 3Tt
St & Fefafed ga stewen & wed
& fau (p, ) Refaa wifsw . 14143

1/2 2 9
%(x){%j exp(‘“; ]

mo
h

Glﬁ'azz

(1) X-fortor Tegn & faq o 7w fafem
A & M 1 3He e il @
T & foru L & K HehAon 84 W Seq
X-feo Yen & smgfa ura wifSwl
6 =3, R =13.6 eV 3R T 1 qwA

& 47 A | 2+3
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5.  hig &r YN HifST ; 2x5=10
(%) Tk T 4, =8 230Th &t 0.2 mg

i ¥, 9fd fe # 4.0 x 106 efused
W T oW AfwaeTEe @ orH-Iy

o~ fa o

qiiehferd ifed |

(@) TifYeh & hIgT Jisa 1 foero s

(M) ARt Rust & | A& e ge

3HhT AT ANYE dAIRE | 3Hh HH=IS

3R Tedeh & Yokt STy |
aiferer freraies
h = 6.626 x 10-3 Js
h =1.054 X 10-3¢ Js
1eV=1.6x10"19J
me=9.1 X 10-31 kg
mp = 1.67 X 1027 kg
c=3X%x108ms!
Na =6.02 x 1023

X X X XX
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