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BACHELOR OF SCIENCE
(GENERAL) (BSCG)
Term-End Examination

June, 2025

BPHET-141 : ELEMENTS OF
MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

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

(it) Symbols have their usual meanings.
(iti) You may use a calculator.

(iv) The values of physical constants are

given at the end.
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1. Answer any five parts : 5x2=10
(a) State the tfwo postulates of special

theory of relativity. 1+1

(b) By what factor does the mass of a
relativistic particle increase from its
rest mass when it travels at a speed

0.8¢? 2

(¢) Calculate the wavelength of a particle
of mass 2.0 X 1029 kg and kinetic

energy 40.0 MeV. 2

(d) Can a quantum particle have a well-

defined path ? Explain. 2

(e) Determine the eigen value of the

operator p, for the wave function : 2

\|!(y,t) _ Nei(ky—mt)
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Write the time-independent
Schrodinger equation for a particle of
energy E in a step potential which has a

step Vo for x > 0. 2

An element characterized by A = 238
and Z = 92 loses 8 alpha and 6 beta
particles in a decay process. What will

the final stable product be ? 2

Define multiplication factor k. For what
values of k£ 1s a nuclear reactor

(1) critical and (ii) subcritical ? 1+1

Answer any two parts : 2x5=10

Write the Lorentz transformation
equations for a frame S’ travelling
parallel to another frame of reference S

in the x-direction, with velocity V.
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Hence, determine the coordinates of an
object in S', given that its coordiantes

in S are : 2+3

x=1.2x10°m, y=0, 2z=0,¢t=4.0 s and

V =0.6¢

(b) Derive the relativistic energy-
momentum relation for a free massless

particle. 5

(¢) A particle having rest mass 2.0 kg has
an initial speed of 2.4 x 10% ms1l. A
constant relativistic force of magnitude
2.0 x10° N is exerted on the particle for
100 s. Calculate the magnitudes of its

initial and final relativistic momenta.

2+3
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3. Answer any fwo parts : 2x5=10

(a)

(b)

(©

What observation in the Davisson-
Germer experiment confirmed the
existence of matter waves ? Suppose, a
beam of neutrons is incident on a
crystal with an interatomic spacing of
~1.5A . What effect would be observed
if the neutron temperature were
300 K ? Explain. 1+4
Determine the normalization constant

N for the following wave function : 5

B N(c—x)e*i“’t, 0<x<c
w(x,t)—{ 0 , elsewhere

where ¢ 1s a constant.

Calculate <x> for the wave function: 5

\|J(x) :\/%cos[%j, O<x<L
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4. Answer any one part : 1x10=10

(a)

(b)

Write the time-independent
Schrodinger equation for a free particle
of mass m confined in a length L. What
are the boundary conditions for the
problem ? Obtain the solution of the
Schrodinger  equation  for  these
boundary conditions. Determine the

energy eigen values for the particle.
1+1+4+4

Define the potential function for a
particle of mass m in the one-
dimensional finite potential well of
finite energy Vo for x < L and x > LL and
zero elsewhere. Obtain the general
solutions of the time-independent
Schrodinger equation in all three

regions. 2+8
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5. Answer any two parts : 2x5=10
(a) Define activity of a radioactive
substance. The half-life of a radioactive
substance (200x) 1s 8 x 104 years.
Calculate the decay constant (in s™)

and the rate of disintegration of 1 g of

the substance. 1+2+2

(b) Draw the schematic diagram of a
nuclear fission reactor showing all its
constituents. State the functions of
moderator and safety rods in a nuclear

fission reactor. 3+2

(¢) Calculate the atomic number (Z) for the
most stable nucleus at a given mass
number, from the semi-empirical mass

formula. Calculate Zo for A = 60.
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Take r=23.7,56=0.71. 3+2

Values of physical constants :
h=6.626x10"J-s
7h=1.054x10"*J-s
1eV=1.6x10"J

m, =1.675x10""kg

ky, =1.38x10#JK ™

Avogadro’s number Na = 6.02 x 1023
mol-1,

c=3x%x108ms™t
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o TR (W) (SiT. U9, . ST)
R EIGRCRIE |}
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g ;2 gu2 SIfeHaH 37%F : 50
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(@) 3@ Teh 3MUTIHIT U1 0.8¢ ol AT § Ferdl

g, dl 39 99, 39 form gogme 9 foraq

T At € ST § 2 2

(M g=mM 2.0x10%kg 3R 7fast i
40.0 MeV ad %0 &1 el ufthfed

HITSY | 2

(%) 1 Teh Feleq HUI h1 Heleh &Y § qRefE

Y G99 ¥ ? ISR 2

(%) T weH & T HehRe p 1 M M

T hitaIq 2

w(y,t) _ Nei(ky—mz)
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() o E 9 T &U & fauw S 9um

V, (x>0 @& foau) & d9mm fawa § feem g,

HTA-TT AR e fafem | 2

(B) A =238 3R Z = 92 I1A dcd & & YhH H

8 3THI 3R 6 ST HU IcTSId aId o | Afaq

TRAT ITAIS AT BT 2 2

() TOF SR&® k hl IR SN £ TR

o & for e e R (1) wifdes @ik

(i) SUshIfaes B ? 1+1

2. To=dl S wril & s e . 2x5=10

(%) x -feen § a5 S & WOy 91 V § faHE G5

S & fau @R~ wuaeor Tt fafan
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aaue, 9 8 U ww fizs & fRwe @
FHIST Selfh S H 3HH o € : 2+3
x=12x10°m, y=0,2=0,{=4.0s 3R

V=0.6¢

(@) TH T gFAE Med &0 & fau e

Soll-HAT oY F[ed Hifod | 5

() fom g=mmE 2.0 kg 967 TS FHU1 Y SRH
I 2.4 X 108 ms1 §1HIT W 100 s & oIy
IRATT 2.0x10°N ol TR SAfaehl
o RIfad foran ST 81 ST %0 & Wy

ISy | 2+3
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3. fo=gl | uril & S ST 2x5=10

() Sfaa-Ti & & forg Jaor 9 g qu &

FAfEqee Tenfud gam ? " ifSy foh Tk =g

I9 Tk feed W eufad 2ar § et
IR-THEWET W ~1.5A ¥ afc =M

o= 300 K @&, a1 o= yara ferd femen

ST 7 "HARU 1+4

(@) fFefafed T-wed & fou ggm=eRTo

(aWa

o N ure shifsie . 5

SR ¢ AT
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~

(M) FAfafed /1w & fag (x) T O

HifeTT 5
w(x)=\Ecos ™ ,0<x <L
L L
4. Tordl wam 9 1 W AT 1x10=10

(%) @=E L H 9REs S[E m & T ga ®0
% fau wa-was sifer g fafea)
T8 g & fau ofiom ufaey @0 € 2 e
R gfaed & fau sifem g & 5
YW HIT H0 & HSl ARH AE A
HITSY | 1+1+4+4
(@) FFAA m M F0 & A, s ox <L 3R

x>L ¥ 9ftfid =V, SR = g .
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a ThfaHg uRifaa fawa w0 § fem ¥,

fava e &1 gy SIS 39 diF &l H,

FHTA-TAdS HETR GHIHI s ATIF 3 T

RIS | 2+8

5. TRl 2 9mil & S ST 2x5=10
(%) T Uedudi e i Gfpaar i aRum
dfsT e edwdl werd (2004) H
AY-3T 8x10* T4 §| wared A1 & iR

(s H)SR 3TH 1 g i &I S I TUMAT

HifeT | 142+2

(@)t Tfea faeed Ruae =1, a9

T ST U, AL 3IRW Wiau | AR

faee fuger | foms iR Trenm <€ &
e fafem | 3+2

B-1469/BPHET-141 P.T.O.



[16] BPHET-141

(1) wfg-sTufaes (AY-AHaS) SHTE A

q Faifys TR e & faw o) swEen

(Z) =t 7o shifs, fSEet germe wen &
T A1 A=60 & faw Z, & T Swifsw

r=23.7, §=0.71 &fifSQ| 3+2

Wifees Fradianl & a1 :

h=6.626x10"J-s

h=1.054x10""J-s

1eV=1.6x10"J

m, =1.675x10""kg

k, =1.38x10#JK ™

JEMEl "' N, =6.02x10%mol

c=3%10° ms™

X X X X X
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