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BACHELOR OF SCIENCE (GENERAL)
(BSCG)
Term-End Examination
December, 2024

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.

1. Answer any five parts : 5%2=10
(a) What is relativity of simultaneity ? 2

(b) The kinetic energy of a relativistic particle
is 100 MeV. What is its total energy (in
MeV) if its rest mass is 938 MeV/c2 ? 2
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(¢c) Calculate the energy (in eV) of a photon
that has wavelength 3 nm. 2

(d) The wuncertainty in the position of a
microscopic particle is 0.1 m. What is the

uncertainty in its momentum ? 2

(e) Determine the eigen value of the operator

p, for the wave function : 2

i(kx+ot)

v = Ae

() Write the time-independent Schrodinger

equation for a free particle confined in the
length L and the expression for its energy.

1+1

(g) An element characterised by A = 232 and

Z =90 loses 6 alpha and 4 beta particles in

a decay process. What will the final stable
product be ? 2

(h) State the condition for a nuclear fission

chain reaction to be self-sustained. 2
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2. Answer any fwo parts : 2x5=10
(a) What 1is length contraction ? Calculate
the length of an object as measured by

an observer moving at the speed 0.8 c

(1) parallel and (i1) perpendicular with
respect to the frame in which the object is

at rest and of length 2.0 m. 2+2+1

(b) Derive the relativistic velocity addition

formulae. 5

(c) Write the relativistic energy-momentum
relation for a free particle. Hence, explain
the concept of a massless particle. Give two

examples of a massless particle. 1+3+1

3. Answer any two parts : 2x5=10

(a) What are matter waves ? Determine the
phase velocity and group velocity of matter
waves associated with a free particle

having velocity v. 2+3
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(b) Write the one-dimensional time-dependent
Schrodinger equation for a particle of mass

m moving in a potential V (x, ¢). Deduce the
time-independent Schrodinger equation
from it for a particle having constant

energy E and subject to a potential V (x).

1+4
(¢) Calculate the commutator : 5
[co+ad+ i’ b
Co + €% + CoX ,px}
where ¢;,c; and ¢, are constants.
4. Answer any one part : 1x10=10

(a) Write the expression for a one-dimensional

step potential having a non-zero value V,

in the region x > 0. Obtain the general
solution of the time-independent
Schrodinger equation for a particle of mass
m in this step potential given that its

energy is less than V. 2+8
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Define the one-dimensional potential
barrier of height V, in the region
0<x<R. Solve the time-independent
Schrodinger equation for this potential and
obtain the general solution for a particle of

mass m when its energy E > V. 2+8

5. Answer any fwo parts : 2x5=10

(a)

(b)

Calculate the disintegration rate of 1 g of
1317 (in curies), given that its half life is

8.05 days. What is the safe dose of I
used for medical treatment and the

corresponding disintegration rate ? 4+1

Calculate the binding energy (in MeV) of
3He based on (i) mass defect and (ii) semi-

empirical mass formula and compare the

two. It is given that : m, =1.008665 u,
M('H) =1.007825 u, M(3He) = 4.002604 u

and 1 u =931.5 MeV/c2. 2+2+1
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(c) What is the source of energy in the Sun ?
Give the relevant reactions and state the

Q value. 1+3+1

Values of Physical constants :
h=6.626x103* J-s
n=1.054x10"34J-s
1eV=1.6x10"J

c=3x108ms?

Avogadro’s constant N, =6.022x10** mol ™!
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o™ waes (W)
(sft.ue-Ht s, )
q[Aa gl
faamar, 2024
MR T -141 : enegfren oifadt & T

ggg ;2 U2 JfeIFad 3F ¢ 50

T . G) g I F FW FT FAF FIT F
% IYF T [T 7T &/

(i) FAiHl & 3797 GEr 37 8/
(iii) 3T FoFei BT FIT FT THd 8/
(iv) % Faast & 97 77 7 =T 7T 8

1. Tl ufer 9 % S SIS . 5x2=10
(%) THHIARA FI AR 1 T ? 2
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(@) T 3MUfIenid hU1 ki Tfdst sl 100 MeV

2l fg ST for TSI
938 MeV/c2 &, al (MeV H) 38R &
TSl g ? 2

() Tk HeF TSR] TR 3 nm €, I

9 (eV H) uRenfaa sifsu) 2

(%) Tk Yau-3ef w1 w1 feafd § siffy=aad

o

0.1 m Tl 39 99 § Trar siffyeaa

g2 2

~

(¥) Ffafea & ®wed & fau d&re p,

T SMEH H J1d HiST 2

i(kx+ot)

v = Ae

(9) o L # IReg & o & & fau
FA-TEd AifeT® gHteor 3k 3T
ol 1 A9 faf@y| 1+1

B-1415/BPHET-141



[9] BPHET-141

(8) A=232 3R Z=90 a1 TH dcd & &4

YA T 6 STOHT 3R 4 &l HU Icateld

2?1 Sifam el S | e 2 2

(§) T i fa@ed sJ@an Af4ftwar &
T B 1 I fafaw) 2

2. fw=l <t 9 & I qfe 9%5=10

(%) <=4 Hohra F B T ? TH Ueh gN
it 2 TH U w1 A B UM SIS
Sdfeh 9% 0.8 ¢ S AA ° ST dF &

e (1) TEIR SR (i) oAseq TfaeH @l
oo o fus foummeeer 4 € it SEh!
e 2.0 m B 242+1

(@) sufefpta o AM HH o
EAISI 5
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T o & & foru smifarsrta Sei-ga

oo~

oy fafgu squa, T soam Wed &

Hi SR hi GHAET| TIHH Ugd Ho

& I 3eE Sife 1+3+1

3. fr=gl S 9 % S ST . 2x5=10

(%) FoF TG 91 Bt € 2 9V I TH G

(@)

01 § Tag S T YEE a7 3R

g o A1 iU 2+3

faaa V(x, ) ¥ TIfd9H S m ® &

& fau wwfom wonfaa gifem gHe

o

fafEaul =R Sl E o 01 & faw s

fama V) # fe@ =1, wentya sifer
THRW H hA-SdT AR THR
T shifSTd| 1+4
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(1) TrefafEd weEet st oA wifsie @ 5
oo+ + e,
Co + €% + CoX ,px]

Sl ¢y, 3 ¢, T 2

4. fordl Ter W w1 I ST . 1x10=10

(%) TH Uhfon Gue faga =1, fo@sr &=
x>0 H IR 97 V, 7, =FA5w faft@n)
39 9uH fawe § feud g om % w0
&% fau wo-=as e gHw &0

MUk §A UK HIGT Sefch STh] ol

V, ¥ &9 3 2+8

(@) &4 0<x<R H S9E V, dcll THfoH

fava dfterr 1 9ftafoa wifso) =@ fava

o

T fod SoWE m ad &0 & fau

FHTA-Tds ST GHIHW F] ATF BA

T hifST Safeh IThT Sl B>V, B

2+8
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5. fow=l v wmi & S Sifee . 2x5=10

(F) (Fd H) ®'I & 1 g & I L HI

AT HIT wefE e @ R S
a3 8.05 f7 B1 fafeemn & W1 =
Whaa ae1 3R Ea e X B

g2 4+1

(@) MeV ®) 4He 1 () woguH &fd iR

(i) AG-3TIHfoh Hafd ®wiHen T i
U Sl 1 TUMAT ST 3R ITRT o
wHifera) fezn @ o - 2+2+1
m, =1.008665, M (‘H) =1.007825 v,
M(¢He) = 4.002604u 3R 1 u = 9315

MeV/c? |
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(M) g w Tl kN WA R 2 SUIH
sfafewrard fafen iR Q AF aaEul 1+3+1
Hifeer fraaienl & o :

h=6.626x10"3* J-s
71=1.054x10"3%J-s
1eV =1.6x10712J

c=3x108ms™!

el fEdieh N, = 6.022x102° mol ™

XX XXXXX

B-1415/BPHET-141



