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BACHELOR OF SCIENCE (GENERAL)
(B. SC. G)
Term-End Examination

December, 2025

BPHET-141 : ELEMENTS OF
MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions.

(it) The marks for each question are

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

(v) The values of physical constants are

given at the end.
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1. Answer any five parts : 5x2=10

(a) Distinguish between Galilean and

Einsteinian principles of relativity.

(b) The mean life time of a free neutron at
rest 1s measured to be 900 s. What is its
mean life time measured by an observer
with respect to whom the neutron

travels at a speed of 0.9 ¢ ?

(¢) Calculate the de Broglie’s wavelength of
a 1.0 MeV electron.

(d) What i1s the probabilistic interpretation

of the wave function ?

(e) Define and draw a step potential of step

Vo>0at x=0.

(f) Explain briefly how quantum tunneling
enables alpha decay from the atomic

nucleus.
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(g) What 1s secular equilibrium in

radioactivity ?

(h) Write the functions of slim rods and

safety rods in a nuclear reactor.

2. Answer any two parts : 2X5=10

(a) Show that simultaneous events that
occur in an inertial frame of reference
S at different positions are not
simultaneous in another inertial frame
of reference S' moving uniformly with

respect to S. 5

(b) A spaceship is receding from the Earth
at a speed of 0.25 ¢. An observer in the
spaceship measures the wavelength of
light from a source in it as 500 nm.
What is the wavelength of this light as
measured by an observer on the

Earth ? 5
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(¢c) The rest energy of a particle 1is
1000 MeV. Calculate its linear
momentum and total energy (in MeV)

given that it travels at a speed of 0.6 c.
3+2
3. Answer any fwo parts : 2X5=10
(a) The wave function of a particle of mass

m and zero energy is given by :

() = Ne 257
where N is a constant. Write down the
time-independent Schrodinger equation
for the particle and determine its
potential energy.
(b) Use the uncertainty principle to explain
the concept of zero-point energy.

(c) Calculate <x> for the wave function

\u(x):\/%cos[n—fj, O<x<L
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4. Answer any one part : 1x10=10

()

(b)

Write down the time-independent
Schrodinger equation for a particle of
mass m in a one-dimensional potential
barrier of height V, and width a.
Obtain the general solutions of the
equation when the energy of the
particle E > V,. Write down the
boundary conditions for the problem.

Show that for a symmetric potential
function [V(x) = V(-x)], the parity
operator commutes with the

Hamiltonian.

5. Answer any two parts : 2x5=10

()

Define ‘activity’ of a radioactive
substance. The half life of an element is
6.93 days. After how many days will

only 10% of the element be left ?
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(b) Calculate the binding energy of a 4He

nucleus using the semi-empirical
mass formula. Take o = 15.8, B = 17.8,
y=23.7,6=0.71 and ¢ = 34.

(c) Explain how a self-sustained fission
chain reaction is achieved in a nuclear
reactor.

Physical constants :
m,=9.1 %1031 kg
h=6.63x 10734 Js

c=3x%x108 ms!
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(@) forrarcen ¥ feord weh qad =2 1 g Siad

HA 900 s TN ST &1 3§ J&h R 3T
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2. o=t < wrlt & SR ST ¢ 2x5=10
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(@) T STAREAE =1 0.25 ¢ 9 J2at ¥ S &
T STalleam ¥ T Y 3EH @ U 9 o
At YhTeT T aTasd 500 nm HIIAT § | gealt
W feord & g AT TS 3@ W I
T S Bl 2 5
(M T& &0 H form F 1000 MeV T
afe 9% 0.6 ¢ I I ¥ TaHH ¥, @ ST
s "o AR (MeV H) et el i 7O

hITSC | 3+2
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aa Sife® gt fafew | 39 g9 &
T YT HIC S H H S E >V, D
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o =158, B =178,y = 23.7, § = 0.71
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(1) waERT foh ikt Ruget § ot fages
syeren sifufewan o geR 9T it S )

witferes Fadies :
m,=9.1 %1031 kg

h=6.63x 1034 Js

c=3%X108 ms!
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