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BACHELOR OF SCIENCE (GENERAL)
(BSCG)

Term-End Examination

June, 2023
BPHET-141 : ELEMENTS OF MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions The marks of each

question are indicated against it.
(it) Symbols have their usual meanings.
(iti) You may use a calculator or log tables.

(iv) The values of physical constants are

given at the end.

1. Answer any five parts : 5x2=10
(a) What 1is the difference between the

Galilean principle of relativity and the

principle of relativity stated by Einstein ?
(b) Explain why we do not observe the effects

of time dilation in everyday phenomena ?

P.T.O.
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Calculate the wavelength of a photon
which has an energy of 8.0 MeV.

The uncertainty in the energy of a short
lived particle is 0.5 MeV. What is the

smallest life time the particle can have ?

Determine the eigen value of the operator

H = ih% for the wave function :

V= Nei(kxf(;)t)

Write the Schrodinger equation for a free

particle and the expression for its energy.

An element characterised by A = 238 and
Z = 92, loses 8 alpha (o) and 6 beta (B)

particles in a decay process. What will the

final stable product be ?
Calculate the mass defect (in u) of nge
given that :

m» = 1.008665 u, m (;H) = 1.007825 u,

M (56Fe) = 55.934932 u.
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2. Answer any two parts : 2x5=10

(a)

(b)

(©

Two spaceships of proper length Lo

approach the earth from opposite

. ) .. 3cC )
directions at velocities J_r?. What is the

length of one of the spaceships with respect
to the other ?

Derive the relativistic energy momentum

relation for a free particle.

(1) A spaceship is receding from earth at
a speed of 0.40 c¢. The wavelength of
light emitted by a source in the
spaceship 1s measured to be
A =450nm on the spaceship. What
would the wavelength of this light be
as measured by an observer on earth ?

3

(1) Show that for v << c, the expression
for the relativistic Kkinetic energy
approaches that of the classical kinetic

energy. 2

3. Answer any two parts : 5x2=10

(a)

(i) State the probabilistic interpretation

of the wave function. 2

P.T.O.
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(1) List the conditions that a wave
function y(x,t) must satisfy to be an
acceptable solution of the Schrodinger

equation. 3
(b) A particle of mass m has the following
wave function :
W(X)z{NxeaX forx >0
0 forx <0

If the total energy of the particle is zero,

determine its potential energy function.

(¢) Calculate the commutator :
A .~ P2 .
[%Px, H] for H = -2 + V(x).
2m

4. Answer any one part : 10x1=10

(a) The potential function for a symmetric
infinite potential well is given by :
o for x<-L
V(x) =<0 for -L<x<L
o for x>L

Solve the time-independent Schroédinger
equation for a particle of mass m in this
potential. Obtain the even and odd parity

eigen-functions and energy eigen values.

5+3+2
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(b) Obtain the general solution of the time-
independent Schrédinger equation for a

particle of mass m for a potential function
defined by :

0 for x<0O
V(x) =1V, for 0<x<a
0 for x>a

when the energy of the particle is E < V.

Write down the boundary conditions.
Define the reflection and transmission

coefficients and the tunnelling length.
5+2+3
5. Answer any two parts : 5%2=10

(a) Calculate the energy of reaction
(Q — Value) in MeV in the fusion reaction
involving two deuterons to form a tritium

and a proton :

2 2 3 1
H+H—>TH+H

Take m(’H) = 2.0141029 u,
m(H) = 3.016049 u and

mEH) = 1.008665 u
1u =931.5 MeV/c2.

P.T.O.



[6] BPHET-141

(b) Explain why electrons cannot reside inside

the nucleus.

(c) Plot number of neutrons versus the
number of protons for naturally occurring

nuclei. Explain the features of this plot.

2+3

Physical constants :

h = 6.626 x 10734 J-s
m, = 9.1x1073 kg

m, =1.6725x107%7 kg

m, =1.6747 x1072" kg
c=3%x10%8ms!
h=1.054 x 10734 J-s

1eV=1.6x10"12J
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m» = 1.008665 u, m (;H) = 1.007825 u,
M (36Fe) = 55.934932 u.
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3. hig I ¥ HIGT ; 5%2=10

4.
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g faya o fro@ s m & T &
& fau = @dT dife™® &1 8 wifsm)
g9 3t fawg IRE & I wed 3R

d"icl'\) H"Id SRR \3')\T||r Qitd cI'z'\ll'\\TlQl 5+3+2
(@) f=fafad favga weaq

0, x<0@® fow
V(X) ={V,, 0<x<awd fom
0, x>a® forw
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HIfT, <&@ HOU H I E<V, @
e gigey  fafe  aueds Tone,
GOl TN 3R GUH dEE kT g
ifsrl 5+2+3
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(&) FreAfafed gema sifafean &1 (Mev ®)
Q-AH URerfad wifsie fSaH |1 <FeH
GATId €fhY Teh ZIEfEIH  (tritium) 3R

s Yo fafda w@

2 2 3 1
1H +1H —>1H+1H
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qH &g
m(*H) = 2.0141029 u,
m(GH) = 3.016049 u 3R

m (%H) =1.008665 u
lu = 931.5 MeV/c2.

(@) = &ifse fe soeed Tifys § =i
TRl ® ehdll

() Wiehfdeh ®9 ¥ W A9l & felg =agia
& W WM "' % "Ny sied
Gife| sqent fagioansti &) =aren Sifsul

2+3

Wifeer fraais :

h = 6.626 x 10734 J-s
m, = 9.1x1073 kg
m, =1.6725x10%7 kg

m, =1.6747 x10727 kg
c=3%x10%8ms!
h=1.054 x 1073 J-s

1eV=1.6x10"12J
BPHET-141 5,420



