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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination, 2019

PHYSICS
PHE-11 : MODERN PHYSICS

Time : 2 Hours} [Maximum Marks : 50

Note : Attempt all questions. The marks for each question are
indicated agéinst it. You may use calculators. The values
of the physical constants are given at the end. Symbols
have their usual meanings.

1. - Aftempt any five parts : [2x5=10}

(a) At what speed would an object have to travel in
order to increase its mass by 50% ?

(b) What should be the kinetic energy of a proton
such that its wavelength is 1.0nm ? '

(¢)  An unstable atomic state has a lifetime of
r=1x10"3s. Determine the minimum

uncertainty in the energy of this state.
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(d)

(f)

Determine all the spectral terms for n=3 for a

hydrogen like atom.

At what potential difference must an X-ray tube
operate to produce X-rays with a minimum

wavelength of 3A ?
Explain why the following decays are forbidden :
(i) p+n—>p+u’ +pu”
(i) n—op +e

The half life of Zn-71 is 2.4 minutes. If 100g of Zn
was present at the beginning of the decay, how

much would be left after 7.2 minutes ?

Attempt any two parts : [5x2=10]

(@)

(b)

Derive the relativistic energy - momentum relation

for a free particle.

S and S' are two inertial frames such that S'
moves with a uniform velocity vi with respect to
S.Arod of proper length L, lies in the x'y' plane of
its rest frames S' and makes the angle 8, with

the x'-axis. Using the Lorentz transformation



determine the length and orientation of the rod.in

the inertial frames.

() i . A space probe is receding from the earth
at a speed of 0.4c. It sends a radio wa\)e
message to earth at a frequency of 1.50
GHz. At what frequéncy is the message

received on earth ? -~ [3]

(i1 Why do we not obseNe the effects of time

dilation in everyday phenomena ? [2]
3. Attempt any two parts : : [5x2=10]

(a) A particle of mass m is described by the wave

function :
{2\/3_3xe_ax , x>0
0

S w(x)=
, x<0

Determine whether the wave function is

normalized or not.

(b) Show that the expectation value of a Hermitian

operator is real.

(c)  Showthat[L,,L,]in Ly.
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4, Attempt any one part [10]

@
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Obtain the solutions of the Schrédinger equation

for a particle in a one-dimensional potential well

defined as :

V=V, x<-L

V=0, -L<x<l

V=V, x>L

Show that the Hamiltonian of the System

commutes with the parity operator. Hence write

the eigenfunctions for the system. [6+2+2]

0

(i

Obtain the average value of r and potential

~ 2
e
energy V(r)=-— of a hydrogen atom
r

in its ground state

e-—r/ao

3 [7]

Wigo(r) =
Ttao

For the wave function ¥nem of the
hydrogen atom, show that there
are 4 degenerate eighenfunctions

correspondingfon=2. [3]
{ 4 .



5. Attempt any fwo parts [5x2=10]

(a) Define mass defect and binding energy. The
atomic mass of ;0" is 16u. Calculate its mass

- defect and binding energy given that
mp=1 00757 u, m_=1.00893 u, m_=0.0005486u

 and 1u=931MeV, [2+3]

- (b) Wifh the help of a schematic diagram, explain
how energy is generated ina bontrolled manner
in a nuclear reactor. State the importanc'e of
control rods. | [4+1)

(c) With the help of a labelled diagram explain the
.working of a cyclotron. Derive an expression for
the radius of the path of the particle inside the

- cyclotron. | [3+2]

- Physical Constants :

h=6.626x10"*Js
m,=9.1x 107" Kg
c=3x10% ms™

m, =1.6725x 107 kg
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4. B & 9 AR | [10]

Frifeiaa w9 & 9ol o wwHiena v g
F g o 79 B Y AER g6 #® O
T iR

V=V, x<-L

@

V=0

,-L<x<L

V=V, x>L
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5.

AT & WA P [5x2=10]
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m =1 .007571;, m_=1.00893u, m, =0.0005486u
and 1u = 931MeV [2+3]

% e R #f wea 8 ey & o
A Rurx § B 1R ot @ eta
T0s ¥ IO o & s 48 @ mew
SRR [4+1]
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frafaf Tversdl ARTAIgH & oY B B B
T B & e g i) [3+2]

Hfifors o< .
h=6.626 x 107 Js
m, =9.1x 10" kg
c=3x10%ms™

m, = 1.6725 x 10" kg
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