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Bachelor of Science (B.Sc.)
Term-End Examination
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PHE-11 : MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

Note :

1. Attempt all questions. The marks for each
question are indicated against it.

2. Your may use a calculator.

3. The values of physical constants are given at
the end.

4. Symbols have their usual meaning.

1. Answer any five parts : 3x5=15

(a) A rocket of proper length 50 m is observed

to 30 m long as it passes an observer.

P.T.O.



(b)

[2] PHE-11
Calculate the speed of the rocket relative to

the observer.

The linear momentum of a particle is
4.0 x 1021 kg ms! at a speed of 0.6 c.

Calculate its rest mass.

(¢) A proton is confined to a nucleus of radius

(d)

(e)

®

4.0 X 105 m. Calculate the minimum
uncertainty in 1its momentum and its

minimum kinetic energy.

State three properties of a physically

acceptable wave function.

Write down the electronic configuration of

atoms with Z =14, Z =25 and Z = 37.

Draw the approximate energy levels for the
L and K shells and show all the allowed

transitions.



(g

(h)
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The mean life of a radioactive element is

18 months. Calculate the time required for

75% of the element to decay.

Classify the following particles as leptons,

mesons and baryon :

A, 0 p,u, M0 T

2. Answer any one part : 5X1=5

(a)

(b)

Explain why we do not observe the effects of
time dilation in everyday phenomena.
A galaxy is receding from the earth at a
speed of 2.5 X 7 ms-1. If it emits light of
characteristic wavelength 500 nm, what is
the corresponding wavelength measured on

earth ? 2+ 3

Derive the realistics energy-momentum

relation for a free particle. 5

P.T.O.
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3. Answer any fwo parts : 5x2=10

(a) Write down the time-dependent one-
dimensional Schrodinger equation. Deduce
the time independent Schrédinger equation

from it. 1+4

(b) State the probabilistic interpretation of the
wave function. The wave function for a

particle is given by :

2 (znxj L L

—cos| — |[for—-—=<x<=

y(x) =1L L 4 4
0 otherwise

Calculate the probability that the particle

will be found between x = 0 and x = L/6.

1+4

(¢) Evaluate the commulator [xpx, px2] 5
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4. Answer any one part : 10x1=10

(a)

(b)

Obtain the expectation value of the

52
potential energy V(r) = ¢ ofa hydrogen
r

atom in its ground state given by the wave

function

\PO (r) — ; e—r/ao
Tfao

Show that for n = 3, there are 9 degenerate

Eigen functions for the hydrogen atom.
6+4

The wave function of a particle of mass m
inside an infinite square well of width 2a

(between x = —a and x = @) is given by :

Y(x) =Acos omx + Bsin5—nx
2a 2a

Determine the values of B, A and the eigen

energy corresponding to this eigen function

1+4+5

P.T.O.
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5. Answer any two parts : 5x2=10

(a) Describe the liquid drop model of fission. 5

(b) Define multiplication factor. State the
conditions for a nuclear reactor to be

subcritical, critical and supercritical. 5

(c) With the help of a diagram explain the

working of a cyclotron. 5

Physical constants :

h=6.62 %1034 Js
A =1.05x1034dJs
c=3.0%108 ms!
me=9.1Xx10-31 kg

mp = 1.67 X 1027 kg
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3. ®IE & YT A HifT— 5x2=10

() Thfaq wemzd 2ife T fafem |

SO HIA-Ead SR FHieho Fea—
H | 1+4
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1 _
Wo(r) = =e /o
T[:ao

g ®INT fh n = 3 & T SRgem T
% 9 STUYE 3T Hel Bl § | 6+ 4

(@) TH 3Fad i sy fgst Jek 2a (x = - a
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U1 T qUT FHold o-

Y(x) =Acos omx + Bsin5—nx
2a 2a

B, A 3R 39 a0 % o TG STET ol
&1 A fAuifa swifea | 1+4+5
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P.T.O.
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(TT) 3@ 1 Al ¥ Gl i hEAfarg

HHSTSU | 5
yifas f[adie :
h=6.62 X% 1034 Js
% =1.05X%X1034Js
¢c=3.0%x 108 ms!

me=9.1X10-31 kg

mp=1.67 X 1027 kg
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