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BACHELOR OF SCIENCE (B. Sc.)

Term-End Examination
December, 2023
(Physics)

PHE-11 : MODERN PHYSICS

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions. The marks for
each question are indicated against it.

(i) You may use a calculator.

(iti) The values of physical constants are
given at the end.

(iv) Symbols have their usual meanings.

1. Answer any five parts : 3 each

(a) Show that the Lorentz transformation
reduces to the Galilean transformation for
V << C.

(b) The proper length of a rod is L. Its length

) I
1s measured to be c L in a reference frame

that is moving with respect to the rod.
What is the speed of the moving reference
frame ?
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The average lifetime of an excited atom is
2x10%s. Calculate the minimum
uncertainty in its energy and the order of
the natural line width of the line emitted
by the atom.

Is the following wave function physically

permissible ? Give reasons :

2

(x? — a?)
State the selection rules for allowed
transitions in multi-electron atoms. Is the
transition 3S; — 1S, allowed ?

At what potential difference should an X-

ray tube operate to produce X-rays with a
minimum wavelength of 2A ?

y(x) = N ,—00 < X < 0.

Calculate the binding energy for jBe in
MeV give that :

M($Be) = 9.0122u,M,, =1.0073u,
M, =1.0087u, M, = 0.0005u
and 1u =931MeV.

Give the charge, baryon number and spin
of a photon and a proton.

Attempt any one part :

A reference frame S’ moves with a uniform
velocity VI relative to a reference frame S.

If a particle is moving with a velocity V
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relative to the frame S, determine its

velocity 7 relative to the S’ frame. 5
The rest mass of a free proton 1is
938 MeV/C2. If the proton has a kinetic

energy of 300 MeV, calculate its (1) rest
mass (i1) total energy and (i11) linear
momentum. 2+1+2

Attempt any two parts : 5 each

(a)

(b)

(c)

An increase of 200 eV in the energy of an
electron reduces its de Broglie wavelength
by a factor of 2. Calculate the initial
deBroglie wavelength of the electron.

The wave function of a particle is given by :
w(x) = {N(a2 -x%), for—a<x<a
0 , otherwise
Determine the normalisation constant N.

Show that :
[L,, Ly] =inL,.

Attempt any one part :

(a)

Write down the time independent
Schrodinger equation for a free particle
confined to a length segment between
Xx=0 and x = L. State the boundary
conditions. Obtain the general solution of
the equation. Obtain the energy eigen
values and eigen functions. Determine the
normalization constant. 1+1+5+3

P.T.O.
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(b) (1) Calculate the average potential energy

of a harmonic oscillator in its ground
state which has the wave function: 6

(—a2x?)

\Vo(X):[%j;eXp > )

mo
where a2 = — .

(1) Obtain the spectral terms for

Si(Z =14). 4
5. Attempt any two parts : 5 each

(a) Describe the working of the Wilson Cloud
Chamber.

(b) What do you understand by the term
radioactive equilibrium ? Obtain the
condition for equilibrium in the decay of
238 u.

(¢c) Draw a schematic diagram of a nuclear

reactor depicting its main features. What
1s function of control rods in a nuclear
reactor ?

Physical constants :
h = 6.62 x 10734Js
h =1.05x1034Js
c=3.0x108ms™!

m, = 9.1 x 1073 kg
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