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PHYSICS — MDC
Paper : CC-4
(Modern Physics)
Full Marks : 75

Candidates are required to give their answers in their own words
as far as practicable.
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The figures in the margin indicate full marks.

Answer question no. 1 which is compulsory and any five questions from the rest.

. Answer any five questions: 3x5

(a) State the basic postulates of Special Theory of Relativity.
(b) What is the Compton effect? Explain its significance.
(c) Prove the non-existence of electron in the nucleus on the basis of uncertainty principle.

(d) Calculate the de Broglie wavelength of electron having a kinetic energy of 1000 eV. Compare the
result with the wavelength of X-rays having the same energy. ‘

(e) Prove the following commutator relation : [[A, B], C] + [[B, C], A] +[[C, A], B] =

(f) A plane intercepts at (a, 2a, a/3) in a simple cubic unit cell. What are the Miller indices of the
plane?

(g) What is the basic physical principle responsible for the origin of band theory in solids? Distinguish
between a conductor and semi-conductor in light of band theory.

Please Turn Over

 (7376)



(Fd#th Sm.)-Spl.-Physics-MDC/CC-4/CCF) (4)

(7376)

(h)

SCY

(b

(©)
(d

. (a)

(b

(c)

. (a)

(b)

(c)

C)

- (@)

(b)

(©

Consider two ferromagnets : one having a hysteresis curve with broad area and another with a
narrow area. Which one can be used as permanent magnet? Justify.
Use Galilean Transformation to show that the distance measured is independent frame of reference.

What is the velocity of a meter scale if its length is observed to be 0.99 m? Derive the formula
required.

Write down the relativistic law of addition of velocities.

At what fraction of the speed of light does a particle travel if its kinetic energy is twice its rest
mass energy? 3+(2+3)+2+2
Explain photoelectric effect. Define the terms : work function and threshold frequency.

Light of wavelength 2000 A falls on a metallic surface. If the work function of the surface is
4.2 ¢V, what is the energy of the fastest photoelectron emitted? Also calculate the stopping
potential.

Explain the postulates of Bohr with regard to Hydrogen atom. (B+H1+D)+Q2+1)+4
Explain de Broglie’s hypothesis. Why the wave nature of matter is not apparent in our daily
observations?

Outline the probability interpretation of the wave function. Can a multivalued function be accepted
as a wave function? Justify your answer.

n 1 2 1
Find the expectation value of an operator 4 for a state y(x,0)=—=0, +,/=¢, +——0¢, where
N RAR FRERINTRE

¢, ¢, and @4 are three orthonormal eigenstates of A such that /f(pn =”3<Pn'

Evaluate [)"c, ﬁx] , where X and p, are the position and momentum operator respectively.

; 2+1)+@2+1+1)+3+2
Find the energy eigenvalues and eigenfunctions for an infinite potential well.

Assuming the potential seen by a neutron in a nucleus to be schematically represented by a
one-dimensional, infinite rigid walls potential well of length 10 fm, estimate the minimum kinetic
energy of the neutron.

[Mass of neutron = 940 MeV and mass of electron = 0.511 MeV, % =6.5821x10716 ¢Vs]

A particle in the harmonic oscillator potential is in the following superposition state at

t=0: w(x,O):—\/l—g-\uO(x)Jr\/%:\h(x) where y(x) and y,(x) are the stationary state solutions

(eigenfunctions) for the one dimensional harmonic potential.
(i) Find the y(x, 1) at r=0.
(i) Sketch the eigenfunctions y(x) and yy(x). 5+3+(2+2)
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State Bragg’s law of diffraction and discuss its importance in crystal structure analysis.

Draw an FCC lattice structure. Aluminium has an FCC structure. Find its unit cell dimension if
the atomic weight of Al is 27 and density 2.7 gm/c.c.

Discuss about the origin of X-ray emission spectra. (2+2)+H(2+3)+3

Distinguish between amorphous and crystalline solid with suitable examples.

Write down the nature of bonding found in diamond form of carbon and explain briefly the
mechanism of such bonding.

Explain the concept of direct and indirect semiconductor.
Give examples of (i) metallic bonding, (ii) ionic bonding and (iii) van der Waals bonding.

‘ Q+1D)H1+2)+3+(1+1+1)
What are the characteristics of diamagnetic, paramagnetic and ferromagnetic substances? How
would you distinguish between the three types of substances experimentally?
Explain why the inert gases do not exhibit paramagnetism.
Estimate the molecular field for a ferromagnetic material having Curie temperature 500 K.
Sketch the spontaneous magnetization of a ferromagnet as a function of temperature. Indicate the
universal feature associated with the graph. (3+2)+ 2+3+(1+1)
What is the ratio of the kinetic energy of an electron to that of a proton if their de Broglie
wavelengths are equal? . ’

Taking the origin at the bottom of the conduction band, calculate the crystal momentum for a free
electron of energy 0.02 eV. Given, effective mass of electron = 0.2 m,,.

State Moseley’s law of X-ray spectra and discuss its significance.

Find the eigenfunctions of the operator sin(2x) + d/dx, 3+3+3+3
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