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Answers must be written in English only. Candidates should attempt at least

INSTRUCTIONS :
2 questiong from each section an The number of marks carried by each question

is indicated against the same.
Marks: 300

Time: 3 hours
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INSTRUCTIONS : Answers must be written in English only. Candidates should attempt at least
2 questions from each section and total 5 questions. The number of marks carried by each question

is indicated against the same.

Time: 3 hours Marks: 300
SECTION - A
V’f_ (a) The wavefunction of & particle of mass m at time t=0, is given as
_ a 2 .
w(z,0) = = exp(—oaz/2 + 1kT)
The particle is confined to move along x-axis. (i) Find the probability density
for the momentum of the particie.
(i) Calculate the Expectation values for the momentum and energy of the par-
ticle. C30+ o w)
(b) Using time-dependent Schrédinger equation in one dimension, show that the
probability density p(z, t) = [¥(z, 1) obeys the equation,
dp(z, t) L OJ(z.1) .
at dr -
Find J(z,¢). and give the physical significance of this equation. @.O M)

2. (a) Find the eigenvalues and eigenfunctions of a particle confined to a cubic
box of side L. The potential inside the box is unifrmly zero. Explain the notion
of the density of states, and obtain it for this problem as the size L — oo, Alsg
consider the similar problem in two dimensions, and obtain the density of states
for a particle confined to a square of size L in the limit L — oo, ‘LBO M }:!)

(b) For an electron in a uniform magnetic field 5. the spin Hamiltonian can be

written as,

H:—gﬁvg

where &s are the Pauli matrices. Write down the Hamiltonian as a matrix,
using the explicit forms of the Paul; matrices. Work out the eigenvalues of the
Hamiltonian and show that they are independent of the direction of B. Explain

physically why should this be so. Lgo mc-—n..k(,s)

%) Write down the Schrédinger equation for a particle of mass'm ina spher-
ically symmetrie potential V{r). Separate it in spherical polar cocrdinates./_? e ate s
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{¢) Suppose a uniform magnetic field is applied to the syster, what happens to
these eigenvalues? :
= (o mml

(d] Obtain the value of the commutator, [L,, £?], where L denotes the angular

momentum. . ) U 0 mﬂl(&)

4. (a) An electron in Hydrogen atom is excited to the level n=3 and 1=2. Which
are the lower levels to which it can go to, according to the dipole selection rule?

Lm MK&)

(b) Write down the electronic configuration of Co®". From this obtain its total
angular momentum usipg Hund rules. Express its state in spectroscopic nota-

tion, L’Z /5 Fh.a}{{;)

(¢) The doublet line seen in sodium lamp arises from hyperfine interaction,
—Al-J. Here I and J denot respectively the nuclear spin and the electronic
angular momentum. Aseuming that, [ = 2/92, work oue sha splitting of the 3s

level in Sodium. L2S" Mﬂb) .

5. (a) Describe the quantum theory of binding of two Hydrogen atoms using
Heitler-London picture. Explain clearly how the wavefunction of two electrons
depend on the their spin state, and thereby show that the binding occurs when

the electrons are in a siglet state, @9 M&)

(b) A distomic molecule is composed of two atoms of masses m; and ma. The
mean distance between the atoms is rg, and the spring constant of the binding
force between them is kg. First obtain the eigenenergies of the rotational states
of the molecule assuming that the distance batween the atoms is fixed. Next
describe what modifications to the energy spectrum arise due to nonrigidity of
the molecule, under the assumption that the vibrational excitation energy is
,much larger than the rotational energy. (You are not required to derive the

eigenvalues of the differential equations occurring in the problem.) @O mm)
SECTIoN - B
SECTION-B

) The binding of two nucleons in a Deutron has the following features,
utron is weakly bound in |=0 stae and has no excited states. (ii)It has
spin 1, and has a small quadrupole moment.

Using these facts, deduce that the nuclear force is spin dependent and noncen-
tral. On this basis how do we,understand the absence of & bound state for two

neutrons or two protons G th= m“%)

(b) Using the empirical plot of binding energy per nuclean with mass number

2
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of the nucleus, explain why heavy nuclei are prone to fission with the release of
energy.

(c) Explain the concept of fission barrier and describe the fission process in terms
of the liquid drop model. Bring out the role of surface energy and Coulomb

engrgy in this process clearly. CJ‘ s PW:\)

@a) Explain the concept of magic numbers of nuclear stability and give their

- (1o tartcs)

Illustrate how does the Shell model explain the existence of magic numbers
using isotropic harmonic oscillator potential. L?_,

\({}/Describe Yukawa's theory of nuclear force. Explain physically how the mass
of the exchanged meson is related to the range of the force. Given that the mass

0 Marks)

of the w-meson is 140 Mev.work out the range of the force. CZO WD

Vg_ (a) Explain why the existence of Neutrino had to be postulated to under-

stand a basic feature of beta decay. Ll < P’lﬂ%)

(b) Describe the experiment that established the existence of more than one
kind of Neutrino. L‘ <

(¢) The results of deep inelastic electron-proton scattering experiments were
crucial to establish the existence of Quarks. Describe briefly the results and the

—

analysis that led to such a conclusion ( | <

(d) Isolated quarks are never seen. Explain with some examples, how does the
idea of the colour force explain this property. (|

9. (a) Write down and plot in a schematic form the manner in which the spe-
cific heat of insulators and metals vary with temperature at low temperatures.
Explain the physical origin of all the terms and bring out the basic difference

Masks)

peaits )

Meaks )

between metals and insulators in this regard. C)_o %) .

(b) Write down and plot in a schematic form the manner in which the specific
resistance of insulators and metals vary with temperature at low temperatures.
Explain the physical origin of all the terms and bring out the basic difference

between metals and insulators in this regard. G o) M)
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(¢} Explain Meissner effoct. Draw the phase diagram of Type-1 superconductor
in Magnetic field-Temperature plane. What is the value of magnetic suceptibil-
ity in the superconducting phase? (;‘0 Ma)<y

(d) What is the Isotope effect? What clue did it give towards the mechanism

of superconductivity? L 10 m“—%)

10. (a) Write down any three equivalent Boolean expressions for an Exclusive-
OR circuit, and implement them using logic block diagrams, ég_ 0 M)

(b) A circuit is shown below.

41V

| 2 vV
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Assuming that Q; and’Qz have identical 84, = 100, §

{ . - i - » 4nd the emitter currents
Ig and input bias currents [z in each of the transistors, Using the Ebers-\d;II
equation I(Vpe), find the differential gain and common tiode g of thﬂla;)g\,e

amplifier. (
30 m:%)
(CJ‘ F‘l nd '.he AC gam fﬂr Lhe !Olft)wing 5011.’Ce~fﬂl[ﬂ‘\"er Cir(:ui,t_ The t‘ra‘nscanducl

tance of the JFET is 2000 uS.
[10 Mesks)
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