C. S. (MAIN) EXAM, 2009

C-DTN-J-QIB

PHYSICS
| Paper Il
Time Allowed : Three Hours Maximum Marks : 300
_ INSTRUCTIONS
) Each question is printed both in Hindi and

in English.

Answers must be written in the medium
specified in the Admission Certificate issued
to you, which must be stated clearly on the
cover of the answer-book in the space provided
for the purpose. No marks will be given for
the answers writtent in a medium other than
that specified in the Admission Certificate.

= Candidates should aitempt Questions no. 1
and 5 which are compulsory, and any three
of the remaining questions selecting at least
one gquestion from each Section.

The number of marks carried by each
. question s indicated at the end of the
questiorn. '

Symbols [ notations carry usual meaning.

Assume suitable data if considered necessary
and indicate the same clearly. Some constants
are given at the end of gquestions.
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SECTION A

1. (a) Using dimensional analysis, explain why the

angular momentum of a particle cannot be h2 . 10

(b) @ Establish that

he = 1240 eV. nm
= 1240 MeV. fm

(ii) The energy levels of a hydrogen atom are

given by
E, = (-1/n*) Ryd,
where
1 Ryd = hcR.
Show that
R = 1:097 x 107 m™1,
What exactly is R 7 10

(c) Identify all the spin-half particles in the following
list : 10
Antineutron, Antiproton, Muon, Muon Neutrino,
Neutral Kaon, Neutral 8Sigma, Neutral Xi,
Neutron, Photon, Positive Pion, Positron, Proton,

u-quark.
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(d)y (1 Find the ground state total orbital (I.) and

total spin {(8) quantum numbers for nitrogen.

(i1) Find the L and S values of the two “first

excited states” of helium atom. 10

(e) Explain fluorescence and phosphorescence in
electronically excited molecules. 10

2
H 2 Sy2 level in H atom is 1058 MHz above the

2
2 Py2 level.

(1) What is this known as ?
(ii) Express the above frequency in em™1,

(ii1) Calculate the energy difference between the

above two levels in eV. 10

2. {(a) Show that the Pauli Spin Matrices obey the
following relations : 20

@)  Tr(s)=Tr(o,)
Gi) det (o) = det (c,)
(iii) The eigenvalues of 6, and o, are the same.

(iv) Write down the y-component of the spin
angular momentum matrix corresponding to

an antineutrino.
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(b) (31} The guantum mechanical probability
distribution function of an electron in the
ground state of the hydrogen atom is

P(r) = Nr2 exp (— 2br).

Using the result
| Pmar=1,
0

deduce that N is proportional to b3,

(ii) Prove that the value of 40 kgT at T = 300 K
is nearly 1 eV. Hence determine the Fermi

temperature of a metal whose Fermi energy
is 9-4 eV.

(iii) Show that the Fermi velocity is related to the

Fermi energy of electrons through the

1/2
v
relation —E = 1-98 _Er .
C 1 MeV 20
(¢) Show that the time-dependent part of all the
solutions of the Schrédinger equation in
one-dimension has the structure
Pty =exp (-1 EL/ A,
provided the potential is not an explicit function of
time. 20

C-DTN-J-QIB 6 [Contd.}]



(@) ) T& eEesH 9y & faaay st=er A
ToiEeTd o Faien Afde wifasar  f&ewer
o fyefarada 2
P(r) = Nr? exp (— 2br).
qigoTH

L—'a

P(r) dr = 1,

0
F1 Al i gq A Sifee N
gurafas 8 b3 |

Gi) fag ShifSe % T = 300 K9 40 kg T &1 HIH

T 1 eV BT 8 | WS TS UMl °91g +
wiif a1 fuior Sfse, e w5 f St
9-4eV33fl

Ginp <YiEw fF i 3 f=fafae g=-g & 39
ol & W el % WY gEied |

1/2
YF = 1-98 Er
c 1 MeV

20

() "YU & uw-faur § sifeR b & w4t g
¥ guy-feft 9 £ fefafiad 9=+ 8 2 -

o) = exp (—i E t/ h),
Te o6 fawa O # U gt wed el el 20

C-DTN-J-QIB 7 {Contd.]



3. (a) (@ Consider a positron in a box. If the energy
released is 60 eV when it jumps from the
third excited state to the ground state, show
that the width of the potential is nearly
0-3 nm.

{ii) Prove that the most probable distance of an
electron from the proton (in the hydrogen
atom) is the Bohr radius of the hydrogen

atom. Consider only the ground state. 20

(b)) @) Consider a particle in a three-dimensional
box. Derive an expression for g(E), the

density of states.

(11) Show that

g(p) _ dE
g(E) dp ’

where ‘g(p) is the density of states in the
momentum space. Deduce that g(p) is
proportional to p2 for a free non-relativistic
particle. 20

(¢) What was the aim of Stern — Gerlach experiment ?
Why were silver atoms chosen instead of electrons
in the experiment ? What was the outcome of the

experiment ? 20
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4. (a) Discuss the vibrational spectra of a diatomic
molecule treating it as a harmonic oscillator as well

as an anharmonic oscillator and compare them. 20

(b} @ Explain spin-orbit coupling of an atomic

electron.

(i1) Show that the 2p state in the H atom splits
up into two substates due to spin-orbit

coupling.

(11i) Calculate the energy of separation in eV,
resulting from the spin-orbit coupling when
the magnetic field experienced by the
electron is 0°4 T. 20

(¢) Explain Born — Cppenheimer approximation.
Discuss the intensity distribution in the
vibrational electronic spectra of a diatomic
molecule on the basis of Franck — Condon

principle. 20
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5 (a)

(b)

{c)

(d)

SECTION B
What are the field quanta -of weak and

electromagnetic interactions ? Show that weak
interaction is a short range force while

electromagnetic interaction is a long range one. 10
Write down the Yukawa potential and derive
an expression for the mass of m-meson in
terms of range of nuclear force. What part of the
Nucleon — Nucleon interaction is explained by this
potential ? 10
Show that the reciprocal lattice of a hexagonal
lattice is a hexagonal lattice with a rotation of axes. 10
A type-II superconducting material with
superconducting transition temperature T, is
placed in a magnetic field. What is the material
state (normal or superconducting or mixed) for
(i)- T«.:Tc;I-I>Hc2
1) T>T_,; H< H

€1
(i1i) T<T,; H <H< H

€1 €2

v) T <T_,; H<« Hc

1
{(v) T>T,; H> Hc2
where H_ and H_  are the lower and upper

1 2

critical fields for a type-II superconductor. 2x5=10
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(e) Venify that the circuit shown below is an
exclusive OR. 10

T oL
Yl
Dl

BO

(f) Silicon is the most popular semiconductor material

used for the fabrication of electronic dewvices and
integrated circuits. Why ? Give atleast five

reasons. 10

6. (a) What is the simplest two-nucleon bound system ?
How does its study help in obtaining information
about nuclear forces ? Indicate clearly how the
non-central forces can be explained by the observed

magnetic moment of this system. 20

(b) At what energies, do we anticipate the unification
of strong and eclectroweak interactions ? What will
happen to coupling constants of these interactions
in this situation ? How does unification indicate the
decay of proton and existence of leptoquark ? 20

(c) Compare the methods of electron scattering and
neutron  scattering experiments to  obtain

information about nuclear size. 20
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7. (a)

(b)

(c)

B. (a)

(bj

Which of the waves out of (i) X-rays, (ii) de-Broglie
waves due to electrons or neutrons will be suitable
for crystal diffraction 7?7 Justify your answer in

terms of energies of these waves for 0-1 nm.

Derive an expression for the specific heat of a solid
on the basis of Debye’s model. Show that it
converges toe Dulong and Petit's law at high

temperatures.

What is Meissner effect ? Explain the conclusions

drawn from the Meissner effect.

List the characteristics of an ideal OP-AMP. Write
the expression for the output voltage in terms of
input voltages and resistance values.

Rl

Vi 0—ANMANA— W
Ry

Vo 0—AAAAN ™
R3 e

Q€— < —>0

The resistance of silicon and germanium varies
with temperature. But these are not used normaliy
as thermistors. Why ? Name at least two widely
used materials for making thermistors and give

any five applications of thermistor.

15

25

20

20

20
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(¢} What do you understand by early effect in bipolar
Junction transistors ? What are its consequences ?
Discuss briefly the advantage of using the BJT in
the common collector configuration. 20

C-DTN-J-QIB 18 " [Contd.]




(1) 39 fyeEt d@fy gl (BJT) # SRS wWE |/
FT IS § 7 TU% S0 9iow g9 § ? W
dues fa=rai § BIT &7 ST &L & oY W
gag § ==t Fifsw | 20

C-DTN-J-QIB 19 [Contd.]



Constants which may be needed

Velocity of light in vacuum (¢) = 3 x 108 ms™!
Mass of electron (me) = 911 x 10-31 kg
Charge of electron (e) = 1-602 x 10712 C

Specific charge of electron [ e

] = 1-76 x 10! C kg1
Im

e
lu=1amu. = 16605 x 10727 kg = 931-5 MeV
Rest mass energy of electron (mecz) = 0-5110 MeV

Permittivity in free space (gq) =
88542 x 10712 C2 N~1 m—2

Permeability of free space (Hg) = 4 x 1077 N A2
Gas constant (R) = 8-314 J mol™! K?
Boltzmann constant (kg) = 1-381 x 10723 J K1
Planck constant (h) = 6626 x 10734 J 5
() = 1-0546 x 1073* J s
Bohr magneton (pg) = 9-274 x 10724 J T
Nuclear magneton (pyy? = 5051 x 10727 g 71
Fine structure constant (a) = 1/137-03599
Mass of proton (M) = 1-0072766 u = 1-6726 x 10727 kg

Mass of neutron (Mn) = 1-0086652 u
= 16749 =< 10727 kg

Mass of deuteron (Md) = 2:013553 u
Mass of a-particle (M) = 4-001506 u

Mass of 1§c = 12-000000 u
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SFZTT T AT (e) = 1-602 x 10719 C
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lu=1amu = 16605 x 10727 kg = 931-5 MeV

TSl W fauaEEr s9HH Sl
(mc?) = 0-5110 MeV

e TRy H fagaEiedn (g =
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(1) = 1-0546 x 10734 J &
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TR A (uy) = 5051 x 1027 J T!
e 9= =& (o) = 1/137:03599

M3 T STHH (M) = 1-0072766 u
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21T H THHAE (M) = 1-0086652 u
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English version of the Instructions is printed on
the front couver of this gquestion paper.




