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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 07—INTRODUCTION TO NANOSCIENCE TECHNOLOGY
(2020 Admission onwards)

: Three Hours Maximuwn : 30 Weightage

General Instructions
In cases where choices are provided, students can attend all quesiinrs in each section.
The minimum number of questions to be attended from thé Section/Part shall remain the same.

The instruction if any, to attend a minimum number of questions from each sub section/sub part/

sub division may be ignored.

There will be an overall ceiling for each Sectior/ Paiit that is equivalent to the maximum weightage
of the Section/Part.

Seution A

8 Short questions, each answerable within 7.5 minutes

Answer all quistions. Each question carries weightage 1.
Discuss about the lotus efiert in nanotechnology.
What are the unique feaberes in nanoscale when compared to bulk materials ?
What is meant by 7gcked moment magnetism” ?

How does fluctuation induced changes in structure of nanoparticles result in the formation of
liquid like aropiet of atoms ?

Write & note on the reactivity of nanoparticles.
Wiavis meant by the density of quantum states ?

Jow can we classify a quantum device based on the relation between its dimensionality and
de-Broglie wavelength ?

What are the effects of size of a nanomaterial on its mechanical properties ?

(8 x 1 = 8 weightage)

Turn over
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 07—INTRODUCTION TO NANOSCIENCE TECHNOLOGY
(2020 Admission onwards)

: Three Hours Maximuwa : 30 Weightage

General Instructions
In cases where choices are provided, students can attend all quesiiors in each section.
The minimum number of questions to be attended from thé¢ Section/Part shall remain the same.

The instruction if any, to attend a minimum number cf questions from each sub section/sub part/

sub division may be ignored.

There will be an overall ceiling for each Sectior./ Paxt that is equivalent to the maximum weightage
of the Section/Part.

Section A

8 Short questions, each answerable within 1.5 minutes
Answer all quistions. Each question carries weightage 1.

Discuss about the lotus efieit in nanotechnology.
What are the unique fvaivres in nanoscale when compared to bulk materials ?
What is meant by 7scked moment magnetism” ?

How does fluctuation induced changes in structure of nanoparticles result in the formation of

liquid like aropiet of atoms ?
Writ= & niote on the reactivity of nanoparticles.
WAt is meant by the density of quantum states ?

Jow can we classify a quantum device based on the relation between its dimensionality and

de-Broglie wavelength ?
What are the effects of size of a nanomaterial on its mechanical properties ?

(8 x 1 = 8 weightage)

Turn over
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Section B

4 Essay questions, each answerable within 30 minutes
Answer any two questions. Each question carries weightage 5.

Discuss any three bottom up methods for the synthesis of nanomaterials.
Discuss about any two methods used for the synthesis of solid disordered nanostructures:

Explain briefly the quantum confinement in semiconductors. Hence explain the, cencepts of
(i) Potential step ; (il) Potential barrier ; and (iii)-Quantum well.

What are Excitons ? How are they classified based on the formation mechansn. ?
(2 x 5 =10 weightage)
Section C

7 Problem questions, each answerable withii-15 minutes

Answer any four questions, Each question carvies weightage 3.
Describe the nanoimprint lithographic (NIL) techniaua-w1i'h the help of a neat schematic diagram.
Discuss briefly about any one method to study the clectronic structure of nanoparticles.
Describe basic principles of electrospinning.and 1cs applications in the production of nanofibers.

Consider a spherical gold nanoparticle-af radium 4nm. Calculate the total number of gold atoms
available inside the nanoparticles. Given that gold has a fec lattice with lattice parameter 0.408nm.

Compare the density of states.o” 0D, 1D, 2D and 3D nanostructures.
Describe the quantum meckaiiical tunneling effect.

Explain how the physical broperties of the materials significantly depend on their size when reduced

to nanodimensioz.

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 06—ELEMENTARY ASTROPHYSICS
(2019 Admission onwards)
Time : Three Hours Maxinram : 30 Weightage
General Instructions
1. In cases where choices are provided, students can attend all questions in each section.
2. The minimum number of questions to be attended from theSection/Part shall remain the same.

3. The instruction if any, to attend a minimum number c; g iestions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Section ! Fart that is equivalent to the maximum weightage
of the Section/Part.

Section A

Arnswer all questions.

Lacre question carries 1 weightage. *
1. Why Altazimuth systeliris not suitable for making permanent star charts ?
2. Illustrate the Aspect'uithe Sky at the equator of earth.
3. -Define colour index of a star. It is invariant with respect to distance of star. Comment.
4. Give the radidtive equilibrium condition in stellar interior.
5. Defire.Chandrasekhar mass limit for white Dwarfs.
6.+, IJefine Resolving power and focal ratio of a telescope.
7. - What are two different types of X-ray binaries ? Give any two differences between them.
8. What is the role of water cell in measurement of infrared spectrum of a star ? Giveits limitation.

(8 x 1 = 8 weightage)

Turn over
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Section B

Answer any two questions.
Each question carries 5 weightage.

Illustrate the Local Equatorial system and Universal Equatorial system to give the location ofstar.

Discuss Saha'’s equation of thermal ionization.

Illustrate the energy generation in stars.

Describe the sources of Ultraviolet Astronomy and its importance.
(2 x 5 = 10 weightage)
Section C

Answer any four questions.
Each question carries 3 weightage:

The Parallax of a star is 07.785. Find its distance in in pnarsecs and in light years.

Find the luminosity of the star which has an abseciuie holometric magnitude of+1.42. Given that
the luminosity of sun is 8.84 x 1026 Js~1 and th< abzolute bolometric magnitude of sun is +4. 72.

Discuss Harvard system of spectral classifieation.

Draw the path on the H-R diagram of sun'as it contracts to main sequence and illustrate.
Describe the formation of Black H¢le. 'Nhat is event Horizon ?

Draw schematic diagrams of Astagraph and Schmidt Telescope and describe them.
Describe gamma ray Spestrescopy. Give any three sources of the Gamma rays from space.

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 05—EXPERIMENTAL TECHNIQUES
(2019 Admission onwards)
Three Hours Maximun: : 30 Weightage
General Instructions
In cases where choices are provided, students can attend all quesiivnsin each section.

The minimum number of questions to be attended from the Section/ Part shall remain the same.

The instruction if any, to attend a minimum number of guestions from each sub section/sub part/
sub division may be ignored.

There will be an overall ceiling for each Section [ Partthat is equivalent to the maximum weightage
of the Section/ Part.

Section A

Arncwerall questions.
Each question carries weightage 1.

What are the basic functions of the working fluid in an oil rotary pump ?

Give an idea about the fiindamental principle of the working of getter ion pump.
Explain the function ol tite quartz crystal in a thickness monitor for thin films.

What is the mecharism of the sputter ion deposition technique for thin film fabrication ?

Explain why tire auiccessive accelerating tubesin a linear accelerator have progressively increasing
lengths.

What o ethe special advantages of ion implantation technique ?
Back angles are preferred in the RBS technique for materials analysis. Why ?

What is a unit cell ? What is its shape and parameters ?
(8 x 1 = 8 weightage)

Turn over
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Section B

Answer any two questions.
Each question carries weightage 5.

(a) With the help of a neat diagram discuss the working principle and working of a turbo molecular
pump.

(b) Explain the concept of pumping speed.

(a) Describe the glow discharge technique for thin film fabrication.

(b) Write a note on multi layer optical ﬁlt,ers and their uses.

(a) What is PIXE ? Explain the general set up for trace element analys's via this technique,
providing a neat sketch of the same.

(b) Discuss the application of the PIXE techniques for human ha’r sanples.
(a) State and explain Bragg’s law of X-ray diffraction.

(b) Describe the instrumentation for single crystal diffractien studies.
(2 x 5 = 10 weightage)

Section C

Answer any fourqueastions.
Each question cariies weightage 3.
A vacuum chamber in the form of a sphere with radius of 25 cm is pumped by a diffusion pump,
starting from an inlet pressure 1 x 2073 Torr to an ultimate pressure of 8 x 107 Torr. If the
effective pumping speed of 150 litres/sec, calculate the pump down time.

A vacuum evaporation unit-iz used to coat a thin aluminium film on a substrate kept a distance of
15 cm from the heating hoall gram of the metal is taken in the boat and is evaporated completely.
Find the thickness £ th4 thin film obtained, in microns (p = 2.7 g/cm3). The film thickness is
measured in an inte:ferometer using light of wavelength 589 nm. Obtain the fringe shift given

p = 1.5.

The r.f. fielavina cyclotron used for accele;atiné alpha particles is 15 MHz. The Dees have a
radius af 0.6 m. Obtain the strength of the magnetic field and the maximum energy attained by
the.ions:

The thermal column of a nuclear reactor provides a neutron flux of 102 n/cm?sec. A sample
containing 19B is subjected to NAA using the (n, ) reaction in this column. What is the radio active
isotope produced ? The radio activity produced has a halflife of 30 minutes. Gamma counting is
started 15 minutes after irradiation is over. 1,000 gammas are detected for 2 minutes by means of
a HPGe detector of efficiency 2%, kept subtending a solid angle of 2 x 10-3 sr at the sample centre.
Calculate the mass of the isotope in the sample, assuming o =100 mb.
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An experiment is carried out to determine the particle size of a powder sample using X-ray diffraction.
The FWHM of the diffraction peak at 31.8° is obtained as 0.5 degrees, when Cn 1 X T dmm o “f
energy 8.04 keV is used,; Calculate the particle size.

A linear accelerator operating at r.f. frequency of f kHz and f field amplitude of V k Volts is ysed
to accelerate ions of charge ne and mass m with an initial enerzy of E0 keV. Derive expressgions (oF
the length of the n'® drift tube and the exit energy of the ions after n drift tubes,

The reaction X (a, b) Y with a g-value Q is used for analysis of a sample coniai ”ﬁg the isotops X
by detecting the outgoing particles & at an angle 0 to the incident beam direction. Using the

principles of conservation of energy and momentum, deduce an expression relevan' tothe qualitative
analysis of the sample for X.

(4 = 3 = 12 weightagss
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 04—DIGITAL SIGNAL PROCESSING

(2019 Admission onwards)

: Three Hours Maximuwn : 30 Weightage

General Instructions
In cases where choices are provided, students can attend all quesiiors in each section.
The minimum number of questions to be attended from th¢ Section/Part shall remain the same.

The instruction if any, to attend a minimum number of questions from each sub section/sub part/

sub division may be ignored.

There will be an overall ceiling for each Sectiox/ Poxt that is equivalent to the maximum weightage
of the Section/Part.

JSection A

Answer ¢ll eight questions.
Ecch aiswerable in 7.5 minutes.
Loch carries a weightage of 1.

Distinguish between contiious time Even and Odd signals.

For a three bit D/A convertor with a range of 0-3.3 volts what would be the highest output

voltage ?

How is thecorrelation of discreet time signals quantified ?

Distingiiish between Static and Dynamic discrete time systems. Give an example.
Eielain scaling property of the z-transform.

‘What is the stability criterion for a linear time invariant system ?

Describe two properties of frequency selective filters.

Define system function of a LTI system.
(8 x 1 = 8 weightage)

Turn over
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Section B

Answer any two questions from among the 4 essay questions.
Each answerable in 30 minutes.
Each carries a weightage of 5.

Explain Linear Time Invariant Systems and their causality property. Describe the different vypes
of interconnections of LTI systems. '

Explain the following properties of z-transform with suitable example (1) Linearity.; (2) Time
reversal ; and (3) Correlation.

Explain how frequency analysis of Discrete time signals is implemented.

What is the purpose of Discreet Fourier Transform ? Explain the properties of Periodicity, linearity
and circular convolution.

(2 x 5 = 10 weightage)
Section C

Answer any four questions from amcngthe 7 problems.
Each answerable in 15 rrinutes.
Each carries a wéglitage of 3.

A 5-bit D/A converter produces Vo = 0.2 v-fur a digital input of 0001. Find the value of output
voltage for an input of 11111.

n
Determine the fourier transformi of tiie’discrete time series represented by * (1)= (Z) u(n+2).

Determine the output response y(n)if 2 (n)={1,1,1} and x (n)={1,2,3,1} by using linear
convolution.

Determine the palez-and zeros for the signal

x(n)=a" fixr0<n<N-1

x (n) =0 ¢therwise.

Comntguie the DFT of a sequence (- 1)" for N=4.

22+Z

Find the inverse z-transform of X (2) = m with ROC ] Z | >3.

Evaluate the step response for the LTI system represented by the impulse response
(1) h(n)=8(n)-8(n-1) ; and

(2) h (n) =u (n)
(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 04—DIGITAL SIGNAL PROCESSING
(2019 Admission onwards)

: Three Hours Maximwn : 30 Weightage

General Instructions
In cases where choices are provided, students can attend all guesiions in each section.
The minimum number of questions to be attended from the Section/Part shall remain the same.

The instruction if any, to attend a minimum number sf questions from each sub section/sub part/

sub division may be ignored.

There will be an overall ceiling for each Sectinii/ Poxt that is equivalent to the maximum weightage
of the Section / Part.

Jection A

Arnswer cll eight questions.
Ecch answerable in 7.5 minutes.
Euech carries a weightage of 1.

Distinguish between contiious time Even and Odd signals.

For a three bit D/A convertor with a range of 0-3.3 volts what would be the highest output
voltage ?

How is thecorrelation of discreet time signals quantified ?
Disting rish between Static and Dynamic discrete time systems. Give an example.
Eielain scaling property of the z-transform.
‘What is the stability criterion for a linear time invariant system ?
Describe two properties of frequency selective filters.
Define system function of a LTI system.
(8 x 1 = 8 weightage)

Turn over
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Section B

Answer any two questions from among the 4 essay questions.
Each answerable in 30 minutes.
Each carries a weightage of 5.

Explain Linear Time Invariant Systems and their causality property. Describe the different types
of interconnections of LTI systems.

Explain the following properties of z-transform with suitable example (1) Linearity ; (2) Time
reversal ; and (3) Correlation.

Explain how frequency analysis of Discrete time signals is implemented.

What is the purpose of Discreet Fourier Transform ? Explain the propetties of Periodicity, linearity
and circular convolution.

(2 x 5 = 10 weightage)
Section C

Answer any four questions from amarg the 7 problems.
Each answerable in #5_ninutes.
Each carries a weightege of 3.

A 5-bit D/A converter produces Vg = 0.9 Jor a digital input of 0001. Find the value of output
voltage for an input of 11111.

n
Determine the fourier transform of tiz discrete time series represented by * ()= (Z) u(n+2).

Determine the output response y(n)if A(n)={1,1,1}and x(n)={1,2,3,1} by using linear
convolution.
Determine the polez and zeros for the signal

x(n)=a" far0sn<N-1

x (n) =0 otherwise.
Cowipute the DFT of a sequence (- 1)" for N =4.

2
+ )
T'ind the inverse z-transform of X (2)= (z——ﬁ with ROC I Z I > 3.

Evaluate the step response for the LTI system represented by the impulse response
(1) h(n)=8(n)-8(n-1) ;and

(2) h(n)= u(n).
(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 03—RADIATION PHYSICS
(2019 Admission onwards)
Time : Three Hours Maxiraum : 30 Weightage

General Instructions
1. In cases where choices.are provided, students can attend all questions in each section.
2. The minimum number of questions to be attended from the Section/Part shall remain the same.

3. - The instruction if any, to attend a minimum number ¢f questions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Section/Faii that is equivalent to the maximum weightage
of the Section/Part.

—ection A

8 Short questions answerable within 7% minutes.

Answer all questions, each carry weightage 1.
1. What is a neutrino ?
What you mean by.stopping power with respect to radiations ?

Distinguish b<tiveen elastic and inelastic scattering.

Ll

What is 2 thermoluminescent dosimeter (TLD) ?
5. Wheat s meant by chromosomal aberrations ?
6. Tizn'ain the radioactive waste disposal.

Distinguish between ionizing and nonionizing radiation.

-~
.

[oR]

Write the properties of gamma ray.

(8 x 1= 8 weightage)

Turn over
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Section B

4 essay questions answerable within 30 minutes.

Answer any two questions, each carry weightage 5.
(a) What is mean by interaction mechanism of gamma rays ?
(b) Writes notes on :
(i) Pair production.
(ii) Compton scattering.
(ii1) Photo electric absorption.
Discuss the construction and action of a cyclotron. Point out its limitations.
(a) Explain how the radiation affect the genetics.
(b) Discuss the applications of radiations in cancei*herapy.
(a) Distinguish between primary and secondaory radiations.
(b) Writes notes on :
(i) Beta shielding.
(ii) Gamma shielding.
(iii) Neutron shielding.
2x5=10 weightagg)
Section C

7 problems answerable within 15 minutes.

Answer any four questions, each carry Weightage 3.

Z-rays of wavelength 0.7080 A are scattered from a carbon block through an angle of 90° and are
analy'zed with a calcite crystal, the interplanar distance of whose reflectingplanes is 3.13 A.
Determine the angular separation, in the first order, between the modified and the unmodified

rays.

Write notes on basic factors for radiation protection.
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Explain the basic concept of cell biology.

Calculate the velocity and the mass of a B-particle with a K.E. of 0.5 MeV. If a beam of such
particles enters a uniform magnetic field, find the flux density required to cause them totraverse a

circular arc of radius 0.1 m.

In a linear accelerator, proton accelerated thrice by a potential of 40 kV leaves a tube‘and enters
an accelerating space of length 30 cm. before entering the next tube. Calculate the frequency of
the r. f. voltage and the length of the tube entered by the proton.

Describe the Radiation survey meter for area monitoring.

The entrance skin exposure from a chest radiography is typically 25 riiv. Vhat are the corresponding

dose in centi-gray and the dose equivalent in millisieverts (mSv) ?

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
. PHY 3E 01—PLASMA PHYSICS
(2020 Admission onwards)
Time : Three Hours Maximum : 30 Weightage
General Instructions

1. In cases where choices are provided, students can attend all.guestions in each section.
2. The minimum number of questions to be attended from the Section/Part shall remain the same.

3. The instruction if any, to attend a minimum number of guestions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Secticn/Part that is equivalent to the maximum weightage
of the Section/ Part.

Section A

8 Short questons, each answerable within 7.5 minutes

Answer ali wuesiions. Each question carries weightage 1.
1. Explain the concept ot Lebye Shielding.
2. What do we mean vv ‘Solid state plasma’ ?
3. Explain the termthe ‘Larmor radius’

4. The phuse velocity of a wave in a plasma often exceeds the velocity of light ¢. Does this violate
theoiy ¢f relativity ? Explain.

5.. What are the characteristics of magnetic hydrodynamic equilibriums ?
6. /Write and explain the physical meaning of Vlasov equation ?

7. What is magnetic confinement ?

8. Briefly explain the mechanism of plasma heating.

(8 x 1 = 8 weightage)
Turn over
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Section B

4 Essay questions, each answerable within 30 minutes
Answer any two questions. Each question carries weightage 5.

Explain electron plasma waves with the support of necessary theory.
(a) List three quani-:itative criteria for a plasma and explain each in a few lines.
(b) Describe the following phenomena.
(i) Electron plasma waves.

(i1) Weibel instability.

(iii) Landau damping in plasma oscillations.
Describe any taree applications in Plasma Physics ?
Explain the magnetic confinement of plasma with special eriphasis on Torus, Mirrors and Pinches.

(2 x 5 = 10 weightage)
Section €

7 Problem questions, each arstierable within 15 minutes

Answer any four questions, %ack question carries weightage 3.

Determine the Debye Length (o) and. number of particles in Debye sphere (Np) for a glow discharge
with particles n = 1016 per m3 and XT, = 4eV.

An ion engine has a 2T magretic field, and a hydrogen plasma is to be shot out at an E x B velocity
of 107m/s. How much interadielectric field must be present in the plasma ?

Show that the mear‘Tiee path A for electron-ion collisions-is proportional to Tez.

A 20 keV deuteran 11 a large mirror fusion device has a pitch angle@ = 45 at the midplane, where

B =1T. Computeits Larmor radius
Show thet the frequency of plasma oscillations is proportional to the root of plasma density.
Obuain the expression for the energy density in the electric field of plasma medium.

Calculate mean free path of certain ions for elastic collisions in a weakly ionized plasma at
Lemperature 27 °C and pressure 1000 Pa. Assume that the cross section of collision
c = 1074 cm2.

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3E 01—PLASMA PHYSICS
(2019 Admissions)

Time : Three Hours M:ximmum : 30 Weightage

Lo

General Instructions

In cases where choices are provided, students can attend all questions in each section.
The mintmum number of questions to be attended from the Scction/Part shall remain the same.

The instruction if any, to attend a minimum number of questions from each sub section/sub part/
sub division may be ignored.

There will be an overall ceiling for each Section’ Pofrihat is equivalent to the maximum weightage
of the Section/Part.
Saction A

8 Short questions,«euch unswerable within 7% minutes.
Answer all quescions, each carries weightage 1.

What is meant by ‘drift instability’ ?

Give the conditions for plasina.

Derive the dispersion 12'ation for electron-plasma waves (Bohm-Gross waves) ?

Explain the origin‘wnasignificances of diamagnetic drift.

Define the term 3?7 Explain why it is no't possible for a magnetically confined plasma to have
B>1.

Explain the characteristics of flute instability.

V'rite down the Fokker-Planck equation. Explain each term.

Lxplain the lawson criterion?
(8 x 1 = 8 weightage)

Turn over
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Section B

4 Essay questions, each answerable within 30 minutes.

Answer any two questions, each carries weightage 5.
Derive an expression for the curvature drift of a particle in a non-uniform magnetic field.
What are Alfven waves ? Obtain the dispersion relation for Alfven waves.

Derive the dispersion relation for a two-stream instability ‘cold plasma’? Also, calenilata flie maximum

growth rate ?
Derive an expression for Landau damping rate for plasma oscillations.
(2 x 5 = 10 weightage)
Section C

7 Problem questions, each answerabl> sithin 15 minutes.

Answer any four questions, each carries weightage 3.

(a) The plasma ions are compressed to a density o 1039/ m3 at a temperature of 2 x 108 K. Compute

the values of N, and Ay ?

(b) Compute the larmor radius for a)1i keV electron in the earth’s magnetic feld of strength
2.98 x 10°5T ?

The Earth’s magnetic fielafalis off as 1/r3 and is 8 x 1073 T at the equator. Compute the ion and
electron AB drift velezitizs, Tor an isotropic population of 1 eV protons and 10 keV electrons, each

with density n = 29<?’m=3 at r = 2.5 radii in the equatorial plane ?
o . . . -r2rl
A cylindrically symmetric plasma column in a uniform B field has, n (r)=nge "0 and

2, = nge® KT

Fiid the diamagnetic current density Jyy as a function of radius ?

in a potassium Q-machine plasma, a fraction ‘m’ of the electrons can be replaced by negative
Clions. The plasma then has ny K* ions, mn, Cl” ions, and (1 — m) n,, electrons per m3. Find the

critical value of n, which will cut off a 0.3 cm. wavelength microwave beam if m = 0.4.
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Let two cold, counter-streaming ion fluids have densities n; and velocities + vy 7 and —vy 5 ina

magnetic field B, z and a cold neutralizing electron fluid. The field B is strong enough to confine

-electrons but not strong enough to affect ion orbits. Calculate the dispersion o (k) and growth rate

Y (k) of the unstable waves.

Ion waves with A = 5 cm. are excited in a singly ionized argon plasma with n, =/10*%m™3 ,
T,=1eV,T;= 0.2 eV ;and the Landau damping rate is measured. A hydrogen impurityvi density

ny = B n, is then introduced. Calculate the value of B to enhance the damping»ate by two ?

An z-pinch thermodynamic plasma in a column of radius 0.05 cm. is in equilitritym with the number
density 2.03 x 1028 per centimeter. A current of 105.9 kA is needed 4 confine the plasma at a
temperature of 200 K. Calculate the magnetic field at the surface ci plasma ? Also, verify the
Bennett-pinch condition ?

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAM]NATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3C 11—SOLID STATE PHYSICS
(2019 Admission onwards)

: Three Hours Maxiniam : 30 Weightage

General Instructions
In cases where choices are provided, students can attend all q.testions in each section.
The minimum number of questions to be attended from.the'Section/Part shall remain the same.

The instruction if any, to attend a minimum number ¢ qlestions from each sub section/sub part/

sub division may be ignored.

There will be an overall ceiling for each Secticn /Part that is equivalent to the maximum weightage
of the Section/Part. ‘ ’

Section A

8 Short quéstions answerable within 7.5 minutes.

Answer allauestions, each question carries weightage 1.
What are symmetry op=rafions ? Name the .symmetry elements of a crystal.
What are the differ=iittypes of bonding in the crystal and mention its characteristics ?
The one-dimei:sierial monoatomic lattice acts as a low-pass filter. Explain:
What isfWieaemann -Franz law ?
What is i1all effect ? Give the expression for Hall co-efficient as predicted by free electron theory.
Explain the origin of the diamagnetism.
Distinguish between pyroelectric and piezoelectric materials.

What is the importance of high temperature superconductors ? Give one example with transition

temperature.

(8 x 1 = 8 weightage)
Turn over



13.

14.

15.

16.

17.

©19.

9 D 11690

Section B

4 ggzay questions answerable within 30 minutes.
Asmsgeger any two questions, each carry weightage 5.

set eomings of Einstein’s theory of lattice specific heat 2. Explain Debeye’s thetry of

Bistinguish between ferromagnetism and anti-ferromagnetisms. Describe the Meel model of anti-
A gn

ferromagnetism.

Explain Meisner effect. Describe London equations and discuss howdo they help in explaining
superconducting state.

(2 x 5 = 10 weightage)
Section C

7 problems answerable wiinin 15 minutes.
(Answer any four questions; each carry weightage 3.

Silicon crystallizes in the diamond cubic structure. The radius of silicon atom is 0.1176 nm. The

‘atomic weight and density of silicon are'26:09 and 2.3 x 103 kg/m?. Give me the number of atoms

present in a unit cell.

If Einstein’s temperature of a 1naterial is 157 K, find the value of C, for the material at 100 K in
cal/mol/K using Einstein’s formula. Also calculate Einstein’s frequency.

Find the relaxation tin‘e-and mean free path of conduction electron in copper. For copper density
of the free electron 8.: x 1028/m3, resistivity 1.69 x 10 ~8 ohm-m and average velocity of electron
1.154 x 10° m/s

Helium gaz contains 2.7 x 1025 atoms/m3 and dielectric constant of He atom NTD is 1. 0000684.
Calculate the ¢lectric polarizability of He atom.

A naramagnetic material has 1028 atoms/m3 . Its susceptibility at 350 K is 2.8 x 10~%. Calculate
susceptibility at 300 K.

A superconducting tin has a critical temperature of 3.7 K at zero magnetic field and a critical field
of 0.0306 T at 0K. What is the critical field at 2K ?

A beam of X-rays of wavelength 0.842A is incident on a crystal at a glancing angle of 8° 35' when
the first order Bragg reflection occurs. Calculate the glancing angle of the third order reflection.

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3C 10—NUCLEAR AND PARTICLE PHYSICS
(2019 Admission onwards)
Time : Three Hours Maxiznun: : 30 Weightage

General Instructions
1. In cases where choices are provided, students can attend all questions'in each section.
2. The minimum number of questions to be attended from the Scction/Part shall remain the same.

3. The instruction if any, to attend a minimum number of auestions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Section!Parithat is equivalent to the maximum weightage
of the Section/Part.

Sacuion A

Aaswer all questions.
Each ques.ion carries weightage 1.

1. Give the theory of force betwecen a proton and neutron in deuterium for the ground state.
What is the basic assumpti.on of a single particle shell model ?

What is the concept cf fission to explain the stability of nucleus ?

What are alleaw=d ¢nd forbidden beta decay ?

What is the kiretic energy of alpha particles in terms of Q value ?

Wheat vwas the necessity of introducing color quantum number ?

N oo N

"Write a note on semiconductor detectors.
8. xplain about the four fundamental forces in nature.

(8 x 1 = 8 weightage)

Turn over



10.
11.

12.

13.

14.
15.
16.
17.
18.
19.

2 D 11689

Section B

Answer any two questions.
Each question carries weightage 5.

Explain the term mass and binding energy of a nucleus. Give two method for determining the
mass and binding energy of nucleus.

Explain the quark model for hadrons. What are the experimental evidences for confinied gquark.

Give a brief description of Nuclear Model Explain the single particle shell model with one of its
application.

Explain the theory of alpha particle emission. Also discuss the angular ‘mon‘entum and parity
selection rule for alpha decay.

(2 x 5 = 10 weightage)
Section C

Answer any four questions.
Each question carries weigntage 3.

From the known masses of 1°0 and 1°N, compute Zhe diiterence in binding energy. Assuming this
difference to arise from the difference in coulorib er.ergy, Compute the nuclear radius of *Q and
I5N. (Mass of proton = 1.00727647 a.m.u. M2és of neutron = 1.0086654 a.m.u., Mass of
150 = 15.0030654 a.m.u. Mass of 15N = 15:004890a.m.u)

Show that the mixing of S and D statcs-2ceounts for the magnetic moment of the deuteron.
Discuss about the classical electroiinagr etic radiation.
Discuss the theory of controlled ‘ission reactions.
Explain what are single caaiiacl and multichannel analyser.
Illustrate with an examp'e the conservation laws obeyed in elementary particle reaction.
Distinguish betweenLeptons and Hadrons.

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2021

(CBCSS)
Physics
PHY 3C 09—QUANTUM MECHANICS—II
(2019 Admission onwards) .
Three Hours Maximnun: : 30 Weightage
General Instructions
In cases where choices are provided, students can attend all questionsin each section.

The minimum number of questions to be attended from the Section/Part shall remain the same.

The instruction if any, to attend a minimum number of questions from each sub section/sub part/

sub division may be ignored.

There will be an overall ceiling for each Section /1’0 vshat is equivalent to the maximum weightage
of the Section/Part.

Sectivn A

Airswer all questions.
Each gues.ion carries 1 weightage.

What is the difference betweesn, the Zeeman correction to energy in weak magnetic field and in
strong magnetic field ?

Explain why non deg=ncrate time independent perturbation theory cannot be applied to degenerate
cases.

Describe the privsiple of Variational method.

Describe the ¢onnection formulae for WKB approximation.
What is'meant by Dyson’s series ?

Vhat is optical theorem ? What does it imply ?

What are the properties of Dirac matrices ?

What is Weyl equation ? Give its significance.
(8 x 1 = 8 weightage)

Turn over
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11.

12.

13.
14.

15.

16.

17.
18.

19.
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Section B

Answer any two questions.
Each question carries 5 weightage.

Discuss time independent degenerate perturbation theory and apply the same to explain the fine
structure of the Hydrogen atom due to the relativistic correction.

Describe the method of WKB approximation. Apply it to find the wave function and er.ergy inside
a potential well with two vertical walls.

Deduce the eipression for transition probability for induced emission for 2n olom placed in an
electromagnetic field.

Discuss the method of partial waves with respect to the scattering by wcntral potential. Find the
total scattering cross section.

(2 x 5 = 10 weightage)
Section C

Answer any four guestioss.
Each question carri¢s 3 weightage.

Find the wave function and energy levels ¢f aaharmonic oscillator.
Using Variational principle find the givund state energy of one dimensional harmonic oscillator.

Apply Time dependent perturbatior.thzory to find the absorption energy from the field in the case
of Harmonic perturbation.

For scattering by square w71l potential show that the scattering cross section is independent of
energy and scattering aigle.

Derive the Kleir‘Gordon equation. Find the corresponding probability density.
Show that the total angular momentum is a constant of motion for Dirac particles.

Using tirhe independent perturbation theory find the first order correction to the energy of n = 2
state ctthydrogen atom in the presence of electric field.

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (SUPPLEMENTARY) EXAMINATION
NOVEMBER 2021

(CUCSS)
Physics
PHY 3E 05—EXPERIMENTAL TECHNIQUES
(2017 to 2018 Admissions)
Time : Three Hours Maxinium : 36 Weightage
Section A

Answer all questions.
Each question carries weightege 1.

1. What is a Cyclotron ?
2. What is gate valve ?

3. Give the conversion between milli bar and Tors

4. What do you mean by a Unit Cell.

5. How can you define a thin film.

6. What is Seebeck effect.

7. Write the cyclotron condivion for the angular frequency.
8. What do you mean by r.on-destructive technique.

9. What are the advahtages of Turbo molecular pu‘mp.

" 10. What is meant-by backing pump ?
11. Whet &) you mean by cold trap ?
12. Praw the variation of Rutherford scattering cross section vs scattering angle.

(12 x 1 = 12 weightage)

Turn over
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14.

15.

16.

17.

18.

19.

20.

21.
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Section B

Answer any two questions.
Each question carries weightage 6.

With the help of diagrams explain method of measuring vacuum using cold cathode ionization
gauge and hot cathode ionization gauge.

What are the advantages and disadvantages of electron beam evaporation technique ? , vrith the
help of a diagram explain the electron beam physical vapour deposition process.

What is differential scattering cross section?, Obtain an expression for the tetai <ross section.

Explain the principle of linear accelerator. Describe briefly the construstion aid working of linéar
radio frequency accelerators.

(2 x 6 = 12 weightage)
Section C

Answer any four quesiiors.

Each question carries we'ghtage 3.

Determine the pump down time for a chambe o1 1.5 m diameter and 0.6 m height pumped by a
rotary pump with a speed of 2000 litres pez.m nute to attain a pressure of 10~1 Torr ?

Derive an expression for frequency chiznges in a quartz crystal thickness monitor set up.

sl

A proton accelerator consists of 202 drift tubes. The rf electric field has a frequ‘ency of 500 MHz.
The average potential when the protons cross the accelerating gap is 1.5 x 103 kV. If the protons
are injected into the machine at 2 MeV energy, calculate.the final energy and the length of the last
drift tube.

An X Ray beam ol'wavelength 0.71 x 10710 m is diffracted by a cubic KCl crystal of density
1.99 x 108 kgm' 3/ Calculate the interplanars pacing for (200) planes and the glancing angle for
the second «order reflection from these planes. The molecular weight of KC1 is 74.6 amu and
Avogadr('s nuinber is 6.023 x 1026 kg~1 mole~1.

Derive cxpressidn connecting impact parameter and angle of scattering in Rutherford scattering

precess.

Obtain the energy equation of outgoing particle in a typical nuclear reaction as a quadratic
expression in square root of E;.

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (SUPPLEMENTARY) EXAMINATION

NOVEMBER 2021
(CUCSS)
Physics
PHY 3E 04—DIGITAL SIGNAL PROCESSING
(2017 to 2018 Admissions)

Time : Three Hours Maximum : 36 Weightage

10.

11.

12.

Section A.

Answer all twelve questions.
Each answerable in 5 minvios.

Each question carries a weightege of 1.
Explain the principle of a Cor.nb filter.
What are different types of signal representation.?
Explain the architecture of a LTI system
Define circular convolution.‘
Explain scaling property of the z-transform.
Define the frequency resporse of a discreet time system.

Explain cross energy donsity spectrum.
Define then-pcinU DT of a sequence x (n)

Explain theneed of a sampling and hold circuit in an A/D convertor.
What is the purpose of inverse z-transforms ?

Frplain the meaning of the poles and zeros in terms of a transfer function :

gy Y(z)
H (Z) = m.
Define a FFT algorithm.

(12 x 1 = 12 weightage)

Turn over
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Section B

Answer any two questions from among the 4 essay questions.
Each answerable in 30 minutes.
Each question carries a weightage of 6.

Explain properties of the Discreet Fourier How are discreet time systems classified ? Explain impulse
response and convolution sum operation on a discreet time system.

Explain the following properties of DFT : (1) Periodicity ; (2) Time reversal ; (3) Tini2 reversal ;
(4) Circular time shifting ; and (5) Circular correlation ; and (6) Circular Convoition.

Explain different types of operations performed on discrete time signals.
Explain properties of the Discreet Fourier transform with an example:
(2 x 6 = 12 weightage)
Section C

Answer any four questions from among vhe 6 problem.
Each answerable in 15 nizates.

Each question carries’a weightage of 3.

Compute the convolution of the sequence.: &) * u (n - 3).

Find the Fourier transform of : (1) x (2)=u(n) ;and (2) z (n)=u(n-*k).
Compute the Nyqust sampling izequency and Nyqust interval for the signal

x (t) = cos (400 nit) « cos (200'nt).
For the given iripuise response determine if the system is causal and stable / () = ¢** u (n - 1).

Obtain frequericy response of discreet time system with impulse function 4 (n) = b" u (n) for | b |<1.

Represent the following finite duration sequence as a sum of weighted impulse sequence. Given
Any={2,4,-1,-2}.
t

(4 x 3 = 12 weightage)
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THIRD SEMESTER M.Sc. DEGREE (SUPPLEMENTARY) EXAMINATION

NOVEMBER 2021
(CUCSS)
Physics
PHY 3C 11—SOLID STATE PHYSICS
(2017 to 2018 Admissions)

Time : Three Hours Maximum : 36 Weightage

10.

11.

12.

Part A

Answer all questions.

Each question carries 1 weightage.
Define lattice, basis and crystal structure.
What is atomic form factor and geometrical structure factor ?
Explain metallic bonding. What iz the natveré o bonds in NaCl and diamend ?
What is meant by optical mode of wave propagation in a linear diatomic crystal ?
Explain how does the classical free ¢lectron theory leads to the Ohm’s law.

Show that the hall co-efficiert is independent of the applied magnetic field and is inversely
proportional to the curreri (ensity and electronic charge.

What are intrinsic semiconductors ? Explain band gap in semiconductors.
Explain the dielestiic polarization of a solid.

Distinguish beitween antiferro and ferromagnetic materials.

Writena note on the atomic theory of magnetism.

HKxpiain the concept of cooper pairs in superconductors.

‘What is Meissner effect ? Explain the perfect diamagnetism in superconductors.

(12 x 1 = 12 weightage)

Turn over
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Part B

Answer any two questions.

Each question carries 6 weightage.

What are Brillouin zones ? Determine the reciprocal lattice vectors which define the Brillouin

zones of bee and fee lattices.

Obtain the dispersion relation for elastic waves in a linear monoatomic chain with neare:t neighbour
interaction and show that the group velocity vanishes at the zone boundaries: Digtuss the dispersion

behavior at low and high frequencies.

Distinguish between diamagnetism, paramagnetism and ferromagne-isin. Discuss the Langevin

and quantum theory of diamagnetism.

Give the basis of London theory. Derive the London equatient and explain the term coherence

length.
(2 x 6 = 12 weightage)
Part

Answer any.four yuestions.

Each question carries 3 weightage.

A substance with fcc lattice has density 6250 kg/m?® and molecular weight 60.2. Calculate the

lattice constant.

The Debye temperature of diamond is 2000 K. Calculate the mean velocity of sound in diamond,
given the density and atomi- mass of diamond as 3500 kgm™3 and 12 amu respectively.

Find the Bragg angle fo: the lowest angle lines on powder photograph of an fce crystal whose
lattice parameter 12.6°A° and the wavelength used is 1.54 A°.

A uniform silver'wire has a resistivity of 1.54 x 108 Qm. at room temperature. For an electric field
along the wire of 1 volt/cm, compute the average drift velocity of the electrons assuming that there
are 5 7 1028 conduction electrons /m3. Also calculate mobility and the relaxation time of the

/. paramagnetic salt contains 1028 ions/m3 with magnetic moment of one Bohr magneton. Calculate
the paramagnetic susceptibility and magnetization produced in a uniform magnetic field of
10% A/m, at room temperature.

The penetration depths of lead are 396 A° and 1730 A’ at 3K and 7.1K respectively. Calculate the

critical temperature for lead.

(4 x 3 = 12 weightage)
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(CUCSS)
Physics
PHY 3C 10—NUCLEAR AND PARTICLE PHYSICS
(2017 to 2018 Admissions)

Section A

12 short questions, each answerable within & minutes.
Answer all questions. Each question car’.2s weightage 1.

Explain hard core repulsion.

Give the leptonic and nuonic lepton numbers of axly;our leptons.
Write a note on quantum number ‘colour’.

What is the spatial dependence of density of nucleons and nuclear potential ?
What is a Muon ?

When we have zero and non-zoro value of quadrapole moment ?
What are magic numbers?

What is Tensor potertizl ?

Why rotationarraolel is called ‘adiabatic’ ?

Write dowrnfwo applications of GM counter.

Whet 1t a Surface barrier detectors.

Lxplain the use of single channel analyser.

Maxinram : 36 Weightage

(12 x 1 = 12 weightage)

Turn over
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Section B

4 Essay questions, each answerable within 30 minutes.
Answer any two questions. Each question carries weightage 6.

With examples, write a note on (1) Baryon number ; and (2) Lepton number.
With necessary figure explain the eight fold way model.
With necessary figure, explain nuclear B.E.
Explain single channel and multichannel analysers.
2 x 6 = 12 weightage)
Section C

6 problem questions, each answerable within 15 mirutes.

Answer any four questions. Each question carries weightage 3.
Give the quantum numbers A, Q and I; of mesons according o Sakata model.
Compute the total binding energy per nucleon forsa),Li0) 5,Ne.

Calculate the electric quadra pole moment of ‘@ unitormly charged ellipsoid of semi-major axis a

and semi-minor axis b.

What is the minimum photon energy ¢nd-requency necessary to dissociate ,H ? ; B.E.= 2.224589
MeV.

Give the expected shell model-spin and parity for ground state of 1) ;,Li 2) ;;Be 3) ;5 C.

The dissociation energy ot 71, 15 430.53 KdJ/mol. If H, is exposed to radiant energy of wavelength
253.7nm, what % of radis«nt energy will be converted into K.E ?

(4 x 3 = 12 weightage)
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NOVEMBER 2021
(CUCSS)
Physics
PHY 3C 09—QUANTUM MECHANICS—II
(2017 to 2018 Admissions)

: Three Hours Maxiniam : 36 Weightage

Section A

Answer all questions.
Each question carries weightzge 1.

The WKB is valid for systems in which the potentia! is-clewly varying. Why ?
Discuss the quantum condition of Wilson Sommerfeid.

Explain quadratic stark effect.

Explain briefly the variation method for.excited state.

Briefly explain the variation method.

Discuss Fermi’s Golden rule:

Discuss dipole approximadion.

Discuss the Weyl equat.on for neutrino.

Explain how Klein Gordan equation leads to positive and negative probability density values.
Write a sho,_‘t rote on Hamiltonian density.

Differer tiate between Creation and Annihilation operators.

Y’hat are negative energy states ? What is a hole ?

(12 x 1 = 12 weightage)

Turn over
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Section B

Answer any two questions.
Each question carries weightage 6.

Discuss the first order time independent perturbation theory for non-degenerate stationary suate.
Obtain the corrected eigen value and eigen function.

What are transition probabilities ? Outline the way in which absorption and emission of ridiation
is explained in quantum mechanics, explain how the selection rules follow naturally.

Derive the Dirac equation for a free particle. Find out the Dirac matrices. Obt=in lie Dirac equation

in covariant form.
Explain Second quantization. How second quantization does leads to Lose Einstein statistics ?
(2 x 6 = 12 weightage)
Section C
Answer any four quesiiors.
Each question carries we'ghtage 3.
Work out the splitting of the 1P — 1S transitioi’ ofan atom placed in a magnetic field B along the
z-axis.

Estimate the ground state energy of aonie dimensional harmonic oscillator of mass m and angular

frequency o using a Gaussian trial Szaction.

Determine the ground state pnergy eigen value of helium atom by variation method.

A system in an unperturied state n is suddenly subjected to a constant perturbation H' (r) which

exists during tirhe ¢ —» ¢ . Find the probability for transition from state n to k.

Prove that tii= operator co, where a stand for Dirac matrix , can be interpreted as velocity operator.

-Write:a n1ote on principle of canonical quantization of fields.

(4 x 3 = 12 weightage)
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THIRD SEMESTER P.G. DEGREE EXAMINATION, NOVEMBER 2021

(CCSS)
Physics
PHY 3E 05—ELEMENTARY ASTROPHYSICS
(2019 Admissions)
: Three Hours Meximum : 80 Marks

Section A

Answer all questions.
Each question carries 2 marks.

Write a note on Pogson scale.

Define Absolute magnitude.

What is Luminosity ?

What is MK classification ?

What is par second ?

Differentiat‘e between Photographic and Photovisual magnitude.
What are the two types of telescones:.

Explain angular Amagniﬁcation

What is a coma ?

Write a note on Schmist Lelescope.

1

Mention examples for high resolution Spectrographs.

Briefly write a natz-on X-ray astronomy.
(12 x 2 = 24 marks)

Section B

Answer any two questions.
Each question carries 14 marks.

Suate and explain Saha’s equation of thermal ionization.
Explain HR diagram. Compare it with CM diagram.
Explain the characteristics of Spectrographs.

What is a celestial sphere ? Explain with figure local and universal equatorial systems.
(2 x 14 = 28 marks)

Turn over
























