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CREDT 5¥5TE

It comsists of @ nember of courses 1. Core Course (CC), Elective Course (EC), Discipline Specific
Flective Course (DSE), Ability Enhancement Courses (AEC), and Ability Enhancement

Compulsory Courses (AECC), Fach course |s equivalent 1o & paper. The nature of these courses
defined below.
1.1 Core Course (CC):

1.1

1.3

1.5

1.b

A course which should compulsorily be studied by a candidate as a core requirement on the
basis of subject of M.5Sc. studees and i3 termed as a Core course.

Elective Course {EC):

Generally 8 course which can be chosen from a paol of courses (Basket) and which may be
very specific or specialized or advanced or supportive tothe subject’ discipline of study or
which provides an extended scope or which enables an exposure o some other 'ﬂnlh'-
ject/discipline/domain o ourtures e didbibe s pralicieneyskill 15 cmlfed an Elesiiv
Course.

Discipline Specific Elective Course (IMSE)

Elective courses may be offered by the main discipline/subject of study is referred 10 a3
Discipline Specific Elective. The University/lnstitute may alse offer discipline related
Elective courses of interdiseiplinary nature (10 be offered by main discipline/subject of study}),

Generic Elective (GE) Course:

An elective course chosen génerally from an unrelated disciplime/subject, with an inention o
seck exposure is called a Generic Elective

P.S.: A core course offered in a discipline'subject may be treated as an elective by other disci-
nline‘subject and vice verse and such clectives may also be referred to as Generic Elective,

Ability Enhancement Courses (AEC):

'R Asqliin | T A TR | A bt S ] ST s g S AR T | wtL-) W Larn

are the courses based upon the content that leads o life skill enhancement

Ability Enhancement Compulsory Coursesi AFCC):

University will run o number of Ability Enhancement Compulsory Courses (AECC) which
i5 qualifying in nature and student from all Beulties have to qualify in all such courses.

1.7 Dissertation/Project! Internship’ Industrial Training/ Field Work:

Elective courses are designed o scquire advanced knowledge to supplement fsupport the main
subject through project work! intermship! industrial raining’ ficld work. A student studies such a
course on his/her own with mentoring support by a teacher / faculty member called the guidef
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2.0

supervisor, In case of intermship/ industrial truining the student will work under the joint guidance
of anc teacher-supervisor from the parent department 1o be termed as Supervisor-1 and one suits-
bly qualified personnel at the research institute/ research laboratory! industrial organization, 1o be
termed as Supervisor-2. A student may join any recognized research institute’ research Inbara-
tory/ the industrial organization with the approval of parent department. The student has 1w work
for & minimum number of days’ hour as decided by the parent department, On completion of the
project work) training ai the research mstitute’ research laboratory! industrial organization, stu-
dent will submit a written project report certified by both supervisars to the pareat department.
Supervisor-2 will issue a letter cenifying that the candidate has sueeessfully completed the pro-
Jeet and also award marks’ grade 1o him/ her. The certificate will be submitted to the parent de-
partment confidentially, The Board of Courses of Studies (BOCS) of the concerned subject/ de-
partment will draft and design the certificate and other documents as per requirement. The parent
department will also assist the students 1o choose proper organizations for their project work! in-
dustrinl training/ ficld work et

CREDIT
The rotal minimum credits, required for completing a PG prﬁgrnn is 100,
The details of credits for individual components and indivadual courses are given in Tabde. |

Table 1: Structure of the 2 Yrs (Four Semesters) Post Graduate Degree course under CBCS:

Semester | Noel Credit Total Minimum | Noaf N af Code & Na- |
COURKE per credit No af | CORE | ELECTIVE | pyre of Elec-
(Fapens | (OURSE! Learming | COURSE Conrsed | give Coirse)
| paper | Hours¥ FAPER FAFER paper
I 03 05 | B0 4 I~ | ABCC-l |
|
"SEMESTER BREAK
1 ] 06 | 05 30 300 5 1 AEC-1
= _ SEMESTERBREAK
i | 06 05. .| 30 | 300 | 5 1 AECC2
A
> SEMESTERBREAK =~
v [ 03 05 ] 130 0 ' i BEC-1*
| . l_ EC -2
DSE-1
oar
_ | — T | e _GE-|
Tatal | n L0 100 14 | o -l
b — —_— el ——




#For Tutorial ( TV Practical (P) Field Work (FW Y Internship ete. extra working hour to be added as per
requirement and will be decided by the BOCS of the respective subject

* The two Elective Courses (EC) 0 be studied in semester 1Y may be

Both theory papers

{ Ome Theory paper amd Cne Practical paper
{Ome Theory paper and One Project work

{ O Theory paper and One Field work

/ Bath Froject work! Internship

IMP ¢ 0t is desirable that all students of all conrses be given adeguate exposure over und above
the class room teaching to enhance the scope of skill development/ entreprenearship and
emplovabiliry.

L1, There shall be six elective courses - two EC, ope DSE or one GE, two AECC, one AEC: Siudents
may opt for any elective course our of a list of elective papers (Basket) offered by the paremt de-
partment or any other department's as per his‘her chodce with the prior permission of the parent
department, The list of elective papers. syllabus and prerequisite of the elective course will be as
decided by the Board of Courses of Studies { BOCS) of the concemed subject/ depariment. All
elective course listed may not be availuble in all semesters. Based on the availability of resource
persoms and infrastruciore the parent department will assist the Students o select elective courses
of their chowce

2.2, The final CGPA/ class will be decided on the performance of the student in the [6 courses / papers
including the 14 Core Courses (CC) ¢ papersand two EC |/ papers

a3 The one DSE or one GE, two AECC, one AEC papers will be qualifving in nawre and 3 student has
o seore of least 3% marks ap these papers, Girade will be awarded separately for these courses,
however, performance in these elective courses’ papers will not be considered for awarding the
fimal CGPAS elass.

24 Ability Enhancement Compulsory Courses (AECC):

Limiy ersity will run bwo Ability Enhancemeni Compulsory Courses (AECT | which are qualify-
ing tn rature weed o student has W gualify i both these courses, The courses are;

AECC-1 ¢ Enveronmental Sustamability (3 Credar)
& Swachchhn Bhucm Abhivan Activites (2 Credit)

AFCC=2; Human Values & Professional Ethics (3 Credit)
| & Gender Sensitimtion (2 Credil)

Students will do assignmenis/project work related to institational social responsibilities
including Swochchha Bharat Abliiyvan Activities during SEMESTER BREAK,



2.5 University will run a number of Ability Enhancement Courses (AEC) and Skill Enhapeement
Courses, a studen can choode one from these. For example

Busket Ability Enhoncement Courses | ABC )

o  Computees and 1T Skill

*  Weh Designing

¢  Finpneial Risk Management!

=  Solid waste Management/

«  Mushroom Cualture /

«  Bip-fertibzer production/

«  Emvironmental Law/

«  Tourism and Hospitality Management/
o Life-skill and skill development ¢

o Yopa Sudies

cle.

2.6 Discipline Specific Elective (DSE):

In each subject the CC | paper -3 being taoghl in the sgeond semester will be open to be selected
as n DSE paper. In the first phase & student Will be allowed 1o choose o paper from any subject
other than his! her Core Course (CC) froim the same faculty in the same university

1.7 Generic Elective (GE) Course:

Il niversity will Tun a number of Generie Elective Courses (GE): o student can cheose one from
these. For example.

Basket aof GE conrses

& Mfuesic
« Dramatics
#  FineArls

« Ciraphic Blesign

s Inclssive Policies

» * Human Rights

*  Any course run by any depaniment



M.Sc. PHYSICS
{ Four Semester Course)

PROGRAM OBIECTIVES:
I Todevelop strong studem competencies m Physics and its applications in i techniology-rich,
inleractive environment.

2. Todevelop strong student sKills in the rescarch, analysis and interpretation of complex information
3. Toprepare the students o successfully compete for employment in Electronics, Manefacturing and
Teaching industry.
4. To develop human resource with a solid foundation in thearetical and experimental aspects of
respectivie specializations as a preparation for career in academia and industry,
Course Structure
Semester | {July 1o Degember)

Code Subjeet Credits ES.E ClLA. Teital
MPHYCC-1  Classical Mechanics 5 0 an 0]
MPHYCC-2  Mathematical P‘h}':.iir.;:-.— 5 T 3 11
MPHYCC-3 Chaantum Mechanics 5 0 a0 L
MPHYCC-4  Lab-l 5 ELl 30 100
MPHYAECC-| Environmental Sustwinability (3 Creditsy 5 70 I o0

':iwautlu.llh:;:ﬂrﬂﬂhhiyun Activities
(2 Credits)
Semester | (January 10 June)

Ciode Suhject Credits ESE | ClLA Total
MPHYCC-$, Mideling and Simulation £ | 70 0 100
MPHYCES  Electrodynamics and Plasma Physics s M 30 100
MPHYCC-7  Electranics | 5 0 30 100
MPHYCC-8. Statistical Mecharics s o 100
MEHYCCS  Lab-II 5 70 30 1)

i



Or paper -5 being taught in the second
MPHYGE-1 | semester will be open 1o be selected as a |
DSE paper. In the first phuse a student will
be allowed to choose a paper from any
subject other than his! her Core Course
{CC) from the same faculty in the sam | |
]u:&*i'mity.

MPHYAEC-1 Any one of the followings 5 Ti 30 100
o Computers and [T Skill
= Web Designing
« Financial Risk Management/
»  Solid waste Management'
»  Mushroom Caltune /
»  Bio-ferihzer production/
« Environmental Law /
«  Tourism & Hospitality
Management/
« Lifeskill & skill development /
= Yopa Studies
—— - e =
o Semester 111 {July to December) .
| Cots | Subject Credits | BSE | CLA. | Towl
MPHYCC-10 | Atomiic and Molesular Physics 5 20, 30 00
MFH"I"E{. 11 Eund::nscd Matter Physics 3 70 | 3 {1
| e e slah & N === i s 3
MPHYCC-12  Electronics |1 Sy n | W 100
| A | 1h., S
MPH"ECC 13 |Nuclear and Particle Physics » [ 70 I 0 100
MFHYCE I-I Lﬂ lll 5 70 30 10} ‘
| MPHYAECC-2 2 Human Values and Professional Ethics 6 70 3 [y
{3 Credit) and
Gender Sensitization (2 Credit} ' |
Semester W {hnuar:.- o Ju:‘hl:_:l ,
Code Subject | Credits | ESE | ClLA. | Towl |
MFH"!’EL' | | Elective Paper | 3 ™ | 30 100
'MPHYEC-2  Elective Paper I} 5 70 30 100
|Part |- Practical — 50 marks
Fmrt" Du&u‘lﬂm iﬁmnl‘ns E = =
MPHYDSE-1 | For MPHYDSE-1, in cach subject the CC /| 3 70 ’| 30 100



For MPHYGE-1, a student can choose any
ane from the following:

#*  Music
#*  Dramatics |
=  Fine Arts

= Graphic Design

= Inclusive Policies

*  Human Rights

*  Any course run by uny departmient

Elective-l  Code: PHYE- |
Elective Theory Papers for Semester 4 {One to be 5r]::|:lid ﬁ-nm the mllnuwmg setof 10 Dpllr-:lrls}

Code Subject Cmdns ESE | ClA, Tnl.ttl
MPHYLEC-] Fui vanced E_.fuanlum Mechanics i 5 il I 30 | L
Advanced Condensed Matter Physics
:.-"'l.hﬂﬂ!jpll'l‘.'l'ic-l’h_'r'iits
i Biophysics
.|.-[tsr:r5 Ellll-:fﬁ'll:lll.}niﬂ-ﬁ
MEﬂ!IJF-:!TH"II[ and inv:trummnm - .
anpman-:mul MEIhﬂdH
Nano Science

Plasma P'h:.-'-:mu

Crystal Physics and

X — Ray Crystallo graphy
Energy Sgience
Environmental Physics

Elective-11 Cu:-de" MPHYEC-2
Part 1: Practical on any one of the wpigs from the ser of following

|options:
Part 2: Dissertation on any topic on Physics
Code ‘ Subject Credits. ESE.| CL | Total
A,
- Part 1 | Advanced Quantum Mechanics 25 3 |15 | 50

| Advanced Condensed Matter Physics
Armospheric Physics
Biophysics
Lusers and Photonics



_ Menserement and Instrumentation |
MPHYEC-2 Computational Methods
Nano Science
Pliassni Physics

Crysial Physics and X - Ray
Crystallography

Energy Sclence
Environmental Physics

Part 2  Dissenation 5 15 13 A
[Cn any Topic on Physies]

Marks and Wirkload Disiribuiion

Each paper will be of 100 marks. End Semester Examination (ESE} will earry 71 marks.

Continuous Internal Assessment (CLA) will carry 30 marks
Pass marks in every semester paper is 45%.
Apgrepate mark in @ semester must be al least 43% for clearing the subject papers of each

sEmesier

Total eredit 100

Semester 1- 25 credit Semester 111- 30 credit
Semester =30 credit Semester 1Y-15 credit

| eredit is equivalent 1o 10 theary hours ar 200 lahorstory hours.

Theory Paper Credit - 05 Total Marks -~ 100

Twpe of Examination  Duration  Question Papers and Wo. of Questions 1o Distribution of [ Totak
_ _ Detils of Evalustion e et Marks |

End Sermester 3 Hours ahroup A In 22X 1h=20 20

Exmmination | Wrizten] Multiple Choice type

{ Tk Muorksi Croup B (14 4X3=20 "

Shart Answier 1y pe
{5 questions, one From

eash ) ,
Groap C: % 6 X 5=30 3
Lang Amswer Type
(& guesions one from
{ amch unit) .
Cantinuous memal 1 Hlodir :Mid-ﬂmﬁlcl lest - 02 (written) (each of 7.5 mark)
Assasament [CLA] Crrougs A 3 gsx3
{ 20 marks) Multiple Choice Type
Warowsp B o2 15X2
Short Ancwer Type | TS XI=
Ciroup © i IN| 15
[Lisng Answer Type

0



Assigniment

eminueGulz
Anendance, Punctuality
[ —— & Conduct |
I’mi:-ur.n]: li'_qEr . _ ['_I'l.l;-d.ll_—ﬂ_ﬁ-_ o Totak Marks: 100
!End Sermester 6 Hours || Experiment to be ' i
Examination { ESE) . perfarmed
Contimsous [nternal
Assexsment (C1A) |
Elective Practical and 6 Hours | Experiment (o be 70
presentiution of performed plus [
Dissertation _ Dissertation presentation | .
ClIA of Practical and 130 [
i S
Program Ounfcomes:

M.S¢.{Physics) Syllabus
Institutions  and Industries, An
g ol “core phyeios” ol degper
tinto the behavior of matter and
designed to bridge the gap between
a common point These courses also
by providing much more logical snd
alization courses in the third and fourth

The recent developments in Physics, has been inclinded
1o meet the presemt day needs of Academic @ '
1m;ﬂ:rl‘llﬂt objective of the course = W level [*
levels ., each stage revealing new phenomena and, g
radiation, The various courses in the first two s€mes
college and university level physics and 1o bring
atm o consolidate the college fevel knowle
anmalytical framework which will be ¢

semesters. After the completion of the

1. Strong analytical abilives.

2. Qualitics needed for teaching o doing research

3 Knowledge of theoretical as we tal arews of Physics.
4. Capabilities to gencrate self-emplo

3. Computational Ski

e ¢ S o o o o e o o e ol e o e o o sk *ii‘**i*#i#*i‘iiiiﬁ*ﬁiﬂi***I'ﬁ:#tti’
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SEMESTER 1

MPHYCC-1: Classical Mechanies (5 Credits)

Counrse objectives:

I To give students o solid foundation in classical mechanics.

2 To imtroduce general methods of studving the dvnamics of particle s
1 Togive experience in using mathematical technigues for solving p
4. To ppprise the students of Lagrangian and Hamilonian formuilatio
5,

To apprise the students regarding the coneepts of electrodynamics a
SITLITOnS.

The End Semesier Examination will be of 3 howr duration asd will ¢a rks, The Duestion paper
will be divided indo three parts A, B and O, Part & will hove ten compu q ns {multiple ¢hoice
typel covering the whole syllabus with 2 From esch unif (J0 X 2 - il have five short answer
fuestions, with one guestion from each unit The student s requi four out of them (4 X 8
= 200 Part © will have five long snswer questions with one guestion from ach wni. The sindent is
required to answer any three out of them (3 X 10 = 30},

Umit 1: Lagrangian Dynamics and Hamiltonian formul

VoAdembert's pelngiple and 1w applieatens, | agronge’

and energy conservation, Coneept of symmetry, veloci qaer if tentinl, Varintional caleulus and
L st Adhion principhe. Thamilion™s priociple, Taiggamges eq m Hamilton's principle, Legendre
Pt ovrmansisn s Dlarreelbonin s Digretd e T L Tt Al iody  spuice ard
phase space | lumilton’s eyltions fody Vo

Unit 2: Canonical transformations and y Jacobi theory: Cenerating function, cananical
transformation and ity exumples, group pro mange and Porsson brackets and other canonical
invariants, eguation of maotions, Infinitesi Ahcorem in Poisson bracket formafism, lacoh
identity. Angular momentum- Poisson bricketS8lations, The Hamilton-1ooob equation o Plmilion

principal and characteristic fung ; the harmaonec ascillator, Separation of variable in

Hamilton=Jacabr equation, Acte it exnmples - the Kepler problem in action-

angle variables,
v Rigid By Redoction 1o oneg-body problem. General Properties
Motiom in a central force field - general solution, Inverse Square

Co-ordinates. The rigid bodies, Kinematics of nigid body motion,

Unit 3: Central Foree Motion
of central force, Effective potent
Law force. Kepler's Laws
central foree ficld and in La

Meabhisgpomal rsslontistioms, | uld gt aodd o applications, Finite and  infinitesimal rotations, rate
af change of a veoio equation of motion, Coriolis effect, angular momentum and
kinetic energy of moli int. the inertia lensor and the moment of inertis, theprincipal axis

L

kt/f.f.,p



Unit 5: Relativity: Review of special theory of relativity - Loremz transformations; 4-vegtars, 4-
dimensional velocity and scceleration; 4-momentum and d-force; Covariant equations of motion;
Relativistic kinematics {decay and elastic scattering); Lagrangian and Hamilionian of a relativistic
particle. General theory of relatvity; Curved space-time; Eotvos experiment and the eguivalence
principle.

Course utcomes:
I. know the difference between Newtonian mechanics and Analytic mechan ics
2. Solve the mechanics problems using Lagrangisn formalism, a different method from
Newionian mechanics

3. Understapd the commection between classicsl mechanics and quantum méchanics from
Hamihonian formalism

4. Understanding of basic concepts of special and general theary of relativity

References:
I, NC Rana & P S Joag, Classical Mechanics, MeGirmw Hill, First Edition 2011
&, Herbert Goldstem, Charles P Poole, and John L. Safko. Classical Mechanics, Pearson. Third
Editien 2011,
3. John R. Taylor, Classical Mechanics, University Science Books, First Edition 20038,
4. David Morm, Introduction to Classical Mechanics, Cambridee University Press, First Edition
200E



Course [hjectivies:

I, Todevelop knowledge in mathematical physics and 11s applications,
2. To develop expertise in mathematical technigues that are required in physics,
3. Toenhonce problem solving skills

4. Togive the ahility o formulate, inferpret and deaw inferences from mathematical salutions,

The End Semester Examination will be of 3 hour duration and will carry 70 marks. Thie Cruestion
paper will be divided into three parts A, B and C, Part A will have ten compulsory guestions
{multiple choice type) covering the whole syllabus with 2 from cach unit (10 X 2 = 28). Part B
will have five short answer gquestions, with one gquestion from cach uoit The student is reguired
to answer any Tour oul of them (4 X 5= 20), Part C will have five long answer questions with one
question from each unit. The student is required to answer any three oul of them (3 X 10 = 30).

Unit 15 Linear Differential equations and special fupctions:

Linear Differential Equations, Power series solutions, Special Functions: Hermite, Legendre, Bessel,
Lauguerre Polynomials: Fourier and Laplace Transforms.

Unit 2: Elements of Complex analysis:

Andlytic functions, Tavlor and Laurent series, sabeulus of residues, nature of singulanities, Evaluatim
of definite integeals, Tordan s Torima
Unit 3: Green's Function

Gireen's Funetion, Diirac Delia Function, Properies and applhications
Unit 4: Groap Theory:

Groups, subgroups, cosets, invariant subgroups, factor groups, homomorphisme and isomorphisin,
orthogonality theorems, Continuous groups with special reference to (3 ). SUZLSU(3)

Umit 5: Elementary Tensor Analysis

Coordimate trunsformations, Contravariant and covariant vectors. Contravariant, covariant and mixed
tensors, tensor flelds, symmetric and skew syimetrle tensors, fundamental operations with Lensors,
fietHe tensor, conjugate tensors, and associated tensors

Cnurse (huicime:
1. Master the basie elements of comples mathematical analysis
2. Salve differential equations that are common in physical sciences
3. Apply group theors and integral transforms (o solve mathematical problems of inferest in
Physics

4, Understanding how to use special functions in variows physics problems

13



References:

| Arfken& Weber, Mathematical Methods for Physicists, Elsevier, Sixth Editlon 2012

2. Murray R. Spiegel, Schaum's Outline of Advanced Mathematics for Engineers and
Scientists, McGraw Hill, Frest Edition 2009

3. Mery L. Boas, Mathematical Methods in the Phyzical Sciences, John Wiley, Third Edition
2005,

4. Murray B. Spiegel, Seymour Lipschutz; John ). Schiller, and Dennis Spellman, Schaum s
Chithine of Complex Variables, McGraw Hill, Second Edition 2009



MPHYCC -3 Chuaniom Mechanics (5 Credifs)

Course Objectives:

[ Toflustrate the madegquscy of classical theores and the need Tor a quantum theors

2. Toexplain the basic principles of quantum mechanics

1. Todevelop solid and systematic problem solvang skills,

4. Toapply quantum mechanics o simple systems occurning in atomie and solid state physics

The End Semester Examination will be of 3 boor duration and will carry 70 marks, The Question
paper will be divided into three parts A&, B and ©, Part A will have ten compulsory questions
(multiple choice tvpe) covering the whole sy llabus with atleasi one Teom each anit (10 X 2 = 205
Part B will have six shorl answer questions, with one question Trom each anit, The stodent s
required o answer any four oot of them (4 X 5= 20). Part C will have six long answer guestions
with one guestion from each unit. The student is required to answer any three out of them (3 X 10
=30},

Unit 1: Basics of Quantum mechanics: OUrnigin of guantum mechanics. paricle aspects of madinton,
wave aspect of radiation. particle versos waves, imtermediste nature of  micophysical  world,
quantization rules and wave packers.

Uimit 25 Mathematical Founmdations:

Linear vector spaces. dimensionality, basis, eigenvalue eguations, ohogonality and completeness
conditions; Observahbles, Dirac’s Bra and Ket nottion, Propertieés of Hermitian operators, unitary and
similarily transfonmation; Operators, Founer Transform. Wave funetion ds o vector i Hilbert space.
Superposition principle; Representations, Relaton betwaen ket and wave function, Eigenvalue
spectrum  of linear momentum and s wave functions; Transformation between coordinate and
momentum representations. Ehrentest Theorem.

Lmit 3 Quantum Dynamics:

Schrodinger, Hewsenberg and  Interaction: picturesi Linear Hamonic Oscillator solution  using
schrodinger preture and Hesenberg picture (Matrix Mechanics). Angular Momentum, spin and parity
operators: symmetry and conservation principle, definition of angular momentum, ladder operators,
allowed values, construction of angu lar mementum mostrices: Spin and Pauli spin matrices: Coupling of
engular momentum, .0, Coeicients

Unit 4: Perturbation iheory:

Time mdependent perturbation theory for discrete levels - non-degenerate and degenerate cases,
removal of degeneracy, Spin-Orbil coupling. Fine Structure of Hydrogen, Vanation method, Time-
dependent perturbation theory, - constant and penindic perturbations. Fermi Golden rule, WEKB
approximation. sudden and adiabatic approximations.

Unit 5 Scattering theory: Quantum Scatiering theory — Differential and total cross sections,
scaltering amplitede, Formal expression for scattering smplitude - Greens  functions.  Bomn
approximation — Application to spherically  svmmetric potentials.

Unit 6: Relativistic quantum mechanics: The Klein-Gosdon (KG) equation — Charged particle in an
electromagnetic field. [mempretstion of the KG  equation. Disac equation, free particle solution,
equation of continuity, Plane wave solutions of the Dirac equation, Non-relativistie limit of the
Dirac equatsén. Fine structure of Hydrogen

15
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Course Outeome:

1.

&
3

To have a working knowledge of the foundations, techniques and key results of quantum
mechanics

lo comprehend busic quantum mechanical applications at the research level
Gain an ability 10 competently explain/teach quantum physics to others

References:

B.H, Bransden and C.J. Joachain, Quantum Mechanics. Pearson, Second Edition 2007

2. David J. Griffiths; Introduction to Ouantum Mechanics. Pearson, Second Edition 2009,
i

Yoav Peleg, Reuven Pini, ElyahuZaarur, and Eugene Hecht, Schaum s Outline of Quantum
Mechanics, McGraw Hill, Second Edition 201 0.

PM. Mathews and K. Venkatesan, Quantim Mechanics, McGraw Hill. Second Editian 2010,



MPHYCC- 4 Lab-1 (5 Credits)

Course Objectives:

[ To make the student familisrize with the hasics of experimental physics.

2 To enable the student 1o explore the concepts involved in the thermodynamics and heat
1. To make the student understand the basic concepts in modern oplics

4. To allow the student o understand the fundamentals of instruments nveived

List of experimomts (miniiiam 2 );

Megsurement of Hall Coefficient of given semiconductor: idemtification of type of
semicanductor and estimation of charge carnier concentration

2 ".'uung iedul Elliptical fringe method
i [ fulus — Hyperbolic fringe method
4. Fnur Probe Method - Determination of resistivity of semicamgductor at différent temperatures
5. Determination of Ultrasonie velocity in given lguid for a fixed fiequency
fi. Determination of optical ahsorption coefficient and determination of refractive index of
the liguids using He-Ne | Laser
7. Measurement of laser purameters using He - e Brseed diode laser
8. Refractive index of liguids £ Using — He-Ne laser ( Thode laser
9. Determination of wivelength of a laser by Michelsen Intérferameter method
1. Determination of semiconductor band gap
11, Thermistor — Determination of energy gap
12 Determination of numerical aperture ol an optical fiber
|3 Determination of wavelength of a laser souree using diffraction grating.
|4 Determination of operating voltage of o GM tube and determine the linear absorption
coefMicient and verify inverse square lane.
15, Determination of operating voltage of a GM tube and verify inverse — squire law
6 Direct reading of Zeeman effect (edm of an electron) with a laser scurce
| 7. Compact microwave training system Experiment
E8.  Spelan s constiam
IS "':'-Ll:ﬁ-l.‘.u:plll'lﬂli'u Lo qnmed L e s e b
20, Hyvdrogen spectrum and solar spectrum — H‘-ﬂhﬂ' bl
Course Cutcome:

At the end of the course,

1. The student shauld have knowledge of the different experimental technigues.
2. The student should have undersiood the basics of physics involved in experments

3. The student should be able to apply the concepts of physics and do the interpretation and
acquire the resuit.

i)
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SEMESTERTI
MPHYCC-5 Modeling and simulation (5 Crediis)

Imter disciplingry in naiure. Recommended
fo he selected by siudents of other programme as DSE [/ GE

Course Objectives;

. To encourage students to “discover” physics in a way how physieists leam by doing rescarch,

2, o address analytically imtractable problems in physics using computational ools,

3. To enhance the various computational lechnique with programming basic in €+ +/Pyvthon/ Java 1o
face the world of problems using high performance iteration techniguoes.

4. To show how physics can be applied in & much broader context than discussed in traditional
curricuium,

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
{multiple choice tyvpe) covering the whole syllabus (10 X 2 = 200, Part B will have five short
answer questions, with one question from each unit. The student is required (o answer any four
out of them (4 X 5= 20). Part C will have five long answer questions with one question from each
anit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: Object oriented Programming language

Cbject onented paradigm with reférence to O+ Objects and ¢lasses, Encapsulabion and data
abstraction, Delegation, Inheritance, Polymorphism: function and operator overloading, dvnamic
binding, message communication. Elementary idea about Fortran, Java and Python {Basic features
ol }

Unit 2: Programming with Pyihon:

Program development, Variables, Expressions and statements, Functions, Conditionals and Recursion.
lteration, Strings, Lists. Dictionaries, Tuples, Files, Types of errors and Debugging, Function Libraries.
Numpy, Scipy. Matplotlib, Use of Scilab and R for scientific programming.

Unit 3: ODE und PDE:

ODE: RK method, Leap Frog method; Application o electron mation in electric and magnetic felds:
Non-linear equations: PRE: Eliptie equations: Poisson equation; Hyperbolic equations: wave equation;
Parabolic eguation: DifTusion equation for Lagrangian fluids.

Umit 4: Matrix Problems
dacobi method for matrix inversion; Technigues for sulving eigenvalue problems
Umit 5: Monte Carlo method amd <imulation

Random number genertors, Mante Carlo integration, Metropolis slgorithm,lsing model, Moleculas
dvnamig

nr ki
2N
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Conrse Chatcom:
At the end of this course, students will be able 1o
| Learn how to interpret and analyze data visually, both during and after computation.

-

Gain an sbility 1o apply physical principles o real-world problems.
Acquire & working knowledge of basic research methodologies, dats unalysis gnd mierpretation.

B

Understand various simulation technkyues which can be used in future by students to anilyse
the dati.

References:

|, Rubin H. Landau, Manuel J. Pacz, Computational physics-Problem salving with
computers, John Wiley & sons, Mew Yark { 1997,
PL. DeVries, A First Course in Computational Physics, , John Wiley & sons, New York
{19G4).
3 G Golub and I M, Ovtega Scientific Computing: An [ntroduction with Parallel
Computing, Academic Press, San Diego (1993).
1. M. Thijssen. Computational Physics, , Cambridge University Press, Cambridge. 1999
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MPHYCC-6 Flectrodyvnamies and Plasma Physics (5 Credits)

Course Ohjectives:

|, To apprnise the students regarding the concepts of electrodynamics and its wse in various
situntions

The End Semester Examination will be of 3 hour duration and will carey 70 marks, The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory guestions
{multiple choice tvpe) covering the whole syllabus with 2 from each unit (10 X 2 = 20). Part B
will have five short answer gquestions, with one guestion from cach unit. The student is required
to answer any four out of them (4 X 5 = 20) Part C will have five long answer questions with one
guesiion from cuch wnit. The student s regouired (o snswer pony three ool of them (3 X 10 = 30,

Unit 1: Electromagnetic wave equation and feld vectors: Maxv ols sgualiits o free spave. [Mlans
wave in free space. Dispersion of electromagnetic waves, Poynting vector in free space. Polarization of
electromagnetic waves, electric figld vector in termy of scalar dand vector potential, Wave eguation in
terms of scalar und vector potential

Umit I: FElectromagoetic waves and s Interaction with matter on macroscopic scale:
Electromagnetic wavesi EMW ) in free space, propagation of EMW-in isoropic, anisotropic dielectrics,
in. conducting media; Boundary conditions, rLI'Icv:.llun and refraction of EMW, Fresnel formuolae,
Hrew s faww and degroe o polameatn micimal e lleci S an Tl 112 THECLicsH BRin
metallic surface, F‘rupuguhun of EMW |'H.1'r'-1.'*1.‘|1 wnductmg planes, Wave g.us:lci TL and TM maode,
Transmission lines, Rectangular and eviindrical wave guides, eavity resonator

Unit 3: Fields of moving charges and Radizting System: Retarded Potentiale, Lienard Wiechen
potentials, Deld of a pomt charge in oniform: recilinear motion, inarbitrary moetion, Radation from an
accelerated charged particle at low and high velocity Radiating System: Oscillating electric dipole,
radiation from an oscillating dipole. from a small current element. from a linear antenna. Antenna
WITAYS

Unit 4. Relativistic Electrodymamics: Transformation equation for current density and charge density,
vector potentml and scalar potentials, the electromagnetic field wensor, transformation equation for
electric and magnetic field, Covariance of Maswell cquation in four tensor form, covariance of
Muxwell and trensformation law of | oreniz force.

Unit 5. Plasma Physies: Elememary concepts of plasma, derivation of momenst equations from
Boltzmann equation, Plasma oscillation, Debve shielding, plasma confinement, magneto plasmua,
Fundamental eguations, hvdromagnetic waves: magnetosonic waves, Alfven waves, wave propagation
parnllef and perpendicular te magnetic field

Course Oufcomes:

Studenis will hove understanding of:

I Time-varving felds and Maxwell equations.
2, Marious concepts of eloctromapnetic waves

3. REndwanon from localized time varving sources, and the charped particle dynamics.

M



Refercnces:
I, Introduction to Electrodynaimics, David J. Griffths, Prentice-Hall of India, Third Edition,
2009,

(lassical Electrodynamics, J. D Jackson, Wiley Publishing, Newyork, Ird Edition, Eigh
Print, 2062,

fd

1. ] A Bittencourt, Fundamentals of Plasma Physics, Third  edition, (Springer
Publication, 200K



MPHYCC-T Electronics T (5 Credits)

Course Objectives:
I, 1o make the student familnze with the basics of clectiomes.
o enable the student to explore the concepts invalved in the oscillators
To make the student understand the basic concepts in 1T and digital devices,

To allene the student to understand the fundamentals of multivibrators

tA :J‘— [FU e ]

Tor proswvide in=depth theoratical base of Digiwl Electronics

The End Semester Examination will be of 2 hour duration and will carry 70 marks. The (Jucstion
paper will be divided into three parts A, B and C. Part A will have 1en compulsory guestions
(muiltiple choice tvpe} covering the whole svllabus with 2 from each unit (10 X 2 = 20}, Part B
will have five short answer questions, with one question from esch unit. The student is required
i answer any four out of them (4 X 5 = 20), Part C will have five long answer questions with one
question from each unit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: Semiconductor devices: BIT, IFET, MOSFET {Enhancement and depletion tvpes), LT, SCR.
TUNNEL Diode, Zener Diode: Structure, working and characteristics.

Unit 2: Amplifiers and feedback: BIT bassing, design of o CE transistor amplifier, small signal
model, eminer follower, Negative feedback and s properties (effect of feedback on different
parameters), types of feedback; Osgillators: Prnciples. Barkhaosen critenion, frequency stability, phase
shift oscillator, Wien bridge oscillator,

Unit 3: Operational Amplifiers: Operational amplifier block disgram, adeal and practical op-amp
characleristios! Up amp circuits: inverting and non-inverting amplifier, adder, subiractor, differentiator,
ntegrator, current (o voltage converter, first order active filters

Unit 4: Digital Electronies: Number systems and codes, binary anithmetic, logic gates: AND, OR.
MAND, NOR, NOT, XOR. Boolean algebrs theorems, De-morgan’s theorems, Minterm and Maxierm
represeation, simplification using Boolcan algebra theorems and K- maps, hall and full adders, fip-
fops « RS and JE. Elementary ideas of Registers, counters. compirators

Uinit 5: Microprocessor and microcontroller: Microcomputer Rlock Diagram, Svstern Buses, 8083
Microprocessors, architecture and operation, Assembly language Instructions (classification only)
8051 Microcontroller Archimegture, Ports and elementary idea of interfacing

Cowrse Oufcomes:
Students will have understanding of’
|, Fundamental designing concepts of different types of Logic Gates, Minimization technigues

el
2. Designing of ditferent types of the Dagital circwits. and 1o give the computational details for
Digital Circuits.
3, Charncteristics of devices like PNP, and NN junction diode and truth tables of different logic
34
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4. PRasic elements and to measure their values with multimeter and their charactenstic study.
5, How to constroct @lectonie circun
References:

. 0 Millmanand H Taeb, Pulse Digitnl and Swiiching Wove forms. Tatn MeGraw Hill
R B

T R, L. Bovlestad, and 1. Nashelsky, Electronic Devices and Circuit Theoryy, Prentice Hall of
India, (2047)

110 A, Bell, Electronics Devices and Crrcuns, Oxford Linversaty, (2006)

. Ben.G. Streetman, Solid state electronic devices, Printice Hull, Englewcod cliffs, NJ(1999),

R.A, Gavekwad, Op-Amps & Limear integrated circuits, Printice Hall India Pyt Ld. [549%),
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MPHYCC-8 Statistical Mechanics (5 Credits)

Course Objectives:
. The course t5 10 understand the basics of Thermodynamics and Statstical systems.

=3

Understand the various faws of theemodynamics
1. Acguire the knowledge of variows sttistical distributions.
4. To comprehend the concepis of Enthalpy, phase transitions and thermodynamic finctions.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
imultiple choice tvpe) covering the whaole syllabus (10 X 2 = 20). Part B will have five short
mnswer questions, with one question from each unit. The student is regoirved fo answer any foor
out of them (4 X 5= 20} Part C will have five long answer questions with one question from each
unit. The student is required 1o answer any three oot of them (3 X 10 = 30).

Unit 1: The statistical basis of thermodynamics: Postulates of classical statistical mechanics,
macroscopic and microscopic states, Phase space, Ensemble- microcanonical, canonical and grand
cancnical, Statistical equilibrieem, density distribution of phase pont. | ooaville s thearem,

Umit 2: Tdeal classical gas: Partition function of a classical ideal gas, thermodynamical potentials in
lerms of partition function for an ideal monoatomic gas in microcanonical and grand canonical
ensembles, entropy of mixing and Gibbs paradox, Magxwel | “Baltzmann distribution law, entropy. of
menoatomig s

Umif 3: Quanfum statistics and Applications I; Density matrix, quanlm‘n crsembles, ideal Bose gas.
Bose condensation, liquid He 11, superfluidity and Laion

Unit 4: Quantum statistics and Applications 10: |deal Fermu pas, specific heat and FPauli
pararmagnetism, Principle of detailed balance. Landau diamagnetism, white dwarfs and Chandrasekhar
limit, Ising model, Random walk and Brownian molion:

Unkt 5: Moneglibrium processes: Features of Equilibrium snd MNon Eguilibrivm Thermodynamics,
Linear theory of Non Eguilibriom Thermodynamics, Current and Affinity, Onsager relation,
Fluctuatinns, Microsysiems

Conrse Outeome:

Al the end of this course, students will be able to

Basic knowledge of thermodynamic systems

Understand  the basic idea about statisgical distributions

Imparn the knowledge abour the phase tranzitions and potentials
Undersiand the applications of statisticnl laws

e Ted BA —

|



Referemiees:

|, Introduction o Thermodynamics, Classical und Statistical, drd EditionRichard F. Sennlag
iLniv, of Michigan), Gordon J. Van Wylen (Hope College) ISBN QTR1AT 1 -61427-2.
1997

7. Pathria R.E_. Statistical Mechanics, 2nd Edition, Elsevier, 1996

3. Thermodynamics and Statistical mechanics , suthor by John m. seddon and Jubian d. gale, drd

edition, RSC publication. 2001, LIk



MPHYCC-9 Lab-11 (8 Credits)

:'"'num: (¥hjectives:
To encourage students to "discover” physics in a way how physicists lcarn by doing rescarch,

2. To address analytically intractable problems in physics using compuiational tools:

3. To enhance the vanous computational echnique with programming basic in Cto face the world of
problems using high performance iteration technigues.

4. To show how physics can be applied in 2 much broader context than discussed in traditional
curriculurn,

FROGRAMMING NUMERICAL METHODS USING C LANGUAGE (any §):

. To find mean, standard deviation and freguency distribution of anactual dats set from any

physics experiment.

Successive approximation (Method of Iteration ), Newton Raphson method

The Bisection method

Cinuss Elimination method

Muatris Inversamn. |agrange s Dokl RIEARLT LT

lrapezoidal Rule, Simpson « 1 -rule

Faler s method. K unge-Kotta method{ Fourth Order)

Predicior comrector methods

To find miean, standard deviation and frequency distribution of an sctual data sel from any
physics experimern

10, To find the arca of a unit circle by Monte Carlo integration

11, To simulate the random walk.

DB O e e

Course (ateome:

Al the end of thes course, students will be able 1o

Linderstand the basic idea about finding solubions using computational methods basics,

Learn how to interpret and analvee data visually, both during and afier computation.

Ciain an ability 10 apply physical principles w real-world problems

Acguire a working Enowledge of basio rescarch methodologies, dam analvsis and interpretation
Realize the impact of phvsics i the global/societal context.

I-\.ill:-l---'.l-i'-l-\.l‘—l-



SEMESTER 111

MPHUYCOC-10 Atvomie and Moleeuliar Physies, Lasers (5 Credits)

Conrse Objectives:

1. Obpective of this course s (o leam atomie, moleculir and spin resonance spectioscopy

F.d

To understand mechanism and working of lasers.

To be able to understand atomic and molecular transitions and seleetion rules,

Lad

4. Tounderstand the Raman effect and its applications

The End Semester Examination will be of 3 hour durstion and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
imultiple choice type) covering the whole syllabus with 2 from caeh unit (10 X 2 = 2. Pari B
will have five short answer guestions, with one gquestion from each unit. The student is required
to answer any four out of them (4 X 5= 20), Part C will have five ling answer questions with one
gquestion from each unit, The student is vequired to answer any three ont of them (3 X 10 = 30).

Unmit Iz Atomic Physies: Vector Atom Model (LS, 1) Coupling), Fine Structure and Hyperfine
Structurs, Zeeman Effect, Paschen- Back and Stark Effect

Intensity, Shape and width of spectral lines, Indépendent particle model, He atom as an approximation
for many electron alomic syatems, Slater determinmnis o write possible multiplets.

Unit 2: Electronic and Moleculur Spectra: Molecule as pon-rigid rotator, Anharmonic: Oscillator
{ vibration-rotation system), Frank Condon Frimipll:. NMR and ESKE. Spectra/Vibmtion of Polvatome
molecule, Electronic spectra of polvatomic molecules;, Chemical analysis by electronic spectroscopy,
Spectra of Hydrogen Molecule

Unit 3: Molecular Potentinl: Concept of Mobegular Potential, Separation of electronic and nuclear
wave function, Bom-=Uppenheumer approximation and its breakdown, Analysis by mfrared techniques,
NMolecular arbital theory, LCAC approximation theorfes.

Unit 4: Raman and Spin Resonance Speetroscopy: Vibrational and pure rotational Kaman spectra,
Structure determination, Raman and Infrared spectroscopic Technigue and instrumentalion

Unit 5: Laser: Significance of Einstein's & and B cocfficients, pumping schemes, Characteristics ol
|.aser beams. Principles of Fiber Communication. Numerical Aperiure,

Laser Operation: Oscillator versus Amplifier, Loser Resonators, Laser rate equations for three and Tour
level Laser systems, Liguid {Dye) Lasers, Gas (CO-, Nitrogen and Eximer) lasers, Laser applications in
incdustry, Nuclear science, Spectroscopy. Light detection and Hanging (LIDAR), scanning laser beam
devices, Laser eommunication, finjection phistodiode and Avaianche Photodiode), optical computmg.
and medical applications.
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Counrse Outeomes:

Students will have understanding of:

Atomic spectroscopy of one amnd two valance electron stoms,

The change in behavior of atoms in external applied clectric and magnetic Nield,
Rotations!, vibrational, electronc and Raman specira of molecules,

Electron spin and nuclear magnetic resonance speciroscopy:

B =

Principle, working and applications of laser

References:
1. H. E. White, Intreduction to Atomic Specira, MeGraw Hill, { 1934).

2. C. M. Banwell, andE, M. McCash, Fundamentals of molecular spectroseopy, Tata MoGiraw
Hill, {2007},

A G, Aruldhas, Molecular structure and Spectroscopy, Prentice Hall of India, New Delhi, 2001



MPHYCC-11 Condensed Matter Physics (5 Credits

Course Objectives:

I, Tostudy some of the basie properties of the condensed phase of materials especially solids.

!‘ul

Tor study electrical and magnetic properties of solids

3. Tounderstand superconductivity and various properties of semiconductors

The End Semester Examination will be of 3 hour duration and will carry 70 marks, The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
(multiple choice typed covering the whole syllabus with 2 from each unit (10 X 2 = 20). Part B
will have five short answer questions, with one question from each unit. The stndent is required
to answer any four out of them (4 X 5= 20). Part C will have five long answer guestions with one
question from each unit, The student is required to answer any three out of them (3 X 1= 340},

Unit 1: Crystal struecture; Reciprocal lattice and applications, Brillosin Zones, Laue equations and
Brage's law, Laue and powder diffraction: Structure factor, atomic form factor, Intensity of diffraction
iy A, extinctions die o Latiice cenlering.

Unit 2: Electronic Properties: Motion of electron in periodic Yattice, Bloch theorem, nearly lree
electron model, tight binding and cellular methods, effective mass, intrinsic and extrinsic semi-
conductors, Fermi Surface, Cyclotron resonance and de Haas—van Alphen effect

Unit 3: Magnetic Properties: Heisenberg model. molecular fiekd theory, Spin waves and magnons,
Curie-Weiss  law  for  susceptibility, Theories of  ferromagnetism, anti-ferromagnetism  and
ferrmagnetism

Unit 4: Superconductivity: Meissner effect. Londen equation, Flux quantisation, Jesephson etfect,
Crystal Defects: Point defeets, line defects, planar faults, role of distocations in Plastic deformation and
ervatnl growth, colourcentres

Umit 5: Dielectric Properties: Microscapic concept of Dielectric polarisation, Langevin theory of
pelarisation, Claussius-Mossotti equation, Diglectrics m Allemnating Field, Complex Dielectric constiant
and Dielectric loss, ferroelectricity, optical propertes of crystals

Course (uteomes:

Students will have understanding of

1. Structures in solids and their determination using XRD

2. Behavior of electrans in salids inéluding the concept of energy bands and effect of the same on
material propertics.

%, Electrical, thermal, magnetic and dielectric properties of solids.

Referemoes:
| Introduction to Solid State Physics, 3rd& 6th Edivons, C. Kittel \Wiley Publishing
2 Condensed Matter in'a Nutshell. Wil G. D, Mahan, Princeton Univ, Press 2011,
3. Solid State Physics, W, Ashcroft, N.I. Mermin Holl-Rinehar-Winston 1975
4

Elementary Solid Sute Physics, Principles and Applications, Ali Cmar, M Addison Wesley
Pubhishimg , 2011
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MPHYCC-12 Electronics U Analog and Dagital Flect

Counrse Objectives:

|. To understand the working of advanced semiconductor devices and digital circuits and the
utility of OP-AMP

2. Tolearn the basics of integrated circuit fabrication, applications of timer BC-3355 and
building block of digial svstems.

The End Semester Examination will be of 3 hour doration and will earry 70 marks {Pass Marks-
24} The Question paper will be divided into three parts A, B and C. Part A will have ten
compulsory questions (multiple choice (ype) covering the whole syllabus (10 X 2 = 201). Part B
will have five short answer guestions, with ai least one question from each unit. The student is
required to answer any four ont of them (4 X 5 = 200, Part C will kave five long answer questions

with at least one gquestion from each unit. The student is required to answer any three out of them
(3 X 10 = 30}

Unit-1: Operational Amplifiers construction and other linear devices: Building blocks of an OF-
AMP : Differential amplifier - dual inpul, balanced and unbalanced output amplifiers. current sources.
current miirror, level transiator, complementary symimetry output. 335 10 timer and its applications,
Schmitt trigger. VOO and phase locked loops and their imponant spplications,

Linit 2: OP-AMP applications: Instrumentation amplifier, logarithmic and exponential amplifiers,
analog multiplication, comparators, astable and monostable multivibrators, half wave and full wave
précision rectifiers, Active Filters — Second order Butterworth fillers — LPF, HPF, narrow band and
wide band, band-pazs and band-reject filters

Unit 3: Digital Circuits and Combinatorial logic 1: Logie Familics - TTL and CMOS, construction
of hasic gates, characteristics. Combinatorial Cirguits— 2« complement adder and sulstracio

Unit 4: Combinatorial logic I1: Decoder, encoder, multiplexer, demultiplexer, DA and A
CONYEMDm

Unit 4: Sequentinl Circuits: Master-slave 1K flip-Mop. D and T flip-flops. edge triggered lip-lops.
Registers and Cownters — Shift registers, Bidirectional registers, ripple counter, synchronous counter,
up-down counter. decade counter, lohfison and Ring counter.

Course (hafeomes:
Students will have understanding of:

I. Fundamental designing concepts of différent types of Logic Gates, Minimization techniques
{5 (W

14

Designing of different types of the Digital circuits, and to give the computational details for
riginal Circuits,

1 Characteristics of deviges like PNF. and NPN junction diode and wuth tables of different logic
gales.

Basic elements and to measure their valoes with multimeter and their charactenistic study
8. Working of Flip-lops. registers and counters

kit
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MPHYCC-13 Nuclear and Particle Physics (5 Credits)

Course Objectives:

I, lostudy the general properties of nucleus

I

[0 study the nuclear forces and nuclear reacioms

3, Toimtroduce the concept of elementary particles

-

To impart knowledge aboul basike nuclear physics properties and nuclear models for

understanding of related resction dyvnamics,

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C, Part A will have ten compulsory questions
imultiple choice type) covering the whole syllabus (1 X 2 = 20 Part B will have five shor
answer questions, with one question from cach unit. The student is required to answer any four
out of them (4 X 5 = 20k Part C will have five long answer questions with one question from cach
unit, The student is reqguired 1o answer any three out of them (3 X 10 = 30},

Unit 1: Nuclear forces: Exchange forces and tensor forces, Low gnergy nucleon- nucleon scatlering,
Effective range theory; Deuteron problem, high energy nucleon-nucleon seattering (Qualitative
Discussion), Charge independence, spin dependence and charpe symmetry of nuclear forces, lsospin
formalism; Yukawa interactions

Linit 2: Nuclear reactions: Kinematics and conservation laws, Nuclear Reactions and Cross sections,
Theory of Compound nucleus, Breit-Wigner single level formula, Mechanism of nuclear fission and
fusion, Nuclear reactors

Linit 3: Muclear models: (2) Single particle Shell model: Magic pumbers, spin, parity, magnetic dipole
moment, ¢lectric dipole moment, (b) The Nilsson unified model, {c) Collective model: vibrational and

- ! - oy i
sl bt stage=, [ oumad o hundds
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internal conversion, Mossbauer Effect

Unit 5: Elementary Particle Physics: Conservation Laws and Symmetry, Strangeness, hypercharge,
CPT invariance, Classification of elementary particles, 5L¢2) symmetry and its application 1o decay
and scattering processes, SU{3) symumetry and the Quark model, Elementary idea of chromodynamics.

Conrse Outeomes:
Al the end of the course, the students can ahle
1. Acquire basic knowledge about nuclear and particle physics

2. Dewelop the nuclewr reactions and neutron physics.
3. Understand the nuclear fission and fusion reactions
4. Impart the knowledge about the nuclear forces and elementary particles

Al
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Heferemces:
[

2

3
4

Kenneth S, Krane, Introductory nuclenr physics, Wiley India, New Delli (2008).
J. Hasdevant, . Rich, M. Spiro, Fundamentals in nuclear physies, Springer, New York

(20051
0. Griffiths, Introduction to clementary particles, Wiley YCH, Weinheum (2008)

D.C Tayal, Nucleir Physics, 4"edition, Himalaya House, Bombay (1980,

13



MPHYCC-14  Lab-111(5 Credits}
Course (Mhjectives:
To make the student familianize with the basics of electromics
[0 enable the student to explore the concepts involved i the oscillators

I,
.
3 To make the stdent understand the basic concepts in [C and digital devices
4, To allow the student 1o onderstand the fondamentals of multivibrators

LIST OF EXPERIMENTS (minimum 12}

1. Study of Transistor Bias Stabilit

2, Construction a single stage RC coupled amplifier using transistor and study its frequency response
Y. Construction of a two stage RC coupled amplifier using transistor and study its fréquency response,
4. Study of Silicon Controlled Rectifier

5. Study the characteristics of LT

6. Experiment on FET and MOSFET characterization and application as an amplifier

7. Constroction of an- Astable multiabrador cocili vsima O35 ARMP & S55 1

8. Characteristics of Tunnel dicde and Gunn diode

9. Construction of a bistable multivibrator circunt using 1355 and study s performance.

10, Construction of adder, subtracter, differentiator and integrator cincuits using the given OF — Amp
11. Construction of an A/D converter ¢ircuit and study its performance

12, Construction of an VA converter circuit and study its performance

13, Construction of half— adder and full - adder cireuit using NAND pates and stody their

performance.
14, Construction of hall - subtracter and full —subtracter gircuit using NAND gates,
3 Danign oFsehmitts Trgeer using JCEE T wml 555 tmee = stdy of frequency divides:

16, Flip flops -~ RS, JK and D flip flops

I7. Shift register and Photo diode characteristics

1%, Study of counters: Ripple, Mode 3, Mod 5 counters

19, Photo — ditde characleristics

20, Phoio — transistor characteriseics

21, Analog computer circuit design — solving the simiiltaneois equations,
22, Multiplexer and Demultiplexer

23, Decoders and Encoders

Course Chnlcome;
At the end of the course.

I. The student will hive a knowledge on the different experimental technigues involved in
electronics:
The student should be able to independently construct the ¢irouits.
The student should be able to apply the concepts of electronics and do the imterpretation and
acquire the result,

2.
3.
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SEMESTER 1V

MIPHYEC-1_Elective Paper 1 {3 Credits)

One 1o he chosen from the following options:

A Mv]ncJ:d Chrantum Mechanics

B | Advanced E‘undeme:le_]'v'!htt:r Physics

c anﬁ;;hefic P"hvsics
D Biophysics '
£ Lasers and ﬁhmmi:s
F .Mﬁ*jl.k'l'l:ﬂ'l.fl'll and [nstrumentation
L .mhumlinng y

H Mg Science

I Plasma Physics
I Crvstal Physics and X - Ray Crystallography
K |Energy borende

=

Environmental Physics
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vanced Duantom Mechanics {5 Crediis

Course Objectives:
I T impart knowledge of sdvanced quantum mechanics for selving relevant physical prablems.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory guestions
(multiple choice tvpe} covering the whaole svllabus (10 X 2 = 200, Part B will have five short
answer guestions, with one question from each unit. The student is required 1o answer any four
oul of them {4 X 5 = 20). Part € will huve five long answer questions with one question from each
anit. The student is required to answer any three out of them (3 X 10 = M),

Unit 1: Theory of Scattering: Laboratory and cenire of mass reference frames, Differential and total
cross sections, seattering amplitudes using green’s function, scattering by symmetric potential, Partial
wave analysis, Phase shift, scattering amplitudes in terms of phase shift, optical theorem, scatiering by
square well potential and perfectly rigid sphere; Born approximation, its validity, application W square
well potential and Yukawa potentinl

Units 2: Relativistic Quantum Mechanics: Postulutes of Quantum Mechanics, Space time description
of Schrodinger Wave Eguation, Klein Gordon equation, Dirat equation, covariant form; Plane wave
salution; Dirac interpretation -:J’r n-:gﬂmr: enerey states and concept of antiparticles, Spin and magnetic
ramert ol il Eotrony. Wi o R cduicoi, e |l'| Wil ferilets . Frropeitie il THRLFEL e

C]‘lan!:: conjugation; "\!nrmnln'.al:nn and completeness u!'npmurq

Unit X Quantum Field Theory: Second guantization Lagrangmn field theory, Hamilionisn
formiadion, Cusmiceaiion ol scalar held ACRrantmyiion oReemples scalap amd “Séhrialmpger”™ fiehl
Bosons and Fermions

Unit 4: Quantum Chromodynamics 1: Intreduction w guantum chromodynamics, Quark model
Unit 5; Quantom Chromodynamics 11: Standerd model, Grand Lnified Theores,

Course Outcomes:

Students will have understanding of:
I Importance of relativestic quantum mechanics com pared 10 pon-relativistic quantum mechanics
2. Various tools to understand field quantization and related concepts,
3. Exposure to guanium ficld theory and universal internctions.

Referemees:

1. Mathews, PM. and Wenkstesan KA, Textbook of Quantum  Mechanics, Tama
McCremw HT (00

2. Thanksppan, VK., Quantum Mechanics, New Age Intemnational {2004},
3. Sakurai, 1), Advanced Quantuin Mechanics, Pearson Education (2007).

4. Bethe, H A and Jackicw, K., Intermediate Quantum Mechanics, Perscus Book Grouap
{1207,

1)



A

w7

“C-1RAdvanced Condensed

Course Objectives:
I. The course is 1o understand the basic knowledge on crysial structures and syslems
2. Understand the various process techniques available of X-Ray Crystallography
3. Agquire the knowledge of Lattice waves and Polaritons
+

. To comprehend the concepts of superconductivity and magnelic properties of solids.

The End Semester Examinstion will be of 3 hour duration and will carry 70 marks, The Question
paper will be divided into three parts A, B and C. Parl A will have ten compulsory questions
{multiple choice type) covering the whole syllabus (10 X 2 = 20). Part B will have five short
amswer gquestions, with one question from cach unil. The student is required to answer any four
out of them {4 X 5= 20). Part C will have five long answer questions with one question from cach
anit, The student is required o answer any three ont of them (3 X 10 = 30),

Unit 1: Eleciron States: Hartree ond Hartree-Fock approximations, correlstion energy, Scéreeming.
plasma oscillations, Dielectrie function of an electron gas in random phase approximation, limiting
Iy & Friedel cecillation

Unit 2: Electron-clectron interacthon: Lindhard s expression for wave length and  frequency
dependent dielectric constant. Static screening, Kohn eflect

Unit 3: Superconductivity: Encrgy pap, Cooper par, BOS theory, Gingsburg —Landau theory,
Josephson junction and 05 application, Microscopic guanium  interference. High femperare
superconductivity

Unit 4: Magnetism: The band model for feromagnetism and s temperature  dependence,
Ferrimagnetism, Antiferromagnetism, magnetism cffects in nanomaterials.,

Unit 5 Dielectric  Properties:  Theory  of  Diclectrics,  Piezoelectmicaty,  Ferroelectricity,
Antiferroelectricity and their applications, NMano-structured Ferroelecine materals, Synthesis and
Characterization principles of Ferroelectric nanomaterials, Multiferroi and Smart materials

Course ODulcome:
Al the end of this course, students will be able 1o
I, Basiwe knowledge of erysal structures and svstems
Uinderstand the basie idea about the Electronic Propertics of Solids
Impart the knowledge about the propertics magnetic Properties of Solids

..h. Lk '!-_I

Understand the applications of superconductivin

3

"



References:

Fa
|

L

Introcuction 1o Solid State Physcs, Irdd 6th Editions. C, Kittel , Wiley Publishing
Condensed Matter in a Nutshell. WilG.D. Mahan, Princetyon Univ. Press 2011
Solid State Physics. W, Ashcroft, N.D. Mermin Holi-Rinehart-Winston 1976,
Elementary Solid State Physics. Principles and Applications, Ali Omde™M Addison

Wesley Publishing . 2011
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Course Objectives:

|, Toprovide a keen knowledge on atmospheric behavior, description of nir, stratification of mass,
trice constituents, radiative equilibrium of the planct. global energy budget, and general

circudation,
2. Toprovide o deep insight on physics of atmosphere, acrosols and clouds,
1. To understand the Short wave and long wave radiation. radiomenic. lamberts equation, radicactive

heating, thermal refaxation and greenhouse effect.

The End Semester Examination will be of 3 hour daration and will carry 70 marks. The Qraestion
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
{multiple choice type) covering the whole syllabus (10 X 2 = 20). Part B will have five short
answer guestions, with one question from each unit. The stodent is required to answer any four
out of them (4 X 5 = 20). Part C will have five long answer guestions with one question from cach
unit. The student is regquired to answer any three oot of them (3 X 10 = ).

Limit 1: Imtroduction apd Atmospheric Chemisiry:

Cienert] deseription and basic facts; Regions of the Atmwsphere, Avmospheric chemistry; Composition, Minor
constituents, cycles of main elemems, chemistry af sulpbur carbon, nitrogen compounds, photochermical
podfution, serosoly,

Unit 2: Atmospheric Photo chemisiry; Radistion, absgeption of radient energy i the atmosphere, solar
radintion, Chapman profile, photochemigtry of istiosphere, strateapheric ozone, nrane hole; Graenhouse effect
and its vonsequences. etfictive einpeniluie.

Umit-3: Atmospheric thermodynamics and Cload Physics:

Atmospheric system, Application of fiesh law of thermodymamics 1w aic and clouds, main processes in the
atmissphere, cooling. potential temperature, adishotic exponsion with condensation, vertical smbility, convective
irestahiling

Unit 4: Cloud physies and Atmosphieric  Electricity: Classification of clouds, growth of drops by
condensation, growth by collision and coalescence, warm min, ice formalion, saow, hail and rain by ice process,
ice precipitation: Electric feld and space chirge, Fundamental problem of atimospheric electricity, Thunderstorm
electriciy, Lightning

Unit-5: Atmospheric Dynamics: Principle forces acting on o parcel of air, scoelération of air parcel, equation at
motion, continuity. equation. seibes af motion. important features of large scale atmospheric motion, Lamnge scale
mid latitude circulation system. thermal circulation, global circularion partern, mid latitude cyolones

Comrse Lhutcome;
A1 the end of the consrse, studems will be able 1o

| Acquire knowledge on earth atmosphere governing by physical laws

-4

Achieve basie inputs for the global circulation of atmosphere

Tl

Crgate @ scope to identify new wreas of research in the field of stmesphenc science

a9



REFERENCES:

I C. Donald Ahrens, Essentials of Meteorology, Brooks/Cale Cengage Laering, L[SAL 2010

2. Mury L. Salby, Fundamentals of Atmospheric Physics, Academic Press, Elsevier, [ISA,
IR

3, David, G. Andrews, An Introduction to Atmosphenic Physics, Cambridpe University Press,
Linited Kingdom, 2000, :
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MPHYEC — 1D Biophysics (5 Credits)

Course Objectives:
1. The course st understand the basic knowledge on lomolecular
2. Understand the various theoretical modeling techniques involved in biomolecularsy siems
3. Acquire the knowledge of Structure and function of Proteins, Carbohydrtes & Nuclel acid
4, Tocomprehend the concepts of Biochemistry and svstem biolagy.,

The End Semester Examingtion will be of 3 hour duration amd will cerey 70 marks. The Question
paper will be divided into three paris A, B and C. Part A will have ten compulsory questions
{multiple choice type] covering the whole syllabus (10 X 2 = 20} Part B will have Tive short
answer guestions, with one guestion from each unit. The stodent @5 reguired 1o answer any four
out of them (4 X 5 = 20). Pari C will have five long answer questions with one question from each
unit. The stuedent is required to answer any three out of them (3 X 10 = 30).

Unit-1: Bioenergetics: Principles of Thermodynamics, redos potesitial and free energy change of the
reactions, Biological energy transducers.

Unit-2: Physical technigques in protein, nucleic acids and polysaccharide structural analysis: 1/V-
Vis spectroscopy, Infrared spectroscopy, Fluorescence spectrostapy, Atomic ahsorption speciroscopy,
Raman spectroscopy, NMR, Mass spectroscopy, Cireular dichorism spectroscopy, X Ray Diffraction
techmigue, TEM and SEM .

Unit-3: Centrifugation: Frinciples, types, Differential and density pradient centrifugation and their
applications, Chromatwgraphy: Principles, types (Paper, TLC, Affinity, lon exchange. Gel filtration,
GLC, HPLO) and their applications,

Unit-4: Electrophoresis: Principles and tvpes [Polvacrylamide pel electrophoresis (PAGE), SDS-
PAGE, agarose gel electrophoresis, 21 electrophoresis and their applications.

Unit-8: Theoretical technigues and their application to Riomaolecules: |Hard sphere Approximation,
Ramchandran plot, Potential energy surfages, Outline of Molecular Mechanics Method, Brief ideas
about semi-empirical and ab-inilae quantum theoretical methods, molecular charge distribution,
molecular electrostatic potential and ficld and their uses.

Comrse Outcome ;
Al the end of this coune, students will be able 1o

|. Basic knowledge of Bismolecular of chemistry nnd functions,

B

Undessinnd the basic idea about the Structure and Fonction of Nod e Acads.

LFF)

. Impar the knowledge sbout the Funchion of Carbohyvdrates und Proteins,
4. Understand the applications of Bromaolecules.
References:

I Principles of Biochemistry by AL Eehninger, 171, Nelson and MM, Cox, CBS Publishers,
Bew Db, 19675

2. Binchemistry by L. Strver. WoH, Freeman and Co., Newyvork 1997,
3. Biophvsics by VasanthaPatabhi and N Gautham, MarosaPublishing House, New Delhi, 2002,
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MPHYEC-1E  Lascrs and Photonics (5 Credits)

Course Objectives:
O successful completion of this course, students will be able w0

I, Describe and explain the principles involved in the interactions between light and matter,
including the effects of amisotropy and non-linearity-comprebend the modification and control
of aptical properties of materials by externally imposed electric, magnetic and acoustic fields

1. Recall and recount the optical properties of semiconductor [ighl sources and detectors- ex pand
the theory and applications of the confinement of light in waveguides and fibers

The End Semester Examination will be of 3 hour duration and will carry 70 marks, The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory gquestions
imultiple choice ivpe) covering the whale svllabus (10 X 2 = 2. Part B will have five short
answer questions; with one question from each unit. The student is required to answer any four
ok of them {4 X 5 =20}, Pari C will have five long answer guestions with one question from each
unit. The student is required to answer any three out of them (3 X 10 = 30).

Uimit 1: Basic Principles: Laser rate equation for three level and four level systems, Dvnamics of Laser
Process: switching, Mode locking, mode pulling, lamb dip, hele buming, Enengy levels and radiating
properties of molecules, liquids and solids, Laser amplifier, Laser resonators, Techniques ol laser
excitation,

Unit 2: Non-linesar optical effects: Harmonie generation, Second  harmonic generation, Phase
matching, Third harmonic generation, Optical mixing, parametric peneration, Sell-focusing of light
Two photon absorption, Doppler free two photon spectroscopy, Laser spectroscopy,

Unit 3: Applications of Laser: Fahrication of electronic components, Material processing; Laser
Communication, Holography, Military applications, Medical applications, Star Wars, Laser hazards and
Laser safety, Optical Amplifiers, Infrared optical devices, Laser cooling, Trapping.

Unit 4: Optical Fiber Communication: Optical Fiber structure. Wave guiding and Fabncation of

Fiber, [wpe b aeid  susluibain MWl s eduati inside Fiber. Signal degradation snd
attenuation in Optical Fibers;

Unit §: Owptical Fiber systems: Optical sources (11D and PIN Diode) and Optical Detectors (APD);
Analog and Digital optical fiber Transmission System (PDH. SDH and WDM Technology)

Course Qufcome:
. Knowledge of fundamental physigs of photomics is developed 1o o high level

2. The course prepares Students 10 be able w0 use sophisticated instrumentation mtelligently, witha
good understanding of its capabilities and limitations.

References:
1, Naleh B Anid STC TEE ' Flesdmmestals o) PRk Pl WA lew Mlew Yiark 19U
£ Pal I TR Cmnidad Wave Chrhedl L ompanents aid LRyige Vesdemic Tress 2l
3, Aririth F O and T B sg "Opties and Pholonie leehin Wiles: L mretesiier, 20IH)
4.0 Thvagarmiem b and A Cihatal Sonlinesr Dpticein Encyclopedia of Modern Optics
{Editors: Bob Guenther evaly” |- Lievier [ud 2000
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MP - Meassuremeni amd Insir ion (5 Credids

Course Objectives:
I, Tomake the student familiarize with the basics of expertmental phvsics.
2. To make the student familiarize with the basics of electronics.
3. To enable the student o explore the concepts involved in the ascillators,

To allow the student o understand the fundamentals of instriments invelved

4

The End Semester Examination will be of 3 houwr ducation and will carry 7 marks. The Question
paper will be divided into three parts A, B and O, Part A will have ten compulsory questions
{multiple choice type) covering the whole syllabus {10 X 2 = 200 Part B will have live shor
answer gquestions, with one question from cach unil. The student is required to answer any four
out of them (4 X 5 = 20) Part C will have five long answer questions with ane question from each
unit. The student is required to answer any three out of them (3 X 10 = 30),

Unit 1; Basic Principles: Measuning Instruments, Accuracy, precision, sensitivity and nesolution;
Scafe, standards and calibration; Uncertainties of measuréments and ervors, propagation of errors,
atatistical trestment of random errors, Distribution functions their derivation and properties

Unit-2: Transducers: Temperatune, pressuredvacuum, magnetic Geld, vibration, strain, displacement
and force transducers: Principle, constructod and working

Unit-3: Signal conditioning and recovery: Signal level and Impedance matching, Operational
amplifier modules for different signal eonditioning: addition, subtraction. scaling. differentiation and
integration. Log and antilog amplifiers, analog multiplier and applications, instrumentation amplifeer;
Signal to noise considerations, Filters, Phase Lock Loop, Lock-m amplifier.

Unit-4: Digital signal processing: AD and DVA convertor, 7107 A/ convertor hased MM,
Embedded systems: BOS | microcontroller (basic Weas only). Computer interfacing of science
cXperiments

Unit 5: Compuier interfacing of Science Experiments: Real time and Offline Data Processing, Data
acquisition systems and Data Logeers: Principle and Design, Passive and Active Instrumentiston with
examiples,

Course Outcome:

At the end of the course,
I The student should have hisd knowledge on the difTerent expetimental technigues
2 The student should have understood the hasics of physics involved in experiments

1 The student should be able fo apply the concepts af physics and do the J'nr.n:rprl:l:umn and
agguire the result.

Heferences:

lo Megsurement, Instrumentation and Espenimental design an Physics and Engineenng-
Michael Saver and Abhai Mansingh, Prentice Hall of India 2003
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Data Reduction and Error Analysis for the Physical Sciences, PR Bevington and
K D Robinson, MeGraw Hill. 2003

Electronic Instrumentation- H.5. Kalsi. T™MH Publishing Co. Lad. 1997

Instrumentation Devices and Systems-C S, Rangzan, G, Sharma, VSN Mani,  2nd
Edition, Tata McGraw Hill, New
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Course Ohhjectives:
|. Toencourage students 1o "discover”™ phvsics in o way how physicists leam by doing research,
2. Toaddress analvtically intractable problems in physics using computistional tools

3. Toenhance the vanious computational technigque with programming basic in O to face the world of
problems using high performance iteration technigues.

4, To show how physics can be applied in o much broader context than discussed in traditional
curriculum

The End Semester Examination will be of 3 hour duration and will earry 70 marks. The Question
paaper will be divided imto three parts A, B and C. Part A will have ten compulsory guestions
(multiple choice type) covering the whale syllabus with 2 from each unit (10 X 2 = 20). Part B
will have five short answer questions, with one question from each unit. The student is required
to answer any four oul of them (4 X 5= 20), Pari C will have five long answer guestions with one
question from each unii, The stodent is required o answer any three oot of them (3 X 10 = 30},

Unit-1: Introduction o O/ C++/ Pyithon/ Java programming: Algorithms, structured programming,
Constants and vaoables, artthmetic expressions, mpat and owtput statements, logical expressions and
conditional statements, teration, functions, Armays, Strings, Pointers, 140 functions, Files.

Limit-2: Data interpretation and analvsis: Precision and acocuracy, error analysis, propagation of
errors, least square fitting: linear, polvnomial and nonlinésr regression, goodness of fit and chi squire
test, Elementnry probability theory, random varables, bimemial; poisson and nomal distributions.

Uinit-3: Finite difference methods: Computer arithmetic, normalized Moating pomt representation, its
gonsequences and pitfalls; Methods of finding roots of equations: Bisection method, Newton-Raphson
method, Successive Apprimimation method; Solation of simultancows algebraie equations: Gauss
Elimination method, Gauss-Siedel ierative methad.

Unit-4: Numerical Technigques: [nterpolation Lagrange interpolation, Difference tables, Spline
inkerpodation; Seres approsimation of functens; Taylor series, Numercal DifTerentiation, Numerical
IMAE T U TE || (NREriup]t _|| LLE e TN |'||||;_' ‘i. Ml rldinm | Il |.:'|_.| | U AAER ] | 1

method, Runge- Kuita methods

Unii-5;: Some application of Nomerical methods in Physics: Larpest and smallest Eigenvalues,
Diggonalisstion of matrices; Initial valoe problems, 2-<dunon (ki Liag
spreadsheets for calculations and graphs. Simulation of mmph. ['h}slw.a |:Irl.‘:-|:r|1:|'r|a- intreduction 1o
MATLABSCILAB/MATHEMATIC A

Course Outcome:
A1 the end of this eourse, students will be able to

| Understand the basic idea aboot finding solutions using computational methods batics.

2 Leamn how tointerpret and analyze data visually, both during and after computation,

3, Gimn an ability tooapply physical principles o real-world problems.

4. Acquire & working knowledge of basic research methodologies, dista analysis and interpretation
5. Realizz the impaect of physics inthe ghobalfsocietal confext,
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Heferences:

L. Mathematical methods of physics - | Mathews and R. [ Walker, Second Edition.

Addison-Wesley

=

Academic Press, 2012
3. Introductory Methods of Numerical analysis
India, 20403

Mathematical methods for Physicisis - G,

B. Artken and H. Weber, Seventh Edition,

5.5. Sastry, Third Edition, Prentice = Hall of

4. Programming in ANSI - €, E. Balaguruswamy, Second Edition, Tata McGraw Hill, |992

40



MPHYEC- 1H _ Nuno Science (5 Credits)

Course Ohjectives:

I The course is to understand the basic knowledge on nanoscience and nanotechnology

B

Understand the various process techmgues available of nanostructure materials.

Acquire the knowledge of varicus nano particles process methods

=

F'o enhance the various analvtical technigue to understand the nano propertics and characteristics
of nuno materials.

The End Semesier Examination will be of 3 hour duration and will earry 70 marks, The Question
paper will be divided nio three parts A, B and C. Part A will have len compulsory questions
{multiple choice tvpe) covering the whole syllabus (10 X 2 = 20). Part B will have five short
answer questions, with one question from each unit, The student is required to answer any Tour
out of them (4 X 5 =20} Part C will have five long answer gquestions with one guestion from each
unit. The student is required fo answer any three out of them (3 X 10 = 3).

Unit-1: Introduction and Basic Principles: Definition of Manomaterials, Properties, Applications and
Scope of Mano-science, Quantum size effecl. Electron confinemeént in infinnely deep square well,
confinement in one and two dimensional well, idea of quamtum well structure, Quanium wells,
quantum  wires  and  Quantum  Dots. Preparation  and - propenties;  Conduection  electrons  and
dimensionality, Properties dependent on density of states, Carbon nanostructures: Fullerenes, structure,
Superconductivity in C60, Carbon nanotubes; synthesis and structure. Elecirical and Mechanical
properiies, Grophene.

Unit-2: Synthesis: Techniques for svnthesis: Top down approach: Ball milling; Bottom up approach:
Chemical methods of synthesis, RF Plasma and Pulsed Paser technigues, Biological methods: synthesis
using microoargamisms, and plant extracts

Unit-3: Characterization Technigues: Characierization wols for nanomateriils: Thermal analysis:
OTA, DSC, TGA, dilatometry, Electrical measurements: LCR meter, clectrometer mmplifier; Optical,
U¥-Visible spectroscopy, [R spectroscopy, Ellipsometry, Raman Photoluminescence and spectroscopy,
Atomic  absomption  spectroscopy,  Structural  cheracterization:  X-ray  Diffractometer;  Magnetic
characterrzation: Vibrating sample mognetometer; TEM, SEM, STM, AFM,

Unit-4: Magnetic Nanomaterials: Magnetic  namoparticle. multiferroic and  smart - materials.
Elementary idea of MEMS and nanotransisiors

Unit-5:  Dielectric and Muoltiferroic  materials:  Theory  of  Diclectrics,  Piezoelectnicity,
Ferroelectricity, Anti-Ferrpelectricity and their applications, Nano-siructured Ferroelectric materials,
Swvnthesis and Charscterization, techniques of Ferroelectrie nanc-materinis, multiferroic and sman
misterinls

Course Ouicome:
At the end of this course, studentz will be able 1o
|. Basic knowledge of Nanoscience and nanotechnology
2. Under the basic wea about the nano structure
47



. Impart the knowledge about the propertics and characteristics techniques of nano materials

4. Understand the applications of nanomaterials,

References:

I, MNanostructure and Nanomaterials, synthesis propertics and application. 2nd Edition, Awthor by
Guozhong Cao dvingwang.  Published by world  scientific published,  printed dn 2004
Singapore,

Hand hook of Nanviechnology, 3rd edition Author by Bhusha, Published in springes, printed 2004
Ciermanm.

rd

1. Nanostructure materialy, processing, properties and potential applicatsons, 2nd Edition, Author by
Carl C Kech, Published by William andrew publications, printed in 2007 1S,

4. Nanomaterials, synthesis. properties and applications 2nd Edition, Author by AS Edelstein,
Publised by Insitute of physics publishing Bristol snd Philadelphin, printed in 2000 LK.,

48

‘ﬁ%{n.



MPHYEC 1 Plasma Physics(S Credits)

Course Objective:

I. Toexpose the students 1o theory related 1o mation of charge particie in inhomogeneous ficld,
production ol plasme snd usage of plasma,

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compuolsory questions
{muliiple choice ivpe) covering the whole syllabos (10 X 2 = 200, Pari B will have live short
answer quesiions, with one question from each unil, The student s reguired to answer any four
ot of them (4 X 5 = 20, Part © will have five long answer questions with one question from cach
unit. The student is required (o answer any three oot of them (3 X 100= 30}

Unit 1: Basics (Single Particle Approach): Charged particles in wniform and non-unifonm
electromagnets: field, Plasma - the forth state of mamer. Concepl of clectron and iom temperiiune,
Debye Lengh, Cyelotron Frequency, Larmor madius, Dirift velocity of guiding center, Magnelic moment
Magnetic mirror systems and their relation e the plisma confinement, Adiabatic Invarianis,.

Lnit 2: Magneto Hydro Dynamics (Fluid Approach): Introduction to ideal MHIY sysfems,
Fundamental equations of magneto hydrodynamic systems, Diffusion and mobility of charged particles
in plasma. Plasma as fluid and MHD eguations, Approximations and linearization of MHD from
dimensional considerations, Single flud MHD equation, MHD Generator,

Unit 3: Waves and instabilities in plasma: Waves i unmagnetised plasma, Energy transport, lon
ncoustic waves and MHID waves, [ssue ol plasma stability and the use of normal mode 0 annlvee
stability, Interaction beétween plasma particles, Perturbation ai two fluid interface, Ravieigh Taylor
instability, Kebvin Helmholtz instability amd Jeans instability

Unit 4: Kinetic Theory: Need for kimetic theory and MHE as approximation of kinetic theory,
Meaning of fiv), Phase space for many particle motion, Velocity and space distribution function,
Derivation of Muid eguation and Electron-ton plasma oseillution frequency, Derivation of Landau
damping. Equations of Kinetic Theory and Viasov equations for Muid dynamics.,

Uit 5: Applications: Saha « theory of theemal womzation, Application in Space Scence, Controdled
Thermoneclear Fusion. Magnetic reconnection, Dynamo action.

Course Ouicomes:

Biudenis will have understanding af:

|- Theoretical method 1o study the change particle maotion.

2. Process to generate plasma in the labornton.

3. Mechanism plasma production s helpful to make fusion reactors.

References:
1, AR L hondhe Fhab bl o 01 fluosts wnd vs 0L ambrdaee TITY 18ekE)
2. Ul Fromebe I FPhviic I Eda 1 ensm Priy 140
Y. Ptens Ui 1% R satliarmciilals of 1 isrs Fhe i Porimrmiym Prews, JTUSEK)
4, ool Hellgaggk pmbimentals-af Masma Flivsics ﬂ-'l:p Eﬂm':l
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MPHYEC- 10 Crystal Physics and X — Ray Crystallography (5 Credits)

Course Objectives:

Structural analysis 15 the first step in the characterization of any matersal. The aformic strocture of a
material depends on the method of synthesis 2nd on vanous parameters involved i the techmigue.
This course will

. Introdisce the fundamenal concepts of crystal siructure

!‘.l

To understand the diffraction principle amd use of X-rays
To understand the symmetry amd space groups
To know aboat lattice representation and reciprocal latiices

B

To dietermine and analyse the crvstal siructure wsimg X-ray difTracison

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory guestions
{muftiple choice tvpe) covering the whaole syllabus (10 X 2 = 200). Part B will have five short
unswer guestions, with one guestion from cach anit. The student is required (o answer any foar
out of them (4 X 5 = 200 Part C will have five long answer questions with one question from cach
unit, The student is requived 0 answer any three oot of them (3 X 10 = 30},

Unit I: GEOMETRY OF CRYSTALS: Introduction, tattice, crysial systems, symmetry, prmitive
und non primitive cells, lattice dircctions and planes, unit cells of hep and cop structures, constructing
crystals, some simple ionic and covalent structures,

Unit 2: CRYSTAL SYMMETRY: Bravais Iattices, space groups and crvstal structures, Symmetry of
the fourteen Bravais lattices. coordination of Bravais lattice points, space filling polyhedral, thimy two
crystal classes, centres and inversion axes of symmetry, crystal symmetry and properties, translation
symmetry elements, Quasiperiodic cryvstals or crvstalloids

Unit 3: LATTICE REPRESENTATIONS: Indexing larttice directions, lattice planes. miller indices.
zones, zone axes, zone law, transforming miller indices and zone axes symbals, reciprocal lattice
veclors, reciprocal |attice, wnit cells, for cubie crystals, prools of some peometric relationships using
reciprocal latmice vectors, Addition rule, Weiss zone law, d spacing of lattice planes

Unit 4: X- RBAYS DIFFRACTEOMN: | 0iiction. B iy I, dilfraeton el o s ‘il:!ill'lﬂl'ij‘l.l_! I:'!r
electrons, atoms, unmit cell, Inroduction 10 X-rays. electromagnetic radiation, continuous spectrum,
characteristic  spectrum, sbsorption, fillers, production of X-rays, detection of X-rays, safety
precautions, Contributions of Lase, Brupg and Ewald o0 X-ray diffraction. Indexing of X-ray
diffraction patéen

Unit 5: CRYSTAL DEFECTS: Representing crystals in projection, ¢rystal planes, stacking fuults and
Iwins, steareographic projection, Point defects, line defects, planar Falis, role of dislocations in Plastic
detormmation and orystal growth, colorcenters.
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Course Choleomes:

Student would have understood
I The siructure of varous ¢rvstals
L know the thearetical framework like symmetry and space groups

4. know to characterize the erystal using X-ray diffraction experiments and

4. Also would be able analyze the collected experimenal data

Heferetices:

I L Hammond, The basics of Crystaliography and diffraction, Oxfiord tniversity press, New York
(2000 )

2. BD. Cullity, Elements of X-ray diffraction, Addison Wsley, Massachusetts ( 1956).

3. C. Suryanarayana, MG, Norton, X-ray diffraction A practical approach, Plenum press. New
York (1998,

C. Kitel, Tntroduction 1o sclid state physics. Tth Ed.. Wiley Indin, New Delhi {2004),

ada
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MPHYEC-IK En¢rgy Science (5 Credits)

Coarse Objectives:
I his course will
I. Enable the students to appreciate the importance of solar energy and renew able encrgies,

2. Provide an undersianding of essential componens of renewable energyapplications and
limntations.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, Band C, Part A will have ten compalsory questions
imultiple choice type) covering the whole syllabus (10 X 2 = 20), Part B will have five short
answer guestions, with one goestion from cach unit. The student is reguoired to answer any foar
out of them (4 X 5= 20}, Part C will have five long answer guestions with one gquestion from each
umit. The student is required to answer any three out of them (3 X 10 = 30),

Linit 1: Solar Energy: Fundamental and Material Aspects:

Fundamintals of photovoltaic Energy Conversion Phosics  and  Material Properties, Basic 1w
hotovoltaic Energy Conversion: Opgtical properties of Solids. Direct and indirect transition semiconduct
ors, intgrrefationship between absorption cocfficients and band gap recombination of carriers,

Unit 2: Solar Energy: Different Types of Solar Cells:

Types of Solar Cells, junction solar cell, Transpor Equation, Current Density, Open cireuit voltage and
short crrcuit current, Briel description of single crvstal silicon and organi and Polvmer Solar Cells, Ele
mentary ldeas of advanced Solar Cells e Tamdem Sobie cells, Solid Liguid Jusction Solar Cells,
Mature of Semiconductor, Principles of Photo-clectrochemical Solar Cells,

Unit 3: Hydrogen Energy: Fundamentals, Prodoction and Storage:

Relevance in relation to depletion of fossil fuels and environmental consideration. Soler Hydrogen thro
ugh Phetoelectrelysis, Physies of materinl charactenistics for production of Solar Hydrogen. Brief diseu
ssion of vanous  storage  processes, special  featwres of solid  hydrogen  storage  matenals,
Structural and electronic characteristics of storage matenals. New Storage Modes,

Unit 4 Hydrogen Encrgy: Safety and Utilieation:

Various foctors relevant 1o safety, use of Hydrogen as Fuel, Use in Vehicular transport, Hydrogen for
Electricity Generation, Fuel Cells, Various type of Fuel Cells, Applications of Fuel Cell, Elementary
conoepts of other Hyvdrogen Based devices such as Hydride Batteries.

Umit 3: Other Renewable Clean Energies:
Elements af Solar Thermal Energy. Wind Enerey and Ogean Thermal Energy Conversion

Course Cuteome:
I'he studeénts will be able 10
1. Understand the importance of solar encrgy and renewable energies,
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2 Understand essential components of rencwable energy applications and limitations.
3. Design renewable enengy svstems as reguirements

4, Contribute towards reduetion of our dependence on conventional energy Sources.

References:
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Kreith and Kreider, Principles of Solar Engineering. MeGrew Hill Pub.,
A B Meinel and AP Meinal. Applied Solar Encrgy.

M P Agarwal, Solar Energy, 5. Chand & Co.

S P Sukhatme, Solar Energy, TMH.

G.[. Rai, Non-conventional Energy sources, Khanna Publications, Delh.



MPHYEC-IL  Envirenmental Phyvsics (5 Credits)

Course (bjectives:
['his wourse will

|, Enable the students to learn the concepts ot sustninable development and goexistence with

fatuiri,

2, Enable the students to gain abilitics 10 reduce environmental pallution

3. Enable the students to understand the source of solar and terrestrial radiation.

4. Enable the students realize the hazards associated with depleting Ozone layer, and the
factors responsible for the depletion of Dzone laver,

5. Enable the students 1o understand the importance of trees.

fi. Enable the students to realze the impormance of renewable enerpy solrges like solar, wind
and bivgas.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
{multiple choice type) covering the whole syllabus (10 X 2 = 20). Part B will have five short
answer gquestions, with one guestion from cach unit. The student is required to answer any four
out of them (4 X 5 = 200, Part C will have five long answer questions with one question from each
andl, The student is required 1o answer any three sut of them (3 X 10 = 30},

Umit 1: Essentinls of Eovironmental Physics: Struciure and thermodynamics of the stmosphere,
Composition of awr, Greenhouse elfect, Tronsport of mater, energy and momentum in nature,
Stratification and stability of atmosphere, Laws of motion, hydrostatic equilibrium, General cireulation
of the tropics. Elkements of weather and chimate of India;

Unit 2: Solar and terrestrial Hadiation: Phyvsics of radiation, Interaction n-r light with matter,
Ravleigh and Mie scattering, Laws of rdiaton (Kirchofl w, Manck's I 7 aw Wien
d:splal:rrncm lww, etc.) Solar and rerrestrinl spectry, UV radistion, Ozone depletion problem, IR
absarption energy balance of earth stmosphere sy stem.

Unit 3: Environmental pollution and degradation: Elementary  fluid  dynamics,  Diffusion,
Turbulence and wrbulent diffusion, Factors governing air, water and noise pollution. Air and water
quality standards. Waste disposal, Hem island effect, Land and see breese, Puffs and plumes, Gaseous
and particulate matters, Wet and dry deposttion.

Unit 4: Environmental Changes and Remote Sensing: Energy sources and combustion processes,
Renewable sources of encrgy, Solar energy, Wind energy, bioenergy, Hydropower, Fuel cells, nuclear
energy, Forestry and hioencrgy

Unit 5: Global and Regional Chmate: lements of weather and climate, Stability and vertical motion
of wr, Horzontal motion of air and water, Pressure gradient forees. Viscous forces, Inertia forces,

Reynolds number. Enhanced Greenhouse effect. Energy balance- & zerc-dimensional Greenhouse
model.
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Course Chaleome:

The students will be able
1. Understand the importance of basics of environmental processes.
2. Get opportunitics of working metrological stations and even establish metrofogical stations
in remote places for better future.

3, Develop his'her understanding of globaland regional climate change.

Refercmees:

be Eghert Bogker and Rienk Van Groundelle, Environmenta: s John Wiley
J.T. Hougtion, The physics of atmosphere, Cambridge University Press, 1977,
1 Twidell and 1, Weir, Renewable enerey resources, Elbs, Y88,
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S

. N. Keshavamurthy and M. Shankar Rao, The physies of monseons, Allied publishers,
1992,

5 Gi. J. Haltiner and BT, Williams, Numerical weather prediction, John Wiley, 1980,
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