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CREDT 5¥5TE

It comsists of @ nember of courses 1e. 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 a paper. The nature of these pourses
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 reguirement on the
basis of subject of M.5Sc. studees and i3 termed as a Core course.

Elective Course {EC):

Generally a course which can be chosen from a pool of courses (Basket) and which may he
very specific or specialized or advanced or supportive to the subject/ discipline of study or
which provides an extended scope or which enables an exposure o some other sub-
ject/discipline/domain o ourtures the Camdidite s prodicien vkt 1y ocmbiod an ERetiv
Conrse.

Discipline Specific Elective Course (IMSE)

Elective courses may be offered by the maindisciphingsubject of study is referred 1o as
Discipline Specific Elective. The University/lnstitute may also offer discipline related
Elective courses of interdisciplinary natung (10 be offered by main discipline/subject of study ),

Generic Elective (GE) Course:

An glective course chosen gencrally fromn an unrelated disciplme/subject, with an intention to
seck exposure is called a Generic Elective

P.S.: A core course offéred in a discipline/$ubject may be treated as an elective by other disci-
nline‘subject and vicd verse andsuch clectives may also be referred to as Generic Elective,

Ability Enhancement Courses (AEC):
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are the courses based upon the content that leads o life skill enhancement

Ability Enhancement Compulsory Coursesi AFCC):

University will sun o number of Ability Enhancement Compulsory Courses (AECC) which
i§ gualifying in nature and student from sl faculties have to qualify in all such courses.

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

Flective courses arc designed o scquire advanced knowledge to supplement fSupport the main
subject through project work! intermship! industrial raining’ field work. A student studies such a
courge on his/her own with mentoring support by a teacher / faculty member called the guidef
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supervisor, In case of intermship/ industrial training the student will work under the joint puidance
of anc teacher-supervisor {rom the parent department 1o be termed as Supervisor-1 and one suita-
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 lnbora-
tory/ the industrial organization with the approval of parent department. The student has 10 work
for & minimum number of days’ hour as decided by the parent department, On completion of thg
project works truining at the research mstitute/ research leboratory! industrial organization, stu-
dent will submit & written project report certified by both supervisors to the parent dem
Supervisor-2 will issue s letter centifying that the candidate has suceessfully :nm-p!th;[ the prive
et and also award marks' grade 1o him/ her. The certificate will be submitted to the m de-
partment conflidentially, The Board of Courses of Studies (BOCS) of the m:ﬂm&ﬁ de-
partment will draft and design the certificate and other documents as per requirgment. 'I“pln!nl
depariment will also assist the students 1o choose proper organizations for lhtll"wﬂjm work! in-
dustrinl training/ ficld work et

CREDIT

The total minimum credits, required for completing a PG program is 100,
The details of credits tor individual componenis and individual courses arel given in Table. |,
Table 1: Structure of the 2 Yrs (Four Semesters) Post {:.rﬂmm Degree course under CBCS:

Semesier | Mol Credit Totl Vinimum | Noaf N af Code & Na- |
COUREE per credit Noaf | cg&é | FLECTIVE | jure of Elec-
iPapens | COURSE! Learning | COURSE | Course! | yive Cotirse/

' paper . Hours# PAFPER FAPER paper
1 (45 05 | & 250 4 I- | AECC-l
|
| |

SEMESTER BREAK

1 ] 06 | 05 I 30 | 0300 5 1 AEC-1
i -
= . SPMESTER BREAK
1T | 06 05 Mmmad | 300 | 5 I AECC-2
P> . SEMESTER BREAK
W[ 4R 0 015 150 0 ]_F:.: -1*
| EC -2°
DSE-1
or
_ 1 | P A e
ﬁiﬂl 0 100 1000 4 | & _l
3



#For Tutorial ( TV Practical (P) Field Work (FW Y Internship ete. extra working hour 1o 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 and Che Practical paper
{Ome Theory paper and One Project work

{ O Theory paper and One Field work

{ Both Froject work! Internship

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

2.1. There shall be six elective courses - two EC. one DSE or one GIS two AECC wne AFC . Students
mwy opt for any elective course our of a list of elective papers [:Bm.l-iet] offered by the parem de-
partment or any other department's as per his‘her choice with the prior permission of the parent
department, The list of elective papers. syllabus and prerequisite afthe eleetive 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 ol semesterse Based onthe availability of resource
persoms and infrastruciore the parent department witl assist (the Sludents o select elective courses
of their chowce

2.2, The final CGPA/ class will be decided on the pedftrmance ofthe student in the [6 courses / papers
including the 14 Core Courses (CC) ¢ papers and two EC Spapers

2.3 The one DSE or one GE. two AECC. one AET papers will be gualifying in nawere and a studeni has
0 score ot least 45% marks in these papers Grade will be awarded separatély for these courses,
however, performance in these glective Coursesd papers will not be considered for awarding the
fimal CGPAS elass.

24 Ability Enhancement Compulsory Courses (AECO):

Limversity will run two Ability Enbancement Compulsory Courses (AECC ) which are gualify-
ing tn rature wed @ student haso gualify i both these courses, The courses are;

AECC-1 | ETWI-N.‘I-HI'I‘I-I:H!J| Sustamability (3 Credin)
& Swachchha Bhirm Abhivan Activities (2 Credit)

AECC- 2 : Human Values & Professional Ethics (3 Credit)
& Uﬂnl.lr.r Sensilimation (2 Credid

blu:i:nu: will de umigummmp raject work related to institutionsl social responsibilities
including Swachchha Bharat Ablivan Activities during SEMESTER BREAK,



2.5 University will run a number of Ability Enhancement Courses (AEC) and Skill Enhancement
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 wasie Managemenl/ |
= Mushroom L ulture |

«  Bip-fertibzer production/ l
o Emvaironmental 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 taught in 1He second semester will be open 1o be selected
as n DSE paper. In the first phase a student will be allowed go choose o paper from any subject
ather than his! her Core Course (CO) from thiesame faeulty in the same university

1.7 Generic Elective (GE) Course:

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

Basket of GE courses

= Music

«  Dromatics

» Fine Aris

& Ciraphic Design

«  Inclusiye Policies
#  Human Rights
o Any colitse run by any depanment



M.Sc. PHYSICS
{ Four Semester Course)

PROGRAM OBIECTIVES:
| Todevelop strong studem competencies m Physics and its applications in o techniology -rich,

interaciive envirnment

L. To develop strong student skills in the research, analysis and interpretation of complex information
3. Toprepare the students 1o successfully compete for employment in Electronics, Manofagturing and
Teaching industry.
4. To develop human resource with a solid foundation in thearetical gl expefimental aspects of
respectivie specializations as a preparation for career in academin and industry,
Course Structure
Semester | 1.1u|.l!=- i December)

Code Subject Credits | ESE | €A | Toml
MPHYCC-1  Classical Mechanics ‘ 5 0 an [0
MPHYCC-2  Mathematical Physigs » 5 T 30 [
MPHYCC-3  Quantum Mecharies 5 70 30 100
MPHYCC-4  Lab-l A E 70 30 10
MPHYAECC-1 Envirunmental Sustainability (3 Credits) 5 70 w100

':iwaul:lﬁﬁhulgﬁﬂrllﬂhhiyun Activities
(2 Cpedits)
Semester 11 (January 10 June)

Code Suhject Credits ESE | ClLA Toal
MPHYC O, Modelingind Simulation £ | 70 10 100
MPHYGC-6  Blestrodynamics and Plasma Physics s 30 100

 MPHYCC-R, Electromics | B T
MPHYCC-8 T8miistical Mecharics 5 70 30 100
MPHYCCS  Lab-11 5 70 001

i



MPHYAEC-] Any one of the followings: 5 T 30 190
o Computers and [T Skill
= Web Designing
« Financial Risk Management/
»  Solid waste Management'
= Mushroom Culture / |
»  Bio-ferihzer production/
« Environmental Law /
«  Tourism & Hospitality 1
| Management/ .
» Lifeskill & skill development /
*  Yoga Studies i > d
: =y __ Semester 111 [-Jul:;r to Denemh;} y i
| Code | Subject -:,rgd_hi ESE | CLA ' Tu_l._l_l_
MPHW:E-m | Atomic and Molecular Physics 5 70 30 106
| ] M - — - ————— - 1
MFH\’EEL Eund::nscf:l_l'f_lm:r Physics 3 e * 30 o
MPHYCC-12  Electronics |1 5 m_ | 30 100
MPHYCC-13  Nuclear and Particle Physics o | 30 | 100
MPHYCC- 14 | Lab-lll @ | o 100
| MPHYAECC-2 Human Vilues and Professional Ethics > - I W 0 1M
{3 Credit) and |
. Ciender Sensitization (2 Credit) . | ; i
Semester | LY {menr |u]‘hmj . L, |
LCode Subject _I_ Credits ESE ‘_ ClLA, | Toul !
MFH":’EL' | | Elective Paper | 3 o | 3% | 10
MPHYEC-2  Elective Paper Il 5 70 30 100
Part |- Practical — 50 marks
|Part 2: Disseriation — 50 marks I | It o= |
MPHYDSE-1 Fnr MFII‘,FEISE-[ Jn each E{ﬁﬂl the CE‘." 5 0 o | 0
Or paper -5 being taught In'the second
MPHYGE-1 ::mcslzrml”lgmren 1o be sebected as a .
Dﬁﬁmm the fisst phise a student will
be allowed tvghoose o paper from any |

bject other than his/ her Core Course
from the same faculty in the same




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

#*  Music
#*  Dramatics
=  Fine Arts

= Graphic Design I
= Inclusive Policies j |
*  Human Rights

*  Any course run by uny departmient

sy, O

Elective-l  Code: FHY EC-|
Elective Theory Papers for Semester 4 {One to be 5rh:|:led ﬁ-nmt‘n: mlluwmg,-.mmf 10 Dpllr-:lrls}

Code Subject Cmﬂits ESE. | C. [LA, Tuu:l

MPHYEC-1 Adw:ncud L"_.Puanlum Mechanics 0 il J 30 | L
Advanced l':undens:::r Matter P‘I'nsln:a.
.-"ﬁ.hﬂmpl]frlc Physies y ‘
|Bnuph:..sh:s
.|.-[tsr:r5 ﬁu&ﬁmmnics .
Mﬂﬂ!ﬁlﬂ‘:ﬂh‘:ﬂt and Instrumen tation
anpman-:mul Methods
Nano Science _ i
Plasma Ph:.-:mu

Crystal Physies nud
X - Ray {Hf}blﬂlbgriﬂi
Energy Scienge
Environmental lﬁharji’:ﬂ
 Elfive ) ColRWPHYECS
Part [: Practical on sy one uf‘th!hpll:i from the sex of following

‘options:
Part 2: Dissertation o any tupm; on Physics
Code 4 J Subject Credits. ESE.| C1. | Total
A.
< art | Jﬁ.dvan::r:d Quantum Mechanics 25 15 15 50

Advanced Condensed Matter Physics

: Armospheric Physics

| .
Biophysics

Liusers and Photonics



Menserement and Instrumentation
MPHYEC-2 Computational Methods
Nano Science
Plasimia Physics

Crysial Physics and X - Ray
Crystallography

Energy Sclence
Environmental Physics

Part 2  Dissenation 15 1%
[ any Topic on Physies] |

Marks and Wirkload Disiribution

(
50
N

li—|_

Fach paper will be of 100 marks. End Semester Examination (ESE) will carry 70 marks.

Continuous Internal Assessment {(CTA) will carry 3 marks
Pass marks in every semester paper is 45%.

Aggregate mark in a semester must be al least 45% for cleanng the subject papers of each

ETEsier

Total eredit 100 '

Semester 1- 25 credit Semester 111- 30 credit
Semester 11-20 ¢redit Semester 1V-15 credit

| credit is equivalent 1o 10 theory hours or 20 lehorstory hours.,

Thetory Paper Eﬂ:diLa-"ﬁﬁ B 4 y Total Marks 1140
Twpe of Examinstion  Dumation .[}uq?il;gﬁﬂp:r: angd M. of Questions 1o Distribution of
Dietails ol Evaluution “he et Marks
End Sermester ¥ Hours  eoup A _ In 2X 10=20
Examination | Written| Multiple Clwice tvpe
(70 Marks) Ciroap B 05 4X5=10
%mr‘l Atiswier 1y pe
{8 questions, one from
leach omit]
iroup C: 15 f X 5=3i
Hm_ng Adwwer Type
(& qisestions one Trom
B | | wdch umin)
Cantinuaus lasermal 1 Hastar Mid-semester Test - 0 (written) (each of 7.5 mark)
A ssassrment [l:'?ﬁj : Crrougp A {13 05X 3
{ 31 marks) Wultiple Cholee Type
| Warowsp B o2 15X2
Short Ancwer Type fil._
Ciroup © ! IN|
[Losng Answer Type
o

)
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Asshpnmieni 1:ﬂ.lﬁ
Seminde Quiz s
Anendance, Punctusl ity 05
IR‘. Fﬂhdl.ll.'l
Practical Paper Credit (i Total Marks: 106 I
End Semester 6 Hours | Experiment to he T
Expmination { ESE) performed | |
Contimeous Internal 30
Asseszment (C1A) |
Elective Practical and 6 Hours | Experiment to be 35415 D N
presentition of performed plus |
Diszertaticn Dissertation presentation | 4 R |
CIA of Practical and [5¢l5 30
Dhissertation
Program Ounfcomes:

The recent developments in Physics, has been included in the :rn'igh:d M. S6{ Physics) Syllabus
i meet the present day needs of Academic and Research Instifintions and Industries, An
important objectiv o course 15w dlevelop o unidersandimg of Ccore phvsios” al deeper
levels | each stage revealing new phenomena and greatefinsight intis the F:u:hav!nr of matter and
radiation.  The various courses in the first two sentesters, are designed to bridge the gap berween
college and universaty level physics and to bring all Etudmlx. te a common pomt These courses also
aim to consolidate the college Jevel knowledge of ghysics by providing much more logical snd
analytical framework which will be essential for the specializstion courses in the third and Tourth
semesters. After the completion of their M S¢. Students will haye:

L B T

Strong analytical abilities.

Qualities needed for teaching of Scienee anll doing research,
konowledge of theoretical aswell as experimental arcas of Physics.
Capabilities to generate self-employment.

Computational SKill and 1CT de et

LS SN I
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SEMESTER 1

MPHYCC-1: Classical Mechanics (5 Credits)

Course objeciives:
I To give students o solid foundation in classical mechanics.
2 To imtroduce general methods of studying the dynamics of particle systems.
1 Topive expenience in using mathematical technigues for solving practical probiems

4. To apprise the studems of Lagrangian wnd Hamiltonian formulations and their applications.

1y

To apprise the students regarding the coneepls of electrodyvnamics and its use ndarious
situations

The End Semester Examination will be of 3 hour duration asd will carry 70 marks., The Question paper
will be divided into three parts A, B and C. Part A will have ten compubory questions {multiple choice
typel covering the whole syllabus with 2 from each unil (10 X 2 = 200, Part B will have five short answer
fuestions, with one guestion from each it The student s required o answer any four oul af them (4 X 8
= 20 Pari © will have five long answer questions with ooe guestion Prom gach wnil. The siudeni is
required to answer any three out of them (3 X 10 = 30},

Unit 1: Lagrangian Dhvnamics and Hamiltonian formulation: Constraints, Principal of Virual ‘l'r'nrln-:,

| AREMBCHTS prinsiple and iprtleatiens, L agronge’s SSEOand REmppithtiony. Jusabt intepra
nnd energy conservation, Congept of symmetry, wtmlk dwﬂmlﬂur patentinl ‘rnnn:lurul.l ealeulus nnd
1BE A nopeineiphe. Tlamilion™s peinciple. Taurenge's equalion ffem Hamilton's principle; Legendre
R I RS TRTTRE B T R L [ T | | T AR BN i e oy wpaces and
phase space | lumiltons oyt Vo i pl

Umit 2: Canonical transformations and Hamilton Jacobi theory: Generating function, canonical
transformation and ity exumples, group praperty, Lagrange and Poirsson brockets and othér canonical
imvariants, eguation of motions, Infinitesimal canonigal thegnem in Poisson bracket formafism, lacoh
identitv. Angular momentum- Poisson bricket relatioms. Fhe Hamilton-1oo0b cquation Qo Famil
principal and charscteristic functions with example; the harmonic oscillator, Separation of variable in
Hamilton-Jacobi equation; Action<angle variablé$mnd it examples - the Kepler problem in action-
angle variables,

Unit 3: Cenatral Foree Motion and Rigid Body: Reduction 1o one-body problem. General Properties
of central force, Effective pokential, Motion in a central force held — general solution, Inverse Square
Law force. Kepler's Laws — Taw& of gravitatiion form Kepler s laws, Virial theorem, Scatiering in »
central force ficld andfin Laboratory Co-ordinates. The rigid bodies, Kinematics ol rigid body motion,

el FE sl TS " Ittt and! 1. applications, Finite and  infinitesimal rotations, e
af change of a #gctor, the mgid body equation of motion, Corolis effect, angular momentum and
kinetic energy of mation about @ point. the inertia tensor and the moment of inerin, theprincipal axis
transformationgthe Edlgpequations of motion

Unit 4: Small {h{:ﬂhﬂnn Formulation of the problem, the eigenvalue eguation and the principal axis
transformation, frequencies ol free vibrations and normal coordimates, forced vibrations and the effect
of dissipntive torces. Resonance and heats,

\ o
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Unit 5: Relativity: Review of special theory of relativity - Loremz transformations; 4-vectors, 4-
dimensional velocity and ncceleration; 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 equivalence
principle.

Course Outcomes:
I. kpow the difference between Newtonian mechanics and Analytic mechanics
2. Solve the mechanics problems using Lagrangian formalism, a different methsd from
Newtonian mechanics

3. Understapd the comnection between classicsl mechanics and qéantum méchanics from
Hamihonian formalism

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

Relerences:
I N C Rana & P 5 Joag, Classical Mechanics, McGraw Hill, First Edition 2011
2. Herbernt Goldstem, Charles ! Foole, and John L /Safke, O lassical Mechanics, Pearson, Third
Edition 201 1.
3. John R. Taylor, Classical Mechanics, Univérsity Science Books, First Edition 2005,
4. David Morm, Introduction to Classical Mechanics, Cambridee University Press, First Edition
) 1



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 formulite, interpret and deaw inferences from mathematical solutions,

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

Unit 15 Linear Differential equations and special fupctions:

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

Unit 2: Elements of Complex analysis:

Andlytic functions, Taylor and Laurent séries, caloulus of n:si-;luﬁs. nagure of singulanities, Evaluation
of definite integeals, Tordan s Torima
Unit J: Green's Function

Gireen's Function, Dirac Delia Function, Propertics antapp|icatiohs
Unit 4: Groap Theory:

Groups. subgroups, cosets, invarianl subgroups, factor groups, homomorphism aid isomuorphisim,
orthogonality theorems, Continuous geoups with special reference to (3 ). SUZLSU(3)

Umit 5: Elementary Tensor Analysis

Coord inate. transformations, Congavariang and covariant vectors, Contravariant, covariont and mixed
tensors, tensor flelds, symmétric and skew symumetrie tensors, fundamental operations with Lensors,
fietHe tensor, conjugate teasors, and kssociated wnsors

Cnurse (huicime:
1. Master the basic clements of comples mathematical analysis
2, Salvedifferential equations that are common in physical sciences
3. Apply group theary and integral transforms 1o solve mathematical problems of interest in
Physics
4, Ungderstanding how 1o use special functions in variows physics problems

13



References:

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

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

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

4. Murray B. Spiegel, Seymour Lipschutz; John J. Schiller, and Dennis Speliman, Schaum's
Chithine of Complex Variables, McCGraw 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 bour duration and will carry 70 marks, The Question
paper will be divided into three parts A, B and €. Fart A will have ten compulsory. guestions
{multiple choice tvpe) covering the whole sy llabus with atleast one Trom each unit (10 X 2 = 20).
Part B will have six shorl answer questions, with one question Trom each wnii, Tlﬁ.»g.ludl:n_t_ is
required to answer any four oot of them (4 X 5= 20). Part O will bave six long answer questions
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 Quaninm mechanies: Onigin of quantum mechanics, particle aspects of radiaion,
wiave aspect of radiation. particle versos waves, mtermediste  natume, of  micophysical  world,
quantization rules and wave packers. '

Uimit 25 Mathematical Founmdations:

Linear vector spaces. dimensionality, basis, eigenvalue gquations, sethogon@lity and completeness
conditions; Observahbles, Dirac’s Bra and Ket notstion, Propemties of Heematian operators, unitary and
stmilorily transformation; Operators, Fourier Transform, Wave function asa vector m Hilbert space,
Superposition principle;  Representations, Relation betwaen ket and wave function, Eigenvalue
spectrum  of linear momentum and 1is wave functions; Transformation between coordinate and
momentum representations. Ehrentest Theorem.

Lmit 3 Quantum Dynamics:

Rchrsdinger, Hesenberg and  Interaction pictures: (Linear Harmonic Oscillator  soluton  using
Schrodinger picture and Hesenberg piciire (Marmix Mechanics) Angular Momentum, spin and parity
operators: symmetry and conservation prineiple, definition of angular momentum, ladder operators,
allowed values, construction of angu lar momentiam mostrices: Spin and Pauli spin matrices: Coupling of
engular momentum, C .0, {oelficionts,

Unit 4: Perturbation iheory:

Time mdependent perturhaion thesry for discrete levels - non-degenerate and degenerale cases,
removal of degeneracy, SpueOrbal couphing. Fine Structure of Hydrogen, Vanation method, Time-
dependent perturbation theory, = constant and penipdic perturbations. Fermi Golden rule, WKB
appeoximation, sudden and adiabaticapproximatiens.

Unit 5 Scattefing theory: Quantum Scatiering theory — Differential and total cross sections,
scaltering amplitudey, Formal expression for scattering samplitude - Green s funchions.  Bomn
approximation > Appligation 4 spherically svmmetric potentials.

Unit 6: Relativistic quantum mechanics: The Klein-Gosdon (KG) equation — Charged particle in an
clectramagietio field,  bunerpretstion 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 equabwan, Fine structure of Hydrogen

15
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Course Outeome:

1.

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

4. To comprehend basic quantum mechanical applications at the research level
3. Gain an ability (0 competently explainfteach quintum physics o others
References:
I B.H, Bransden and C.J. Joachain, Quantum Mechanics. Pearson, Second Edition 2007,
2. David I. Griffiths, Introduction to Quantum Mechanics. Pearson, Second Edition 2009,
3. Yoav Peleg, Reuven Pnini, ElyahuZaarur, and Eugenc Hecht, Schaum® Outline of Qlantum
Mechanics, McGraw Hill, Second Edition 2010
F

M. Mathews and K. Venkatesan, Quantum Mechanics, MeGraw Hull, Seeond Edition 2010,



MPHYCC- 4 Lab-l (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. lo make the student understand the basic concepis in modern optics
4. To allow the student i understand 1he fundamentals of instruments involved

List of experimomts (miniiiam 2 );

Megsurement of Hall Coefficient of given semiconductor: idemtification of t}pt of
semicanductor and estimation of charge carnier concentration
"murq.__ il Elliptical fringe method
[ fulus — Hyperbolic fringe method
Fnur Probe Method - Determination of resistivity of semiconducigr at differealiemperatures
Determination of Ultrasonic velocity in given liguid for a fixed frequeney,
Determination of optical shsorption coefMicient and determination of refractive index of
the liguids using He-Ne | Laser
7. Measurement of laser parameters using He - Me Faser Adiodedaser
B Refroctive mdex of lwguids Usme — He-Me laser / ode lnser
9. Determination of wavelength of a laser by Michelson 1nltrftt'm‘:'-'[r:r method
1. Determination of semiconductor band gap
11, Thermistor — Determination of energy gap
12 Determination of numerical apenure of an optical fiber
|3 Determination of 'naw:lv:nglh of a laser source using difisction grating.
14 Determination of nnemlmg voltage of p GM mF-c md determine the linear absorption
coefMicient and verify inverse square Jane.
|5 Determination of operating 'n'u{mEgtnfu TR mhg and Aerify inverse - squitre law
l6. Direct reading of Zeeman effectg@lm ofan electron} with o luser source
17 Compact microwave training system Experiment
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20 Hydrogen spectrum and solar EEE\'.TI"I!H'I. = Rvidbe ipbainl
Course Chuteome:

Al the end of the course,

I. The studént should have knowledge of the different experimental techniques.
2, The .-_rl_udﬂ;it;ipguld have understood the basics of physics involved in experiments

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

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

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

Course Objectives;

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

2. lo address analytically imtractable problems in physics using computational wols.

3. To enhance the various computational lechnique with programming basic in @ HPyvthont Java 1o
face the world of problems using high performance iteration technigues.

4. To show how physics can be applied in & much broader contéxt 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 paris A, B and C. Part A will have ten compulsory questions
{multiple choice type) 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= 200 Part C will have five long answer questions with one question from cach
anit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: Object oriented Programming linguage

Cbject onented paradigm with reference to C+42 Objectsvand ¢lasses, Encapsulation and data
abstraction, Delegation, Inheritance, Polymorphusny dusetion and operator overloading, dvnamic
binding, message communication. Elementary idea aboul Fortran, Java and Python {Basic features
ol }

Unit 2: Programming with Python:

Program development, Variables, Expressions and statements, Functions, Conditionals and Recursion,
lteration, Strings, Lists. Dicuongries, Tuples; Files, Tyvpes of errors and Debugging, Function Libraries.
Numpy, Scipy. Matplotlib, Lse oF Seilab and R for scientific programming.

Unit 3: ODE und PDE;

ODE: RK method, Leap Frog methid, Application 1o electron maotion in electric and magnetic felds:
Non-linear equations; POE: Elliptic equations: Polsson eguation; Hyperbolic equations: wave equation;
Parabolic equatidn: Diffusion equation for Lagrangian fluids.

Unit 4: Matrix Problems
Jawcobi method for matrix inversion; Technigues for sitlving eigenvalue problems
Umit 5: Monte Carlo method amd <imulation

Random number generators, Monte Carlo integration, Metropolis algorithm.lsing model, Molecular
dvnamie ’

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, data analysis and mierpretation

B

Understand various simulation technkjues which can be used in future by students to andlyse
the data, '

References:

| Rubin M. Landay, Manuel J. Paer, Computational physics-Problem solving with,
computers, John Wiley & sons, Mew York (1997,
PL. DeVries A First Course in Computational Physics, , JohndWiley & Sons, New York
{1954).
3 G Golub and LM, Orega Scientific Computing: An Introdugtion with Parallel
Computing, Academic Press, San Diego (1993).
1. M. Thijssen. Computational Physics, , Cambridge University Press, Eambradge. 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 = 24), Part B
will have five short answer gquestions, with one guestion from cach unit. The student is regquired
to answer any four ool of them (4 X 5= 20} Part O will have five long answer questions with one
guestion from each unit. The student is reguired to unswer any three out of them (3 X 1@ = 30),

Unit 1: Flectromagoetic wave equation and feld vectors: Maxo ol s cguatndyr o feee spemc. Ml
wave in free space. Dispersion of electromagnetic waves, Poynting vectar in frée space. Polarization of
glectromagnetic wives, elecinic figld vector in lemms of scalor and vegtor potential, Wave equation in
terms of scalar und vector potential

Umit I; Electromagnetic waves and b5 Inferaction with matter on macroscopic scale:
Electromagnetic wavesi EMW ) in free space, propagation of EMW-in iS§#ropicg anisotropic dielectrics,
in. conducting media; Boundary conditions, n:l'lcv::liun and refraction of EMW, Fresnel formuolae,
Hrew s faww and degroe o polameatn micrma | el opkasd Lkl 112 THECLicsH BRin
metallic surface, F‘rupuguhun of EMW |'H.1'r'-1.'*1.‘|1 conducting planes, Wave g.us:lci TL and TM maode,
Transmission lines, Rectangular and evlindrical wave guidies, cavity resonator

Unit 3: Fields of moving charges and Radiating System: Refarded Potentials, Lienard Wiechen
potentials, field of a point charge in uniform rectulingar motion, in arbitrary motion, Radiation from an
accelerated charged particle at low and high velocity Radiating Syvstem: Oscillating electric dipale,
radiation from an oscillating dipole. from asmiall corréil element. from a linear antenna. Antenna
WITAYS

Uinit 4. Relativistic Electrodvmamics: Transfommation equation for current demsity 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
Maxwell and trensformation lawaf | oreniz fonce.

Unit 5. Plasma Physics: Elememary poncepts of plasma, derivation of moment equations from
Boltzmann equation, Fla__wmar oagilbation, Debve shielding, plasma confinement, magneto plasmua,
Fundamental eguations, hydromagnetic waves: magnetosonic waves, Alfven waves, wave propagation
parnllef and perpendicular 1o magnetic field

Conrse Chirfeomes:

Students will have understanding of:

I Time-varvimg Nelds and Maxwell equations.

2, Varous concepts of clectromagnetic waves

3. Radiation from localized time varving sources, and the charged panticle dynamics.

M



References:
| Introduction to Electrodynurmics, David J. Grifiths, Prentice-Hall of India, Third Edition,
2009, '
2. Classical Electradynamics, J. D. Jackson, Wiley Publishing, Newyork, Ird Edition, Eight
Print, 2002.
3. 1A Bittencourt, Fundamentals of Plasma Physics, Third edition, (Spri
Publication, 200,
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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 3 hour duration and will carry 70 marks. The QQuestion
paper will be divided into three parts A, B and C. Part A will have ten compualsory guestions
(multiple choice type) covering the whole svllabus with 2 from each unit (10X 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 ouf of them (3 X 10 = 30).

Unit 1: Semiconductor devices: BIT, JFET, MOSFET (Enhancement and depletion tvpes), LT, SCR.
TUNNEL Diode, Zener Diode: Structure, working and eharacteristics.

Unit 2: Amplifiers and feedbuck: BT bassing, design of m CE transistor amplifier, small signal
model, eminer follower, Negative feedback and o= properties (effect of feedback on different
parameters), types of feedback; Oscillstors: Principles. Barkhosen criterion, frequency stability, phase
shift oscillator, Wien bridge oscillator,

Unit 3: Operational Amplifiers: Operational amplifier block disgram, deal and practical op-amp
characleristios! Up amp circuits: dnverting and non-inverting amplifier, adder, subiractor, differentiator,
integrator, current to voltage converter, first order active filters

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

Lnit 5: Microprocessor and microcontroller: Microcomputer Block Diagram, Svstem Buses, R0835
Microprocessors, architecture and operation, Assembly lnguage Instructions (classification only)
8031 Microcontroller Arehitecture, Ports and elementary idea of interfacing

Conrse (afeomes:
Students will have understanding of:
| Fandamentab designing concepts of different types of Logic Gates, Minimization technigues
ele
2. Designing of different types of the Digital circwits. and 1o give the computational details for
Digital Circuits,
3. Charseteristies of devices like PNP, snd NPN junction diode and truth ables of different logic

17
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4. Pasic clements and to measure their values with multimeter and their charactenistic study.
5. How to construct electronic circuit

Heferences:
L. ) Millmanand H. Tash, Pulse Digital and Switching Wave forms, Tatn MeGraw Hill.

(1991), _
R. L. Boylestad, and 1., Nashelsky, Electronic Devices and Circuit Theory, Prentice Hall
Incia, (2007,

- 1AL Bell, Electronics Devices and Circuits, Owford Lniversity, (2008).

. Ben.G. Streetman, Solid state electronic devices, Printice Hull, Englewood eliffs, NJ (1

. RA, Gayvakwad, Op-Amps & Linear integrated circuits, Printice Hall India Pvt. Ltd,
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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
A Acqguire the knowledge of variows statistical distributions.
4. To comprehend the concepis of Enthalpy, phase transitions and thermodynamic functions:

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
mnswer questions, with one question from each unit. The student is requirved 1o answer any four
out of them (4 X 5= 20} Part C will have five long answer guestions with one gquestion 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- microcamonical, &snonical and grand
cancnical, Statistical equilibrieem, density distribution of phase point, |ooselle™ theorem,

Unit 2: Tdeal classical gas: Partition function of a classical ideal gas, thermodynamical potentials in
lerms of partition function for an ideal monoatomig gas N migecanonical and grand canonical
ensembles, entropy of mixing and Gibbs paradox, Maxwell-Boltzmann distribution law, entropy of
menoatomig s

Umift 3: Quanfum statistics and Applications I; Density matria, quantum ensermbles, ideal Bose gas.
Bose condensation, liquid He 11, superfluidity and [ afgon s tw

Unit 4: Quantum statistics and Applications $: Ideal Fermu pgas, specific heat and FPauli
paramagnetism, Principle of detailed balance, Landau damagnetism, white dwarts and Chandrasekhar
limit, Ising model, Random walk and Brownian motiong

Unit 5: Noneqlibrium processes: Features of Equilibrium and Noen Equilibrivm Thermodynamics,
Linear theory of Non Equilibriom Thermodynamics. Current and Affinity, Onsager relation,
Fluctuations, Microsysiems

Conrse Outeome:

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

Basic kaowledpe of thermodynamic svstems

Understand the basie idea about statisgical distributions

Iropdr the knowledge abour the phase tranzitions and potentials
Lindersiand the applications of statisticnl laws

e Ted BA —
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Referemies:

I, Introduction to Thermodynamics, Classical and Siatistical, 3rd EditionRichard E. Sonntag
(Univ. of Michigan), Gordon J. Van Wylen (Hope College) ISBN: 978-0-471-61427-2.
22 . :

2. Pathria RK., Statistical Mechanics, Ind Edition, Elsevier. 1996,

3. Thermodynamics and Statistical mechanics . suthor by John m. seddon and Julian d. gale. 3rd

edition, RSC publication. 2001, UK

-
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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 computational tools.

3. To enhance the vanous computational echnique with programming basic in C to 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 §):

I, To find mean, standard deviation and freguency distribution of an actual dats set Toomm any

physics experiment.

Sugcessive approximation (Method of Iteration ), Newton Raphson method:

The Bisection method

Ciauss Elimination method

Muatris Inversamn. |agrange s Dokl RIEARLT LT

lrapezoidal Rule, Simpson « 1 -rule

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

Predicior comrector methods )

Ta find miean, standard deviation and frequency distribation ofan sctial data set from any
physics experimern

. To find the area of a unit circle by Monte Carlo integration

11, To stmulate the random walk.

DB O e e

Course (ateome:

Al the end of this course, studems willdbe able 1o

Uinderstand the basic idea abost finding solitions using computational methods basics,

Learn how to interpret and afalyize data visuallsl both during and after computation.

Giain an ability 10 apply physical pringiples 1o real-world problems

Acguire a working knowledge of basic rescarch methodologies, data analysis und interpretation
Renlize the impact of phyvsiesin 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
2. To understand mechanism and working of lasers.

To b able to undersiagnd atomic and molecular trunsitions and selection rules,

Lad

-

To understand (he Bamon eflect and s applicotions

The End Semester Examination will be of 3 houwr duration and will carey 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have fen compulsory questions
{multiple choice type) covering the whole syllabus with 2 from each unit (10 X 2= 200 Part B
will have five short answer guestions, with one question from each 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
guestion from each unit, The student is required to answer any three out of them (3 X 10 = 30).

Umit Iz Atomic Physies: Vector Atom Model (LS, 1) Couplinglook ine Stfucture and Hyperfine
Structurs, Zeeman Effect, Paschen- Back and Stark Effect

Intensity, Shape and width of spectral lines, Independent particle madel, He atom as an approximation
for many eectrom atomie svatems, Sler dererminnnis oo weite possiblemultiplets.

Unit 2: Electronic and Molecular Spectra: Molecule agopon-pigid rotator, Anharmonic Oscillator
{vibration-rotation system ), Frank Condon Principlé, N and ESHE. Spectra/Vibrtion of Polvatomie
molecule, Electronic spectra of polyatomig moleeulesChemical analvsis by electronic spectroscopy.
Spectra of Hydrogen Molecule

Unit 3: Molecular Potential: Concept of Malecular Petential, Separation of electronic and nuclear
wave function, Bom=Uppenhetmetapproximatianand its breakdown, Analysis by mfrared techniques,
NMolecular arbital theory, LCAC apprakimation thoapes.

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

Unii % Laser: Significance af Einstein's &and B coefficients, pumping schemes, Characteristics of
|.aser beams. Principleseof Fiber Comimunication, Numerical Aperiure,

Laser Operation: (scillator versus Amplifier, Loser Resonators, Laser rate equations for three and Tour
level Laser systems. Liguid {Dyve) Lasers, Gas (CO-, Nitrogen and Eximer) lasers, Laser applications in
incustry, Nuclear s€ience, Spectroscopy. Light detection and Hanging (LIDAR), scanming laser beam
devices, Lader communication, (injection photodiode and Avalanche Photodiode). optical computmg.
and medical appligations.



STF
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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 field.
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, Introduction to Atomic Spectra, MeGraw Hill, {1934},

2. C.N. Banwell, andF, M. McCash, Fundamentals of malecular speciroscopy, Tata McGraw
Hill, {20417},

A G, Aruldhas, Molecular structure and Spectroscopy, Prentice Hall of Indin. New Delhi, 200



MPHYCC-11 Condensed Matter Physics (5 Credits

Course Objectives:

|, Tostudy some of the basie properties of the condensed phase of materals 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 guestions
imultiple choce type) covering the whole syllabus with 2 from each wnit (10 X 2 = 20), Part B
will have five short answer questions, with one question from each unit. The sindent 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, Brillowin Zones, Lave 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 latfice, Blogh theorem, nearly (ree
electron model, tight binding and cellular methods, effective mass, intrinsic and extrinsic semi-
conductors, Fermi Surface. Cvelotron resonance and de Haas—van Alphen effect

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

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

Unit 5: Dielectric Properties: Microseopic concept of Bielectric polarisation, Langevin theary of
polarisation, Claussius-Mossotti equatlon, Diclectrics m Alemating Field, Complex Dielectric constant
and Dielectric loss, ferroelectricity optical propertes of Crystals

Course (uteomes:

Students will have undeérsianding of;

1. Structures in solidsand theifdeermination using XRD
2. Behavior of electrons id salids inéluding the concept of energy bands and effect of the same on

material properties.
3, Electrical, thermal, magnetic and dielectric properties of solids.

Helerenoes:

I, Inerocduction b Schid State Physics, 3rd& 6th Editons. C. Kittel \Wiley Publishing
Condensied Matterin a Nutshell. Wil G. . Mahan, Princeton Univ, Press 2011,
SolidSwate Physics, W, Asheroft. NI Mermin Holi-Rinchart-Winston 1976

Elementary Solid Siute Physics, Principles and Apphications, Ali Gmar, M Addison Wesley
Publishing , 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 IC-335 and
building block of digial svstems.

The End Semester Examination will be of 3 hour doration and will carry 70 marks {Pass Marks-
28). The Question paper will be divided into three parts A, B and C. Part A will have len
compulsory questions (multiple choice (ype) covering the whole syllabus (10 X 2 = 20). Part B
will have five short answer guestions, with ai least one question from each unite 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 snswer 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 input. balanced and unbalanced output amplifierss eurrent sources,
current miirror, level transiator, complementary symimetry output. 3535 10 timer and its applications,
Schmitt trigger. VOO and phase locked loops and their important applications,

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

Unit 3: Digital Circuits sind Combinatorial logic 1: Logic Families- TTL and CMOS, construction
of hasic gates, characteristics. Combinatorial Circuits S8 complement adder and sulstrcio

Unit 4: Combinatorial logic 11: Decoder, encoder. multiplexer, demultiplexer, VA and A/D
CONYEMDTS

Unit 4: Sequentinl Circuits: Master-glave 1K flip-fop. B und T flip-flops. edge triggered ip-flops.
Registers and Counters — Shift registers, Bidirectional fegisters, ripple counter, synchronous counter,
up-down counter, decade counter, Tohnsonand Ring counter:

Course (hafeomes:
Students will have undérstanding af:

I. Pundamental designing concepts of different types of Logic Gates, Minimization lechniques
=} [o8

14

Designing of different types of the Digital circuits, snd 1o give the computational details for
Drigital Circuits.

1 Characteristics of dévices like PNF and NPN junction diode and wuth tables of different logic
gales,

4. Basic elements and o measure their values with multimeter and their charactenistic study

5. Working of Flip-lops. registers and counters

kit



References:

I, T.F. Schubert and EM.Kim. ~Active amd Nooliner Flectiomios™ Jabin Wilew Sons.
MNew York {1996},

2. LVl Fleainmie Devices, “Penison Floepien™ New York (2004)
3. Dennis Le Crissitte, Transitors, Prentice Hall India Pyt Ltd (1963)
4. L Milmian and C.C. Halkias, Imegrated Electronics, MeGraw Hill { 1972)
5. A Mottershed, Semiconductor Devices and Applications, New Apse Int Pub
6. M. Goodge, Semiconductor Device Technology Me Millan ( 1983)
7. S.M.Sz¢, Physics of Semiconductor Devices , Wiley-Eastern Ltd.,
8. Milman and Taub, Pulse, digital and switching Waveforms, MeGrew
9. Ben.G.Streetmun, Solid state electronic devices, Print
( 1999)
10. R.A Gavakwad, Op-Amps & Lincar intcgrated ci iceHall India Py
Lad.{ 9549




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 oand €, Part A will have ten compulsory guestions
imultiple choice type) covering the whole syllabus (1 X 2 = 201 Part B will have five shor
answer questions, with one question from cach unit. The student is required t0 answer any four
out of them (4 X 5 = 20} Part C will have five long answer questions with one question from cach
unit, The student is required o answer any three out of them (3 X 10 = 30),

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

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

Limit 3: Muclear models: (2) Single particle Shell model: Magic nuombers, spin, parity, magnetic dipole
moment, ¢lectric dipole moment, (b) The Nilsson umfied model, (¢) Collective model: vibrational and

- ! - oy i
sl bt stage=, [ oumad o hundds
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I I'..,|' il Heliduy ol neatiimne, (BT !di?luul,‘l -"i.!t'i--n- i g o -I:iﬁl:ﬂ'_'r}, Spc’nlmel.:uﬁdﬂl.ﬂ}'.
internal eonversion, Mossbauer Effect

Unit 5: Elementary Particle Physics: Conservation Laws and Symmetry, Strangeness, hypercharge,
CPT invariance, Classification of elementary panticles, 5L9¢2) symmetry and its application 1o decay
and scattering processes, SU{3) symietry and the Quark model, Elementary idea of chromodynamics.

Conrse Outeomes:
Al the end of the course, the students can ahle fo
1. Acquire basic knowledge@bout nuckenr and particle physics

2. Dewelop the auclesr reactions and neutron physics.
3. Understund the nuclear fission and fusion reactions
4. Impart the knowledge about the nuclear forees and clementary particles

Al
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Heferences: | o

|. Kenneth S, Krane, Introductory nuclear physics, Wiley India, New Delhi (2008).

7). Basdevant, J. Rich, M. Spir, Fundamentals in nuclear physics. Springer. New York
(2005). '

3. D Griffiths, Introduction to elementary particles, Wiley VOH, Weinheum |

4 DO Tayal, Nuclear Physies, 4" edition. Himalaya House, Bombay (1980},
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MPHYCC-14  Lab-111(5 Credits}
Course (Mhjectives:
. To make the student famihanize with the basics of ¢lectromics
[0 enable the student to explore the concepts involved i the oscillators

I
.
3 To make the stwdent 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. Uonstruction 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 !,fequmc} TESPanse.
4. Swdy of Silicon Controlled Rectifier

5. Study the characteristics of LT

6. Experiment on FET and MOSFET characterization and application a8 an amplifier

7. Cosstruction of an Astable moltivibratos cocult paimo O0F AR P & i [

8. Charscteristics of Tunnel dinde and Gunn diode

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

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

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

13, Construction of half — adder and full - adder circuit using NAND gates and study their

performance.
14, Construction of hall - subtracter and full - ﬂuhtrm:l:r Circuit using NAND gates,
Yo Denign ofsehmint™s Trigeer using 10 T8 mm 5= By study of frequency divides.

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

I7. Shift register and Photo diode characteristics

18, Stody of counters: Ripple, Mode 3, Mod 5 gounters

19, Phote — dicde charpcieristics

20, Phoio — transistor charactertsiics

21, Analog computer circuit design - solving the simiiltaneous equations,
22, Multiplexer and Demultiplexer

23, Decoders and Encoders

Course Chicome:
At the end of the course,

I. The student will hiave aknowledge on the different experimental technigues invalved in
electronics.
The student should be ablgto independently construct the circuits.
The student should be able to apply the concepts of electronics and do the interpretation and
acquire the result.

2.
3.
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SEMESTER 1V

Oine 1 he chosen from the Tollowing options:

|
v
1.

H

- Biophysics
Lasers and Photomnics

ﬁ.d\f:nc;d Cruanium MﬂhbﬁEE

Advanced Condensed Mut!.;"]?h:-‘sics

| Atmn;hufin: Phvsics

Measurementand TRStrumentation
Cnmpuml]:_:;_ﬂhl
.N:mn .':':__l::tl_:rEt
.Plu_mﬂ PIT;-.-si:rf
Crostil Physies and X - Ray C rystallography
‘Energy Strence

Envirenmental Physics
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vanced Duantom Mechanics {5 Crediis

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

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 quesiions
(multiple choice tvpe} covering the whaole svllabus (10 X 2 = 20). Part B will have five short
answer guestions, with one question from each unit. The stodent s 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 centre of mass reference frames, Differential and total
eross sections, seattering amplitudes using green's function, scattering by sgmmetric potential, Partial
wave analysis, Phase shift, scattering amplitudes in terms of phase shifi, dptical theorem; sealtering by
square well potential and perfectly ngid sphere: Born approximation, i validity, application o sguare
well potential and Yukawa potentinl

Units 2: Relativistic Quantum Mechanics: Postulutes of Quantum Mechanigs, Space time description
of schrodinger Wave Fguation, Klein Gordon equation, Dirac equation, cevariant form; Plane wave
salution; Dirac interpretation -:J’r n-:gﬂmr: enerey states and conceptof unnpmﬂr..lrs Spin and magnetic
oameed af b ELErT. il o B LTH A i, Hy rll,,1;| .||'|v" I rr.a‘.l;l ™ e rlig il LTRSS
C]‘lan!:: conjugation; "\!nrmnln'.al:nn and completeness n!'npmru's

Unit 3 Quantum Field Theory: Second guantization Lagranginn field theory, Hamilionian

formidadion, Cusmiceaiion ol scalar Beld, DrantieailofSl comple®O&calar aml “Séhrialmper”™ fiehl
Bosons and Fermions

Unit 4: Quantum Chromodynamics 1: Introduecion e guantam chromodynamics, Quark model
Unit 5: Quantum Chromodynamics Tz Standard model, Grand [nified Theories,

Cowrse Outcomes:

Students will have understanding off
I Importance of relatrvestic guantum mechanics compared 1o por-relativistic quantom mechanics
2. Various tools to understand field quantization snd relaed concepts,
3. Exposure to guaniuom figld theorvand universal internctions.

Referemees:

1. Mathews, P8O and Venkatesan K.oA., Textbook of Quantum Mechanics, Tama
MeGieaw HITH(Z2 0047,

2. Fhankappan, VK., Quantum Mechanics, Mew Age International {2004},
3. Sakurai, ).J)., Advanced Quantuin Mechanics, Pearson Education (2007).

4 Bethe, HA. dnd Jackiow, K., Intermediate Cuantum Mechanics, Perscus Book Group
{ 19937
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“C-1RAdvanced Condensed

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

. To comprehend the concepts of superconductivity and magnetic properties of solids,

The End Semester Examinution will be of 3 hour duration and will carry 70 marks, Th' 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 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 question from cach
pnit. The student is required 1o answer any three ont of them (3 X 10= M),

Unit 1: Electron States: Hartree and Hartree-Fock appeoximetigns, correlation energy, Screening.
plasma oscillations, Dielectrie function of an electron gas in random phase approximation, limiting
lnws & Friede!l cscillation

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

Unit 3: Superconductivity: Energy pap, ©oaper pair, BCS theory, Ginesburg —Landau theory,
Josephson junction and A5 appliéation, Migmoscopic guanium  interference.  High femperare
superconductivity

Unit 4: Magnetism: The band model for femomagnetism and s temperature  dependence,
Ferrimagnetism, Antiferromagnetism, magnetism ¢ffects in nanomaterials.

Unmit 5: Dielectric Properties: Theory of Diclectrics, Puweroelectnicaty,  Ferroelectricity,
Antiferroelectricity  and their applications, Mano-structured Ferroelecine materals, Synthesis and
Characterization pringiples of Ferroeleatnic nanomaterials, Multiferroi and Smart materials

Course ODulcome:
Al the end of theseourse. students will be able 1o
|. Basie knowledpe of crystal structures and systems
Uinderstand the basic idea sbout the Electronic Propertics of Solids
lingart the knowledge about the propertics magnetic Properties of Solids

o bl

Undessiand the applications of superconductiviry

3
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I Introduction to Solid Stawe Physics, 3rdd 6th Editions. C. Kirtel ,Wiley Publishing

2. Condensed Matter in a Nutshell. WilG;.D. Mahan, Princetyon Univ. Press 2011,

3. Solid State Physies, W, Asheroft, N.D. Mermin Holi-Rinehan-Winston 1976,
Elementary Solid State Physics. Principles and Applications. Ali Omar.M Addison
Wesley Publishing . 2011
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Course Objectives:

|, Toprovide a keen knowledge on atmospheric behavior, description of mir, stratification of mass,
traice constituents, radiative equilibrium of the planet. global energy budget. and general

circudation,
2. Toprovide o deep insight on physics of atmosphere, acrosols and clouds,
3. To understand the Short wave and long wave radiation. radiomeric. lamberts equationgradicactive

heating, thermal refaxation and greenhouse effect.

The End Semester Examination will be of 3 hour daration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulstry questions
{multiple choice type) covering the whole syllabus (10 X 2 = 200, Part B will have five short
answer guestions, with one question from each unit. The student 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 (3X 10 = 30),

Limit 1: Imtroduction apd Atmospheric Chemisiry:

CGeneral deseription and basic facis, Regions of the Atmispherd, Atmbapherie shemistry; Composition, Minor
constituents, cycles of main elemems, chemistry of sitlphur, carbon, mitrogen compounds, photochermical
podfution, serosoly,

Unit 2: Atmospheric Photo chemistry: Radiation, alsteption ol cadient energy in the atmosphers, solar
eadintion, Chapman profile, photochermnistry of ionosphigre, stratospheric ozone, prone hale; Creenhouse effect
and its consequences. etfictive einpenilure,

Umit-3: Atmospheric thermodyvaamics and Clond Phyvics:

Atmospheric system, Application of fig€l law of iiermodymamics w0 air and clouds, main processes in the
atmissphere, cooling. potential temperature, odiahatic expamsion with condensation, vertical smbility, convective
irestahiling

Unit 4: Cloud physics and Atmospherie. Eleciricity: Classification of clouds, growih of diops by
condensation, growth by collisiomend coalescence, warm min, ice formalion, saow, hail and rain by ice process,
ice precipitation. Electric fighd and'spage chirge, Fundamental problem of aimospheric electricity, Thandersiorm
electriciy, Lightning

Lpuke=5: Mrlmph:rh‘.'n;' I'III'I'II'EI'F-EI'ILEI'..'iPIL' fories ;||,.‘|i:1r_ ot iy parcel of air, wccelération of alr parcel, equation of’
motion, continuity. equation, seales of mation. important features of Large scale atmospheric motion, Large scale
mid latitude circulation systemy thermal circulation, global circulation partern, mid latitude cyolones

Coarse Chuloonme:

Al thednd of The Borse, studieats will be able 1o
| Aeguire knewledue on earth atmosphere governing by physical laws
ZoAchisve hasic inpits for the global circulation of atmosphere

3, Create a scope to identify new areas of research in the field of stmespheric science

a9



REFERENCES:
+ . Donald Ahirens, Essentials of Meseorology, Brooks/Cale Cengage Laerning, LSA, 2010
2 Murry L. Salby, Fundumentals of Atmospheric Physics, Academie Press. Elsevier, 1S,
1994 '




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 biomolecular sy stems
3. Acquire the knowledge of Structure and function of Proteins, Carbohydrates & Nucle|@ewd,
4, Tocomprehend the concepts of Biochemistry and svstem biology,

The End Semester Examinstion 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
{multipke 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 requived (0 answer any four
out of them (4 X 5= 20). Pari C will have five long answer questions with phe question from each
unit. The stedent is required to answer any three out of them (3 X 10 = 30).

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

Unit-2: Physical technigques in prolein, nucleic acids and polysaccharide structural analysis: 1/v-
Vis spectroscopy, Infrared spectroscopy, Fluorescence speclrgscopy, Alamic ahsorption speciroscopy,
Haman spectroscopy, NMR, Mass spectroscopy, Clreilar dichortsm spectroscopy, X Ray Diffraction
techmigue, TEM and SEM .

Unit-3: Centrifugation: Frinciples, types, Differential and density pradient centrifugation and their
applications, Chromatography: Principles, tvpes (Paper, TLC, &ffinity, lon exchange, Gel filtration,
GLC, HPLO) and their applications,

Unit-4: Electrophoresis: Principles and 1ups& [Polvacrylamide pel electrophoresis (PAGE), SDS-
PAGE, agarose gel electrophoresis, 2D electropharesis and their applications.

Unit-8: Theoretical technigues and their application to Riomaolecules: FHard sphere Approximation,
Ramchandran plot, Potential eferey surfaces, Oithine of Molecular Mechanics Method, Brief ideas
about semi-empirical and ab-initie quintum theoretical methods, molecular charge distribution,
molecular electrostatic potentiaband ficld andabeir uses.

Couwrse Oulcome :
Al the end of this coure, students will be able 1o
|. Basic knowledge af Biomolecular of chemistry and functions,
. Undesstand the bas i idea about the Structure and Function of Mugheic Acids.
d. Impart the knowledee about the Function of Carbohvdrates und Proteins,
4. Understand the n|_1|lla'cul'inn5 of Bumaolecules.

B

References:

| Principles of Biochemistry by AL Eehninger, 171, Nelson and MM, Cox, UBS Publishers,
New Delhi, 1903

2 0oBinchemistry by L. Strver. WH, Freeman and Co., Newyvork 1997,
3 B‘io_phj'hits by VasambaPatabhi and N Gautham, NarosaPublishing 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 gontrol
of optical properties of materials by externally imposed electric, magnetic and acoustic Hekds

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

The End Semester Examinatbion will be of 3 houwr duration and will carry 70 macks, The Qoestion
paper will be divided into three parts A, B and C. Part A will have ten compulsory gquestions
(multiple choice tvpel covering the whole svllabus (10 X 2 = 200. Part B will have five short
answer questions; with one question from each unit. The student is required to answer any four
out of them (4 X 5= 20), Part T will have five long answer guestions with one guestion from each
unit. The student is required to answer any three out of them (3 X 10 = 30).

Umit 1: Basic Principles: Laser rate equation for three level and four level systems, Dvnamics of Laser
Process: switching, Mode locking, mode pulling, lamb dip, hole buming, Energy levels and radiating
properties of molecules, hguids and solids, Laser amplifier, Laser resonators, Techniques of laser
excitation, '

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

Unit 3: Applications of Laser: Fabrication of electronic compenents, Material processing; Laser
Communication. Holography, Military applications, Hv_:_d el qppii:alinnﬁ., Star Waors, Laser hazords and
Laser safety, Optical Amplifiers, Infrared apticaldevices, Laser cooling, Trapping,

Unit 4: Optical Fiber Communication: Optical Fiber structure. Wave guiding and Fabncation of
Fiber, [3pe ber and  solutsop@oUBR o CH e ion  inside Fiber, Signal degradation snd
attenuation in Optical Fibers;

Unit §: Optical Fiber systems: Optical sources (.0 and PIN Diode) and Optical Detectors (APDY),
Analog and Digital optical Fiber [ransmitssion System (PDH, SDH and WDM Technology}

Course Qufcome:
1. Knowledge of fundamental physies of pholonics is developed o a high level

2. The course prepares students 1o be able to use sophisticated instrumentation mtelligently, witha
good understanding of its copbilitics and limitations.

References:
I, &algh B B OSGad M 00 Fiigadmmissiale o Pl Jirlrn Wiliew: Mew Yk, 19U]
20 Tl BTNERE . Ok Woave Dipncal Compobents and Thivige Viepidentie Teess b
S EnsbLL 0] A Bt MUl aDes nncd P'hotoni leehin Wiles: L mretesiier, 20IH)
4, Twagarmun k oand A Cihatal Sonlinesr Dpticein Encyclopedia of Modern Optics
{Editois: Bob Guenther evaly” |- Lievier [ud 200
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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 ol electronics.
3, To enable the student 1o explore the concepts involved in the oscillators,

To allow the student 1o understand the fundamentals of instruwments invelved

4

The End Semester Examination will be of 3 houwr ducation and will carry 7l marks. The Quoestion
paper will be divided into three parts A, B and O, Part A will bave ten compulsory questions
(multiple choice type) covering the whole syllabus (10 X 2 = 200 Part B will have five short
answer questions, with one question 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 guestions with one question from each
unit. The student is required to answer any three oul of them (3 X 10 = 30),

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

Unit-2: Transducers: Temperature, pressurevacuum, magnetic Geld, vibeation, strain, displacement
and force transducers: Principle, constructod and working

Unit-3: Signal conditioning and recovery: Signal level and Impedance maiching, Operational
amplifier modules for different signal conditioning: ddition, subteaction, scaling, differentiation and
integration. Log and antilog amplifiers, analog mulliplier and applications, instrumentation amplifeer;
Signal to noise considerations, Filters, Phase Lok Loapy btk -in amplifier.

Unit-4: Digital signal processing: AD and VA onvertor, 7107 A/ convertor hased MM,
Embedded systems: BOST microcantroller (Misié ideas@nly ). Computer interfacing of science
cXperiments

Unit 5: Computer interfacing of Science Fxperiments: Real time and Offline Data Processing. Data
acquisition systems and Data Bagecrs: Pringiple and Design, Passive amd Active Instrumentation with
examiples,

Course Outcome:

At the end of the course;
I The studentshould hive had knowledge on the difTerent expetimental technigues
2 Thestudent should have understood the hasics of physics involved in experiments

1 The student should be able to apply the concepts of physics and do the interpretation and
‘acguire the resolt)

Keferences:

. Measurement, Instrumentation and Experimental design i Physies and Engineermg-
Michael Saver and Abhai Mansingh, Prentice Hall of India 2003
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2 Data Reduction und Error Analysis for the physical Scicnces, PR. Bevington and
K D Rohinson, MeGraw Hilk. 2003

3. Electronic Instrumentation- K., Kalsi, TMH Publishing Co. Ld. 1597

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

3. Toenhance the vanious computational technigque with programming basic in C to face the worldol
problems using high performance iteration technigues.

4, To show how physics can be applicd in & much broader coniext than discussed indiraditions]
curriculum

The End Semester Examination will be of 3 howr 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 questions
(multiple choice type) covering the whaole 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 oot of them (4 X 5= 20}, Part C will have five long answer guestions with onc
guestion Trom each unit. The student is required 1o answer any three oot of them (3 X 10 = 30).

Unit-1: Introduction to C / C++/ Python/ Java programming: Algorithms, stréetured programming,
Constants and varables, arithmetic expressions, mput and output statements, logical expressions and
conditional statements, eration, functions, Armys, Strings, Pontérs, L0 funébons, Files.

Limit-2: Data interpretation and analvsis: Precision and accuracy, error analysis, propagation of
errors, least square fitting: linear, polvnomial and nonlinear regression, goodness of fit and chi square
test, Elementnry probability theory, random variables, binemial, paisson and nommal distributions.

Linit-3: Finite difference methods: Computer arithmetic, normalized Noating pomt representation, its
gonsequences and pitfalls; Methods of finding mots of equationg: Bisection method, Newton-Raphson
methiod, Successive Approximation method; Selwtisn of simultancous algebrale equations: Gavss
Elimination method. Gauss-Siedel iterative method.

Unit-4: Numerical Techniques: [mterpolotions Lagrange interpolation, Difference tables, Spline
inerpodation; Seres approsimation of functons; Tavlor series, Numercal DifTerentiation, Numerical
IMAE T U TE || (NREriup]t _|| LEE "'.,4.'_ 1GLA] :||1:_' E AT L rldinm | Il |.:'|_.| | U AAER ] | 1

method, Runge- Kurta methods

Unit-5: Some application of Nemerien) methods in Physics: Larpest and smallest Eisenvalues,
Diggonalisstion of mawices, Iniial valud, problems, 2-<dunon [aatioii. Lse

spreadsheets for calculations and @raphs. Simulation of "'iII'ILFI'|1. ['h}slr.:- |:|rl.‘-|:r|1:|'na- |n1ri:-|:||.1LI:|-;rn o
MATLABSCILABMATHEMATICA

Course Chufeomes:
A1 thie end ofthis course, students will be able to

| Understand the basi¢ idea about finding solutions using computational methods batics.

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

3, Gmman.ability to apply physical principles o real-world problems.

4 Acquire & working knowledge of basic research methodologies, dista analysis and interpretation
5, Realize the impact of physics in the globalsociesal context,
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Programming in ANSI - C, E. Balaguruswamy, Second Edition, Tata MeGraw Hi

5
s

Mathematical methods of physics - ). Mathews and R L. Walker, Second Edition,
Addison-Wesley

Mathematical methods for Physicists — G. B. Arfken and H. Weber, Seventh
Academic Press, 2012 o

Introductory Methods of Numerical analysis -~ 5.5, Sastny, Third Edition, Prentice —
India, 20613 '
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MPHYEC- 1H _ Nuno Science (5 Credits)

Course Ohjectives:

[, The course is o understand the basic knowledge on nanoscience and nanotechnology

]

Understand the various process techmigues available of nanostructure materials.

Acquire the knowledge of varicus nano particles process methods

=

I'o enhance the varous analvtical technigue to understand the nano properties and charagtéristics
of nuno materials.

The End Semester Examination will be of 3 hour duration and will carry 70 marks, The Question
paper will be divided inio 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 s required o answer any Tour
ot of them (4 X 5 = 20}, Part C will have five long answer questions with one guestion from each
unit. The student is required fo answer any three out of them (3 X 10 = M),

Unit-1: Introduction and Basic Principles: Definition of Nanomatenals, Properties, Applications and
Scope of Nano-science, Quantum size effect. Electron confinement in infiniely desp square well,
confinement in one and two dimensional well, idea of quantum  well structure, Quanium  wells,
quantum  wires  and OQuantum  Dots.  Preparation” and ‘propertles; Conduction  electrons  and
dimensionality, Properties dependent on density of states. Carbon nanostructures: Fullerenes, structure,
Superconductivity in C60, Carbon nanotubes, synthesis andsstructure. Elecirical and Mechanical
properiies, Grophene.

Unit-2: Synthesis: Techniques for synihesis: Top doswn approach: Ball milling; Bottom up approach:
Chemical methods of synthesis, RF Plasma and Pulsed Laser igchnigues, Biological methods: synthesis
using microoargamisms, and plant extracts .

Unit-3: Characterization Technigues: Chamcierizatian wols for nanomateriils: Thermal analysis:
OTA, DSC, TGA, dilatometry, Eléeteigal measumamnents: LCR meter, clectrometer mmplifier; Optical,
UN-Visible spectroscopy, IR speairoscopyp Ellipsometry, Raman Photoluminescence and spectroscopy,
Atomic  sbsorption  spectroséopy.  Structural  chercterization:  X-ray  Diffractometer;  Magnetic
characterrzation: Vibrating sample mognetometer; TEM, SEM, STM. AFM,

Unit-4: Magnetic Nanomaterials: Magnetic namoparticle. multiferroic and  smart  materials.
Flementary idea of NEMS and ninatransistors

Unit-5:  Dielectric  and  Muoltiferroic  materials:  Theory  of  Diclectrics,  Piezoelectnicity,
Ferroelectricity, Anti=Ferroclegtricity and their applications, Mano-siructured Ferroelectric materials,
Synthesis and Charmclervgation, techniques of Ferroclecirie nanc-muterinis, multiferroie and smar
misterinls

Course Ouicome:
Altheend of this epurse, siudents will be able 1o
1" Basic knowledge of Nanoscience and nanoiechnology

2. Under the basic idea about the nano structure
47



4, Impan the knowledge about the propertics and characteristics techniques of nano materials
4. Understand the applications of nanomaterials,

References;

I Nanosiructure and Nanomaterials, svnthesis properties and application, 2nd Edition, Author by
Guozhong Cao dvingwang.  Published by world  scientific published, printed in| 2004
Singapore,

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

rd

1. Nanostructure materialy, processing, properties and potential applications, Znd Edition, Author by
Carl C Koch, Published by William andrew publications, primted in 2007 LIS,

4. Nanomaterials, synthesis. properties and applications 2nd  Editiad, Author by A S Fdelstein,
Publised by Insitute of physics publishing Bristol and Philadelphia, printed in 2000 LK.
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MPHYEC 1 Plasma Physics(S Credits)

Course Objective:

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

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The (Juestion
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
{muliiple choice ivpe) covering the whole syllabos (10 X 2 = 200, Pari B will have live short
answer questions, with one question from cach unil, The student is reguired to answer any four
out 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 threee oot of them (3 X 10 = 30).

Unit 1: Basics (Single Particle Approach): Charged particles in wniform and pon-usifunm
electromagnetsc field, Flasma - the forth state of mamer. Concepl of electron and fon remperatife.
Debye Lengh, Cyelotron Frequency, Larmor madius, Dirift velocity of guiding center, Magnelic moment
Magnetic mirror systems and their retation 1o the plasoa confinement, Adiabatic Invatiants,.

LUnit 2: Magneto Hydro Dynamics (Fluid Approach): Introduction to ideal MHID systems,
Fundamental equations of magneto hyvdrodynamic systems, Diffusion and mobility of charged particles
in plasma, Plasma as fluid and MHD equations, Approsimations and laearization' of MHD from
dimensional considerations, Single flud MHD equation, MHD Generator,

Limit 3: Waves and instabilities in plasma: Waves i unmagnetised plasma, Energy transport. lon
acoustic waves and MHIY waves, Issue of plasma stability and the use of normal mode 1o analvee
stability, Interaction beétween plasma particles, Perturbation @ two fluid interface, Ravieigh Taylor
imstability, kelvin Helmholtz instability and Jeans instability,

Unit 4: Kinetic Theory: Need for kimetic theory and MHD as approximation of kinetic theory,
Meaning of fiv), Phase space for many particle motion, "l.-'l:'l-l.'IEiT"" and space distribution function,
Derivation of Muid eguation and Electron-on plasma oseallation frequency, Derivation of Landau
damping. Equitions of Kinetic Theory and Viasov gquations for fiuid dynamics.

Unit 5: Applications: Saha . theory of thermal fenwation, Application i Space Scence, Contrelled
Thermoneclear Fusien, Magnetlic reconieetion, Dynimo agtion.

Course Ouicomes:

Biudentis will have understanding oft

1. Theoretical method 1o study the eharge pacticle motion,

2. Process to generate plasma in IM.EENIMI.H'}'-.

3. Mechanism plasma productionds helpfulto make fusion reactors.

References:
Lo Ak L oo, | e PES<ce af fuds and p s L ambrrdee LI 155E)
2. Uhéen M. Rl hviics™ 1 Ede il Tenum Pris 154
. B TS T Ty, filnrmaetilals 1M liserts Pl e Prows. TYRK)
4, Pl Hellmmormmebormentals of Masma Phosacs (CUP2006)
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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 atomic structure 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 determine and analyse the crystal siructure using x-ray diffraction

The End Semester Examination will be of 3 hour duration and will carry 700 marks. The (uestion
paper will be divided into three parts A, B and C. Part A will have ten compulsory guestions
{muftiple choice tvpe) covering the whaole syllabux (100 X 2 = 200). Part B will have five short
unswer guestions, with one guestion from cach umit. 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 required 10 answer any three out of them (3 X 10 = 30).

Unit 1: GEOMETRY OF CRYSTALS: Introduction, lattice, erystal systems, symmeiry, prmilive
und non primitive cells, lattice directions and planes, unit cells of hep and cop structures, constructing
crystals, some simple ionic and covalent structures,

Unit 2: CRYSTAL SYMMETRY: Bravais lamices, space groups and crystal 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 svmmetry and properties, translation
symmetry elements, Quasiperiodic crvstals or crvstalloids

Unit 3: LATTICE REPRESENTATIONS: Indexing lattice directions, lattice planes. miller indices.
zones, zone axes, zone law, thansforming miller indices and zone axes symbals, reciprocal lattice
veclors; reciprocal latthd€) wnit cells, for cubic cryvstals, proals of some peometric relationships using
reciprocal latmice veetors, Addition roles Weiss zone law, d spacing of lattice planes

Unit 4: X- RAYS IMFFRACTEOMN: | 0oiction. T iy I, dilfraeton el o s ‘il:!ill'lﬂl'ij‘l.l_! I:'!r
electrons. atoms,_unit celly Introduction 10 X-rays, clectromagnetic radiation, continuous spectrum,
characteristie’ epectrdm, ahsorption, fillers, production of X-rays, detection of X-ravs, safety
precautions, Contributigns of Lase, Bropg and Ewald o0 X-ray diffraction. Indexing of X-ray
diffraction patiern

Unit‘S: CRYSTAL DEFECTS: Representing crystals in projection, ¢rystal planes, stacking fuults and
twins, stedrcographic projection, Poini defects, line defects, planar Faulis, role of dislocations in Plastic
detormationand crvstal growth, colorcenters.
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Course Ouleomes:
Student would have understood
I The structure of various crysials
2. Know the thearetical framework like symmetry and space groups
3. Know to charnctenize the erystal using X-ray diffraction experiments and
4. Also would be able analyze the eollected experimental data

Heferences:
I, Eﬂl;gmmmﬂi The basics of Crystallography and diffraction, Oxford iniversi
3
2. BD. Cullity, Elements of X-ray diffraction, Addison Wesley, M
3. €. Suryanarayana, M.G. Norton, X-ray diffraction A practical
York { 1998),
4. C Kittel, Tntroduction to selid state physics. Tth Ed.. Wiley India,
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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 renewable encrgies,

2. Provide an understanding of essentinl componens of renewahle energy applications 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 rumpuhnq* qwﬂmu
{multiple choice type) covering the whole syllabus (10 X 2 = 200, Part B will have five short
answer guestions, with one goestion from cach unit. The student is reguired to answer any foar
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 thiree out of them (3 X 10 = 30),

Linit 1: Solar Energy: Fundamental and Material Aspects:

Fundamintals of photovoltaic Energy Conversion  Phosics - andeeMaterialo Properties, Basic 1o
hotovoltaic Energy Conversion: Ogtical properties of Solids Bireét and fndirect transition semiconduct
ors, intgrrefationship between absorption cocfficients and band gap recombingtion of carriers,

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

Types of Solar Ceils, junction solar cell, Transport Equation, Current Density, Open cirewit voltage and
shorl crrcunt current, Briel description of simgle crvstal silicon and areganc and Polvmer Solar Cells, Ele
mentary ldeas of advanced Solar Cells cg Tandémi Solieeglls, Solid Liguid Junction Solar Cells,
Mature  of Semiconductor, Principles of Phato-clegtrochemical Solar Cells.

Unit 3: Hydrogen Enereyv: Fundamentals, Produetion and Storage:

Relevance in relation to depletion of f@8sil fugls and ¢rviropmental consideration. Solgr Hydrogen thro
ugh Photoelectrelysis, Physies of material charzetenistics for production of Solar Hydrogen. Brief diseu
ssion of vanous  storage  processe® nspecial  features of solid  hydrogen  storage  matenals,
Structural and electronic charactierstics gl storage matenals. New Storage Modes,

Unit 4 Hydrogen Encrgy: Safety and Utilization:

Various factors relevant 1o safety, use of Biydrogen as Fuel, Use in Vehicular transport, Hydrogen for
Electricity Generation, Fuel Cells: Various type of Fuel Cells, Applications of Fuel Cell, Elementary
concepts of other Hydmgen Based dexices such as Hydride Batteries.

Lmit 3: (dther ]-Iq'l-!:n'lhll: Clean Energies:
Elements af Solar Thermal Energy. Wind Energy and Ogean Thermal Energy Conversion

Course Chulcome:
I'he studems will be abite 1o
1. Understand the importance of solar encrgy and renewable energies,
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2 Understand essential componentsof rencwable energy applications and limitations.

3. Design renewable energy systeims s requirements.
4, Contribute towareds reduction of our dependence on conventional energy sources.

References:
I Kreith and Kreider, Principles of Solar Engineering. MeGrew Hill Pub.,
2. AB.Meinel and AP Meinal, Applied Solar Energy.
3. M.P Agarwal, Solar Energy, S .Chand & Co.
4, SP. Sukhatme, Solar Encrgy, TMH.

5. G.D. Rai, Non-conventional Energy sources, Khanna Mliuﬂ: [!-:'.10
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Course (bjectives:

I'his course will

I, Enable the students to learn the concepts ot sustninable development and coexistence w ik
nabure,

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

3. Enable the students o 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 endrpy sources |ikésalar, 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 reguired to answer any four
out of them (4 X 5 = 20). Part C will have five long answer questions with one question from each
andt, The student is required 1o answer any three sut of them (3 X 10 = 30},

Lmit 1: Essentinls of Environmental Physics: Struclure and thermodynamics of the stmosphere,
Composition of ar, Greenhouse effect, Transpon of matter, energy and momentum in nature,
Stratification and stability of stmosphere, Laws of Motion, hvdrestatic equilibrium, General circulation
of the tropics. Elements of weather and climate of Indig;

Umit 2: Solar and terrestrial Radigion: Phyaigs of fadiation, Interaction r-r light with matter,
Rayleigh and Mie scattering, Lawstol mdation {Kirchott w, Planck's low, Hi aw. Wien

d:splul:rrncm lww, etc.) Solar ond terrestrinl spectrn, U1V radistion, Oone :!r:pletmn problem, IR
absorption energy balance of earth @tmosphere system.

Unit 3: Environmental pollution and degradation: Elementary  fluid  dynamics,  Diffusion,
Turbulence and wrbulent diiTusion, Factors governing air, waier and noise pollution. Air and water
quality standards. Waste disposal, Héstyisland effect, Land and see breeze, Puffs and plumes, Gaseous
and particulate matters, Wet snddry deposition.

Unit 4: Environmental Changes and Remote Sensing: Energy sources and combustion processes,
Rencwable sourges of encrgw Solar energy, Wind energy, bioenergy, Hydropower. Fuel cells, nuclear
energy, Forestry and bioenergy,

Unit 5: Global and Regional Climate: Flements of wenther and ¢himate, Stability and vertical motion
of nir. Horizontal motioraf air and water. Pressure pradient lorces. Viscous forces, Inertia forces,
Reynolds number. Enhanged Greenhouse effect, Energy balance- & zerc-dimensional Greenhouse

madél,
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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 metrolopical stations and even establish metrological stations
in remote places for better future.

3, Develop his'her understanding of global and regional climate change

Heferemees:

l. Eghert Bogker and Rienk Van Groundelle, Environmenta: s John w'ﬁgg

=l

J. T Hougtion, The physics of atmosphere, Cambridge Lmursuy Press. 1977,
1. Twidell and 1, Weir, Renewable energy resources, Elbs, 988,

. N, Keshavamurthy and M. Shankar Rao, The phxsics of monsaons, Allied publishers.
[,

S

5. Gi. J. Haltiner and B T. Williams, Numerical weather predietion, John Wiley, 1980,



