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SchemeandSyllabusofM.Sc.Physics

FourSemesters(CreditSystem)

SEMESTERI

S.No. Subject
Code

SubjectTitle Credit TeachingHoursperweek

Theory
(L)

Tutorial
(T)

Practical
(P)

1 PPY-101 Mathematical
Physics

4.5 4 1 -

2 PPY-102 ClassicalMechanics 4.5 4 1 -

3 PPY-103 Quantum
Mechanics-I

4.5 4 1 -

4 PPY-104 Electronic Circuit
and Devices-I

4 4 0 -

5 PPY-105 Physics Laboratory
-I

6 - - 12

Total 23.5 16 3 12

SEMESTERII

S.
No.

Subject
Code

SubjectTitle Credit TeachingHoursperweek

Theory
(L)

Tutorial
(T)

Practical
(P)

1 PPY-151 Condensed Matter
Physics-I

4 4 0 -

2 PPY-152 Statistical
Mechanics

4.5 4 1 -

3 PPY-153 Quantum Mechanics
-II

4.5 4 1 -

4 PPY-154 Electrodynamics 4.5 4 1 -

5 PPY-155 PhysicsLaboratory-
II

6 - - 12

6 PPY-156 Seminar-I 3 - - 3

Total 26.5 16 3 15



SEMESTERIII

S.
No.

Subject
Code

SubjectTitle Credit TeachingHoursperweek

Theory
(L)

Tutorial
(T)

Practical
(P)

1 PPY-201 Condensed Matter
Physics-II

4 4 0 -

2 PPY-202 Nuclear & Particle
Physics-I

4 4 0 -

3 PPY-203 Atomic and
MolecularPhysics

4 4 0 -

4 PPY-204 NumericalMethods
and Computational
Physics

4 4 0 -

5 PPY-205 Physics Laboratory
-III

6 - - 12

6 PPY-206 SeminarII 3 - - 3

Total 25 16 0 15

SEMESTERIV

S.No. Subject
Code

SubjectTitle Credit TeachingHoursperweek

Theory
(L)

Tutori
al

(T)

Practical
(P)

1 PPY-251 Physics of Nano
materials

4 4 0 -

2 PPY-252 Nuclear & Particle
Physics-II

4 4 0 -

3 Elective-I 4 4 0 -

4 Elective-II 4 4 0 -

5 PPY-253 Project 6 - - 2

6 PPY-254 PaperPresentation 3 - - 3

Total 25 16 0 5



ListofElectiveSubjects

Thedepartmentmayofferelectivesbasedonstudent’schoice,providedatleast

6 studentsoptforaparticularelectiveandalsobasedonfacultyavailability.

CoursesatlevelofM.Scprogram inBaddiUniversitymaybechosenaselective

basedonstudent’sinterestafterdiscussingwiththefacultyadvisor.

(StudentwillchooseanyTWO subjectsfrom thegivenlistofelectivesubjects)

ListOfElectiveSubjects
S.No. Course

Code
CourseTitle Credit Teaching

Hours per
week

1 PPY-271 CondensedMatterPhysics:
MaterialScience

4 4

2 PPY -
272

Fibre optics & optical
communication

4 4

3 PPY -
273

ExperimentalTechniques in
Physics

4 4

4 PPY-274 PhysicsofLasers 4 4

5 PPY -
275

Electronic Circuit and
Devices-II

4 4

6 PPY -
276

Optoelectronics 4 4

7 PPY -
277

EnvironmentalPhysics 4 4

8 PPY-278 Astrophysics 4 4

9 PPY-279 Science of Renewable
EnergySources

4 4

TotalCreditofthecourse

Semester
I

SemesterII SemesterIII SemesterIV TotalCredit
ofthe
Course

23.5 26.5 25 25 100



Generalguidelines:

1.Ifa course is being taughtby two ormore teachers,they should

coordinateamongthemselvesthecoverageofcoursematerialaswellas

theinternalassessmentofthestudentstomaintainuniformity.

2.Eachtheorycourseinasemesterhasbeendesignedforaperiodof48-

54 lectures.Thetotalnumberofactuallecturesdeliveredmayvaryat

mostby10%.

3.Thebooksindicatedasreferencesaresuggestiveofthelevelofcoverage.

However,anyotherstandardbookmaybefollowed.

4.Inspecializationcourses,new specializationsmaybeaddedtothelist

from time to time keeping in view the expertise available in the

Departmentand/ortheemergenceofnewfrontierareasofspecialization.

5.New experimentsintheLaboratoryCoursesmaybeaddedfrom timeto

time.



BADDIUNIVERSITYOFEMERGINGSCIENCES&TECHNOLOGY

SCHOOLOFSCIENCES

Objectiveofthecourse:M.Sc.Physics

OurMasterofScience(Physics)programme isaversatiledegreethat

providesstudentswiththeoptimalbalancebetweenadefinedsequenceofstudy

and flexible course options.Physicsembracesthe studyofthe mostbasic

naturallawsandisaboutexplaininghowandwhythingsworkonscalesranging

from thesub-nuclear,throughtheeveryday,andontotheentirecosmos. Our

coursehelpsyouexploreandidentifybasicprinciplesgoverningthestructure

and behavior ofmatter,the generation and transfer ofenergy,and the

interactionofmatterandenergy.Youwillapplyyourknowledgetoareassuchas

developingadvancedmaterials,electronicandopticaldevices,andequipment

forawiderangeoffieldssuchasmedicine,mining,astronomyandgeophysics.

Ouruniqueprogrammewillgiveyouadeepunderstandingoftheroleof

physicsinnewlydevelopingareasinthematerialsciencesandphotonics,an

understanding ofbasic physicalprinciples is one ofthe keys to advancing

knowledge.

Thecurriculum providesthetheoreticalandpracticalknowledge,andinaddition,

givestheexposureoftrainingintheinstitutes/organizationlikeBARC,IGCAR,

CAT,IPR,TIFR,IITs to PG students.Further,students are encouraged to

participateandbeapartoforganizingseminars,workshops,meets,schoolsand

conferences.

ThemaincourseobjectivesofM.Sc.Physicsareto:

 Strengthenthe theoretical& experimentalcapabilitiesofthe students.
Comprehensivetheoreticalandexperimentalknowledgeinmajorareasof
Physicssuchasmaterialscience,electronics,nuclearphysicsetc.

 Imparthigherlevelknowledgeandunderstandingofphysicsconceptsand
phenomena.

 Applythetheoryofphysicsfornewerapplications.
 Enablestudentstoanalyzemathematicalmodelsofphysicalsystemsfor

enhancement
ofsystem performanceandarriveatlimitationsofphysicalsystems.



 Enhance students’ability to develop mathematicalmodels ofdefined
physicalsystems.

 Preparestudentstoevaluatethesoundnessofconceptsproposed.
 Preparestudents’skillsto pursuephysicsasateaching and research

career.
 Train students in team work and in lifelong learning forcontinuous

professionaldevelopment.
 Enhancetheproblem solvingapproachofthestudentsthroughpractices,

regulartestsandpre-examinationtestswithspecialattentiononNational
EligibilityTest(NET)/GraduateAptitudeTestinEngineering(GATE)/Joint
EntranceScreeningTest(JEST)syllabus.

 Generateplacementavenuesalongwiththeacademicalliancewithpower
sectors,industries/corporations,scientificinstitutionslikeBARC,CAT,IITs,
IPR,IISc,DRDO,SINP,IUC,IGCAR,ONGC,IBM,DGFC,forensic
laboratories,energysectoretc.

 Motivatethestudentstowardsresearch.

DETAILEDCOURSESOFSTUDY

M.SC.PHYSICS,SEMESTER-I



CourseCode CourseTitle L T P Credit

PPY-101 MATHEMATICALPHYSICS 4 1 0 4.5

Prerequisites:Littleknowledgeofalgebraicoperations,differentiationand
integration.

CourseObjectives:Thiscoursehasbeendevelopedtointroducestudentsto
some topicsofmathematicalphysicswhich are directlyrelevantin different
papersofM.Sc.Physicscourse.Itincludeselementsofgrouptheory,special
functions,and functionsofacomplexvariable and calculusofresidues.On
completionofthiscourse,studentswouldbeabletohandlethemathematics
thatappearsinvariablyinotherpaperssuchasClassicalMechanics,Quantum
Mechanics,NuclearPhysics,CondensedMatterPhysics,etc.

UNITI (3Questions)
Matrices:Definitions and types of matrices,solution of linear algebraic
equations,characteristicequationand diagonalform,eigenvaluesand eigen
vectorsproblems,Cayley-Hamiltontheorem,functionsofmatrices.
Elementary Statistics:Introduction to probability theory,random variables,
Binomial,
PoissonandNormaldistribution.
ComplexAnalysis:Functionsofcomplexvariable,analyticfunctionsandCauchy-
Riemannconditions,Cauchy'sintegraltheorem andintegralformula,Liouville’s
theorem,Powerseries,Taylor'sandLaurent'sseries,calculusofresiduespoles,
singularity,Cauchy's residue theorem,evaluation ofresidues,evaluation of
definiteintegrals.
Basicsofvectorcalculus.

UnitII (3Questions)
Linear Differential Equations:Introduction,types and solutions,reduced
equation,methodofpartialfraction,lineardependenceandWronskian,second
orderequation,series solutions –Frobenius’method,series solutions ofthe
differentialequationsofBessel,Legendre,LeguerreandHermitepolynomials,
generatingfunctions,somerecurrencerelations.



IntegralTransformsFourierseries,Fourierintegraltheorem,Fouriertransform–
Parseval’s identity and related problems,Laplace transform,convolution
theorem,transform ofderivatives,applicationtoordinarydifferentialequation.

UnitIII(2Questions)
Group Theory:Basicdefinitions,Multiplicationtable,conjugateelementsand

classes. Subgroups, Isomorphism and Homomorphism. Definition of
representation and its properties.Reducible and irreducible presentation.
Characters ofa representation,Topologicalgroups and Lie groups,three
dimensionalrotationgroups.ThesymmetrygroupD2andD3,UnitarygroupsU(1),
orthogonalgroupsSO(2)andSO(3).
Tensors:Introduction,definitions,contraction,directproduct,Quotientrule.Levi-
Civitasymbol,NonCartesiantensors,metrictensor.Covariantdifferentiation.

CourseOutcomes:
1.Studentswilllearnimportantmathematicalfunctionssuchasthefunction

ofBessel,thepolynomialofLegendre,thefunctionofGreens,etc.,their
basicphysicspropertiesandapplications,sothatinvariouscoursesthey
needtounderstandtheoreticaltreatment.

2.The goalofthe course isto provide forthe M.Sc.Studentswith the
mathematicaltechniques he/she needs in this class to understand
theoreticaltreatmentinvariouscoursestaughtandtodevelopagood
historyifhe/shedecidestopursueresearchasacareerinphysics.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)

PreferredReading:
1.L.A.Pipes and L.R.Harvill,Applied Mathematics forEngineers and

Physicists,McGraw-Hill,NewDelhi(1970).
2.G.B.ArfkenandH.J.Weber,MathematicalMethodsforPhysicists,5th

edition,AcademicPress,London(2001).
3.E.Kreyszig,Advanced Engineering Mathematics,5th edition,Wiley

Eastern(1991).
4.GroupTheoryforPhysicists:A.W.Joshi(WileyEastern,NewDelhi),(2005).
5.MathematicalMethodsofPhysics-J.MathewsandR.L.Walker,Second

Edition,
6.Addison-Wesley.
7.MatricesandTensorsinPhysics-M.R.Spiegel,Schaum Series.
8.LinearAlgebra–SeymourLipschutz,Schaum OutlinesSeries.
9.MatricesandTensorsinPhysics-A.W.Joshi,WileyEasternLtd,1975.
10.Analysis-M.R.Spiegel,Schaum Series.

WebResources:



CourseCode CourseTitle L T P Credit

PPY-102 CLASSICALMECHANICS 4 1 0 4.5

Prerequisites:knowledgeoflawsofmotions,dynamics.

CourseObjectives:Theaim andobjectiveofthecourseonClassicalMechanics
is to train the students ofM.Sc.class in the Lagrangian and Hamiltonian
formalismssothattheycanapplythesemethodstosolverealworldproblems.
The multi-disciplinary topic ‘Chaos’willenable the students to learn the
techniquestohandletheproblemsfrom thefieldofnon-lineardynamics.

UNITI (3Questions)
Lagrangian Formulation:System ofparticles:Centre ofmass,totalangular
momentum andtotalkineticenergiesofasystem ofparticles,conservationof
linear momentum,energy and angular momentum.Constraints and their
classification, degrees of freedom, generalized co-ordinates, virtual
displacement,D’Alembert’s principle,Lagrange’s equations ofmotion ofthe
second kind,uniqueness of the Lagrangian,Simple applications of the
Lagrangianformulation
Hamiltonianformulation:Generalizedmomenta,canonicalvariables,Legendre
transformation and the Hamilton’sequationsofmotion,Examplesof(a)the
Hamiltonianofa
particleinacentralforcefield,(b)thesimpleharmonicoscillator,cyclicco-
ordinatesandconservationtheorems,derivationofHamilton’sequationsfrom
variationalprinciple.



Canonicaltransformation-I:Generatingfunctions(fourbasictypes),examplesof
canonicaltransformations,the harmonic oscillatorin one dimension,Poisson
brackets,equationsofmotionintermsofPoissonbrackets.

UnitII (3Questions)
Canonicaltransformation-II:properties ofPoisson brackets (antisymmetry,
linearity and Jacobiidentity),Poisson brackets ofangularmomentum,The
Hamilton-Jacobiequation,
LinearharmonicoscillatorusingHamilton-Jacobimethod.
Centralforces:Reductionoftwoparticleequationsofmotiontotheequivalent
one-bodyproblem,reducedmassofthesystem,conservationtheorems(First
integralsofthemotion),equationsofmotionfortheorbit,classificationoforbits,
conditionsforclosedorbits,theKeplerproblem (inversesquarelawforce).
Rigid body dynamics:Degrees offreedom ofa free rigid body,angular
momentum andkineticenergyofarigidbody,momentofinertiatensor,principal
momentsofinertia,classificationofrigid bodiesasspherical,symmetricand
asymmetric,Euler’sequationsofmotionforarigidbody,Torquefreemotionofa
rigidbody,precessionofearth’saxisofrotation,Eulerangles,angularvelocityof
arigidbody,notionsofspin,precessionandnotationofarigidbody.

UnitIII(2Questions)
Scattering in acentralforce field:Generaldescriptionofscattering,cross-

section,impactparameter,Rutherfordscattering,centreofmassandlaboratory
co-ordinatesystemstransformationsofthescatteringangleandcross-sections
betweenthem.
Smalloscillations:Typesofequilibrium,quadraticformsforkineticandpotential
energiesofa system in equilibrium,Lagrange’sequationsofmotion,normal
modesand normalfrequencies,examplesof(i)longitudinalvibrationsoftwo
coupled harmonic oscillators,(ii)Normalmodesand normalfrequenciesofa
linear,symmetric,triatomic molecule,(iii)oscillationsoftwo linearlycoupled
planependulum.

CourseOutcomes:

1.Inthe Lagrangianand Hamiltonianformalisms,the course willprepare
studentstothedegreethattheycanusetheseinmodernfieldssuchas
Quantum Mechanics,Quantum FieldTheory,CondensedMatterPhysics,
Astrophysics,etc.

2.Upon successfulcompletion ofthe course,students willbe able to
describe and understand the movements ofdiscrete and continuous
mechanicalsystems,describe and comprehend the planarand spatial
motionofarigidbody,anduseLagrange-Hamiltonformalism todescribe
andunderstandthemovementofamechanicalsystem.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)



PreferredReading:
1.H.Goldstein,ClassicalMechanics,2nd edition,Narosa Publishing House
(1994).
2.W.Greiner,ClassicalMechanics,Springer-Verlag(2003).
3.Classicalmechanics,K.N.SrinivasaRao,UniversityPress(2003).
4.Classicalmechanics,N.C.RanaandP.S.Joag,TataMcGraw-Hill(1991).
5.Classicaldynamicsofparticlesandsystems,J.B.Marian,AcademicPress
(1970)
6.Introductiontoclassicalmechanics,TakwaleandPuranik,TataMcGraw-Hill
(1983).
7.Classicalmechanics,L.D.LandauandE.M.Lifshitz,4thedition,Pergamon
press(1985).

WebResources:

CourseCode CourseTitle L T P Credit

PPY-103 QUANTUM MECHANICS-I 4 1 0 4.5

Prerequisites:Inordertostudyelementaryquantum mechanicsyoumustideally
haveanunderstandingofthefollowingmathematicalideas:Complexnumbers,
PartialandOrdinary,differentialequations,Integral calculus I-III,linearalgebra,
fourieranalysis.
CourseObjectives:Thiscourseaimsatprovidinganelementaryintroductionto
the basic principles of(non-relativistic)Quantum Mechanics,and its wave-
mechanicalandmatrix-mechanicsformulations.Startingwiththemechanicsofa
singlespin-lessparticle,formulationisextendedtodealwithspinandasystem
ofmanyidenticalparticles.

UNITI (3Questions).
GeneralformulationofQuantum Mechanics:Recapitulationofbasicconcepts:
Eigen values and Eigen functions, Schrodinger’s time dependent and



independentwaveequation,PotentialStep,RectangularPotentialBarrierand
tunnelling,The square potentialwell.Potentialwith bounded states:Linear
HarmonicOscillator.
Matrix Mechanics: Hermitian and unitary matrices, Transformation and
diagonalization of matrices,Matrices of infinite rank,Representation of
dynamicalvariablesandwavefunctionsasmatrices,Choiceofbasis,Changeof
basis,Hilbert space representation;Dirac's ket and bra notations;Time-
developmentofquantum system:Schrödinger,Heisenberg and interaction
pictures,Linkwith classicalequationsofmotion,Quantization ofa classical
system,Applicationtomotionofaparticleinanem field;Matrixtheoryofthe
harmonicoscillator:Spectrum ofEigenvaluesandEigenfunctions,Matricesfor
position,momentum andenergyoperators(energyrepresentation).

UnitII (3Questions)
Quantum theoryofAngularMomentum:Orbitalangularmomentum operatorL,
Cartesianandsphericalpolarco-ordinaterepresentation,Commutationrelations,
Orbitalangular momentum and spatialrotations,Eigen values and Eigen
functionsofL2 andLz,Sphericalharmonics;Generalangularmomentum J:Eigen
values and Eigen functions ofJ2 and Jz,Matrix representation ofangular
momentum operators,Spin angularmomentum,Wave function including spin
(Spinor);Spinone-half:SpinEigenfunctions,Paulispinmatrices;Additionof
angularmomenta,Clebsch-Gordancoefficientsand theircalculationforj1= j2
=1/2,j1=1,j2=1/2andj1=j2=1.

UnitIII(2Questions)
Many-particle systems:Many-particle Schrodingerwave equation;Identical

particles:Physicalmeaningofidentity,Principleofindistinguishabilityandits
consequences, Exchange operator, Symmetric and anti-symmetric wave
functions,Connection between spin,symmetry and statistics,Fermions and
bosons;Spinandtotalwavefunctionforasystem oftwospin½ particles,Pauli
exclusionprincipleandSlaterdeterminant;Applicationtotheelectronicsystem
ofthehelium atom (para-andorthohelium).

CourseOutcomes:
1.The goalofthe course isto equip studentswith angularmomentum,

perturbation theory, scattering theory and quantum field theory
techniquessothattheycanusethem accordingtotheirrequirementsin
differentbranchesofphysics.

2.Studentwilllearn the application ofTime-independentPerturbation
Theory,understandtheWKBapproximationandalsoknowtheapplication
andvalidityofBornApproximation.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.Quantum Mechanics:M.P.Khanna,(HarAnand,NewDelhi)(2009)



2.A textbookofQuantum Mechanics,P.M.MathewsandK.Venkatesan(Tata
McGraw
Hill,NewDelhi)(2004).
3.Quantum Mechanics:V.KThankappan(NewAge,NewDelhi)(2005).
4.Quantum FiledTheory:H.MandlandG.Shaw,(Wiley,NewYork)1993.
5.Quantum Mechanics:J.L.Powelland B.Crasemann (Narosa,New Delhi)
(1998).
6.Quantum Physics:S.Gasiorowicz(WileyIndiaEdition,NewDelhi)(2009).
7.AdvancedQuantum Mechanics:J.J.Sakurai(PearsonEducation,India)(2009).
8.Quantum Mechanics(3rdedition)byL.I.Schiff.
9.Quantum Mechanics(2ndedition)byB.H.BransdenandJoachain.
10.IntroductiontoQuantum Mechanics(2ndedition)byDavidJ.Griffiths.
11.Quantum MechanicsbyA.K.GhatakandS.Loknathan.

WebResources:

CourseCode CourseTitle L T P Credit

PPY-104 ELECTRONICCIRCUITANDDEVICES 4 0 0 4

Prerequisites:AnalogCircuitAnalysis.
CourseObjectives:Throughthiscourseonelectronicdevicesandcircuits,the
studentsaresupposedtounderstandbasicphysicsofsemiconductormaterials
and the construction and operation ofpn-diode and BJT underdifferent



operatingconditions.

UNITI (3Questions).
Basics ofsemiconductorelectronics:Review ofbasics ofSemiconductors,
bipolarjunction transistor,the Ebers-Moll’s model;Network theorems:node
theorem,mesh theorem,Millman’s theorem,Thevenin’s theorem,Norton’s
theorem,superpositiontheorem.
TransistorsandOscillators:JFET.BasicstructureandoperationofJFET,the
FETsmallsignalmodel,ComparisonofpandnchannelFETS,low frequency
commonsourceandcommondrainFETamplifiers,FETBiasing,FETasavoltage
variable resistor (VVR);metal oxide semiconductor field effect transistor
(MOSFET),physicalstructure,operationandcharacteristics,enhancementand
depletedmodesofoperation.
Feedbacksinusoidaloscillators:phaseshiftoscillators,Weinbridgeoscillators,
Tunedcircuitoscillators,HartleyandColpitt’soscillators,crystaloscillators;Multi
vibrators:bistablemultivibrators,Schmitttriggercircuit,monostableandastable
multivibrators

UnitII (3Questions)
Amplifiermodels,feedbackandbiasing:AnalysisofCE,CB,andCC amplifiers;
Anamplifierwithfeedback,effectofnegativefeedbackongainanditsstability,
distortions,inputandoutputimpedancesofamplifiers,Analysisofamplifierswith
voltage series,voltage shunt,current series and current shunt negative
feedbacks;Locationofquiescent(Q)point,biasingcircuitsforamplifiers:fixed
bias,emitterfeedbackbias&voltagefeedbackbias,biassourcesforintegrated
circuits,CircuitsforstabilizationofQ-Point.
OperationalAmplifiersBasics:ThebasicOPAMP,invertingandnon-inverting
OPAMPS,thedifferentialamplifiers,commonmoderejectionratio(CMRR),the
emittercoupleddifferentialamplifier,thetransfercharacteristicsofdifferential
amplifier,anICOPAMP(MC1530Motorolla)anditsdcanalysis,offsetvoltages
and currents, universal balancing techniques, measurement of OPAMP
parameters.

UnitIII(2Questions)
Logic Systems:Basic Conceptsofdc positive,negative and dynamic logic

systems,Logicgates(AND,OR,NOT,NOR,NANDandEX-ORgates)inDL,RTL,
DTLandTTLlogicfamilies,Numbersystems,Binaryarithmetic,Booleanalgebra,
de-Morganlaws.Multiplexers,demultiplexers,adders,subtractors,comparators,
FLIP FLOPS (SR, JK, T, D)Registers, shift registers(serial and parallel
operations),Asynchronous counters (up, down, up-down, decade)
andsynchronous counter (up, down, up-down, decade), Analog-to-digital
converters,digital-to-analogconverters.

CourseOutcomes:

1.Studentwilllearntransducersstraingauge,thermostat,magnetoresistive
sensorandsignalConditionsdataacquisition&conversion.

2.Thiscoursecoverssemiconductorphysics,computerphysicalconcepts
andtheirbasicapplications,passiveandactivefilteranalysis,OPAMP-
based analog circuits,and introduction to different communication



techniques and students willintroduce integrated circuittechnology
basics,8085 microprocessordesign,instruction set,memoryand I/O
deviceinterfacing.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.IntegratedElectronicsbyJ.MillmanandC.C.Halkias

2.ElectronicdevicesandcircuitsbyY.N.Bapat

3.MicrowavedevicesandcircuitsbySamuelY.Liao

4.PhysicsofsemiconductorDevicesbyS.M.Sze

5.ElectronicinstrumentationandmeasurementtechniquesbyW.D.Cooperand

A.D.

Helfrick

6.OPAMPsandlinearICcircuitsbyRamakantA.Gayakwad

7.Pulse,digitalandswitchingwaveformsbyJ.MillmanandH.Taub

8.ModernDigitalElectronics(3rdEd.)byR.P.Jain

9.ElectronicfundamentalsandapplicationsbyJ.D.Ryder

WebResources:



CourseCode CourseTitle L T P Credit

PPY-105 PHYSICSLABORATORY-I 0 0 12 6

Prerequisites:Studenthavebasicknowledgeoflabinstrumentsandapparatus.
Course Objectives:Theaim ofthecourseonPhysicsLaboratoryisto train
studentsinhandlingthebasictoolsofexperimentalphysics,andtheirusein
laboratorydemonstrationofimportantphysicalphenomenonandtheunderlying
principlesofphysics.
Note:Studentsareexpectedtoperform atleast06experimentsfrom eachunit.

UNITI
1.TodeterminePlanck’sconstantusingphotocell.
2.TodeterminetheelectricchargeofanelectronusingMillikanoildrop

experiment.
3.To studythepotentialenergycurveofthemagnet-magnetinteraction

usingair-tracksetup
4.Toestimatetherotationalperiodofsunusingsunspotsobservations.
5.Diffraction oflaserlightby single slitand diffraction grating – (a)

determinationof
wavelengthoflaser(b)Determinationofdistancebetweentwoslitsusing
interferenceoflaserlightthroughdoubleslit

6.(a)Determination ofrefractive indexofglassand Perspexusing total
internalreflection.(b)Determinationofrefractiveindexofliquidsusing
shiftinthediffractionpattern.

7.Studyoflaserbeam characteristicsanddeterminationofdivergence,and
beam waistsizewithknifeedge.

8.Determination ofwavelength ofiron arc spectrallinesusing constant
deviationwithspectrometer.

9.Determination ofelastic constantsofglass(and Perspex)byCornu’s
interferencemethod.

10.Determination of wavelength of sodium light by Michelson’s
interferometer.

11.Determinationofwavelengthofsodium lightusingFabryPerotetalon.
12.VerificationofMalus’law
13.Studyofintensitydistributionofellipticallypolarizedlight
14.StudyofellipticallypolarizedlightusingBabinetcompensator.
15.DeterminationofthicknessofmicasheetusingEdserButlerFringes.

UnitII
1. Addition,SubtractionandBinarytoBCDconversion.
2. UJTCharacteristics.
3. Study the gain frequency response ofa given RC coupled BJT,CE

amplifier.
4. StudyofClipping&Clampingcircuits.

5. Studyofshuntcapacitorfilter,inductorfilter,LC filterandπfilterusing
BridgeRectifier.

6. VerifyDe-Morgan’slaw anddifferentcombinationsofgatesusingLogic
gatescircuit.

7. VerifythetruthtableofRS & D flipflopsandverifythetruthtableof



clockedRS&JKflipsflops.
8. TostudyHartleyandColpitt’sOscillators.
9. TostudycharacteristicsofFETanddetermineitsDrainresistanceand

gain.
10.StudythecharacteristicsofTunnelDiode.
11.Tostudy2bit,3bitand4bitAdder&Subtractor.
12.StudyoftransistorasCE,CBandCCamplifier.
13.To studythe frequencyresponseofanoperationalamplifier& to use

operationalamplifierfordifferentmathematicaloperations.
14.To studythe characteristicsofaregulated powersupplyand voltage

multipliercircuits.
15.Tostudylogicgatesandflipflopcircuitsusingonabread-board.
16.Toconfigurevariousshiftregistersanddigitalcounters.Configureseven

segmentdisplaysanddrivers.

CourseOutcomes:

1.Studentwillknow aboutthevariationofcountratewithappliedvoltage
andtherebydeterminetheplateau,theoperatingvoltageandslopeof
plateau(GM Counter).

2.With labs,student willknow the practicalknowledge of physics
applications

AssessmentModel:
TotalAssessment(Outof30Marks)

PreferredReading:
1.R.A.Dunlap,ExperimentalPhysics:ModernMethods,OxfordUniversityPress,
NewDelhi(1988).
2.B.K.Jones,Electronics forExperimentation and Research,Prentice-Hall
(1986).
3.P.B.ZbarandA.P.Malvino,BasicElectronics:A Text-LabManual,TataMc-
GrawHill,NewDelhi(1989).

WebResources:



M.SC.PHYSICS,SEMESTER-II



CourseCode CourseTitle L T P Credit

PPY-151 CONDENSEDMATTERPHYSICS-I 4 0 0 4

Prerequisites:Basicknowledgeofclassicaltheory,propertiesofsolid.
CourseObjectives:Thecourseoncondensedmatterphysicshasfocusonthe
crystalline state ofmatterand is meantto introduce students to crystal
structure,basic concepts and principles underlying structure determination,
latticevibrations,energybandtheoryandsalientfeaturesofsuperconductivity.

UNITI (3Questions).
Crystalstructure:Recapitulationofbasicconcepts:Simplecrystalstructures-
Sodium chloride,Cesium chloride,Diamond,and Zinc blende structures;
Determinationofcrystalstructurebydiffraction:ReciprocallatticeandBrillouin
zones(examplesofsc,bccandfcclattices),BraggandLaueformulationsofX-
ray diffraction by a crystaland theirequivalence,Laue equations,Ewald
construction,Brillouin interpretation,Crystaland atomic structure factors,
Structurefactorofthebccandfcclattices;Experimentalmethodsofstructure
analysis:Typesofprobebeam,theLaue,rotatingcrystalandpowdermethods.

UnitII (3Questions)
Latticedynamicsand thermalproperties:Classicaltheoryoflatticevibration
(harmonic approximation): Vibrations of crystals with monatomic basis-
Dispersionrelation,Twoatomsperprimitivebasis-acousticalandopticalmodes;
Quantization of lattice vibration: Phonons, Phonon momentum, Inelastic
scatteringofneutronsbyphonons;Thermalproperties:Lattice(phonon)heat
capacity,Normalmodes,Densityofstatesinoneandthreedimensions,Models
ofDebyeandEinstein;Effectsduetoanharmoniccrystalinteractions.
Electronicpropertiesofsolids-I:Freeelectrongasmodelinthreedimensions:
Densityofstates,Fermienergy,Effectoftemperature,Heatcapacityofthe
electron gas,Experimentalheatcapacityofmetals,Thermaleffective mass,
ElectricalconductivityandOhm'slaw,Halleffect;Failureofthefreeelectrongas
model.

UnitIII(2Questions)
Bandtheoryofsolids:PeriodicpotentialandBloch'stheorem,Kronig-Penney

model,Waveequationofelectroninaperiodicpotential,Solutionofthecentral
equation,Approximatesolutionnearazoneboundary,Periodic,extendedand
reducedzoneschemesofenergybandrepresentation,Numberoforbitalsinan
energyband,Classificationintometals,semiconductorsandinsulators.
Superconductivity:Experimentalsurvey:Superconductivityanditsoccurrence,



Destructionofsuperconductivitybymagneticfield,Meissnereffect,TypeIand
type IIsuperconductors,Entropy,Free energy,Heatcapacity,Energy gap,
Microwave and infrared properties, Isotope effect; Theoretical survey:
Thermodynamics of the superconducting transition, London equation,
Coherencelength,SalientfeaturesoftheBCStheoryofsuperconductivity,BCS
groundstate;Fluxquantizationinasuperconductingring;DcandAcJosephson
effects; Macroscopic long-range quantum interference; High Tc
superconductors(introductiononly).

CourseOutcomes:

1.After the completion of this course,students willbe Capable of
correlating the X-ray diffraction pattern based on the corresponding
reciprocallatticeforagivencrystalstructure.

2.Abletoexplainhow thepredictedelectronicpropertiesofsolidsdifferin
theclassicalfreeelectrontheory,quantafreeelectrontheoryandthe
nearlyfreeelectronmodel.

3.Capable ofexplaining variousmagnetic phenomena and defining the
differentkindsofmagnetic ordering based on the interaction ofthe
exchange.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.IntroductiontoSolidsbyAzaroff
2.CrystallographyforSolidStatePhysicsbyVermaandSrivastava
3.SolidStatePhysicsbyM.A.Wahab
4.ElementarySolidStatePhysicsbyOmar
5.CrystalStructureDeterminationbyG.H.Stout,L.H.Jensen
6.PrincipalsofCondensedMaterPhysicsbyChaikinandLubensky
7.IntroductiontoSolidStatePhysics(7thedition)byCharlesKittel
8.SolidStatePhysicsbyNeilW.AshcroftandN.DavidMermin
9.AppliedSolidStatePhysicsbyRajnikant
10.SolidStatePhysics:AnIntroductiontoTheoryandExperimentbyH.Ibach
andH.Luth
11.PrinciplesoftheTheoryofSolids(2ndedition)byJ.M.Ziman
WebResources:



CourseCode CourseTitle L T P Credit

PPY-152 STATISTICALMECHANICS 4 1 0 4.5

Prerequisites:Studentisalreadyfluentwithcalculus,alongwithdifferential
equations.Asolidgraspofvectorcalculus,asyou'llseealotofmultipleintegrals
incartesianandsphericalcoordinates.

Course Objectives:Thiscourse isintended to provide a firm foundation to
studentsinaveryfundamentalsubjectofStatisticalMechanicswhichaimsto
derivethemacroscopicbehaviourofasystem intermsofthemechanicsofits
microscopicconstituents,andfindsapplicationinalmostallbranchesofPhysics.

UNITI (3Questions).
Thermodynamics Basic ideas: heat, temperature, work done. Laws of
thermodynamicsandtheirsignificance,specificheats,thermodynamicpotentials,
Maxwellrelations,significanceofentropy.
Classicalstatisticalmechanics:Basicpostulatesofstatisticalmechanics,Macro-
and micro states – Statisticalequilibrium--Phase space,Ensemble:micro
canonical,canonical,grand canonical;Density function,Liouville’s theorem,
Canonicaldistribution function:Evaluation of mean values in a canonical
ensemble, Partition function--connection with thermodynamics; Statistical
definition ofentropy—Boltzmann equation and its significance;Idealmono
atomicgas,Gibbs’paradox,Equipartitiontheorem,specificheatofsolids.

UnitII (3Questions)
Quantum StatisticalMechanics:Quantum-mechanicalensembletheory:Density
matrix,Equationofmotionfordensitymatrix,Quantum mechanicalensemble
average;Statisticsofindistinguishableparticles,Twotypesofquantum statistics
-Fermi-Dirac and Bose-Einstein statistics, Fermi-Dirac and Bose-Einstein
distribution functions using micro-canonicaland grand canonicalensembles
(idealgas only),Statistics ofoccupation numbers;IdealBose gas:Internal
energy,Equationofstate,Bose-EinsteinCondensationanditscriticalconditions;
Bose-Einstein condensation in ultra-cold atomic gases:its detection and



thermodynamicproperties;IdealFermigas:Internalenergy,Equationofstate,
CompletelydegenerateFermigas.

UnitIII(2Questions)
Fluctuations:Thermodynamicfluctuationsandtheirprobabilitydistributionlaw,

Spatialcorrelations in a fluid,Connection between density fluctuations and
spatialcorrelations;Brownian motion,the Langevin theory ofthe Brownian
motion(derivationsofmeansquaredisplacementandmeansquarevelocityof
Brownianparticle),Auto-correlationfunctionanditsproperties,Thefluctuation-
dissipationtheorem,Diffusioncoefficient;theFokker-Planckequation;Spectral
analysisoffluctuations:theWiener-Khintchinetheorem

CourseOutcomes:
1.Thiscoursedevelopstheideaofclassicalthermodynamiclawsandtheir

applications and learns statisticalinterpretation of micro canonical,
canonicalandgrandcanonicalensemblesofthermodynamics.

2.ThiscoursewillequipthestudentswithEnsembletheorytechniquesso
thattheycanusethem toconsiderthemacroscopicpropertiesofthebulk
ofmatterintermsofitsmicroscopiccomponents.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.StatisticalMechanicsbyR.K.Pathria(2ndedition).
2.StatisticalMechanicsbyR.K.PathriaandP.D.Beale(3rdedition).
3.StatisticalandThermalPhysicsbyF.Reif.
4.StatisticalMechanicsbyK.Huang.
5.StatisticalMechanicsbyL.D.LandauandI.M.Lifshitz.
6.StatisticalMechanicsbyR.Kubo.
WebResources:



CourseCode CourseTitle L T P Credit

PPY-153 QUANTUM MECHANICS-II 4 1 0 4.5

Prerequisites:HavingintroducedthebasicstructureofQuantum Mechanicsin
thecoursePPY-103
Course Objectives:thiscourse hasfocuson the need and developmentof
varietyofapproximate methodsinQuantum Mechanics(perturbation theory,
variationalmethod and WKB approach) and their illustration by way of
applicationtoselectedatomicandmolecularsystems.

UNITI (3Questions).
Approximatemethodsforboundstates-I:Stationaryperturbationtheory:Non-
degenerate case-First-orderand second-ordercorrectionsto energyEigen
values and eigen functions,Perturbation ofan oscillator(harmonic and an
harmonicperturbations),Finestructureofhydrogenatom (Relativisticandspin-
orbitcoupling corrections),Ground state ofHelium atom;Degenerate case-
Removalofdegeneracyinsecondorder,Zeemaneffectwithoutelectronspin,
First-orderStark effectin n=2 state ofHydrogen;Rayleigh-Ritz variational
method:Groundandexcitedstates,ApplicationtogroundstateofHelium,Van
derWaalsinteractionusingperturbationandvariationalmethods.
RelativisticQuantum Mechanics:Klein-Gordonequation,Diracequationandits
plane wave solution,significance ofnegative energy solutions,spin angular
momentum ofthe Dirac particle,The non-relativitieslimitofDirac equation.
Electron in electromagnetic fields,spin magnetic moment.Spin – orbit
interaction,Dirac equation fora particle in a centralfield.fine structure of
hydrogenatom,Lambshift.

UnitII (3Questions)
Approximatemethodsforboundstates-II:TheWKB approximation:Classical



limit,Approximate solutions,Asymptotic nature ofsolutions,Solution neara
turningpoint,Specialcaseoflinearturningpoint,Connectionattheturningpoint,
asymptoticconnectionformulae,Applicationtoenergylevelsofaquantum well,
tunnelling Transition probability forconstantand harmonic perturbations,
Transition to a group offinalstates-The Fermigolden rule,Applications:
Ionizationofhydrogenatom,Interactionofanatom withem radiation(semi-
classicaltreatment),Transitionprobabilityforinducedabsorptionandemission.
Selected applications ofQuantum Mechanics:Atomic structure ofmany-
electron atoms:Central-field approximation,Periodic system of elements,
Thomas-Fermistatisticalmodel,Evaluation ofthe potential,Hartree's self-
consistentfieldsandconnectionwiththevariationalmethod,Correctiontothe
central-fieldapproximation(L-Sandj-jcouplings).

UnitIII(2Questions)
Quantum theory ofscattering:Scattering experiments and cross-sections,

Laboratory and centre-of-mass systems,Scattering amplitude and cross-
section;Method ofpartialwaves:Phase shift,Differentialand totalcross-
sections,Relationbetweenphaseshiftandscatteringpotential,Convergenceof
partial-waveseries,Scatteringbyafinitesquarewell,Resonances-Breit-Wigner
formula,Scattering by a hard-sphere potential;Green's function method:
Lippmann-Schwingerequation,Bornseries,FirstBornapproximation,Scattering
ofan electron bya screened Coulomb potentialin Born approximation and
validity criterion;Scattering oftwo identicalspin less bosons,and spin-1/2
fermions.

CourseOutcomes:
1.The goalofthe course isto equip studentswith angularmomentum,

perturbation theory, scattering theory and quantum field theory
techniquessothattheycanusethem accordingtotheirrequirementsin
differentbranchesofphysics.

2.Studentwilllearn the application ofTime-independentPerturbation
Theory,understandtheWKBapproximationandalsoknowtheapplication
andvalidityofBornApproximation.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.Quantum Mechanics:M.P.Khanna,(HarAnand,NewDelhi)(2009)
2.A textbookofQuantum Mechanics,P.M.MathewsandK.Venkatesan(Tata
McGraw
Hill,NewDelhi)(2004).
3.Quantum Mechanics:V.KThankappan(NewAge,NewDelhi)(2005).
4.Quantum FiledTheory:H.MandlandG.Shaw,(Wiley,NewYork)1993.
5.Quantum Mechanics:J.L.Powelland B.Crasemann (Narosa,New Delhi)
(1998).
6.Quantum Physics:S.Gasiorowicz(WileyIndiaEdition,NewDelhi)(2009).



7.AdvancedQuantum Mechanics:J.J.Sakurai(PearsonEducation,India)(2009).
8.Quantum Mechanics(3rdedition)byL.I.Schiff.
9.Quantum Mechanics(2ndedition)byB.H.BransdenandJoachain.
10.IntroductiontoQuantum Mechanics(2ndedition)byDavidJ.Griffiths.
11.Quantum MechanicsbyA.K.GhatakandS.Loknathan.
WebResources:

CourseCode CourseTitle L T P Credit

PPY-154 ELECTRODYNAMICS 4 1 0 4.5

Prerequisites:mustbeawareaboutelectricchargeanddynamicmotion.
CourseObjectives:Studentswilllearnaboutelectricfieldanditsapplication.
Alsowillstudyaboutelectromagneticwaves.

UNITI (3Questions).
Electrostatics:Coulomb’slaw,Electricfield,Gauss’slaw,applicationsofGauss’s
law,Electric Potential,Poisson’sequation and Laplace’sequation,Workand
energyinelectrostaticsTechniquesforcalculatingpotentials:Laplace’sequation
in one,two and three dimensions,boundary conditions and uniqueness
theorems,MethodofImages,Multipoleexpansion,Electrostaticfieldsinmatter:
Dielectrics,Polarization,Fieldinsideadielectric,Electricdisplacement,Linear
dielectrics.

UnitII (3Questions)
Magnetostatics:Bio-SavartLaw,DivergenceandCurlofB,Ampere’slaw and
applicationsofAmpere’slaw,Magneticvectorpotential,Multipoleexpansion.
Magneto static fieldsin Matter:Magnetization,field ofa magnetized object,
magneticfieldinsidematter,linearandnonlinearmagneticmedia



Maxwell’s Equations and Electromagnetic Waves-I:Faraday’s law –
generalizationofAmpere’slaw –Maxwell’sequations–boundaryconditions–
scalarandvectorpotentials,Gaugetransformation-CoulombandLorentzgauge
– Poynting’s theorem. Maxwell’s equations in terms of potentials.
Electromagneticwavesinnon-conductingmedia:Monochromaticplanewavesin
vacuum,propagationthroughlinearmedia;Boundaryconditions;Reflectionand
transmissionatinterfaces.Fresnel’slaws.

UnitIII(2Questions)
ElectromagneticWaves-II:Electromagneticwavesinconductors:Modifiedwave

equation, monochromatic plane waves in conducting media Dispersion:
Dispersioninnon-conductors,freeelectronsinconductorsandplasmas,Guided
waves.
Radiation:Fieldofalocalizedoscillatingsource,fieldsandradiationindipoleand
quadrupole approximations,antenna,radiation bymoving charges,Lienard -
Wiechertpotentials,totalpowerradiated byan accelerated charge,Lorentz
formula.

CourseOutcomes:

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.ClassicalElectrodynamics:S.P.Puri,(TataMcGrawHill,NewDelhi).
2.ClassicalElectrodynamics:J.D.Jackson,(WileyEastern,NewDelhi).
3.IntroductiontoElectrodynamics:D.J.Griffiths,(PrenticeHallIndia,NewDelhi)
4.IntroductiontoElectrodynamicsbyA.Z.CapriandP.V.Panat.
5.IntroductiontoPlasmaPhysicsbyF.F.Chen.
6.IntroductiontoPlasmaTheorybyD.R.Nicholson.
WebResources:



CourseCode CourseTitle L T P Credit

PPY-155 PHYSICSLABORATORY-II 0 0 12 6

Prerequisites:HavingintroducedthebasicknowledgeinthecoursePPY-105.
Course Objectives:Theaim ofthecourseonPhysicsLaboratoryisto train
studentsinhandlingthebasictoolsofexperimentalphysics,andtheirusein
laboratorydemonstrationofimportantphysicalphenomenonandtheunderlying
principlesofphysics.
Note:Studentsareexpectedtoperform atleast06experimentsfrom eachunit.

UNITI
1.Todeterminee/m ratiousinghellicalmethod
2.Tostudyvariationofmagneticfieldalongtheaxisofacircularcoil.
3.TocalculatethetemperaturecoefficientofThermistor.
4.TodeterminetheCurietemperatureofagivenPZTsample.
5.Determine the coercivity,retentivity and saturation value ofmagnetic

inductionofthegiven samplebystudyingtheB-Hloop.



6.DeterminetheHallcoefficientofthegivensampleandhencefindthe
carrierconcentrationandmobility.

7.MeasurementofsusceptibilityofparamagneticsolutionsbyQuinck'sTube
Method.

8.Measurementofmagneto-resistanceofasemi-conductingsample.
9.StudyofDispersionrelationforMono-atomicandDiatomiclatticesusing

Latticedynamickit.
10.Studyofsolarcellandcharacteristics.
11.Tostudythecharacteristicsofoptoelectronicdevices(LED,Photodiode,

Photodiode,Phototransistor,LDR).
12.Findtheenergygapofagivensemi-conductorbyreversebiasjunction

method.
13.TocalculatethetemperaturecoefficientofThermistor.
14.TostudythecharacteristicsofaPN junctionwithvaryingtemperature&

thecapacitanceofthejunction.
UnitII

1.Determinationofdielectricconstantusingparallelplatecapacitor.
2.TostudytheStefanBoltzmannlawofradiationwithanamplifier.
3.Thermalelectricalconductivityofmetals.
4.Todeterminethevelocityofultrasonicwavesusinginterferometerasa

functionofTemperature.
5.Temperaturedependenceofaceramiccapacitor-VerificationofCurie-

Weisslawfortheelectricalsusceptibilityofaferroelectricmaterial.
6.To determine Percolation threshold and temperature dependence of

resistanceincomposites.
7.TrackingoftheFerromagnetic-paramagnetictransitioninNickelthrough

electricalresistivity.
8.TostudytheKerreffectusingNitrobenzene.
9.DeterminationofRydbergconstant
10.Determinationofvelocityofultrasonicwavesinliquidsusingthemethodof

diffractionandcomparisonwiththemechanicalmethod.
11.VerificationofBeer-Lambertlaw.
12.FrankHertzexperimentforQuantizationofBohr’smodelofatom.

CourseOutcomes:

1.Studentwillknow aboutthevariationofcountratewithappliedvoltage
andtherebydeterminetheplateau,theoperatingvoltageandslopeof
plateau(GM Counter).

2.With labs,student willknow the practicalknowledge of physics
applications.

AssessmentModel:
TotalAssessment(Outof30Marks)

PreferredReading:
1.R.A.Dunlap,ExperimentalPhysics:ModernMethods,OxfordUniversityPress,
NewDelhi(1988).
2.B.K.Jones,Electronics forExperimentation and Research,Prentice-Hall
(1986).
3.P.B.ZbarandA.P.Malvino,BasicElectronics:A Text-LabManual,TataMc-



GrawHill,NewDelhi(1989).
WebResources:

CourseCode CourseTitle L T P Credit

PPY-156 SEMINAR-I 0 0 3 3

Prerequisites:StudentmustknowlittleknowledgeofMS-Wordformakinga
presentation.

CourseObjectives:Thiscoursemakesauniquecomponentofthecurriculum.It
ismandatoryforeverystudenttodeliveraseminarofapproximately40minutes
durationonatopicasdecidedbythedepartmentalseminarcommittee.



Everystudentsneedtogivethreepresentationsfrom thetopicsrelatedtothe
subjects.

CourseOutcomes:
1.Eachandeverystudentwouldgetanopportunitytoexpresshis/herlevel

ofunderstandingofvariousconceptsandthis,apartfrom strengthening
thesubjectknowledge.

2.Wouldhelpstudentsindevelopingbettercommunicationskillsandhigher
levelofconfidence.

AssessmentModel:
TotalAssessment(Outof100Marks).

PreferredReading:
Allbookswhichisrelatedtophysicsapplicationandlaboratory.

WebResources:



M.SC.PHYSICS,SEMESTER-III

CourseCode CourseTitle L T P Credit

PPY-201 CONDENSEDMATTERPHYSICS-II 4 0 0 4

Prerequisites:HavingintroducedthebasicstructureofCondensedMatter
Physics-IinthecoursePPY-151.
Course Objectives:The aim ofCondensed MatterPhysics-IIis to expose
studentstotopicslikeelectrondynamicsinsemiconductorsandmetals,Fermi
surface and its determination,opticalproperties ofsolids,dielectrics and



ferroelectrics,andquantum-mechanicaloriginofmagnetism.

UNITI (3Questions).
SemiconductorcrystalsandFermisurfaces&metals:Semiconductorcrystals:
Band gap,Directand indirectabsorption processes,Motion ofelectronsin
anenergyband,Holes,Effectivemass,Physicalinterpretationofeffectivemass,
Fermisurfacesandmetals:Fermisurfaceanditsconstructionforsquarelattice
Electronorbits,Holeorbits,Openorbits;Wigner-Seitzmethodforenergybands,
Cohesiveenergy;ExperimentaldeterminationofFermisurface.
DielectricsandFerroelectrics:Polarization,Macroscopicelectricfield,Dielectric
susceptibility, Local electric field at an atom, Dielectric constant and
polarizability,Clausius-Mossottirelation,Electronicpolarizability,Classicaltheory
ofelectronicpolarizability;Structuralphasetransitions;Ferroelectriccrystalsand
theirclassification;Landautheoryofthephasetransition;Anti-ferroelectricity,
Ferroelectricdomains.

UnitII (3Questions)
Magnetism:Diamagnetism andparamagnetism:Magneticsusceptibility,Langevin
diamagnetism equation,Quantum theoryofdiamagnetism;Quantum theoryof
paramagnetism- Curie law, Hund's rules, Paramagnetic susceptibility of
conductionelectrons;Ferromagnetism andanti-ferromagnetism:Ferromagnetic
order,Electrostaticoriginofmagneticinteractions,Magneticpropertiesofatwo-
electron system, Singlet-triplet(exchange) splitting in Heitler-London
approximation;SpinHamiltonianandtheHeisenbergmodel;Meanfieldtheory-
Curie-Weiss law;Spin waves-magnons,Bloch T3/2 law;Neutron magnetic
scattering(principle);Ferromagnetic domains:Magnetization curve,Bloch wall,
Originofdomains;Antiferromagneticorderandmagnons.

UnitIII(2Questions)
Opticalpropertiesofsolids:Dielectricfunctionofthefreeelectrongas,Plasma

optics,Dispersionrelationforem waves,Transverseopticalmodesinaplasma,
Transparency ofalkalis in the ultraviolet,Longitudinalplasma oscillations,
Plasmonsandtheirmeasurement;Electrostaticscreening,ScreenedCoulomb
potential,Mottmetal-insulatortransition,Screening and phonons in metals;
Opticalreflectance,Kramers-Kronigrelations,Electronicinterbandtransitions,
Excitons:FrenkelandMott-Wannierexcitons;Ramaneffectincrystals;Electron
spectroscopywithX-rays.

CourseOutcomes:

1.After the completion of this course,students willbe Capable of
correlating the X-ray diffraction pattern based on the corresponding
reciprocallatticeforagivencrystalstructure.

2.Abletoexplainhow thepredictedelectronicpropertiesofsolidsdifferin
theclassicalfreeelectrontheory,quantafreeelectrontheoryandthe
nearlyfreeelectronmodel.

3.Capable ofexplaining variousmagnetic phenomena and defining the
differentkindsofmagnetic ordering based on the interaction ofthe
exchange.



AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.IntroductiontoSolidStatePhysics(7thedition)byCharlesKittel.
2.SolidStatePhysicsbyNeilW.AshcroftandN.DavidMermin.
3.AppliedSolidStatePhysicsbyRajnikant.
4.SolidStatePhysics:AnIntroductiontoTheoryandExperimentbyH.Ibachand
H.Luth.
5.PrinciplesoftheTheoryofSolids(2ndedition)byJ.M.Ziman.
WebResources:

CourseCode CourseTitle L T P Credit

PPY-202 NUCLEAR&PARTICLEPHYSICS-I 4 0 0 4

Prerequisites:Basicknowledgeaboutmoment,tensorsandconservationlaws.



Course Objectives:The course aims to provide the students with an
understandingofbasicradiationinteractionanddetectiontechniquesfornuclear
physics,radioactivedecays,nuclearreactionsandelementaryparticlephysics.

UNITI (3Questions).
Interactionofnuclearradiationwithmatter:(a)Interactionofchargedparticles:
Energylossofheavychargedparticlesinmatter,Bethe-Blochformula,energy
loss of fast electrons, Bremsstrahlung. (b) Interaction of gamma rays:
Photoelectric,Compton,andpairproductionprocesses.
Nuclearsize and shape:Methodsfordetermining the nuclearradius,Wave
Mechanicalpropertiesofnucleusandstatistics,electricandmagneticmoments
andnuclearshapes
Nuclearforces:Characteristicsofnuclearforces,Groundstateofthedeuteron
using square wellpotential,relation between the range and depth ofthe
potential,Inadequaciesofthecentralforce,experimentalevidenceforthetensor
force,magnetic momentand quadrupole momentofthe deuteron,deuteron
groundstateasanadmixtureofsanddstates.

UnitII (3Questions)
NuclearmodelsandNucleardecay:Nuclearmodels:Liquiddropmodel:Semi-
empiricalmassformula,stabilityofnucleiagainstbetadecay,massparabolaand
Shellmodel:Evidence formagic numbers,prediction ofenergylevelsin an
infinitesquarewellpotential,spin-orbitinteraction,predictionofgroundstates
pin,parityandmagneticmomentofodd-Anuclei,Nordheim’srules.Betadecay:
Fermi’stheoryofbetadecay,Kurieplots,selectionrules.Gammadecay:Multi
polarity of gamma rays, Selection rules, Internal conversion (qualitative
treatment).
Nuclear detectors and Nuclear Reactions:Scintillation Detectors-NaI(Tl),
Scintillationspectrometer,Semiconductordetectors:Surfacebarrierdetectors,
Liiondrifteddetectors,relationbetweentheappliedvoltageandthedepletion
regioninjunctiondetectors.Typeofreactions,conversationlaws.Q-valuesand
its significance, Laboratory and Centre of mass coordinates and their
relationship,reactioncrosssections.

UnitIII(2Questions)
Elementary particle physics:Types of interactions between elementary

particles, hadronsand leptons, detection of neutrinos. Symmetries and
conservation laws:conservation ofenergy,momentum,angularmomentum,
chargeandisospin,paritysymmetry,violationofparityinweakinteractions-
handednessofneutrinos,Leptonnumberconservation,Leptonfamilyandthree
generationsofneutrinos.Chargeconjugationsymmetry,CP violationinweak
interactions, Strange particles, conservation of strangeness in strong
interactions,Baryonnumberconservation,Gell-MannNishijimaformula,eightfold
way(qualitativeonly),quarkmodel,quarkcontentofbaryonsandmesons.

CourseOutcomes:
1.Studentswillknow thepropertiesofthenucleussuchasbindingenergy,

magneticdipolemomentandCO-2electricquadruplemomentandstudy
theachievementandlimitationsofnuclearphysicsmodels.



2.Studentswillhaveanideaofhow particlesinteractwithmatterandwill
understandtheelementaryparticles'nature,interaction,etc.

3.Innuclearmodelsandnuclearreactions,studentswillbetaughtthebasic
aspectsofnuclearphysicssuchasstaticpropertiesofnuclei,radioactive
decays,nuclearforces and relatively advanced topics so thatthey
understand the specifics ofthe underlying aspects so thatthey are
preparedwiththemethodsusedtoresearchthesethings.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.AtomicandNuclearPhysics,SN.Ghoshal:Vol.II.,2000.
2.TheAtomicNucleus,EvansR.D.:TataMcGrawHill,1955.
3.NuclearPhysics,R.R.RoyandB.P.Nigam:Wiley-EasternLtd.1983.
4.NuclearPhysics-anIntroduction,S.B.Patel:NewAgeinternational(P)Limited,
1991.
5.RadiationDetectionandMeasurements,G.F.Knoll:3rdedition,JohnWileyand
Sons,
2000.
6.NuclearRadiation Detectors,S.S.Kapoorand V.S.Ramamurthy:Wiley-
Eastern,New
Delhi,1986.NuclearInteraction,S.deBenedetti:JohnWiley,NewYork,1964.
7.NuclearRadiationDetection,W.J.Price:McGrawHill,NewYork,1964.
8.IntroductiontoElementaryparticles,D.Griffiths:JohnWiley,1987.
9.ElementaryParticles,J.M.Longo,IIEdition,McGraw-Hill,NewYork,1973.
10.IntroductiontoNuclearPhysics,Wong,PHI.
WebResources:



CourseCode CourseTitle L T P Credit

PPY-203 ATOMICANDMOLECULARPHYSICS 4 0 0 4

Prerequisites:Studentsmusthavetheknowledgeofquantum mechanics.
CourseObjectives:Thecourseillustratesthefundamentalaspectsofatomic
andmolecularphysics,andwillusequantum mechanicsatdifferentlevelsto
understandthestructureanddynamicsofbothatomsandmolecules.

UNITI (3Questions).
AtomicPhysics:Briefreview ofearlyatomicmodels.Hydrogenicatoms:Energy
levelsandselectionrules,Relativisticcorrectionsandfinestructure,hyperfine
structure,Lamb shiftand isotope shift.Physicalinterpretation ofquantum
numbers, Terms for equivalent & non-equivalent electron atom, Space
Quantization:Stern-Gerlachexperiment,Interactionwithexternalfields:Zeeman
effect,Paschen-Backeffect,Starkeffect.Twoelectronatom:Orthoandpara
statesand role ofPauli’sexclusion principle,levelschemesoftwo electron
atoms.Manyelectronatoms:LSandJJcouplingschemes,Landeintervalrule.

UnitII (3Questions)
MolecularPhysics:Rotationofmolecules:Classificationofmolecules,Interaction
of radiation with rotating molecules,Rotationalspectra of rigid diatomic
molecules,Isotopeeffectinrotationalspectra,Intensityofrotationallines,Non
rigidrotator,Informationderivedfrom rotationalspectra;Infraredspectroscopy:
The vibrating diatomic molecule,The diatomic vibrating-rotatorspectra of
diatomic molecules, Infrared spectrophotometer; Raman Spectroscopy:
Introduction,PurerotationalRamanspectra,VibrationalRamanSpectra,Nuclear
Spin and intensity alternation in Raman spectra,Isotope effect,Raman
Spectrometer.

UnitIII(2Questions)
Electronic Spectra ofdiatomic molecules and Fluorescence spectroscopy:

Born Oppenheimerapproximation,Vibrationalcoarse structure ofelectronic
bands,Progressionandsequences,Intensityofelectronicbands-FrankCondon
Principle,Dissociationandpre-dissociation,Dissociationenergy;Rotationalfine
structure ofelectronic bands,The Fortratparabola,Electronic structure of
diatomic molecules; Fluorescence spectroscopy: Fluorescence and
Phosphorescence,Kasha’s rule,Quantum Yield,Non radiative transition,
JablonskiDiagram.

CourseOutcomes:Oncompletionofthecourse,thestudentsshallhavebasic
knowledgeofmodernatomicandmolecularphysicsinorderto

(i) masterbothexperimentalandtheoreticalworkingmethodsinatomic
andmolecularphysicsformakingcorrectevaluationsandjudgments,

(ii) carry out experimental and theoretical studies on atom sand
molecules,withfocusonthestructureand dynamicsofatomsand



molecules,and
(iii) Accountfortheoreticalmodels,terminology and working methods

usedinatomicandmolecularphysics.
AssessmentModel:

 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1ConceptofModernPhysicsbyArthurBeiser(McGraw-HillBookCompany,
1987).
2Atomicspectra&atomicstructure,GerhardHertzberg:Doverpublication,New
York.
3Molecularstructure&spectroscopy,G.Aruldhas;Prentice–HallofIndia,New
Delhi.
4 Fundamentals ofmolecularspectroscopy,Colin N.Banwell& Elaine M.
McCash,TMH
5IntroductiontoAtomicspectrabyH.E.White.
WebResources:



CourseCode CourseTitle L T P Credit

PPY-204
NUMERICALMETHODS&

COMPUTATIONALPHYSICS
4 0 0 4

Prerequisites:Basicideaofintegration,differentiationandalgebraicformulas.
CourseObjectives:Intheoreticalphysics,onecomesacrossveryfrequentlywith
the situationswhere the analyticalsolutionsofthe equationsdescribing the
physicalsystem arenotpossible.Inthesesituationsthenumericalmethodsfor
solvingequations,evaluatingdifferentiation,integrationetc.provideapowerful
toolstodescribethephysicalphenomenonquantitatively.

UNITI (3Questions).
ErrorsandSolutionofAlgebraicEquations:Errors:Roundofferror,Truncation
error,Machineerror,Random error,Propagationoferrors.LossofSignificance:
SignificantDigits,Computercaused loss ofsignificance,Avoiding loss of
significanceinsubtraction.Solutionsofalgebraicequations:Bisectionmethod,
Iterationmethod,Methodoffalseposition,Newton-Raphsonmethod,Muller’s
method,Quotient-Differencemethod,SecantMethod.
Interpolation and Curve fitting-I: Interpolation and Extrapolation: Finite
differences,Forward differences,Backward differences,Centraldifferences,
Newton’sformulaforinterpolation,Gausscentraldifferenceformula,Stirling’s
formula,Bessel’sformula.

UnitII (3Questions)
Interpolation and Curve fitting-II:Lagrange’sinterpolation formula,Hermite’s
interpolationformula.Leastsquarecurvefitting:Theprincipleofleastsquare
fitting, Linear regression, Polynomial regression, Fitting exponential and
trigonometricfunctions,Datafittingwithcubicsplines.
DifferentiationandIntegration:Differentiation:Taylorseriesmethod,Numerical
differentiationusingNewton’sforwarddifferenceformula,Backwarddifference
formula,Stirling’sformula,Cubicsplinesmethod;Integration:Trapezoidalrule,
Simpson’s 1/3 rule, Gaussian Quadrature, Legendre–Gauss Quadrature,
Numericaldoubleintegration,Numericalintegrationofsingularintegrals.

UnitIII(2Questions)
Random NumbersandChaos:Random numbers:Random numbergenerators,

Mid-square methods,Multiplicative congruentialmethod,Mixed multiplicative



congruentialmethods,Modellingradioactivedecay.HitandmissMonte-Carlo
methods,Monte-Carlocalculationofpi,Monte-Carloevaluationofintegration,
Evaluationofmultidimensionalintegrals;Chaoticdynamics:Somedefinitions,The
simplependulum,Potentialenergyofadynamicalsystem.Portraitsinphase
space:Undammedmotion,Dampedmotion,Drivenanddampedoscillator.

CourseOutcomes:
Aftercompleting this course the students willbe able to understand the
conceptsinvolvedinvariousnumericalmethodsandtoapplythesemethodsin
variousphysicalsituationsusingcomputerprogramming.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.FB Hildebrand,IntroductiontoNumericalAnalysis,TataMcGraw Hill,New
Delhi.
2.RC Desai,FortranProgrammingandNumericalmethods,TataMcGraw Hill,
NewDelhi.
3.SureshChandra,ComputerApplicationsinPhysics,NarosaPublishingHouse.
4.William H.Press,SaulATeukolsky,William TVellerlingandBrainP.Flannery,
NumericalRecipesinFortran,CambridgeUniversityPress.
5.M LDeJong,IntroductiontoComputationPhysics,Addison-Wesleypublishing
company.
6.R C Verma,P K Ahluwalia and K C Sharma,ComputationalPhysics an
Introduction,New
AgeInternationalPublisher.
7.SSSastryIntroductorymethodsofnumericalAnalysis,PrenticeHallofIndia
Pvt.Ltd.
8.VRajaraman,ComputerOrientedNumericalMethod,PrenticeHallofIndiaPvt.
Ltd.
9.CBalachandraRaoandCKSantha,NumericalMethods,UniversityPress
10.KEAtkinson,Anintroductiontonumericalanalysis,JohnWileyandSons.
11.NumericalMethodsbyE.Balagursawami.

WebResources:



CourseCode CourseTitle L T P Credit

PPY-205 PHYSICSLABORATORY-III 0 0 12 6

Prerequisites:
Course Objectives:This course is intended to imparthands-on training to
studentsinhandlingsomewhatspecializedtechniquesintheirrespectivechosen
fieldsofspecialization,one each from two groupsviz.Group 1:Condensed
MatterPhysics,NuclearPhysics,andParticlePhysics;Group2:Computational
Physics,Electronics,andMaterialScience.Thereisacloseoverlapbetweenthe
experimentsofferedandthetheorycourse.
Note:Studentsareexpectedtoperform atleast04experimentsfrom eachunit
I,IIandIII

UnitI
1.Measurementofopticalspectrum ofalkalineearthatoms
2.Measurementandanalysisoffluorescencespectrum ofI2vapors.
3.Determinationofcharacteristicparametersofanopticalfiber.
4.Measurementoflatticeparameterandindexingofpowderphotograph
5.Identificationofunknownsampleusingpowderdiffractionmethod.
6.Analysisofsinglecrystalrotationphotograph.
7.Calibrationofelectromagnetandmagneticsusceptibilitydetermination

ofmagneticsalts(MnSO4,MnCl2)byQuincke’smethod
8.IonicconductivityofNaCl:Studyofthetemperaturevariationofσand

estimationofactivationenergy
9.B-HcurveofaFerromagneticmaterial(bothhardandsoft)
10.Electricalresistivityofthinfilms
11.Magnetic susceptibility of Ferrous ammonium sulphate by Gouy’s



balancemethod
12.Tostudyvariousaspectsoffrequencymodulationanddemodulation.
13.Hybridparametersofatransistoranddesignanamplifier.Determination

ofk/eratio.
14.FET/MOSFET characteristics, biasing and its applications as an

amplifier.
15.Todesign(i)Lowpassfilter(ii)Highpassfilter(iii)All-passfilter(iv)Band

passfilter(v)Band-rejectpassivefilter.

UnitII
1.StudyofstandarddeviationusingG-M counter
2.Half-lifeof40KusingG-M Counter
3.Measurementofmassabsorption coefficientofbetaraysin given

materials
4.Tofindrangeandenergyofβ-particles
5.TofindDeadtimeofaGM Tube
6.StudyofenergycalibrationofNaI(Tl)scintillationdetector
7.Studyandanalysisofspectrum of137Cs
8.Verifyinversesquarelaw (incaseofgammarays)usingscintillation

spectrometer.
9.StudyofComptonscatteringlawforenergyofscatteredphotons
10.Tostudy InternalConversionCoefficientfor137Cs(orsuitablegamma

source)
11.To determine the source strength ofa given radioactive gamma

source
12.Studyandanalysisofthespectrum of60Co
13.Photoelectriccross-sectionmeasurementforagiventargetmaterial

atknownincidentgammaphotonenergy
14.Compton cross-section measurementfor known incidentgamma

photonenergy
15.Measurement of Photo-peak (full energy peak) efficiency of

Scintillationdetector.
UnitIII

Computationalexperimentsusingcomputerprogramming
1.Finiteandinfiniteseries
2.Rootfinding:(bisection,SecantandNewton-Raphsonmethods)
3.Solving firstand second orderordinarydifferentialequationsincluding

simultaneous
Equations(EulerandRunge-Kuttamethods)
4.Numericalintegration(trapezoidal,Simpson,Gaussquadrature,methods)
5.Matrices(arraysofvariablesizes,addition,multiplication,Eigenvalues,

eigenvectors,inversion,solutionsofsimultaneousequations).

CourseOutcomes:

1. Studentwillknow aboutthe variation ofcountrate with applied
voltageandtherebydeterminetheplateau,theoperatingvoltageand
slopeofplateau(GM Counter).

2. With labs,studentwillknow the practicalknowledge ofphysics



applications.

AssessmentModel:
TotalAssessment(Outof30Marks).

PreferredReading:
1.R.A.Dunlap,ExperimentalPhysics:ModernMethods,OxfordUniversityPress,
NewDelhi(1988).
2.B.K.Jones,Electronics forExperimentation and Research,Prentice-Hall
(1986).
3.P.B.ZbarandA.P.Malvino,BasicElectronics:A Text-LabManual,TataMc-
GrawHill,NewDelhi(1989).
WebResources:

CourseCode CourseTitle L T P Credit

PPY-206 SEMINAR-II 0 0 3 3

Prerequisites:StudentmustknowlittleknowledgeofMS-Wordformakinga
presentation.

CourseObjectives:Thiscoursemakesauniquecomponentofthecurriculum.It
ismandatoryforeverystudenttodeliveraseminarofapproximately40minutes
durationonatopicasdecidedbythedepartmentalseminarcommittee.

Every students need to give three presentations topics ofany subjects of
Physics.



CourseOutcomes:
1.Eachandeverystudentwouldgetanopportunitytoexpresshis/herlevel

ofunderstandingofvariousconceptsandthis,apartfrom strengthening
thesubjectknowledge.

2.Wouldhelpstudentsindevelopingbettercommunicationskillsandhigher
levelofconfidence.

AssessmentModel:
TotalAssessment(Outof100Marks).

PreferredReading:
Allbookswhichisrelatedtophysicsapplicationandlaboratory.

WebResources:

M.SC.PHYSICS,SEMESTER-IV



CourseCode CourseTitle L T P Credit

PPY-251 PHYSICSOFNANO MATERIALS 4 0 0 4

Prerequisites:Includegeneralknowledgein
chemistry, physics and material science.

CourseObjectives:Theaim andobjectiveofthecourseonPhysicsofNano-
materialsistofamiliarizethestudentsofM.Sc.Physicstothevariousaspects
relatedtopreparation,characterizationandstudyofdifferentpropertiesofthe
nanomaterialssothattheycanpursuethisemergingresearchfieldascareer.

UNITI (3Questions).
Introductiontonanomaterials:Definition,reasonforinterestinnanomaterials,
classificationofnanostructures–1D,2Dand3Dconfinement.



Overviewofsemiconductors:Electronicbandstructure,conceptoftheeffective
mass,opticalprocesses,directandindirectbandgapsemiconductors,exciton
formation,superlattice–heterostructure.
Quantum sizeeffect:Quantum confinementinonedimension:quantum wells,
Electronconfinementininfinitelydeepsquarewellsquare,squarewelloffinite
depth,opticalabsorption in quantum wellin the case ofhetero structure
consisting ofthinlayerofGaAssandwiched betweenthicklayersofAlGaAs.
Quantum confinementin2dimensions:quantum wires,Quantum confinementin
3dimensions:quantum dots.
Tunnellingtransport:T-matricesforpotentialstepandsquarebarrier,current
andconductance.Resonanttunnelling.

UnitII (3Questions)
MethodsforpreparationofNano-materials:Bottom Up:NanoParticles(metal
andsemiconductor)–nucleation–growth–chemicalbathdeposition–capping
techniques.NanoStructures:quantum dots,quantum wellstructures-Thinfilm
depositiontechniques,molecularbeam epitaxymethodsofgrowth-MOVPE –
MOCVD.Physicalvapourdepositionfornanoparticles.
TopDown:Ballmilling:details,sizeandtimeofmilling,shakermills,planetary
mills,attritionmills.ElectronBeam,Lithography–resists-useofpositiveand
negativeresists-liftofprocess.Ion-beam lithography-mainchemicalreaction–
use.Selfassembledmolecularmaterials:principlesofself-assembly–micellar
andvesicularpolymerization–selforganizinginorganicnanoparticles.Langmuir
Blodgetttechniques.Carbon nano tubes (CNT)-Synthesis,Properties and
Applications.

UnitIII(2Questions)
Characterization ofnanomaterials:Diffraction techniques:X-ray Diffraction

(XRD) – Crystallinity,particle/crystallite size determination and structural
analysis.
Microscopictechniques:Scanning ElectronMicroscopy(SEM)–Morphology,
grainsize and EDX;TransmissionElectronMicroscopy(TEM)–Morphology,
particlesizeandelectrondiffraction.
Scanningprobetechniques:ScanningTunnellingMicroscopy(STM)–surface
imagingandroughness;AtomicForceMicroscopy(AFM)-surfaceimagingand
roughness;otherscanningprobetechniques.

CourseOutcomes:

1.Studentswillhaveachievedtheabilitytoexplaintheeffectsofquantum
confinementontheelectronicstructureandcorrespondingphysicaland
chemicalpropertiesofmaterialsatnanoscale.

2.Students would have the ability to compare the properties of
nanostructureswiththeircharacteristicsofscale,form andsurfaceand
understandtheimprovedsensitivityofsensorsbasedonnanomaterials.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks



 End-Term (100Marks)–50marks
TotalAssessment(Outof100Marks)
PreferredReading:
1.IntroductiontoSolidStatePhysics,CharlesKittel,VIIedition,1996.
2.NanostructuredMaterials-Processing,PropertiesandApplications,Editedby
Carl.C.
Koch,William AndrewPublishing,Norwich,NewYork,USA,2004.
3.Nanoscale Science and Technology,Edited by RobertW Kersall,Ian W
HamleyandMark
Geoghegan,JohnWileyandSons,UK,2005.
4.PhysicsofSemiconductorNanostructures,KPJain,Narosa,1997.
5.Nanotechnology:MolecularSpeculationsonglobalabundance,BC Crandall,
MITPress,
1996.
6.Physicsoflow dimensionalsemiconductornanostructures,JohnH Davies,
Cambridge
UniversityPress,1997.
7.Nano Materials:Synthesis,Properties and Applications,Edited by A S
Edelsteins,RC
Cammarata,InstituteofPhysicsPublishing,BristolandPhiladelphia,1996.
8.Nanoparticlesandnanostructuredfilms:Preparation,characterizationand
applications,
Ed.JHFendler,JohnWileyandSons,1998.
9.Quantum dotheterostructures,D Bimerg,M GrundmannandN NLedentsoy,
JohnWileyandSons.
WebResources:

CourseCode CourseTitle L T P Credit

PPY-252 NUCLEAR&PARTICLEPHYSICS-II 4 0 0 4

Prerequisites:HavingintroducedthebasicstructureofNuclear&Particle



Physics-IinthecoursePPY-202.
CourseObjectives:Oneoftheprimarygoalofnuclearphysics,sincefrom its
inception,istounderstandtheexactnatureofnuclearinteractionandhencethe
structuralandbehaviouralaspectsofatomicnucleus.Thenuclearscatteringand
reactionexperimentsarethemosteffectivetoolstoachievethisgoal.

UNITI (3Questions).
Interactionofnuclearradiationwithmatter:(a)Interactionofchargedparticles:
Energylossofheavychargedparticlesinmatter,Bethe-Blochformula,energy
loss of fast electrons, Bremsstrahlung. (b) Interaction of gamma rays:
Photoelectric,Compton,andpairproductionprocesses.
Nuclearsize and shape:Methodsfordetermining the nuclearradius,Wave
Mechanicalpropertiesofnucleusandstatistics,electricandmagneticmoments
andnuclearshapes
Nuclearforces:Characteristicsofnuclearforces,Groundstateofthedeuteron
using square wellpotential,relation between the range and depth ofthe
potential,Inadequaciesofthecentralforce,experimentalevidenceforthetensor
force,magnetic momentand quadrupole momentofthe deuteron,deuteron
groundstateasanadmixtureofsanddstates.

UnitII (3Questions)
NuclearmodelsandNucleardecay:Nuclearmodels:Liquiddropmodel:Semi-
empiricalmassformula,stabilityofnucleiagainstbetadecay,massparabolaand
Shellmodel:Evidence formagic numbers,prediction ofenergylevelsin an
infinitesquarewellpotential,spin-orbitinteraction,predictionofgroundstates
pin,parityandmagneticmomentofodd-Anuclei,Nordheim’srules.Betadecay:
Fermi’stheoryofbetadecay,Kurieplots,selectionrules.Gammadecay:Multi
polarity of gamma rays, Selection rules, Internal conversion (qualitative
treatment).
Nuclear detectors and Nuclear Reactions:Scintillation Detectors-NaI(Tl),
Scintillationspectrometer,Semiconductordetectors:Surfacebarrierdetectors,
Liiondrifteddetectors,relationbetweentheappliedvoltageandthedepletion
regioninjunctiondetectors.Typeofreactions,conversationlaws.Q-valuesand
its significance, Laboratory and Centre of mass coordinates and their
relationship,reactioncrosssections.

UnitIII(2Questions)
Elementary particle physics:Types of interactions between elementary

particles, hadronsand leptons, detection of neutrinos. Symmetries and
conservation laws:conservation ofenergy,momentum,angularmomentum,
chargeandisospin,paritysymmetry,violationofparityinweakinteractions-
handednessofneutrinos,Leptonnumberconservation,Leptonfamilyandthree
generationsofneutrinos.Chargeconjugationsymmetry,CP violationinweak
interactions, Strange particles, conservation of strangeness in strong
interactions,Baryonnumberconservation,Gell-MannNishijimaformula,eightfold
way(qualitativeonly),quarkmodel,quarkcontentofbaryonsandmesons.

CourseOutcomes: Aftercompletingthiscourse
1.Thestudentswillacquiretheknowledgeofvariouspropertiesofstrong

nuclear interaction extracted through the scattering and reaction



experiments which in turn willhelp in understanding various nuclear
modelsusedtodescribeobservedpropertiesofatomicnuclei.

2.Thecoursewillprovidethefundamentalunderstandingofchargeparticle
interaction,and the details of particle detectors and accelerators
employedinparticlephysics.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.AtomicandNuclearPhysics,SN.Ghoshal:Vol.II.,2000.
2.TheAtomicNucleus,EvansR.D.:TataMcGrawHill,1955.
3.NuclearPhysics,R.R.RoyandB.P.Nigam:Wiley-EasternLtd.1983.
4.NuclearPhysics-anIntroduction,S.B.Patel:NewAgeinternational(P)Limited,
1991.
5.RadiationDetectionandMeasurements,G.F.Knoll:3rdedition,JohnWileyand
Sons,
2000.
6.NuclearRadiation Detectors,S.S.Kapoorand V.S.Ramamurthy:Wiley-
Eastern,New
Delhi,1986.NuclearInteraction,S.deBenedetti:JohnWiley,NewYork,1964.
7.NuclearRadiationDetection,W.J.Price:McGrawHill,NewYork,1964.
8.IntroductiontoElementaryparticles,D.Griffiths:JohnWiley,1987.
9.ElementaryParticles,J.M.Longo,IIEdition,McGraw-Hill,NewYork,1973.
10.IntroductiontoNuclearPhysics,Wong,PHI.
WebResources:



CourseCode CourseTitle L T P Credit

PPY-253 PROJECT 0 0 2 6

Prerequisites:Studentmustawaretheentiretopicandtheapplicationsrelated
tophysics.

CourseObjectives:Theaim oftheprojectworkistoexposethestudentsto
preliminaries and methodology of research in Theoretical Physics and
ExperimentalPhysics.

A studentopting forthis course willbe attached to one teacherofthe
departmentbeforetheendofthe3rdsemester.Areportofaboutatleast40
pagesabouttheworkdoneintheproject(typedonsinglesideofthepaperand
properly bound) willbe submitted by a date to be announced by the
departmentalcommittee.Assessmentoftheworkdoneundertheprojectwillbe
carriedoutbyacommitteeonthebasisofeffortputintheexecutionofthe
project,interestshowninlearningthemethodology,reportprepared,graspof
theproblem assignedandviva-voce/seminar,etc.asperguidelinespreparedby
thecommittee.

CourseOutcomes:
1.Thiscoursewillintroducethestudentstopreliminariesandmethodsof

study.
2.Itmayconsistofreviewofsomeresearchpapers,creationofalaboratory

experiment,fabricationofasystem,workingoutsomeissue,participation
insomeongoingresearchactivity,analysisofdata,etc.

3.Inthethrustaswellasnon-thrustresearchareasofthedepartment,
projectworkcouldbeinexperimentalphysicsortheoreticalphysics.

AssessmentModel:
TotalAssessment(Outof100Marks).

PreferredReading:
Allbookswhichisrelatedtophysicalsciencesandlaboratory.

WebResources:



CourseCode CourseTitle L T P Credit

PPY-254 PAPERPRESENTATION 0 0 3 3

Prerequisites:Studentmustawaretheentiretopicrelatedtotheirresearch.

CourseObjectives:Thiscoursemakesauniquecomponentofthecurriculum.It
is mandatory forevery studentto give atleasttwo paperpresentation of
approximately40minutesdurationinthefieldofchosenspecializationandona
topicasdecidedbythedepartmentalcommittee.

Initiallyassigned facultymemberswilldescribe aboutthe typesofresearch
article(Letter,Review,ResearchPaperetc.)andtellaboutvariouscomponentof
aresearcharticle.Descriptionabouthow toread aresearcharticles?Every
students need to give three presentation from research oriented topics of
currentinterest(randomlypickedupresearchpapersorassignedbyfaculty
members.

CourseOutcomes:
1.Eachandeverystudentwouldgetanopportunitytoexpresshis/herlevel

ofunderstandingofvariousconceptsandthis,apartfrom strengthening
the subject knowledge,would help students in developing better
understanding ofresearch,communication skills and higherlevelof
confidence.

AssessmentModel:
TotalAssessment(Outof100Marks).

PreferredReading:
Allbookswhichisrelatedtophysicalsciencesandlaboratory.

WebResources:



ELECTIVECOURSES



CourseCode CourseTitle L T P Credit

PPY-271
CONDENSEDMATTERPHYSICS:

MATERIALSCIENCES
4 0 0 4

Prerequisites:Students willneed to have a sound foundation in quantum
mechanics,statisticalmechanics and electrodynamics because these are
subjectsthatarecommonlyused/appliedinmoreadvancedtopicsrepeatedly.
Course Objectives:This course aims to provide the students with a basic
understanding ofdifferentkind ofimperfections,deformation,strengthening
mechanisms,differentphasediagramsandphasetransformationsinsolids.

UNITI (3Questions).
Formation and structure of materials:Introduction to Materials Science-
Engineering materials -structure -property relationship,Review ofionic,
covalentand molecularbindings,bond angle,bond length and bond energy,
latticeenergy-Madelungconstantcohesiveenergy,vanderWaal’sInteraction-
Lennard- Jones Potential,closed packed structure-packing efficiency and
densityofmaterials.Crystalimperfections:Review ofcrystallineimperfection,
Schottky and Frenkeldefects-Equilibrium concentrations,edge and screw
dislocations,surfaceimperfections.

UnitII (3Questions)
Elasticsandplasticsbehaviourofmaterials:Atomicmodelofelasticbehaviour-
rubberlike Elasticity-anelastic behaviour,viscoelastic behaviour,fracture of
materials-Ductileandbrittlefracture–Ductilebrittletransitionprotectionagainst
fracturePlasticdeformationbyslip-shearstrengthofperfectandrealcrystals-
CRSS ratio,maximum stressto move dislocation,methodsofstrengthening
crystalline materials against plastic deformation-strain hardening, grain
refinement,solidsolutionstrengthening,precipitationstrengthening.

UnitIII(2Questions)
Composite materials:Classification ofcomposite materials,matrix materials-
polymer,metals,ceramics,rein forcing materials-fibers,particles,concrete-
concretemakingmaterials,
structure, composition, properties and applications, polymer-concrete
composites,fabrication,
structure,applicationofpolymermatrixcomposites,metalmatrixcomposites,
ceramic matrix composites, metal matrix composites, ceramic-matrix



composites, carbon-fibre composites, fibre reinforce, particle reinforce
compositeswithpropertiesandapplications.

CourseOutcomes:
1.It describes the understanding of fundamentals of ion implantation

technique formaterials processing besides various ion beam based
methodsofmaterialcharacterization.

2.Studentwillabletoexplainhow thepredictedelectronicpropertiesof

solidsdifferin the classicalfree electrontheory,quantafree electron

theoryandthenearlyfreeelectronmodel.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.Elements ofMaterials Science and Engineering:Lowrence H.Van Vlack,
Addison

Wesley,(1975).
2.Introductionto Ceramics:W D Kingery,H K Bowerand VR̀ uhlman,John
Wiley,(1960).
3.FoundationsofMaterialsScienceandEngineering-William F.Smith,McGraw
Hills
InternationalEdition,(1986).
4.MaterialsScienceandEngineering,V.Raghavan,PrenticeHall(1993).
5.Structure&Propertiesofmaterials-volI-IVRose,ShepardandWulff(1987).
6.PolymerScience,V.RGowariker,N.V.Vishwanathan,JoydevShreedhar,Wiley
Eastern
(1987).
7.TextofPolymerScience,Fred.W.Billmeyer,JohnWileyandSons,Inc.(1984).

WebResources:



CourseCode CourseTitle L T P Credit

PPY-272
FIBREOPTICSANDOPTICAL

COMMUNICATION
4 0 0 4

Prerequisites:Thiscourseisintendedforbeginners.However,afewconcepts
from high-schoolphysicsmightbeusedintheearlierstages.
CourseObjectives:Theaim andobjectiveofthiscourseistoexposetheM.Sc.
studentsto the basicsofthe challenging field ofFibre Opticsand Optical
Communications such as principle of fibre optics,mode theory,design
optimizationandfibrecharacterization.

UNITI (3Questions).
TheSemiconductorLaserDiodeandlightEmittingDiode:Generaldescription,
Laser structure,Excitation Mechanism 9Modes and threshold conditions,
resonantfrequencies,single mode lasers,modulationofdiodes,temperature
effects),Lightsourcelinearity.
Principleoffiberoptics:Rayopticsandwavepropagation,Fibertypes:step
index and graded index fiberstructures,Concepts ofMode field diameter,
NumericalAperture and propagation modes.Attenuation in fibers:units,
absorption,scatteringlosses,bendinglosses,coreandcladdinglosses.
Modetheoryforcircularwaveguides:Waveguideequations,Waveequations
forSinglemodefibers,Modelequation,ModesinSinglemodefibers,Linearly
polarizedmodes,Powerflow inSinglemodefibers.Signaldistortioninoptical
wave-guides:Groupdelay,material&waveguidedispersion,modecoupling.

UnitII(3Questions)
Design optimization & Fiber Characterization:Fiber optic materials and



characteristics comparison ofcoaxialcable and opticalfibers.Opticaltime
domainreflectometry(OTDR)asalossmeasurementmethod.Sourcetofiber
powerlaunching:Sourceoutputspattern,Powercouplingcalculation,Equilibrium
NA,Lensingschemeforcouplingimprovement:Non-imagingmicrosphere,LDto
fibercoupling.Ideaofconnectors,couplersandsplicing.
Principlesofphotodetection,Semiconductorphotodetectors,Opticalreceivers.
Noise,S/N ratioforopticalpowerandsignalcurrents,Backgroundradiation,
Jhonsonnoise,Darkcurrentshotnoise,I/fnoise,Combinedeffectofallthe
noisesources.DigitalsignalsandbitErrorRates.
Fundamentalsofmodulationschemes,Modulationspectral,Analog,Pulse,and
Digitalmodulationschemes.Directdetectionmethod& heterodynedetection
receivers, Homodyne detection optical receiver, Modulation parameter
convertors.

UnitIII(2Questions)
Elementary idea of Electro-optic modulation, Acousto-optic
modulation.Modulationofsemiconductordevices.Designissuesinanfiberoptics
communication Link:Power budget,Time budget,Opticalrepeaters and
amplifiers,Theoptical-fiberlaser.Ideaofsolitonpropagationinopticalfibers.
Spatial filter: Concepts and its applications, Holograms: Construction,
reconstruction,classifications and applications ofholography.LaserRaman
Spectroscopy:Basic consideration,linear,Non-linearand stimulated Raman
Spectroscopy.ElementaryideaofCARSandSelffocusingphenomena.

CourseOutcomes:
1.Recognizeandclassifyopticalfiberstructuresandformsandaddressthe

impairmentsofthechannel,suchaslossesanddispersion.
2.Analyzeandclassifytheopticalsourcesanddetectorsanddiscusstheir

principleofmultiplecouplinglosses.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:

1.Opticalcommunication,M.MukundaRao,UniversitiesPress(2000)
2.OpticalCommunication,Components& Systems,J.H.Frang& V.k.jain,

Narosa(2001)
3.EssentialsofOptoelectronics,AlanRogers,(Chapman&Hall),1997
4.OpticalCommunicationSystem,W.K.Pratt.(1968)
5.OpticalFiberCommunicationbyG.Keiser,2nded.McGRawHill
6.FundamentalofOpto-electronicsbyC.R.Pollock,Irwin(1995)
7.LaserElectronics,J.T.Verdeyen,PrenticeHall(1995)
8.Lasers and Electro-Optics: Fundamental & Engineering C.C.Davis,

Cambridge(1996)
9.LasersfundamentalsbyW.T.Silfvast,Cambridge(1996)
10.Principlesoflasers,O.Svetto,Plenum (1989)
11.LaserPhysics,L.V.Tarasoy,Mir(1983)



12.Quantum Electronics,A.Yavir,JohnWiley(1992)
13.FundamentalsofPhotonics,Saleh&TEich,JohnWiley(1992)
14.Laser:Theory&Applications,A.Ghatak&TAyagrajanMacmillanIndia
15.IntroductiontoLaserPhysics,K.Shimoda,Springer(1986)
16.Lasers&non-linearOptics,B.B.Laud.

WebResources:

CourseCode CourseTitle L T P Credit

PPY-273
EXPERIMENTALTECHNIQUESIN

PHYSICS
4 0 0 4

Prerequisites:NIL
CourseObjectives:Theaim andobjectiveofthiscourseistoexposetheM.Sc.
studentstothebasicsofthechallengingfieldofEnvironmentalPhysicssuchas
essentials of environmental physics, Solar and Terrestrial radiation,
EnvironmentalPollutionand Degradation,Environmentalchange,and Remote
SensingandGlobalandRegionalClimate.

UNITI (3Questions).
Safety measures in ExperimentalPhysics:Occupationalhealth and safety,
chemicalsubstances,radiation safety,generalelectricaltesting standards,
Generallaboratoryandworkshoppractice.
Physicalmeasurement:Measurement,resultofa measurement,sources of
uncertaintyandexperimentalerror,Systematicerror,random error,Reliability-
chisquare test,Analysisofrepeated measurement,Precision and accuracy,
Elementarydatafitting.
InstrumentationElectronics:Transducers,Transducercharacteristics,selection
ofainstrumentationtransducer,Transducerasanelectricalelement,modelling
external circuit components, circuit calculations, ac and dc bridge



measurements.

UnitII(3Questions)
Vacuum techniques:Unitsofpressuremeasurement,characteristicsofvacuum,
applicationsofvacuum,Vacuum pump:Rotary,oildiffusion,turbo molecular
pumps,Ionpumps.Vacuum gauges:PiraniandPenninggauges.Pumpingspeed
ofavacuum pump.
Thinfilm techniques:Thinfilm techniques(overview),film thicknessmonitors,
film thickness measurement.Measurementoflow temperature Resistance
thermometers,thermocouples.

UnitIII(2Questions)
Thinfilm depositiontechniques:thermalevaporation,sputtering,chemicaland
physicalvapourdeposition method,laserablation,LB films,ELD films,spin
coating
Basic principle,working and instrumentation of:Impedance spectroscopy,
Raman,FTIR,UV/VIS/NIR,VSM.

CourseOutcomes:Uponcompletion,studentsshouldbeableto:
1.describeandexplaintheworkingprinciplesofthevarioustechniques
2.Identifythestrengthandlimitationofeachtechnique;therefore,choosethe
righttechniqueforcharacterizationofproperties.
3.Know the operationaldetails and interpret the data obtained by the
techniques.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.Measurement,Instrumentation and Experimentaldesigh in Physics and
Engineering-
MichaelSayerandAbhaiMansingh,PrenticeHallofIndia2005.
2.DataReductionandErrorAnalysisforthePhysicalSciences,P.R.Bevington
andK.D
Robinson,McGrawHill,2003.
3.ElectronicInstrumentation-H.S.Kalsi,TMHPublishingCo.Ltd.1997.
4.InstrumentationDevicesandSystems-C.S.Rangan,G.R.Sharma,V.S.V.Mani,
2nd
Edition,TataMcGrawHill,NewDelhi,1997.
5.InstrumentationMeasurementAnalysis-B.C.Nakra,K.K.Chaudhary.II.

WebResources:



CourseCode CourseTitle L T P Credit

PPY-274 PHYSICSOFLASERS 4 0 0 4

Prerequisites:NIL
CourseObjectives:Theaim andobjectiveofthiscourseistoexposetheM.Sc.
studentstothebasicsideaandprincipleforoperatingofalaser.Itincludes
variouscharacteristicsofalaseranditsassociatedphenomena.Studentsalso
gotprincipleandworkingofvarioustypesoflasers.

UNITI (3Questions).
Laser-Introduction:Characteristicsoflaserbeam,Spontaneous& Stimulated
Emission,Stimulatedabsorption,RelationshipofEinstein’scoefficient,Ideasof
Lightamplificationbyanatomicsystem.Cavityradiationsandmodes(one,two
andthreedimensions),OriginofLineshapefunction,Broadeningofspectralline:
Homogeneous(naturalandcollisional)andInhomogeneous(Doppler)broadening



mechanisms, Threshold condition for oscillation, Laser oscillation and
amplificationinahomogeneousbroadened transitionand itsGainsaturation.
Laseroscillation and amplification in an inhomogeneoussystem,Multi-mode
oscillation,Spatialholeburning(Lambdip),Efficiencyoflaser(variousfactors).

UnitII (3Questions)
LaserRateandGaussianbeam:Populationinversion&rateequationsforthree
and fourlevellasersystems.Variation ofLaserpoweraround threshold.
Optimum outputcoupling.Gaussianbeam anditspropertiesPhysicaldescription
ofLowestordermodes,
Somelasersystems:Ruby,He-Ne,Nd:YAG,Dyelasers,CO2,Semiconductor
lasers.
Resonators:Preliminaryconsiderationsofopticalresonator,Energystoredin
opticalresonators,Differenttypesofresonators.Differenttypesoflossesin
opticalresonators(Diffractionlosses),coatinglosses,andtransmissionlosses.

UnitIII(2Questions)
Non-linearOptics:Interactionofradiationwithadielectricmedium,dielectric
susceptibility, Harmonic generation, Second harmonic generation, Phase
matching criterion,coherence length forsecond harmonic radiation,optical
mixing,thirdharmonicgeneration,self-focussingoflight,parametricgeneration
oflight,basicsof2nd orderand3rd ordernonlinearoptics(fundamentalsand
importantconcepts).

CourseOutcomes:
1.Explain operating conceptsand laserconstruction and specifyoptical

componentsthatcanbeusedtocustomizethelaser'sproperties.

2.Relatethelaseroperationprinciplestoatom andmolecularphysics,solid

statephysics,quantum mechanicsandphysicaloptics.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:

1.LaserElectronics,J.T.Verdeyen,PrenticeHall(1995)
2.Lasers & Electro-Optics : Fundamental & Engineering C.C.Davis,

Cambridge(1996)
3.LasersFundamentalsByW.T.Silfvast,Cambridge(1996)
4.PrinciplesofLasers,O.Svetto,Plenum (1989)
5.LaserPhysics,L.V.Tarasov,Mir(1983)
6.Laser:Theory&Applications,A.Ghatak&Tayagrajan,MacmillanIndia
7.IntroductiontoLaserPhysics,K.Shimoda,Springer(1986)
8.LasersandNonlinearOptics:B.B,.Laud,2/e,New AgeInternational(P)

Publishers,2002.

WebResources:



CourseCode CourseTitle L T P Credit

PPY-275 ELECTRONICCIRCUITANDDEVICES-II 4 0 0 4

Prerequisites:HavingintroducedthebasicstructureofElectroniccircuitand
devices-IinthecoursePPY-104.
Course Objectives:The aim ofthiscourse isto trainstudentsto ahostof
importantelectronicdevicebeingusedinvitalpracticalapplications.OPAMPs,
thebasicbuildingblockofanalogelectronics,isincludedsothatstudentscan
graspthebasicsofOPAMPandareabletounderstandandanalysecomplex
practicalcircuits.



UNITI (3Questions).
IC Fabrication:Siliconplanarprocess,crystalgrowth,waferproduction,thermal
oxidation,highpressureoxidation,concentrationenhancedoxidation,chlorine
oxidation,lithography&patterntransfer,etchingprocess,factorsaffectingthe
etchingprocess,HF-HN03system,dopantaddition,ionimplantation,diffusion,
diffusioninconcentrationgradient,Fick'sLaws,diffusivityvariation,Segregation,
CVD,epitaxialandnon-epitaxialfilms.
MonolithicICtechnology,BJTFabrication,PNPtransistor,multi-emitterSchottky
transistor, super beta transistor fabrication, Fabrication of FET/NMOS
enhancementaswellasdepletion transistor,Fabrication ofCMOS devices,
Monolithicdiodes,Cleanrooms&theirclassifications.

UnitII (3Questions)
Semiconductormemorydevices:organizations,operations,Classificationand
characteristics ofmemories,read only memory(ROM organization,PROM,
EEPROM),RAM (BipolarRAM,MOSRAM),MemoryStorageCell(bothBipolar
andMOSRAM),Digitaldisplay,SevenSegmentDisplay,ChargedCoupleDevice
Memory,Applications
FundamentalsofMicroprocessors:idealmicroprocessor,databus,addressbus,
controlbus,ALU,Registers,program counters,flags,timingandcontrolsections,
microprocessorbasedsystem,basicoperations.

UnitIII(2Questions)
Micro sensors:Generalprinciples-typesofsensors;opticalsensors,thermal
sensors,pressure sensors,magnetic field measurements.Measurementand
control:Signalconditioningandrecovery.Impedancematching,Op-ampbased,
instrumentation amp.Positive and negative feedback,filtering and noise
reduction,shieldingandgrounding.Lock-indetector-principle–exampleofPSD,
box-carintegratorprinciple–blockdiagram.

CourseOutcomes:

1.Studentwilllearntransducersstraingauge,thermostat,magnetoresistive

sensorandsignalConditionsdataacquisition&conversion.

2.Thiscoursecoverssemiconductorphysics,computerphysicalconcepts

andtheirbasicapplications,passiveandactivefilteranalysis,OPAMP-

based analog circuits,and introduction to different communication

techniques.

3.Students willintroduce integrated circuit technology basics,8085
microprocessordesign,instructionset,memoryandI/Odeviceinterfacing.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.Integrated Electronics,J.Millman and C.C.Halkias(TataMcGraw-Hill,New



Delhi)(2008)
2.DigitalComputerElectronics,A.P.MalvinoandJ.A.Brown(TataMcGraw-Hill,
NewDelhi)(2008)
3.ModernDigitalelectronics,R.P.Jain(TataMcGraw-Hill,NewDelhi)(2006)

WebResources:

CourseCode CourseTitle L T P Credit

PPY-276 OPTOELECTRONICS 4 0 0 4

Prerequisites:Basicknowledgeofelectronics.
CourseObjectives:Theaim andobjectiveofthiscourseistoexposetheM.Sc.
students to the basics ofthe challenging field ofOptoelectronics such as



operationofalaseranditsbasicprocessesinvolved.Italsoincludesbasicidea
aboutnonlinearopticsandlaserspectroscopy.

UNITI (3Questions).
Pumping Processes:Opticalpumping,conversion efficiency,and electrical
pumping,Physicaldescription ofdischarge.Excitation by Resonantenergy
transfer,Physicaldescription,Excitationmechanism applicationsandstructure
ofHe-Ne,Ruby,Nd:YAG,DyelaserandCO2laser.Indexellipsoid,Pockel’sand
Kerreffects,PockeleffectinKDPcrystal:Longitudinalandelementaryideaof
transverseconfiguration,Elementaryideaofmagneto-opticeffectandacousto-
optic effect,Design ofQ switching laser(theory),Theoryofmode locking.
MethodsforQ-Switchingandmodelocking:electro-opticeffectandacousto-
opticeffect.

UnitII(3Questions)
Nonlinear Optics:Introduction to nonlinear optics,Maxwell’s equation in
nonlinearmedium,Steadystate and transientnonlinearopticaleffects(Brief
idea),Slowlyvaryingenvelopeapproximation,Threewavemixingphenomenon:
Second harmonicgenerationand Parametricamplification.Fourwave mixing
phenomenon:Brillouin scattering,Opticalphase conjugation and Opticalbi
stability(elementaryidea).

UnitIII(2Questions)
Laserspectroscopy:Advantage oflasers in spectroscopy,High sensitivity
methods of absorption spectroscopy; frequency modulation, intra cavity
absorption (using single mode and multi-mode operation), Fluorescence
excitation spectroscopy, photo acoustic spectroscopy, laser induced
fluorescence,IdeaoflasermagneticResonance.

CourseOutcomes:
1.Thiscoursewillintroducestudentstothebasicsofthedemandingoptical

fibreresearcharea.

2.Understanding basic lightpropertiesand operating principlesofbasic
opticalcomponentsanddemonstratingamasteryofbasiclightgeneration
mechanisms(including lasers)through acomprehensive understanding
andreview ofoperatingprinciples,functionality,designarchitecturesand
trade-offsLaserswithsemiconductors.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:

1.Quantum Electronics,AYavir,JphnWiley(1992).
2.Laser:Theory&applications,A.Ghatak&Tayagrajan,MacmillanIndia.
3.Lasers&Electro-Optics:Fundamental&EngineeringC.C.Davis,Cambridge(1996).
4.LasersFundamentalsbyW.T.Silfvast,Cambridge(1996).
5.PrinciplesofLasers,O.Svetto,Plenum (1989).



WebResources:

CourseCode CourseTitle L T P Credit

PPY-277 ENVIROMENTALPHYSICS 4 0 0 4



Prerequisites:NIL
CourseObjectives:Theaim andobjectiveofthiscourseistoexposetheM.Sc.
studentstothebasicsofthechallengingfieldofEnvironmentalPhysicssuchas
essentials of environmental physics, Solar and Terrestrial radiation,
EnvironmentalPollutionand Degradation,Environmentalchange,and Remote
SensingandGlobalandRegionalClimate.

UNITI (3Questions).
EssentialsofEnvironmentalPhysics
Structure and thermodynamics of the atmosphere. Composition of air.
Greenhouse effectand enhanced Greenhouse effect.Transportofmatter,
energyandmomentum innature.Stratificationandstabilityofatmosphere.Law
ofmotion,hydrostaticequilibrium.Generalcirculationofthetropics.Elementsof
weatherandclimateofIndia.
SolarandTerrestrialradiation
Physicsofradiation.Interactionoflightwithmatter.RayleighandMiescattering.
Laws ofradiation (Kirchhoff’s law,Planck’s law,Wien’s displacementlaw,
etc.).Solarand terrestrialspectra.UV radiation problem.IR absorption energy
balanceoftheearthatmospheresystem.

UnitII(3Questions)
EnvironmentalPollutionandDegradation
Elementaryfluiddynamics,Diffusion,Turbulenceandturbulentdiffusion.Factors
governingair,waterandnoisepollution.Airandwaterqualitystandards.Waste
disposal.Heatislandeffect.Landandseabreeze.Puffsandplume.Gaseousand
particulatematters.Wetanddrydeposition.Stabilityandverticalmotionofair.
Horizontalmotionofairandwater.Pressuregradientforces.Viscousforces.
Inertiaforces.Reynoldsnumber.

UnitIII(2Questions)
Environmentalchange,andRemoteSensingandGlobalandRegionalClimate
Energysourcesandcombustionprocesses.Renewablesourcesofenergy.Solar
energy,windenergy,bio-energy,hydropower,fuelcells,nuclearenergy.Forestry
andbio-energy.Energybalance-azero-dimensionalGreenhousemodel.Global
climatemodels.

CourseOutcomes:
1.Afterthecourse,thestudentisexpectedtoconsiderhowitispossibleto

applymathematicsandphysicstoenvironmentalareas.
2.Thiscourseacquiredabasicunderstandingoftheprocessusedandhas

basicmeteorological,hydrologicalandgeophysicalskills.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:

1.EgbertBoeker&RienkVanGroundelle:EnvironmentalPhysics(JohnWiley).



2.J.T.Hougtyion:ThePhysicsofAtmosphere(CambridgeUniversityPress,1977).
3.J.T.widellandJ.Weir:RenewableEnergyResources(Elbs,1988).
4.SolWieder:AnIntroductionofSolarEnergyforscientistsandEngineers(JohnWiley

1982).
5.R.N.KeshavamurthyandM.ShankarRao:ThePhysicsofMonsoons(AlliedPublishers

1992).
6.K.L.Kumar:EngineeringFluidMechanics(S.Chand,1994).
7.Landau&lifshitz:FluidMechanics,PergamonPress(2000).

WebResources:



CourseCode CourseTitle L T P Credit

PPY-278 ASTROPHYSICS 4 0 0 4

Prerequisites:NIL
CourseObjectives:Theaim andobjectiveofthecourseonAstrophysicsisthe
basicunderstandingoftheastronomicaltechniques.Tounderstandthenature
andstructureoftheuniversefrom terrestrialplanetstogalaxies.Tounderstand
thecelestialphenomenarelatedwiththeoriginoftheuniverse,galaxies,stars
and planetarysystems along with the synthesis ofelements bystellarand
primordialnucleosynthesis.Finally,to explore the future evolution ofthe
universe.

UNITI (3Questions).
AstrophysicsandAstronomy,Celestialcoordinatesystems(Sun-Earthsystem,
GalacticCoordinatesystem).Starformation,StellarMagnitudes,Classificationof
stars,H-D classification,SahaEquationofionization,Hertzsprung-Russel(H-R)
diagram.Gravitationalenergy,Virialtheorem,Equationsofstellarstructureand
evolution. Pre-main sequence evolution,Jeans criteria forstarformation,
fragmentationandadiabaticcontraction,Evolutiononthemainsequence,Post
main sequence evolution,Polytropic Models:Lane-Emden equation,simple
stellarmodels:Eddington’s modeland Homologous model,Convective and
Radiativestars,Pre-mainsequencecontraction:HayashiandHenyeytracks.

UnitII(3Questions)
Newtoniantheoryofstellarequilibrium,WhiteDwarfs,Electrondegeneracyand
equationofStates,ChandrasekharLimit,Mass-RadiusrelationofWD.Neutron
Stars,Sphericallysymmetricdistributionofperfectfluidinequilibrium.Tolman-
Oppenheimer-Volkoff(TOF)equation,Mass-Radius relations ofNS.Pulsars,
Magnetars, Gamma ray bursts. Black holes, Collapse to a black hole
(OppenheimerandSnyder),eventhorizon,singularity.FormationofAccretion
Disks,Differentiallyrotation systemsin Astrophysics,Disk dynamics,Steady
Disks,Diskformationinclosebinarysystemsthroughmasstransfer,Accretion
ontocompactobjects(BlackHolesandNeutronStars).

UnitIII(2Questions)
Thermonuclearreactionsin stars,pp chainsand CNO cycle,SolarNeutrino
problem,subsequentthermonuclearreactions,Helium burning and onwards,
nucleosynthesisbeyondiron,r-and s-processes.Qualitativediscussionson:
Galaxies,Nabulae,Quasars,Browndwarfs,RedGiantStars,Nova,Supernova.

CourseOutcomes:
1.Understandingthecelestialphenomenaassociatedwiththeoriginofthe

universe,galaxies,starsandplanetarysystems,togetherwiththestellar
andprimordialnucleosynthesissynthesisofelements.

2.Thiscourseincludesafundamentalknowledgeofastronomicalmethods,
anunderstandingoftheexistenceandcompositionofthecosmos,from



earthlyplanetstogalaxies,andananalysisofthepossibleevolutionofthe
universe

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.Textbook ofastronomy and astrophysics with elements ofcosmology,
V.B.Bhatia,Narosapublishinghouse,2001.
2.Astrophysics–StarsandGalaxies,K.D.Abhyankar,UniversityPress,2001.
3.TheoreticalAstrophysics(Vols.I,II,III)–T.Padmanavan(CUP).
4.BlackHoles,WhiteDwarfsandNeutronStars–S.L.ShapiroandS.A.Teukolsky
(JohnWiley,1983).
WebResources:



CourseCode CourseTitle L T P Credit

PPY-279
SCIENCEOFRENEWABLEENERGY

SOURCES
4 0 0 4

Prerequisites:littleknowledgeofenergy.
CourseObjectives:Theaim andobjectiveofthiscourseistoexposetheM.Sc.
studentstothebasicsofthechallengingfieldofScienceofRenewableEnergy
Sourcessuchassolarenergy,hydrogenenergy,etc.Italso includesuseof
hydrogen asfuel;use in vehiclesand electric generation,fuelcells,hydride
batteries.

UNITI(3Questions).
Introduction:Productionand reservesofenergysourcesintheworldand in
India,needfor
Alternatives,renewableenergysources.
Solar Energy: Thermal applications, solar radiation outside the earth’s
atmosphere and atthe earth’ssurface,fundamentalsofphotovoltaicenergy
conversion.Directand indirecttransition semi-conductors,interrelationship
betweenabsorptioncoefficientsandbandgaprecombinationofcarriers.Types
ofsolarcells,p-njunctionsolarcell,Transportequation,currentdensity,open
circuitvoltageandshortcircuitcurrent,descriptionandprincipleofworkingof
single crystal,polycrystalline and amorphous silicon solarcells,conversion
efficiency.ElementaryideasofTandem solarcells,solid-liquidjunctionsolarcells
and semiconductor-electrolyte junction solar cells. Principles of photo
electrochemicalsolarcells.Applications.

UnitII (3Questions)
HydrogenEnergy:Environmentalconsiderations,solarhydrogenthroughphoto
electrolysisandphotocatalyticprocess,physicsofmaterialcharacteristicsfor
productionofsolarhydrogen.Storageprocesses,solidstatehydrogenstorage
materials,structuralandelectronicpropertiesofstoragematerials,new storage
modes,safetyfactors,use ofhydrogen asfuel;use in vehiclesand electric
generation,fuelcells,hydridebatteries.

UnitIII(2Questions)
Othersources:Natureofwind,classificationanddescriptionsofwindmachines,
powercoefficient,energy in the wind,wave energy,ocean thermalenergy
conversion (OTEC),system designsforOTEC.Geothermalenergy,Biomass
energy.

CourseOutcomes:
1.Interpretthesourcesofelectricity,understandtheformsofenergyand

energy,andinterpretsolarenergy.



2.Explaintheplantsforsolarenergyandthecollectorsofsolarenergy.
3.Interpreting geothermalenergy and describing the development of

geothermalfluidelectricity.

AssessmentModel:
 AverageofbestfourQuizzesoutofsixQuizzes(25Marks)-25Marks
 AverageofTWOMid-Terms(50Marks)–20Marks
 Attendance–5marks
 End-Term (100Marks)–50marks

TotalAssessment(Outof100Marks)
PreferredReading:
1.SolarEnergy:S.P.Sukhatme(TataMcGraw-Hill,NewDelhi),2008.
2.SolarCellDevices:Fonash(AcademicPress,NewYork),2010.
3.FundamentalsofSolarCells,PhotovoltaicSolarEnergy:Fahrenbruchand
Bube(Springer,
Berlin),1983.
4.PhotoelectrochemicalSolarCells:Chandra(NewAge,NewDelhi).

WebResources:


