Model Curriculum for Three/Four Year Degree Course (With Multiple
Entry/Exit Option)
Based on NEP-2020

Physics

)
Odisha State Higher Education Council, Bhubaneswar
Government of Odisha



PhysicsBasket-1

Semester | FourYear FourY earHons. ThreeYearDegreec | Three Three
Hons.WithoutRes | withResearch ourse with Y ear Degr eeco Y ear Degree
earch singleM gjor ursewithDoub cour sewiththr

andTwoM inor le ee
Major Core
withoutMajo
;
1. 1. 1. 1. 1.(Mathemati

(Mathematica (Mathematical (Mathematical (Mathematic cal
IPhysics-1) Physics-1) Physics-1) aPhysics-1) Physics-

1)

I 2. (Mechanics) 2. (Mechanics) 2. (Mechanics) 2. (Mechanics) 2.

(Mechan
ics)

1 3. 3.(ElectricityandMagn 3.(ElectricityandMa 3. 3.Quantum
Electricityan etism) gnetism) Electricityan mecha
dMagnetism dMagnetism nicsan
) ) d

applicat
ions
4. (Mathematica 4.(Mathematical- 4.(Mathematical- 4. (Mathematic 4.Electricitya
|-Physics-2) Physics-2) Physics-2) a-Physics-2) ndMagne
5.(WaveandOp 5.(WaveandOptic 5.(WaveandOptic 5.(WaveandOpt tism
tics) S) S) iCS)

v 6. 6.(Mathematical- 6.(Mathematical- 6. 5. Analog
(Mathematical Physics-3) Physics-3) (Mathematic Electro
-Physics-3) al-Pysics:3) nicsSys

tem
7.(Thermal Phy 7.(Therma Ph 7.(ThermalPhysic 7.(Thermal Phys 6.Wavean
sics) ysics) S) ics) dOpti
8. (Analog 8. (Analog 8. (Analog 8. (Analog cs
System) System) System) System)

\ 9.Basic 9.Basic 9.Basic 9.Basic 7.
Instrumentatio Instrumentatio Instrumentatio Instrumentati Solidst
n n n on atePhys

10.Nuclearand 10.Nuclear 10.NuclearandParticlePhysi 10.NuclearandParticl ics
ParticlePhysics andParticlePhysic cs ePhysics
S
11.Digital 11.DigitalSystem 11.Digital System 11.Digital
System System
12.Quantumm 12.Quantumme 12.Quantumme 12.Quantumme
echanicsan chanics chanics chanicsand
d andapplicati andapplicati application
application ons ons S
S

VI 13.Solidstate 13.Solidstate 13.sSolidstate 13.sSolidstate
Physics Physics Physics Physics

14.Electro- 14.Electro- 14.Electro- 14.Electro-
magneticTheo magneticThe magneticTheor magneticTheo
ry ory y ry




15.Statistical . 15.gatistical . 15.5utistical . 15.5atistical




Physics Physics Physics Physics
Vil 16. 16.Classical
Mathemati | Mechanics
calMethod
sinPhysics
17.ClassicaM
echanics
18.QuantumM 17.
echanicsly | QuantumMecha
nicsl
19. 18.Computational
Computati | PhysicsLab
onal
Physics
Lab
VI 20.ClassicaEle 19.
ctrodynami ClassicalElectro
cs dynamics
21.QuantumM 20.0pticsandM
echanics2 odern
PhysicsLab
22.Electronics
23.0pticsand
Modern
Physics
Lab
Totd 23X4=92 20X4=80 15X4=60 15X4=60 7X4=28
PhysicsBasket-2
Subject MultidisciplinaryBasket SECBasket VACBasket
Physics 1. Nanomaterialsa 3raSemester (2Credit) ComputationlM

ndApplications
2. Biophysics
3. Introduction

RenewableEnergyand
EnergyHarvesting

toSpectroscop
y

4thSemester (3Cr edit)
1. AppliedOpticsand
Photonics.

2. IntroductiontoQuantum

| nformationand
Computing

3.Astronomyandastrophysics

aterialsModelling




PROGRAMME:B.Sc.PHYSICS

ProgrammeQOutcomes
PO1:

A cquireadequateknowl edgeofthesubjectPO2
Craft afoundation for higher learningPO3:
Beinitiatedintothebasi csof researchPOA4:
| mbibesoundmoral andethical values
PO5:  Become consciousofenvironmental andsocietalresponsibilities
PO6:  Attainskillsforcommunicationandcareer
PO7:  Learntotoleratediverseideasanddifferentpointsofview

PO8:  Becomeempoweredtofacethechallengesofthechanginguniverse

PROGRAMME:B.Sc.PHYSICS
CourseOutcomes

1: Understandthebasi cconceptsof
methodol ogyof sci enceandthef undamental sof mechani cs, properti esof matterandel ectrodynamics,

Mathematical Physics.

2:Understand the theoretical basis of M athematical Physics,quantum
mechanics,relativisticphysics, nuclear physics, optics, spectroscopy, solid state physics,
astrophysics, statistical physics,photoni csandthermodynamics

3: Understand and apply the concepts of electronics in the designing of different analog
anddigital circuits

4: Understandthebasi csof computerprogrammingandnumericalanalysis



5:Applyandverifytheoretical conceptsthroughl aboratoryexperiments

COURSESTRUCTUREOFUGPHYSICS
PHYSICS

HONOURSPAPERS:

Corecourse-15
papers

Marksperpaper—100
Creditperpaper—4

Teaching hoursperpaper—45hoursfortheory and30 hoursforpractical



SEMESTER-
CORE-:PAPER-|
MATHEMATICAL PHYSICS:Credit-3

Co1
Basi cunderstandingof Differential equati onsandthei rsol uti ons,conceptual under standi ngofcal cul
us.
CO2 Basicunderstandingofvectorcal culusanditsdifferentiation.
CO3  Useofvectorcal culustounderstandvector integration.Diracdel tafunctionandits properties.CO4
Understandingoforthogonal curvilinearcoordinatesanditsapplicati oninvectordifferentiation.CO5
To Understandthebasi cal gorithminapplication tofunctional algebraanderroranalysis.

UNIT-I
Calculus-I : Plottingoffunctions,| ntuitivel deasof conti nuous,differenti abl ef uncti onsandpl otti ngof

curves,Approximation: Taylorand

binomial series(statementsonly),FirstOrder Differenti al Equati onsandl ntegratingFactor, SecondOrderDifferentiale
guations:HomogeneousEquati onswithconstantcoefficients,Wronskianandgeneral sol uti on, Statementof
existenceand Unigueness Theoremfor InitialValueProblems,Particularlntegral .

Calculus-
I 1: Cal culusoffunctionsof morethanonevari abl e: Parti al derivati ves,exactandinexactdifferential s.| ntegrati ngfactor
withsimpleillustration,ConstrainedM aximizationusingL agrangeMultipliers,

UNIT-I11
V ector algebr a: Recapitul ationofvectors: Properti esof vectorsunderrotations. Scalarproductand

itsinvariance underrotations,V ectorproduct, Scalartripleproduct andtheir interpretation
intermsofareaandvol umerespectively,ScalarandV ectorfields.

VectorDifferentiation:
Directional derivativesandnormal derivative,Gradientof ascal arfiel danditsgeometri cali nterpretation,Divergencean
dcurlofavectorfield,Del  andL aplacianoperators,V ectoridentities.

UNIT-111

Vector | ntegr ation: Ordinaryl ntegral sof VV ectors,M ulti pl ei ntegral s,Jacobian,Noti onofinfitesimal line,surfaceandv
olumeel ements,Line,surfaceandvol umeintegral sof V ectorfiel ds,Fluxofavectorfield,Gauss
"divergencetheorem,Green’ s andStokes Theorems andtheirapplications(no

rigorousproofs)Dir acDeltafunctionanditspr oper ties: Definitionof Diracdel taf unction.Representationasl i mitofa

Gaussi anfunctionandrectangul arfunction,Propertiesof Diracdel tafunction.



UNIT-IV
Orthogonal Curvilinear Coordinates. Orthogonal Curvilinear Coordinates, Derivation ofGradient,

Divergence,CurlandL apl acianinCartesian,Spherical andCylindrica CoordinateSystems,Comparisonofvel ocityan
daccel erationincylindrical andspherical coordinatesystem.

TextBooks:
1. Mathematical Methods for Physicists, G.B.Arfken, H.J.Weber,
F.E.Harris(2013, 7thEdn.,Elsevier)
2. AdvancedEngineeringMathematics,ErwinKreyszig(WileyIndia)
Referencebooks:

1. Mathematical PhysicsC.Harper(PrenticeHall India)
2. ComplexVariable:Schaum’ sOutlines SeriesM . Spiegel (2ndEdition,M c-GrawHill Education)
3. Complexvariablesandapplications,J.W.BrownandR.V.Churchill

4. Mathematical Physics,SatyaPrakash(SultanChand)
5. Mathematical Physics,B.D.Gupta(4thedition,VikasPublication)

6. Mathematical PhysicsandSpecial Relativity,M.Das,P.K.JenaandB.K .Dash(SrikrishnaPrakash
an)
Mathematical Physics—H.K.Das,Dr.RamaV erma(S.ChandPublishing)
Mathematical Physics,B.S.Rajput,(Pragati Prakashana

CORE-l:PAPER-I
LAB:Credit-1

Theai mofthi sL abi snotj usttoteachcomputer programmingandnumerical anal ysi sbuttoemphasi zeitsrol ei nsol vingpr
oblemsinPhysics.
Highlightstheuseof computati onal methodstosol vephysical problems
Eval uati ond-onenotontheprogrammingbutonthebasi soff ormul atingtheproblem
Aimatteachingstudentstoconstructthecomputational probl emtobesol ved

StudentscanuseanyoneoperatingsystemL inuxorMicrosoftWindows



Introduction and Overview: Computer architecture and organization, memoryandlnput/output

devices. Basics of scientific computing: Binary and decimal arithmetic, Floating point numbers, algorithms,
Sequence,Selection and Repetition, single and double precision arithmetic, underflow and overflow emphasize the
importance ofmaking equations in terms of dimensionless variables, Iterative methods. Algorithm Errors and error
Analysis:

Truncationandroundofferrors,Absol uteandrel ativeerrors,Fl oati ngpoi ntcomputati ons. Sy stemati candRandomErrors, Propagat
ionof Errors,Normal L awof Errors,StandardandProbabl eError.

Reviewof CandC++Pr ogr amming: Introducti ontoProgramming,constants,

V ariablesandFundamental sdataty pes,operatorsandExpressions,|/Ostatements, scanfand printf,
cinandcout,M ani pul atorsfordataf ormat-ting, Control statements (decisionmaking and

|oopi ngstatements) (1f Statement, I fel seStatement, Nestedl fstructure, El sel f Statement, Ternaryoperator, GotoStatem
ent. Switch Statement. Unconditional and Conditional Looping.While Loop.Do-Whileloop.FOR
L oop.BreakandContinueStatements.Nested Loops),Arrays(1Dand2D) and
strings,userdefinedfunctions, StructuresandUni ons,| deaof cl assesandobj ects.

Programs.Sumandaverage of a list of numbers, largest of a givenlist of numbersand its location in
thelist,sortingof numbersi nascendingdescendingorder,Binarysearch.

Randomnumber gener ation: Areaofcircle,areaof square,volumeofsphere,val ueofz.

ReferenceBooks:

1. IntroductiontoNumericalAnalysis,S.S.Sastry,5thEdn.,2012,PHI L earningPvt.Ltd.
2. Schaum’ sOutlineof ProgrammingwithC++.J.Hubbard,2000,M cGraw— HillPub.

3. NumericalRecipesinC: TheArtof ScientificComputing,W.H.Pressetal ,3rdEdn.2007,Cambri
dgeUniversityPress.

4. AfirstcourseinNumericalMethods,U.M.AscherandC.Greif,2012,PHI L earning.

5. ElementaryNumericalAnalysis,K.E.Atkinson,3rdEdn.,2007,WileyIndiaEdition.
6. Numerical MethodsforScientistsandEngineers,R.W.Hamming,1973,CourierDoverPub.
7. Anintroductiontocomputational Physics, T.Pang,2ndEdn.,2006,Cam-bridgeUniv.Press.



SEMESTER- |

CORE-:PAPER-
IIMECHANICS:Credit-

3

CO-1 ToL earnthebas cconceptsof Rigidbodydynamics,Radiusof Gyration,Moment of Inertia,Non-
Inertial Systems

CO-2 ToUnderstandtheconceptofElasticity,FluidmotionandTypes of Vibration

CO-3
Tounderstandtheconceptof NewtoniantheorythroughGravitation,Central forcemotion,Keplar’ slaws,G

CO-4 Tolearntheconceptof Specialtheory of Relativity,Michel son-
Morleyexperiment,L orentztransformation,Rel ativisticDoppl ereffect.

CO-5 Applythebas cconceptsof M echanicsinexperiments.

UNIT-I

Rotational Dynamics: Centreof M ass,M otionof CoM,Centreof M assandL aboratory
frames,Angularmomentumof aparti cleandsystemof parti cl es, Princi pl eof conservati onof angul armomentum, Rotati
onaboutafixedaxis,Momentofinertia, Perpendicular and Parallel AxisTheorems,RouthRule,Calculationof
momentof inertiaforcylindrical andspherical bodies,Kineticenergyofrotation,Eul er’ sEquati onsof

RigidBodymotion,M otioninvol vingbothtrang ationandrotati on.Momentof | nertiaofaFl ywhesl.

Non-Inertial Systems:Non-
inertialframesandfictiti ousf orces,uniformlyrotatingframe, L awsof Physi csi nrotatingcoordi natesy stems, Centrifuga
Iforce,Coriolisforce.

UNIT-I1
Ogscillations:

Dampedoscill ation.Equati onof moti onandsol ution(casesof oscil latory,critical lydampedandoverdamped) Forced
oscillations: Transi entandsteady states; Resonance, sharpnessof resonance;
powerdissi pationandQualityFactor,BarPendulum,K atersPendulum

Elasticity: RelationbetweenEl asticconstants, Twi stingtorqueonaCylinderorWire,Bendingofbeams, External bendi
ngmoment,Flexuralrigidity,Singleanddoubl ecantilever

FluidMotion:Kinematics of Moving Fluids: Poiseuilles Equation for Flow of a Liquid through a
CapillaryTube,Surfacetension,Gravitywavesandripple
Viscosity: PoiseuillesEquationforFl owofal iquidwithcorrections.



UNIT-111GravitationandCentral For ceM otion: Lawofgravitation,Gravitational potentialenergy,

Inertial and gravitational mass, Potential and field due to spherical shell and solid sphere, Motion of a
particleunderacentralforcefield, Two-body problemanditsreductiontoone-bodyproblemanditssolution,Differential
Equationof motion withcentralforceanditssol ution, Thefirst
Integral s(two),Conceptof powerL awPotential s,K epler’ sL awsof Planetarymotion,Satel lites.Geosynchronousorbits
,Weli ghtlessness,Basi cideaofgl obal positioningsystem(GPS).

UNIT-IV

Special Theor yofRelativity: Michel son-M orl ey Experimentanditsout-come, Postul atesof Specia Theoryof
Relativity,L orentzTransformations,Simultaneityandorderofevents,L orentzcontraction, Timedilation,Rel ativistict
ransformationofvelocity,Frequency and wave number, Relativisticadditionof velocities,Variationof
masswithvel ocity,M asslessParticles,M ass-

energyEquival ence,Rel ativisticDoppl ereffect,Rel ativisti cKinematics, Transf ormati onof EnergyandM omentum.

TextBooks:
1. Mechanics,D.S.Mathur(S.ChandPublishing)
2. IntroductiontoSpecial Rel ativity,R.Resnick(JohnWiley)
ReferenceBooks:

1. IntroductiontoM echanicsDaniel KlapnnerandRobertK olenkow,M cgrawHill.
M echanicsbyK.RSimon
Mechanics,BerkeleyPhysics,vol.1,C.Kittel,\W.Knight,etal (TataM cGraw-Hill)
Physics,Resnick,HallidayandWalker(8/e.2008,Wiley)
TheoreticalMechanics-M.R. Spiegel(TataM cGrawHill).

FeynmanL ectures,Vol.I,R.P.Feynman,R.B.L eighton,M .Sands(Pearson)
Mechanics-M.Das,P.K .JenaandR.N.Mishra(SrikrishnaPublications)
Classical M echanics,GuptaK umar& Sharama, (Pragati Prakashan)

ClassicalM echanics,J.C.Upadhyaya,(Himal ayaPublishingHome)

© ©® N o g~ w DN

CORE-:PAPER-II
LAB:Credit-1



(Minimum4experimentsaretobedone):

ReferenceBooks:

© N o g k~ W D

Tostudy surfacetensionbycapillaryrisemethod.

Todeterminethehei ghtofabuil dingusingaSextant.

TostudytheM otionof Springandcal cul ate(a) Springconstant,(b)gand(c)M odul usofrigidity.
TodeterminetheM omentof | nertiaofaFl ywheel.

TodetermineCoefficientof Viscosityof waterbyCapillaryF owM ethod(Poi seuillesmethod).
TodeterminetheM odul usof RigidityofawWirebyMaxwell’ sneedle.

Todeterminetheval ueofgusingBarPendulum.

Todeterminetheval ueofgusingK ater’ sPendulum.

Advance-dPractical Physicsforstudents,B.L .FlintandH.T.Worsnop,1971,AsiaPublishingHou
se.

Advancedlevel PhysicsPractical’ s,Michael Nel sonandJonM.Ogborn,4thEdition,reprinted1985
,HeinemannEducational Publishers.

AText B ookofPractical Physics,l.PrakashandRamakrishna,11thEdn,2011,KitabMahal.

SEMESTER-III

CORE-:PAPER-III
ELECTRICITYANDMAGNETISM:Credit-3

CO-1 Tounderstandthebasi cconceptsof ElectricityandM agnetism

CO-2 ToUnderstandthevariousphenomenainEl ectricityandM agnetismCO-

3 ToUnderstandCircuitanal ysi sandnetworktheorems

CO-4  ToExplaintheDynamicsof ChargedParticlesCO-5

ToA pplytheacquiredknowledgei nExperiment.

UNIT-1

ElectricFieddandElectricPotential

Electric field: Electric field lines, Electric flux, Gauss Law with applications to charge distributions
withspherical, cylindrical and planar symmetry, Conservative nature of Electrostatic Field. Electrostatic
Potential ,Potential andEl ectri cFi el dof adi pol e, Forceand T orqueonadi pol e, Potential cal cul ati oni ndifferent



simpl ecases, L apl aceandPoi ssonequati ons, TheUni quenessT heorem,M ethodof | magesandi t sappli cationto(1) Plan
el nfiniteSheetand(2) Sphere.

Electrostati cenergyof systemofcharges,El ectrostati cenergy of achargedsphere, Conductorsinanel ectrostaticFiel
d,Surfacechargeandforceonaconductor.

UNIT-I1

MagneticField: Magnetic Force,LorentzForce, BiotSavarts Law,Cur- rent Loop as a Magnetic Dipoleand its
Dipole Moment (analogy with Electric Dipole), Amperes Circuital Law and its application to
(1) Solenoid(2) Toroid( 3)
Helmhotzcoil ,Propertiesof curlanddivergence,V ectorPotential ,Balli sticGal vanometer: TorqueonacurrentL oop,C
urrentandChargeSensitivity, El ectromagneticdamping,L ogarithmicdamping,CDR.

UNIT-ITI

Dielectric Proper tiesof
M atter : ElectricFieldinmatter,Pol ari zation,Pol ari zationCharges, El ectri cal SusceptibilityandDiel ectricConstant,
Capacitor(parallelplate,spherical ,cylindrical )filledwithdiel ectric, Displacementvector D, Relations
betweenE,Pand D,GaussL awindiel ectrics.M agneticProperti esof M atter:
M agneti zationvector(M),M agneti cl ntensity (H),M agneti cSuscepti bilityandpermeability,Rel ationbetweenB,H,M
,Ferromagnetism,B-Hcurveandhysteresis.Electromagneticinduction: Faradays Law, Lenz's Law, Sef -
Inductance and Mutual Inductance, Reciprocity Theorem, EnergystoredinaMagnetic
Field,IntroductiontoM axwell’ sEquations.

UNIT-IV

ElectricalCircuits: AC Circuits: Kirchhoffs laws for ACcircuits,Complex Reactanceand
Impedance, SeriesL CRCircuit: (1) Resonance(2) PowerDissi pation(3) Quality
Factor,(4)BandWidth,ParallelLCRCircuit.

Networ ktheor ems: Kirchoff’ slawforel ectrical circuits,| deal Constant-
voltageandConstant-currentSources.

NetworkTheorems: Thevenintheorem,Nortontheorem,Superposition
theorem,Reci procitytheorem,M aximumPower Transfertheorem,A pplicationstoDCcircuits. TransientCurr
entsGrowthanddecayof currentinRCandL Rcircuits.



TextBooks:
1. IntroductiontoElectrodynamics— D.J.Griffiths(Pearson,4thedition,2015)2.

Foundationsof El ectromagneti cTheory-RitzandMilford(Pearson)

ReferenceBooks:

1. ClassicalElectrodynamics,J.D.Jackson(Wiley).
2. ElectricityandMagnetismD.C.Tayal (HimalayaPublishinghouse)

3. Electricity,MagnetismandElectromagneticT heory-
S.MahajanandChoudhury(TataM cGrawHill)

4. FeynmanLecturesVol.2,R.P.Feynman,R.B.Leighton,M.Sands(Pearson)
5. ElectricityandMagnetism,J.H.FewkesandJ.Y arwood.Vol.l (OxfordUniv.Press)
6. ClassicalElectromagnetism,H.C.Verma,BharatiBhawan

CORE-I:PAPER-III
LAB:Credit-1
(Minimumof6experimentsar etobedone)

UseaM ultimeterformeasuring(a) Resi stances,(b)ACandDCV oltages,c) DCCurrent,(d)Ca
pacitances,and(e) Checkingel ectrical fuses.

Tostudythecharacteristicsof aseriesRCCircuit.

TodetermineanunknownL owResi stanceusing Potentiometer.
TodetermineanunknownL owResi stanceusingCareyFostersBridge.
TocomparecapacitancesusingDeSauty’ sbridge.

M easurementoffiel dstrengthBanditsvariationinasol enoi d(determinedB/dx)
Toverify theThevenin andNortontheorems.

Todeterminesel f-inductanceofacoil by Andersons bridge.

© N o g &~ W DN

TostudyresponsecurveofaSeriesL. CRcircuitanddetermi neits(a) Reso-
nantfrequency,(b)l mpedanceatresonance,(c)QualityfactorQ,and(d)Bandwidth.
9. TostudytheresponsecurveofaparallelL CRcircuitanddetermineits(a)

10. Anti-resonancefrequencyand(b)QualityfactorQ.



ReferenceBooks:

1. AdvancedPractical Physicsforstudents,B.L.Flintand
H.T.Worsnop,1971,AsiaPublishingHouse

2. ATextBookofPractical Physics,|.PrakashandRamakrishna,11thEd.,2011,KitabMahal

3. Advancedlevel PhysicsPracticals,Michael Nel sonandJonM .Ogborn,4thEdition,reprintedl
985,HeinemannEducati onal Publishers

4. Al aboratoryManual of Physicsforundergraduatecl asses,D.P.K handelwal, 1985,V ani Pub.

CORE-:PAPER-
IVMATHEMATICALPHYSICS-11:Credit-3

Theemphasi softhecoursel sonappli cationsi nsol vingprobl emsofinteresttophysicists.Studentsare
tobeexaminedonthebasi sof problems, seenandunseen.
CO-1:Conceptual understanding of Fouri erseri esanditsapplicationinperiodi cfunction.CO-

2:Understandingthe vari ousspeci alfunctionsanditsproperties.
CO-3: Understandingvarious polynomials and special
integrations.CO-

4:Tolearntheapplicationsof partial differential equation.
CO-5:Toapplytheacquiredknowl edgetosol veproblems.

UNIT-I

Fourier Series-| : Periodicfunctions,Orthogonalityof

sineandcosi nefunctions,DirichletConditions(Statementonly), Expansi onof periodi cfuncti onsi naseri esof sineandco
sinefunctionsanddeterminationof ~ Fouriercoefficients,Complexrepresentationof ~ Fourierseries,Expansionof
functionswitharbitrary period, Expansionof non-periodicfunctionsover aninterval,
Evenandoddfunctionsandtheir FourierexpansionsandA pplication,Summingof InfiniteSeries, Term-by-

Termdifferentiationandintegrationof FourierSeries,Parseval | dentity.

UNIT-I1
FrobeniusM ethodandSpecial Functions: Singul arPoi ntsof SecondOrderLinearDifferentia Equations and their
importance, Singularities of Bessel's and Laguerre Equations,

Frobeniusmethodanditsapplicationstodifferential equations: Bessel L egendreandHermiteDifferential



Equations,LegendreandHermitePolynomials:Rodrigues Formula, G enerating Function,Orthogonality.

UNIT-ITI

Polynomials.Simple recurrence relationsof L egendreandHermitePolynomials, Expansi onof
functioninaseriesof L egendrePol ynomial s,A ssoci atedL egendreDifferential Equati on,A ssoci atedL egendrepol yno
mials,Spherical Harmoni cs.Spherical Bessel’ sFunction(1sand2™kind).

SomeSpeciall ntegr als: BetaandGammaFuncti onsandrel ati onbetweenthem, Expression
of I ntegral sintermsof GammaFunctions,ErrorFunction(Probabilityl ntegral ).

UNIT-1V
Partial Differ ential Equations: Sol utionstopartial differential eguations using Separation
ofvariables.L aplace’ sEquationinproblemsofrectangular,cylindricaland spherica

symmetry.Conductinganddi el ectri cspherei nanexternal uniformel ectricfiel d.Waveequati onanditssol utionforvibrat
ionalmodesofastretchedstring.

TextBooks:
1iEI M ath;amati calMethodsforPhysicists,G.B.Arfken,H.J. Weber,F.E.Harris.(2013,7thEdn
. Elsevier
2. AdvancedEngineeringM athematics,ErwinKreyszig(Wileylndia)

ReferenceBooks:

1. Mathematical Physicsand SpecialRelativity,M.Das,P.K.Jena
andB.K .Dash(SrikrishnaPrakashan)

M athematical Physics—H.K.Dass,Dr.RamaV erma(S.ChandPublishing)
3. Mathematical PhysicsC.Harper(PrenticeHallIndia)

i

ComplexV ariable: Schaum’ sOutlinesSeriesM . Spiegel (2ndEdition,M cGrawHil | Educatio
n)

Complexvariablesandapplications].W.BrownandR.V.Churchill

Mathematical Physi cs,SatyaPrakash(SultanChand)

M athematical PhysicsB.D.Gupta(4thedition,VikasPublication)

Mathematical Physics,B.S.Raj put,Pragati Prakashan

© N o O

CORE- :PAPER-IV
LAB:Credit-1



Theai mofthi sL abi stousethecomputati onal methodstosol vephysi cal problems.Coursewill consi stof

lectures (both theory and practical) in the Lab. Evaluation done not on the programming but on the basis
offormulatingtheproblem.

Topics

I ntr oductiontoNumericalcomputationsoftwar eScilab: | ntroductiontoScil ab,A dvantagesanddi sadvantages, Scil
ab computationsoftwareScilab environment,Command window, Figure window, Editwindow, Variables and
arrays, Initialising variables inScilab, Multidimensional
arrays,Subarray,Specialval ues,Displayi ngoutputdata,datafil e, Scal arandarray operations,Hierarchyof
operations,BuiltinScil abfunctions,| ntroducti ontopl otting,2Dand3Dpl otting(2),

BranchingStatements and program design, Relational and logical operators,the whileloop,forloop,detail sof loop
operations, break and continuestatements, nested loops, logical arrays and vectorization (2)
Userdefinedfunctions,| ntroductiontoScil abfunctions,V ariabl epassi nginScil ab,optionalarguments, preserving data
between calls to a  function, Complex and Character data, string  function,
Multidimensional arrays(2) anintroductiontoScil abfil eprocessing,fil eopeningandcl osing,Binaryl/ofunctions,com
pari ngbi naryandformattedfunctions,Numerical methodsanddevel opi ngtheskill sof writingaprogram(2).

Curvefitting,L eastsquar efitGoodnessoffit,standard constant Deviation:Ohms law
tocal cul ateR,Hookesl awtocal cul atespringconstant

SolutionofL inear systemofequationsbyGausseliminationSolutionmethodandGaussSeidalmethod.Diagonal
ization matrices,| nver seofamatrix,Eigenvectors, problems: Solution
of meshequati onsof el ectriccircuits(3meshes),Sol utionofcoupled  springmasssystems(3meshes).
SolutionofODEFirstorderDifferentialequationEuler,modiftedEulerRunge-

KuttasecondmethodsSecondorderdifferentialequation.Fixeddifferencemethod:

Firstorderdiferentialequation
- Radioactivedecay

« CurrentinRC,LCcircuitswithDCsource
- Newtonslawofcooling

- Classicalequationsofmotion

Secondorder DifferentialEquation
« Harmonicoscillator(nofriction)

- DampedHarmonicoscillator



- Overdamped

« Criticaldamped

- Oscillatory

- ForcedHarmonicoscillator

- TransientandSteadystatesol ution
- ApplyabovetoL CRcircuitsal so

ReferenceBooks:
1. Mathematical MethodsforPhysicsandEngineers,K.FRiley,M.P.Hobson andS.
J.20Bence,3rded.,2006,CambridgeUniversityPress.

2. ComplexVariables,A.S.FokasandM.J.Ablowitz,8thEd.,2011, CambridgeUniv.Press.

3. Firstcourseincomplexanalysiswithapplications,D.G.ZillandP.D.Shana-
han,1940,JonesandBartl ett.

4. Simulation of ODE/PDE Models with  MATLAB, OCTAVE and
SCILAB:ScientificandEngineeringApplications:.A.V.Wouwer,P.Saucez,C.V .Fern-
ndez.2014Springer.

5. Scilabbyexample:M.Affouf2012,1SBN:978-1479203444

6. Scilab (Afreesoftwareto
Matlab):H.Ramchandran,A.S.Nair.2011S.ChandandCompany

7. ScilablmageProcessing:LambertM . Surhone.2010Betascri ptPublishing

CORE-:PAPER-
VWAVESANDOPTICS:Credit-3

CO-1:Basicunderstanding of propagation of light, its application and wave
nature.CO-2: ToUnderstandtheconcepts ofwavemotion.
CO-3:To Understand the concepts of interference and its
application.CO-4:To Understand the concepts of diffraction and its
application.CO-5:ToA pplytheacquiredknowledgeofoptics
inExperiment

UNIT-I

Geometricaloptics:Fermat’ sprinci ple,refl ectionandrefracti onatpl anel nterface, M atrixformul ationof



geometrical Optics,Cardinal pointsandCardinalplanes ofan opticalsystem,l deaofdispersion,

Application to thick Lens and thin Lens, Ramsden and Huygens eyepiece. Wave Optics :Electromagneticnature
of light. Definition and properties of wave front Huygens Principle. Temporal and Spatial Coherence. UNIT -1 |

WaveM otion: PlaneandSpherical Waves,L ongitudinalandTransverseWaves,PlaneProgressive(Traveling) Waves,
WaveEquation,ParticleandWaveV e ocities,Differential Equation,Pressureof alongitudinal Wave, Energy Trans-
port, Intensityof Wave.Superpositionof two perpendicularHarmonicOscillations: Graphical and Analytical
Methods, Lissgjous Figures (1:1and1:2)andtheir uses,Superpositionof Harmonicwaves.

UNIT-I11

I nterference: Divisionof amplitudeand wave front, Y oung’s doubleslit experiment, LIoyds Mirror andFresnels
Bi-prism, Phase change onreflection:Stokes treatment, Interference in Thin Films: paralld andwedge-
shapedfilms,Fringesof equalinclination(HaidingerFringes),Fringes of equal thickness(FizeauFringes), Newton's
Rings. Measurementof wavelengthand refractive index. Interferometer: Michelson’ sinterferometer-( 1)l deaof
formof fringes( Notheoryrequired),( 2) Determinationof Wavelength,(
3)WavelengthDifference,(4)Refractivel ndex,and(5)Visibilityoffringes,Fabry-Perotinterferometer.

UNIT-1V

Fraunhoffer diffraction: Singledit,Circul araperture, Resol vingPowerof atel escope, Doubl eslit,Multiple dits,
Diffractiongrating, Resolving powerof grating. Fresnel Diffraction: Fresnel’s Assumptions,Fresnel’s Half-
Period Zones for Plane Wave, Explanationof Rectilinear Propagation of Light, Theory of aZone Plate:Multiple
Fociof aZone Plate,Fresnel’ s Integral ,Fresnel diffractionpatternof astraightedge,aditandawire.

TextBooks:
1. AtextbookofOpticsN.SubhramanyamandBrijLal (S.Chand Publishing)

2. Optics-AjoyGhatak(McGrawHill)
ReferenceBooks:
Optics-E.Hecht(Pearson)
Fundamental sof Optics-F.A .JenkinsandH.E.White(M cGraw-Hill)
GeometricalandPhysicalOptics R.S.Longhurst(OrientBlackswan)
ThePhysicsof VibrationsandWaves-H.J.Pain(JohnWiley)

P W N



5. OpticsP.K.Chakraborty.
6. Principlesof Optics-MaxBornandEmilWolf(PergamonPress)
7. ThePhysicsof WavesandOscillations-N.K.Bajaj (M cGrawHill)

CORE-:PAPER-V

LAB:Credit-1
(Minimumb5experimentsaretobedone)
Todeterminethefrequencyofanel ectrictuningforkbyM el de’ sexperimentandverify2-Tlaw.

Toplotthel -Dcurveandtodeterminetherefractivei ndexof aprism

TodeterminerefractiveindexoftheM aterial of apri smusi ngsodiumsource.

Todeterminethedi spersivepowerandCauchyconstantsofthemateri al of aprismusingmercurysource.
Todeterminewavel engthof sodiumlightusingNewton’ sRings.

Todeterminewavel engthof (1) Nasourceand(2) spectral linesof Hgsourceusi ngpl anediffractiongrating.
Todeterminedi spersivepowerandresol vingpowerof apl anediffractiongrating.

& N ok WD

ReferenceBooks:

1. AdvancedPracticalPhysicsforstudents,B.L.FlintandH.T.Worsnop,1971,As aPublishing
House

2. ATextBookofPractical Physics,|.PrakashandRamakrishna,11thEd.,2011,KitabM ahal

3. Advancedlevel PhysicsPracticals,Michael Nel sonandJonM .Ogborn,4thEdition,reprintedl
985,HeinemannEducational Publishers

4. ALaboratoryManual of Physi csforundergraduatecl asses,D.P.K handelwal, 1985,V ani

SEMESTER-V

CORE-:PAPER-
VIMATHEMATICALPHYSICS-111:Credit-3

CO-

1:Understandingandappli cationof Complexfunctionvariables.CO-

2:Understandi ngtheconceptof Fourier Integraltransform.

CO-3:To Understand the properties and application of Fourier integral
transformation.CO-

4:ToUnderstandthepropertiesandapplicationof L apl acei ntegral transf ormation.CO-
5:ToA pplytheacquiredknowl edgetosol veproblems.



UNIT-I

ComplexAnalysis. BriefRevisionof ComplexNumbersandthei rGraphi cal RepresentationEuler’ s

formula,DeM oivrestheorem,Rootsof complexNumbers, Functionsof ComplexV ariables, AnalyticityandCauchy-
RiemannConditions,Exampl esof

analyticfunctions,Singul arfunctions: pol esandbranchpoi nts,orderof singul arity ,branchcuts, | ntegrati onof af unction

ofacompl exvariabl e, Cauchysl nequality, Cauchysl ntegral formul a, Simplyandmultipl yconnectedregi on,L aurentan

dTaylorsexpansion,Resi duesandResi dueTheorem,A pplicationinsol vingDefinitel ntegral s.

UNIT-I11

Integral Transforms-

| : FourierTransforms: Fourierl ntegral theorem,Fourier Transform,Exampl es,Fourier Transformof
trigonometric,Gaussi an,finitewavetrai nandotherfunctions,Representati onof Diracdel taf uncti onasaFourierl ntegral
,Fouriertransformofderivatives,InverseFourier Transform.

UNIT-ITI

IntegralTransforms-11:  Convolutiontheorem,Properti esof Fourier Trans forms
(translation,changeof scal e,compl exconjugation), Threedimensi onal Fouriertransformswith

examples,A pplicationof

FourierTransformstodifferenti al equati ons: Onedimensi onal WaveandDiffusi on/Heatfl owEquations.

UNIT-IV

L aplaceT ransfor ms: LaplaceTransforms(L T)of Elementaryfunctions,

Properties of Laplace Transforms. Change of Scale Theorem, Shifting Theorem, LTs of Derivatives
andintegrals of Functions, Derivatives and Integralsof Functions, Derivativesand Integrals of LTs. LTof
UnitStep function, Dirac Delta function, Periodic Functions, Inverse LT, Application of Laplace Transforms
toDifferential Equations.DampedHarmonicOscillator, SimpleEl ectrical Circuits.

TextBooks:
1. Mathematicd Methods for Physicists, G.B.Arfken, H.J.Weber,

F.E.Harris(2013, 7thEdn.,Elsevier)
2. AdvancedEngineeringMathematics,ErwinKreyszig(Wileylndia)



ReferenceBooks:

1.
2.

© N o A W

Mathemati cal Physi csandSpecial Rel ativity—M .Das,P.K .JenaandB.K .Dash(SrikrishnaPrakashan)
Mathematical Physics—H.K.Dass,Dr.RamaV erma(S.ChandPublishing)

M athematical PhysicsC.Harper(PrenticeHallIndia)
Complex-V ariable: Schaum’ sOutlinesSeriesM . Spiegel (2ndEdition,M c-GrawHil | Education)

Complexvariablesandapplications].W.BrownandR.V.Churchill
M athemati cal Physi cs, SatyaPrakash(SultanChand)

Mathematical PhysicsB.D.Gupta(4thedition,VikasPublication)
M athematical PhysicsB.S.Rajput,Pragati Prakashan

Mathematical physics-
[11,(UniversityPhysics),Dr.RanjanK umarBhuyan,Himal ayaPublishingHouse

CORE-:PAPER-VI
LAB:Credit-1

Scil abbasedsi mul ations(X Cos)experimentsbasedonM athemati cal Physi csproblemslike

Solvesimpl edifferential equationglike:

DirectDeltaFunction:

i withy(x=0)=0
% +e—x=x2 withy(x=0)=0
jix}z/ + 2 % = —vy withy(x=0)=0,y'(x=0)=1
% +e—x % = —y withy(x=0)=0,y (x=0)=1
(x-2)?
Evaluatef”, dx == ¢ 2 ,foro=0.1,0.01,0.00 andshowthatittendstos.

FourierSeries;

Programtosum;eval uatetheFourier Coefficientsofagivenperiodicfunction
(SquareWave)



FrobeniusM ethodandSpeci al Functions:

2

1
du P,u P,y = —§6
f—l U Fapll Pyl n+ 1 mn

P otPn(x),L egendrepol ynomial of degreen,anddn(x),Bessel functionoffirstkind. ShowRecur
sionrelation.

Cal culationoferrorforeachdatapoi ntof observati onsrecordedi nexperimentsdonei nprevioussemester
s(chooseanytwo)

Cal culationofleastsguarefittingmanual lywithoutgi vingwei ghtagetoerror.Confirmati onofl eastsquar
efittingof datathroughcomputerProgramme.

Evaluationof trigonometricfunctionse.g.Sin©,GivenBessel ’sfunctionat N points,find
itsval ueatanintermediatepoint.

dx
x24

Complexanalysis.Calculate/ >andcheckitwithcomputerintegration.

Integraltransform: FFTofe—x

ReferenceBooks:

1. Mathematical Methods for Physics and Engineers, K. FRiley, M.P. Hobsonand S.
J.Bence,3rded.,2006,CambridgeUniversityPress.

2. MathematicsforPhysicists,P.DenneryandA .Krzywicki,1967,DoverPublications.

3. Simulation of ODE/PDE Models with MATLAB, OCTAVE and SCILAB:
Scientificand Engineering Applications: A. Vande Wouwer, P.Saucez, C.V. Fernndez.
2014Springerl SBN:978-3319067896

4. Scilabbyexample:M.Affouf,2012.1SBN:978-1479203444

5. St
ilab(AfreesoftwaretoM atlab):H.Ramchandran,A.S.Nair.2011S.ChandAndCompany, Scil
ablmageProcessing:LambertM.Surhone.2010 BetascriptPublishing.



CORE-:PAPER-
VIITHERMALPHY SICS:Credit-
3

CO-1:Basicunderstandingofthermodynamics andvariousthermal variabl es.

CO-

2:Understandingvariousthermodynami cspotential appli cationsandtheirproperties.CO-
3: ToUnderstandtheconceptsofideal gasandits thermal properties.

CO-4:To Understand the concepts ofreal gas and its thermal properties.CO-

5:ToA pplytheacquiredknowl! edgeofthermodynami csinExperiments

UNIT-I
I ntroduction toT her modynamics Recapitul ati onof ZerothandFirstlawofthermodynamics,

SecondL awof Ther modynamics: Reversibleandlrreversi bl eprocesswithexamples, K elvin-PlanckandClausi usStatements
and their Equivalence,Carnot’s Theorem,Applications

of SecondL awof Thermodynamics: ThermodynamicScal eof Temperatur
eanditsEquivalencetoPerfectGasScale.

Entropy: Conceptof Entropy,ClausiusTheorem.Clausius Inequality,Second Lawof Thermodynamicsin terms
of Entropy, Entropy ofa perfect gas, Principle of increaseof
Entropy,EntropyChangesinReversibleandl rreversi bl eprocesseswithexampl es,Entropyof thePrinciple oflncrease
of Entropy, TemperatureEntropydiagramsforCarnot’ sCycle, ThirdL awof Thermodynamics,Unattai nabilityof Absol
uteZero.

UNIT-II

Ther modynamicPotentials. Extensiveandl ntensiveThermodynamicV ariables. Internal
Energy,Enthal py,HelmholtzFreeEnergy,GibbsFreeEnergy, TheirDefinitions,PropertiesandA ppli cations,SurfaceFilmsand
Variationof SurfaceT ension withTemperature, MagneticWork, Coolingduetoadi abati cdemagnetization.

PhaseT r ansitions. FirstandsecondorderPhaseT ransi tionswithexampl es,Clausi usCl apeyronEquati onandEhrenfest
equations.

M axwellsT her modynamicRelations: Derivations andapplications of Maxwells Relations,
Maxwel | sRel ations: (1) Clausi usClapeyronequation(2) Rel ati onbetweenCpand Cv(3) TdSEquati ons,(4) Joul e-

Kelvincoefficientforldealand. V anderWaal Gases(5) Energyequati ons(6) Changeof
TemperatureduringAdiabati cProcess.



UNIT-ITI

KineticTheoryofGases

Distribution of Velocities: Maxwell-Boltzmann Law of Distribution of Velocities in an ldeal Gas and
itsExperimental Verification,
SternsExperiment,M ean,RM SandM ostProbabl eSpeeds, Degreesof Freedom, L awof Equi partitionof Energy (Nopro

ofrequired),Specificheatsof Gases.
M olecular Collisions: MeanFreePath,CollisionProbability, Estimatesof M eanFreePath,

TransportPhenomenoninl deal Gases: (1) Viscosity,(2) Thermal Conductivityand(3) Diffusion.BrownianM otiona
nditsSignificance.

UNIT-IV

Real Gases: Behaviorof Real Gases: Deviationsfromthel deal GasEquation, TheVirial Equation,Andrews
ExperimentsonCO2Gas.Critical Constants,Continuityof ~ LiquidandGaseousState.Vapourand Gas, Boyle
Temperature, Van derWaals Equationof State for RealGases, Values of Critica Constants,Lawof
CorrespondingStates,Comparison withExperimental Curves,P-
V Diagrams,Joul esExperiment,FreeA di abati cExpansi onof aPerfectGas,Joule-
ThomsonPorousPl ugExperiment,Joul e-

ThomsonEffectforReal andV anderWaal Gases, Temperatureof| nversion,Joul e-ThomsonCooling.

TextBooks:
1. ThermalPhysics,A.B.Gupta(BooksandalliedL td)

2. HeatandThermodynamics,M.W.Zemansky,RichardDittman(McGraw-Hill)

ReferenceBooks:
1. Theoryandexperimentsonthermal Physics,P.K.Chakrabarty(Newcen-
tral bookagencylimited)

2. Thermodynamics,KineticTheoryandStatistical Thermodynamics-
SearsandSalinger(Narosa)

3. ATreatiseonHesat-
M eghnadSahaandB.N.Srivastava( Thel ndianPress)Heat,andthermodynami csandStati stic
alPhysics,N.SubrahmanyamandBrijLal

(S.ChandPublishing)



flowmethod.

ReferenceBooks:

. ThermalandStati stical PhysicsM.Das,P.K.Jena,S.Mishra,R.N.Mishra(ShriKrishnaPublica

tion)

. Heat, Thermodynamics and  statistical physics, Brijlal, Subhramanyam

andHemne,S.ChandPublication.

CORE-:PAPER-VII
LAB:Credit-1

(Minimumbexperimentsar etobedone)

1. TodetermineM echanical Equival entof Heat,J,byCallenderandBarnesconstant

. TodeterminetheCoefficientof Thermal Conductivityof

abadconductorbyL eeandCharltonsdiscmethod.

. TodeterminetheT emperatureCoefficientof Resi stancebyPlatinumResi stanceT hermomete

r(PRT).

. T ostudythevariationof Thermo-

EmfofaT hermocouplewithDifferenceof TemperatureofitsTwoJunctions.

TodetermineJbyCaloriemeter.

6. Todeterminethespecificheatofliquidbythemethodofcooling.
7. Todeterminethespecificheatof solidbyapplyingradiationofcorrection.

. AdvancedPractical Physicsforstudents,B.L .FlintandH.T.Worsnop,1971,As aPublishingH

ouse

. ATextBookofPractical Physics,| .PrakashandRamakrishna,11thEd.,2011,KitabM ahal

. Advancedlevel PhysicsPractical s,Michael Nel sonandJonM .Ogborn,4thEdition,reprintedl

985,HeinemannEducati onal Publishers

. ALaboratoryM anual of Physi csforundergraduatecl asses,D.P.K handelwal ,1985, V ani Pub.



CORE-:PAPER-VIII
ANALOGSYSTEM S:Credit-3

CO-1:Basi cunderstandingof semi conductordi odes,devicesandthei rappli cations.CO-

2 :To Understandthebasi cconceptsi ntransi storsandamplifiers.
CO-3:ToUnderstandtheconceptof coupl edamplifieranditsapplicationinfeedbackcircuit. CO-4:To
Understand theconceptsofoperational amplifieranditsapplication.

CO-5:ToA pplytheacquiredknowl edgeof el ectroni ccircuitsinExperiments.

UNIT-1

Semiconductor Diodess. P and N typesemiconductors,energy leveldiagram,conductivity —and
Mobility,Conceptof Drift velocity, PN junction fabrication (simple idea), Barrierformation in PN Junction
Diode, StaticandDynami cResi stance, Currentflowmechani sminForwardandReverseBiasedDiode, Driftvel ocity,de
rivationforBarrierPotential ,BarrierWidthandcurrentStepJunction.

Two terminaldeviceandtheir applications: (1)Rectifier Diode: Half-waveRectifiers.center-
tappedandbridgetypeFull-waveRectifiers,Cal cul ation of Ripple Factor and
RectificationEfficiency,LandCFilters(2)ZenerDiodeandV oltageRegul ation,Principl eandstructureof LEDS,

(2) Photodiode(3)SolarCell.

UNITII

Bipolar JunctionTransistor s.n-p-nandp-n-ptransistors,Characteri sti csof
CB,CEandCCConfigurations,Currentgainsaand b,Relation betweenaand b,Load lineanalysisof Transistors,
DCL oadlineandQ-point,Physi cal mechani smof currentflow,Active, Cut-of fandSaturationRegions.

Transistors Biasing: TransistorBiasingandStabilizationcircuits,FixedBias andVoltageDividerBias.
Amplifiers:  Transistorsas 2-port network  h-parameter  EquivalentCircuit, Analysis of a
singlestageCEamplifierusingHybridM odel ,| nputandOutputimpedance, Current,V oltageandPowerGains.

UNIT-111
ClassificationofclassA,Band Camplifiers,Push-pullamplifier(classB).

CoupledAmplifier : RC-coupledamplifieranditsfrequencyresponse.

FeedbackinAmplifier s: Effectof PositiveandNegativeFeedbackonl n-
putl mpedance, Outputl mpedance, GainStability,DistortionandNoi se. Sinusoi dal Oscillations. Barkhausenscriterian
forself-



sustai nedoscill ations.RCPhaseshiftoscill ator,determinati onof Frequency,HartleyandCol pittsoscill ators.

UNIT-IV

Operational Amplifier s(BlackBoxappr oach): Characteristicsof anl dealandPractical OP-AMP(1C741).Open-
loopandClosedloopGain.FrequencyResponse. CM RR,SlewRateandconceptofvirtual ground.

Applicationsof Op-Amps: (1)l nvertingandnon-

invertingamplifiers(2) Adder(3)Subtractor(4)Differentiator,(5)I ntegrator(6)Logamplifier,(7)Zerocrossi ngdetector (8) Wei

nbridgeoscillator.

TextBooks:

1. FoundationsofElectronics-RaskhitandChattopadhyay (Newagel nternati onal Publication)
2. ConceptofElectronics-D.C.Tayal (HimalayPublication)

ReferenceBooks:

ElectronicdevicesandcircuitsR.L.Boyl stad(Pearsonindia)
ElectronicPrinciples-A.P.Malvino(TataM cGrawHill)
PrinciplesofElectronics-V.K.MehtaandRohitM ehta(S.ChandPub-lication)
OP-AmpsandLinearintegratedCircuit-R. A.Gayakwad(PrenticeHall)
Physi csof Semiconductordevices,Donal dA Neamen(PrenticeHall)
AnalogSystemandA ppli cation: Guptak umar,Pragati Prakashan

© oA W DN p



ReferenceBooks:

o~ W DN P
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COREH :PAPER-VIII
LAB:Credit-1
(Minimumb5experimentsar etobedone)
TostudytheV -l characteri sticsof aZenerdi odeanditsuseasvol tageregul ator.

StudyofV -landpowercurvesof sol arcel | s,andfindmaxi mumpower poi ntandefficiency.

Tostudythecharacteristicsof aBipol arJunctionTransi storinCEconfiguration.
Tostudythevariousbiasi ngconfigurationsof BJT fornormal classA operation.

To studythe freguencyresponse ofvoltagegain ofaRC-
coupl edtransistoramplifier.

Todes gnaWienbridgeoscill atorforgivenfreguencyusinganon-amp.

7. TodesignaphaseshiftoscillatorofgivenspecificationsusingBJT .

TostudytheColpitt’ soscillator.

ModernDigital Electronics,R.P.Jain,4thEdition,2010, TataM cGrawHill.
BasicEl ectronics: Atextlabmanual ,P.B.Zbar A .P.Malvino,M.A.Miller,1994,McGrawHill.

Microprocessor Architecture Programming and applications with 8085,
R.S.Goankar,2002,PrenticeHall.

Microprocessor8085: Architecture,Programming
andinterfacing,A.Wadhwa,2010,PHI L earning.



SEMESTER-V

COREH:PAPER-IX
Basicl nstrumentation:Credit-3

CO-1.:Conceptual understanding ofdifferentmeasurementofel ectroniccircuit withmeasuringdevices.CO-
2:Basicunderstandingof CROanditsapplications.

CO-3:Basicunderstandingofsignal generatorsanditsanalysis
CO-4.:Basicunderstandingofdigitalinstrumentsand their applications.

CO-5:ToApplythe acquiredknowledge  ofdifferent  electronicmeasurement-based
instrumentsinExperiments

UNIT-I

BasicofM easur ement: I nstrumentsaccuracy, preci sion,sensitivity,resol utionrangeetc.Errorsinmeasurementsandl
oadingeffects.

Multimeter: Principles of measurement of dc voltage and dc current, ac volt- age, ac current and
resi stance. Specifi cationsof amul timeterandtheirsignificance.

ElectronicVoltmeter:Advantage over conventional multimeter for voltage measurement withrespect to
input impedance and sensitivity. Principles of
voltage, measurement (bl ockdiagramonly).Specificationsof anel ectroni cV ol tmeter/M ul timeterandtheirsignificanc
e.

ACmillivoltmeter: Typeof ACmillivoltmeters.Amplifier-rectifier,andrectifier-
amplifier.Blockdiagramacmillivoltmeter,specificationsandtheirsignificance.

UNIT-II
CathodeRayOscill oscope: Bl ockdiagramofbasi cCRO.Constructionof CRT,Electrongun, el ectrostatic

focusingandaccel eration(Explanationonly no mathematical treatment), brief discussion
onscreenphosphor,visual persi stenceandchemi cal composition. Timebaseoperati on,synchroni zation. Frontpanel co
ntrol s.SpecificationsofaCROandtheirsignificance.

Applicationsof CRO:(1)Studyof WaveForm, (2)MeasurementofVolt-
age,Current,FrequencyandPhaseDifference.

Specialfeaturesof
dualtrace,introductiontodigital oscill oscope, probes.Digital storageOscill oscope: Bl ockdiagramandprinci pl eofwor

king.



UNIT-ITI

SignalGener ator sandAnalysisl nstruments: Blockdiagram,expl anati onandspecifi cationsof| owfrequencysignal
generators, pulse generator, and function generator, Brief idea for testing,
specifications,Distortionfactormeter,waveanalysis.

UNIT-IV

Digitall nstruments: Princi pleandworkingofdigital meters, Compari sonof anal oganddi gitalinstruments,Characteri
sticsof adigital meter, Workingprinci pl esofdigital voltmeter.

DigitalM ultimeter: Blockdiagramand workingofadigitalmultimeter, Working
principleoftimeinterval ,frequencyandperiodmeasurementusi nguniversal counter/frequencycounter, time-
basestability,accuracyandresol ution.

COREH:PAPER-IX
LAB:Credit-1

Thetestof| abskillswillbeofthefollowingtestitems:
1. Useofanoscilloscope.

CROasaversatilemeasuringdevice.

Circuittracingof L aboratoryel ectroni cequi pment.
UseofDigitalmultimeter/V TV Mformeasuringvoltages.
. CircuittracingofL aboratoryel ectroni cequipment.

. Windingacoil/transformer.

. Studythelayoutofreceivercircuit.

. Troubleshootingacircuit.

© o N O O A W N

. Balancingofbridges.

LaboratoryExercises:
1. Toobservethel oadi ngeffectofamultimeterwhilemeasuringvol tageacrossal owresi stanceand

highresistance.



2. Toobservethelimitati onsof amul timeterf ormeasuringhi ghfrequencyvoltageandcurrents.
3. TomeasureQofacoilanditsdependenceonfrequency,usingaQ-meter.

4. Measurementofvoltage,frequency,timeperiodandphaseangleusingCRO.

5. Measurementoftimeperiod,frequency,averageperiodusi nguniversal counter/frequencycou
nter.

6. Measurementofrise,fallanddel aytimesusingaCRO.
7. Measurementofdistortionof aRFsi gnal generatorusi ngdi stortionfactor meter.

8. MeasurementofR,LandCusingal. CRbridge/universal bridge.

OpenEndedExperiments:
1. UsingaDual TraceOscilloscope
2. Convertingtherangeofagivenmeasuringinstrument(voltmeter,ammeter) M oreemphasi ss
houl dbegivenonhands-onexperiments.

TextBooks:
1. ATextBooksbookofelectricaltechnology-B.L.Theraja(S.ChandPublishing)

2. DigitacircuitsandsystemsV enugopal (TataM cGrawHill)
ReferenceBooks:
1. DigitalElectronics-SubrataGhoshal (Cengagel earning)
2. ElectronicDevicesandcircuits-S.SalivahananandN.S.Kumar(TataM c-GrawHill)
3. ElectronicDevices-ThomasL .Floyd(Pearson)

AdditionalReferenceBooksforPracticalpapers:

1. AdvancedPractical Physicsforstudents,B.L.FlintandH.T.Worsnop(Asi aPublishingHouse)

Practica Physics-B.B.Swain (KitabMahal)
PracticalPhysics-B.Ghosh(Vol.landll)

A WD

A Laboratory Manua of Physics
forUndergraduateClasses,D.P.K handel wal (V ani Publication)

o

B.Sc.PracticalPhysics-C.L.Arora(S.ChandPublishing)
B.Sc.Practical PhysicsH.SinghandP.S.Hemne(S.ChandPublishing)



COREH:PAPER-X
NuclearandParticlePhysics. Credit-3

CO-1:Understandingtheproperti esof atomsi nel ectricandmagneticfield.CO-
2:UnderstandingtheconceptNucl earphysics.

CO-3:Conceptual understandingnucl earmodel sandnucl earreactions.CO-
4:Conceptual understandingofparticlephysics.

CO-5:ToA pplytheacquiredknowl edgei nconductingtheexperiments.

UNIT-I

AtomsinElectricandM agneticFields: El ectronangul armomentum. Spacequanti zation,

ElectronSpinandSpi nAngularM omentum,L armor’ sTheorem,SpinM agnetic Moment,Stern
GerlachExperiment,V ectorAtomM odel ,L - SandJ-Jcoupling,ZeemanEffect,El ectronM agnetic Momentand

Magnetic  Energy,Gyromagnetic Ratio and BohrMagnetron.Atoms in  External  Magnetic
Fields:Normal andA nomal ousZeemanEffect, PaschenbackandStark-Effect(qualitativeDiscussiononly).

UNIT-II
Nuclear Physicss :Nuclear composition, charge, size, shape, mass and density of the nucleus;

Nuclearangularmomentum; Nucl earmagneticdi pol emoment; El ectricquadrupol e moment;
Massdefect;Packing fraction and Binding energy; Stability of nuclei (N vs Z curve), Binding e nergy
curve.semiempirical massformul a;Nucl earForces. General conceptofnucl earforce; Y ukawa Meson
fieldtheoryofnuclearforces; Propertiesof Nucl earforces.

Radi oactivedisintegrati on; Properti esofa pha,beta,gammarays;|lawofradi oactive
decay;successiveradioactivedecay;radioactiveequilibrium;Radioi sotopes;applicationofradioactivity (Agr
iculture,Medicinal,| ndustrialandArchaeol ogical).

UNIT-III
Nuclear models:Liquid Drop model; Shell model;magic numberin the nucleus; Alpha decay:

Alphaparticlesspectra,Gamow'stheoryof Alphadecay;Betadecay:Shape  ofBetarayspectrum;Explanation of
Beta decay on the basis of Neutrino and Antineutrino hypothesis; Fermitheory of
Betadecay; Sel ecti onrules;Gammarayemission,

Nuclearreactions: KindsofNuclearreactions; Nuclearreactionkinematics; Q -value;CompoundNucleus and

concept of direct reactions; Conservation laws, Nuclear reaction cross -  sections.
Nuclearenergy:NuclearFission;ChainreactionandCritical M ass;NuclearReactors an
ditsbasi ccomponents; NuclearFusion; Conditi onforthemai ntainedFusi onreactions; Energyproduction

instars; Fusi onreacti oninSun, Princi pl eof atomi cbombandhydrogenbomb.
UNIT-1V



ParticlePhysics

Classification of particles-antiparticles andtheirinteractions; Conservation
laws; Charges;| sospi n; Baryonnumber;L eptonnumber;Strangeness;  Hypercharge;Parity;Chargeconjugation;
CPTtheorem;Conservation laws, Quarkasthebuil dingblocksofHadrons;
QuarkM odel; Colourdegreeoffreedom,SymmetryCl assificati onof el ementaryparticles;HiggsBosonParticl e(Go
dparticle),elementaryideaonL argeHadroncollider(L HC), Thefutureofuniverse,Darkmatteranddarkenergy.

TextBooks:
1. ConceptsofM odernPhysicsArthurBeiser(McGrawHill)

2. ModernPhysicsM urugeshanandSivaprasad(S.Chand)
3.CohenB.L.,"ConceptsofNuclearPhysics",McGrawHillEducation.
4. TayalD.C.,"NuclearPhysics",Himal ayaPublishingHouse.

5. Patel S.B.,"Nuclear Physics: Anintroduction”,
NewAgel nternational Publishers.

6. SinghJahan," Fundamental ofNuclearPhysics",PragatiPublications

ReferenceBooks:

1. QuantumM echanics. TheoryandA pplications,A.K.GhatakandS.L okanathan,(Ma
cmillan)

2. IntroductiontoQuantumTheory,DavidPark(DoverPublications)

3. TheoryandProblemsof M odernPhysi cs,Schaum'’ soutline,R.GautreauandW.Savin

-(TataM cGraw-Hill)

M odernPhysi cs-Serway(CENGA GEL earnings)

Physi csof AtomsandM ol ecul esBransdenandJoachi m(Pearsonindia)

AtomicandNuclearPhysics-A.B.Gupta(NewCentral)

TheoreticalNuclearPhysics,J.M.BlattandV .F.Wei sskopf (Springer)

N o g k&

CORE- :PAPER-X
LAB:Credit-1

(Minimumd4experimentsar etobedone)
Studyofphotoel ectriceffect.

Basicsof GM countercharacteristicsandcountingstatistics.

Studyof Gammarayspectroscopyby SCAandM CA.

TodeterminethePlanck’ sconstantusi ngL EDsof atl east4di fferentcol ours.
Todeterminetheval ueofe/mby(a) M agneti cfocusi ngor(b) Barmagnet.
TosetuptheMillikanoil dropapparatusanddeterminethechargeofanel ectron.

S T o



ReferenceBooks:

1. Advanced Practical Physicsforstudents,B.L .Flintand
H.T.Worsnop,1971,AsiaPublishingHouse

2. Advancedlevel PhysicsPracticals,Michael Nel sonandJonM.Ogborn,4thEdition,reprinted1
985,Hei nemannEducational Publishers

3. ATextBooksBookofPractical Physics,|.PrakashandRamakrishna,11thEdn,2011, KitabM
ahal

CORE- :PAPER-XI
DIGITALSYSTEMS:Credit-3

CO-1:ToUnderstandI C' s andscal es of I ntegration, Digital Circuitsandthei rreali zation,Applications

CO-
2:Buildstrongknowl edgeaboutBool eanAlgebra, Truthtabl es,Equival entCircuits, Theoryandappli cationof
CRO.

CO-3:Gainaclearunderstandingof Dataprocessingcircuits,ArithmeticCircuits,differentty pesof Timers:1 C555
CO-4: To Explain the knowledge of computer organization, Shift registers and

counters.CO-5: ToA pplythe acquired knowledgeto

realizevarioustypesofcircuitsinexperiment

UNIT-1

Integrated Circuits (Qualitative treatment only): Active and Passive Components, Discrete
components,Wafer Chip, Advantagesand Drawbacks of 1Cs,Scaleof Integration:SSI, MSI, LSl and VLS (basic
ideaanddefinitionsonly),Classificationofl Cs,Examplesof LinearandDigital | Cs.

Digital Cir cuits: DifferencebetweenAnal ogandDigital Circuits, Binary Numbers, Decima
toBinaryandBinarytoDecimal Conversation,BCD,Octal andHexadeci malnumbers, AND,ORandNOT.Gates(realiz
ationusingDiodesandTransistor), NANDandNORGates

asUniversal Gates, X ORandX NORGatesandapplicationasParity Checkers.

UNIT-I11
Boolean algebra: De Morgan’'s Theorems. Boolean LawsSimplification of LogicCircuit using
BooleanAlgebra, Fundamental Products,ldeaof Mintermsand Maxterms,Conversion of truth table into

KarnaughM apandSOPandPOSsi mplification.Universallogicimplementation(NAND& NOR).

UNIT-ITI



DataPr ocessingCir cuits: Basicl deaof M ultiplexers,De-multipl exers,Decoders,Encoders.



Arithmetic Circuits. Binary Addition. Binary Subtraction using 2s complement. Half and Full

Adders.HalfandFull Subtractors,4bitbi nary Adder/Subtractor.
Timers. |IC 555: block diagram and application is Astable multivibrator and
Monostablemultivibrator.

UNIT-IV

I ntroductiontoComputer Or ganization: Input/outputDevices,Datastorage(ideacfRAM
andROM),Computermemory,Memoryorgani zati onandaddressi ng, Memoryl nterfaci ng,MemoryMap.

Shift registers.  Serid-in-seria-out,  Seria-in-Parallel-out,Parallel-in-Serial- out and Parallel-in-
Parallel-out.ShiftRegi sters(onlyupto4bits)

Counter s(4bits): RingCounter,Asynchronouscounters,DecadeCounter. SynchronousCounter.

TextBooks:
1. DigitalCircuitsandL ogicdesign: Samuel C.Lee(PrinticeHall)
2. DigitaPrinciples andApplications - A.P. Malvino,D.P.Leach and
Saha(TataM cGraw)
ReferenceBooks:
1. The Art of Electronics by Paul Horowitz and Wilfield Hill
,CambridgeUniversity
2. ElectronicsbyAllanR. Hambley ,PrenticeHall 3. Principles

of ElectronicsV .K.M ehtaandRohitM ehta(S.ChandPublishing)

3. DigitaL ogicandComputerdesignM .M orrisM ano(Pearson)5.Conceptsof ElectronicsD.
C.Tayal (HimalayaPublishinghouse)

4. Digital SystemandA pplication,GuptaK umar,Pragati Prakashan

CORE- :PAPER-XI
LAB:Credit-1

(Minimum6experimentsar etobedone)

1. Tomeasure(a)V oltage,and(b) Timeperi odof aperiodi cwaveformusingCROandtotestaDiod
eandTransistorusingaMillimeter.
2. Todesignaswitch(NOTgate)usingatransistor.



ToverifyanddesignAND,OR,NOTandX ORgatesusingNANDgates.
Half Adder,Full Adderand4-bitbinaryAdder.
HalfSubtractor,Full Subtractor,Adder-SubtractorusingFull Adderl.C.

TobuildFlip-Flop(RS,Clocked-RS,D-typeandJK)circuitsusingNANDgates.
Todesi gnanastablemultivibratorof givenspecificationsusings55Timer.

© N o 0 > W

Todes gnamonostablemultivibratorof givenspecificationsusings55Timer.

ReferenceBooks:
1. BasicElectronics:ATextBookslabmanual ,P.B.Zbar, A.P.Malvino,M.A.Miller,19
94 Mc-GrawHIill.

2. OP-
AmpsandLinearIntegratedCircuit,R.A.Gayakwad,4thedition,2000,PrenticeHall.

3. Electronic Principle, Albert Malvino, 2008, Tata Mc-Graw
Hill.ElectronicDevicesandcircuitTheory,R.L.BoylestadandL .D.Nashel sky,2009,Pearso
n.

CORE-:PAPER-XII
QUANTUMMECHANICSANDAPPLICATIONS:Credit-3

CO-1: To understand Properties and physical interpretation of wave function and its application, knowledge
inprobability current density, significance of momentum space transformation and time dependent
Schrédingerequation.

CO-
2:ToexplainTimei ndependentSchrodingerequati on, Eigenval ue, Eigenfunction,general i zedsol utionof stationarys
tates,knowl edgei nwavefunctionanddi screteenergylevel .

CO-3: Basic knowledge in quantum mechanical operators, Eigen value and Eigen function,
Uncertaintyrel ationandGaussi anwavepacket.

CO-
4: Acquiretheknowl edgei nappli cationof Schrdi ngerequati oni ndifferentpotenti al barriers,conceptofsimpl eharmo
nicoscillator.

CO-5:Apply theacquired knowledgetosol vevariousnumerical problems.

UNIT-I

Schr odinger equation: TimedependentSchrodingerequation,Properti esof

WaveFunction,Physicalinterpretati onofwavefunction,Wavefuncti onof af reeparti cle, Normalization,Probabilitycu
rrentand

probabilitycurrentdensitiesinthreedimensions,LinearityandSuperpositionPrinci ple,WavePacket, Fourier Transfor
mTheorem ,Momentum
spacewavefunctionanditssi gnificance, Representati onof posi tionvectorinmomentumspace. Schrodi ngerequationin
momentumspace.

UNIT-I1



Time Independent Schrodinger equation inl-D, 2-D and 3-D, Hamiltonian,stationary states and
energyEigenval ues,expansi onof anarbi trarywavef uncti onasalinearcombi nati onof energy Ei genfunctions,



General solution of the time dependent Schrodinger equation in terms of linear combinations of
stationarystates. General Discussion of Bound states in an arbitrary potential: Continuity of wave function,
Boundaryconditionandemergenceofdiscreteenergylevels.

UNIT-I11

Oper ator s. Operators,CommutatorAlgebra,Position,M omentum,Angul arM omentumandEnergyoperators,Herm
itianOperators,ExpectationV al ue,Expectati onval uesof positionandmomentum,

EhrenfestTheorem, Eigenval uesandEi genfuncti onsof HermitianOperator, Energy EigenSpectrum,Degeneracy, Ort
honormalityof Eigenfunctions,LinearDependance,Orthogonali sation,Uncertai nty Rel ation-
Uncertai ntyproduct,mi nimumuncertai ntywavepacket-GaussianWavePacket.

UNIT-IV

Application toone dimensiona problem-One dimensional infinitely rigid Box- Energy Eigen valuesandEigen
functions, normalization,quantumdotas anexample,Quantum  mechanical scatteringandtunnelingin  one
dimension across a PotentiaStep and Rectangular Potential Barrier, FiniteSquare well
potential ,Quantummechani csof simpleHarmoni cOscillator-
EnergyL evel sandEnergyEi genfunctions,groundstate,zeropointenergy.

TextBooks:
1. IntroductiontoQuantumTheoryDavidPark(DoverPublications)
2. IntroductiontoQuantumT heory,D.J.Griffiths(Pearson)
3.  QuantumM echanics.Conceptsandapplications,N.Zettili,Wiley
ReferenceBooks:

1. QuantumM echanics, TheoryandapplicationsA.GhatakandS.L okanathan
(McMillanindia)

2. QuantumM echanics-G.Aruldhas(PrinticeHallof India)

QuantumPhysics—-S.Gasiorowicz(Wiley)
QuantumM echanics-G.R.Chatwa andS.K.Anand

QuantumM echanics-J.L..PowellandB.Craseman(Narosa)

o oA w

Introduction to Quantum Mechanics M.Das and P.K.Jena
(ShriKrishnaPublication).

CORE-:PAPER-XII
LAB:Credit-1
UseC/C++/Scilabforsol vingthef ol lowingproblemsbasedonQuantummechani cdike(Usefinitedifferencem
ethod,matrixmethod, ODESolvermethodinal | cases)



1. Solvethes-waveSchrodingerequationforthegroundstateandthefirstexcitedstateoftheHydrogenatom:

2 2m 2

% =AM u(@), A(r) = 3 [V(r) — E],V(r) = _e?

Where," m’isthereducedmassof theel ectron.Obtai ntheenergyei genval uesandpl ot
thecorrespondi ngwavefunctions.Rememberthatthegroundstateenergyofthehydrogenatomis

~-13.6ev.Takee=3.795 f(eVAf\) ,hc=1973 (eVA) andm=0.511x10%eV//c2.

2. SolvetheS-Waveradia Schrodingerequati onforanatom:

2
= A um, a0 =23 W) - B

Where,' m’ i sthereducedmassofthesy stem(\Whi chcanbechosentobethemassof anel ectron), forthescreenedco
ulombpotential:v(r) = —"Tze—r/a

Findtheenergy(ineV)ofthegroundstateof theatomtoanaccuracyofthesignificantdigits.
Also; plotthecorrespondingwavefunction. Takee=3.795 (evA),hc=1973(eVA)andm=0.511

x106eV/c? anda=3A,5A,7A . Thegroundstateenergyisexpectedtobeabove-12eVinallthreecases.

3. SolvetheS-Waveradial Schrodingerequationfor aparticleof massm:

d? 2

oz =A@ ), A@) = 5 V() ~ E]
r2 r3

FortheanharmonicOscillatorpotential:V(r) = % 8 bT

Findthegroundstateenergy(inM eV )oftheparti cletoanaccuracyofthreesi gnificant
digits.
Also,plotthecorrespondingwavefunction.Choose m=940MeV/C?
,k=100M eV /fm?,b=(0,10,30)M eV /fmd.Intheseunits, c= 197.3MeVim.[Theground state energy is expected to
lie between90and110MeVforallthreecases|.

4. SolvetheS-Waveradia Schrodingerequationforthevibrationsof hydrogenmol ecul e:

d’y 2m
oz AU, A =— V() — E]

Where," m’isthereducedmasofthetwo-atomsystemfortheM orsepotential

v(r)J=D(e 2er—e-@ )

Wherer=r-r..

Findthel owestvibrational energy (inM eV) ofthemol ecul etoanaccuracyofthreesi gnificantdigits. Al so
plotthecorrespondingwave functionsforthechoi cesgiven below:

m=940x106 ev/c% D=0.755501ev, a=1.44,
ro=0.131349Am=940x106ev/c2,D=0.755501ev,oc=1.44,ro=0.131
3494



Laboratorybasedexperiments:
1. StudyofElectronspinresonance-

determi nemagneti cfi el dasaf unctionoftheresonancefrequency.

2. StudyofZeemaneffect:withexternalmagneticfield;Hyperfinesplitting
3. Toshowthetunnelingeffectintunnel diodeusingl -V characteristics.

4. Quantumefficiencyof CCDs

ReferenceBooks:

1. Schaum’ soutlineof ProgrammingwithC++.J.Hubbard,2000,M cGraw—Hill Publication

2. Numerical Recipesin C:The Art of Scientific Computing,W.H.Press etal.,3rd
Edn.,2007,CambridgeUniversityPress.

3. Anintroductiontocomputational Physics, T.Pang,2ndEdn.,2006,Cam-bridgeUniv.Press
4. SimulationofODE/PDEModelswithMATLAB,OCTAVEandSCILAB:Scientific

andEngineeringApplications.A.VandeWouwer,P.Saucez,C.V .Fernndez.2014Springer.
5. Scilab(AFreeSoftwaretoMatlab): H. Ramchandran,A.S. Nair.
2011 S.ChandandCao.

6. Scilab Image Processing: L.M.Surhone.2010 Betascript
Publishingl SBN:9786133459274

SEMESTER-VI

CORE-:PAPER-XIII
SOLIDSTATEPHYSICS:Credit-3

CO-1:Tounderstand theConceptof crystal structureandproperties, X -
rayDiffraction,Bragg’ sandL aue’ scondition.

CO-2:Conceptua understandingof L attice vibration,Einsteinand Debyespecific heat theoriesof
solids,knowledgeinBandtheory, K roning-Pennymodel andHal | Effect.

CO-3:Understandi ngtheConcepti nmagneti canddi el ectricpropertiesof materials.

CO-4 : Basic knowledge on LASER and its generation, types. Conceptual understanding
ofsuperconductivityanditstype,L ondon’ sEquation,PenetrationDepthandBCStheory.

CO-5:ToA pplytheacquiredknowl edgei nexperiments.

UNIT-I

CrystalStructur e: Solids,AmorphousandCrystallineMaterials,L attice trand ation Vectors,L attice
withaBasis.CentralandNon-Central Elements.UnitCell,MillerIndices, Typesof L attices,Reciprocal L attice,



Brillouin zones, Diffraction of X- rays by crystals, Bragg's Law, Laue’'s Condition, Atomic and
Geometrical Factor.

UNIT-I1

ElementaryL atticeDynamics: L atticeVibrationsandPhonons:Linear,M onoatomicandDiatomic

Chains, Acousticaland Optical Phonons, Qualitative Description of the phononspectrum insolids,

DulongandPetitsL aw,Einstei nandDebyetheori esof specificheatof solids,r3L aw.

Elementary band theory: Kroning-Penny model of band Gap,
Conductor,Semiconductor(PandNtype)andinsul ator, Conductivityof Semiconductor,mobility,Hal | Effect,M easure
mentofconductivity(fourprobemethod)andHal | Co-efficient.

UNIT-III
M agneticPropertiesofM atter : Dia-,Para-,Ferri-andFerro-magneticM aterial's, ClassicalLangevins

theoryofdiaandParamagnetic
Domains,Curieslaw,Wei ssT heoryof FerromagnetismandFerromagneti cDomains,Di scussi onof B-
HCurve HysteresisandEnergyL oss.

DielectricPropertiesofM aterials: PolarizationL ocal Electrical Field atan
Atom,Depol arizationField,ElectricSusceptibility,Pol arizability, Clausi usM osotti Equati on,Cl assi cal theoryof
ElectronicPolarizability.

UNIT-1V
L aser s EinsteinsAandBco-efficientnts,M etastabl eStates, SpontaneousandSti mul atedemi ssions,Optical

Pumpingand populationlnversion, ThreelL eveland FourL evel Lasers, Ruby Laserand He-Nel aser.
Super conductivity: Experimental Results,Critical Temperature, Critical magnetic field, Meissnereffect,
Type-land Type-11Superconductors,London’s
EquationandPenetrationDepth, | sotopeeffect, | deaof BCStheory(Noderivation).
TextBooks:

1. IntroductiontoSolidStatePhysics-CharlesKittel (Wileylndia)

2. LASERS:Fundamentalsand Applications- Thyagaragjan and
Ghatak(McMillanindia)

ReferenceBooks:

1. SolidStatePhysics-N.W.AshcroftandN.D.Mermin(Cengage)

2. SolidStatePhysics-R.K.PuriandV .K.Babbar(S.ChandPublication)
3. SolidStatePhysicsS.O.Pillai(NewAgePublication)

4. LasersandNon-linearOpticsB.B.Laud(\WileyEastern)



5. Elementsof SolidStatePhysics-J.P.Srivastava(PrenticeHallofIndia)
6. ElementarySolidStatePhysics-AliOmar(AddisonWiley)

7. SolidStatePhysics,GuptaandK umar,Pragati Prakashan.

CORE-:PAPER-XIII

LAB:Credit-1

(Minimum4experimentsaretobedone)

1. Measurementof susceptibilityof paramagneti csol ution(Quinck’ sTube-Method)

2. TomeasuretheM agneticsusceptibilityof Solids.

3. TomeasuretheDielectricConstantof adiel ectricM aterial swithfrequency

4. TodeterminetheHall coefficientof asemiconductorsample.

5. To draw theBHcurveof Fe usingsolenoidand todeterminetheenergylossfromHysteresis

6. Tomeasurethebandgapofagivensemiconductorbyfour-probemethod.

ReferenceBooks:

1. AdvancedPracticalPhysicsforstudents,B.L.FlintandH.T.Worsnop,1971,As aPublishingHouse

2. Advancedlevel PhysicsPractical s,Michael Nel sonandJonM.Ogborn,4thEdition,reprinted1985,Hei
nemannEducational Publishers.

3. ATextBooksBookofPractical Physics,|.PrakashandRamakrishna, 11Ed.,2011 ,KitabMahal

4. Elementsof SolidStatePhysics,J.P.Srivastava,2ndEd.,2006,Prentice-Hallof India.

COREH :PAPER-XIV
ELECTROMAGNETICTHEORY:Credit-3

CO-1:Physicalsignificanceof M axwell Equationandits application tofree

space, L orentzandCoul ombgaugetransformation,poyntingtheorem,conceptofenergydensity.

CO-

2:Analysisof Maxwell’ sequati onsi ndifferentmedi aandPhysi cal si gnificanceofrel axati ontime,skinde
pth,Electrical conductivityofionizedgases,plasmafrequency.

CO-

3:Basi cunderstandingof pol ari zationof EM wave,anddifferenttypesof crystal s, PhaseRetardati onPl atesand
RotatoryPolarization.

CO-

4: Conceptual understandingof EM Wappli cati oni nboundedmedi a,pl aneinterface,diel ectricmedia, Br
ewster’ slaw, TIR,Evanescentwave,metallicreflection.

CO-5:ToApply the acquired knowledge for visualize basic concept ofphenomenon of



lightinvari ousexperiments



UNIT-I

Maxwell Equations:Maxwellsequations, Displacement Current, Vector andScalarPotentials,Gauge
Transformations.Lorentz andCoulombGauge,Wave Equations,PlaneWaves in free space
andcharacteristics,Poynting T heoremandPoyntingV ector,Electromagnetic (EM) Energy
Density,Physical Conceptof ElectromagneticFieldEnergyDensity.

UNIT-I11
EM Wave Propagation in Unbounded Media: Plane EM waves through
vacuumandi sotropi cdi el ectricmedi um, transversenatureof planeEMwaves,

refractiveindexanddiel ectricconstant, wave impedance, Propagation through conducting media,
relaxation
time,skindepth, El ectrical conductivityofionizedgases, pl asmaf requency, refracti ve ndex,skindepth,appli cationt
opropagati onthroughionosphere.

UNIT-ITI
Polarization of Electromagnetic Waves: Description of Linear, Circular and

Elliptical Polari zati on,uniaxial andbiaxial crystal s,lightpropagati oni nuniaxial crystal ,doubl erefr
action,polarizationbydoubl erefraction,Nicol Prism,Ordinaryand extraordinary refractive
indices,Productionanddetecti onof Plane,CircularlyandEllipticallypol arizedlight,

Phase Retardation Plates: Quarter-Wave and Half- Wave Plates.
BabinetsCompensatoranditsUses,Analysisof Pol arizedL ight.

Rotator yPolarization: Optical Rotation,BiotsL awsforRotatoryPol ari zation,Fresnel ST heoryof optical rotation,Cal
culationofangleofrotation, Experimental verification of Fresnels theory,Specificrotation,Laurentshalf-
shadepol arimeter.

UNITIV
EMWaveinBoundedM edia: Boundaryconditionsat a plane interface  between  two

medi a,Refl ectionandRefracti onof pl anewavesatpl anei nterfacebetweentwodi el ectricmedi a, L awsof Refl ectionand
Refraction,Fresnel’ sFormul aef orperpendicul arandparall el pol ari zationcases,Brewster’ slaw, ReflectionandTrans
mi ssioncoefficients, Totalinternal refl ection,evanescentwaves,Metal li crefl ection(normal I ncidence)

TextBooks:
1. IntroductiontoElectrodynamics,D.J.Griffiths(Pearson)2.

Principlesof Optics-MaxBornandE.Wolf.
ReferenceBooks:
1. Classical ElectrodynamicsbyJ.D.Jackson.
2. Foundationofel ectromagneti ctheory:RitzandMilford(Pearson).



w

. ElectricityandM agnetism:DCTayal (Himal ayaPublication)
Optics.A.K.Ghatak

. ElectricityandM agnetism: Chattopadhyaya,Rakhit(NewCentral)
ElectromagneticTheory,GuptaandK umar,Pragati Prakashan

»
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CORE-:PAPER-XIV
LAB:Credit-1

(Minimumd4experimentsaretobedone):
Toverifythelawof M al usforplanepol arizedlight.

=

2. Todeterminethespecificrotati onof sugarsol utionusi ngPol arimeter.

w

. ToanalyzedllipticallypolarizedLightbyusi ngaBabinetscompensator.

4.. Todeterminetherefractive indexofliquid
bytotalinternal refl ectionusingWollastonsair-film.

5.Todeterminetherefractivel ndexof (1) glassand(2)aliqui dbytotalinternal refl ectionusingaGaus
sianeyepiece.

6.Tostudythepol ari zationoflightbyrefl ectionanddeterminethepol arizingangl eforair-
glassinterface.
7. ToverifytheStefan' slawofradiationandtodetermineStefan’ sconstant.

8. TodeterminetheBoltzmannconstantusingV -1 characteristicsof PNjunctiondiode.

ReferenceBooks:

1. AdvancedPractical Physicsforstudents,B.L .FlintandH.T.Worsnop,1971,AsiaPublishingH

ouse.

2. Advancedlevel PhysicsPracticals, MichaelNelson andJonM. Ogborn, 4™
Edition,reprinted 1985,Hei nemannEducational Publishers

3. ATextBooksBookofPractical Physics,|.PrakashandRamakrishna, 11
Ed.,2011,KitabM ahal ElectromagneticFieldTheoryfor Engineersand
Physicists,G.Lehner,2010,Springer



CORE -l:PAPER-
XVSTATISTICALMECHANICS:Credit-
3

CO-1: Understandingtheconceptofensembl esanditspartitionfunction,phase

spaceandt
hermodynamicrelations,MBdistributionlaw.
CO-
2:Conceptual understandingofadditionofentropy,Sackur T etrodeequation,Lawofequipartitionof Energyandits
application.

CO-3: Basic postulates and different distribution of Fermi andDiracparticlesandB-
Econdensation.

CO-4:Basicknowledgeinthermal andBlackbodyradiation, Conceptofdifferent laws
ofradiationandtheirexperimental verification.

CO-5: Applytheacquiredknowledgeforanalyzethe laws
radiationanddifferentdistributionfunctionsusingcomputationalanalysis.

UNIT-I
Classical Statistics- : MacrostateandMicrostate, Elementary Conceptof

Ensemble,Microcanonical ,Canoni cal andGrandCanoni cal ensembl e, PhaseSpace, EntropyandThermodynamicPro
bability,Maxwell-BoltzmannDistributionL aw,PartitionFunction.

UNIT-11
Classical StatisticsIl :  Thermodynamic Functions ofanldealGas,classical  Entropy Expression,
GibbsParadox,SackurTetrode equation, L awof equi partitionof Energy(with proof)-
ApplicationstoSpecificHeatanditsL imitations, Thermodynami cFuncti onsof atwoenergylevel ssystem,NegeativeTe
mperature.
UNIT-I11

Quantum$Statistics: Identicalparticlesmacro  statesandmicrostates,FermionsandBosons, Bose

EinsteindistributionfunctionandFermi-Diracdistribution function. Bose-Einstein
Condensation,BosedeviationfromPlanck’ sl aw, EffectoftemperatureonFermi-Diracdistribution
function,degenerateFermigas,Densityof StatesFermienergy.

UNIT-1V



Radiation: Properti esof Thermal Radiation,BlackbodyRadi ation,PureT emperaturedependence, K irchhoff’ slaw, St
efan Boltzmann law: Thermodynamic proof, Radiation Pressure, Wein's
Displacementl aw,Wien’ sdistributionL aw, Saha’ sl oni zationFormul a,Rayl eighJeansL aw,UltraViol etcatastrophe.



Planck’ sL awofBlackbodyRadiation: Experimental verification,Deducti onof

(1) Wien' sDistributionLaw,(2)RayleighJean’ sLaw,(3)StefanBoltzmannLaw,(4)Wein’ sDisplacementL awfrom
Planck’ sLaw.

TextBooks:
1. IntroductiontoStati stical Physi csbyK ersonHuang(Wiley).

Stati stical Physics,BerkeleyPhysicsCourse,F.Reif(TataM cGraw-Hill)

N

ReferenceBooks:

1. StatisticalMechanics,B.K.Agarwal andMelvinEisner(NewAgel nter-national)

N

. Thermodynamics,KineticTheoryandStati stical Thermodynami cs. FrancisW. SearsandGerh
ardL.Salinger(Narosa)

3. Statistical M echanics.R.K.PathriaandPaul D.Beal (A cademi cPress)
Stati stical M echani cs: SharmaandSatyal ,K al yani Publishing
5. BasicStatistical M echani cs,GuptaandK umar, Pragati Prakashan

E

CORE-I:PAPER-XV
LAB:Credit-1
UseC/C++/Scilabforsolvingtheproblems basedonStatistical M echanicslike

1. PlotPlanck’ slawforBlackBodyradiationandcompareitwithWein's.

N

L awandRal ei gh- JeansL awathi ghtemperature(roomtemperature)andl owtemperature.
. PlotSpecificHeatof Solidsbycomparing(a)Dulong-

Petitlaw,(b) Einstei ndi stributionfunction,(c) Debyedi stributionfuncti onforhightemperature

w

(roomtemperature)andlowtemperatureandcomparethemforthese twocases
4. PlotMaxwell-Boltzmanndistributionfunctionversustemperature.
5. PlotFermi-Diracdistributionfunctionversustemperature.
6. PlotBose-Einstei ndistributionfunctionversustemperature.

ReferenceBooks:
1. ElementaryNumerical Analysis,K.E.Atkinson,3rdEdn.2007,Wileyl ndiaEdition

2. StatisticalM echanics,R.K. Pathria,Butterworth  Heinemann:2nd
Ed.,1996,0xfordUniversityPress.

3. Thermodynamic, Kinetic Theory and Statistical Thermodynamics, Fran-
cisW.SearsandGerhardL .Salinger,1986,Narosa.



1. ModernThermodynamicswithStati stical M echanics,Carl S.Helrich,2009,Springer

2. Smulation of ODE/PDE Models with MATLAB, OCTAVE
SCILAB:ScientificandEngineeringApplications:A.VandeWouwer,P.Saucez,C.V.
Fernndez. 2014Springerl SBN:978-3319067896

3. Scilabbyexample:M.Affouf,2012.1 SBN:978-1479203444

4. ScilablmageProcessing:L.M.Surhone.2010,BetascriptPub.,| SBN: 978613345927

and



MULTIDISCIPLINARYCOURSE

1. NanoM aterialsandApplications(3credits)Theory: 2credits
CO-1:Basi cunderstandingof nanostructuredshape,applicati onof
Schrodinger
equationinnanostructured
CO-2:Understandingofnanomaterial synthesis

CO-3:Understanding of nanomaterials differentCharacterizationCO-
4:Understatingofdifferentoptical properti esof nanomaterial SCO-

5:ApplytheaboveconceptsinExperiments

UNIT1:NANOSCALESYSTEMS:

Lengthscales in physics,Nanostructures. 1D,2Dand3Dnanostructures(nano dots, thinfilms,nanowires,
nanorods),Bandstructureanddensityof statesof material sat

nanoscal e, Si zeEffectsinnanosystems, Quantumconfinement: A ppli cationsof Schrodingerequation-
Infinitepotentialwell,potential step, potential box,quantumconfinementofcarriersin3D, 2D,

1Dnanostructures
anditsconsequences.(10L ectures)
UNIT2:
SYNTHESISOFNANOSTRUCTUREMATERIAL S: TopdownandBottom upapproach,Photolithography.
Ball milling. Gas phase condensation. Vacuumdeposition. Physical
vapordeposition (PVD): Thermal evaporation, E-

beamevaporation,Pul sedL aserdeposition.
Chemical vapordeposition(CVD).Sol -
Gel.Electrodeposition.Spraypyrolysis.Hydrothermal synthesis.Preparation  through colloidal
methods.MBE growth of quantumdots. (8L ectures)UNIT3:
CHARACTERIZATION: X-Ray Diffraction. Optical Microscopy.

ScanningElectronMi croscopy. TransmissionElectronMicroscopy.Atomi
cForceMicroscopy.ScanningTunnelingMicroscopy. (8L ectures)

UNIT4:

OPTICALPROPERTIES: Coul ombinteractioninnanostructures. Concept
ofdiel ectricconstantfornanostructuresandchargingof nanostructure.Quasi-particles



andexcitons.Excitonsi ndirectandindirectbandgapsemiconductornanocrystals.  Quantitativetreatmentofquasi-
parti clesandexcitons,chargingeffects.Radi ati veprocesses. General formali zation-
absorption,emissionandluminescence.Optical propertiesof heterostrcturesandnanostructures.(14L ectures)

Referencebooks:

1. C.P.Poole,Jr.FrankJ.Owens,I ntroductiontoNanotechnology(WileylndiaPvt.Ltd.).

2. SK. Kulkarni,Nanotechnology: Principles& Practi ces(Capital PublishingCompany)
3. K.K.ChattopadhyayandA .N.Banerjee,| ntroductiontoNanoscienceandTechnology(PHILea
rningPrivateLimited).

4. RichardBooker,Earl Boysen,Nanotechnology(JohnWileyandSons).

5. M.Hosokawa,K.Nogi,M.Naita, T.Y okoyama,NanoparticleTechnol ogyHandbook(El sevie
r,2007).

6.BharatBhushan, SpringerHandbookof Nanotechnol ogy (Springer-V erlag,Berlin,2004).
LABORATORY: :lcredit

1. Synthesisof metal nanoparticlesbychemicalroute.

2. Synthesi sof semiconductornanoparticles.

3. SurfacePlasmonstudyof metal nanoparticlesbyUV -Visi bl espectrophotometer.

4. XRDpatternof nanomaterial sandestimationof particlesize.5. Tost

udytheeffectofsizeoncol orofnanomaterials.

6. Growthofquantumdotsbythermal evaporation.

7. Fabricateathinfilmofnanoparti cl esbyspincoati ng(orchemical route)andstudytransmittancesp
ectrainUV-Visibleregion.

ReferenceBooks:
1. C.P.Poole,Jr.FrankJ.Owens,| ntroductiontoNanotechnol ogy (WileyIndiaPvt.Ltd.).
2. S.K.Kulkarni,Nanotechnol ogy:Principles& Practi ces(Capital PublishingCompany).

3. K.K.ChattopadhyayandA.N.Banerjee,IntroductiontoNanoscience& Technology(PHILe
arningPrivateLimited).
4. RichardBooker,Earl Boysen,Nanotechnol ogy (JohnWileyandSons).



2.BIOPHY SI CS,Theory:3credits

CO-1:Basi cfundamental sof li vingorgani smanditsi nteracti onsindomai nsof Physi csinbi ol ogy CO-
2:Understatingof heattransferinbi omaterial sanditsmechanism

CO-3:Diversifyingofthermal ,stati stical physi csinbiol ogi caldomain.

CO-4:Understatingfl uidmechani smsinlivingorgani sminthedomai nof Physics

UNITI:

Building Blocks& Structureof LivingState: Atoms and ions, moleculesessentialfor life,

whatidlife.Livingstatei nteractions:Forcesandmol ecul arbonds, el ectric& thermalinteractions,el ectricdipoles,ca
simirinteractions,domainsof physicsinbiology.(18

Lectures)UNIT2:

Heat Transferinbiomaterials:Heat TransferM echanism, TheHeatequation,Joule heatingof
tissue.LivingStateT hermodynamics: Thermodynamicequilibrium,firstlawofthermodynamicsandconservationofe
nergy.Entropy and second law of thermodynamics,Physicsofmanyparticlesystems, Two  statesystems,

continuous energydistribution, Compositesystems,
Casimircontributionoffreeenergy, Protei nfol dingandunfol ding.(19L ectures)
UNITS:

Opensystemsandchemical thermodynamics: Enthalpy, Gibbs FreeEnergyandchemical

potential ,activationenergyandrateconstants,enzymaticreactions, ATPhydrolysis& synthesis,Entropyofmixing,
Thegrandcanoni calensemble,Hemogl obin. Diffusionand transportM axwel |-

Boltzmannstatistics,Fick’ slawofdiffusion,sedimentationof Cell Cultures,diffusioninacentrifuge, diffusionin
an electric field, Lateradiffusionin membranes,Navierstokes equation, low

Reynold’ sNumberTransport,Activeandpassivemembranetransport.(19L ectures)

UNIT4

Fluids: Laminarand turbulent fluid flow,Bernoulli’ sequation,equati onof
continuity,ventureeffect,Fluiddynamicsofcircul atorysystems,capillaryaction.Bioenergetic

S

andM ol ecularmotors:Kinesins,Dyneins,and microtubul edynamics,Brownianmotion,
ATPsynthesisinMitochondria, Photosynthesis in Chloroplasts, Light absorption in biomolecules,
vibrational spectraofbio-biomol ecul es.(19L ectures)

ReferenceBooks:
1. IntroductoryBiophysics,J.Claycomb,JQPTran,Jones& Bartel ettPublishers
2. AspectsofBiophysics,HugheSW,JohnWillyandSons.
3. Essentialsof BiophysicsbyPNarayanan,NewAgel nternational



3. IntroductiontoSpectr oscopy: Theory: 3cr edits

CO-1:Basicunderstanding of atomic models anditsspectroscopy natureCO-
2:Conceptual understandingof Spectraof Alkalielements
CO-3:Understatingthebasi cof X -rayanditsappli cationsCO-
4:Understatingmol ecul arspectroscopy

UNITI:

V ectorAtomicM odel : 1 nadequaci esof BohrandBohr-
Sommerfel datomicmodel sw.r.t.spectrumofHydrogenatom(finestructureof H-alphaline).Modificationis due to
thefinite massof the nucleusandtheDeuteronspectrum.V ectoratomicmodel (Stern-
Gerlachexperimentincluded)andphysi cal & amp;geometri calinterpretati onsof variousquantum
numbersforsingle&amp; many valenceelectronsystems.LS&amp; JJ couplings,spectroscopic  notation
forenergystates,sel ection rulesfor transition of electronsand intensity rules for spectral lines.Fine structure of H-
alphaline based on vector atomic model.(10lectures)

UNIT2:

Spectraof Alkali& amp; AlkalineElements: Spectraofal kalielements: Screeningconstantsfors,p,d& amp; f
orbitals;sharp, principle, diffuse & amp; fundamental Series; doublet structure of spectra and
finestructureof SodiumDline.Spectraofal kalineel ements: Singl etandtri pl etstructureof spectra. (6l ectures)

UNIT3:

X - rays& amp; X -Ray Spectra: Nature& amp; production,Continuous X-rayspectrum& amp;Duane-Hunt& #39; s
law,Characteristic X-ray spectrum &amp; Mosley&#39;s law, Fine structure of CharacteristicX-
rayspectrum,andX-rayabsor ptionspectrum.(7lectures)

UNIT4:

MolecularSpectra:Discretesetof amolecul e& #39;sel ectronic,vibrational androtati onal energies.Quantization of
vibrational energies, transition rules and pure vibrational spectra. Quantization of rotationalenergies, transition
rules, pure rotational spectra and determination of inter nuclear distance. Basics of
UV Visible& amp;photol uminescencespectroscopy/(7lectures)

ReferenceBooks:
1. H.E.White,& quot;I ntroductiontoAtomicSpectra& quot;,McGrawHill,19348.
%.4(% N.Banwell,E.M .M cCash,& quot; Fundamental sof M ol ecul ar Spectroscopy & quot;,McGrawHill,201
3. RMurugeshan,KiruthigaSivaprasath,& quot; M odernPhysi cs& quot;,S.ChandPublishing,20
19,18e10.

4. S.L.Gupta,V.Kumar,R.C.Sharma,& quot; Elementsof Spectroscopy& quot;,Pragati Prakasha
n,Meerut,2015,27



SKILLENHANCEMENTCOURSE

SEC-1
RENEWABLEENERGYANDENERGYHARVESTING:Credit-2

Theory:30Lectures

CO-1:Bas cunderstandingofalternativesourcesofenergy.
CO-2:Conceptual understandi ngandimportanceof sol arcell ,characterization

CO-3: Understating the energy harvesting and its applications using wind and piezoelectric
material CO-4: Understatingthe el ectromagnetic energyharvestinganditsapplications

UNIT-1
FossilfuelsandAlter nateSour cesofener gy:

Fossil fuels and Nuclear Energy, their limitation, need of renewable energy, non-conventional
energysources.Anoverviewof

devel opmentsinOffshoreWindEnergy, Tidal Energy, Waveenergysystems, Ocean Thermal Energy
Conversion, solar energy, biomass, biochemical conversion,
bi ogasgeneration,geothermal energytidal energy,Hydroel ectricity.

UNIT-2

Solar ener gy:

Solarenergy,itsimportance,storageof sol arenergy,sol arpond,non-convectivesol arpond,applications  of
solar pond and solar energy, solar water heater, flat plate collector, solar distillation,solar cooker, solar
green houses, solar cell, absorption air conditioning. Need and -characteristics
of photovoltaic(PV)systems,PV model sand equivalent circuits,andsuntrackingsystems.

UNIT-3
WindEner gy harvesting:

Fundamentals of Wind energy, Wind Turbines and different electrical machines in wind
turbines,Powerel ectronic interfaces,andgri dinterconnectiontopol ogies.

Piezoelectric Energy harvesting: Introduction, Physics and characteristics of piezoelectric
effect,materials and mathematical description of piezoelectricity, Piezoelectric parameters and
modelingpiezoel ectric generators,Piezoel ectric energyharvestingapplications,Humanpower.
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UNIT-4

ElectromagneticEner gyHar vesting:

Linear generators, physics mathematica models, recent applications 42 Carbon captured
technol ogies,cell,batteries,powerconsumpti onEnvironmentali ssuesandRenewabl esourcesofenergy,sust
ainability.

ReferenceBooks:
1. Non-conventional energysources-G.DRai-KhannaPublishers,NewDel hi
2. Solarenergy-MPAgarwal-SChandandCo.L td.
3. Solarenergy-SuhasPSukhativeTataM cGraw-Hill PublishingCompanyL td.

4. GodfreyBoyle,”“ RenewableEnergy,Powerforasustai nablefuture”,2004,0xfordUniversity Press,
inassoci ationwithTheOpenUniversity.

o

Dr.PJayakumar,Sol arEnergy: ResourceA ssesmentHandbook,2009
J.Balfour,M.ShawandS.Jarosek,Photovoltaics,L awrenceJGoodrich(USA).
http://en.wikipedia.org/wiki/Renewable_energy

N o

SEC-2
AppliedOpticsandPhotonics:Credit-3

CO-1: Basic understanding of different sources and detectors,
principles.CO-

2:Conceptual understandingoffrequencyfilteringanditsapplication.

CO-3: Basic concept of holography,and its application in microscopy and
interferometry.CO-

4:Basi cknowledgei nOptical fiber,anditsprinci pl eandapplicationinsensors.
CO-5:Applytheacquiredknowledgel nNExperiments

Theory:Credit2

Unit-1

Sour cesandDetector s

L asers,Spontaneousandsti mul atedemi ssions, Theoryof | aseraction,Ei nstei n'scoefficients,lightamplification,Che
racterizationoflaserbeam,He-Nel aser,SemiconductorL asers.


http://en.wikipedia.org/wiki/Renewable_energy
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Fourier OpticsandElectronMicr oscopyU
nit-2

Conceptof spatial FrequencyFiltering,Fourier Transformingpropertyofathinlens.
ElectronMicroscope,WorkingPrinciple, Typesofel ectronmicroscope: TEM,SEM (BASICS),Applicationsof el ect
ronmicroscope,Advantagesandlimitations of el ectronmicroscope
Unit-
3Holograph
y
Basi cprinci pleandtheory:coherence,resol ution, Typesofhol ograms,whiteli ghtref| ecti onhol ogram,appl i cati
onofhol ographyinmicroscopy,interferometry.
Unit-4
Photonics: Fiber Optics
Optical fibersand their properties, Principal of light propagation through a fiber, The
numericalaperture, Attenuation in optical fiber and attenuation limit, Single mode and multimode
fibers, Fiberopticsensors.
LAB:Credit-1

1. ExperimentonLasers:

Tofindthewidthofthewireorwidthoftheslitusi ngdiffractionpatternobtai nedbyaHe-
Neorsolidstatel aser.

ExperimentsonSemiconductorSourcesandDetectors

V-lcharacteristicsof LED
PhotovoltaicCell

ExperimentsonHol ographyandinterferometry.

ConstructingaMichel soninterferometeroraFabryPerotinterferometer.
ConstructingaM ach-Zenderinterferometer.
ExperimentsonPhotonics.FiberOptics

Tomeasurethenumerical apertureofanopticalfiber.

Tostudythevariationofthebendinglossinamul timodefiber.

O T P AT P WO N

Todeterminethepowerl ossataspli cebetweentwomul timodefiber

Refer enceBooks:
a. Fundamental of Optics,F.A.Jenkins& H.E.White, 1981, TataM cGrawhill.
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b. LaserFundamental sandApplications,K.Thyagaragjan andA.K.Ghatak,2010-
TataMcGrawhill.

c. FiberOpticsthrough  experiment,A.K.Ghatak,BishnuP.Pal,M.R.Shenoy,Sunil
K.Khijwania,2009,viraBook.

d. Fiberopticsandoptoel ectronics,R.P.Khare,OxfordUniversity.e.h

ttps://www.wikilectures.eu/w/Electron microscopy/principle

I ntroductiontoQuantuml nfor mationandComputingCe
rdit-03 (02 (Theory)+01(Lab.))

CO-
1:Basi cunderstandi ngof QuantumM echani cs, li nearal gebraof QuantumM echani csandQuantum
Entanglement.

CO-2:Basi cideasaboutQuantumGatesandcircuits,statesandqubits.CO-
3:TofamiliarwithQuantumAlgorithmandFourier Transform.

CO-4:UnderstandingShor’ salgorithmandGrover’ salgorithm.

CO-5:Toapplytherequiredknowl edgei nquantumcomputingl abs.

Unit-1

I ntroductiontoQuantumM echanics

Historyanddevel opmentof quantummechani cs,K ey princi pl es. superposition,entangl ement,andwave-
particle duality.

Linear Algebrafor QuantumComputation

Vectorsand
vectorspaces,| nnerproduct,outerproduct,andHil bertspacesEi genval uesandei genvectors.

QuantumEntanglement

Definition and propertiesofentanglement,Bell statesand
EPRpairs,Applicationsofentanglement,QuantumTel eportation.
Unit-2

QuantumGatesandCircuits

Basi cquantum gates:Pauli-
X,Y ,Z,Hadamard,Phase,andCNOT,Quantumcircuitsandthei rrepresentati on,Deutsch-Joszaal gorithm.

79


https://scholar.google.co.in/scholar?q=b.%2BLaser%2BFundamentals%2Band%2BApplications%2C%2BK.Thyagarajan%2Band%2BA.K.Ghatak&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_2?ie=UTF8&field-author=Bishnu%2BP.%2BPal&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_3?ie=UTF8&field-author=M.R.%2BShenoy&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_4?ie=UTF8&field-author=Sunil%2BK.%2BKhijwania&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_4?ie=UTF8&field-author=Sunil%2BK.%2BKhijwania&search-alias=stripbooks
https://www.wikilectures.eu/w/Electron_microscopy/principle
https://www.wikilectures.eu/w/Electron_microscopy/principle
https://www.wikilectures.eu/w/Electron_microscopy/principle

QuantumStatesandQubits

Theconcept of qubits,Representing qubits: Diracnotationand Blochsphere, Quantum
statemeasurements.

Unit-3
I ntroductiontoQuantumAlgorithms

Classicalvs.quantumal gorithms,Compl exityclasses: P, NP,andBQP.

QuantumFourier Transform(QFT)

Mathematical foundation of QFT, Implementation of QFT in quantum circuits, Applications
of QFT.
Unit-4

Shor'sAlgorithm

Problemstatement:integerfactori zati on, Stepsof Shor'sal gorithm, Practi calimpl ementati onandsignif
icance.

Grover'sAlgorithm

Problemstatement: unstructuredsearch, Stepsof Grover'sal gorithm, mplementati onandapplic
ations.

Refer enceBooks:

1.  Textbook: "Quantum Computation and Quantum Information” by Michael A. Nielsen
andlsaac L.Chuang.

2. J. Preskill,” LecturesnotesonQuantuminformationandcomputation”.

3. Online platform:Qiskit(IBM QuantumExperience).

QuantumComputing: ComputationLabC

erdit:01
SL. | Topic ExpectedOutcome
No.
1 Installation and exploration 1. Implementationofbasi cgates(Pauli,Hadamard,RX,RY ,RZ,C
of Qiskit,IBMQplatfor NOT,CZ,ControlledRotation)usingQiskit.
m. 2. Building basic circuits with singleandEntanglinggates.
3. Understandingquantum, measurement,visualization
Introduction to other 4. Building Bellstateand measuringit.
significantquantumcomputationt 5. Running acircuitthroughaccessibleNISQcomputer.

oolkits(Pennylane,Quimb,QuTi
petc).
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Complex gate designing,
andsimpleAlgorithmsa
ndprotocols.

=

ToffoligatethroughCNOT,H,S, T,andQi skitin-builtmethods.

Multi-controlled,multi-

targetgatesthroughToffoliandQiskitM TM Cmethod.

Designing quantumtel eportationprotocolwithBel | state.

Designingimperfectquantumtel eportationwithn
on-maximallyentangledstate

Incorporatingnoi semodel s(avail abl einQi skitfordifferentdevi

ces),andsee how noisechangesthe results.

Implementation of Deutsch-JozsaAlgorithm.

QuantumFourierTransform

SinglequbitquantumFouriertransform(Hgate).
ThreequbitquantumFouriertransform.

Multiqubitquantum

Fouriertransform(Understandi ngexponential gatecompl
exity).

A pproximatequantumFouriertransformwithpol ynomial compl
exity(Establishingerror-complexitytrade off).

QuantumPhaseEstimation

N

| deal casephaseesti mati onal gorithmdesi gning(wherephasecan
bewrittenusingexactlytbits)

A pproximatecasephaseesti mati onandunderstandi ngprobabil
ityofobtai ningcertai naccuracy

Shor’'s Factorization
Algorithm

Reduction offactorizationto orderfinding.
Implementati onoffactori zational gorithmfor9and15.

QuantumSearchAlgorithm

W NERIdE

DesigningguantumsearchthroughGrover’ salgorithm.
Devisingal gorithmforguantumcounting.
Understanding O(v/N)compl exityforquantumsearch.

ASTRONOMYANDASTROPHYSICS

CO-

Credit:3

1:Basi cideasaboutcel estial mechani csandastrometry.CO-2:

Tounderstandbasi ctool sofastronomy.

CO-3:Basicideasinsolarsystem.

CO-4:Tounderstandthebasi csof stel larparameters.
CO-5:ToA pplythebasi cknowledgeof AstronomyandA strophysi csfordoi ngsomeexperiments.

UNITI:

8Hours

CelestialM echanicsandAstr ometry: Thecel estial Sphere, Positi onsof stars, Propermoti onsof starsand

planets,Distances of nearbystars.
UNIT2:

8Hours

Tools of Astronomy: Telescopes.: Basic Optics, Optical Telescopes, Radio Telescopes,
Infrared,Ultraviolet, X-ray, and GammaRay Astronomy — detectors and observatories
Gravitational WavesdetectorsandNeutrinodetectorsAll-SkySurveysandVirtual Observatories.

UNIT3:

8Hours

The Solar System: The Sun, The Physical Processes in the solar system, The Terrestrial and
theGiantPlanets,Formationof Planetary Systems.

UNIT4:

8Hours

Basic Stellar Parameters: The brightness of the stars, Colour-magnitude diagrams (The
HRdiagrams), The luminosities of the stars, Angular radii of stars, Effective temperatures of
stars,Massesandradiiof stars. Binarystars, Searchf orExtrasol arPlanets
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ReferenceBooks:
1. IntroductiontoStellarAstrophysics,Volumel,Basi cstellarobservationsanddata, By ErikaBohm-
Vitense,CambridgeUniversityPress
2. AnlntroductiontoM odernAstrophysics,SecondEdition,ByCarrolIB.W.,OstlieD.A.,PearsonAddis
onWesley.
3. "AstrophysicsforPhysicists'byArnabRai Choudhuri, CambridgeUniversityPress, 2010
4. GalacticAstronomy: StructureandKinematicsbyMihal as& Binney,W.H.Freeman& CoL td; 2ndRev
isededition1981.
5. Anintroductionto Astrophysics: by BaidyanathBasu; Prentice-Hall ofIndia,

-NewDelhi-110001

ASTRONOMYANDASTROPHY SICSLAB:
Listof Experiments

1. To becomefamiliarwiththeastronomical objectsvisible to
nakedeyeinthenightskyusingthesoftware Stellarium.

2. To becomefamiliarwiththeConstellationsinthenight sky usingthesoftwareStellarium.
3. Toidentifytheretrogrademotion of Marswithrespectto the Background stars.

4. Toidentifysomeoftheprominent spectral linesinthespectrum ofoursun.

5. To getfamiliarwith thespectra ofdifferentstars.

6. Toextractcoordinatesofastarassumingatel escopei nequatorialmount.Y ouwill al sol earntheconcepto
fsideredtime.
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ValueAddedCourseCOMPUTATIO
NALMATERIALSMODELLING

Credit-4

CO-1:Basicunderstandingof MolecularDynamic.

CO-2:Conceptua understandingof statistical M echanics

CO-3:Conceptual understandingofdifferenti nputscriptinmol ecul ardynamic(LAM M PS) CO-
4:Basi cunderstandingofdensityfunctionaltheory

CO-5: Apply the acquired knowledge solving problems using software tools. LAMMPS,
QuantumExpresso

Theory:3credit
Unitl

Introduction to the course, Some applications of MD simulations, Introduction to Bravais
|atticesand constructingsimplecrystalswithM ATL AB, I ntroductiontosymmetry—
1,SymmetryElements — 1, Symmetryelements-2, Plane groups and their Hermann-Mauguin(HM)
symbols,Glidereflection; Examples of writing point groupsymbols; Wyckoff positions, generating
2Dcrystd with MATLAB
usingBilbaocrystall ographywebsi te, Symmetryof spacegroups, Hermannmaugui nsymbol sof spacegro
ups, Tranglational symmetryoperators

Unit2

TheSpace groups,Generationof crystals,Generationof monocliniclattice, I ntroductiontoStati stical
M echanics,Introductionto phasespace,| ntroductionto
phaseaverageandtimeaverage,Canonical ensembl e; Partitionfunction.

Unit3

Basic introduction to MD, input script for LAMMPS 1, Input script for LAMMPS 2, Input
scriptforLAMM PS3, | nputscript,forLAMM P34,
Unit4

DensityFunctional Theory:Introduction,K ohnshamequation(K Sorbital s,eigenval ues),Sol vingK Seq
uation,self-consistency,Vibrational principle,Constraints,Directdiagonalization.
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ComputationalM aterialsM odellingL ab: 1cr edit

LAMM PSexercisesl,LAMMPSexercises2,L AMM PSexercises

3,LAMM PSexercises4,L AMM PSexercisesb, DFTwithQuantumExpresso: Si2,ConvergenceT est,Si2
band,Si 7vacancy

TextBook/Refer ences

1. Lee,J.G.(2016).Computational M aterial sScience: Anlntroduction,SecondEdition(
2nded.).CRCPress.https.//doi.org/10.1201/9781315368429
2. https://archive.nptel.ac.in/courses/112/106/112106289/

FourY ear Hons.withoutResear chS

em-VI|
M athematicalM ethodsinPhysics

CO1:Understandingof ComplexV ariablesandContourl ntegration: Gaina
comprehensi veunderstandingof compl exvariablesandcontourintegration  techniques,  including
theirapplicationsinmathematicalanalysis andphysics.

CO2:LearningTensorsforPhysi cs: Acquireknowledgeandproficiencyin
workingwithtensors,af undamental mathematicaltoolinphysicsusedto describe physical quantities
andtheirtransformations.

CO3:UnderstandingGroupTheory:Developa deep understanding of group theory and its
roleinphysi cs,includingapplicationsinsymmetryanal ysi sandquantummechanics.

CO4:.LearningSpecia Functionsfor ApplicationsinPhysical Problems: Master
specializedfunctionscommonl yusedinphysi cstosol vecompl ex problems,enhancingproblem-
solvingskillsandexpandingmathemati cal techniques.

Unit-1

Complex Variables: Analytic functions, Contour integrals, Cauchy's integra theorem,
L aurent'sseries,singularpoints,residuesandtheResi dueTheorem,Eval uationof real definiteandindefinit
eintegral shycontourintegration,indentedsemi-circular  contour,evaluation of single andmulti-
val uedfunctions,branchpointsand branch cuts, Contour integration involving branchpoint.

Unit-2
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Tensors. Introduction, Types of tensor, Invariant tensor, epsilon tensor, Pseudo tensor, the
algebraoftensor, Quotient law,MetricTensor, Covariant derivative oftensor, Fundamental
Tensor,Cartesian tensor,Christoffel symbol.

Unit-3

GroupTheory:Definitionsofgroups, subgroupsandcl asses, | somorphism,
Homomorphism,Cayley'stheorem, Grouprepresentati ons,Orthogonalitytheorem,
characters,Orthogonalityrelation for group character, Character table, Preliminary idea about
infinite group, calculation
ofgenerator,Cal cul ationof generatorassoci atedwithS.U.(2)andSO(3)group,

Unit-4

Special Functions:LegendrePolynomials, generatingfunctions, Recurrence
formulae,Orthogonalitypropertiesof L egendre'spol ynomial of 1stkind,Bessel
generatingfunction,Bessel functionoflsand2ndKind, Recurrenceformulae, Orthogonality properties
of Bessel'spolynomials,Spherical Bessel functions,Fourierand L aplacetransformation.

Textbooks:
1. Mathemati cal M ethodsof Physics byMathews andWalker(W. A.Benjamininc.)

2. MatricesandTensorsinphysics byA.W.Joshi (NewA gel nternational Publisher)
3. Mathematical M ethodsi nthephysical SciencebyMaryL . Boas(Wiley-1ndia)

ReferenceBooks:

1. Mathematical M ethodsforPhysi cistby G.ArfkenandH.Weber,A cademi cPress(El sev
ier)

2. Elementsof GroupTheorybyA.W.Joshi(New Agel nternational Publisher)

3. Mathematical PhysicsbyH.K.DasandDr.R.Verma(S.Chand& CompanyL.T.D.)

4. Mathematical PhysicsbyP. K.Chattopadhyaya(NewA gel nternational)

ClassicalM echanics
CO1:Enhancecomprehensi onofrigidbodykinematics.CO

2:MastertheHamiltonianformalism.
CO3: Degpenunderstandi ngof canoni cal transformati onsi nvari ousphysi cal scenari os.

CO4:Graspconceptsrel atedtosmalloscill ations.
Unit-1

KINEMATICSOF RIGIDBODY MOTION:
79



I ndependentcoordinatesofarigidbody,Orthogonal transf ormati ons,Eul erianangl es,infinitesimal
rotations, rate of change of vector, Coriolis force, angular momentum and kineticenergy of motion
about a point, inertial tensor and the moment of inertia, Eigen values of Inertialtensor and the
principal axis transformation, methods of solving rigid body problems and Euler'sequationsof
motion,torquefree motion of arigid body. Heavy symmetrical top with one pointfixed.

Unit-2

HAMILTONIANFORMULATION:CalculusofVariationsandEul er-L agrange'sEquation,
BrachistochroneProblem,Hamilton'sPrinciple,Extensionof Hamilton'sPrincipleto Nonholonomic
Systems, Legendre Transformation and the Hamilton Equations of
M otion,Physical Significanceof Hamiltonian, Derivation of Hamilton's Equations of Motion from
aV ariational Principle,Routh'sProcedure, Princi pleof L eastAction

Unit-3

CANONICALTRANSFORM ATIONS: Canonical Transformation, Typesof GeneratingFunction,
conditions for canonical transformation, Integral Invariance of Poincare, Poisson Bracket, Poisson's
Theorem, Lagrange Bracket, Poisson and Lagrange Brackets as Canonicallnvariant,Infinitesimal
Canonical transformation and Conservation Theorems, Liouville's Theorem HamiltonJacobi Theory:
Hamilton-Jacobi Equation for Hamilton's Principa Function, Harmonic Oscillator andK epler problem
by Hamilton-Jacobi Method, Action-Angle Variables for completely
SeparableSystem,K eplerProbleminAction-AngleVariables.

Unit-4

SMALL OSCILLATION: Problem of Small Oscillations, Example of linear triatomic
mol ecul eand twocoupledOscillator,General Theoryof
Small Oscillations,Normal CoordinatesandNormal M odesof Vibration.

TestBooks:

1. ClassicalMechanics-byH.Goldstein(Addison-Wesley)
Referencebooks:

2. ClassicaMechanicsbyS.N.Biswas, BooksandAlliedPublisherLtd.
3. ClassicaMechanicsbyJ.C.Upadhay,HimalayaPublishingHouse.

4. ClassicalMechanicsbylL andauandL iftshitz(ButterWorth)
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QUANTUMMECHANICS1

CO1: Tocomprehend thepostul atesand generalformalism of quantum

mechanics.CO2: Toacquireknowledgeof quantumdynamics.

CO3: To grasp theconceptsofrotational and orbital angularmomentum.

CO4.Tounderstandspi nangul armomentum,additionofspin, andClebsch-
GordanCoefficient

Unit—1

GENERALPRINCIPLESOFQUANTUMMECHANICS:
Postul atesof QuantumM echani csandmeani ngof measurement, Operatorsandthei rexpectationval ues,

.Dirac Notations,Linear vector space, Ket and Bra vectors, Scalar product ofvectors and their
properties, Dirac deltafunction,linearoperators, Adjoint operators, UnitaryOperators, Expectation
values of dynamical variables and physical interpretation of Hermitianoperators, Eigen values
andeigen vectors,orthonormality
ofeigenvectors,probabilityinterpretation,Degeneracy,Schmidtmethodof
orthogonalization,Expansiontheorem,Completeness and closure properties of the basis set,
Coordinate and momentum representati ons,compati bl eanl ncompatible
observables,Commutatoral gebra,uncertai ntyrel ationasaconsequenceof non- commutability,
minimum uncertainty wave packet, Representations of KetandBra
vectorsandoperatorsinmatrixform,Unitarytransformationof basisvectorsandoperators.

Unit-2

QUANTUMDYNAMICS:
Timeevol utionof quantumstates, Timeevol utionoperatoranditsproperties,  Schrodinger,Heisenberg

and Interaction picture,Equations of motion, Operator method solution of Harmonicoscillator
problem,Matrixrepresentation and timeevolution ofcreation and annihilation operator.

Unit-3

ROTATIONANDORBITALANGULARMOMENTUM

Rotation Matrix, Orbital angular momentum operators as generators of rotation, Lx, Ly, Lz and

L 2and their Commutationrel ations,Rai singandL oweringoperators (L+andL-),Lx,Ly,LzandL 2

in Spherical Polar coordinates, Eigen values and Eigen functions of Lz and
L 2(operatormethod),M atrixrepresentationofLx, Ly,Lz andL 2.
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Unit-4

SPINANGULARMOMENTUM:

SpinYz particles,Paulispin matricesand their properties,Eigen valuesand Eigen functions,Spinand
rotations. Total angular momentum: Total angular momentum J, Eigen value problem ofJz and ¥ ,
Angular momentum matrices, Addition of angular momentum and C. G. coefficients

forthestateswith(i)j=sand] ,=4(ii)j,=1andj=Y2.

Textbooks:
1. " QuantumM echani cs: ConceptsandA pplications'byNouredineZettileJohnWil eyandsons.

ReferenceBooks:

1. "QuantumMechanics',L.l.SchiffL.l 3rEd, McGrawHill BookCo.

2. “QuantumM echanics’ E.Merzbacher,2ndEd.,JohnWiley& Sons.

3. "Quantum Physics' ,S.GasiorowiczJohnWiley.

4. "ATextBookofQuantumM echanics'byP.M.Mathews.andVe
nkatesan, TataM cGrawHill.

5 | ntrpducti ontoQuantumM echanics,byD.J.Griffiths,2ndedition,PearsonPubl
ications.

6. LecturesonQuantumM echanics,AshokDas,
Universityof Rochester,USA (second edition;HindustanBook
Agency

LABORATORY:COMPUTATIONALPHYSICS: 4CREDITS

The main goal of this laboratory is to utilize programming languages such as C/C++,
Fortran,Matlab,
andScilabtotackl estrai ghtforwardprobl emsi nthefi el dsof cl assi cal mechani cs,quantummechani cs,and

statisticalmechanics.

1. Introductiontotheprogramminglanguage(e.g.C/C++/Fortran/Matl ab/Scilab). Thei ntroductionisa
ccompani edbyexampl esinthefol lowinggeneral areas.(a) SortingAlgorithms--
sel ectionsort,Quicksortetc.(b)Solutionof  equation-- Newton's method, Secantmethodetc.(c)

Simplenumericalintegratons--Trapezoidalrule, ssmpsonl/3rule.

2. Classica mechanics (2nd order ODE, initial value problems). Euler method, Modified-
Euler(predictor-corrector) method, Runge-Kutta method, Leapfrog method, Verlet method,
VelocityVerletmethod,each withand without vel ocitydependentdrag terms,
harmonicoscillatorwith damping ,forced one, realistic projectile motion with air drag, reaistic

planetary orbitcal culation.

3. Quantum Mechanics (2nd order ODE, boundary value and eigenvalue problems).

ShootingmethodandNumerov'smethod,exampl esof boundstatescal cul ationforlDwell s,
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guantum
harmoni coscillators. Eigenval ueprobl eminmatrixform(finitedimensi onal basi s),andexact
(Lanczos)diagonalization,V ariational cal cul ationwithorthogonal basi sstates. Time-

dependentSchrodi ngerequati on,waveequation.

4. StatisticalMechani cs(Stochasti candM onteCarl oM ethods).Uniformrandomnumbergeneration,R
andomwal kanddiffusion,M onteCarl ol ntegrati on--advantageinhigherdimension, error analysis.
Importance sampling and detaled balance. Generation of randomnumbers

fromaGaussiandi stribution-- Box Miller method, using
centrallimittheorem,Samplingpointsfromarbitrary distributions --Metropolissampling
andexamples.

ReferenceT extbooks:

1.  Computational Physics,N.J.GiordanoandH.Nakanishi,PearsonPrenticeHall (20
06)

2. IntroductiontoComputational Physics,PaoTang,CambridgeUniversityPress.

3. Computational Physics,S.E.KooninandD.C.Meredith,Addison-
WesleyPublishingCompany.

4.  Computational Physics,J.M.Thijssen,CambridgeUniversityPress

Sem.-VIII

ClassicalElectrodynamics

CO 1. To understand the covariance formulation of electrodynamics through
topi cssuchasL orentztransformations, Scalars,Vectors, Tensors,
andthel nhomogeneous\Wave Equation.

CO2: Toexpl oretheconceptsof Lienard-Wiechertpotential andthefiel dof auniformlymoving
electron, as well as the propagation of electromagnetic waves in rectangular waveguides.

CO3:Tolearn aboutradiationfromaccel eratedcharges.

CO4: To comprehend radiation, scattering, and dispersion phenomenain the context
ofelectrodynamics.

UNIT1:

a. Covariantformulationofelectrodynamics:
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Lorentztransformation; Scalars,vectorsandTensors;Maxwells  equations  andequations of
continuity in terms of Ap and Ju; Electromagnetic field tensor and its dual; Covariant form of
Maxwell“s  equations;  Lagrangian for a  charged particle in  presence

of external el ectromagneticfiel dandM axwel |’ sequationasEul er-L agrangeequations.
b. Thelnhomogeneousw aveequation:

Wave equations for potentials, solution by Fourier analysis, Radiation field, Radiation
energy,Hertz potential, Computation of radiation fields by Hertz method, electric dipole
radiation,multipole-radiation.

Unit-I1
a. Lienard-Wiechart potential and Field of a uniformly moving electron: Lienard-

Wiechartpotential ,Fi el dsof achargein uniformmotion,Directsol utionof thewave
equation,Convectionpotential,Virtual photonconcept.

b. Waveguides,Propagation of el ectromagneticwavesin rectangul arwaveguides.

Unit—I11
RadiationfromAcceler atedChar ges: Radiationfromanaccel eratedcharge,Fields
ofanaccel eratedchargeradiationatlowvel ocity,Caseofvel ocityparallelto
accel eration,radiationfromcircul arorbits,Radiationwithnorestrictionsonthe acceleration or
vel ocity,Classi cal crosssecti onforbremsstrahl unginaCoul ombfiel d,Cherenkovradiation.

Unit-V

Radiation,scatteringanddisper sion:

Radiative damping of a charged harmonic oscillator, forced vibrations, scattering by an
individualfree electron, scattering by a bound electron, absorption of radiation by an oscillator,
equilibriumbetweenanoscill atorandaradiationfield,effectofa

volumedi stributi onof scatters, scatteri ngfromavol umedi stribution,Rayl ei ghscattering,thedispersion
relation.

TextBook:
1. "ClassicalElectricityandMagnetism'byWolfgangK .H.Panof skyandM el baPhili ps,SecondEdi

tion.

Referencebooks:

1. "ClassicalElectrodynamics' JaksondD,JohnWiley.

2. 'IntroductiontoEl ectrodynamics’,GriffithsDJ,PrenticeHall.
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QUANTUMMECHANICSH |

CO1:Mastertheprinci pl esof sol vingmotioninasphericallysymmetricfield. CO2: A
cquireproficiencyinutilizingapproximatemethods.

CO3: Comprehend advanced techniques like the Variational method, W. K. B. method,
andTime-dependentperturbationtheory.

CO4:GaininsightintoTime- _ S _
dependentperturbati ontheoryandthescatteringofidentical particles.

Unit-1
M otioninasphericallysymmetricfield:
Thehydrogenatom,Reductiontoequival entonebodyprobl em,radia equation,

Energyei genval uesandei genfunctions,Degeneracy,Radial probabilitydistribution, free-
particleproblem, Expression of plane waves in terms of spherical waves. Bound states of a 3-D
squarewell.

Unit-2

Approximatemethods:
stationary perturbation theory, Rayleigh Schrodinger method for non-degenerate case,
firstandsecondorderperturbation,anharmonicoscill ator,generaltheoryforthe degenerate
case,removal of degeneracy,linear Starkeffect, normal Zeemaneffect.
Unit-3
Variationalmethod: Ground State, First Excited State and Second Excited State of H-
atomOne-DimensionalHarmonicOscillator,andHe-atom.

W.K.B.method:Connectionformul as,Bohr-Sommerfel dquanti zationrule,Harmonic
oscillatorandcoldemission.

Time-dependentpertur bationtheory:

Transitionprobability,constantandharmoni cperturbation,Fermi Goldenrule

Unit-4

Scatteringamplitudeandscatteringcr osssection:

Bornapproximation,applicationtoCoul ombandscreenedCoul ombpotential s.Partialwaveanal
ysis for scattering, optica theorem, scattering from a hard sphere, resonant
scatteringfromasguarewell

potential .| denti cal parti cles, Symmetri candanti symmetri cwavef unction,Scatteri ngofidentica
Iparticles.

TextBook:
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1. "QuantumM echani cs:ConceptsandA pplications'byNouredi neZettileJohnWileyandsons.

ReferenceBooks:
1. "QuantumMechanics',L.l.Schiff3rded,McGrawHillBookCo.
2. “QuantumM echanics’ E.Merzbacher,2ndEd.,JohnWiley& Sons.
3. "QuantumPhysics",S.Gas orowiczJohnWiley.
4. "ATextBookof QuantumM echanics'byP.M .M athews.andV enkatesan, TataM cGrawHill.
5. IntroductiontoQuantumM echanics,byD.J.Griffiths,2ndedition,PearsonPublications.

Electronics

CO1:Enhanceunderstandingof Network Analysis,BipolarJunctionTransi stors,andOperationa Amplifiers

CO2:Acquireknowl edgeofOscill atorcircuitsandtheirfunctionality.CO3
:Mastertheconceptsof Digital Circuitsandtheirapplications.

CO4: Comprehendtheoperationandusageof Optoel ectroni cDevicesinel ectronicsystems.
Unit-1

NetworkAnalysis. SuperpositionprincipleTheveninandNortonTheorems,BJT,
FET,MOSFET:characteristic,biasing-parameteranalysi sFeedbackCircuits.

Operational Amplifiers: Thedifferentialamplifier,D.C.andA.C.signalanalysis,

integralamplifier,rejectionof commonmodesignals,CMM R, Theoperational
amplifier,inputandoutputimpedances,A pplicationof operational Amplifiersunit gan

buffer,summing,integratingamplifier,Comparator,Operational amplifierasadifferentiator .
Unit-2

Oscillator cir cuits: Feedbackcriteriaforoscillation,Nyqui stcriterion,Phaseshift, Wien-
Bridgeoscillator,Crystalcontrol ledoscillator

Unit-3

Digital Cir cuits: L ogicfundamental s,Bool eantheorem,logicgates: AND,OR,NOT,NOR,NANDXOR
, and EXNOR.RTL, DTL and TTLlogic, Flip-flop, RS-and JK-Flipflop, A/D and D/AConvertors

79



Unit-4
OptoelectricsDevice:

Principle of optical sources, Source material, Choice of materials, Internal and external
guantumefficiencyof L.E.D.,Structures, Typesof L.E.D.:SurfaceemittingL .E.D.,
EdgeemittingL .E.D.,Modul ationcapability,emissionpattern,powerbandwidth

product,laserDiodeM odes, Thresholdcondition,  resonantfrequency,LaserDiode  Structure,Brief
descriptionof princi pleof opti cal detectors,PhotomultipliersP.l.N.andA.P.D.configuration,Solar Cell.

Textbooksand readingmaterials

1. Electronicfundamental andapplicationbyJ.D.Ryder,PHI,L earningPvtLtd.
2. Electronics.CircuitsandAnalysis,D.C.Dubey,AlphaScience
3. R.P.Khare,FiberOpticsand Optoel ectronics,Oxford UniversityPress

Refer enceBooks:

1. Foundationofelectroni cs—Chattopadhyay,
Rakshit,SahaandPurkait,Newagel nternati onal publisher

2. Electronicsprinciples-AlbertMalvino, TataM cGraw-Hill Edition
3. ModernDigital Electronics-R.PJain, TataM ¢ Graw-HillEdition

Laboratory: Optics and M odern Physics Lab
(4cr edit) Themai nobj ectivesofthi slaboratorycoursear
e

1. Toapplytheprinciplesofoptics,el ectroni cs,andmodernphysi csinconducti ngexperiments.
2. Togainabetterunderstandingoftheoreti cal princi pl esthroughhands-onexperi mentati on.

N.B: Followingisthelistof someexperimenthowever,thecol | egecanaddany otherexperimen
tsaspertheconvince.

Optics& M oder nPhysics:
1. Determinationof BoltzmannconstantusingV -1characteristicsof PNdiode.

2. DeterminationofPlanck’ sconstantusingL EDsatleastfourcolors.

3. Determinationofe/mbyBarmagnet/magneticfocussung

4. Studyofphoto-€lectriceffect.

5. Studyofdiffractionpatternofsingleanddoubl eslitsusi nglasersourceanddeterminat
ionofitswavelength.

6. Studytheelectricalres stanceasafunctionoftemperature.

7. ExperimentswithMichelsoninterferometer:DeterminationofAandaThicknessofmicasheet
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8. Fabry Perot interferometer Polarization Experiments Babinet
compensatorEdsar-
ButlerbandsQuarterwaveplateM allusL awStudyofelli ptical pol ari zedlight

9. ConstantDeviationSpectrographyCalibrationZeemaneffect
10. BabinetQuartzSpectrography
11. Anyothersuitableexperiments

12. Anyotherexperimentsthatmaybesetupfromtimetotime.

ReferenceBooks:
1. Elementsof M odernPhysics. L aboratory(BPHEL -142,

Preparedby:Ignou: school ofscience  (https.//egyankosh.ac.in)
2. ModernPhysicsLab(PHY S340)
Preparedby:PurdueUniversity,(https://www.physics.putrdue.edu)

FourY earHons.WithReaser ch

Sem-VIlI

Classical
M echanics
Unit-1

KINEMATICSOF RIGIDBODY MOTION:

I ndependentcoordinatesofarigidbody,Orthogonal transf ormati ons,Eul erianangl es,infinitesimal
rotations, rate of change of vector, Coriolis force, angular momentum and kineticenergy of motion
about a point, inertial tensor and the moment of inertia, Eigen values of Inertiadtensor and the
principal axis transformation, methods of solving rigid body problems and Euler'sequationsof
motion,torquefree motion of arigid body. Heavy symmetrical top with one pointfixed.

Unit-2

HAMILTONIANFORMULATION:CalculusofV ariationsandEul er-L agrange'sEquation,
Brachi stochroneProblem,Hamilton'sPrinciple,Extensionof Hamilton'sPrincipleto Nonholonomic
Systems, Legendre Transformation and the Hamilton Equations of
M otion,Physical Significanceof
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Hamiltonian,Derivationof Hamilton'sEquati onsof M otionfromaV ariational Princi pl e, Rout
h'sProcedure,PrincipleofL eastAction
Unit-3

CANONICALTRANSFORMATIONS: Canonical Transformation, Typesof GeneratingFu
nction,

conditionsfor canonica transformation, Integral Invariance of Poincare, Poisson Bracket,

Poisson'sT heorem,

L agrangeBracket, Poi ssonandL agrangeBracketsasCanoni cal | nvariant, I nfinites mal Canonicaltransf
ormationandConservationTheorems,Liouville'sTheoremHamiltonJacobi Theory:Hamilton-Jacobi
EquationforHamilton's Principal Function,HarmonicOscillatorand K epler problembyHamilton-
Jacobi Method,Action-Angle Variabl esforcompl etel y SeparableSystem,K eplerProbleminAction-
AngleVariables

Unit-4

SMALLOSCILLATION:ProblemofSmall Oscillations,Exampleoflinear triatomicmol ecul eand
two coupled Oscillator, General Theory of Small Oscillations, Normal Coordinates
andNormal M odesof

Vibration.

TestBooks:

1. ClassicalMechanics-byH.Goldstein(Addison-Wesley)

Refer encebooks:

1. ClassicalMechanicsbyS.N.Biswas,BooksandAlliedPublisherLtd.
2. ClassicalMechanicsbyJ.C.Upadhay,Himal ayaPublishingHouse.

3. ClassicalMechanicsbylL andauandL iftshitz(Butter\Worth)

QUANTUMMECHANICS

Unit-1

GENERALPRINCIPLESOFQUANTUMMECHANICS:

A-Postul atesof QuantumM echani csandmeani ngof measurement,Operatorsandtheir
expectationvalues,Schrodinger equation, Particle in a box, Orthogonality of eigenfunctions.Dirac
Notations,Linearvectorspace,K etandBravectors,,Diracdel tafunction,linearoperators,Adjointoperators,Unitary
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Operators,Hermitianoperators,Eigenval uesandei genvectors, orthonormality of eigen
vectors,probabilityinterpretation,Degeneracy,.

B-QUANTUMDYNAMICS:

Time evolution of quantum states, Timeevolutionoperatorandits properties,Schrodinger, Heisenbergand
Interaction picture, Equations of motion, Operator methodsolution of Harmonic oscillator
problem, M atrixrepresentati onandti meevol utionof creati onandanni hilationoperators.

Unit-2

ROTATIONANDORBITALANGULARMOMENTUM:
A-Orbitalangularmomentumoperatorsasgeneratorsofrotation,L x,Ly,L zandL 2andtheirCommutation

relations, Raising and Lowering operators (L+and L-),Lx, Ly,Lzand L2in
spherical Polarcoordinates, Ei genval uesandEi genfunctionsof L zandL ?(operatormethod),
M atrixrepresentationofLx,Ly,L zandL?.

B-SPINANGULARMOMENTUM:

Spin %2 particles, Pauli spin matrices and their properties, Eigen values and Eigen functions, Spin
androtations. Totalangular momentum: Totalangular momentum J, Eigen value problem of Jz and
F,Angular momentum matrices, Addition of angular momentum and C. G.coefficients for the states with
(1)j1=Yandj2=Y4(ii)ja=1and]2="%.

Unit-3

A-Motion in a spherically symmetric field:The hydrogen atom,
Approximatemethods: Stationaryperturbation theory,RayleighSchrodingermethodfornon-
degeneratecase,firstand secondorderperturbation,Variationalmethod: GroundState, H-atomOne-

DimensionalHarmonicOscillator, W .K .
B. method: Connection formulas, Bohr-Sommerfeld quantization rule, Time-dependent

per tur bationtheory: Transitionprobability,constant andharmonic perturbation,FermiGoldenrule.

Unit-4
Scatteringamplitudeandscatteringcr osssection:
Born approximation, application to Coulomb and screened Coulomb, potentials. Partial wave analysis

forscattering,optical theorem,scatteringfromahardsphere, resonantscatteri ngfromasquarewel | potential .Elem

entaryidiaonidentical particles.

Textbooks:
1." QuantumM echanics: ConceptsandA pplications'byNouredi neZettileJohnWileyandsons.

Refer enceBooks:
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1."QuantumMechanics',L.1.SchiffL.I3rEd,McGrawHillBookCo.

2. “QuantumM echanics’ E.Merzbacher,2ndEd.,John Wiley& Sons.

3. "QuantumPhysics",S.GasiorowiczJohnWiley.

4." ATextBookof QuantumM echanics'byP.M.Mathews.andV enkatesan, TataM cGrawHill.

5. IntroductiontoQuantumM echani cs,byD.J.Griffiths,2ndedition,PearsonPublications

LABORATORY:COMPUTATIONALPHYSICS: 4CREDITS

1. Introductiontotheprogramminglanguage(e.q.C/C++/Fortran/Matl ab/Scilab). Thei ntroductioni
saccompani edbyexamplesinthefollowinggeneral areas.
(&) SortingAlgorithms--sel ectionsort,Quicksortetc.
(b) Solutionofequation--Newton'smethod,Secantmethodetc.
(c) Simplenumericalintegratons--Trapezoidalrule,simpsonl/3rule.

2. Classicalmechanics(2ndorderODE,initial val ueproblems).Eulermthod,M odified-Eul er(predictor-
corrector) method, Runge-Kutta method, Leapfrog method,Verlet method, Velocity Verlet
method,each with and without velocity dependentdrag terms, harmonic oscillator with
damping,forced one,realistic projectilemotionwithairdrag,realisticplanetaryorbitcal cul ation.

3. Quantum Mechanics (2nd order ODE, boundary value and eigenvalue problems).Shooting
methodand  Numerov's  method,examplesof  boundstatescalculationforlD  wells,quantum
harmonicoscillators. Eigenvalue
probleminmatrixform(finitedimensi onal basis),andexact(L anczos)diagonalization, Variational
calculationwith orthogonal basis states. Time-dependentSchrodingerequation,waveequation.

4. Statistical Mechanics (Stochastic and Monte Carlo Methods). Uniform random number
generation,Randon walk and diffusion, Monte Carlo Integration -- advantagein higher dimension,
error analysis.|mportancesamplinganddetail edbal ance.Generati onof
randomnumbersfromaGaussi andi stribution--

BoxMuillermethod,usi ngcentral limittheorem, Samplingpoi ntsfromarbitrarydistributions--
M etropolissamplingandexamples.
References:

Computational Physics,N.J.GiordanoandH.Nakanishi,PearsonPrenticeHal | (2006)

I ntroductiontoComputational Physics,PaoTang,CambridgeUniversityPress

Computational Physics,S.E.KooninandD.C.Meredith,Addison-Wesl ey PublishingCompany
Computational Physics,J.M.Thijssen,CambridgeUniversityPress

PwnNpE
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Sem-VIII
ClassicalElectr odynamicsUnit—

A:Covariantfor mulationofelectr odynamics:
L orentztransformation; Scal ars,vectorsandT ensors; M axwel | sequati onsandequationsof continuity  in
teems of Ap and Ju; Electromagnetic field tensor and its dual; Covariant form
of Maxwell“sequations;Lagrangianforachargedparticlei npresenceofexternal el ectromagneticfieldand

Maxwell’ sequati onasEul er-L agrangeequations.
B: Thel nhomogeneouswW aveequation:

Wave equations for potentials, solution by Fourier analysis, Radiation field, Radiation energy,
Hertzpotential,Computati onofradiationfiel ds byHertzmethod,el ectricdipol eradiation,

multipole-radiation.

Unit |

A:Lienard-Wiechart potential and Field of a uniformly moving electron: Lienard-
Wiechartpotential ,Fiel dsof achargel nuniformmotion, Directsol utionofthewaveequati on,Convectionp
otential,Virtual photonconcept.

B:Waveguides,Propagati onof el ectromagneti cwavesin rectangul arwaveguides.

Unit 11
RadiationfromAcceleratedChar ges:

Radiation from an accelerated charge, Fields of an accelerated charge radiation at low
velocity,Caseofvel ocityparall el toaccel eration,radiationfromcircul arorbits,Radi ationwithnorestrictio
nsontheaccel erationorvel ocity,Cl assi cal crosssecti onforbremsstrahl unginaCoul ombfiel d, Cherenkovr
adiation.

Unit-V

Radiation,scatteringanddisper sion:

Radiativedampingofachargedharmonicoscillator,forcedvibrati ons,scatteringbyanindividual free
electron, scattering by a bound electron, absorption of radiation by an
oscillator,equilibriumbetweenanoscill atorandaradi ati onfiel d,ef fectof avol umedi stributionof scatters,

scatteringfromavol umedistribution,Raylei gh scattering,thedispersionrel ation.
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TextBook:

1. "ClassicalElectricityandMagnetism™byWolfgangK .H.Panof skyandM el baPhili ps,SecondEdi
tion.

Refer encebooks:
1. "ClassicaElectrodynamics',JaksonJD,JohnWiley.

2. 'Introduction toElectrodynamics", GriffithsDJ,PrenticeHall.

L aboratory:OpticsandM oder nPhysicsL ab(4cr edit)
M .B:Followingisthelistof someexperimentshowever, thecol |l egecanaddanyotherexperimentsasperthe

convince.

Optics& M odernPhysics:

Determinationof BoltzmannconstantusingV -1 characteristicsof PNdiode.
DeterminationofPlanck’ sconstantusingL EDsatl eastfourcolors.
Determinati onofe/mbyBarmagnet/magneti cfocussung

Studyof photo-€l ectriceffect.

a A~ W DN p

Studyof diffractionpatternof singleanddoubl eslitsusi ngl aser sour ceanddetermi nati onofitswavel engt
h.

6. Studythe electricaresistanceasafunction oftemperature. Experiments
withMichelsoninterferometer: DeterminationofAandaThicknessofmicasheet

7. FabryPerotinterferometerPol ari zationExperi mentsBabi netcompensatorEdsar-
ButlerbandsQuarterwaveplateM allusL awStudyofelli ptical pol ari zedlight

8. ConstantDeviationSpectrographyCalibrationZeemaneffect
9. BabinetQuartzSpectrography
10. Anyothersuitableexperiments

11. Anyotherexperimentsthatmaybesetupfromtimetotime.

Refer enceBooks:

1. Elementsof M odernPhysics.L aboratory(BPHEL -142,
Preparedby:Ignou: school ofscience  (https://egyankosh.ac.in)
2. ModernPhysicsLab(PHY S340)
Preparedby: PurdueUniversity, (https.//www.physics.putrdue.
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