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PAPER : INORGANIC CHEMISTRY

Unit

Particulars

Hardand Soft Acid and Bases (HSAB)

[ 1 aAaAAFAOFLGA2Y 2F | OAR YR 01l &S &babestregth il
hardness and softness. Symbiosis ,theoretical basis of hardness and softness ,electronegat
hardness and softness

Metal-ligandBonding in Transition Metal complexes

Limitations of valence bind theory, an element idea of crydiald theory, crystafield splitting in
octahedral, tetrahedral and square planar complexes, factors affecting the efigdtal
parameters.Magneti®roperties of Transition Metal Complexes Type of magnetic behavior,
methodsofdeterminingmagnetic susceptibility, spionly formula, ES coupling, correlation of,u

I Y Ry values, orbital contribution to magnetic moments , application of magnetic data for 3
mental complexes

ElectronSpectra of Transition Metal Complexes

Type of electronic transitions, selection rules fed transition, spectroscopic ground states,
spectrochemical serie©rgetenergy level diagram fortdnd & states, discussion of the
electronic spectrum of [Ti ¢@)]3 complexion.Thermodynamiand Kinetic Aspects of Mental
Complexes.Arief outline of thermodynamic stability of mental complexes and factors affectin
stability, substitution reactions of square planar complexes

Organometallic Chemistry

Definition, nomenclature and classificationafjanometallic compounds .Preparation, propertig
bonding and application of alkyls and aryls of Li, Al, Hg, Smianarief account of metal ethylene
complexes and homogeneous hydrogenation ,mononuclear carbonyls and the nature of bon
metal carbonyls.

Bioinorganic Chemistry
Essential and trace elements to biological processes, Awgtalphyrinswith special reference to
haemoglobirand myoglobin, Biological rule of alkali and alkaline earth metal ions with specis

reference to C&-, Nitrogen fixation.




PAPER Il : ORGANIC CHEMISTRY

Unit

Topics

SpectroscopyNucleanagnetic resonance spectroscopy (NMR). Proton magnetic resonasi¢kIi
spectroscopy, nuclear shielding adeshielding chemical shift and molecular structure, spin
spinsplittingand coupling constants, area of signals, interpretation of PMR spectra of simple
organicmoleculesuch as ethyl bromide, ethanol, acetaldehyde, 1; fibromoethang ethyl acetate,
toluene andacetophenone problems pertaining to the structure elucidation of simple organic
compounds using UV, IR and PMR spectrostepimiques.OrganometallicompoundsThé&rignard
reagentsformations, structures and chemicadactionsOrganozincompounds: formation and chemicg
reactions.OrganosulphwwompoundsNomenclatutestructural features, methods of formation and

chemical reactions of thiolfhioethers,sulphoni@cids,sulphoamidesnd sulphaguanidine

Heterocyclicwcompounds IntroductionMoleculerorbital picture and aromatic characteristics of pyrrol
furan,thiopheneand pyridine.Methodsof synthesis and chemical reactions with particular emphasi
the mechanism oéletrophilicsubstitution.Mechanisnof nucleophilic substitution reactions in
piperidineand pyrrole. Introduction to condensed 5 andnéemberedheterocycles.Preparatioand
reaction ofindole, quinolineandisoquinolinewith special reference to Fishardole synthesisSkraup
synthesis andBischlerNapieralsksynthesis, mechanism efectrophilicsubstitution reactions oindole,
quinolineandisoquinoline




PAPER Il : ORGANIC CHEMISTRY

Unit

Topics

Organicsynthesis vi&nolatesAcidity of hydrogens, alkylation of diethyl malonate and ethyl acetoacet;
Synthesis of ethydcetoacetate the ClaisercondensationKeto-enol tautomerismof ethylacetoacetate
Alkylation of 1,&dithianes.Alkylation andcylationof examines.CarbohydrateésSlassificationand
nomenclature,Monosaccharides,mechanisfosazoneformation,intertconversioof glucose and fructose
chain lengthening and chain shorteningatdoses.Configuratioaf monosaccharides.Erythandthreo
diastereomers.Conversiarf glucose into mannose. Formation of glycosides, ethers and
esters.Determinatiorof ring size omonosaccharides.Cycbtructures of D(+)glucose.Mechanisraf
mutarotation. An introduction to disaccharideméltose,sucrosand lactose) and polysaccharides(starc
and cellulose) without involving structure determination

ALe
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Amino acids,Peptides,Protiensand NucleicAcidsClassificationstructure and stereochemistryof amino
acids Acidbasebehavior, isoelectricpoint, electrophoresis Preprationand rections of h-amino acids

Structure and nomenclature of peptides and proteins Classifications of proteins Peptide structure
determinationend group analysis selectivehydrolysisof peptides Classicapeptide synthesissolid phase
peptide synthesis structure of peptidesand proteins, levelsof proteins structure. Protein denaturation

renaturationNucleicacid introduction, constituentsof nucleicacids,Ribonucleosideand Ribonucleotide
Thedoublehelicalstructure of DNA

Fats,oils and detergents,Natural fats, edible and industrial oils of vegetableorigin, commonfatty acids,
glycerides, hydrogenation of unsaturated oils. Saponificationvalue, iodine value, acid value, soaps,
synthetic detergents, alkyl and aryl sulphonatesSynthetic PolymersAddition or chain growth
polymerization Freeredicalvinyl polymerization,ionic vinyl polymerization,ZieglerNatta polymerization
and vinyl polymersCondensationor step growth polymerization Polyesters, polyamides, phenot
formaldehyderesins,epoxyresinsand polyurethanes Natural and synthetic rubbersSyntheticDyesColo
and constitution (electronicconcept) Classificatiorof dyes Chemistryand synthesisof methyl orange
CongoredMalachitegreen Crystalviolet. PhenolphthaleinFlouresceinAlizarianand Indico




Paperlll : Physical Chemistry

Unit

Topics

ELEMENTRUANTUM MECHANICS

Blackbody, radiationLJt | yradiht@rilaw,photoelectronicS ¥ FSOG X KSF G OF LI OA G @
hydrogen atom (no derivation) and itefects.ComptoreffectDe. N2 3f A S Ke LR 0 KSaAazx
uncertainty principal, Sinusoidal wave equation, Hamiltonian operator, Schrodinger wave equation and
importance, physics interpretation of the wave function, postulates of quantum mechanics, particle in a
dimensionabox.Schrodingewave equation for Fatom, separate into three equation (without derivation),
guantum numbers and their importance, hydrogen like wawvgctions,radialwave functions, angular wave
functions.

Molecular orbital theory, basic ide@BNA G SNAF F2NJ F2NXYAY I adh d FHERgn,| !
calculation of energy levels from wave functions, physical picture of bondingrarimbndingwave function,
O2yOSLIJ0 2F "= " fF=zIxz 2 ND A Ga -dp,gpR, sp3KcaldumsitiorOoK dodfficienis &f N
I dh Qa dza SR drbftalsinkdsldct®nidvalendeodthd model of H2, comparison of M/O and V.B
models.




Paperlll : Physical Chemistry

Unit

Topics

Spectroscopy

Introduction: Electromagnetic radiation of the spectrum, basic features of differer
spectrometers,statemendf the BorrOppenheimer approximation, degrees of
freedom.

Rotational Spectrum

Diatomic molecules, Energy levels of a rigid rotor (S#assical principal), selection
rules, spectral intensity, distribution using population distribution (Maxwell
Boltzmann distribution), determination of bond length, qualitative description of-n
rigid rotor, isotope effect

Vibration Spectrum

Infrared spectrum Energy levels of simple harmonic oscillator, selection rules, pu
vibrational spectrum, intensity, determination of force constant and qualitative
realtion of forcecontantand bond energies, effect of enharmonic motion and isotd
on the spectrum, idea of vibrational frequencies of different functiagralups.Raman
Spectrum concept of polarizability, pure rotational and puleatioan|Raman spectr
of diatomic, selection rules

Electronic Spectrum

Concept of potential energy curves for bonding amtibondingmolecularorbitals,
gualitativedescriptiorof selection rules and Frank Condamncipal.Qualitative
RSAONALIIAZY 2F X I VR Yy  a duandtiond K S A N
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Paperlll : Physical Chemistry

Unit

Topics

IV

PHOTOCHEMISTRY

Interaction of radiation with matter, difference between thermal and photochemical process Laws of
photochemistry Grothus¢ Drapperlaw, stark-Einsteinlaw, Jablonskdiagramdepictingvariousprocessoccurring
in the exited state, qualitative description of fluorescence phosphorescencenon-radiative process(internal
conversion,intersystemcrossing),quantum yield, photosensitizedreaction ¢ energy transfer process(Simple
examples.

PhysicaPropertiesand Molecular Structure

Optical activity, polarization ¢(ClausiugMossotti equation), Orientation of dipolesin an electric field, dipole
moment temperature method and refractivity method, dipole moment and structure of molecules,magnetic
propertiesparamagtismdimagnetismandferromagnetic

Solution, Dilute Solutionand ColligativeProperties

Ideal and non ¢ ideal solution, methods of expressingconcentration of solution, activity and activity
coefficientDilute solution, colligativeproperties,w | 2 diw{iréaiive lowering of vapour pressure,molecular
weight determination Osmosis,lawof osmotic pressureand its measurement,determinationof molecular
weight from osmotic pressure,elevation of boiling point and depressionin freezing point. Thermodynamic
derivation of relation between molecular weight and elevation of boiling point and depressionin freezing
point.Experimentalmethod for determining various colligative properties Abnormal molar mass, degree of
dissociatiorand associatiorof solutes




Unit

Topics

Development of quantum theorygHistorical development and experimental evidence for quantt
theory. Black body radiation, Planks radiation law, photoelectric effect, Compton d¥eadssions
Germer Experiment, Uncertainty Principles and its applications such as(Non existence of eleg
in nucleus,(i))Ground state energy ofatbm(iii) Ground state energy of harmonic
oscillator(iv)Natural width of spectral line; SCHRODINGER EQUIATH®8&H and justification, time
dependent and time independent forms, physical significance of the wave function and its
interpretations, probability current density, wave packet, group and phase velocities , principle:
superposition , diffraction at a single slit.

m

trons

Operators in quantum mechanics, definition of an operator, lineareadnitianoperators; state
functions, expectations value of dynamical variakgpssitions, momentum and energy:

fundamental postulates of quantum mechanics: Eigen functions and Eigen values, degenerac)
Orthogonalityof Eigen functions ,commutation relatiod K NB y tfieSr&ni a@dcomplimentarity
{AYLX S az2fdziA2ya 2F {OKNI RAY3ISNXAa Sljdzr GA2y
state solutions, boundary and continuity conditions on the wave functions, particle in one
dimensional box, Eigen function and Eigen values, discrete energy levels, generalization of thi
dimensions and degeneracy of levels.

Unit-III

Potential steps and rectangular potential barrier, calculation of reflection and transmissions
coefficients, qualitative discussions of application to alpha decay; square well potential probler
reflection and transmission coefficient, and resonant scattering; Bound state problems: Particle
one dimensional infinite potential well and finite potential well, energy Eigen values and Eigen
functions, transcendental equation and its solutions.




Physics

Elementary quantum mechanics and spectroscopy

Unit

Topics

Quantum Statistics
Black body radiation and failure of classical statistics Postulates of quantum statisticg
;Indistinguishibility,wavefunction and exchangedegeneracya priori-probability, Bose Einsteinstatistics
andits distributionfunction ;Plankdistributionfunction andradiationformula ;Fermi-Dirac statisticsand
its distribution function ;Contact potential, thermionic emission;Specific heat anomaly of metals
Nuclearspin statistic§Paraandortho- hydrogen)

. Quantum features of spectra of one electron atoms; Spectral results and the comparisons with s
energy values calculations withddom; Examples of rotational and vibration spectra and their qualit
comparison with rigid rotator and harmonic oscillator; Steemlachexperiment and electron spin, spin
and magnetic moment, spin orbit coupling and qualitative explanation of the fine structure; Atoms
magnetic field, Zeeman effect.

pectr




Paper Il : Mathematical Physics and Special Theory of Relativity

Unit

Topics

Orthogonalcurvilinearcoordinatesystem, scalarfactors,expressiorfor gradient,divergencecurl andtheir
applicationto Cartesiangircular cylindrical andsphericalpolar coordinatesCoordinatetransformatiorand
jacobian transformationof covariant, contra variant and mixed tensorand its usein transformationof
tensorsDirac deltafunctionandits properties

Lorentz transformationand rotationin spacetime, time like and spacelike vector,world line, and macre
causality Fourvectorformulation,energymomentuntour vector,relativistic equationof motion,invariance
of rest mass,orthogonalityof four force and four velocity, Lorentz force as an exampleof four force,
transformatiorof four frequencyector,longitudinalandtransversé®oppler

TransformatiorbetweenLaboratoryand centerof masssystem Four momentumconservationkinemationg
of decayproductof unstableparticlesand reactionthresholds pair production,inelastic collisions of two
particles,Comptoneffect Transformatiorof electricandmagneticfield betweertwo inertial frames

The secondorder linear differential equationwith variablecoefficients and singularpoints, seriessolution
method and its applicationto the He r mi ,t lL0es g e ramdrL ee Gasy uddferenal equations basic
properties(withoutproof) like orthogonality recurrencerelation, graphical representatiorand generating
functionsof Hermit, LegendreandAssociated_egendreunction(simpleapplications)

Techniquesf separatiorof variablesandits applicationto following boundaryvalue problems(i)Laplace
equationin three dimensional Cartesiancoordinate systemline chargedbetweentwo earthed parallel
plates,(ii) Helmholtz equationin circular cylindrical coordinatesylindrical resonant cavity,(iii)wave
equationn sphericakoordinategpolarcoordinateghevibrationsof acircularmembrane,




Paper IINuclear physics

Unit

Topics

Solid state structure and properties:

Various types of binding; cohesive energy and compressibility of ionic crystals; lattices, basis, |
translation vector, miller indices, simple crystal structt8€ FCC, BCC and HCPS (Packing
fraction, volume of unit cell).Thermal properties of solids: normal modes spectrum of a lattice, ¢
distribution function, concept gthonononsDebye model for the heat capacity of solids, contribut
of solids, contribution from electron gas in metals

Electrical and magnetic properties:

Equilibrium state of electron gas in a conductor in the absence of electric field, electron drift in
field, relaxation time and mean free path; electrical conductivity of electromiedemannFranz
law, temperature dependent electrical conductivity of metals, mobility and drift motion. Origin o
magnetism in materials, classical theory of diamagnetisnparaimagnetisfr-erromagnetism,
magnetic susceptibility and Curie law.

Experimental techniques:

X-Ray diffractionLaue equation , Deby®&cherreland Laue camera; Importance of Rutherford
scattering; Thomason and Bainbridge mass spectrometers and Hoff deter experiment for estim
charge and nuclear density charge distribution and radius; Principles of radiation detection ,GN
and scintillation counters; Particle acceleratoyslotron and.inac;

Nuclear Structures and properties:
Constituents of nucleus ,properties of nuclear forces, binding energy, semi empirical mass forn
mass defect and packing fraction, saturation characteristics; magnetic dipole moment and eleg
guadrupole moment and angular moment and parity; variation of size of nucleus with mass nu
stable nucleus and conditions for stability(e.g. beta emissions for different isobars).




Nuclearphyssics

Unit

Topics

Nuclear energy and particles:

Liquid drop model anélssibility, fission and potential barrier, chain reaction, nuclear reactors(bag
principles) ,nuclear fission, properties of particles, classification into leptons, mesons, and bary

matter and antimatter, conservation laws(Qualitative discussiongasipin strangeness, charge
conjugation and parity, fundamental quark structure of particles.
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Mathematicas
Papek|

Unit

Topics

Definition and simple properties of groups and subgroBpsmutationgroupcyclic group. ,
Lagrangeds theorem on the order of subg

Morphismofg r o u p s , t@emngrh.Nogmal subgroupsandQuotientgroups,Fundament
theoremsof Isomorphism

Definition and simple propertiesof Ring and Subrings morphismof rings. Embeddingof a
ring,Integraldomainandfield. Characteristic®f aring andfield.

IV

Ideal and Quotient Ring .Maximal ideal and primeidealPrincipal ideal domain field of
guotientsof an integral domainPrimefieldsDefinition, Examplesand simple propertiesof
Vectorspacesndsubspaces

Linear combination, Linea dependenceand linear independenceof vectorsBasic
andDimensiorGenerationof subspaceSum of subspaceBirect Sum and complementof
subspace®uotientspaceandits dimension




Papekill:

Unit

Topics

Complex plane Connectedand compactsetsCurvesand Regionsin complex plane Jordar
Curve Theorem(statemenbnly).Extendedcomplex plane .Stereographigrojection.Complex
valuedfunctioni Limits. Continuity and Differentiability .Analytic functions,CauchyRiemanr|
equationgCartesiarandpolarform).harmonicfunctions,constructiorof ananalyticfunction

Complex integration ,Complex line integrals Cauchy integral theorem ,Indefinite integral
,Fundamentaltheoremof integral calculus for complex function .cauchy integral formula,
Analyticity of the derivateof an analytic function,Morera'sheorem,poissonintegral formula
Liouville theorem

Tayl or 6s t h etleeoremMaimiimnadulusthebréns.PoweseriesAbsolute
convergence, Ab eHadamardheoem.rCede,and Radiusohcpnvergencs
Analyticity of the sum function of a power series.

Singularities of an analytic function ,Branch point , Meromorphic and Entire functions
R i e matheorém,CasoratiWeierstrassheoremResidueat a singularity, C a u crdsigu@
theorem. Argumentprinciple.R o u ¢ h e 6 sFuntdagnentalbenremof algebra

Conformal mapping .Bilinear transformation and its properties. Elementary mapping
:w(z_=1/2(z+1/z),2,€*,sinz,cosz antbgz.Evaluatiorof a real definite integral by contour
integration.Analyticcontinuation.Poweseries method of analytic continuation.




Papeklll:

paper lIl Dynamics and computer programming

Unit

Topics

. Velocity and acceleration along and transversedirections, along tangentialand

normaldirectionsS.H.M., H o o klaw) motion along horizontaland vertical elastig
strings

Motion in resisting mediumResistance varies as velocity and square of velocity.

Work andEnergyMotion on a smooth curve in a vertical plane. Motion on inside
outside of amoothverticatircle.

~

Central orbitsp-r equations, Apses, Time in an orlikdte p | laws 6f planetary
motion, Moment of intertieM.l. of rods, Circular rings, Circular disks, Solid and
Hollow spheres, Rectangular lamina, Ellipse and Triangle, Theorem of parallel
Product of inertia

IV

Programming languages and problem soling on computers, Algorithm, Flow C
Programming in &Constants, Variables

Arithmetic and logical expressions, InpGutput, Conditional statements,
Implementing loops in Programs, Defining and manipulation arrays and functig
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Elementary Quantum Mechanics & Spectroscopy

Aim and Objective: To achieve the target and goals in an organization, it is essential
to co-ordinate the entire system. For this purpose a B.Sc. holder should have the
knowledge of the Principles, applications & uses of the terms of Physics in Social,
Industrial and Environmental life etc.
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I
IV
V

QuantumTheory

Operators in Quantum Mechanics
PotentialBarrier
Harmonic Oscillator

SpectralEnergy Values



Unit-|
QuantumTheory

Quantumtheory s the theoreticalbasisof modernphysics
that explainsthe natureand behaviorof matterand energy
on the atomicandsubatomidevel. The natureandbehavior
of matterandenergyat thatlevel is sometimeseferredto as "
guantum physicsand quantum mechanics

An object that absorbsall radiation falling on it, at all
wavelengthsis calleda black body. Whena black body is
at a uniform temperaturejts emissionhas a characteristic
frequencydistribution that dependson the temperaturelts
emissionis calledblack-body radiation.

The wavelength of the emitted radiation is inversely

proportional to its frequency,or & = c¢ /. 3he value of

yellow star
~6000 K

Planck'sconstantis defined as 6.62607015] 10i 34 joule
second

Pl a n cakligtisn law, a mathematicalrelationship in
1900to explainthe spectralenergydistribution of radiation
emittedby a blackbody Planckassumedhat the sourcesof
radiation are atomsin a state of oscillation and that the
vibrational energy of each oscillator may have any of a
seriesof discretevalues

400

700

Wavelength (nm)



A" The photoelectric effect is the emissionof electronswhen
electromagnetigadiation, like light, hits a material Electrons
emittedin this mannerarecalledphotoelectrons

A 1t is mostcommonlyfoundin solarpanels it works on the basic
principle of light striking the cathodewhich causeghe emission
of electrons,which in turn producesa current In the related
field of astronomythe photoelectriceffectis usedin the form
of photomultiplier tubesandchargecoupleddevices(CCDs)

A The photoelectriceffect using a conceptfirst put forward by

Max Planckthat light wavesconsistof tiny bundlesor packets Colimatig
of energyknownasphotonsor quanta , sl
The maximumkinetic energy hnmx = hf ¥
whereh is the Planckconstantandf is the frequencyof the incident )
photon Theterm{ is thework function MANNNNS

A Compton effect whenan electromagnetisvaveis scatteredff X Graphite f
atoms,the wavelengthof the scatteredradiationis expectecdo 1 target |
bethe sameasthewavelengttof theincidentradiation SQurce r

A whenX-raysarescattereff somematerials,suchasgraphite,
the scattered X-rays have different wavelengthsfrom the
wavelengthof theincidentX-rays



The DavissoiiGermer experiment (192327)
experimentin which electrons, scatteredby the
surfaceof a crystal of nickel metal, displayeda
diffraction pattern

An electrongun is a Tungstenfilament that emits
electrons via thermionic emission i.e. it emits
electronswvhenheatedo a particulartemperature

Collimator. The acceleratoris enclosedwithin a
cylinder thathasa narrow passagédor the electrons
alongits axis Its functionis to rendera narrowand
straightbeamof electrongeadyfor acceleration

d sin ()

2
Thepathdifferenceis sothatthe minimum
intensityoccursatanangled miginenby

d sinfly;, = A

ELECTRON GUN

T

TARGET NICKEL
CRYSTAL

DETECTOR



Uncertainty Principle & its applications

The Heisenberguncertainty principle is a physical law that forms part of quantum
mechanicslt saysthatthe morepreciselyyou measurehe positionof a particle,the less
precisely you can know it's motion (momentumor velocity). It may not be easyto
understandhis principle, butit is evenharderto explainit.

Non existenceof electronsin nucleus Electroncannot existinsidethe nucleusis that
experimentalesultsshowthat no electronor particlein the atomposses&nergygreater
than4 MeV. Therefore|t is confirmedthatelectronsdo not existinsidethe nucleus

let us assumethat electronsexist in the nucleus As the radius of the nucleusin
approximatelyl0-14 m. If electronis to existinsidethe nucleus,thenuncertaintyin the
position of the electronis givenby ax #0-14 m, Accordingto uncertaintyprinciple,
& X ephtd

Ground state energy of the harmonic oscillator: The energyof the quantumharmonic
oscillatormustbeat least

: Ax = position uncertainty
E= (AL) + lma)z(A\')2

2m 2 Ap = momentum uncertainty



Schrodinger Equation

A According to the de Broglie hypothesis, every
object in the universeis a wave, i.e., a situation
which givesrise to this phenomenonThe position
of the particleis describedoy a wavefunction( ( x

t).Thetime-independentvavefunctionof asingle-  Synd divalive Sh!OdngI Ware
moded plane wave of wavenumber kO or Funckon
momentumpO is wﬂhrespec toX /
N kg gz h
U(z) o € = M aw 8
A The Schrodinger equation is used to find the 2 (E V)q} 0
allowed energy levels of quantum mechanical OX
systems (such as atoms, or transistors) The
associatedvave function gives the probability of
finding the particleat a certainposition Em Pot enuelEnergy

A Thewavefunctioné ' Hasno physicalmeaning it Postion
IS a complexquantityrepresentinghe variationof a
matterwave

A Thewavefunction’ (,t) describeghe position of
particlewith respecto time.



A

The existenceof electronspin changeghe equationfor the probabiliity currentdensityin the
guanturamechanicatontinuity equation

A spinful electronmoving in a potentialenergyfield experienceshe spin-orbit interaction,
and that additionalterm in the time-dependentSchrddingerequationplacesan additional
spindependentermin the probability current density.

Wave packet is a group of matter wavesassociatedvith a moving matter particle Each
componentvave hasits own velocity andphase Eachcomponengevolvesin spaceandtime
individually andis a possiblestateof the matterparticle The wave packettravelswith the
velocity of the particleandis commonlyreferredasgroupvelocity.

Wave packetsdo not nomally movewith the phasevelocity. Thevelocity thattheydo move
with is calledthe "group velocity." For a patticle in free spaceyou caninfer thatthe group
velocity is the sameasthe classical velocity from Ehrerfest'stheorem, but thatdoesnot work
for moregereralsydems The approachwill therdore beto simply define the groupvelocity
as

dw
oroup velocity: v, = —
P =
Thephasevelocity of awaveis the rateat which the wavepropagatesn somemedium This
Is the velocity at which the phaseof any onefrequencycomponenof the wavetravels For
sucha componentany given phaseof the wave (for example the crest)will appearto travel
at the phasevelocity. The phasevelocity is given in terms of the wavelengtha-and time
periodT as
A

‘(_.‘1’ e

T




Unit-lI
Operators in Quantum mechanics

Operatoris a function overa spaceof physicalstateso anotherspaceof physicalstates
The mathematicaformulationof quantummechanic§QM) is built uponthe conceptof
anoperator

The mostcommonkind of operatorencounteredre linear operators. Let U andV be
vectorspace®verafield K. A mappingA: UY V islinearif

Forall x, y in U andfor all U p in K. This meanghata linear operatorpreservesector
spaceoperations,in the sensethat it doesnot matter whetheryou apply the linear
operatotbeforeor afterthe operation®of additionandscalamultiplication

Alax + fy) = aAx + fAy

An operator is calledHermitian whenit canalwaysbe flipped overto the othersideif it ap-
pearsin ainnerproduct

The state function is a (normalized)vectorin a vector spacewith dimensionequalto the
numberof distinguishablestatesof the systemoverthe complexnumbers

(f|Ag) = (Af|g) always iff A is Hermitian.
A purestatehereis representetdy a two-dimensionatomplexvector( U, b ) with alengthof

one thatis, with ) )
lal” + |8]° =1,



The expectation value is the probabilistic expectedvalue of the result (measurementpf an
experimentlt is afundamentatoncepin all areasof quantumphysics

Mathematically A is a self-adjoint operatoron a Hilbert space In the mostcommonlyusedcasein
guantummechanicsil is a pure state,describedoy a normalized[a] vectory in the Hilbert space
Theexpectatiorvalueof A in the statey is definedas . A || A '\

(AL = (U %L'l-" )

It " L L. .‘ II

Thewavefunctiony X,t), Positionexpectation A
(x) =f x|W(x, 1)|* dx.

o0

To calculatethe expectatiornvalue of any dynamical quantity, first expressan termsof operators<
andp, theninserttheresultingoperatobetweery *andy andintegrate

oo
(Q(x, p)) =/\P*Q(x, — —)Wdx.
I 0X

% 2 2
F le: Kineti 1GITV. § Kok
or example: Kinetic energy Jii s [ S
heref (T) = _hsz*azq’d
Theretore, = ™ be
p2 h2 82

Hamiltonian: H=K+V="—+4+V(x)=———5+V(x)



Postulates of Quantum Mechanics

1. The stateof a guantunmechanicakystemis completelyspecifiedby afunction e

that dependson the coordinatesof the particle(s)and on time. This function, called the wave function or state
function, hasthe importantpropertythat ¥'(r,§)¥(r,t)dr  is the probability that the particlelies in the volume
element [dz locatedat £ attimeg .

2. To every observablein classical mechanicsthere correspondsa linear, Hermitian operatorin quantum
mechanics

3. In any measuremenf the observableassociateavith operatorA , the only valuesthatwill everbeobserved
aretheeigenvalues® , which satisfytheeigenvalueequation 14 = L@

4. If asystemis in a statedescribedoy a normalizedwavefunction /] , thenthe averagevalueof the observable
correspondingo |4 isgivenby _ 4. _ /‘°° U* AUdr

5. The wave function or state function of a system evolves in time according to thaeperedent Schrdodinger
equation

6. Thetotal wavefunctionmustbe antisymmetriownith respecto theinterchangef all coordinate®f onefermion
with thoseof anotherElectronicspinmustbeincludedin this setof coordinates

owr
ot

HW¥(r,t) = ik



Tk

ST

Degeneracy Two or more different statesof a quantummechanicaisysieniare saidto be
degeneratd theygive the samevalueof energyuponmeasurement

A termreferringto the fact thattwo or morestationarystatesof the samegquanturamechanical
systemmay havethe sameenergyeventhoughtheir wavefunctionsarenotthe same

Orthogonality of Eigen functions: Eigenfunctionsof a Hermitianoperatorare orthogonalif
they havedifferent eigenvaluesBecausef this theoremwe canidentify orthogonalfunctions
easily without having to integrate or conduct an analysis based on symmetry or other
considerations

It is commonto usethe following to define the inner productof two functionsf and g with

respecto a nonnegativeveightfunctionw overaninterval[a, b]: f.g /" Fe)g(2)w(z)d
(9w = z)glz)w(z)de.

E hr e n fTeesrénd §he Ehrenfesttheoremrelatesthe time derivative of the expectation
valuesof the positionandmomentumoperators<x andp to the expectatiorvalueof theforce F
=1 V Njx ) onamassiveparticlemovingin ascalarpotentialV ( x ),

d, . . d, oyl s AN
m—(z) = (p), —(p)=-(V'(z)) .
dt
The Schrodingerequationis a linear partial differential equationthat describesthe wave
function or statefunctionof a quanturamechanicakystem

Theform of the Schrodingerequationdependsn the physicalsituation(seebelowfor special
cases) The most generalform is the time-dependentSchrdodingerequation(TDSE), which

ivesa descriptionof a systemevolvingwith time 1 . - .
9 P Y J ih— | (t)) = H|¥ ()
cadt



Boundary conditions on the wave functions

The wave function of the particle is identically zero behind the wall (and, assuming
continuity, on the wall). Hence an impenetrablebarrier can be interpretedas a boundary
condition butwhichis definedon a domainrestrictedby the boundarycondition

After applyingthe boundaryconditions we haveour wavefunctionas gb(x] — Dein (nﬂ' )

L

Schrodinger'&€quationfor a onedimensionakystem(Particlein abox)is givenby
8U(z,t) ( W & ,)
h———=|=-r—55+V | V(¢
ot amde 77 ) 1@

Thediscreteenergylevelsof anatommeanghe differentenergiedy differentelectronpaths
A hydrogenmatomfor instancenasthe energyl3.6eV for the electronpathn = 1.

Threedimensionalspacels a geometricsettingin which threevalues(called parametersare
requiredto determinethe positionof an element/ point This is the informal meaningof the
termdimension



Unit-I11
Potential Barrier

In quantum mechanicsand scattering theory, the onedimensional step potential is an
idealizedsystemusedto modelincident,reflectedandtransmittedmatterwaves

A potentialstepfor thecase

e vw={, 150
0]

Therectangular(or, at times, square)potentialbarrieris a standardonedimensionalproblem
that demonstrateshe phenomenaof wavemechanicaltunneling (also called "quantum
tunneling")andwave mechanicafteflection

V(X) 4




A

A

The reflection and transmission coefficients describethe behaviourof the matter wave
incidenton a potentialbarrier They canbe expressedn termsof the probability with which
the matter wave can be reflectedor transmitted The centralequationaccountingfor the
behaviourof the matterwaveis the Schrodinger equation The Schrodingerquationis the
secondrderpartial differential equation

Scatering andtunneling canbe describedin termsof so-called"reflection andtransnission
coefficients"

'llillf' | - ;l,,.r."!'( | I l;r(h
(['('1' | ‘+'(_‘b(' Pet (‘.1( |

Alpha decay can provide a safe power sourcefor radioisotopethermoelectricgenerators
usedfor spaceprobesand were usedfor artificial heartpacemakersAlpha decayis much
moreeasilyshieldedagainstthanotherforms of radioactivedecay

Squarewell Potential: It is anextensionof the infinite potentialwell, in which a particleis
confinedto a box, but onewhich hasfinite potentialwalls. Unlike the infinite potentialwell,
thereis aprobability associateavith the particlebeingfoundoutsidethe box



Energy Eigen values

A The wave function with the quantummechanicaloperator
associatedvith thatparameterThe operatorassociateavith
energyis the Hamiltonian, and the operationon the wave
functionis the Schrodingerequation Solutionsexistfor the
time independentSchrodingerequation only for certain Fig. (A)
values of energy, and these values are called

"eigenvalues*" of energy. Energy
A An eigenfunction of a linear operatorD definedon some A
function spaceis any nonzerofunctionf in that spacethat, 0 e
when acteduponby D, is only multiplied by somescaling \ E (<0) /
factor called an eigenvalue As an equation,this condition -
canbewritten as \ JLV(\. |
Df = \f v,

for somescalareigenvalues: The solutionsto this equationmay
also be subjectto boundaryconditionsthat limit the allowable
eigenvalueandeigenfunctions

A An eigenfunctionis atype of eigenvectar



Transcendental equation & its solutions

A A transcendentakequation is an equation containing a transcendentalfunction of the
variable(s) being solved for. Such equationsoften do not have closedform solutions

Examples

xr — e -
xTr — COS T
“>



Unit-1V
Harmonic Oscillator

A A simpleharmonicoscillatoris an oscillatorthatis neitherdriven nor damped It consistsof a
massm, which experiences singleforce F, which pulls the massin the directionof the point x
= 0 and dependsonly on the position x of the massand a constantk. Balanceof forces

(Newton'ssecondaw) for the systemis KN
F=ma=m— =mi=-hn.
dt
A Solvingthis differentialequationwe find thatthe motionis describecy thefunction T(t) = ACOS('JJt t ¢).
- [E
) == \"' —-

Where

A A Harmonicoscillatoris a systemthat, when displacedfrom its equilibrium position, experiencesi
restoringforce F proportionalto thedisplacemenx: F=T k X,

A TheHamiltonianof theparticleis

wherem is the particle'smassk is theforce constanty = k m is theangularfrequencyof the oscillator,x
Is thepositionoperatorandp ” is the momentunmoperator



A common property of the statescalled "bound states"in quantum
mechanics Such specific discrete (steplike) energies are called
energyeigenvalues

Supposean examplethatf(t) is subjectto the boundaryconditionsf(0)
=landdf/dt|t=0 =2. Wethenfind thatf (t) =e2t, wherea=2is
the only eigenvalueof the differential equationthat also satisfiesthe
boundarycondition

The lowestallowed harmonicoscillatorenergy,EO, is 2 andnot 0,
the atomsin a moleculemustbe moving evenin the lowestvibrational
energystate This phenomenois calledthe zero-point energy.

According to modern physics,the universeis not made of isolated
particles,but continuoudluctuatingfields: matterfields, whosequanta
arefermions(i.e. leptonsand quarks),and force fields, whosequanta
arebosons(e.g. photonsandgluons) All thesefields havezercpoint
energy

Symmetric wave function states have the form
iny,ny; §) = constant x (nlng Fmg) nl)

Antisymmetric wave function states have the form

ny,ny; A) = constant x (;n;:jn.g:: ng:,.}n}})



Therigid rotor is amechanicamodelof rotatingsystems

An arbitrary rigid rotor is a 3-dimensionalrigid object,suchasa top. To orient suchan
objectin spaceaequiresthreeanglesknownasEulerangles

A specialrigid rotor is thelinearrotor requiringonly two anglesto describefor exampleof
a diatomicmolecule More generalmoleculesare 3-dimensional suchaswater (asymmetric
rotor), ammonia(symmetricrotor), or methangsphericalrotor).

Spherical harmonics arebasisfunctionsfor irreduciblerepresentationsf SC3, the groupof
rotationsin threedimensionsandthusplay a centralrole in the grouptheoreticdiscussiorof
SGB.

Spherical harmonics originatesfrom solving Laplace'sequationin the sphericaldomains
FunctiongthatsolvelLaplace'ssquationarecalledharmonics

Quantization is the processof transition from a classical understandingof physical
phenomendo a newerunderstandinggnownasquantummechanics

This is a generalizationof the procedurefor building quantummechanicsfrom classical
mechanicsAlso relatedis field quantizationasin the "quantizationof the electromagnetic
field", referringto photonsasfield "quanta"(for instanceaslight quanta)



Energy Levels ofddtoms

Theelectronin a Hydrogenatomcanonly havecertainenergiesTheseenergiesarecalledthe
Hydrogen'si e n d regvye | s O

The different energylevels of a Hydrogenatom are given by the equation E=-
EO/n2

whereEQ = 13.6 eV (1 eV = 1.6024 10-19 Joules)andn = 1,2,3é andsoon sothattheground

statehasenergyEl= -13.6 eV andthe secondenergylevel (thefirst excitedstate)hasenergy
E2=-136/4eV=-34¢eV.

The Bohr radius (a0 or rBohr) is a physical constant,equalto the most probabledistance
betweerthe nucleusandtheelectronin ahydrogenatomin its groundstate

Its value is 5.29177210903(8@) 01 11 m. By The Bohr radius is
4Ameqh? h

Me €2 Me COX

Bohr derivedthe energyof eachorbit of the hydrogenatomto be

m. el 1

E, = — —— »
2(4meg )2 h? n?




Unit-V
Spectral energy values

A Niels Bohr obtainedthe energylevels and spectralfrequenciesof the hydrogenatom after
making a numberof simple assumptionsn orderto correctthe failed classicalmodel The

assumptionéncluded
1. Electronscanonly be in certain,discretecircular orbits or stationarystatestherebyhavinga
discretesetof possibleradii andenergies
2.Electronsdo not emit radiationwhile in oneof thesestationarystates
3. An electroncangainor loseenergyby jumping from onediscreteorbital to another
A Bohr's predictionsmatchedexperimentsmeasuringthe hydrogenspectralseriesto the first
order,giving moreconfidenceto atheorythatusedquantizedvalues

A  Forn=1, thevalue

me m.e

= — = | Ry = 13,605 603 122 994(26) eV




The spectralseriesare importantin astronomicalspectroscopyfor detectingthe presenceof

hydrogenandcalculatingred shifts.
Ba-a Pa-a Br-a Pf
! ! |
r W

visible

100 nm 1000 nm 10 000 nm

- Hu-o

l

Ly-o

A The energyspectraof hydrogenlike atomsmust dependon the nuclearmass And since
hydrogenatomshave a nucleusof only one proton, the spectrumenergyof an hydrogen
atomdepend®nly by thenucleus

n=4 -0.85 eV
A n=2 3.4 eV
n=1 «13.6 ¢V




Molecular spectroscopyconcernedwith infrared and Ramanspectraof moleculesin the gas
phase Transitionsinvolving changesn both vibrationalandrotationalstatescanbe abbreviated
as ro-vibrationaltransitions

When such transitionsemit or absorb photons (electromagnetiaadiation), the frequencyis
proportional to the difference in energy levels and can be detectedby certain kinds of
spectroscopy

Light-matterinteraction,Rigid-rotor modelfor diatomicmolecules
Non-rigid rotation,Vibration-rotationfor diatomics

| ecture 2: Rotational and Vihrational




The Sterri Gerlachexperimendemonstratethatthe spatialorientationof angularmomentum
Is quantized

In the original experimentsilver atomswere sentthrougha spatially varying magneticfield,
which deflectedthembeforethey strucka detectorscreensuchasa glassslide,

A Quantizationof angularmomentumhad alreadyarisenfor orbital angularmomentum,and if

this electronspin behavedhe sameway, an angularmomentumguantumnumbers = 1/2 was
requiredto give justtwo statesThis intrinsic electronpropertygives

Z-component of angular momentum: S/ — mgh ms = +
e ‘ ‘
2m

Magnetic moment: lux = -

A



