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H5 101 : MATHEMATICAL METHODS FOR PHYSICAL SCIENCES
1. LINREAR SPACES

Introduction to finite dimensional spaces, Linear
dependence, basis and dimension, Subspace, Line=r operators,
Representation theory of operators, Eigen functlmn_ gnd
eigenvalues, Strum Licuville thecry, S5elf adso;nt
differential eguation, Hermitian cperator, Gechmidt
Orhtogonalization, Inner product and normail spaces, Schwartz
inequality.

2. HMATRICES

Basic definitions of matrices, Eigenvalue equation,
eigen vectors and eigen values, Hermitian, Unitary,
Orthogonal, Inverse matrices and their properties,
Similsrity transformations, Diagenalissation, Panli's s5pin
matrices, Dirac matrices and their properties.

3. INTEGRAL TRHESFORMS

Fourier series, odd and even functions, half range
Fourier Sine and Cosine series, Complex form of Fourier
series, Parseaval’s identity for Fourier series, Finite
Fourier transform, Fourier integral, Fourier transform -
sine and cosine transform, the convolution theorem,
Parseval = identity for Fourier transform

Laplace transform : Definition, important thecorems
an Laplace transforms, Inverse Laplace transform, methods of
finding inverse Laplace transform by partial fractions,
convolietion theormw,Anplications of Laplace transform.

4. GDECIAL FUHCTIONS

Bessel funetionzs, bessel differential equations,
Henerating funection, arthogonality of Begsel funetions,
properties of Bezgel functiens, intoduetion to second kind
Bessel function.

Hermite functions,Hermite differential equation,
generating function, orthogonality of Hermite functions,
Froperties of Hermite functions,

Legendre functions, Legendre differentizal
fqyation, generating funetion, orthogonality of Legendrea
functions, properties of Legendre functions.

Birac delta function and its properties.

5. TENSOR ANALYSIS

Contravarient and covariant vectors snd tensors, Hixed

tensor, scalars, Rronecker delta, symmetric and skew
symmetric tensors, fundamental cperstion with tensors,
Metric tensor, raising and lowering of suffixes, Dyeclics.
REFERENCES
1. Mathemstical methods for Phvsicist

2
3.
4

G, Arfken,Acadenic Fress, 19€5,

Mathematical Methods fo- Flivsips

J.Hathew and E.L.Walker, Benjamin {IBH)Y, 1a79.
Linear &lgebra

Lipsuitz, Schaum's Series.

Mathematies for Physics and Chemistry, Vol.I

R.M.Margenanu snd G.H. Murphy, Eant-Hes: Pregs,



S 182 : CLASSICAL MECHANICS S g

1.

Hechanics of & opartiele s&nd system of particles -

Applications and proeblems.

Configuration Space, some technigues of ecalculus of
varigtions, - d-notation, applications of variationsl
principle; €guivalence of Lagrange s and Newtaon g equations,
advantages ‘of the Lagrangian-formulation, électromechaniesnl
analogies, Lagranges urndetermined niltipliers, Legranges

equatiuq For non-hclonomic systens, application of -
- Lagrandian method of undetermined nultipliers.

HAMILTON'S EQUATIONS AND' LTS APPLICATIONS :

Hamilton s function and Hﬁmiltcﬁts equation . of motion, .

Froperties. of the Hamiltonian and Hamiltonian's equation of
motion, Phase =psece and =state space.

CANONICAL TRANSFORMATIONS AND THE EOISSON BRACKET :

Gauss transformation,  canonical transformation, condition
for transfermation to be canonical, - gererating functions,

propertiss. of '‘caffonical . transformations,  canonicsl
transformation of the free particls, Hamiltonisn, Poisson,

brankethdefinitinn, some usefyl indentitjes, Poisson
theorem,. Jacobi-Peoisson theorem, invariance of Poisson
bracket under canonical transformstion, Lagrange bracket.

... HAMILTOR-JARCOB] THEORY :

Hamilton-Jacobhi equation, .- separaticon of
variables,Jacobi's theorem, connection with canonicyl
transformation, applications of Hamilton-jscobi theory,
action ahgle vatriables.

SMALL OSCILLATIONS -

Types of equillibria and tha potential at equiilibriuvm,study

of small oscillations using generalised: coordinates.eigen
vectors and " eigen freguencies, orthogonality of eigen
vectors small oscillations of particle on string..

1 FLme o
L]

Fuler's angles, moment of inertis tensor, its
eigen value and principle axis transformation, method of
solving rigid body problems and Euler s eguations of motion.

REFERERCES

.

Classical Mechanics, Ed.II
H.Goldstein, Addiscn Wesley, 1980,

ba
Introduction to Classical MNechanies
R.G.Takwale and P.S.Puranic, Tata HeGraw Hill Company

Introduction to the Principles of Classical Hechanics
Hauser, Addison Wesley.

Classical Mechanics T :
H.C.Rana and P.5., Joag, Tata HeGraw #ill Company, 1881

Classical Mechanics
¥.R.Wophmare, Frentice Hall of Irdis.



N5 183 : QUANTUM HMECHANICS P iy

1. GENERAL FORMULATION OF WAVE HECHARICS : "

Fundampental postulates of wave | -mecharies,.

correspondance prineciple, eigenvalueas, eigenfunctions,
completeness and‘ncrmalizatian of wavefunections, _clnsura
property, e¥pansion coefficients, eigen functions in
momentum space, introduction to bra and ket notation and
their properties. ’

2. OPERATORS IN QUANTUH MECHARICH -

Operators, their eigenvalues and eigenfunctions,

Hermitian, Unitary, parity operators and their propertiss,
Commutstors- definition, commitator algebra, fundamental

commutators in gquantum mechanies, commuting operators and

their physical significance. Solvtion of 1-p Harmonic-

Oscillator using ladder operators.

4, H&IELK_EQEHHL&IIQE IN QUANTUM MECHANICS
Matrices in Quantynm Hechanies, transformation theory,
Unitery matrix, Projectien operstor.
5. APPROXIMATE METHODS IH QUANTUN HECHANICS
Fariational_ mehtod : Geners] charscteristips of the
method, application t¢ estimation of enerdy of ground state
and exeited state. '

Time independent perturhation theory Jtationary
perturbation theory fop degenerate and non-degensrate cuse’
first order and second order Ferturbation, Applicstions to
Problems such as berturbation of ap oscillator, Zeeman
effect without electron spin, first order Stark effect ip-
Hydragen . '

REFERENCES
1. Buantun Mechanieos
L.I. Schiff, Mo Graw Hill, Koge Kusha, 1388
2. A text book of Quantug Mechanies
P.M.Mathew and K.?enkatesan, Tata Hc Graw Hill, 1881,
3. Quentum Mechanics, Vol.I
&. Meesiah, North Holldnd, *1972.
4. Quantum Mechanies,
E.Herzbacher, Wiley Eastern, 1979
3. Quantum Hechanicse,
A K .Ghatak and S.Lokanathan, HacMillan India. 1879.
8. Quantum Hechanies,

Angular momentum operator, Linear momentum operator as
Eenerator of translastion, orbitsl angular momentum operator
As generation of rotstion, eigen valges and eigenfunctiens
of L and L, using explicit Forms of L and L, in sphericgl
co-ordingtes, WVarious commutstion relstions betwesn L4,
Ly:by and L. determination of eigenvalue spectrum of J s
Hﬁere J is any angular momnetum cperator, Addition of two
angnlar mpmenta - davelopnan; cf the ROcessary theory,
Clebasch-Gordon coefficients. .

4.5 .Davydov, Pergamon Press, 187B.
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HS iP4 : ELECTRONICS

1. RIODES ARD CIRCUIT APPLICATIONS:

Forward bias and reverse bias I-V characteristies, idesl
diode,diode large signal and small signal model.
Appliecations: Rectifiers, Clipping ¢ or L limiting
circuits,Clamping,Voltage multipliers,Anplitude demodulation,
Diode legic gates,

2. BIPQLAR JUNCTION TRANSISTQRS:

Transistor operaticrn{p-n-p & n-p-n), characteristics {input,
cutput B transferd,smsll signal and large signal
models,common base,comnon emitter and common collector
configurations,Blasing circuits:Fixed and _ selif
..biasing,Design of Biasing ¢ircuit,load . line{ac and
de),Transistor as an amplifier,Transistor as a switeh,

3. FEL and MOSFET:

Jugction 'FET,I-¥ characteristics, JFET ~ as - BN
anplifier, Comparision. with 8JT, HOSFET ( depletion  and
enhancement type),Biasing circuit for JFET and MOSFET.

4. EEEDBACK AMPLIFIERS AND OSCILLATORS:

Basic tongcept of feedback,positive feedback,negative
~ feedback,Advantages of negative feedback,Effect of negative
. .. feedback on gzin,input impedance,output impedsnce,bandwidth,

noeise and distortion,

Feedback configurations: shunt-zhunt, serlies-series,
series-shunt and shunt-series.

Decillators: Sinuscidal oscillators, nonsinusoidal
oseillators, RC oseillators and LO oscillators, Phase shift,
Wien bridge, Colpitt, FHartley and tuned cirecuit, crystal
escillaters.

9. OPAHP and Applications:

Ideal OPAMP parameters,Basic circuit block, input and
output offset current and voltages,bias current,slew rate,

Inverting amplifier, non-inverting amplifier, voltage
followear, coparator, integrator and differentiator,
= logarithmic amplifier.

[
6. EQWER SUPPLIES :

ERFPS using IC 723, design of rositive voltage regula-
tor, concept of negative regulator. Extension to high wvolt-
Bge and high current. Concept of constsnt current source and
0C to DC convertor. Three terminal redulators, 78XX and 79XX
series voltage multipliers, SCR controlled power supplies,
Programmable power supplies. )



7. INTRODUCTIQN IO WUMBER SYSTEMS AND LOGIC GATES

Number systemns: Binary, octal, hexadecimal, BCD,

Gray, ABCIT, EBCDIC, Excess- 3 code etec. and their
interconversion.

Basic logic operations: NOT, OR and ARD, Positive and
nedative logic,

logic gates: AND, OR, NOT, XOR, NOR, NAND, NAND zngd NOR
8% & universal building blocks, Standsrd TTL NAND gate,IC
gates, Fropagation delavy, fan in, "fanout, POWer
disgipation ete, :

B.ELIP FLOPS . MULTIVIRRATORS AND ARITHMATIC CIRCUITS:

SR latch,JX flip fleop, JEK master elave flip flop, D flip
flop, T flip flop.

Multivibrator circnits: Honostable, aztable and
bistable, FF &8s a bistable multivibrator circuit, IC 555 as
a timer, Hultivibrator circuits using IC 741 and IC 555.

Arithmetic ecircuits: Binary sddition and substraction,
Half adder, ¥Full adder and substractor circuits.

REFEREHCES
1. Electronic¢ Principles,
A.P.Malvino, MeGraw Hill Company.

2. Electronic Fundamentals and Applications,Edition 5
J.D.Ryder, Prentice HKall of India, 1881,

3., Integrated Electronics
J.Millman and C.C.Halkias, Mc Graw Hill Company, 1981,

4. BElectronic Devices and Cirecuits,
A .Hottershead, Prentics Hall of Indis, 1981.

3. Operational Amplifiers,
G.B.Clayton, Butterworth.

B. Digital Principles and Applications, Edition 4
A.P.Halvino and D.P.Leach, KeGraw Hill Company.

Lo
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L b ?:5 : GENERAL LABORATORY I I :
PART- A |
1. Elg?trnnically reéulated poWer supply using IC 723 and
measurements of performance with DHM. |
2. Operationzl Amplifier - Characteristics and parameter
peﬁgupgn?nts. 7
3. .ijf?r;nfial 1ﬂmplifier - Characteristics and
'ﬁﬁrameter mEASuUrements.
4. ¥Voltage té'Fraquency convertor using IC 741.
9. Design, build and test Hien bridgéfoécillaﬁnr. '
B. Design,bqil§ and test Phase shift oseillator using IC
741/transistor.’ .
7. St_udy.;c_::f_ Multivibiator's, .
8. ?eriﬁiéﬁtiunhof De Morgan’'s theorem using }pgic gates,
9. Study of ADDER snd SUBTRACTER clrcuits usiﬁgvlagic gates.
PART - B
1. _Resistivity_o% EEIMﬁnium at various temperatures using Four
probe method,
2. Fermi level determination as z function of tempersturse.
3. Etudy of thermiqpic emizsion and determination of work
funetion. -
4, ﬁeasurements of vltrasonic veloeity in liquids.
5. 8tudy of the dispersion relation for the monoatomic lattice
i' and diatomic lattice.
8. Energy band gsp measuremsnt of a semiconductor.
7. lIonic conductivity of NaCl.
8. Study of temperature to frquency convertor.
9. Determination of ultrasonic velecities'in metals, polymers et
Hote : Students are advised to complete at lemst & experiements frowm

each part.



M5 2@1 : SOLID STATE PHYSICS I
t. THE CRYSTALLINE STAIE

Millier Indices, Bravais lattices, interplanar
distances, some <c=imple crystal structores such as KBaCl,
GsCl, Zn%, Diamond, HCP etc. Wigner Seitz c¢ell, The
reciproeal lattice and 1ts properties.

2. DIFFRACTION OF X-RAYS BY CEXSTALS

Crystal ass a grating for X-rays, DBragg’'s diffraction
condition- in direet lattice and in reciprocal lattice.. X-

ray diffraction, geometrical structere factor, atomic
structure factor for FCC, BCC and diamond structure. X-ray
diffraction methods - Lave, rotating crystal and powder

wethod, Analysis of cubic ecrystal by powder method.

3. PHONONS AND LATTICE YIBRATIONS

Vibrations of monoatomiec lattice, Lattice vibrations

of diatomic lattice, Optical &and acoustic modes of
vibrations, gquantization of lattice vibrations, phonons,
phonon momenium, inelastic scattering of nentrons by

phonons, lattice heat capacity, FEinstein’s model of heat
capacity density of modes in one snd three dimensions,
Debye T3 law, Anharmonic crystal in*a2ractions and thermal
expansion, thermal conductivity, Umhklapp processes.

4. EREE ELECTRON THEORY OF HETALS

Free electron model, energy levels and density of
orbitals in one dimension and three dimensions, Thermlonie
emission From metals, Field enhanced slectron emission from
netals, changes of work functicon due to adsorbed atoms, Hall
effect in metals.

5. BARD THEORY OF METALS

Parjodiec potential, Blech theorem, EKroning penny
model, reduced zone scheme, effective mass of electron,
nearly free electron model, origin of enerdy gap, tight
binding approximation, Wigner-Seitz method, APW method, OPW
and pseudo potential.

REFERERCES

1. 5plid State Physics,
A.J.Dekkar, Mc Millan Students Ed.

2. Introduction to Solid State Physics,
C.Eittel, Wiley Eastern Ltd., Edition 5

3. S5Selid State Physics,
C.K.Kachhava, Tata He Graw Hill Edition.

d, 5Splid S5tate Phy=ice,
H.W.Asheroft and BR.D.Merein, Holt- Ssunders Internmtional Ed.

5. Solid State Physzies,
L.Azzroff, Tata Me Graw Hill Edition.
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KS 282 : STATISTICAL MECHARICS

1. Specifigatiun of the state of system ( classzical as well aé
quantum ), FPhase space, Liouville's thecrem, statistical
ensemble, "~ accessible states, postulate of equal a priori
probability, density of states and its behaviour for ideal
monoatomic gas in classical limit, statiztical definiticn of
entropy. § _

2.  ENSEMALES AND THERMODYNANMIC QUANTITIES

Hicrncﬁnbhical ensemble, canonical ‘ensemble, Grand
canonical ensemble, partiticon function, evaluation of
thermodynamic guantities From partition. function,
application te ideal gas, Gibb s paradox.

3. FORMULATION QF QUARTUN STATISTICS -

_ Density matrix, Liouville's theorem in quantum
statistical mechanics, condition for statistiecsl
equilibrium, ensembles in guantum mechanics. -

4, HAXMELL BOLTZMANN, BOSE EINSTEIN AND FERMI DIRAC STATISTICS :

The warious statistics in guantum mechanics, gquantum
distribution functions, the Boltzmann limit of Bose Einstein
and Fermi Dirac gas, evaluation of the partition funection,
partition funeticn of diatomic molecules, eguation of state
of an ideal gas.

5.  IDEAL BOSE SYSTEM -

Photon, gas, Planck s law, Bose Einstein condensation, Ideal
Fermi system : Fermi enerdy, mean energy of Fermion st T= o
K, electron gas, Fermi energy =z= s function of temperature,
electronic specific hesat.

B. Boltzmann transport evation, eleectrical conductivity using
Boltzmann transport eguation.

REFERENCES

1. Fundamentals of 3tatistical and Therwmsl Physics,

F.Heif, Mc Graw Hill Company.
2. Statistical Hechanies,
Eerson Huang, Wiley Eastern L.td., 18G63.
3. Introduction to SBtstisticsl Hechanices,
B.B.Lsud, Hacmillan, India,rlgﬁl.
4, Statistical Mechmnics,
J.E.Hayer and H_G.Mayer, John Wiley, 18940.
5., Statistical Physies, Ed.JI
L.D.Landau and F.¥.Lifshitz, Pergemon Press, 1998.
. Statistieal Phw=ics,

R.E.Pathria, Pergamon Fress, 1372.



N5 283 : ELECTRODYNAMICS

1. HMAXWELL'S EQUATIONS :

Electrodynamics befare Haxwell, nodification aof
Anpere’s law, Kaxwell s equations, magnetic charge,
Faraday's 1law foar noving medis, MHaxwell s equations for
noving media.

2, mmmmmmmm

Energy relations in auasl stationary eurrent eystem,
force on 8 current stystem, Inductance, Magnetic volume
force, general expressions fer electromagretie Brlergy -
Poynting s theorenm.

3. mmwamﬂmmmﬂma:,

The wave equations, plane waves, radistion pressure,
plane waves in moving media, reflection and refractions at
Flane boundaries, the waves in conducting media, metallie
reflection.

4. THE INHOMQGENEQUS WAYE EQUATION -

decalar and vector rotentials, Gauge transformations,
Coulomb gauge and Lorentz gauge, the wave equation for
potentials, solution by Fonrier anglysis, radiatinn~fie1ds,
Hertz potential, electric dipole radistion.

5. mwﬂm:

Experimental basis for specinl relativity, the
Lorentz transformations, law of velocity addition, the
Lorentz transformation of Four vector, four velocity, four
accelaration, four nomentum, relation betwsen enerdy
nomentum  and mass, the Minkowski force, four vectors to
charge snd potential, electromagnetic fielg tensor, Lorentz
force, invariance of Maxwell's field egquations under
relativistie ¢ Lorentz s ) transformnation, covarience and
tensor form of Haxwell 's field equaticn, covarience form af
Lorentsz transformation.

REFERERCES

1. Classical Eleetrudynamiés,Ed,II
W.E.H. Panfsky and M.Philips, Addison-Wesley, 1982,

2. Classical Electrodynamics,Ed,II
J.D.Jackson, Wiley Eastern Company Ltd.,1878.

3. Foundations of Electromagnetic Theory, Ed.IT
J_R.Reitz and F.J.Hilford, Addizon Wesley, 1967,

4. Introduction to Electromagnetic Fields and waves,
D.R.Corson and P.Lorrain, Freeman, 1987,

3. Classical Eleetradynamics, Ed. IT
Griffits, Prentice Hall orf Indin.

B. Electrnnagnetics, Ed.II
B.B.Laud, ¥iley Fastern Ltd.

1P
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HS 284 : COMPUTATIONAL METHODS IH PHYSICAL SCIENCES
I. Some Computer Preogramming Topics

Functions and Subroutines, Common Block and Eguivalence
declarations.

I1 _Bumerical Mehiods in FORTRAN : 1)

In the following topics on numerical methods, students
are expected to be able to write programs, subprograms or
program segments as well as perform numeriecsl calculations
using elesctronie calculators and mathematical tables,

1. ITERATIVE HETHOR FQR SOLUTION OF ALGEBRALC EQUATIONS

Hewton Raphson method, iterstion methbd, method of
falze oposition, rate of convergence,comparision of these
methods, choice of an iterative method and implementation.

2. SQLUTIOR QF SIMULTANEQUS EQUATIORS i
Directs methods - Cramer rile, Gauss elimination
method, pivotal condensation, iterative methods. -Gruss

Seidal method, Jacobl method.

3. IBRTERFOLATION

Lagrange and Rewton interpolation metﬁods,; Finite
differnece operators, interpolating polyncmials using finits
differences, differnece tables- central, forward, bsckward.

4. NUMERICAL IHNTEGRATION o

k3

L

Methods based g interpeolation, methods based on

undetermined coefficients, composite integratinn nethods—
Trapezoidal, -and - Simpson’'s rules, double © integration

fderivation applications and errors in the formulae,
comparison of two formulsze J.

5. HUHMERICAL DIFFERENTIATION

Hethods based on interpolstion, finite differences
and undetermined coefficients . H

6. SOLUTION OF DIFFERENTIAL EQUATIONS

Humerical methods-Euvuler's method, Modified Euler
method, Single step methods- Taylor series method, Runge
Kutta methods, Multistep msthods,Stablility analysis.

REFERENCES _ o p
1. Prograeming with FORTRAR 77, i
REen Eumar, Tats Me Graw Hill Company.

2. Introductory methods of Numerical Analysis,
5.5.5%astry, Prentice Hall of_India. !

3. Humerical Hathematiczal Analy=is,
J.B.Scarbeorough, Oxfeord, 18964.

——— 55—

4, Computer Programming in FORTRAN IV,
V.Eajaraman, Prentice Hall of India, 1874.

5. Computer Oriented Numeriecal Hethods,
¥.ERejaraman, Prentice Hall of Indi=s.

11



MS 285

14.

11,

12.

13.

GENERAL LABQOBATORY II

Draw the flow-chart and write a programme to find the rogt

]
v

of the equation F{x} by Hewton Raphson method.

Draw the flow-chart and write = pregramme Lo find the root

1
5

of the eguation F(x3 by Iterastion method.

Draw the flow-chart and write a FProfgramme to find the root

cf the equaEinn F(x) @ by False position method.

Draw the flgw-qhart engd write a programme to integrate the
given function using Trapezoidal rule.

Draw the flow-chart and write g progdramme to integrste the

Eiven function wsing Simpson’s 1/3 rule.

Draw &’ fldﬁ—chért and write s programme for fitting of a

pelynomial of degree n using Lsgrange’'s interpolsation

formula.

Dfaw a flow-chart and write a progremme to salve & diven
differential egquation using Fuler‘s simple and meodified
method .

Draw =& -flcw—ehart and write a programme to solve a gdiven
differential equation using Runge Kuttas pethod.
Draw & flow-chart and write & programme to so0lve given set
of simultaneous egusations vsing Gauss elimination method.
Draw a flow-chart snd mrite 8 prografrme to solve given get
of simultaneous equations using Gauss Seidal elimination
me thod. ‘

Draw thas Flow-chart and write a programme to integrate the
Riven Function using Simpzon’s 3/8 rule.

Draw a flow-chart and write 8 programme forr finding the

inverze of & given natrix,

¥rite & programme for finding the transpose of & matrix.
L1

I
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MS 381 : PHYSICS OF SEMICONDUCTOR DEVICES

1. EROPERTIES QF SEMICONDUCTORS

Review of ecrystal straoctures and Energy bands of
semiconductors (Ge, 8i, Gaas, Iv-¥, III-¥, TI-VI compound
semiconductors), charge carriers, minority and majority
carriers, excess carriers and life time, diffusion of
carriers and Einstein's relation, Intrinmic and extrinsie
semiconductors, Position of Fermi level, dedenerate and non-
degenerate setticonductors, carrier concentration in
degensrate and nen-degenersate cEgesS, cocurrent transport,
internal field in g semiconductor with non-uniferm doping.

2. MEASUREMENT OF ELECTRICAL EFARAHBTERS OF SEMICONDUCTOR

Resistivity, mobility, carrier concentration,
carrier types by Hall effect, Haynes-Schockley exXperiment -~
mobility, diffusion constant and life time of minority
carriers.

3. B-M JURCTION DRYICHS

The juhetion diode S Junction in equilibrium, junetion with
forward and reverse biag, current-voltage characteristioc of
Junetion dieode, elecktron hole injection efficiency, the

~ geonetry of the depletion layar, depletion. layer
e capacitance, diffusion capacitance, Small signal equivalent
circuit of a P-H Junction, switching charscteristic,

Breakdowns in P-N Junetions,

Zener Diode Reverse biss breakdown, principle of
vperation, device design far particular braskdown voltage.
E

Varactor Diode : Capacitance of p-n Junection, principle of
operation, equivalent eircuit, power relation, appliceticns.
Tunnel Dicde - Degenerate semiconductors, principle of
operation, circugit operation, applications as an osclillator.
P-I-N Dbiode : Intripsic layer, principle of oparstion
behaviour of forward and reverse bias, equivalent cireuit,
applications.

tj. METAL-SEMTCONDYCTOR JUNCTION DIGDR

Structure, metzl-semiconductor contact, energy
band disgram far different cases, barrier formation,
Schattky diocdes-principle of operation, ourrent transport
theory and appliecations.

5. BIPOLAR JUNCTION TRANSISTOR

Structure, the prineiples of operation, the Ebers-
Moll eguations and large signal transistor fiodel, the
dependence of Ebhers-Holl parameters on the struetnre ang
operating point, maximum transistor enrrent, voltage and
power rating, transistor as a switch.

B. EIELD EFEECT TRANSISTOR

JFET, Principle of IGFET, MO0OS capacitor, KOS
Irensistor operation, charge coupled devices (CCDhY, MO3
transistor as 8 memory elements.

iz



7. POWER SEMICONDUCTOR DEVICES

General considerstion, bipolar power transistor, thfristor

family - the SCR , diae and triac.

3. BEGATIVE CONDUCTARCE MICROWAVE DEVICES

INPATT devices - FRead diodse, principle of operation,

applications, other structures,

GUNH devices - two valley semiconductorzs, transferrad

electron mechanism, Fformation =nd drift of space
domain, applicstions in regsonsnt circuits.

REFERERCES
1. Solid State Electronic Devices
B. &, Streetman, Printirce Hall of Indi=

2. Sepiceonductor snd Electronic Davices
Adhir Bar-Lev,Printice Hall of Indisa.

3, Physies of Semiconductor Devices
S.M.Bze, Wiley Eastern Ltd.

4. Semiconductor Devicaes and Cirecuits
Hency Zanger, John Wiley and Sons.

5. Physics of Microwave Semiconductor Devices

and their spplication
H.A.Watson

1£
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A3 302 : ATOKIC AND HOLECULAR EHYSICS
1.ATQM MQDET, FOR IEQ VALENCE ELECTRONS

LL coupling, 55 coupling. LS coupling, Pauli exclusion

principle, compling schemes for two electrons, factors for
L5 coupling, Lande intervel »ale, branching rule, selection
rules, intensity relations.

Magnetic wmoment of the atom, Zeeman effent, intensity
rules, caloulation of Zeeman cattern, Paschen back effect
LS and JJ coupling and Paschen bask affect, Breits scheme
for derivation of spectral terms, Paplis exclusion Principle.

Z. COMPLEX SPECTRA

Displacement law, alteration law of multipligities,
vector model for three fore wvalenecas electrons, Land=
interval rule, inverted terms, Hund 's rule.

Zeeman effect angd magnetic quantum nos. in complex
spectra, magnetie enargy and Lande g factor, Paschen back
effect in complex gspactra,

3. HIPERFINE STRUCTURE

Intreduction, hyperfine structure, and Lande intepval rule,
nuclear interaction with ong valeance eleciron, hyperfine

(; structure of two or more valence electrons, Zeeman effect in
hyperfine structore, Back Goudsmit effect in hyperfine
structure.

4.  EURE ROTATION SPECTRA

Rotation of a linear syztem (classical snd gquantum
mechanical 3, rigid rotator, rotational energy levels and
their populstions, interaction of radiation with rotating
nmolacules, rotational spectre of rigid rotestors, selection
rules for linear melecules, determination of moment of
insrtia and bond length from rotational gspectra, relative
intensities of speetral lines, Stark effect in mcleculsr

rotational spentra, molecular rotation-nuclesr spin
coupling. :
5. YIBRATIONAL SPECTRA
- . . . . . .
t; Vibrations of a single particle, vibrations of two
particles connected by a spring (elassical)l, Hermonic

cseillator, wibrationsl energies of diatopie molecules,
interaction of radiatiaon with vibrating molecnles,
vibrational spectras of diztomie molecules, anharmenic
oscilletar, deduction af molecylar properties from
vibrational spectra of diatomic molecules.

6. ROTATION - YIBRATION SPECTRA

Distomic vibrating rotator coupling of rotation and
vibration, rotation-vibration spectra, selsction rules and

transzitions for the vibrating rotator, intensities in
rotation and vibration Spectrum, Farallel snd rerpendicular
bandsg of Linear mpolecules, Isotope effect-vibration,
rotation.

L3
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7. BLECTRQKIC SPECTRA OF DIATOMIC HOLECULES

Eiectronic energy, potartianl energy coarves, stable and

unstable molecular stateg, vibrational structure

electronic transitions, Ecreral formula, graphical

represcntation, isctope effect, rotationa:l structure

electronie spavtra, the branches of band, band hesd
formation, shading of bands: Fortrat diagram, isotope
effect, intensities  in electronic bands-vibrationsl
structure- Franck condon brinciple, sbsorption and enission,

rotaticnal structure, transition,

REFERENCES

1. Atomie Spectra - ¥White H.E.
( for topie 1 to 3 3

2. Introducetion to Holecular spectroscopy - C.M.Barrow,
H.Graw Hill, International Editien.
{ for topic 4 to § )

3. Spectra of distomic molecules - Hersberg.
{ for topie 7 )

4. Atomic Structure and Chemical Bond -
Hanas Chanda. Mc.Craw Hill
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NS 383 : ELEHMERTS OF MATERIAL SCIERCE ﬁ

1.

of Haterials i
Selection of materials, Competetion among :the different
types of wmaterials, Selecting an optimal metal, Modern
material needs, Structure PTOpET types Processing
relationships in materisls. H
Bechanical Properties: Mechanical fundamentals, isotropy and
snisotropy, stress =and strain, Hook's law and modulus of
material, Foisson’ ration, stress-strain relstion, Important
Properties-gtrength, ductility, toughness, stiffness,
maltleatility, plasticity, hardness, brittleness, creep and
fatigue. '
Elegtrical Properties:Resistivity, Conductivity, Ionic
conduetivity, Electrunie conductivity, Factors affecting
conductivity, Other electricsl characteristies ‘such as
Superconductivity, Ferroelectricity and Piezoelsctricity,
dielectric behaviour. e
Hagnetic Propertjes: Magnetization, claegsification of
nagnetic materisl, Magnetic domain, Magnetostricgtion,
Paramagnetigm, Ferromagnetism, Diamagnetism,gﬂoft and hard
raterial, Ferrites. ’

IThermal Properties: Heat capacity, expansion,? conductivity

and stresses, T;
Optical Properties: Electro-magnetic radiation, refraction,
reflection, absorption, transmission, coleor. 4
Classification of diffusion, mechanisms- vascancy,

interstitial, direct interchange, Ficks first and second
law, factor affecting diffusion ceefficient, self diffusion,
inter diffusion, diffusion couple, diffusion in oxides,
ionic crystals, Erain boundary oF surface diffusion,
activation of energy for diffusion, material brocessing and
diffusion. %

4 Ehase diagrams

Basic concepts, solid solotion, Hume-Rotheley’s rules, phage
diagrams, phase rule, time temperature cooling ecurves,
construction of phase diagram, interpretation of phase
diagram, study of-phase diagram for complete -so0lid solu-
ticon, ‘eutectiec disgram with no solid gsolution, eutectoid,
peritectic diagram.Microstructural disgram developments.
Study of Pb-Sn, Fe-C, Cu-Ni, Al203-5i02 zystenms.
B

9.Polyners

6.Ceramics

Basic concept of polymer, chemistry of polymer, size of
polymer, nolecular weight, moleculsr shape, structure,
configuration, crystulity, mechanism of polymerizatiaon,
structure verses properties of rolvmer, plastic and

elastomers,deformation of polymer. %r
Clazsification of ceramics, structure of ceraﬁics, silicate
structure, mechanical,thermsl snd electriesl properties of

ceramic phazes, appliecations.. ) ™
REFERENCES : ? .
- )
1. Material Sciences sand Froce=s e
S.E.Hajra, Choudhary, Indian Book Diztributing {o.
2. Material Seierce and Engineering M
¥Y.Raghavan, Prentice Hall of Indis Pvt.Ltd.,N.Delhi.
3. Materisl Science and Enginecering P
W.D . Callister.Jdr. w §
q, Intreduction ta Haterigl eince for ° Engineers-
J.F.Shackelford, Mscmillan Publishing -Company =
5. Elements of Material Scince and Engineering '

L.H. Van Viack ,Addission Vestan Fublishing company.
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M5 384 : SPECIAL LABORATORY I

19.

1i.

12.
13.
14 .
15.
1.
17.
i8.

1g.
2.

Study of magnetic susceptibility in liquids.

Btudy of magnetic properties of Mn304 {(Gnoy Mathod:?
Determination of Hall coefficient of & given =ample.

Study of phase diagrams by direct cooling curves.

.Study of Electron Spin Resonance.

Study of thermoluminescence of F centres . in alkali halide
crystals,

To study the intensity of Beta rays as they pass through
different Lhickness of =alluminium and to determine the
linear absorptieon coefficient.

Study the charasteristic of a GH tube and determination of

ites operating VOLTAGE.

rkh _

Characteristiec of molar cell Vee, Ise, BEe, dark/illuminated,
ftenparature dependance,spectral distribution,CV¥ messurement.
Eefractive index messurement by Emursion technigue.

Study of Haynes Schokley sxperiment for the determination of
mobility and diffusicn constant.

Determination of heat capacity.

Study of dielectric behaviour of BaTiOg sample.
Determination of Curie point of a Ferromagnetic material.
Seeback memsurement 2nd condoctivity mes=urensnts.

Study Hysterieis curve. . = .
Transmission of electromagnetic waves through aluminium.

To determine the stresz gtrain properties of plastic sampleg

o universsl testing machine.

To determine tear =trength of polvmers.

To meazsure share hardness of plastics and rubber samples,
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SOLID STATE PHYEICS 17T
1. EERMI SURFACEZ
Ferui Characteristics apg construet i H
El Surfaeﬁ and Brillouin zZoneg 1Dn_?f Fermi surfaces
SUeh 88 aluminium, copper and’ gold Fermiisurfuaces of metg)a
on Fermj surfaces, De-Ha old. Effect of electric fielg
resonance. &5 Van Alphan effect, Cyelctfan
2. PIELECTRICS
] Polarization, depolarizat i .
dlele?tric constant and pnlarfa ;?nlfleld, Lorentz fielg,
relation, atomic polari”abil‘za ility, Clausius Mossotts
glpnlar 1, complex diglect;;g ggelfetgmnic, iohic ‘and
i : nstaen a 3 = .
osses,dielectric losses and relaxation time nd dielectrie
3. WAGHETISN
Diamagnetism - elassical
i i : and  quantum  th :
comparison with experiments, Faramagnetism - classizgflzfé
quantum theories, Ferrcmagnetism, Weiss theory, Weiss
molecular fields, Comparison of Weiss theory . with
sxperiments, Ferromagnetic domains, Antiferromagnetism - two
sublattice model, superexchange interaetion, Ferrimagnetism
- structure of ferrites, saturation magnetization, elements
of Heesl = theraoy. "
4 DEFECTS I SOLIDS .
Lattice vacancies, Schottky defects, Frenkel defects,
Diffugion, coler centres, dislocations, affect of defects on
nechanicel, eleetrical and optical prapsrties.
5. BUPERCOMDUCTIVITY
Occurrence, Miessner effect, critical field, type?I,
type II superconductors, Critical currents, _thermodyn&mlcs
of =uperceonducting trznsitions, London equations, coherence
length, Lendon penetration depth{ BCS 'theur? af
superconductivity, High T, superconducting materisls.
REFEREHRCEGS
1. Solid State Physics,
A J.Dekkar, Mec Hillan Students Ed.
7 Introduction to Solid Stale Phygigs,
C.Fittel, Wiley Eastern Lid., Edition 5
3. 8olid %tate Physics, o
¢ _M.Eachhava, Tate Ke Graw Hill Editioen.
4. Bplid State Physics, : )
B ¥ Ashcroft snd W.D.Hermin, Holt- Baunders International Ed.
5. Splid State Physics, |

L.Azzroff, Tata ¥e Graw Hill Edition.
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CHARACTERIZATION
MS 482 : TECHNIQUES IR HATERIALS .

1. CHARACTERIZATION TECHNIQUES

i i of meterials,

characterlzatlon_ ) als,

fgr acterization techniques, destrui v

o et electromagnetic sSpecilunb,

Tmportance

lagsification , _
znd non-destructive tEChnlguest‘ation.
properties of electromagneltic radl

2. JHFRARED SPECTROGCOPY

i i Infrared radiation
tion, requirements for ;
e :E:E:E aof IR absorption spectruﬁcopyi Liﬁzgr
lecules symmetric top molecules, asymmegrlglgﬂ ec beai
no
instrumenEatinn— Zingle _beap and - ng L troscaney
spectrophotometers, Appliesation of p

Limitation of IR speciroscopy.

3.0LIRA YIOLET AND YISIBLE SPECTROSCORY

Color =and light absorpticn, the eh;omcpho;e concept,
theory of electronic spectroscopy- orhltalg 1nvolv?d in
electronic transitions, laws of light absorption- Beer s and
Lambert = laws, conventions, instrumentations - Py
spectronster, sanple and reference tells vaenon
ultraviclet, Applications of UV visible spectroscopy.

»,
4 .X-RAY DIFFRACTION A

Crystalline state, ¥-ray diffraction proceszes,
prelininary digpusgion of powder and single crystal
pattern, and their information content, the producticn and
monochromatization of x-ray diffraction, the use of mnethod
of recording diffraction patterns of materials, additionsl
uses of x-ray diffraction data, struecture determinatiaon .

particle size determination, erystallography by diffraction
of radiatior other than x-ray.

5.BAMAN SPECTROSGOPY

Characteristin broperties of Ramanp Linesg, differences
between Raman spectra and infrared Spectra, mechanism of
Rama@ effect, instrumentaticn, intensity of Raman Lines
application of Raman Specirosceopy, Laser Reman spectrnscupy?

6.HOSSBAUER SPECTROSCOPY <&

_ Hossbauer effect, theory of Mogsbguer
instrumentation, application of N

7. EHOTQELECTRON SPECTROSCOPY

Intruductien, experimentsal techniques, theory,
and applications.

absorption,

spectrascopyJ
ogsshaper spectroscopy.

8. INTRODUCTION TO Seanning electron

_ , microscopy and
Transmission electron microscopy.

28
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d H3.A83 - PHYSICS OF THIN EIms
1,

?ar1nu§ rangesg ofvacuum,conduutance
down time and their relations, ’

imped&nce, speed, pump-
2. g:fgsrand Gaugas for H.?: and U.H.V, Rotary diffusio
pumps, evaporation, sputter ion molecul "
cryogenic and orbitron pump. T a drag,
Thermocouple penning ( cold cathaode ionization gauge )

Hot eathede ionization : S :
Alpert gauge. gauge, triede ionization, Bayart

3.  Thin Filn deposition technology-

Thermal evaporation, gvaporation methods, resistive heating
Fl

Flash evaporation Bre evs i

) a paration, explodin i
techirigue, Laser evaparation, RF heating Eleczize
bombardment heating. . ’ !

Cathode sputtering : sputterin i

1 : g proces, glow dischar

spgtter1ngdpresgure, deposition distributioﬁ, cuprrent aﬁs
vyoltage ependances; rathode, eontaminatio
deposition control. " problen,

Low pressure sputtering : magnetic field, assisted

(trio@e} sputte;ing, B¥ sputtering, Ion bean sputtering,
reagctive spottering, sputtering of multicomponent materials.

thnical methods electrodeposition, electrolytic
depn§1t1nn, alectroless deposition, anodea oxidation,
Chemnical Vapor Deposition (CVD)- pyrolysis, Hydrogen

reduction, Halide disproportionation, +transfer reaction,
polymerization.

{ ?&Fuun deposition apparatus : Vacuum system, substrate
ih;r depns%t1nm technology, substrate materials, substrate
cleaning, uniform and nopn-uniform deposits, masks snd

connections, multiple film deposition.

4. Thickness measurments : optieal interferance technigues,

nultiple baam interferometry, photometric method,
gravimetric method.

5 Mucleation, growLh snd structure of films .

Condensation process, Langmuir-Frenkel  theary of
condensation, theories of nucleation, capillarly thecry,
Atomic theory, various stages of growth, some asspects of the
physical struecture of films, crystallic =ize, surface
roughness, density of thin films.

E Hechanical propertiss: adhesion and its measurements

with verionzs methods, stress measurements.

ﬁ;‘ 7 Elgeotrical propertigs: Boltzmann egquation, Fueh- Sondhemir

theory, TCR and its wvariation, resistance variation of
very thin films, Hall effect.

& Optical propevties: refleection, refraction, Fresnhnels

coefficients, conplex refractive index, reflection and
sntireflecting film=s, ellipsometry.

3 Application of thin films: antireflection cosating,
infrared anti-reflection coating, filters, polarizers,
rezistors, rcapacitors, diodes, transistors, computer memory

devices, thin fi1lm solar cell, thin film transducers.

REFERENCES
1. Thin ¥Film Phenamenon, Mo.Gras Hill, 1869

E.L. Chopra
2. Hand Book of Thin Film Tszchnology, Me.Graew Hill, 1978

L.I. Maissel and R. Glang,
3. Thin Film Technology, ¥an Nostrand Reinhold, 1368
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NS 4P4 : SPECIAL LABORATORY 11

1. To determine the pumping speed of rotary pump.

2. Thin film deposition by evaporation method.

3. Te study the kipetic of crystallization of polymers.

4. Study of corrosion of metals.

5. Te study the deformation behaviour of FCC, HCP and BCC
matals.

5. To determine the transition tempersature anq the peat of
transition of the given sample of BaTiD3 solid solution.

7. To study the following by etech technigque
(a) dislocation in NaCl crystal

~ (b)Y Grain-and twin boundaries in alpha brass.

8, LCrystal structuré determination by X-ray diffraction
technique,

8, Study of cry=stal ®rowth,

1. Electroplating and study of adhesion, porosity and etching.

11. Study of photcelectrochemnicsal salar cell.

12. Hezsurement of thickness of thin films.

b ]

13. Diffusion coefficient measurement Asing resistivity plots. ,2

14. Schottky barrier determination for various semiconductor.

15. Synthesis of Y1BaZCu3(07- bulk superconductor by solid state
reaction method and the observation of Meissner effect.

18, Determination af transistion temperature of Eiven
superconductor by the wmethod of low temperature resistivity
measurenent. '

1%7. Detetmination of oxygen content in s 123 superconductor.

18. Study of Infrared spectra.

19. Study of ultra ¥iolet spectra.

28, T? study the effect of molecular weight of polymers on -
viscosity. v {i

21. Density measurement of polymer SEEmples.

2Z. To determine the seoftening peint of plastics.

23. Experiments on He-Ne Laser

i) Study 'ﬂf rower distribution within Laser bean snd
determine the Laser beam quality.

ii} Study of beam divergence and beam diameter.

1iii) Study of pointing stability.

iv) Study of depth of focus of a lens.

¥) Study of focus =zpot sige.

22
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