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First Semester

Second Semester

Theory Theory
Code Subject Contact Credit Code Subiject Contact Credit
Hours Hours
mpyao1r | Classica 45 4 MPyop | Quanum 50 4
Mechanics Mechanicsll
Mathematical Statistical
MPYQ02 Methods| 45 4 MPYQ02 Mechanics! 45 4
‘ Basic
MPY@03 Quantum 50 4 MPYQ03 Condensed 48 4
Mechanicsl )
Matter Physics
Physics of Mathematical
MPYC104 | Semiconductor 48 4 MPYC204 | \iethodHI 48 4
Devices
Fundamentals of Nuclear and
MPYHRO05 computer and 45 3 MPYC2B Particle Physics 48 4
Programmingn C
Total 19 Total 20
Practical/Sessional Practical/Sessional
Code Subject Contact Credit Code Subject Contact Credit
Hours Hours
Programming Computational
MPYR56 . 3 MPYR56 . 2
inC Lab Physics Lab
Electromagnetic General
MPYQ51 . 3 MPYQ@51 . 3
and Optics lab Physics Lab
Total 25 Total 25
Third Semester Fourth Semester
Theory Theory
. Contact . . Contact .
Code Subject Hours Credit Code Subject Hours Credit
AdvanceQuantum Statistical
MPY@G01 Mechanics 45 4 MPY401 Mechanicsl| 50 4
& Field Theory
Basic Classical
MPYG02 Electronics 45 4 MPY@02 Electrod/namicsl| 45 4
Classical Atomic and
MPY@G03 . 50 4 MPY@O03 molecular 48 4
Electrodynamics .
Physics
Core Electivé 48 3 CoreElectivell 48 4
(Theory) (Theory)
MPYG04 | Seminar 45 4 MPycaos | Dissertation/ 48 4
Project
Total 19 Total 20
Practical/Sessional Practical/Sessional
Code Subject Contact Credit Code Subject conact |- o git
Hours Hours
MPYE352 Core _Electlve 3 MPYE453 Core _electlve 3
Practical Practical
Basic Modern
MPYB51 MPY@51
Electronics lab 3 Phys. Lab. 2
Total 25 Total 25

Student can offer one of the core electives from below with papers | and Il

Core Electives:

1. Advanced Nuclear Physics-1 &Il (MPYE-307 & MPYE-407)

2. Advanced Condensed Matter Physics-1 &Il (MPYE-305 & MPYE-405)
3. Particle Physics-1 &Il (MPYE-306 & MPYE-406)
4. Electronics-1 &Il (MPYE-308 & MPYE-408)

5. Plasma Physics And Hydrodynamics-I &Il (MPYE-309 & MPYE-409)
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FIRST SEMESTER

MPYG101 (CLASSICAL MECHANICS )MARKEO0

UNIT-1 Mechanics of a system of particles:

Inertial and non inertial frames of reference. Lagrangian Formulation, Velocity dependent potentials
and Dissipation Function , conservation theorems and symmetry properties, Hmogeneity and
Isotropy of space and Conservation of linear and Angular momentum, Homogeneity of time and
conservation of energy.

Hamiltonian Formulation:

Calculus of variations andeuler Lagranges equation, Brachistochrone problem , Hamiltons principle,
extension of Hamiltons principle to nonholonomic systems , Legendre transformigon and the
Hamilton equations of motion, physical significance of Hamiltonian ,Derivation of Hamiltorequations

of motion from a variational principle , Rouths procedure ;variation , Principle of least action.(12)
UNITII

Canonical transformations:

Canonical Transformation , types of generating function , conditions for Canonical Transformation ,
integral invariance of Poincare , poissons theorem , Poisson and Lagrange bracket , Poisson and
Lagrange Brackets as canonical invariant , Infinitesimal canonical Transformation and conservation
theorems , Liouvilles theorem.

Hamilton -Jacobi Theory:

Hamilton - Jacobi equation for Hamiltons principal function , Harmonic oscillator and Kepler problem
by Hamilton - Jacobi method , Action angle variables for completely separable system , Kepler problem
in Action angle variables , Geometrical optics and wa mechanics.(15)

UNIT-IN
Small oscillation:

Problem of small oscillations , Example of two coupled oscillator , General theory of small oscillations,
Normal coordinates and Normal modes of vibration , Free vibrations of a linear Triatomic molecule.

Rigid body motion:

The independent of coordinates of a rigid body, orthogonal transformations , The Eulers angles , The
CayleyKlein parameters , Eulers theorems on the motion of a rigid body , infinitesimal rotations , rate
of change of a vector, The Calis Force.

Rigid body dynamics:
Angular Momentum and kinetic energy of motion about a point.: The Inertia Tensor and momentum of
Inertia , Eigen values of Inertia Tensor and the principal Axis transformation

. The Heavy symmetrical Top with one poinFixed . Elementary idea about nonlinearity and chaos.
(13)

BOOKS:

Classical Mechanics H. Goldstein
Classical MechanicsLandau and Liftshitz
Classical Mechanics Corben & Sxztehle
Classical Dynamics Marion & Thornton
Analytical Mechanics L. Hand and J. Finch
Classical Mechanics J.C. Upadhyaya

ok wdE
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MPYC-102 (MATHEMATICAL METHODSI) Full Marks -100
Unit -1
Vector analysis, curvilinear ceordinates, matrices and vector spaces, Hilbert spaces,Operators in infinite
dimensional spaces. Fourier series and fourier transform, Lapla¢einsform.
Line integral of complex function, Cauchy integral theorem, Cauchys integral formula, Calculus of
Residues: Cauchys Residue theorem, Singularities of complex functions, simple poles, Evaluation of
definite integrals ,Generalised functions,:Dira delta function .(10)

Unit -l

Taylor series and Laurent series expansion. Linear second order differential equations with variable
coeficients: singularities of differential equations and their classification, power series method and
Frobenius extended power series method of solving di erential equations: Bessel , Legendre,
Hermite.(15)

Unit-111

Groups and Group representation: Definition of groups,Finite groups,example from solid state
physics,sub groups and classes,Group Representation, Characteffite groups and Lie groups,Lie
algebra,application, Irreducible representation of SU(2),SU(3)and O(3). Beta, gamma functions, Greens
function and its application . Partial differential equations.(15)

BOOKS:

Mathematical methods of physics J. MathewsR.L. Walker.

Mathematical methods of physics Arfken and Weber.

Mathematical methods for physicists Dennery & Krzywicki.

Mathematical methods of physics H. K. Das

Mathematical methods of physics Dr. Rama verma (s. Chand)
Mathematical methods of physics Satyaprakash (S. Chand)

Mathematical methods of physics Binoy Bhattacharya. (NCBA Publication)
Introduction to Tensor calculus- Goreux S. J.

Mathematical methods of physics Dettman J.W.

CoNOOR~WNE
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MPYC-103(QUANTUM MECHANICY)MARKS-100
Unit -1
General principle of Quantum mechanicstinear Vector Space Formulation: Linear vector Space(LVS)
and its generality. Vectors:Scalar product, metric space, basis vectors,linear independence, linear
superposition of general quantum states,completeness and orthogonal relation,Schmidts
orthonormalisation procedure, Dual space, Bra and Ket vectors, Hilbert space formalism for quantum
mechanics.
Operator: 10

linear,Adjoint,hermitian,,unitary, inverse,,antilinear  operators,Noncommutativity and uncertainty
relation, complete set of compatible operators, simultaneous Measurement, Projection operator,eigen
value and Eigen vector of linear,hermitian,unitaryoperators, Matrix representation of vectors and
operators, matrix elements,eigen value equation and expectation value, algebraic result on Eigen values,
transformation of basis vectors, similarity transformation of vectors and operators,diagonalisation.
Vectors of LVS and wave function in cordinate, momentum and energy representations . 5

Unit -1l

Quantum Dynamics Time evolution of quantum states, time evoluation of operators and its properties,
Schrodingerpicture, Heisenberg picture, Dirac/Interaction picture, Equation of motion, Operator method
of solution of 1D Harmonic oscillator, time evolution and matrix representation of creation and
annihilation operators, Density matrix.

Rotation and orbital angula momentum: Rotation matrix, Angular momentum operators as the
generation of rotation, components of angular momentum . Ly; L, and L2 and their commutator
relations, Raising and lowering operators ( Land L ), L; L;; L, and L2 in spherical polar coordinates,
Eigen value and eigen function of £ L2(operator method), Spherical harmonics, matrix representation of
of L+; L and 12, Spin angular momentum: Spin 12 particle,Pauli spin matrices and their pregrties Eigen
values and Eigen function, Spinor transformation under rotation. 15
UNIT-II

Addition of anguar momentum:

Total angular momentum J. Eigen value problem of and 3, Angular momentum matrices, Addition of
angular momenta and C.G.Coecients, Angular momentum states for composite system in the angular
momenta(1/2,1/2) and (1,1/2).

Motion in Spherical symmetric Field:Hydrogen atom, Reduction to one dimensional one body problem,
radial equation, Energy eigen value and Eigen function, degeneracy, radial probability distribution.

Free particle problem:incoming and outgoing spherical waves, exmnsion of plane waves in terms of

spherical waves. Bound states of aB square well, particle in a sphere. 10
Books:

1.  Quantum Mechanics S. Gasiorowicz

2. Quantum Mechanics J. Sukurai

3. Quantum Mechanics R. Shankar

4, Quantum Mechanics S.N. Biswas

5. Quantum Mechanics A. Das

6. Quantum Mechanics A. Ghatak and S. Lokanathan

7.  Advanced Quantum Mechanics P.Roman

8.  Quantum Mechanics (Non Relativistic theory) L.D. Landau and E.M. Lifshitz
9. Elementary Theory of Angular Momentum M.E. Rose

10. Principles of Quantum Mechanics P.A.M. Dirac

11. Quantum Mechanics, concepts and application, N Zettili
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MPYG104 (PHYSICS OF SEMICONDUCTOR DEVICES)
Unit -1 Introduction to the quantum theory of solids:
Formation of energy bands, The dspace diagram (two and three dimensional representation),
conductors, semiconductors and insulators. Electrons and Holes in semiconductors: Silicon crystal
structure, Donors and acceptors in the band model, electron effective mass, Density of states, Thermal
equilibrium, Fermi-Dirac distribution function for electrons and holes, Fermi energy. Equilibrium
distribution of electrons & holes: derivation of n and p from D(E) and f(g Fermi level and carrier
concentrations, The np product and the intrinsic carrier concentration. General theory of n and p,
Carrier concentrations at extremely high and low temperatures: complete ionization, partial ionization
and freezeout. Energyband diagram and Fermilevel, Variation of & with doping concentration and
temperature. Motion and Recombination of Electrons and Holes: Carrier drift: Electron and hole
mobilities, Mechanism of carrier scattering, Drift current and conductivity. Motion and &ombination
of Electrons and Holes: Carrier di ffusion: diffusion current, Total current density, relation between the
energy diagram and potential, electric field. Einstein relationship between diffusion coeffcient and
mobility. Electron- hole recombinaton, Thermal generation. 12
Unit -1l
PN Junction:
Building blocks of the pn junction theory: Energy band diagram and depletion layer of a pn junction,
Built-in potential; Depletion layer model: Field and potential in the depletionayer, depletion-layer
width; Reversebiased PN junction; Capacitancgoltage characteristics; Junction breakdown: peak
electric field. Tunneling breakdown and avalanche breakdown; Carrier injection under forward bias
Quast equilibrium boundary condition; current continuity equation; Excess carriers in forward
biased pn junction; PN diode-V characteristic, Charge storage. 13
Unit-111
The Bipolar Transistor:
Introduction, Modes of operation, Minority Carrier distribution, Collector current, Base current,
current gain, Base width Modulation by collector current, Breakdown mechanism, Equalent Circuit
Models - Ebers -Moll Model. Metal-Semiconductor Junction: Schottky Diodes: Buiih potential,
Energy-band diagram, +V characterisics, Comparison of the Schottky barrier diode and the pn
junction diode. Ohmic contacts: tunneling barrier, speci ¢ contact resistance.
MOS CapacitorThe MOS structure, Energy band diagrams, Haand condition and atband voltage,
Surface accumulation, surface depletion, Threshold condition and threshold voltage, MOS-\C
characteristics, Qinv in MOSFET. 10
MOS Transistor:
Introduction to the MOSFET, Complementary MOS (CMOS) technology,Characteristics, Surface
mobilities and high-mobility FETs, JFET, MOSFET Vt, Body effect and steep retrograde doping, panch
voltage, 5

BOOKS:

Physics of Semiconductor DevicesDonald A. Neamann

Physics of Semiconductor DevicesB.B. Swain

Physics of Semiconductor DevicesAnjana Acharya

Physics of Semiconductor DevicesCalvin Hu.

Physics of Semiconductor DevicesDilip K Roy

Fundamentals of Semiconductor Deviced.K. Achthanand K.N. Bhatt
Solid state Electronics Devices Bhattacharya , Rajnish Sharma
Semiconductor Materials and Devices J.B. Gupta

Physics of Semiconductor DevicesJivan Jyoti Mohanty.
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