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ORDER

Credit Semester Svstom (CU-CSR-PG-2010) was implemented tor PG programraes
in afiliaed collepes with cfivet from 2010 admission cnwards vide paper read as |
above.

Vide paper read as i2) above, the scheme and svilnbas of 1% seimester M Sc
eramme in Phvsics under CSS-PG-2010 was implemenied with eficft fron: 2010

‘e RBoard of Studies in Phvsics vide paper read a: (3) above revised, hanice and
approved the svllabus of 2 4" semester of M.Se Phyaics programmes under CSS PO
tlect from 2010 admission.

!ho Vice-Chancellor. due to exigency, exercising the powers of the Acadeniic

C‘)lll‘.Cll appmvcd the minutes subject to ratification by the Acadeniie Counetl vide paper
'lh

(_

read as 47 above

Sanction has l’lLlLiUlL been accorded for implementing the sehieme and syllabus of
MLSe Programme in Physies under Credit Semester System PG Zﬂl() P
semesteis) with effect from 2016 admissions.

Orders are issued accordingly. Scheme and Syllabus appended.
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UNIVERSITY OF CALICU

Scheme and Syllabus for :
M.Sc. (Physics) Programme(CSSYT
tor atfiliated colleges w.e.t. 2010 admissions

I'he durauon ol the M.Sc (Physics) programme shall be 2 years, split into 4 semesters. Fach course in a
seimester has 4 credits (4C) and Pracucals having 2 credits (2C). The total credis tor the entre programme 1s
80. The scheme and svilabus of the programme, consisting of sections (a)Courses in various semesters
{hiConstitution of clusters (cyThe Credits and Hours (\Grading and Fvaiuation (eYDetarled svilabus (11 Model

N\
/f)-x\ Semester -I1I (16C}
P

Semester -1V (26C}

A) COURSES IN VARIOUS SEMESTERS

{PIY 1C01) Classical Mechanics (4()

(PHY 1C02) Mathematical Physics - [ (4C)
(PHY1C03) Electrodynamics and Plasma Physics (4()
(PHY 1C04) Klectromics (4())

COMN RIS Cenesal Phesics Fracieal =i

CRHY TPO2) E lecitonies Practical -1

(PHY2C05) Quantum Mechanics -1 (4C)
(PHY2CU6) Mathematical Physics -11 (4C)
(PHY2CO07) Statistical Mechanics (4C)
(PHY?2C08) Computational Physics (4C)
(PHY2P03) Gereral Physics Practical -11 (3C)
(PHY2P04) Electronics Practical -11 (3C)

5 “
question papers are as tollows:
Semester -1 (16C
Semester -11 (22C)
S
,/
)

External Practical Exam. for PHY1P0O1 & PHY2P03, PHY1P0Z & PHY2P04

(PHY3C09) Quantum Mechanics -1 (4C)
(PHY3C10) Nuclear and Particle Physics (4C)
(PHY3C11) Solid State Physics (4C)

ieolbve 80

(PHY 4Pr) Project

{PT1Y 305 Modern Physics Practical -1

(PHY4C12) Spectroscopy {4C)

Flective -17 (40

Elective -111 (4C)

(PHY4Pr1) Project (4C)

(PIY3P06) Modern Physics Practical 11 (3C)
(PHY4P07) Computational Physics Practical (3C)
Viva Voce (Comprehensive) (4C)

External Practical Exam. for PHY3P05 & PHY4P0G. PIHY 4P07
Comprehensive Viva Voce.



80

comprehensive Viva N oce may be conducted by external examiners ar the end of 1V Semester and carries 4

credits.

P> S~
B) CONSTITUTION OF CLUSTERS
Elective -1 Cluster:
(PHY3EO1) Plasma Physics
(PHY3E02) Foundations of Quantum Mechanics
(PHY3EO03) Radiation Physics
(PHY3E04) Computer Software and Applications
(PHY3EO5) Fluid Dynamics
(PHY3EO06) Digital Signal Processing
(PHY3EQ7) Experimental techniques
Elective -1I Cluster:
(PITY4E08) Advanced Nuclear Physics
(PHY4EDY) Astrophysics
(PHY4FE10) Advanced Staustical Mechanics
(PHY4L 11) Marterials Science
(PHY4E12) Electronic Instrumentation
(PHY4E13) Lasers and Fibre Optics
(PHY4E14) Communication Electronics
Elective -11T Cluster:
(PHY4E15) Quantum Field Theory
(PHY4E16) Chaos and Nonlinear Physics
(PHY4E17) Advanced Condensed Matter Physics
(PHY4E18) Modern Optics
(PHY4E19) Physics of Semiconductors
(PHY4E20) Microprocessors and Applications
C) THE CREDITS AND HOURS PER WEEK
The credits and hours proposed for various courses in different
semesters are as given under.
‘ i Nair ; | Theory Practicai Project | Seminar | AR 2
B i ! ' . ]. - | Viva | Total | Totai
| ester | o erﬁ | | Hrs | Cred | Hrs | Cred | Hrs | Cred | Hrs Cred | Hrs | Greg
| P : f [ | : i
f | ] T } - —
! i | 1. Gen. Phy ! | { , i | | ¢ , . .
_ ! E 4 ! 2 Electronics 16 | 16 ; 8 | = | i . g 6 2 i
| ll SRRt e Jl_ I | | :
| | | | I
| ' 1. Gen. Phy , G
! o l % | 2 Flectronics Lo B pop o 8 . : | 0 | 25 e
I[ if S L
] 111 ‘ 4 i Mod. Phy 16 T I 0 4 (e BB =95 1o
: | | I :L I
| ‘ 1. Mod. Phy. , { |
I v | & 1 2. Comp.Phy. 12 12 8 6 4 4 1 i 4 i 25 26
? l = Total Credits for the Programme
D) GRADING AND EVALUATION
(1) Accumulated mimmum credit required tor successful completion of the course shatl b 30
(2) A prosect work of 4 credit is compulsorv and it should be done in {li & IV semesters. Also 3



(3) Evaluation and Grading (as done in B.Sc CCSS):
All grading starung from the evaluation of papers is done on 5 point scale (A, B3, C. D £ il SGPA and
COPA = between 1o 4 and in two decimal points. An overall letter grade (Cumulative Grade} o1 1he whole
programme shail Bie awarded to the student based on the value of CGPA using a 7-point scale grven below

Overall Grade in a Programme

s TSR l_ ____Overall Letter Grade |
3.80 tu 4.00 ' Az =
L 3.50 10 3.79 A |
S R ~ B+
8 25010 2.99 -. B S
== 2.00 10 2.49 = Cr et
1,50t 1,99 1 v i
e I = B )

4y Werghtage ot fneai and Cxternal vaiuaton,

T'he evaluation scheme ior each course shall contam two parts (1) internal evaluation {5 ovier
evaluauon. (ts weighlages are as follows:

: e : =
Evaluation - Weightage ST
Internal r | (or 25%)

External B s e A _3(or 75%)

Both mternat and external evaluaton will be carned out using Direct Grading Sysiem

{5) Internal evaluation (must be transparent and fair):

Theory:

a) Tests- wt = 2 (at least 2 tests with 50% Problems)
b)Tutorial on assignments and Exercises-wt =1
) Seminars and Viva Voce- wt =1
d)Attendance - wt =1

Practical:
a)  Tests - wt=2
b Lab. skill‘quality of their results- wt =1
) Viva Voce- wt =1 g

Projecu:

aj - Monthly progiess - wt =2
) Regularay and atendance -wrt =1
SO MR i =

i6Y Bxternal evaiuation

@) Theory: Every semester
Pattern of question Papers

Division e ATlypels 5 SN e | No.of Questions Weightage | Total Wéfgﬁ&?)ém'—
Part A | Short Answer 12 (No Choice) 1 ! 12
Part B | Essay 2outof4 f | 49
Part C | Problems 4 out of 6 5 12
Total weightage for a question paper = | 36

Answer 10 each question may be evaluated based on
(a) ldea’knowledge — wt =1
(b) Logic/steps — wt =1
(¢ Aralvtic skill - wt =1

(Ui T reciness — wi = j



b) Practicals: At the end of [l and IV semesters.

<) Project: End ot 1V semester. Its evaluation is based on:
(di Presentation — wi =3
{(b) Project Report — wi =2
(¢} Project Viva —wt =1

d) Comprehensive Viva-Voce at the end of IV semester,

(7) Theory papers must contain at least 4 lectures plus 1 Tutorial. Project is equivalent to one theory papers (6
hours) and one practical (8 hours).
(8) Directions for question paper setters:
Part A: Set each questions to be answered in 5 minutes duration and should extract the critical
knowledge acquired by the candidate in the subject.
Part B: 30 minutes answerable questions each. May be asked as a single question or parts. Derivation
type questions can be also asked.
Part C: 15 minutes answerable questions each and as tar as possible avoid numerical Lvpe questions

E) DETAILED SYLLABUS

SEMESTER - |
PHY1C01 : CLASSICAL MECHANICS (4C)

1. Lagrangian and Hamiltonian Formulation:

Constraints and Generalized coordinates, D'Alemberts principle and Lagrange s equation, Velociy
dependent potenuals, Simple applications, Hamilton’s Principle. Lagrange’s equation from Hamiiton's
principle. Kepler problem, Scattering in a central force field, Transformation w iab conrdindgtes, Legendre
Transtoriiauon , Hamillon's canonical equations, Principle ot least action, Canonical transformations,
examples, inough exercises (14 hours)

Text - Goldstein, Sections 1.3 1.6, 2.1 - 2.3, BEN0 S B R i R RO RN
2. The classical background of quantum mechanics:

Fquations of canonical transformations, Examples, Poisson brackets and other canonical invariants,
Equation of motion in Poisson bracket form, Angular momentum Poisson brackets, Hamilton-Jacobi
equation, Hamilton's principal and characteristic function, H-J equation for the linear harmonic oscillator.
Separation of variables, Action-angle variables, H-J formulation of the Kepler problem . -1 equation and the
Schrédinger equation, Enough exercises. (15 hours)

Text : Goldstein, Sections 9.1, 9.2, 9.4 - 9.6, 10.1 — 10.5, 10.7, 10.8
3. The Kinematics and Dynamics of Rigid Bodies:

Space-fixed and body-fixed systems of coordinates, Description of rigid bodv motion in terms of
direction cosines and Euler angles, Infinitesimal rotation, Rate of change of a vector, Centrifugal and Coriolis
forces, Moment of inertia wensor, Euler’s equation of motion, Forcefree motion of 2 rngid body, Enough
exercises. {13 hours)

Text . Goldstein, Sections 4.1, 4.4, 4.8 - 4.10
Small Oscillations:

Formulation of the problem, Eigen value equation. Ligenvectors and Figenvalues, Orthogonaliry,
Principat wxis wanstormation, Frequencies of tree vibrauons, Normal coordinates, Free vibrations of a lincar
tri atom:c molecule, Enough exercises. (8 hours)

Text - Goldsteli, Sections 6.1 - 6.4
Nonlinear Equations and Chaos:

introduction, Singular points of trajectories, Nonlinear oscillations, Limuevcles, Chaos - Logistic
map, Deliaitions, Fixed pomts, Perod doubling, Unjversality, Enough exercises. {12 hours)
Text : Bhatia, Sections10.1, 10.2, 10.3, 10.4, 10.5, 10.51
Text Books

! Goldstem “Classical Mechanics” (Addison Wesiey

- 13 Bhatia : "Classical Mechanics” (Narosa Publications, 1997)

Referenct

Lo Michaei [abor : “Chaos and Integrability in Nonlinear Dynamics” (Wiley, 1989)

2 N.C Rana and P.S.Joag : “Classical Mechanics” (Tata McGraw Hill)

+ 1 G Takwale and P.S.Puranik : “Introduction to Classical Mechanics” (Tata McGraw Hill)
vam 2 Arva s "Introduction to Classical Mechanics, (2nd Edition )" (Addison Wesley 1998)

Laxmana : “Nonlinear Dynamics” (Springer Verlag, 2001)

A
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PHY1C02 : MATHEMATICAL PHYSICS - [ (4C)

—

Veciors

Fottan ot coardimates, Orthogonal dunvilinear coordinates, Gradient, Diveroes: ek (4

OI0RONAL CUiviinival covrdinates, Kecianguldr, cylindricai and sphericai polar coordingtes, Laplacian
operatol, Laplace s equation — appheauon o elecuostauc field and wave equations, Vedwr integration,
knough exercises (4 hours)
Text: Arfken & Weber , Sections 1.2, 1.6- 1.9, 1.10, 2.1 - 2.5

2. Matrices and Tensors :

Basic pioperties of mawrices (Review only), Orthogonal mauwices, Hermitian and Unnary matrices,

Similanty and unitary transformations, Diagonalization of matrices, Definition of Tensors, Contraction,
Direct products,, quotient rule, Pseudo tensors, Dual tensors, Levi Cevita symbol, irreducibie tensors, Enough
exercises. (9 hours}
Lext. Artken & wweber, Sections 3.2 - 3.0, 2.6 - 2.9

3. Second Order Differential Equations:

Parual differential equanons of Physics, Separation ol variables, Singuiar points €y series
solution, Frobenius method, A second solution, Selt adjomt dilterential equalion, eigen iuncuons and values,
Boundary conditions, Hermitian operators and their properties, Schmidt orthogonalization, Completeness of
functions, Enough exercises. (12 hours)

Texr - Artken & Weher , Secuons 8,1, 8.3 - 8.6, 9.1 -9.4
Special functions

Gamma tuncuon, Beta funcoon, Delta tuncuon, Dirac delta tunction, Bessel functions of the first
and second kinds, Generating function, Recurrence relation, Orthogonality, Neumann function, Spherical
Bessei function iegendre polynomials, Generating function, Recurrence relation, Rodrigues [ormula,
Orthogonality, ssocuated Legendie poiynomials, Spherical harmonies, Hennite novnomas Taguerre
polynomials, Enough exercises. ( 20 hours)

Text : Arfken & Weher  Sections 107 104,115 11.1-11.3,11.7,12.1 - 124, 12.6, 121, 132
5. Fourier Series :
General properties, Advantages, Uses of Fourier series, Properties of Fourier series, Fourier integral,
Fourter transform, Properties, Inverse transform, Transform of the derivative, Convolution theoreny, Taplace
transtorm. Enough excrcises. (10 hours)
Text @ Arfken & Weber |, Sections 14.1 - 14.4, 152 -15.5, 15.8
Texthook
1. G.B.Artken and H L Weber - “Mathematical Methods for Physicists (5th Edriion, didin
(Academic Press)
Reterence books :
1 Mathews and R Walker - “Mathemaucal Methods tor Physics” (Benjamin)
20 I Pipes and TR Hlarviil - Applied Mathematics for Engineers and Physicists ( Sic
Edition)" (McGraw Hill)
. Erwin Kreyzig : "Advanced Engineering Mathematics - 8th edition" (Wiley)
. M. Greenberg : "Advanced Engineering Mathematics — 2nd edition " (Pearson India 2002)
AW, Joshi . Matrices and tensors

4

ur bW

PHY1C03: ELECTRODYNAMICS AND PLASMA PHYSICS (4C)

1. Time varying fields and Maxwell’s equations :

Maxwell's equations, Potential functions, Electromagnetic boundary conditions. Wave equations
and their solutions, Time harmonic fields, Enough exercises. (8 hours)
Text 1 Cheng, Seeitons 7.2 -~ 7.7
2. Plane electromagnetic waves :
Plane waves 1n lossless media, Plane waves 1n lossv media, Group velocity, Flow ot elcceomagnetc
power and the Poynung vector, Normal incidence at a plane conducting boundary, Obhaque acidence at a
plane conducting houndary, Normal incidence at a plane diclectric houndary, Ohlique incioence .1 o plane
dielectrie boundary, Finough exercises. (10 hours)
Text : Cheng , Secuons 8.2~ 8.10
3.  Transmission lines, Wave guides and cavity resonators:
Transverse electromagnetic waves along a parallel plane transmission line, Generst rransmission
line equations, Wave characteristics on finite wansmission lines, General wave behaviour along unilorm
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guiding struciures, Parallel plate wave guides, Rectangular wave guides, Cavity resonators, Enough
exercises. (L2 hours)
Text : Cheng, Sections 9.2 - 9.4, 10.2 - 10.4, 10.7

Relativistic electrodynamics:

Magnetism as a relativistic phenomenon, Transformation of the field, Electric field of a point charge
moving uniformly, Electromagnetic field tensor, Electrodvnamics in tensor notation. Potential formulation of
relativistic electrodynamics, Enough exercises. ( 14 hours)

Text : Cnitliths, Secuons 10.3.1 - 10.3.5

Plasma Physics :

Plasma - Definition, concepts of plasma parameter, Debye shielding, Motion of charged particles in
an electromagnetic field - Uniform electric and magnetic fields, Boltzmann and Viasov equations, their
moments - Fluid equations, Plasma oscillations, Enough exercises. (16 hours)

Text : Chen, Sections 1.1-1.6,2.2-2.22,3.1-3.32,43.4.18.4.19
Text Books

L. David K. Cheng : * Field and Wave Elecomagnetics” (Addisson Wesley

<. David Griftiths : “ [ntroductory Electrodynamics™ (Prentice Hall of India, 1989)

2 . E. Chen, Introduction to Plasma Physics and Controlled Fusion, Volume | and 11,

Plenum Press, recent edition
Reterence books :
1. K.L.. Goswamy, Introduction to Plasma Physics — Central Book House, Calcutta
2. J.D.Jackson @ “Classical Electrodynamics” (3rd Ed.) (Wiley,1999)

PHY1C04: ELECTRONICS (4C)

. Field Eitecr ransistor -
Diasing of FET, Small signal model, Analysis of Common Source and Common Drain amplifier,
High frequency response, FET as VVR and its applications, Digital MOSFET circuits, Enough exercises, [ 8
hours)
Text : Millman and Halkias : “Integrated Electronics” (Tata McGraw Hill 2002) Sections 10.4 - 10.11
Relerence - Eiectronic devices and cureutt theory, Robert 1 Bovistedad & 1. Nashietsie Pedison Fauaio
Sy Rdiion)
. Microwave and Photonic Devices :

lunnel diode, lranslerred electron devices , negauve dilterenual resistance and devise operauon,
radiative transitions and optical absorpuon, Light emitting diodes (LED) — visible and IR, semiconductor
lasers - materials, eperation (population inversion, carrier and optical confinement, optical cavity and
feedback, threshold current density), Photodetectors - photoconductor (Light dependent resistor- LDR) and
photodiode, p-n junction solar cells - short circuit current, fill factor and efficiency, Enough exercises. (12
hours)

Text - “Semiconductor Devices- Physics and Technology” - S.M.Sze , John Wiley and Sons (2002) Sections
S8 SIH] RIS IRIS Y 0I5=1915:3
. Operational Amplifier :

Basic operational amplifier characteristics, OPAMP differential amplifier, Emitter coupled
differentia! amplifier, OPAMP parameters (Open loop gain, CMRR, Input offset current and voltage output
offser voltage, slew rate) and their measurement, Frequency response, Principle of Bode plots, Phase and
gain margins, Dominant pole, pole zero and lead compensation, Enough exercises (10 hours)

Text - Millman and Halkias © “Integrated Electronics” (Tata MceCraw I 2002) Sectons 151 154 106

108 -15.13
. OPAMP Application :

AP AMP as inverter, scale changer, summer, V (o [ converter. Analog intearaiion and differentiation
Electronic analog computation, Active low pass filter, High pass Butterworth filters, Band pass tilter, Acuve
resonani bhand pass filter, OPAMP based astable and monostable muttivibrators, Schmidt trigger, Enough
exercises (12 hours)

Text “Hman and Talkics . “Tniegrated Electronics™ (Tata Mcfraw Hill 2002), Sections 16.5 - 16,7, 16,15,

1618
Reterence

i Ramakant A. Gaekwad : “OPAMPS and Linear lntegrared Circuits”

1) Roychoudhuri : Tanear Integrated circunts” — New Age Internationai Publishers

11997)



5. Digital Electronics :

Minimizatuon of functions using Karnaugh map, Representation using logic gates. K and MSJIK
thp-tlops, Synchronous and asynchronoeus counters, MOD 3,5,10,16 counters, Cascade counters, Static and
dynamic random access memory, CMOS, Non-volatile NMOS. Magnetic memories, Charge counled devices,
Microprocessor archutecture, Organization of & general microcomputer, CPU architecture of 8 hir processor
such as INTEL 8085, Fnough exercises.(20 hours)

Texts:
1. Malving and Leach : “Digital Principles and Applications(3nd Ld.)” (Tata MeGraw
Hill, 1978) Sections 6.5 - 6.9, 7.2 - 7.5, Chapter 8 complete, 12,1, 12.4, 125
2. R.P.Jain : “Modern Digital Electronics” (Tata McGraw Hill) secticns 11.9, 11.91
L1.93 (For charge coupled devices)
3. B.Ram  “Fundamentals ot Microprocessors and Microcomputers (Dhanapathi Rat &
Sons) Sections 1.510 1.7, 3.1-3.1.6
Reference:
1. M.S. Tyagi ; “Introduction 1o Semiconductor Devices™ (Wiley)
2 Miliman and Halkias : “Integrated Electronics”
3. Gupta and Kumar : “Handhook of Electronics™

SEMESTER - I
PHY2C05: QUANTUM MECHANICS-I (4C)

i. The Formulation ol Quantum Mechanics:

Vector spaces. The Hilbert space, Dimensions and basis, Operators and propertios Rerresentation
of vectors and operators, Commutator, Functions of operators, Eigen values and eigen vectars, Matrix
representation of bras, kets and operators, Coordinate and momentum  representations «ic (o < onnection,
The tundamenta! postulates Probability density, Superposition principle, Observables and nperators, The
uncertainty principle.. (13 hours)

Texts: Thankappan, Sections 2.1 - 2.4, 3.1, 3.2
2. Quantum Dynamics;

The equation of motion, Schrodinger, Heisenberg and the Interaction pictures of time development,
The linear harmonic oscillator in the Schroedinger and Heisenberg pictures, Hvdrogen atom (9 hows)

Texts : Thankappan , Sections 4.1, 4.2
3. Theory of Angular Momentum:

Angular momentum operators, Matrix representation of angular momentum operaiors, Pauli spin
matrices, Orbitat angular momentum, The hydrogen atom, Additon of angular momenta  'ehsh-Gordon
coefficients, Simple examples (16 hours)

Texts : Thankappan, Sections 5.1 - 5.5 A
4. Symmetry and Conservation Laws

Space-umie symmetries, Space translation and conservation of linear momentum, Time ansiation
and conservation of energy, Space rotation and conservation of angular momentum, Space imversion and tme
reversal, ldentical particles, Construction of symmetric and anu symmetric wave functions, Slater
determinant, Pault exclusion principle, Bosons and Fermions, Spin wave functions for two rlecirons, (10
hours)

Texts - Thankappan. Sections 6.1,6.2,9.1 - 9.3

5. Scattering:
a)Scatterng cross secton: General considerations, kinematics of scattering process © diff ot and total
CLOSS- seClon. wave mechanical picture ol scattering ;the scattering amplitude Green's funcuons: tormal
expression for scattering amplitude. b)The Born And Elkonal Approximations :The born approximations,
Validity of the born approximations ,The born series, c)Partial Wave Analysis: Asymptotic behavior of
parual waves; phase shifts ,the scattering amplitude in terms of phase shifts, the differentiai and total cros
-section: optical theorem, phase shifts: Relation to the potential, potential of finite range, low energy
scattering. d) Exactly Soluble Problems: scattering by a square well potential, scattering by . hard sphere .
e) Mutual Scattering Of Two Particles :Collisions between identical particles, Enough exercises (12 hours)
Text : P.M Mathews & K. Venkatesan,
Sections 6.1,6.2,6.3.6.5,6.6,6.8,6.9,6.10,6.11,6.12,6.13,6.14,6.15,6.19
Textbooks :

1.V.K. Thankappan : “Quantum Mechanics” (Wiley Eastern)

2.N. Zetiili, “Quantum Mechanics ~ Concepts and applications’ (John Wiley & Sons, 2004)

3.P.M.Mathews and K.Venkatesan : “A Texthook of Quantum Mechanics” (Tata McGriaw Hilh

-




Reference books :
FNE Zewtill, “Quantum Mechanics — Concepts and apphicatons’ (lohn Wiley & Sons, 2004}
2 L L Schitt : *Quantum Mechanics” (McGraw Hill
P.M.Mathews and K.Venkatesan - “A Textbook of Quantum Mechanics” (lata McGraw Hill)
4. A Messiah : “Quantum Mechanics”
0. J.J.Sakurai : “Modern Quantum Mechanics” (Addison Wesley)
G. Stephen Gasiorowics : “Quantum Physics” :
7. A.Ghatak and S.Lokanathan : “Quantum Mechanics” (Macmillan)
8. V. Devanathan : "Quantum Mechanics " (Narosa, 2005)

PHY 2C06: MATHEMATICAL PHYSICS-II (4C)

1. Functions of Complex Variables:

introduction, Analyticity, Cauchy-Reimann conditions. Cauchy's integra! :henrem and mniegra
formula, Laurent expansion, Singularities, Calculus ot sesidues and applications (15 hours)-Sections 6.1 to
6.5, 7.1, 7.2
2. Group Theory:

wivuba, muluplicaton able, conjugate elements and ciasses, subgroups,

divect product oo
isomorphism and ke

anorphism, permutation groups. distingt groups ot given order, reductble and
irreducibie representations -Sections 1-1.8, Joshi.
frenerators of continuous groups, rotatton groups SO(2) and SO3). rotwtion ot functions and
angular miomentum, SU(2)-SO(3) homomorphism, SU(2) 1sospin and SU) erehiinidway
-Secuoiis 4.4, Arlken 501 edition.
3. Calculus o Variations:

e dependent and one independent vanable, Applications of the Euler equauon, Generalization o
several independent variables, Several dependent and independent variables, Lagrange Multipliers, Variation
subject 1o constraints, Rayleigh-Ritz variational technique. (11 hours)- Sections 17.1 tc 17.8

4. Integral equations:
Lutegral equations- introduction, Integral transforms
separabic iernel (10 hours)-Sections 16.1 to 16.3
5. Green's function:

(15 hours)

aind generating functions, Neumann series,

Green's function, eigenfunction expansion, 1-dimensional Green's function,
integral-citterential equation, eigenfunction, eigenvalue equation Green's
Enough exercises.(9 hours) Section 9.51
Texthonk

Green's funcuon
function and Dirac delta tunction,

w.B.Artken and H.) Weber - “Mathematical Methods lor Fhysicists (5th Editon, 2001)”
(Academic Press)

2. A wWJoshi, Elements of Group theory tor Physicists()(New Age Internationg] (P).Lid)
Reterence hraks -
T LMathews and R.Walker “Mathemauical Methods for Physics” (Benjamin;
~. L.ipPipes and L.R.Harvil] : “Applied Mathematics tor Engineers and Physicists (3rd
fditon)” (McGraw Hill)
ot Krevzig - " Advanced Engineering Mathematics - 8t ediion” (Wiley,
4. M Greenberg - "Advanced Engineering Mathematics - 2nd edition " (Pearson India 2002)

PHY2C07: STATISTICALI. MECHANICS (4C)

1. The Statistical Basis of Thermodynamics:

The macroscopic and the MICrOSCopIC stdles —~ Conlact between statistics and Thermodynamics:
Expressing I, P and p in terms of Q — The classical Ideal gas - The entrapy of mixing and the Gibbs paradox
- Phase spdce of a classical system - Liouville's theorem and its Lonsequences. (9 Hours),  lext - Pathria,
Sections 1 1.6, 2122

el

2. Microcanonical, Canonical and Grand Canonical Ensembles:
e microcanonical ensemble — Examples : (1) Classical Ideal gas, (2) Linear harmonic oscillator -
Quantum states and the phase space - Equilibrium between a system and a heat reservoir- Physical
significance ol the various statistical quantities in the canonical ensemble-
parution tunction- Examples: (1) The classical systems: ldeal gas, (2)
The statstics of paramagnetism -

Alternative expressions for the
\ system ot harmonic oscillators, (3)
Energy fluctuations in the canonical ensemble -Equipartition theorem -

Virial theorem - Equilibrium between a system and a particle-energy reservoir- Physical significance of the



3.

4. Ideal Bose Systems:

various stalistical uanuties in the grand canonical ensemble- lixample - Classical ideai gas - ijensity and
energy fluctuations in the grand canonical ensemble. (15 Hours)-Text : Pathria, Sections 27 2% 3.1, 3.3 -
3.9, 4.1, 43-4°
Formulation of Quantum Statistics:

Quanwm-mechamcal ensemble theory: The density matrix- Staustics ot the variaue ensembies-
Example: An electron in a magnetic field - Systems composed of indistinguishable particles- A+ ideal gas in
a quantum-mechanical microcanonical ensemble- An ideal gas in other quanium-mechiameal encembies-

L7 -, (BRS80S At 8 o (S o O s S ek (G5 ly

Thermodynamic behaviour ot an ideal Bose gas- Thermodynamics of the blackbody radiation- The
field ot sound waves. (6 Hours) Text : Pathria, Sections : 7.1 - 7.3

5. Ideal Fermi Systems:

1)

i

3

4.

Tlarpra sl g te

Pharmiod e beliaviows ol anadeal Terinu gas- Magneuc behaviour ol ai sded! 7o Gas ; (1)

Pauli paramagnetism, (2) Landau diamagneusm — The electron gas in melals {Ihsensaion at near rapacity
only), Enough excicises. (8 [lours)
Text : Pathria, Sections:8.1-8.3
Text Book

1. Statstical Mechanics ( 2nd Edition ), R. K. Pathria , Butterworth-Heinemann

Elsevier (1996)

Reference Books:

1. Statisucal Mechanics : An Elementary Outline, Avijit Lahiri, Universities Press (2008)

2. An Introductory Course of Statistical Mechanics, Palash. B. Pal, Narosa (2008)

3 Statisucal Mechanics @ An Introduction, Fvelyn Guha, Narosa (2008)

4. Statstical and Thermal Physics : An Introduction, S. l.okanathan and R.S.Gambhir

ey s b India {20040y
. Introductory Statistical Mechanics (2nd Fdition), Roger Bowiey and Mariana Sancie
Oxford University Press (2007)
- 6. Concepts in Thermal Physics, Stephen. J. Blundell and Katherine. M. Blundel), Oxioy
University Press (2008)

7. An Introduction to Thermal Physics, Daniel. V. Schroeder, Pearson (2006)
8. Stausucdl Mechanics, Donald. A. McQuarrie, Viva Books (2005)
9 Prohiems and Solutions on Thermadynamics and Statistical Mechaiics, Rd by

Yung - Kue Lim, Sarat Book House (2001)

o2

PHY2C08: COMPUTATIONAL. PHYSICS (4C)
Introduction to Pvthon Programming:

Concept of high level language, steps involved in the development of a Program - Compilers and
Interpreters - Introduction to Python language, Advantages of Python in comparison with other 1 anguages -
Different methods of using python: Using python as a calculator, Writing python programs and execution -
Inpure and O Varinhles  apersrare expressions and statements Strinae Tigre “Yoenfag and
Dicuonaries, Conditionals, lteration and looping - {12 hrs)

Advanced Python Programming:

Funcuons and Modules -. Mathematical functions (math module), File input and Output, Pickling.,
Formatted Printing , Exception Handling Mathematics with python - Numpy module:-  Arrays and Matrices
— creation of arrays and matrices ( arange, linspace, zeros, ones, random, reshape, copying). Arithmetic
Operations, cross product, dot product , Saving and Restoring, Matrix inversion, soluticn of <imultaneous
equations, Data visualization- The Matplotlib, Module- Plotting graphs, Multiple plots, .Polar plots, Pie
Charts, Plotung mathematical functions, Sine and other functions, Special tunctions — Bessei ~ tramma, .
.Parametric plots, Power Series, Fourier Series, 2D plot using colors, Fractals (12 hrs)

Numerical Methods™:

Roots of transcendental equations : Solution by successive approximation, Convergence criterion,
Order of convergence, Newton-Raphson method, Bisection (half interval) method, Interpolation and curve
fitting © Linear nterpolation, Interpolaung polynomials, Lagrange interpolating polynomiai. Difference
calculus, Detecuon of errors, Newton forward and backward difference formulae, Least squares curve fitting
{lincar and noniincary (12 hrs)

Numerical Methods (cont.)*:

Numerical integranon and Ordinary ditferential equations: Trapezoida! and Simpson’s methods,

Solution of ordinary differential equations - Euler's method. Runge-Kutta methods (1. iws;



5. Introduction to Computational approach in Physics*:
One Dimensional Motion: Falling Objects: Introduction — Formulation: from Analytical methods to
Numerical Methods - Euler Method, Freely falling body, Fall of a body in viscous medium - Simulation of
free fail «ndd sumerical integration, Two dimensional motion: Projectile motion (by Euler method)- Accuracy
considerations .(elementary ideas) Oscillalory motion -- Ideal Simple Harmonic Oscillatol (Euler method)
Motion or . damped oscillator (Feynmann-Newton method) , Enough exercises. (12 hrs;
(Visualisation can be done with matplotlib/pylab)
*(Programs uare to be discussed in Python)
Text howks tor Numerical Methods
I Tniroeductory methods of numerical analysis, S'S. Shastiv . (Prentice Tal!
india, 1983)
2. Numerical Methods in Engineering and Science, Dr. 13 § Grewal, Khanna Publishers,
Newe Delhi (or any other book)
3. Numerical Mathematical Analysis, J.B. Scarborough
References
dhor Puthon any book can be used as reference. Moreover a number of open aridies are avaiiabic
freely in internet. Python is included in default in all GNU/Linux platforms and It is freely
downloadable for Windows platform as well. However use of GNU/Linux may be encouraged).
1. www.python.org
«. Pvthon Essential Retference, David M. Beazley, Pearson Education
3. Cure Python Programming, Wesley J Chun, Pearson Education
4. Python Tutorial Release 2.6.1 by Guido van Rossum, Fred L. Drake, Jr., editor. This
Tutorial can be obtained from website
hitp:/iwww.altaway.com/resources/python/tutonal p!
o How to Think Like a Computer Scientist: Learning with Python, Allen Dowrey | Jeffrey

Elkner , Chris Meyers, http://www.greenteapress.com/thinkpython/thinkpython.pdf
& Numerical Recipes in C, second Edition(1992), Cambridge University Press
7. Numerical Recipes in Fortran 77, second Edition(1992), Cambridge Universitv Press
Numpy reference guide, http:docs.scipy.orgidoc numpy mumpy-ret.pdt (and other
free resources available on net)
4 Marplotlib, http:/matplotlib.st.net/Maiplotlib.pdl (and other free resnurces
wailable on net)
Numerical Methods, t Balagurusamy, 1atg McGraw-1 i
1. Numerical Methods , T Veerarajan, T Ramachandran, Tat MCGraw-Hill
2 Numerical Methods with Programs I BASIC, Fortran & Pascal, S Balachancra Rao, C K
Shantha. Universities Press
Numerical methods for scientists and engincers, K. Sankara Rao, PHI
1 Computauondl Physics, V.K Mittal, R.C.Verma & S.C.Gupta-Published by Ane
Books.4821,Pawana Bhawan,first floor,24 Ansari Road,Darya Ganj,New Dethi- 110 002
(Fur theory part and algorithms. Programs must be discussed in Python)
-, Numerical Methods in Engineering with Python by Jaan Kiusalaas

%
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Practical for Semester I & 11
a) PHY 1P01 & PHY 2P03 (GENERAL PHYSICS )

Noti
1. All the experiments should involve error analysis. Internal evaluation to be done in the respective

semesters and grades (o be intimated (o the controller at the end of cach semester iisell. Practical
observarion hook to be submitted to the examiners ar the time of examination
Eighe experiments are to be done by a student in a semester. One mark is (o be deducted from
theer nai marks jor each experiment not done by the student if the required total of experiments are
not done in the semesters.

3. The PHOENIX Experimental Kit developed at the Inter University Accelerator Centre, New Delhi,
may he used for the experiments wherever possible

(At least 16 experiments should be done, 8 each for 1 & II semesters)

LY and o - Inrevteronce micthod (a) elliptical (h) hyperholic frnges Lo determine o the ntes

the ¢i - pecimen by ohserving the elliptical and hyperbohc [ringes tormed i dan interierence setup
2.Y &b Koviug s meihod

10
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3. Vanation of surtace tension with temperature-Jaegar's method. To determine (he surface tension ! water at
different temperatures by Jaegar's method of observing the air bubble diameter at the e Ui hursting
inside water

4. Stefan’s constant- ['o determine Stefan’s constant

5. Thermal conductivity of liquid and air by Lee’s disc method.

6. Dielectric constant by Lecher wire- To determine the wave length of the waves from the given Rt oscillator
and the dielectric constant of the given oil by measurement of a suitable capacitance by Leche: wire setup.

Viscosity of 4 liquid - Oscillating disc method. To determine the viscosity of the giver liquid by
measurements on the ume period of oscillation of the disc in air and in the liquid

8. Mode constants ¢! a vibraung strip. To determine the first and second mode constants of 4 sieel vibrating
strip; Y to be measured by the Cantilever method and frequency of vibration by the Melde's ~ vz method

9. Constants of a thermo - couple and temperature of inversion,

10. Study of magnetic hysteresis - B-H Curve. Sample in the form ol a woroidal rng; by noting e tirow 0 a
B.G. when the magnetising current is changed from the maximum value to intermediate valies

11. Maxwell's L/C bridge -To deternune the resistance and inductance of the given unknown nductor by
Maxwell's [./07 nndge OR - Anderson’s Bridge - L/C and sell inductance

120 Susceptibihn asarement by Quincke’s and Guov's methods - Paramagnetic susceptibiiny ot salt and

specimen
13. Michelson's interteromerer - (a) A and (b) d 2 and thickness of mica sheet.
4. Millikan’s o1l drop experiment . To measure the charge on the electron
15. Photoelectric effect. Determination of Plank’s constant
16. Frank Hertz experiment .To measure the ionization potential of Mercury by drawing current versus applied
voltage
17. Determination of Band gap energy of Ge and Si using diodes
18. Fabry Perot etalon -Determination of thickness of air film.
19. Elementary experiments using Laser: (a) Study of Gaussian nature of laser beam (b} Evaluauon oi beam spot
size (c) Measurement of divergence (d) Diameter of a thin wire
20.Diffracrtion Experiments using lasers (a)Diffraction by single slivdouble siit/circular aperture
(b)Diffraction by reflection grating
21. Measurement of the thermal and electrical conductivity of Cu to determine the Lorents numbec
22. Passive filters
23. Microwave experiments - Determination of wavelength, VSWR, attenuation, dielectric constan:
24. Experiments with Lock IN Amplifier(a) Calibration of Lock In Amplifier (b) Phase sensitive detection (c)
Mutual inductance determination (d) Low resistance determination.

Reference Books:
1. B.L. Warsnop and H.T. Flint - Advanced Practical Physics for students - Methusen & oo (1950)
2. E.V. Smith - Manual of experiments in applied Physics - Butterworth (1970)
3. R.A. Dunlap - Experimental Physics - Modern methods - Oxford University Press (1%
4. D. Malacara (ed) - Methods of experimental Physics - series af volumes - Acacemis ™ os 1nc
{1988
b5 smen =Advanced Practical Physics - Vol | & 11 - Pragall Prakasan, Meerul (2005

13th Eciuon

b) PHY1P02 & PHY2P04 (ELECTRONICS)
{At least 16 experiments should be done, 8 each for I & IT semesters. )

i. MOSFET characierisucs and applications: To study the characteristics of a MUSTET and s

it as a common source amplifier. Study bode-plot and determine 1/O impedances.

2. UJT characterisucs and application as a relaxation oscillator & sharp pulse generator. Use of

UJT in a time delay circuit.

3. Characteristics of Silicon Controlled Rectifier - half wave and full wave; use of SCR as a  puwer control
device.

4. Voliage Regulation using transistors with feedback (regulation characteristics with load for different input
voltages and variation of ripple % with load) / Voltage regulation based on opt coupler feedback; study of
load and line reguiation characteristics.

5. Single stage RC <oupled Negative leedback amplifier( INpUL, output résistance, frequency roo oo with &

without feedback )

6. Two stage RC coupled amplifier; study of bode plots, input, output impedances & power gain

7. Common source FET amplifier - frequency response, input &output impedance.

11



8.

<)
10

1L
12.

13.
14.
15.
16.

1975
18,

23.
24,
2%
26.
27

28.
298

30.

Design and construction of Complementary symmetry Class B push-pull power amplilier transformerless)
tor small power outputs ( less than 10 W); study of /O impedances. etficiency and frequency response.
. Differenunl amplifier using transistors; study of /O impedances, frequency response & CMRR.
. Desigri ot Amplitude modulation circuit. Detection using diodes. Determination ol modulation index &
recovery of modulating signal
Darlingion pair amplifier; study of gain, frequency response, input & output impedances
Basic contigurations of OPAMP-IC 741 — Inverting, Non-inverting and Difference amplitiers: design and
consticiion for specified gain; study of bode-plots.
Design 2nd construction of Wien bridge oscillator using OPAMP for different frequencics.
Design and construction of astable and monostable multivibrators using OPAMPS,
Design and construction of Sawtooth generator using transistorsfOPAMP for different frequencies.
[C 555 Timer — Astable & Monostable multivibrators, Voltage control oscillator, Saw tooth generator,
Frequency modulator for sinusoidal signal.
Two stage [F amplifier; study of the performance of single stage and coupled stages.
Schisi it wiggers using OPAMPS — for symmetrical and non-symmetrical LTP/UTP Trace  hysteresis
curve
. Design and construction of Crystal Oscillator & evaluation of frequency stability against  temperature
variannna
. Analog integration and differentiation using OPAMPS : studv the miegrator and dilferennator
characteristics.
Analog emputation using OPAMPS (LM 224) - solution of differential equations tmultancous
emiatons

Seconit order Butterwortly Low pass, High Pass and Band Pass Hiters using OPAME iy ot requency
resposst,

Neganve osistance oscillator using Tunnel diode for high R.F frequencies.

Booustiai amplifier; study of frequency response, input & output impedance.

Orgamize M ¥ N random access memory with basic memory unit(IC); 16 X 4/32 X 8: % erity READ and
WRITT operations.

4 bit D/A converter using R-2R [adder network. Realization of 4 bit A/D converter using D/A  converter.

Study o! 3 hit binary counter (IC 7493) and 4 bit decade counter(IC 7490) at various modes. Use of
countets as frequency dividers

Minimization of a three variable truth table using Karnaugh map and realization using NAND gates.

Microprocessors experiments; addition, subtraction, division and multiplication of 1 byte numbers using
[ntei &0%5 kat,

ALP to: generate desired time delay using single register, Execute using [ntel 8085 kit

Reference isonks -

1.

23

3

1. Paul B. Zhar and A.P. Malvino - Basic Electronics - A Text Book Manual - Mt
publishing (1983)

2 A.P. Malvino - Basic Electronics - A text lab manual - Tata McGraw Hill (1992

<. K. Bogart and J. Brown -Experiments for electronic devices and circuits - Merrill
international series (1985)

4 Huchla - Digital Experiments - Merrill International series (1984)

- Singh - Pragati Advanced Practical Physics — Vol | & [} — Pragati Prakasan Meerut
2003) - 13th Edition

SEMESTER - 11
PHY3C09: QUANTUM MECHANICS -1 (4C)

Approximation methods for time-independent problems

ihe WKB approximation, connection formulae, Bound state varitication of Bolr-Somerfeld old
quantum theory, Penetration of a potential barrier. Time-independent perturbation theory, Non-degenerate
and “legencrate cases, Anharmonic oscillator stark and Zeeman effects in hydrogen.. (16 hours)
Iankappan, Sections8.1, 8.3
Variational method :

Mhe variational equation, ground state and excited states, application o ground state of the hydrogen
and Helium atoms, ( 6 hours)
Texts: {hankappan, Sections 8.2

. Time dependent perturbation theory :

iransition probability, Harmonic perturbation, [nteraction ot an atom with Lhe clectromagnetc tield,
Induced eimission and absorption, The dipole approximation, Enough exercises. (12 Hours)
Text< - Trinkappan, Sections 8.4

15



4, Relativistic Quantum Mechanics :

The Dirac equation, Dirac matrices, Solution of the tree-particle DiraC cqualion, L Omwac cauauon
with potentials, I'cuation of continuity, Spin of the electron, Non-realistic fimit, spin-oi: me, Hole
theory, The Wev! cquation. The Klein Gordon equation, Charge and current densities, The i~ in-Gordon

equaton(18 Hrs;.
Texts : V.K. Thankappan Sec. 10.1,10.2,10.2A,10.2B,10.3A
5. Quantization of fields :
The principles of canonical quantization of fields, Lagrangian density and Hamiltonian density,
Second quantization of the Schrédinger wave field for bosons and fermions, Enough exercises.i | 2 Hrs.)
Texts: V.K.Thankappan Sec. 11.1,11.2,11.3
Textbooks :
1. V.K. Thankappan: "Quantum Mechanics" (Wiley Eastern)

2 .N.Zitali, . “Quantum Mechanics — Concepts and applications’ (John Wiley & Sons
2004)

3. P.M Mathews and Venkatesan., “A Textbook of Quantum Mechanics” (Tata McGras
Hilly
4.1.D Bjorken and D. Drell : “Ralativistic Quantum Fields” (McGraw Hill 1098)
Reterence hooks
o Seind Quantum Mechancs” (MceGraw Hills
OV Sakarar s "Advanced Quanturn Mechanics " (Addison W osloy
3oStephei Gasiorowicz - "Quantum Physics”

PHY 3C10 : NUCLEAR AND PARTICLE PHYSICS (4C)

1. Basic properties of nucleii and study of nuclear force:

Nuclear size, shape, mass and binding energy, semi empirical mass formula, Angular momentum

and parity, nuclear electromagnetic moments, characteristics of nuclear force, the deuteron, nucleon-nucleon
scattering the exchange force model.

Texts: Introductory Nuclear Physics by Kenneth S Krane

Sections: - 3.1 —3.5,4.1,42,44& 45

Reference Books: (1) Introduction to Nuclear Physics by Harald Enge
(2) Nuclear Physics by Roy & Nigam

By

Nuclear Models:

The shell model, shell model potential, spin-orbit potential, magnetic dipole moments, electric
quadruple moments. valence nucleons, Even Z-even N nucleii and collective structure.
Text: Kenneth S Krane- Section 5.1 & 5.2
Reference: Harald FEnge and Roy & Nigam
3. Nuclear Decays:

Beta decay, Energy release in beta decay, Fermi theory of heta decay, Experimeri. iosis 6f the
Fermi theory, angular momentum and parity selection rules, parity violation mn beta decav. i.nergetics of
gamma decay, classical electromagnetic radiation, transition to quantum mechanics, angular ~ entum and

panity selection ruies, internal conversion
Lext Kenneth > ivrane - Sections 9.1 -» 9.4 and 9.9, 10.1— 10.4 and 10.6
Ref - Harald Frge and Roy & Nieam

4. Nuclear Reactions, Fission and Fusion:

Types ol reactions and conservation laws, Energetics of nuclear reactions, reaction cross sections,
compound nucleus reactions, Nuclear fission, characteristics ot fission, energy in fission, Nverear fusion:
basic fusion processes, characteristics of fusion, solar fusion.

Text: Kenneth S Krane - sections 11.1, 11.2, 11.4 and 11,10, 13.1, 13.2 and 13.3, 14.1, 14.2 andi 143
References : Haraid Enge and Roy & Nigam
5. Particle Physics

Basic torces and classification of particles: The four basic forces, The force - gravity, the
electromagnetic force, the week force and electroweak theory, the strong force.

Conservations laws: Conservation laws and symmetries, conservation of enerev and mass,
conservation of linear momentum, conservation of angular momentum, ronservation of cieciric charge,
conservation ol baryon and lepton numbers, conservation of strangeness, conservation of 1<nspin and its
components, the TCP theorem, conservation of parity.

Quark model: The eightfold way, discovery of omega minus, the quark model, the conlined quarks,
experimental evidences for quark model, coloured quarks, quantum chromodynamics and glnons, Enough

53



exerclses

lexi. The parucle Hunters - Yuval Ne’eman & Yoram kirsh

Sections © 6.1-6.3, 7.1-7.11 and 9.1-9.8.

References: 1. Introductory nuclear Physics by Samuei S.M. Wong, Chapter
2. Introduction to Elementary Particles-David Griffiths.

3
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PHY3C11: SOLID STATE PHYSICS (4C)

1. Crysta! Structure and binding:

symmetry elements of a crystal, Types of space lattices, Miller indices, Diamond Structure, NaCl
Struciure, BCC, FCC,HCP structures with examples, Description of X-ray diffraction using reciprocal lattice,
Brillouin zones, Vander Waals interaction, Cohesive energy of inert gas crystals, Madelung interaction,
Cohesive energy of ionic crystals, Covalent bonding, Metallic bonding, Hydrogen-bonded crystals (10
hours;
2. Lattice Vibrations:
Lrations of monatomie and diatomic lattices. Quantization ol lattce vibrations, Inelastic scattering
of heuuoes, Finstein and Debye models of specific heat, Therml conductivity, Effect of impertection (8
hours)
3. Electron otates and Semiconductors:

free electron gas in three dimensions, Spedilic e of inetals, Sommertehd theory ol elecirieat
conductvity, Wiedemann-Franz faw, Hail effect, Nearly tree elocion model and onr on of energy harids,

Bloch runcdons, Kronig Penny model, Formation of eicigy gap ot Brdloum zoue houndaries, Number ol
orhitals 1 a band, Equation ot motion of electrons in energy hands, Properties ol hoies, Gifective mass of
carriers, intrinsic carrier concentration, Hydrogenic mode! of donor an acceptor states Direct hand gap and
indirect bond gap semiconductors (16 hours?

4. Dielectric, Ferroelectric and magnetic properties:

I'heory of Dielectrics: polarization, Dielectric constant, Local Electric field, Iielectric polarisability,
Polarisaiun trom Dipole orientation, Ferroelectric crystals, Order-disorder type of terroelectrics, Properties
of Ec 11 O3, Polarisation catastrophe, Displasive type terroelecuics, Landau theory of ferroelectric phase
transitions, Ferroelectric domain, Antiferroelectricity, Piezoelectricity, Applications of Piezoelectric Crystals,
Diamagnetism and Paramagnetism: Langevin's theory of diamagnetism, Langevin’s theory of
paramagneiism, theory of Atomic magnetic moment, Hund’s rule, Quantum theory ol magnetic
Suscepubility Ferro, Anti and Ferri magnetism: Weiss theory of ferromagnetism, Ferromagnetic domains,
Neei Made! of Antiferromagnetism and Ferrimagnetism, Spinwaves, Magnons in Ferromagnets (qualitative)
(20 -hours)

5. Superconductivity:

wiewssner effect, Type | and Type 1l superconductors, energy gap lIsotope citect, London equation
and penenanon of magnetic tield, Cooper pairs and the B S ground state (qualitatve, Flux quantzation,
Single particle winneling, DC and AC Josepheson effects. High Tc Superconductors(qualitative) description
ot cuprates, Enough exercises. (10 hours)
Text Boi

i CoKittel,: Introduction to Solid State Physics 5th edition (Wilev Fastern)

o.Dekker: Solid State Phvsics (Macmilhan 1958)

Reler. Tonks:

o MOAY Omar, Rletaentary Solid State Physics, Addisos-sy ostey Pubiishing o

- «v.w.Ashcrott and Mermin : Solid State Physics (Brooks Cale (1976

“ slements of Solid State Physics, Srivastava |.P. Prenitce Hali of India (20 ocing

= Zimdan J.H. Principles of Theory ot Solids - ( Cambridge 1964)

I'uth — Solid State Physics

ELECTIVE |:
(Elective-I to be opted from PHY3E01- PHY3E07)

PHY3EO01: PLASMA PHYSICS:

L. Introductii to Plasma Physics :

Existence of plasma,Definition of Plasma, Debve shielding 1D anc 3D, Criteria  [or
plasma.Aipplications of Plasma Physics (in brief), Single Parucle motions -Uniform E & B tields,
Nonunitorm B field, Non unjform E field. Time varying E tield, Adiabatic invariants and applications (13
hours)

Text: Chen, Sections 1.1 10 1.7.7. 2.1 t0 2.8.3

b—
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2. Plasma as Fluids and waves in plasmas :

Introduction —The set of fluid equations, Maxwell’s equations, Fluid drifts perpendicuiar (5 B, Fluid
drifts parallel 1o B, The plasma approximations, Waves in Plasma - Waves,
Plasma oscillations, Electron Plasma Waves, Sound waves, lon waves, V
Comparison of r and ejectron waves, Flecrrosiatic electron osciilations pardflel w B, iocirostane 1on
waves perpendicutir to B, The lower hybrid frequency, Electromagnetic waves with RN antfs and
Resonances, Eicciomagnetic waves parallel 1o BO, Experimental conseq|
Magnetosonic waves, The CMA diggramis (12 nours)

Text. Chen, Sections 3.0 0 3.6, 4.1 10 4.21
3. Equilibrium and siability -

Group velocity, Phase velocity,
alidity of Plasma aprr - imations,

uences, Hyedroimidoname waves

Hydre miaenenc equiithiium,  The concept of b Diltusion of magnetic

Neld o piasma,
Classification 61 iastabihity, Two stream Instabthty, the gravitational instahility. Resistive ditti waves, the
Weihel instabilire 1) hours)
Foxi L LNen. Sectone 11 g i 8

4. Kinetic Theory

The meaning of I(v). Lquations of kinenc theory, Derivation of the fluid equations, Pjasma
oscillations and i aidau damping, the meaning of Landau damping, Physicai derivation of T anday damping,
lon Landau damping, Kinetic effects in 4 magnetic (ield (10 hours)

Text : Chen, Sections 7.1 to 7.6.2
5. Introduction to Controlled Fusion :

The probiem of controlled fusion, Magnetic confinements such as Toruses, Mirrors, Pincnes, Laser
Fusion, Plasma heating, Fusion Technology (10 hours)

Text : Chen, Sections 9.1 10 9.8

Text Book : .F. F Chen, Introduction to Plasma Physics and Conuolied Fusion. Volume | ar* 71

Plenum
Press, recen: cdition.

PHY3E02: FOUNDATIONS OF QUANTUM MECHANICS
L. Basic Concepts: ((8 Hours)

Reflecuons on the uncertainly principle, Complementarity principle. Information. Theorv of
quantum beats, The Aharonov - Bohm effect,

Chapter 3.3, 3.4 and 4.1 10 4.5 of George Greenstein & Arthur G. Zajonc
- The EPR Experiment And Bell’s Thorem: (12 Hours)
The EPR argument, The BKS theorem, The hidden variahle theories, The Bell’s theoiem and irs
proof, Tests of Beli '« inequalities, Alain Aspect’s experiments,
Chapter 5.1 105.53 and 6.1 of George Greenstein & Arthur G, Zajonc & 12.2 of Davir 1 Griffiiie
3. Nonlocality: (10 Hours)
Bohm’s nonineal hidden variabie theoiv, The Mystery of the | PR correlations, Non
QPEALIPIC Of relativiiy Lgaantum Nonjocaly
Chapler 6.2 10 6.5 & 7 of George Greenstein & Arthur G Zajanc
4. Decoherence (14 Hours)

Schrodinger s cat, Super positions and mixtures, Non-observation ol quantum behawi~:
systems, Decoherence, Watching decohrence
Chapter 7.1 to 7.6 o ( seorge Greenstein & Arthur G, Zajonc

- The measurement problem in quantum mechanics: (16 hours)

The measurement problem, The collapse of wave function, The infinite regress, The active nawre of
measurement in quantum mechanics, Decoherence and measurement problem, Elementary ideas o quantum
cryptography and quantum teleportation
Chapter 8 complete & 9.1 10 9.3 of George Greenstein & Arthur G. Zajonc
Text Book : The Quantum Challenge: Modern Researches on the foundations of Quantum Mechanics -

George Greenstein & Arthur G. Zajonc, Narosa
References:

LIntroduction to Quantum Mechanics: David J Griffiths, Pearson Fducation

2.Understanding Quantum Mechanices: Roland Omnes, Prentice-Hall, Tndia

3.Quantum Thenory and Measurement: | A Wheeler and W, H. Zuiek, Princeton Uiniversyiv
Press, Princeton

4.Quantum Mechanics: V.K.Thankappan, Wiley Lastern

N
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PHY3E03: RADIATION PHYSICS

1. Radiavion source :
{vypes of radiations, ionizing, non lonizing, cleciromagnetic, partcles, neutial -gamma-neutiino-
neutror - harged alpha, beta, gamma, and heavy 1on sources, tadioactive sources — naturally occurring
production of artificial isotopes, accelerators—cyclotrons. nuciear reactors.(10 hours) {Ref 1, 2}
2. Interaction of radiations with matter :

fiectrons — classical theory of inelastic collistons with atomic electrons, energy loss per ion pair by
primar, and secondary ionization, specific energy loss, bremssirahlung, range energy relation, energy and
range ~ioggling Heavy charged particles — stopping power, energy loss, range and range — energy relations,
Brage ~urve specific jonization, (ramma rays — Interaction mechanism — Photoelectric absorption, Compton
scattering, Pair production, gamma ray attenuation, attenuation coefficients, Elastic anel inelastic scatlering,
Cross seciions, linear and mass absorption coetficients. stopping power. LET Neutrons - General properues.
fast neution interactions, stowing down and moderation. (14 hours) Ret 1,2}

Radiation quantities, Units and Dosimeters :

Particle flux and fluence, calculation of energy flux and fluence, curie. Becquerel, exposure and its
measurements, absorbed dose and its relation to exposure, KERMA, Biological effectiveness, wighting
factors, (WR and WT), Equivalent dose, Effective dose, Dosimeters, Primary and sccondary dosimeters,
Pocker osimeter, Films and solid dosimeter (T1.D and RPT), Clinical and calorimetric devices , Radiation
surver gierer for avea moultoring. (13 hours) {Ref 2,31
4. Biologi«u! effects :
inasic concepts ol cell biology Effects of wnizing radintons at molery

els, secondary eltects, free radicals, deterministic elivds, siochasie ot

W

<ub molecular o
celluin

Ik I CES - R TSRS

and organs. genetic eftects, Mutation and chromosomal aberrations, applications 15 cancer therapy. lood

preseration, radiation and sterilization (L0 hours) {Ret §.4:
Radiation protection, shielding and transport :
Htfective tadletion proiection need o sateguard dgan

4

1

It CONLMAYINE radhation ¢ Xpostre, justthicatinn
and 1 siblity, AL ARA, concept of radiologic practice time distance and shielcing, satety specitications

meu ur tadlatiorn coutrol. Shieiding factor for radiations. Choice of material, Primary and secondary

radieticns Source geomeuy, Beta shieiding, Gamma shielding, neution shielding, Shiciding requiremients o
medica, wdustrial and research facilities, handling of the source. sealing, transport and storage ot sealed and
unseais ~ources. records, spills. waste disposal, Enough exercises. (13 hours) {Ret <41

Relerrnce Books :

i. G.F.Knoll, Radiation detection and measurement, John Wiley & sons, Newvork, (2000)

<. K.Thayalan, Basic radiological physics, Jaypee brothers medical Publishers, New Delhi,
(2003)
WwW.J. Meredith and [.B. Masse, Fundamental Phvsics of radiology, Varghese publishing
tivuse , Bombay (1992}

4 WLALS. Sherer, P.J.Visconti, £.R Ritenour, Radiauon Protection in medicet racdiography,
iviosbey Elsevier,(2006)
i.owenthal G.C and Airey P.L., Practical applications of radioactivity and nuclea
radiation sources, Cambridge University Press (2005)

PHY3E04: COMPUTER SOFTWARE AND APPLICATIONS

1. Langu:: Processors :

Auuuduulnu—i_umqa;;v Processing acuvites - bandamentils of Language oo ossig -bundament s
mmonag

ol Language Specitication- Language Frocessor Develop:
Texi . uuamdhere, sections 1.1 - 1.5
Assemibiers, Macros and Macro Processors :

Elements ol Assembly Language Programming- A Simple Assembly Schome - Pass Stracure of

Assemblers - Design of a Single Pass Assembler for [BM PC, Macro Detinition and Cal |- Macro Expansion.
(10 houray

lext wouaindhere, sections 4.1 - 4.4, 5.1, 5.2
3. Compilers, Interpreters and 1 inkers :

Cwspects of Comptlatior- Memaory Alocation

Vigasts £14 Boirs

oo

Comptlation of Lxpressioss Compilation of Contro!
Suurcmres Code Optinnization - interpreters, Relocauon ol Linking Concepts- Design of o Linker-Seli-
Relocauug Programs - A linker tor MS DOS- Linking of Over layers-Loaders. (15 hows)
Text  hamdhere, sections 6.1 - 6.6, 7.1 -76
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4. Operating systeins . < ; ; = S o iy
Batch processing systems - Muluprogramming systems - Time Sharing Syslem.\‘ ::Lax
Systemns - OS Structure. The Process Concept-Process Definition- Process C'ontrol - !mera(‘x‘n_g [ ro.vesses;
iﬁwplemema[ion ot Interacting Processes- Scheduling Policies- Job Scheduling — Process Scheduling (15
hours)
Text : Dhamdhere, sections 9.1-95 . 10,1 — MOREE EEE R )

5. Software Tools and deadlocks :
Software Tools for Program Pevelopment- Editors - Debug Monitors -Programming i hvironments
- User Interfaces, Deadlocks:, Definition - Modelling the Resource Status — Handling Deadlocks —Dead lock
detection and Resolution - Deadlock (14 hours)
Text : Dhamdhere, sections 8.1 — 8.5,12.1 - 125
Text Book;
1. “Systems Programming anc Operating Systems”., D.M.Dhamdhere (2nd revised ediiiiy,
Tata McGraw Hill.Publishing Co. Lid.,New Delhi, 2003.
Reference Books.
1. “System programming”, John. J.Donovan., Tata McGraw- Hili.
- "Operauing System” , Milan Milankovic., McGraw Hill International tdition
. “Operating System” . Colin Ritchie.. (Second Edn) BPB-Publication.
“An Introduction to Operating Systems”, Deitel. H.M..(2nd ediuon), Pearson educaiioi 2002,

5. %Operating System Concepts”, Silberschatz A and P Galvin., (5th edition). Addison- w
( 1 i.}iJLJ i

B b

osley

PHY3E05: FI.UID DYNAMICS
iSvilabus 10 he trapyedy

PHY3E06: DIGITAL SIGNAL PROCESSING

1. Introduction:

Signals and systems, Classification of signals, Concept of frequency in continuous time and discrete

ume signals. Theory of A/D and D/A conversion, Sampling of analog signals, sampiing theorem
Quanuzation of continuous amplitude signals. Quantization of sinusoidal signal, Coding of quantized
samples- Digital 16 analog conversion (8 hours}
Text Book : Digital Signal Processing by Proakis & Manolakis, Prentice Hall of lndia (Four

~ chapter 1 (complete)
2. Discrete- time signals and systems:

Discrete- time linear time-invariant systems-Techni

a discrete time signal into Impulses- Response of LTI s
Properties of convolution and the interconnection of

systems- Systems with finite duration and infinite duration impulse, response. Discrete- time systems
described by difference €quations- Recursive and non-recursive discrete, time systems systems
characterized by constant coefficient difference equations, Solution 1o linear constant coeffic:en: difference
equations, correlation of discrete-1ime signals. (10 hours)
Text Book - Digital Signal Processing by Proakis & Manolakes, Prentice Hali of Ind
Chapter 2 (complete)
3. The Z-transform

antian -2007)

ques of analysis of linear systems, tesolution of
ystems 1o arbitrary inputs : Convoluton sum-
LTI systems- Casual LTI systems Stability of LTI

a {Fourtn vdinn -2007)

The Direct 7-Transform. The Inverse 2-Tmnsmrm.Propr‘rlies of Z-transform, Ration.: / transtorms,
Poles and zerns Inversion of Z-transforms, The inverse Z-Transform by contour integration, 'ower series
expansion, Partial fraction expansion - Decomposition of rational Z-transform — Analysis of linear time-
ivardnt systems i the Z-domain - one sided Z-T ranstorm. (12 hours)

l'ext Book : Digjtal Signal Processing by Proakis & Manolakis, Prentice Hali of Indi
Chapter 3 (complete)

4. Frequency Analysis of Signals and Systems:

Frequency analysis of continuous-time signals. The Fourier Series for continuous I'ime Periodic
signals, Power Density Spectrum of Periodic Signals, The Fourier Transform of Continuous - 1'ime Aperiodic
Signals, Energy Density Spectrum of Aperiodic Signals, Frequency analysis of discrete time signals, The
Fourier Series for discrete time Periodic Signals, Power Density Spectrum of Periodic Signals, Fourier
transtorm for discrete time aperiodic signal, Convergence of the Fourier Transform, Energy Density
Spectrum of aperiodic signals, Relationship of the Fourier Transform to the Z Transform, The €

epstrum, The
Fourier Transform of Signals with poles on the unit circle, The frequency Domain classification of signals,

a (Fourth oisgn -2007)
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Concept ol Bandwidth, Properties of the Fourier Transform for Discrete Time Signals — LTI systems as
Frequencv selective filters: Ideal filter characteristics, Lowpass, Highpass and Bandpass filters, Digital
resonators, Notch filters, Comb filters, All-pass filters, Digital sinusoidal oscillators (20 hours)

Text Book : Digital Signal Processing by Proakis & Manolakis, Prentice Hall of India (Fourth edition -2007)
chapter 4 (complete), section 5.4

5. Discrete Fourier Transform:

Frequency domain sampling and reconstruction of discrete time signals - The Discrete Fourter
transform -- DET as a linear transformation - Relationship of the DFT to the other transforms. Properties ot
DFT, Muliiplication of two DFTs and Circular convolution, Linear filtering methods based on DFT -
Frequencv  analysis of signals using the DFT — Discrete cosine transform - Compuitation of the Discrete
Fourier 'ransform - Fast Fourier Transtorm algorithm (basic ideas only) . Enough exercises.(10 hours)

Text Book . Digital Signal Processing by Proakis & Manolakis, Prentice Hall of India i ourth edition -2007)
chapter 7 (complete), sections 8.1.1, 8.1.2
Books
1 Digital Signal Processing by Oppenheim & Schater, Prentice Hall India -19%5
2.Digital Signal Processing by paulo $.R. Piniz, Eduardo A.B. De Silva and Sergio Netto -
_ambridge University Press
1 Analog and digital signal processing by Ashok Ambradar
4.Theory and Applications of Digital Signal Processing . Rabiner & Gold, Prentice Hall
india -1996.

PHY3E07: EXPERIMENTAL TECHNIQUES (4C)

1. Vacuum Techniques :

Units and basic definitions, Roughing pumps - Oil sealed rotary vacuum pump and Sorption pump,
High vacuum pumps — Turbo molecular pump, Diffusion pump, Oil vapour booster pump, lon pumps -
Sputter :on pump and Getter ion pump, Cryo pump, Vacuum guages - Pirani gauge, [hermocouple gauge,
penning guage (Cold cathode lonization guage) and Hot filament ionization gauge, Vacuum accessories -
Diaphrasm, Gate valve, Buuterfly valve, Baftle and isolation valves, magnetic valves, adjustable valves, air
inlet valves, Traps - Liquid nitrogen trap, Sorption traps, and gaskets and O rings (14 hours)
Text : varier, Antony & Pradyumnan, Sections 1.4, 1.6 - 1.8, Rgaa s gasE 0 e 1108

2. Thin film techniques :

introduction, Fabrication of thin films, Thermal evaporation in vacuum — Resistive heating, Electron

beam sovaporation and laser evaporation techniques. Sputiter deposition. Glow discharge, Thickness

measureient by quartz crystal monitor. optical mntertereace method, electrical conductivity medsureinent,

Thermo electric power, Interference filters - Multi laver optical filters £ 10 hours)

Text - Varer, Antonv & Pradyumnan, Sections 2.1, 22,10, 2204, 2205, 2020 6.l L3 SR 2l AR,
Ae

3. Cryogenic techniques:

introduction, Liquetaction of gases — [nternal and external work methods, Hampsen and Linde and
Claude methods for air, Liquefaction of hydrogen and Kammerlingh Onne's method fol helium, manipulation
of liquefied gases and the maintenance of low temperature — Henning and Hydrogen vapour cryostat, using
liquids boiling under reduced pressure, production of low temperature below 1 deg K — Adiabatic
demagnet ~auon and magnetic refrigerator, Special properties ot liquid helium, temperature below 10-6 K -
Nuclear demagnetisation, Measurement of low temperatures — Primary thermometers - gas thermometers
and corrections, secondary thermometers - resistance thermomceters, thermocouple thermometers, vapoul
pressurc thermometers, magnetic thermometers (15 hours)

Text : Varier, Antony & Pradyumnan, Sections 3.1, 3.3.1 - 3.3.7. 3.4 - 3.7.3.9and 3.10}
4. Accelerator techniques:

High voltage DC accelerators, Cascade generator, Van de Graaff accelerator, Tandem Van de Graaff
accelerator, Linear accelerator, Cyclotron, Synchrotron (Electron and proton), fon sources — lonization
processes, simple ion source, ion plasma source and RF ion source, lon implantation — techniques and
profiles. Ton beam sputtering-principles and applications (10 hours)

Text : Varier, Antony & Pradyumnan, Sections 4.3, 4.4, 4.5.1,4.5.4, 455 46,481-483, 49
5. Mateuiais Analysis by nuclear techniques:

Liasic principles and requirements, mathematical basis and nuclear reaction kinematcs, Ruthertord
backscartering — introduction, kinematic factor, differental scattering cross section, vxperimental set up,
energy loss and straggling and applications. Nuclear reaction analvsis — Principle, instrumentation,

resonance nuclear reaction, specific nuclear reactions [or ght elements, applhicaton:, Neutron actvation
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analysis — principles and experimental arrangement, applications, Proton induced X-ray analysis ~ principle
and experimental set up, applications to water samples, human hair samples and forensic sampies, limitations
of PIXE , Enough exercises. (13 hours)

Text . Varier, Antony & Pra'dyumnan, Sections 5.3, 5.4,5.8,5.9,6.1 -6.5,7.2-7.6,8.2 — 8.5,9.2-95,9.7
Text Book : Advanced Experimental Techniques in Modern Physics — K. Muraleedhara Varicr, Antony

Joseph and P.P. Pradyumnan, Pragati Prakashan, Meerut (2006)
Reference:

1. Scientific foundations of vacuum techniques — S. Dushman and J.M. Laffer

2. Hand book of thin film technology — Heissel and Glang

3. Thin film phenomena ~ K.L. Chopra, Mc Graw Hill (1983)

4. Low temperature Physics - by L.C.Jackson - John Wiley & Sons Inc. 1962.

5. Low temperature techniques - by F.Din and A.H.Cocket, George Newnes Limited
(London) 1960

6. R. Sreenivasan — Approach o absolute zero - Resonance magazine Vol 1 no 12 vol |
nos 2, 6 and 10

7. R.Berry, P.M. Hall and M.T. Harris - Thin film technology — Van Nostrand (1968)

8. Dennis and Heppel - Vacuum system design

9. Nuclear Micro analysis — V. Valkovic

Practical for Semesters {1l & 1V
A) PHY3P05 & PHY4P06 (MODERN PHYSICS)

At least 10 experiments are to be done from Part A and 2 each from the optional papers.
If no practical have been given for the particular optional papers, two more experimen:s
from Part A should be done. It may be noted that some experiments are given both in Fart
A and B - of course such experiments can be done only once: either as included in A or in
B. Internal evaluation to be done and grades to be intimated to the controller at the end of
the semester itself. One mark is to be deducted from internal marks for each experiment
not done by the student if the required total of experiments are not done in the semesters.
The PHOENIX Experimental Kit developed at the Inter University Accelerator Centre,
New Delhi, may be used for experiments wherever possible.

PART A
- G.M. Counter plateau and statistics of counting - To obtain the plateau, operating voltage and o verify the
distribution law sausfied by the radioactive decay
. Absorption coefficient for beta & gamma rays -To determine the absorption coefficient of the ¢iven materials
using a G.M.Counter

. Feather analysis — End point energy - To determine the end point energy of the beta particles from a given
source using Feather analysis ¢

- Saindillation counter - To calibrate the given gamma ray (scintillation) spectrometer using standard gamma
sources and to determine the energy of an unknown gamma ray source

- Compton scattering - To verify the theoretical expression for the energy of the Compton scattered gamma rays

at a given angle using a Scintillation gamma spectrometer / determine the rest mass energy of the ejectron

- Half life of Indium - thermal neutron absorption - To determine the half life of In-116 by irradiauon of In foil
and beta counting using a GM counter

. Photoelectric effect in lead - To get the spectrum of X rays emitied form lead target by photo electric effect
using Cs-137 gammas

. Conductivity, Reflecuvity, sheet resistance and refractive index of thin films

Hall effect in semiconductors-To determine the carrier concentration in the given specimen of semiconducting
material

0. ESR spectrometer — Determination of g factor

1. Rydberg constant determination

2. Absorption spectrum of KMnO4 and lodine. To determine the wavelength of the absorpton bands of
KMnOy and to determine the dissociation energy of iodine molecule from its absorption spectrum.

3 Tonic conductivity of KCI/NaCl crystals

4. Curie Weiss law -To determine the Curie temperature

5 To study the Thermoluminescence of F-centres of Alkali halides

6. Variation of dielectric constant with temperature of a ferroelectric material (Barium Titanate)
7 Polarization of light and verification of Malu’s law.

8. Refractive index measurement of a transparent material by measuring Brewster’s angle
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19. Measurement of the thermal relaxation time constant of a serial light bulb.

20. Dielertric constant of a non polar liquid

21. Vacuum pump - pumping speed

22. Pirani gauge — characteristics

23. Ultrasunic interferometer. To determine the velocity ot sound in liquids

24, Study of LED characteristics - Determination of wavelength of emission, I-V characteristics and variation
with tempearture, variation of output power vs. applied voltage

25. Optical fibre characteristics - To determine the numerical aperture, attenuation and band width of the given
optical fibre specimen

26. Band gap eriergy of Ge by four probe method.-To study bulk resistance and to determine band gap energy.

27. Thomson’s e/m measurement.-To determine charge to mass ratio of the electron by Thomson’s method.

PART B

1. ADVANCED ELECTRONICS
Simple temperature control circuit

Binary rate multiplier

Optical feedback amplifier

Frequencv modulation and pulse modulation

Binary multiplier

Write ALP and execute using 8085 kit for generating a square wave of desired frequency using PPl 8255

interiaciiig. observe the output on CRO and measure frequency

7. Write ALP 1o alternately switch on/off a green and a red 1LED within a given small nme interval. Execute
using BOBS kit

8. Write ALP to convert a given d.c voltage (between 0 and 5 V) using ADC 08000808 intertaced to 8085

microprocessor. Execute using the given kit and check the result

DI RN

II. MATERIAL SCIENCE / CONDENSED MATTER PHYSICS
1. Curie_‘wveiss law — (To determine the Curie temperature)
2. Solid - hijuid phase transitions — measurement of resistivity of metals
3. Growth vt a single crystal from solution and determination of structural, electrical and optical properties
4. Study of colour centres — Thermoluminiscence glow curves
5. Ionic conductivity in KCI/NaCl crystals
6. Thermoiuminiscence spectra of alkali halides
7. Thermo emf of bulk samples (Al/Cu)
8. Electron spin resonance
9. Strain guage — Y of a metal beam
10. Variation ol dielectric constant with temperature of a ferro electric material ( Barium titanate)
11. Ferrite specimen — variation of magnetic properties with composition

1. COMMUNICATION ELECTRONICS
. Amplitucde modulation and demodulation

- Frequency modulation and demodulation

. Pulse amplitude modulation and demodulation

. Pulse code modulation and demodulation

. Pulse position modulation and demodulation

. Study of crystal detector

. L-C vansmission line characteristic

. Tuned RY amplitier

S. Seely «iscriminators

10. AM transmitter

11. Radiation from dipole antenna

12. Optical fibre characteristics (Numerical aperture, attenuation and bandwidth)
13. Optica! teed back circuit (Feedback factor, gain and frequency response)

OB W -

IV. ADVANCED NUCLEAR PHYSICS and RADIATION PHYSICS

L. Halt hte ¢l Indium ~ thermal neutron absorption - To determine the half life of In-116 by irradiation of In foil
and e counting using a GM counter

2. Alpha ~pecurometer - To calibrate the given alpha spectrometer and determine the resolution
3. Photoelectric effect in lead - To get the spectrum of X rays emitted form lead target hy photo electric effect
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using Cs-137 gammias :
4. Inner bremsstrahling - To study the mtensity spectrum ol inner bremsstrahiung rom given gainiia solrce
5. Coincidence circuiis - To construct and study the performance of series and parallel coincidence « mrmis using
transistors and : determine the resolving time
6. Single channel anaivzer - Study of characteristics of a SCA using precision pulser
fonization (hon
SPECrunt o \-iay s
. Proportional counter - Study of variation of pulse height with applied voltage and to obtaining the pulse
height spectrum ol X-rays
“ Track detector i diameter distribuuon - To measure the diameters of the alpha tracks - 239 grack
detector
10. Beta ray spectrometer - 1o plot the momentum distribution of beta pariicles from given beta soiiices
11, Range ol alpha particles in air and mvylar - To determine the range ol aipha particles trom An 7~ 7 source in
air and in mylar using either a surface barrier detector or a GM counter

3lys

Stady of vaaton of pulse height witls appliced voltage and o obtamg 1t e height

@

V. EXPERIMENTAL TECHNIQUES
Rydberg constant - inydrogen spectrunm
ESR - Lande g tacion
[R spectrum of tew samples
- Vacuum pump - pumping speed
- Vacuum pump - Effect of connecting pipes
. Absorption bands ot lodine
. Vibrational bands ot AIQ
- Pirani gauge - characieristics
. Thin films - electrical properties (sheet resistance)
0. Thin fitms — opucal properties (Reflectivity, transmission, attenuation, refractive index)

= O N MU B W —

VI. ELECTRONIC INSTRUMENTATION
Stdin gauge
. Simple servomechanism
- Temperawre contio
. Coincidence circuits
. Muluplexer
. [EEE 488 Electricai interface

Single dudine: ai

FTCY Y B N e

(]

. Differential volin
¥ Frequency synthesiver - Signal generator

10. Silicon controlied rectifier — characterstics
i L. Silicon conuroiled recuiier - power contro

VIL. DIGITAL SIGNAL PROCESSING
Write a MATLADB program 1o plot the solution of selected difference equations like u(n) = x(n-2; » x(n-1) +
x(n) and u(n-1.2) y(n-1) = x(n)
2. Compute and plot the correlation coefficients of discrete time signals using MATLAB
3. Lompute the convolution of two discrete time signals and plot using MATLAB.
4. Find the frequency of the given tuning fork by the FFT spectral analysis method and check he frequency
resolution using different windowing methods
5. Design an FIR filter by using Filter Design toolbox in MATLAB. Analyse the stabilitv using pole-zero
“analysis
VIII. LASER AND FIBRE OPTICS
1. Optical fibre characteristics (Numerical aperture, attenuation and bandwidth)
- Opucal feed back circuit (Feedback factor, gain and frequency response
Reference Books for PHY 305 & PHY 405 -
1. B.I.. Worsnop and H.T. Flint — Advanced Practical Physics for students — Methuscen «
Co(19°Mm
2 BN Sinih - Manual of expesiments in applhied Physics - Butlerworth (1970)
3RA Danlap - Fxperimental Physics - Modern methods - Oxford University Prese
(1988
4 D Maicaia fed) -~ Maethods oi experimental Physics - sorce o volumes - Academ,
Press inc¢ {1988)
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B) PHY 3P06: COMPUTATIONAL PHIYSICS

the programs are (o be executed in Python. For visualization Pylab/matpledib may be
ised. At least eight experiments are w be done, optung any four from Part A and

mother four from Part B. The Practical examination i~ of £ hours durario
Part A

L Interpofation : To interpolate the value of a function using Lagrange's nterpolating yoly nomiai
2. Leas. square fitting :To obtain the slope and intercept by linear LSF
3. Evaluation of polynomials. Bessel and Legendre functions: Using the series expansion and recurrence

relations :
4. Numerical integration : By using Trapezoidal method and Simpson's method
5. Solution of algebraic and transcendental equations .Newton Raphson method. mirimam of a function
6. Soiutwn ot algebraic equation by Bisection method
7. Matix addition, multiplication, trace, transpose and inverse
8. Solution of first order ditferential equation- Runge Kutta method!
9. Monte ¢ arlo method : Determination of the value of 1 bv using random numbers

Part B

10. To pior the trajectory of a particle moving in a Coulomb field (Rutherford scaterine: nd 1o determime e
defls 1 angle as a function ! the impact paramere:

11. 1o potine trajectory ol i heavy ion in the combined Coulomb and nuclear potenta o g realistic nucleos,
and desermine the angle of scattering for difterent impact parameters

12, Generowe phase space plots - lTo plot the momentum vs x plots for the fortovang systems @ (1)
conscrvauve case ( simple pendulum) (ii) a dissipative case ( damped pendulum) (111) a non linear case
( coupled pendulums)

13.  Simuiation of the wave function for a particle in a box - To plot the wave function and probability density
of a parucie in a box; Schrédinger equation to be solved and eigen value must be calculated numerically

14, Simulaton of a two slit photon interference experiment : To plot the light intensity as a function of
distance along the screen kept at a distance from the two slit arrangement

5. Traje_wiy of motion of (a) prosectile without air resistance (b) projectile with air resistance

16 map function - Solution and bifurcation diagram

17. kxpernment with Phoenix — Time constant of RC circuits by curve titting. =

18. kxperiment with Phoenix - Fourter analysis ot different wavetorms captured using the instrument. *
{*If Phoenix is not available, data may be given in tabulated lorm)

Tex

L. Computational Physics -An intoduction.. R.C.Varma, PR ANuwalia and KO Sharma, New  Age
[nternationa i ublishers

2. Numpy Keference guide, hitpy/docs.scipy.org/doc/numpy/numpy-ref.pdf (also, free  resources available on
net)

3. Maplotiih , hittp://matplotlib.st.net/Matplotlib.pdf (and other free resources avaiiable on net)

4. Numericai Methods in Engineering and Science, Dr. B S Grewal, Khanna Publishers. New Delhi (or any
other bool

5. Numeric:t Methods, E Balagurusamy, Tata McGraw-Hill

6. Numeric 0 Methods , T Veerarajan. T Ramachandran, Tat MCGraw-Hili

7 Nume Methods with Progiams 1 BASIC, Fortan & Pascal, S Balachandia e N SHdntia
Universiiies pross

8. Numericy methods for scientists and engineers, K. Sankara Rao, PI

9. Introductory methods of numerical analysis, S.S.Shastry . (Prentice Hall of India. 1983}

10. Numericai Methods in Engineering with Python by Jaan Kiusaiaas

Note: Expciinients from Part A can be done with dawa from physicat situations where ever possible. For example
consider the Foliawing cases:
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L)

d)  Fhe foad 3 praced on a spring veduces its fenglh L. A set of obscrvanons are given bei
Calculate torce constant and length of the spring before loading

'Wikay  [028 [ 051 J067 ]093 |15 1138 160 T797
Limi [662 |593 | 446 | 425 |33 |3.105 | 243 146
| BRBEE= FEESl SACMESL S S LSt S N BN (e

b) The dispiacements of a parucle at dilferent instants are given below. What s the time s
at which the displacement 15 70.2 m

1

[ t(s) B 1 22 | 301 | 451 56 167 L2635

- o< ! | =o | | = e |

| sm) | 3.0 [ 1056 | 19.07 | 37.12 | 59.16 | 77.38 | 98.04 | 115.78 | 14
| S e Toa RN TS [ ..L A I !

e —

SEMESTER TV
PHY4C12: ATOMIC AND MOLECULAR SPECTROSCOPY 4C)

- Atomic Spectroscapy:

Vecw som model — LS couphng J S coupling & i coupting etect of electric & +ignetic field
DN ALOMS and moiecales, Zeeman eliect, Paschen Back ettect and stark ellect {10 hours)

- Microwave and Tafrared spectroscopy:

Fhe specaum of non rigid rotator, e.g ol HF, spectrum of symmetric top molecule « . of CH3CI,
[nstrumentation ‘or Microwave Spectroscopy  Stark Modulator, Information derived {iom Rotational
specrum: i i Spectroscopy: Born -Oppenheimer approximation, Fffect of Break e

Oppenheimer approximation, Normal modes and vibration of H20 and CO2. Instrument.
Spectroscopy — Fourier transformation I R Spectroscopy (14 hours)

st Born
tion for I R

- Raman Spectroscopy:

Rotatierai Raman Spectrum of Symmetric top molecules, ez, of CHCL3 Combinedt e of Raman
& IR Spectroscopy in structure determination egof CO2 and NO3. Instrumeniation lor Raman

Spectroscopy, Non-linear Raman cftecrs, Hyper Raman effect, stimulated Raman effect and iiverse Raman
effect (12 hours)

. Electronic Spectroscopy of molecufes:

Vibranoral - Analysis of hand systems, Deslander’s table. Progressions & sequences intormation
derived  from viprational analysis, branck Condon Principle. Rotational tine structure ! P 1R and R
branches, forrrar Diagram, Nissocianan Energy, Fxample of Todine maolecule (1 hows)

- Spin Resonance Spectroscopy:

{nteraction of nuclear spin and magneuc field, level population Larmour precessiin esonance

conditions. Block equations, Relaxation times, Spin-spin and spin lattice relaxation. The acal,shift,

trumentati PV SPECUDSCOpy. Electron Spin Spectroscopy of the unpaired e, 1ol Hamiltonian,
Fine  structure, Elecron Nucleus coupling, and hyperfine spectrum ESR spectrometer  Mosshauer
Spectroscopy andnce Huroscence of y-ravs, Recoilless emission of y-rays and Muosimuer effect,
Chemical shift, ettect of magnetic field. Eg. of FC 57 Experimental techniques, Enough exercises. {15 hours)
l'ex t Books;

1. Molecuiar Structure & Spectroscopy G Aruldas

2ONBaowell & M Mecash — Foandamontals of Mole lar Smeetrrer

3. Atemic Spectrosocpy - White
References.
Straughan and Walker  Spectroscopy Volume 1, 11 and 111
G.M.Barrow — Introduction to Molecular Spectroscopy

3. H.H. wiliard, Instrumental Methods of Analysis,7th Edition , CBS-Publishers, New
Delhi
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blecuve -ii
(Elective-1I Lo be opted from PHY4F (8- PHYd4E14)

PHY4E08: ADVANCED NUCLEAR PHYSICS

1. Nuclear Shell Model;
~hell structure and magic numbers, The nuclear one
body norerals, Nuclear volume
oscitlaivs and infinite square well potentials in 3- dimensions,

momenturi, magnetic dipole moment and electric quadrupol
orbitals in deformed nucl

particle potential, spin-orhit term, realistic one
parameter, single particle spectra of closed shell = ! nuclei, Harmonic
coupling of spin and orbital angular
e moment, Schmidt diagram; Single particle
ei, perturbation treatment, asymptotic wave functions, single particle

orbitals in an
axially symmetric modified oscillator potential (15 Houry)
Text : “Shapes and Shells in Nuclear Structure”, S.G. Nilsson and |. Ragnarsson, Sections Chapter 5. 6, 7,
2 1—-86

2. Nuclear collective models:

Nuclear rotational motion- rotational energy spectrum and wave functions for eveneven and add \
nucle lear moments- coliec

ive vibratonal excitations. Rotational Bands -

The particle rotor mocdel
strong, o pling- delonnatos alignment, Decoupled bands - totatonal alignment; two paricle excitations and
back- bending; Fast nuciear rotation- the cranking model; Rotating harmonic oscillator ¢ 1

0 Hours)
Texts
' " Nuclear Physics- Theory and Experiment”, R.R. Roy and B.P Nigam (Wiles i astern)
Sections, 8.1 - 8.5

>hapes and Shells in Nuclear Structure™. S.(; Niloson and | Ragnarsson Sections 1
RSBl 2 D k)
3. Nuclear Reactions:

wcaons and Cross-sections, Resonances, Breit-Wigner formula tor i = o

“ompound Nucieus
formalic., continuuni theory, statisucal

theory, evaporation probability, Heavy ion reactions (10 Hours)

Texts -
‘Nuclear Physics- Theory and T'xperiment”. 12 Rovand B Nigam (Wiiey §astern
Neclions 6.1, 6.2, 6.4-6.8
< Kenneth Krane - “ introductory Nuclear Physics”, (Wiley), Section 11.13
4. Nuclear Fission:

the semi-empirical mass formula |, The stability peninsula, nuclear fission and

mode!, some basic fission phenomena, fission barrier .Nuclear Fission-
Mass i

the liquid drop

cross-section, spontaneous fission.
wrgy distribution of fragments, Statistical model of Fission (12 Hours)

Text : “Muclear Physics- Theory and Experiment”, R.R. Roy and B.P Nigam (Wilew Eastern) Sections,
Chapter 5 full
5. Reactor Phvsics:

Frk’s law and its validity, Ditfusion equation, diftusion length, Energv fos.

Lethargy, *ermi age equation- solutions and measurement of age, Fermy age theory of h

criticality - one region finite thermal reactor, criticality condition tor ditferent ge

Text Booi  “Introduction to Nuclear Reactor Theory™ B.R 1 amarch ¢ Nddission SLesivy) Secuons O,
5. 11,61,6.4,69-6.14,9.1-9.8

Reterence i300ks :

(R R

‘ntroductory Nuciear Phvsies™, Samuel M, Waong ¢ Prentice Hall India 19963 ¢
7

2 Nuclear Physics — Experimental and theoretical™
N0y

n elastic coltision
are thermal reactors.
ometries ¢ 12 tlours)

apter 7)
wiunhal

LS Hans, New Age e

heory of nuclear structure” = MUK Pul, {ast W osi 110ys P L)

PHY4E09: ASTROPHYSICS
1. Radiative Process:

theory ot Black Body Radiation-Photoelectric Ettect-Pressure of Radiation
Emissicn <oectra - Doppler Effect - Zeeman Effect
Radiatior - 'smpton Cffect -
Text : Baidvanath Basu, Ch 2
2. Variable stars:

-Absorption and

Bremssuahlung - synchrotron Kadiation - Scattering of
and Inverse Compton effect (8 Hours)

Ciassification of Variable stars — Cepheid variables — RV Tauri variables - Mirs variables — Red
Irregular and Semi-regular variables — Beta Canis Majoris Variables—U Geminorum and Flare stars—Theorv
of Vanabiv wars. (8 hours)

Text : Baidyanath Basu, Ch. 8
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3. Galaxies:

Mhe Mibivway galaxy - Kiematics of the Milkviwvan Morphoiogy Ceail entre
Morphological ciassiticaton o galaxies - Effects of environment - Galaxy lummosity tunctior The jncal
Broup - dSuilace prowimetly ol galaxies - cliipuicals and disk galaxies ~ wlobulay cluster systen \hrormadl
galaxies-Acuve watachic nuclei 20 1 lours )

Text: Binney & nierntield, Ch.4
4. General Relativity:

General {onsiderations - Connection Between Gravity and Geometry - Metric Tensol i Gravity -

Particle Trajectories 1 Gravitational field - Physics in curved space-time — Curvature - Properties of Energy

and momentum i ensor - Scwarzchild Metric - Gravitational Collapse and BlackHoles - Gravitanonal Waves
15 Hours)

Text : Padmanabrian Vol 2, Ch.1i

3. Cosmology:

Cosmoiogical Principle - Cosmic Standard Coordinates - Equivaient Coordinates  i<obertson-
Walker Metric - The Red Shift - Measures of Distance - RedShift Versus Distance Relation - ~icady State
Dosmology (10 Her
Text . Nariikat. Sections 3.1-3.8
Books Suggested
1. Gravitation & Cosmoiogy-Steven Weinberg- John Wiley (1972) ISBN: (0-471-9256
< Thearevcai Astro Physics Vol Land 2- 1. Padmanabhan- Cambridge University Pros
(200G 58BN G-321-306230-06, 0-321-56241 -4
3. Quasacs and Active Galactic Nuclei- Ajit K Kembhavi and Javar \ Nariikar-Camibric!
Univereity Press (1999) 1ISBN:0-521-47477-9
4. The Physical Universe, An Introducuon to Astronomy-k. Shu-Oxford University Pross
(1582} 1SBN: 0-19-855706-N
5. A Different Approach to Cosmology - Fred Hoyle, Geotfrey, Jayant V Narlikar
Cambiiige University Press (2000) ISBN:0-521-66223-0)
6. An Introduction to AstroPhysics - Batdyanath Basu- Prenuce Hall India ( 1997)
ISBN:81-203-1121-3
. Discovering the Cosmos-R.C. Biess - University Science Books (1996) - [SBN:0-
9357(7-67-4
8. Text Book of Astronomy and Astrophysics with Elements of Cosmology- V.B. Bhat
Narosa publications (2001)IS3N:81-7319-339-8
9. Modern Astrophysics - B.W. Carroll & D.A. Ostille - Addison Wesley (1996) ISBN
201-54 30-9
1G. Gatacie Astronomy — 1. Binney & M. Merritield, Princeton University Press
t1 Gatartn Dynamics - 1 Binnev & S Tremaine. Princeton Uiniversity Press
12. An Introduction to Cosmology. Third Edition- J. V. Narlikar, Cambridge Universit:
Press {2002)

PHY4E10: ADVANCED STATISTICAL MECHANICS

1. Thermodynamics of crystal lattice, the field of sound waves, phonaons and second sound, The Nebve model,
Debve temperarure, specific heat of solid in the Debye model (10 hours)

2. Non ideal systems, imiermolecular niteracuons, Lennard Jones potenual, Corrections (o the 1dear gas law,

Van der Waais cquation, Short distance and Jong distance interaction, The plasma gas and 10n1¢ solutions,
The Debye-Huckel radius (12 hours:

3. Phase transition. riucal point, Fiist order phase transition, Phase hagrams, The theory ol Lun~ aad Lee, A
dynamical model for phase transitions, Weiss theory of ferromagnetism, Second order pPhase iransition,
Landau theorv. Ciitical point exponents, Chemical equilibrium and chemical reactions (12 hours i

4. Ising model s 4 macroscopic model of phase transition, Why the Ising model is very important?
Relationship bevweeen lattice models, models of ferroelectrics and Ising model, The classical formulation
ol the probieni, Exact solutions, Drawbacks of the mean field approximation, The sttt Huctuation
dpproximanan s aew method tor solving the [sing problem (14 hours)

ur

- luctuations, {luctuatons of macroscopic variables, ‘Theory ol random processes, Response i [fuctuation,
Correlation functions, Spectral analysis of fluctuations: the Weiner-Khintchine theorem ™ho Nyquist
theorem, \pptcatons of the Nyquist theorem (12 hours)
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Text Book : Patria : “Statistical Mechanics” (Butterworth-Heinemann,1996G)
Reference Books:
inerson Huang : “Statistical Mechanics” (second edition) (Wiley,1987)
. b K. Agarwal and Meivin Lisner :”Statistical Phvsice”
¢ (L uptha and Kumar : “Statistical Physics”
<4 LE. Meyer and M.G. Meyer, Statistical Mechanics, John Wiley

PHY4E11: MATERIALS SCIENCE
1. Imperfections in Crystals :

Thermodynamics of Schottky and Frenkel Defects, Equilibrium number oi Pomnt Defects as a
function ot temperature, Interstitial Diffusion, Self-diffusion, Determination of Diffusion constant, Edge and
Screw 1 ocations, Energy of Dislocation, Dislocation mation. Dislocation Mulupiicanon: Frank-Read
mechanisui, Work Hardening of Metals. (10 Hours)

2. Alloys, films and surfaces :

“imary phase diagrams from Frec energy considerauons, case of complete miscibility, Gibbs phase
rule, The iever rule, Rules of solid solubility, Hume-Rothery Flection compounds. «ase ol limited solid
solubility, the Eutectic temperature. Study of surface topographv by multiple beam interterometry
Determination of step height and film thicknesses(Fizeau [ringes), Qualitative 1deas ol surtace
crystatlography, scanning, tunneling and atomic force microscopy, Boltzmann transpert eqguation (or o thin
film (tor ditfusive scattering), Electrical conductivity ot thin films. (17 Hours)

3. Ceramic Materials :

siicate structure, Polymorphism, Solid solution, Non-ductile tracture, Plistuc detormation ol

layered siructures, Viscous deformation of glass, Electrical properties of ceramics (8 hoitrs) :
4. Polymers:

Unsaturated hydrocarbons, Polymer size, Addition polymerization, Copolymerization, Condensation

polymerization, Thermoplastic and thermosetting resins, Elastomers, Cross-linking, Branching. (10 Hours)
5. Liquid crystals, Quasi crystals and Nanomaterials:

Structure and symmietries of liquids, Liquid crystals and amorphous solids, Aperiodic crystals and
quasicrysiais, Formation and characterization ol Fullerenes and tubuies, Carbon nanotube based electronic
devices, ~ynthesis and properties of nanostructured materials, Experimental techniques tor characlerizing
nanostiudured materials, Quantum size effect and its applicartons, (15 Hours)

References

¢ Solid State Physics”, A.J. Dekker (MacMillan, 1958

introduction to Solid State Physics”, C. Kittel(Wiley Fastern, 1977).
¢ *Flements of Materials Science”, L.H. Van Vlack {Addison Wesley)
-+ “Physics of Thin Films”. K.I. Chopra ;
5" Thin Films”, O.S.Heavens

“ultiple Beam Interterometry”. Tolansky

ansmission Elecion Microscopy ™, Thomas

< e Physics ol Quasicrvstals”. Ed. Steinhardt and Ostulond
S “tlandbook of Nanostructured Materials and Nanotechnologv”. Ed. Harisingh Nalwa

PHY4E12: ELECTRONIC INSTRUMENTATION

1. Electronic Instrumentation for measuring basic parameters:
t:lectronic DC voltmeters, DC voltmeter circuit with FET, amplified vollage and current meter,
chopper stabilized amplifier, electronic AC voltmeters (average responding, peak responding and true rms
respondine tvpes), electronic multimeters , differential voltmeters ~digital voltmeters framp and staircase
type). Ii' nudlivoltmeter, Q meter (basic circuit and measurement methods, sources nl »rror), bolometer and
RF power measurement (12 hours)
2. Signal generators and Oscilloscopes:
sundard signal generator, laboratory sigral generator. AF sine wave and square wave generator,

funcrinn zenerator and pulse generator, Block diagram ol geaeral purpose CRO
deflectior svstem

el WS METIET
delay line. multiple trace, horizontal deflection system, osciiiuscope probes and
transducers, oscilloscope technique, storage oscilloscopes, sampling oscilloscopes. {14 Bours)

3. Fibre vptic measurements and Transducers:

rees and detecters, Tihre optic power measurement, stahilized Heht <ot

prcal ame dom
reftecien “rar, Classilication o!f wansducers — strain gadgoes displacement  transaie ers temperaturt
measuretieits — photosensitive devices - Radiation detectors - solid state and scintillation detectors - neatron
detector, LCG and EEG (brain imaging — X ray, CT, MR and nuciear imaging) (15 hou

)
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4. Computer controlled test systems :
Testing an audio amplifier — testing 4 radio recewver — mstruments used in Compie

controlled

instrumentation - 11:EE 488 electrical interface — digital control — signal timing in a micropiocessor based

measurement. (9 hours)

5. Power control: SCR
Conmtrai st currens in sectificrs with an inductive joad mggenng control hy noooe
SAlUldDiC Teacin coniGh -~ combined doc, and phase control - on oft pulse conuroi of the SC

shilung —

SUR supply

for d.c. motor ~ speed regulation by armature voltage and current control —armature current wimiung control

of low torque a.c. motors (10 hours)
Books:
1.Modern Flectronic instrumentation and measurement technique — Albert [ Helfrick ..
Willians 13 Cooper (Tata Mc Graw Hill) for modules 1. 3. 4 and second part of 2
2 Electzone Instrumentation - Second edition - H.S. Kalsi (Tata Mc Graw Hillj tor
ityd 1L SHL L PTG sodle 2
$Principies of Medieal eloctiorios and hio medical mstrumentauon - C Rajarac ane -
Gupia {3 nversines Pressi for Fransducers
4.Bio Insiiumentauon - John G Webster (Wiley student ediuon; — tor Iransducers
S.Inuoduction w Experimental Nuclear Physics”, Singru,R.M., {Wiley Eastern, 1972
ransducers
6.“Engincering Electromcs™, 2nd Fdition,Ryder, J.D., (McGraw Hill, 1967). for moduls

\ERI!

PHY4F13: LASERS AND FIBRE OPTICS

1. Basic Laser Theory And Optical Resonators:
Einstens coeflicients , Evaluauon of
equations for three level system, Cavity Modes, Q of cavity, Q Switching, Mode fockin:
Resonator, Analysis of optical resonators using geometrical optics. ( 12 Hrs )
2. Types Of Lasers And Applications:

Ruby faser. Helium-Neon laser, Four level solid state lasers, CO2 lasers Dye lasers,
lasers, Spatial frecuency filtering and holography, Laser induced f

transition rates, l.inc broadening mechanisiis, i aser rate

Confocal

Semiconductor

usion, Second Harmonic ¢ ration. ( 8
Hrs j
3. Optical Fibers:
nroducson. What are optcal libers, Importance, propagation of nght in opuc? " onrs. Basic
structure, Acceprarice angle, Numerical aperiure, Stepped tndex monomaode Tibers, disadvaniases, Graded
index monomode fibers, Optical fibers as cvlindrical waveguides, Scalar wave equation and (e modes of a
fiber, Modal analvsis for a step index [iber, Single mode fibers. ( 15 Hrs)

4. Fiber 1.osses:

Atlenuation m optical iibers, Absorpuion losses, Leakv modes, R

et U] s es

adiation induced inssoc
cries I SUE Tosses, Cale and ciadding Tosses. b His
3. Measurement Un Fibers:

Measurement of numerical aperture and its related terms, measurement of fiher
Insertion loss methed and by opticai

ume domain reflectometer, Moasurement of refrar+:
reflection method and transmitted near field method, Enough exercises. (9 Hrs)
Books:

1. K.Thyagarajan and Ajoy. K. Ghatak, Lasers - Theory and Application, Macmillan
2. Ajoy Ghatak and K, Thyagarajan, Optical Electronics, Foundation Books (Cambridg:
University)
Reference Books
1 William T. Silfast, Laser Fundamentais
2. Subirkumar Sarkar, Optic
Co.

3. Ajoy Ghatak and K.Thayagarajan, [ntroduction to Fiber Optics, Cambri
4. John. M Senior, Optical Fiber Communications: Principles and Practice

al Fiber and Fiber Optic Communication Systems, S. Chanet &

dge.

Inherent

attenuation,

ndex by



PHY4E14: COMMUNICATION ELECTRONICS

1. Amplitude and angle modulation:
vmplitude modulation - Amiplitude modulation and demodulation circui
generat:nn and detection — SSB halanced modulato Comparson
moriula Phase modulation -~ Angle modulation cireuns
discriminator — Ratio detector — Noise in FM (10 hours)
2. Pulse modulation and digital communication:

Flements of information theory — Pulse transmission — Pulse amplitude modulation — Pulse time
modulatior — Pulse code modulation — Coding — Codes - Error detector and correction codes — Digital carrier
systems — 1'eleprinter and telegraph circuits (10 hours)

3. Communication systems:

single side band
b ostgnal 1ot tatios L equetic s

Peieccaon ol PN sigials -Foster-Seeley

Receivers — Superheterodyne receiver — AM receivers — Automatic gain cont ol ~Communicatons
receivers — FM receivers — Single and independent side band receivers. Transmitters — | clegraph transmitters
- AM nansmitters ~ FM transmitters — Television transmitters HF radio systems VHF/UHF systems —
Microwave systems — Satellite communications (12 hours)

4. Signals and Systems:

iussifications of signals, concept of frequency 1 continuous - time and discrete —tume signals

Theor VD and D/A conversion, Sampling of Analog signals, sampling Theorem. Quantization of
conumtius amplitude signal, Coding of quantized samples. Discrete tme linear ume mvariant svstems -
Technigues of analysis of linear systems, Resolution of a discrete time sional into imneicec. Rognonee o6 10
systens- arbirary ainputs cConvolution sum- nrOpUTties g i
systems-Cdsual L TLsystems — Stabihty of LV systems (42 b

5. Radiation and antennas:

Potential functions and the EM field — Radiation from an oscillating dipote - Power radiated by g
current viement ~ Radiauon resistance of a short dipole — Radiation from a quarter wave monopole -
Direcuvity - Gain and effective aperture - Antenna arrays — Two element, linear and binomial — Frequency
independent antennae — Log periodic antennae — Yagi antennae. Propagation of radio waves - Ground waves,
Sky wa\ propagation, Space waves, Tropospheric scatter propagation, Extra terrestnal communication
lonosphere ~Reflection and refraction of waves by the ionosphere - Attenuation, Enough exercises. (14
hours)

Retferences,
“Electronic Communications”, Roddy and Coolen, J., (PHI, 1986). Chapters 7, 8, 9, 10, )
11,12, 18,19
< "Llectronic Communication Systems”, 4th Edition, Kennedv, G. and Davis, 1. {(McGraw
Hill, 1992). Chapter 6.8
Flectromagnetic waves and Radiating Systems”, Jordan E.C. and Balmain. K (. (PHI.
1:79). Chapters 10,11.15.17.
Digital Signal Processing™ by Prodakes aned Noipoloioes §o

1 AR C A I (i,

ELECTIVE -Lli
(Elective-111 to be opted from PHY4E15- PHY4E20)

PHY4E15: QUANTUM FIELD THEORY

1. Classical Iield Theory :

Lairmonic oscillator, The linear chain- classical weatment. the linear ¢hair QUANTUM. treatment
classical tield theory, Hamiltonian formalism, Functional derivatives . Canoni al quantization ot
nonrelativisiie fields, Lagrangian and Hamiltonian for the Schroedinger field, Quantization of termions anc
bosons. “Normahzation of Fock states (12 hours)

Text Baot - “Field Quantization” Greiner and Reinharct (Spinger-Verlag -1996), Sections 1.3 - 1.5.2.2. 2.3
3.1 - 3.3, Exercise 3.1
2. Canonical quantization of Klein Gordon and photon fields -

fhe neutral Klein  Gordon field Commutation relation tui Cleation and ainiilation operators

Chargs et - Gordon Held, invarant commutation relations, Scalar Feyman propagator, Canonical
AuANt Las f photon fleld - Maxwells equationg, 1orw wra e ’ TR 8 SEEEE
field in tiw torentz gauge, Cananical quantization of the | orents gauge - Gupta-Bleaivr method, Canonical

quantization i the Coulomb gauge (14 hours)
Text Book - “Field Quantization” Greiner and Reinhardt {Spinger-Verlag -1996), Sections 4.1, 4.2, 4.4, 4.5,

e e

28



3. Canonical quanuzation of spin 4 fields :
Lagrangian and Hamiltonian densities tor the Dirac tield, Canonical quantization of the Dirac field,
Plane wave expansion of the field operator, Feyman propagator tor the Dirac field (10 hours)
dext Book :Freli Quanuzation™ Greiner and Reinhardt (Spinger-Verfag -1996), Secuions 5.1
4. Interacting quantum fields and Quantum Electrodynamics :
The iteraction picture, Time evolution operator, Scattering matix, Wick’s theorem, | ¢vinman rules
for QED, Moller scattering and Compton scattering (10 hours)

Text Book : “Field Quantization” Greiner and Reinhardt (Spinger-Verlag -1996), Sections B.2 - 8.6,
Example 8 4

5. The path integral method :
Path integrals in non-relativistic Quantum Mechanics, Feynman path integral, Myitiiimensional
path integral, Time ordered product and n-point functions, Path integrals for scalar quanwm tields, The

Euclidian field theory, The Feynman propagator, Generating functional and Green's function, Generating
functional for interacting fields, Enough exercises. (12 hours)

Text Book : “Field Quantization” Greiner and Reinhardt (Spinger-Verlag -1996), Sections 11.2 — 11.5, 12.]
-125
References

1. “Quantum Field theory”, Lewis H. Ryder {Cambridge University Press -1995)

2. “Field Theory — A modern primer” — Pierre Ramond (Bengamin - 1996)
3. “Quantum Field theory”, ltzyskon and Zuber (McGraw Hill - 1989)
4. “Quanium Field theory”, Karson Huang (Wiley)

PHY4E16: CHAQOS AND NONLINEAR PHYSICS

L. The Dynamics of Differential Equations :

Integration of linear second order equations by quadrature, The damped oscillator, [ntegration ot
nonlinear second order equation, Jacobi elliptic functions, Weierstrass elliptic functions, Periodic structure of
elliptic functions, The pendulum equation, Phase portrait of the pendulum, Phase portraits [or conservative
systems, Linear stability analysis, Linear stability matrix, Classification of fixed points, Examies of fixed
point analysis, Limit cycle, Time dependent integrals, Non autonomous systems, The driven oscillator,
Remarks on integration of differential equations, Elliptic functions .(Chap 1, Tabor) (13 hours)

2. Hamiltonian Dynamics :

Lagrangian formulation of mechanics, Lagrangian function and Hamilton's principle, Properties of
the Lagrangian and generalized momentum, Hamiltonian formulation of mechanics, Hamilton's equations,
Canonical transformations, The preservation of phase volume, The optimal transformation, Generating
function, Hamilton Jacobi equation for one degree of freedom, Action angle variable for one degree of
freedom, Integrable Hamiltonians, Separable systems, Properties of integrable systems, Examples of
integrable systems, Motian on the tori, Fundamental issues. KAM theorem (Chap 2 and sec 3 Fabor) (13
hours) :

3. Chaos in Hamiltonian systems and area preserving mappings :

Surface of section, Surface of section for two degrees of freedom Hamiltonians, The Henon Heiles

Hamiltoman, The Toda lattice, Surface of section as 4 symplectic mapping, Twist maps, Mapping on the

plane, Connection between area preserving maps and Hamiltonians, The standard maps, The tangent map, - .

Classification of fixed points, Poincare Birkhoff fixed point theorem, Homoclinic and heteroclinic points,
The intersection of H+ and H- whorls and tendrils, Criteria for local chaos, Lyapunov exponents, Power
spectra, Criteria ftor onset of widespread chaos, Method of overlapping resonances, Greene's method,
Statistical concepts in strongly chaotic systems, Ergodicity, Mixing, The Baker's wansformation and
Bernoulli systems. Heirarchies of randomness, Hamiltonian chaos in liquids, Fluid mechanical background,
The model system, Experimental results (Sec 4.1 to 4.8, Tabor) (13 hours)

Dynamics of dissipative systems :

Dissipauve systems and twrbulence, The Navier Stokes equations, The concept of turbulence-a
Hamiltonian degression, Experimental observations on the onset of turbulence, Couette flow, Rayleigh-
Benard convection, Landau-Hopf theory, Hopf bifurcation theory, Ruelle-Takens theory, Other scenarios,
Fractals, Mathematical mode! of strange attractors, Lorentz systems, Variations on Lorentz model, The
Henon map, Period doubling bifurcations - Period doubling mechanism - Bifurcation diagram - Behaviour
beyond 1p - Other universality classes (Sec. 5.1 to 5.5, Tabor) (13 hours)

o5
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5. Solitons :

[2=Y

Historical background, Russel's observations, The F U P experiment, Discovery of the soliton, Basic
properties of KdV equations, Effects of nonlinearity and dispersion, The traveling wave solution, Enough
exercises. (Sec 7.1 and 7.2, Tabor) (8 hours)

Text Book:

1. “Chaos and Integrability in Nonlinear Dynamics”, M.Tabor (Wiley, New York)
References:

1. “Chaos and Nonlinear Dynamics-An Introduction for Scientists and Engincers”,

R.Hilborn(Oxford University Press)

2. “Deterministic Chaos -An Introduction”, H.G. Schustel (Wiley, New York

3. “Chaos in Dynamical Systems”, E. Ott (Cambridge University Press)

4. "Chaotic Dynamics-An Introduction”, G.Baker and J. Gollub (Cambridge 1 iniversity
Press)
“An Introduction to Chaotic Dynamical Systems”, R.L.Devaney(Benjamin-Cummings,
CA)
6. “Deterministic Chaos”, N.Kumar
“Nonlinear dynamics”, Laxmana (Springer Verlag, 2001)

PHY4E17: ADVANCED CONDENSED MATTER PHYSICS

. Elementary Excitations in Solids

interacting electron gas- Hatree Fock approximation; Plasmons and electron plasmon interactions;
Lihhar equation for dielectric constant of electron gas; Electron Hole interactions-excitons; Block and
Wannier representations, Frenkel excitons, lon-ion interactions,-classical equations of motion- Energy in
lattice vibrations;Phonon dispersion relations-density ol states Spin-spin interactions-magnons
Text: Introduction to solid state theory O Madlung Springer Ny1978

. Alloying phenomenon:

Physics of alloy formation-Phase diagrams and alloy ftormation-Ternary groups and quaternary
groups- hand structure calculation of alloys superstructures-quantum well structures- super lattices
Text: Semiconductor physics and Devices: S S Islam Oxford

. Defects in solids and strength of materials:

Dittusion in solids, Vacancies, dislocations and mechanical strengths, ionic conductivity etching, photo
graphic processes, radiation damage in solids, Fracture, Ductile and brittle fractures, Fracture mechanics,
Fatigue, Crack initiation and propagation, Creep, Generalized creep behaviour. Stress and temperature
effects

Text: Llementary solid state physics, Ali Omar; Pearson and Mechanical properties ot matter: AH Cortell,
Wiley NY

- Nano scale science and technology

Nano materials and Quantum mechanics- quantum dots-Three dimensional Systems(bulk materials)-
two  dimensional  systems(films)-one  dimensional systems( quantum  wires)-Zero  dimensional
systems(quantum dots)- Energy levels of quantum dots- nano wires and nano tubessynthesis and applications
Text: Nario technology- Principles and fundamentals: Ed G nter 0 Schmid, Wiley

. Thin Film Technology and Applications

thin film Growth process- Nucleation & film growth- Semiconducting thin fiirms-V
techniques- Solution deposition techniques- Optoelectronic applications of thin tilms-
applications, Enough exercises.
Texts: Thin film devises and applications: Chpora & I Kaur, Plenum Press
Thin Film Fundamentals: A Goswami New Age Publishers
Text and Reference books:
f. Solid State Physics: Structure and Properties of Materials by A. M. Wahab (Narosa
Publishing House, India) 2nd Edition 2005
<. Elements of Solid State Physics (second Edition) by J. P. Srivatsava (Printice Hall of
India) 2001
- Inroductory Solid State physics by H. P. Myers (Taylor & Francis Ltd, London) 2nd
Edition 1998
Solid State Physics by Ashcroft & Mermin 1st edition 2003
- Solid State Physics by C. M. Kachhava (Tata McGraw-Hill} st Edition 199¢:
©. 5olid State Physics by Kittle (Wiley, 7th Edition) 2004

apour depusition
Micro electronic

o
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PHY4E18: MODERN OPTICS

1. Light Propagation and Vectorial Nature :
Llectomagnetic wave propagation, Harmonic waves, phase velocity, group velocir, . @ nergy flow
Poynung vector Different polarizations - Matrix representations - Jone's calculus, Ray vo i~ and rav

matrices, Gaussian beams 1n homogencous media, ABCD law. (11 hours)
2. Coherence :

Principie ot superposition — Theory of partial coherence and visibility of fringes - + cherence time
and coherence tength — Physical origin of line width. Spatial coherence, Hanburrs-i%rown-Twiss
experiment.Basic idea of Fourler Transtorm Spectroscopy. (11 hours)

3. Interference with multiple beams :

Interierence with multiple beams — Fabry-Perot interferometer -Resolving powe:. ipplications.

Theory of multilayer films. ( 8 hours)

4. Diffraction :

NrChur: - meorent,  rresnel-Naeholl lormua,  Babinet s princapie, Fresnel i cuitioller
dittracuon, Fraunhofter diftraction patterns of single slit, double slit and circular apertwre, theory of
diffraction grating. Fresnel diffraction pattern — zone plate, Rectangular aperture, Fresnel integrals, Corn
spiral. Applications of Fourier transforms to diffraction. Aperture function, Apodization, Spatiai filtering,
phase contrast and phase gratings, wave form reconstruction by diffraction holography. (14 houn<:

5. Optics of Solids :

Micrasce i

tields and Maxwell’s equations. Propagation of light in isotropic dicicciric media.
Dispersion-Sellmier's tormula. Prepagation of light in anisotropic media — double refraction, phase velocity
surface, polarizing prisms. Optical activity, Faraday rotation in solids, Kerr effect and Pockel s cfiect (basic
ideas only). Elements of nonlinear optics, Physical origin of nonlinearity. Second harmonic gee 11on. Phase
matching conditions. Applications of second harmonic generation, Enough exercises. (16 hours !
[ext Books :

1. G.R. Fowies, Introduction to Modern Optics (Dover Publishers) ISBN: 048665957

2. A, Yanv, Optical Electronics (1985)
References- :

1. S.G. f.upson, H.L. Upaon and D.S. Tannhauser, Optical Physics (Cambridge Univers

Press;

2. A.N. Matvev, Optics (MIR Publishers)

3. Hecht, Optics (Addison Wealey)

4. Ajov-GChatak, Optics (Tata Mc Graw Hill)

PHY4E19: PHYSICS OF SEMICONDUCTORS

1. Band structural aspects :

TEL s [0 I | ; [l ;
impurities © thecretical models and experimental probes (Capacitive and spectroscopic techiiciies), optical
properties : allowed and forbidden, and phonon assisted transitions and their spectral shapes, :irstein Moss
effect, excitons : frec and bound excitons.  ( 12 hours)

2. Statistical thermodynamics of carriers :

Fermi levei in intrinsic and doped matertals, Non stoichiometric semiconductors, roic o1 structural
defects. Heavy doping and degeneracy, electrical conductivity, Hall effect — two band modei. mobility of
carners, Mechariisms of scattering. measurements of mobility. recombination process, Boltzniinn equation
tor elecuron transport, equilibrium and non equilibrium processes, effective mass and its measurement,
Thermoelectric power, magneto resistivity. ( 14 hours)

3. Metal-semiconductor contacts :

Schottky barrier, P-N junctions, theory of carrier transport in p-n junctions, characteristics of
practical junctions and deviations from ideality, capacitance effects. space charge and diffusion capacitance.
impurity profiling through capacitance measurements, wnnel diode and applications (12 hours

4. Photoconductivity : g

Role of rraps and recombination. phota voltaic devices for solar cells and radii: detection,

luminescence, light emitting diodes and laser action in p-n junction diodes (8 hours)
5. Surface states :

Band bending and effect on bulk properties, Thin film structures, low dimensional =i iconductors,
Quantum wells, multiple quantum well structures, quantum dot structures, methods of preparation, special
chdaractenstics v devices based on quantum wells, Quantum Hall elfect, high electron niotvii o iransistor |
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Enougl: exercises. (14 hours)
Reterences
t. R.A Smith ~ Semiconductors, Academic Publishers, Calcutta (1989)
2. A.B. Lev - Semiconductors and electron devices, Prentice Hall (1987)
¢. M. Shur - Physics of Semiconductor devices, Prentice Hall (1990)
4. S.M. Sze - Physics of Semiconductor devices, Wiley Eastern (1991)
. W. Schockley — Electrons and Holes in semiconductors, D. Van Nostrand ( 1950)
. W.C. Dunlop - An introduction to semiconductors. Wiley (1957)

PHY4E20: MICROPROCESSORS AND APPLICATIONS (4C}

1. Microprocessor, Microcomputer and Assembly Language Programming:
‘Jrganization of microcomputers, microprocessor as CPU, Organization and internal architecture of
the Inte! 8085, instruction set, Assembler Programming. Examples of Assembly Language Programming;
Additon, Subtraction of two 8 bit & 16 bit numbers, One's compliment, Two's compliment, Shifting of 8 hit
& 16 bit numbers, Square from Lookup table, Largest and Smallest in a data arrav. sorting of numbers
ascending and descending order, Sum of a series of 8 bit & 16 bit numbers, 8 bit muluphcation and division
Multi byie addition and subtraction. (16 hrs)
Text: 1 nroduction to Microprocessors—A.P. Mathur (Tata-McGraw Hill),
2. Fundamentals of Microprocessors and Micro Computers”— B. Ram- Dhanapati Rai

2. Microprocessor Timings, Interfacing Memory and 1/0 Devices :

"iming and control unit, Timings of Intel 8085, Address space partitioning. Memorv interfacing.

SsoaLHEHes, Cluglditiieu Pdid LdllSier, et iviRIIaly AceessS bdld I Tdiisi

oG

(12 hrs,

Text “incroduction to Microprocessors™ —A.P. Mathur (Tata-McGraw Hill).
3. Peripheral Devices and Interfacing;

Ceneration of control signals for memory and 1/0 devices, Programmable peripheral intertace-8255.
Programmable  DMA  controller 8257, Programmable interrupt Controller 8259, Programmable
commuiication  interface-8251, Programmable interval timer -8253. Programmiable Keyhoard/Displav
interface - 3279.(14 hrs)

Tex: i r~undamentals of Microprocessors and Micro Computers— B. Ram -Dhanapan la
<. introduction to Microprocessors —A.P. Mathur (Tata-McGraw Hill).

Microprocessors — Architecture, Programming and Applications with 8085 - 11§ Gaonkar (Wilev
i.astern)

4. Applications of Microprocessors:

Yertat dald transler.

Microprocessor based data acquisition system: Analog to Digital converter, Clock for A/D
conversion, Sample and Hold circuit, Analog multiplexer, ADC 0800, Digital to Analog Converter, DAC
0800, Realization of A/D Converter using D/A Converter, 7 segment LED displays. decoders/drivers-7448,
Intertacing of 7 segment display, Display of decimal and alphanumeric characters, Measurement of
frequency, Voltage, Current, Resistance; Temperature measurement and control, Generanon of Square "wave
using niicroprocessor. (12 hrs)

Text : fundamentals of Microprocessors and Micro Computers - 3 Ram, Dhanapatt K.
5. Micro controllers:

Overview ot 8051 microcontroller; Inside 8051; 8051 register and stack, Enough exercises. (6 hrs)

| Microcontrollers & Embedded systems by Muhammed Ali Mazidi & Janice Guillespie Mazidi
Prentice Hall)

trrradnetinn 1o Micranracocenre U D Mathor 7Ty M
Reference Books:

Microprocessors — Architecture, Programming and Applications with 8085

R.S.Gaonkar(Wiley Eastern)

Microprocessors and programmed logic, Kenneth L. Short ( Prentice Hali india)
;. Digital System from Gates to Microprocessors, S.K. Bose ( Wiley Eastern)

4. Microprocessors and Microcomputer system design, M. Rafiquazzaman (Universal Book
Stall , New Delhi).

» Microprocessor (8085) and 1ts applications- 4.Nagoor Kani (RBA Publications)

Text
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®



[} MODEL QUESTION PAPERS (CSS)

Total weightage: 36

10.

11.

12

13.

14

Lo

16.

MODEL QUESTION PAPER
I Semester M.Se(Physics)Programme(CSS) 2010
PHY1C0O1 - Classical Mechanics

Time: 3 Hours

Section A
-~ Answer all questions, each has weightage 1

What do you mean by generalized potential? Give an example.

Write down the Lagrangiau lor Kepler problem and derive Kepler’s second law.

State the principle of least action and usc it to obtain principle of least time.

Deline i’oisson bracket of two variables and discuss its important, properties.

Explain how action angle variables can be used to obtain the frequencies of periodic motion.
Explain how action angle variables provides a procedure for quantization of systems.

Show that infinitesimal rotations can be represented as rate of change of a vector.

Define Coriolis force. Fxplain ils effect on the flight of a missile in the northern hemisphere

The potential energy himetion hetween two atoms of a diatomic molecule is given by V = az ™ —pz =2

where a and b are positive constants and x is the separation between atoms. Find the equilibrium
position

Establish that for a particle executing simple harmonic motion. the trajectory in the phase planc
15 an cllipse

Explain the term ‘limit cyele’

What is a Lvapunov exponent”? How is it related to chaos?

(Total weightage 12 x 1 = 12)

Section B
Answer any two questions, each has weightage 6

(a) Define scattering cross section. What is differential cross section?

(b) Derive Rutherford expression for differential scattering cross section.

(a) What do you mean by Legendre transformation? Use Legendre transformation to obtain
Hamiltons canonical equations of motion.

(1) Solve Kepler problem using H-T equation.
(2+4)

(a) ODbtain Euler equations of motion. Derive the period of precession of earth

() Explain with example the period doubling route to chaos
(3+3)

{a) Explain the free vibrations of a linear triatomic molecule. Obtain the expressions for normal
frequencies and and normal coordinates

(Total weightage 2 x 6 = 12)



17.

18.

19.

21.
22.

Section C
Answer any four, cach hos werghtaye 3

Consider a pendulum made out of a spring witli a niass mon the end, The spring is arranged to lie
in a straight line (which we can arrange by, say, wrapping (he spring around a rigid massless rod)
The equilibrium length of the spring is {. Let the spring have length {4+ (1), and let its angle with
the vertical bef(t). Assuming that the motion takes place in a vertical plane, nnd the equations nf
motions forz and 6.

Using Lagrange’s equation of motion, explain the motion ol a projectile.

Show that the transformationQ = In((sinp)/q) and ¥ = qeotp is canonical using Poisson brackets
and hence show[H. [P.Q]] = 0

- For what values of a and b, do the equations () = q“cosbp, P == y“sinby

represent a canonical transformation.Find the gencraling hnn.t,mn,
Using H.J formalism explain the motion of a frecly falling bod:

Obtain the components of the angular veocity along (he space set of axes in terms of the Euler
angles.

(Total weightage 4 x 5 = 12)




NMODEL OUESTION PAPER
I Semester AML.ScrPhvsics)Prograimme(CSS)Y 2010
P 1C02 - NMathematicalPhysics

Toral weightape: 30 Time: 3 Hours.

13

14

15.

16

Section A
inswer all questions, cach has weightage |

Iixpress ave length in genceal orthogonal curvilinear coordinate svsten.

Resolve cirenlar evlindrical nnity vectors mio cartesian components

Show that Kronecker delta is o second rank mixed tensor.

What 15 & metric tensor? Determine the metric tensor in spherical polar coordinate sysien.

Show that every square maltvis can be uniguely expressed as the sum of Hermitian and Skew
Hermitian matrices.

Show that the trace of »oanabris s invariant under similarity transformation.

Explain the Schmidt orthogonalisation procedure of constructing an orthonorinal set of functions
irom & non orthogonal sel

What i a singular point as applied to o dilferential equation? Bxplain different types of singula
poins

Deline I function. By divest integration show that 1,4 = nl’,

Using the gencrating funciion of 1, (x). show that

| [ :
cosidar = Y~ Pl i)
e e T |
=l )

FFind the Laplace transtorn ol the tiacetion [(1) = sinh al

Explain the essential condifions to he satished Tor a function to be expanded in a Fourier series.
(Total weightage 12x 1 = 12 )

Section B
Answer any two questions. each has weightage 6

Obtain the expression [or pradient and divergence in general curvilinear coordinates. Henee deduce
the expression for gradient and divergence in spherical polar coordinates.
(a) What arc Hermitinn and Unitary matrices?

(b) Show that the cigenvalues of a Hermitian matrix are real and cigenvectors are orthogonal to
cach other.

(a) Outline the technique of solving partial differential equations by variable separation method

(b) Apply the method (o solve three dimensional wave equation in spherical polar coordinates
. Bstablish the orthonormality relation

r+1
/ Pml'Pn.’I)d.'l' =
Y

(Total weightage 2 x 6 = 12,

Section C

Usirer any loay quesiions, each has werghtage ¢



17 Find the cigen values and normalized cigenvectors ol Che watiix,

I 0 0x
() |
(Sl

18. Find the power series solution tor Hermite differentinl couation

Yy = 2wy + 2y =0

o . . *)
19. Prove the recurrence relation for Bessel function Jore) oy, ey = 2T ()

20. Using

Show that.

n=ocx o

Z 1 R T
(2n 4+ 1)2 ¥

n=0.1

21. Using Fourier sine and cosine transforn, Svaluate

COSTVE
Jo %+ b2

O
i nsnna
{0) )
Jigy - G ST

22. I Ly{a) represents Laguerre polynomial of order n

dn

(a)

/ G LnL(f)/')Lu(m)‘]-" =3 (511111
{

. prove that

{(Total weightage 4 x 3 = 12)



NMODEL QUESTION PAPER
I Senestor I\IAHt:(l‘llysi(rs)ngranm|0(CSS) 2010

PHY 1C03 - Electrodynamics and Plasma Physics

Time: 3 Hours
Total weightage: 36 in

Section A
Inswer all guestions. cach has weightage |

I Describe how Maxwell (ixe up Ampere's law on theoretical grounds.

2. Obtain the homogencons veeror wive equations for B and H, for « souree free regjon.
3. Obtain an expression lor pointing veetor
4. Define group velocity. {n whay way does il differ from phase velocity?

5. List the exprossion for the Jow distributed parameters of a parallel plate transmission line of widtl
w and separation (.

<)

- Explain the termg Propagation comstamt’” and ‘characteristic tipedance’ of a transmission line.

7. For a TEin a rectangula wavegnide, show that TE,, is the dominant mode.

jv ol

What is mean by ent ot frequency of a wave guide? Can a wave guide have moge thau one cut, off
lrequency?

Y. Obtain the cquation of Contimity in tensor notation,

10. Write down the components of Joveoqop potential,
11. Explain plasma frequene Dediee an expression for plasma frequency.
12 What is Debye shielding? Obtainy expression for Debye length.
(Total weightage 12 x 1 = 7o )

Section B
Answer A wo questions, cach has weightege ¢

13. (a) Derive the uonhomogenons wiyve equation for vector magnetic potential.

(b) Derive the uonhomogenong wave equation [or scalar potential, (44 2)

14. Discuss the case of unilorn pliane wave incident on reflecting plane conducting surface obliguely
for perpendicutay polarisation.

15. (a) Derive the Maxwell'y equation and lorenty force in tensor notation.

(b) Describe the potential formintation of relativistic electrodynamics (3 4 3)

16. Discuss the motion ol charge| particles in uniform electric and magnetic fields and obtain the
- expression for (rift. veloeity,

{(Total weightag 2 ¢ 6 - 12)



17.

18.

19.

20.

Section
Answer any four, cach has werghtage

~

A 2(m) lossless air gpaced transmission line having o chiaracteristi impedance 50 (£2) s terminnsed

= b

with an impedance 40+j30 (Q) al awr operating (requeney of 200 M., Find the input hinpedance.

[*ind the Pointing vector on the surface of a long straight conduciing wire of radius b’ and con-
ductivity ‘e’ which carries a current . Using pointing’s theorein. show that the power loss is I°R
what is the S1 unit of Poynt ing vector?

Prove that the resonant frequency of a rectangular cavity resouator1s
/ R 1))2

2 TR 1
fonp = V(;)Z 5 (3)2 i

Given & = ayU.lsi'n(l()mn)cos(ﬁwlﬂgl, ~ 3z) in air. Find Hand 9

A hollow rectangular wave guide has a=0 ¢ and L 4 cnn Determiue (he cut off wavelength and

guide wavelength {or the dominant modc.

{a) Show that (E.B)is relativistically invariant.

(b) Show that B2 - *B? s relativistically mvariant.

{ Total weightage iy S 1)
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ANODISL QUISSTION PAPER
I Semester NLSe(Phvsics)Programme(CSS) 2010
PHY 1CO1 - Electronics

Total weightage: 36 Time: 3 Hours.

¢

6.

9.

10.

11

3.

15.

16.

Section A
Vnswer all questions, each has weighlage |

. Draw the structure of a P-channel enhancement type MOSFET. Show its symbol. What are its

advantages over JEITT

Explain the design and working ol o MOSFET NOR circnit.

Explain the action of the memory cell used in RAM.

What-is ;'a(:e around condition in llip-flops? How it is solved in MS JK flip-flops?
Explain the importance ol [Sarnangh map..

Explain the funetion of Sehmitt Grigeer.

Draw the basic OPANMDP inteerator eirenit and show that the civenit is able to perform analog
integration

. Bring out the idea ol vivtual ground in relation to OP-AMP circuits.

Define

(a) input bias currend
(b) iuput offset current
(c) input olfsel voltage

(d) output ollset voltage lor an OPANIP
What are the [unctions of Program counter, Stack pointer., and flags.

What is translerred electron ellect? How does this effect lead to negative diflerential resistivity?

. Discuss the light dependence ol resistance in LDRs. Construct, a circuit showing the application of

LDR.
(Total weightage 12 x 1 = 12)

Section B
Answer any two questions, cach has wewghtage 6

(a)Brielly sketch the working ol an n-channel JFET. (b) Draw the circuit diagram ol common source
FET amplifier with unby-passed sonree vesistance and explain. (¢) Draw the low frequency small
signal FET equivalent cirenit aml oblain expressions for the voltage gain and ontput resistance

(a/)What are the different registers in ANTEL 8085 microprocessor?  Explain their [unctions.(b)
With a block diagram. explain the architecture ol INTEL 8085 microprocessor

Discuss the tunnel diode aperation on the basis of energy band diagrams lor dilferent biasing
conditions.  Explain the wature of the § -V characteristics.  Give a briel account of auy one
application.

Discuss the design. workine aned cirenil analysis ol an emitter coupled diflferential amplifier.

(Total weightage 2 x 6 = 12;

2a
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