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Course structure of
Five Year M. Sc. Integrated (Physics Stream)
Effective from July, 2022
 Minimum total credits for integrated M.Sc. degree is 240,
o Swmesters 1 to VI will carry 95 cradits vach.

e Semesters IX and X will ewiry 20 credits cache

BL: Biology Laboratory, 1L Chemistry Laboratory, 'L Physics Laboratory, GL: General Laboratory,
PIS: Physics Elective, PPr: Physics Project

TIRST YEAR

T o o N N . " |
Abbroviation:  B: Biology, C: Chemistry, M: Mathematics, P: Physics, Gt Ceneral, H: Huwwanitics,

SEMESTER -1

Subject Code | Subject Contact owrs /| Week [Thcory-%’l‘utoria}s} Credé.t{]
»iot Piolegy - 1 241 3
et Cheamstry - 1 241 3

A0/ MBLOY Mathematies - 1 241 i 3
V101 Tiroduetory Physics - 1 Pl 3
Gl Computer Dasics 2+ 1 3
H101 fiommunication Skills 2] 2

' Contact Hours /Week Laboratory
B Biology Laboratory - 1 4 2
CLLOL Eennsity Laboratory ~ 1 4 2
PL10T Phvsics Labovatory - 1 4 2
GLiot Compnter Laboratory 4] 9

{25 of 240 credits) 25
T Additional Papurs
ESIOL [ Envirommental Studies [ 2 [ 2

SEMESTER -1I

Tubject Code | Subject Clontact Hours / Week {'I’hem‘yx}»',l‘u&m'ials] Credits |
3o Biclogy - U e 3
itk Chenstry - 11 2+1 3
W20 /MB201 Finthematics-11 ' 241 3
By iiroductory Physics - I3 241 ‘ 3
Guul Ficctromics and Tnstrumentagion PR it
' Contact Hows /Weck Laboratory
BL201 Diology Luboratory - i 4 )
CrL201 Chemistry Laburatory - i 4 T
P i atory - it 4 )
wari Laborat O; 2 I
T L‘«oﬁzmmcm:ngﬂul%s Lab 4 2
b (50 of 210 credits) 5
T Additional Papers
| ES201 [ Environmental Studies [ 12 ER
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SECOND

YEAR.

Sm\fl’f'}k TER - 11

N‘m ibjeet _ Contaet | mn 4 f Woek Theory + Tatorials] | Creddins
Mad benatioal Physivs - 1 KR 4
: Ulassion! Mechmties - 1 341 !
ANITR Plectromagnetisig KRN 4
1304 Waves and Oscillations S 1 4
H3ut Crealive Hhndi 240 2
102 History and Philosophy of Scicnee 240 g
Contact Hows /Week Laboratary
LA Plovsies Labovatary - I i 3
GlLam Applied Flectronies Laboratory 4 2
(75 of 240 credits) 25
SEMESTER -1V
Subyject Code | Subject Contaet Hours 7 Week {Theory + Tutorinds] | Credits
vl Bathematical Physies - 1 4 1] g
P Cuantwu Mechanics - 1 4+ 1] 5
POB Physical and Chemieal Kinetics J b
SE Statistical Technigues and Applica- | {§41 4
tony
Contact Hours /Week Luboratory
PLAU Physies Laboratory-1V G 3
GL4i “Ceomnputational Labovatory and No- | 4 2
moeriesl Methods
1aul Communication Skills Lab-1I ] P
{100 of 240 eredits) 25
THIRD YEAR
SEMESTER - V
subject Code | Subject Coutact Hours / Week [Theory+Tutorials] | Credits
{2541 i")‘v:u’xtum Mechimies - 11 441 5
Poins Sassical Mechanien - 1 A1 5
P z\t,uxma, andd Molecular Physics 341 4
BALILD: Numerical Analysis 3+1 4
E5 “Seientific Writing in Hindi 2 i
Contact Hours /Week Laboratory
PLOOL Pliysics Laboratory - V 1§ 3
PAalLsol Numericul Methads Laboratory 4 2
{125 of 290 credits) 25
Jl\II‘AS(I ER - Vi
.‘;fnhjw:t Code | bBubject Contact Howrs / Week {Theory+Tutorials] | Credins
il Eleerrodymunics 441 i)
Poo E«'f%:.:ni:atic:;d Pilctzimnic:; -1 ‘ G| {» 1 ‘
Compulational  Physiecs - AP+ 1
{ only for SEMESTER-IV stu-
doents of session 2021-22 )
Ul TComdensed Maottor Physics - 1 [4+ 4
P60 [ TR T ’ “ -} 4
oo Filies ul Scicamr mnd 171 {2 2
Hoy2 Seientife Writing tn Binglsh 21 2 :
o o Conlact Hows /Week Laboratory
PLa f Pliysics Laboratory - V] 6] 3
o (i Uuul(’} 25

s
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FOURTH

YEAR

SEMESTER - VII

Subject Code

Subject

Contacl Hours / Week [Theory+Tutorials] | Credits
P70l Astrononiy and Astrophvsics - | 341 4
P7Q2 Quantinn Mechauics - 111 J 41 4
P73 Statistical Mechanies -« [ XS 4
PO 3€ll(ﬂt‘,(ll‘ Pliysies - 1 ) . 31 4
Computational  Physies - B[ 141
{only for SEMESTEI-VI stu-
dents of session 2021-22)
Contact Hours / Week Laboratory
PLYOL Advanced Physics Lahoratory - | 0] 5
Prer7ig Reading Project 8] 4
(175 of 240 credils) 25
SEMESTER - VI
Subject Code | Subject Contact Hours / Week [Theory+Tutorials] | Credits
PEOL Astronony and Astrophysics-11 41 4
P02 Flaid Mechanies 341 4
PRu3 Nuclear and Particle Physics 341 4
Pegd Condensed Matter Physics - 11 J41 4
o Contact Hours / Week Laboratory
PLsot Advanced Plorsies Laborvatory - 11 }i)} 5
PPrsi Praject 3] 4
(200 of 240 creclits) 25
FIFTH YEAR
SEMESTER- IX
Subjeet Code | Subject Contact Iours / Week {Theovy+Turorials] | Credics
PPrail Project 20
(220 of 240 credits) 20
SEMESTER- X
Subject Code® | Subject Contact Hours / Week [Theory+Tutorials] | Credits
PE-T | Quantun Field Theory 4+ 1] 3
P2 General Redativity awd Cosinology 441 5
P2 Laperimental Techniques 441 5
TR COL Imaging und Spectroscopy 141 [
PE-G Biophysics 441 5
PE-¢ Particle Physics 41 5
PE-T Nonhnear Dynamics and Chaos 441 5
PE-3 Reactor Physics and Radiation Sci- | [+ 1 o
ouoe
PE-g Accelerator Physies and Applica- | 4+ 1] I
ity
PE- 10 Computational Physics - C 441 )
Pl Glitopses of Contemporary Sciences | 4+ 1 2
P12 farth Science and Energy & Eovie | [ 1 ]
ronmenial Seiences
Pl - 13 Cirenity and Blectronies Ty 3
(240 of 290 cradit 20

"Pour Subjects will be effered according Lo the availability of Instructors and minimum
number of interested students taking a course.The chosen four subject will have codes PE100G1,
PLE1002, PEIOOS and PIR1004,
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Scheme of examination (Physics Stream)

Integrated M.Sc. Semester ~ 1

Subjject Code Subject Infernal Marks External Marks Total Marks | Credit
Max Min Max Min Max
B0 Biology -1 GO 24 40 16 100 3
1ot Chemistry - 1 650 24 40 16 100 3
MivMBIOL Mathematics - | 60 24 40 16 160 3
Prul lutroductory Physics- 1 a0 34 40 16 100 3
G “ompiter Basics 60 14 40 16 100 3
CH101 Communication Skills GO 24 40 16 100 2
Practical
BLIGL Bictogy Labartory-] 60 24 40 16 100 2
CLIOT Chemistry Laboratory-1 50 24 40 16 100 2
PLIGY Physiex Labacatory.l 40 24 40 16 100 B
Gigol Computer Laboratory 60 24 40 16 100 5
Additional Papers
EST01 Environmental Studies } 60 24 40 16 100 2
Integrated M.Sc. Semester — 11
Subject Code Subject Internal Marks External Marks Total Marks | Credit
Mux | Min ‘Max Min Max
B201 Biology - I1 60 24 40 16 100 3
C201 Chemistry - {1 60 24 40 16 100 3
M201/MB201 | Mathematics-11 50 24 40 16 100 3
P21 Introductory Physics-11 60 24 40 16 100 3
GRG S ootionies anm :
P | e o R O T T
Practien]
BLzot | Biology Laboratory- 11 60 24 40 16 100 5
CL2O} I(!?he{ms:uy Laboratory- 60 24 40 16 100
PL20Y Physics Laboratory~ 11 60 24 40 16 100 5
GL2oY Electronics Labaratory 60 24 40 16 L0 5
Hzyl ;:;;gmmtmc;ttmn Skills 60 24 40 6 100 5
Additional Papers
A ES201 Environmental Stadics [ 60 24 40 16 100 5

y»«»r\}/ /”'




futegrated MLSc. Semester - 111

Subjeet Code Subject » Internal Marks | ljixtg’g_g‘!:}f[ Marks | Total Marks | Credit
Max Min HS HE Min Max
Pl Mathemationl Physies - | 060 34 44 e 16 100 4
P302 Chassical Mechanies - | o0 | 34 a0 16 100 4
PRO3 Electromagnotism o o (2',1 B 40 ) 16 100 4
(RIS TWaves sl Owedlatione ’ G0 ‘ 24 40 i 16 100 4
134 Creative Hindi (‘K}’ & 24 A ) 16 100 il
R History und Philosophy " ) ) , ,,
of Seience 60 24 40 16 G 2
Practicd
PL3OT Physics Lubor;xtm"y» I 60 24 40 16 140 3
GLIO Applicd Tloctronics , ‘ ‘ v
Laboratory {"(‘} 24 40 16 100 -
Integrated M.Se. Semester IV
Subject Code Subject Internal Marks | External Marks Total Marks | Credit
Mux Min Max Min Max
P34 Muthematical Physics-1 60 24 40 16 100) 3
Pz Oauntum Mechanies- | 60 24 40 16 100 5
PCBAGE Physical and Chemical \ ., . * !
Kinetics ‘ 6l 24 40 16 100 4
Gagl Statistical Techniques .
and Applications 60 24 40 16 100 4
Practical
PLAGL Physics Luboratory-1V 60 24 40 16 100 3
(L4 Computational
Laboratory and 60 24 40 16 100 2
Mumerical Mothods
a0 (jmmuumr:nu,m Skills 60 24 40 16 (00 ?
Lab-11
Integrated M.Sc. Semester - V
Subject Code Sulbyject Internal Marks Exterual Marks Total Murks | Credit
Max | Min Max Min Max
PEGE Gusmitum Mechanics-11 G0 24 ';{0 16 100 3
P02 Classical Mechanics-i] 60 24 30 16 100 3
503 / ¢ wd Molecular
P51 :\tt)!?}i‘t i Moleculan 60 24 40 16 100
Phivsics
PRISOL Numerical Analysis 60 34 40 16 100 4
" oL Screntilic Wriins 1 .
FISGE <fgxuv§tr!ru Wriling in a0 24 40 16 100 2
Huuli
Practical
pPLEGT Physics Labomtory. V GO 24 40 16 100 35
MESG tnerical Metbods o ; o ;
PRL5G] i\.urm_'m 1] Mutlods 60 24 40 16 100 3
Shndory .




Integrated M.Sc. Semester — VI

Subject Code Subject Internal Marks External Marks Total Marks | Credit
Man Min Max Min Max
Paoy Electrodynamics 60 74 40 16 100 5
ooz Statistical Mechanies- | o
Cuomypnitional . ) _
e Plhysics-A {only fur &0 24 40 16 100 5
SEMESTERAIV students
of session 2021-22)
i P63 Condensed Matter 60 24 40 6 100 4
o Physics - 1 N -
Paid Lasers 6O 24 40 (6 L0 4
Hot Ethics of Scrence amd . ) . )
{ PR ’ T 60 24 40 16 100 2
Heuz Scientitic Writing in - 5 .
English 00 24 40 16 100 2
Practical
PLGO] I Physics Laboratory- VT I 60 ! 24 * 40 16 100 3
Integrated M.Sc, Semester — VIi
| Subjeet Code Subject Internal Marks External Marks Total Marks | Credit
i IS
| Max | Min Max Min Max
P30 Astronony and ,
Astrophysics - | 60 24 40 16 100 4
PEO2 Quantum Mechanics- 1)1 60 24 40 16 160 4
703 Statistical Mechanics- 1| 2() 24 40 16 100 4
- P704 Muclear Physies- [
Conputational )
Physics-13 (only  for 60 24 40 16 100 4
- SEMESTER-VI students
_of session 2021-22)
Practieal
PL70] Advanced Physics . - -
Laboratory - 1 60 24 40 16 100 5
PPr7a Reading Project 40 24 40 6 100 3
Integrated M.Sc. Semester — V11
Subject Cade Subject Internal Muarks External Marks Total Marks | Credit
) Max Min Max Min Max
P50 Astronomy and T )
e P Astophysics-Il 0ol 24 40 16 100 4
X}C;( T3 s Pt Fineebvoyiryerer g y ,W -
FEO2 - Flukd Mechanics G0 74 40 6 100 1
P83 Nuclear and Varticle
Physics 60 24 40 16 100 4
P304 Candensed Matter
Physies - 1 60 24 40 16 100 4
Pructical
) PLEGT Advanced Physics o o S '
| Luboratory- 1 t0 . W 16 t00 5
. ~ PPrROY Project G0 i 24 40 16 160 4
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Integrated M.Sc. Semester — IX

Project Seminar Based an Viva-Voce Based on .
Subject Report/Dissertation Project Project Report and , ] ”“*} L
Seminar i\i:;rks Credit
" . Muax
CProft- Max Min Max Min Max Min X
Project 150 60 150 6 100 40 400 20
Infegrated MLSe. Semester —~ X
Sulject Code Subjeet Internal Marks External Marks Total Marks | Credit
Max Min Max Min Max
VTR0 Elective subjects will be G0 24 40 B 16 100
UHGGE offered aceording to the -
. ' _ availability of instrucetors 60 24 40 16 100
PLHOG3 and  pinimum nember 60 24 44 16 [E¢ls] 5
TETGOS el interested students
taking a course from the 5 ) .
list uf elective subjects in 60 24 40 16 100 )
ithe svilabus.
R
WD
A
7 ;
I e ¥ s
/;{.J/ . {‘/{‘JM
§ ot S
s P ff—‘:/*/ 4
” z// } y i
T e v z’_)
A o
/o / =
é‘; ?"J/: L f!’\;/’




Contents

e

Tt

SEMESTER- 1

1.1 P101: Introductory Physics-1 (For all streams) . « - - oo s oo e
12 PLI0L: Physics Laboratory = L. . .o vome s m im0
SEMESTER - 11

21 P201: Introductory Physics-1I (For all SETCAMIE) .« v v w e e e e e
99 PL201: Physics Laboratory = IT . . oo e m n
99 (901- Blectronics & Instrumentation . . . v v v oo s s T T T
94 CL201 Electronics Jaboratory . . . . .o v o s oo s T n T
SEMESTER - I1I

31 P301: Mathematical Physics =T ..o v v v o e T
39 P302: Classical Mechanics =T . ... o v v o
33 P303: Electromagnetisin . - . -« o oo s e s s
3.4 P304: Waves and Oscillations . . . . ..o
35 H302 : History and Philosophy of Science (All SLTCAINS) o « « « v v o v v m v m e e
3.6 PL301: Physics Laboratory ~IIL .. ..o ov e
3.7 GL301: Applied Electronics Laboratory . .« ..o v oot
SEMESTER - 1V

41 P40L: Mathematical Physics = I« o oo n v
49 P402: Quantwm Mechanics — T . . .o oo v
43 PCB 401: Physical and Chemical Kinetics . o« v v v v v oo oo e e e
4.4 ©401: Statistical Techniques and Applications . . . . . .. oo v v e e e
45 PLA0L: Physics Laboratory =TV . ..o v i
4.6 GL401: Computational Laboratory and Numerical Methods

..............

SEMESTER - V

5.1

P501: Quantum Mechanics — 11
P502: Classical mechanics ~ IL . . 0. o oo v v
P503: Atomic and Molecular Physics
PM30T: Numerical Analysis . o . . o o oo
PLA01: Physics Laboratory « Vo . .. o000 oo
PML501: Numerical Methods Laboratory

o O L T I A S S S S A A

...........................

.........................

SEMESTER - VI

6.1
6.2
6.3

[
e
Bhue

PO0T: Blectrodynamics . . . o v v v v e e e e e e e
P602: Statistical Mechanics - 1

P602 Computational Physies - A
(only for SEMESTER-TV students of session 2021-22)
P603: Condensed Matter Physics - 1

..............................

..................

..........................

o L¥

o o~} o v &R

15
15
16
17
18
13
19



~¥

o

>

10

4.5
6.6
6.7

POOG: Lasers. .« o v o v e e e e e e Y
H 601 Ethies of Seience and IPR 00 0 0 00000 n o
PLG0T: Phvsics Laboratory - VI L 000000000

SEMESTER - VI

71 P70 Astronomy and Astrophysies - 1000 000
7.2 i‘TOJ. Quantum Mechanies  HEL L0000 C e e
T2 PT03: Statistieal Mechanies - 11 o000 o000
T4 P70L Nuelear Phwsies-T 0000000 co o000
7.5 DPT04 Computational Physies - B

{only for SEMESTER-VI students of session 2021-22)
T8 PLT0L Advanced Physies Laboratory 1o 00000
T PPl Reading Project |

L’\i ESTER. - VIII

e

R R
SR de L3 B

o

o

P&01: Astronomy and Astrophysics
P802: Fluid Mechanics
[’&03: Nuclear and Particle Physics
P04 Condensed Matter Physies - 11 . 00 L L.
PLROT: Advanced Phvsies Laboratory - 11
PPr801: Project .

.........

SEMESTER - IX

9.1

PProodl: Project

SEMESTER - X

101
10.2
10.3
104
10.5
10.6
10.7

FE - 1o Quantum Field Theory . ... 0000 0L
PE - 20 General Relativity and Cosmology . . . . . ..

ey

PE - 3: Experimental Techniques

PE - 4: CCD Imaging and Spectroscopy . . . . .. ..
PE - 5: Biophysics .. ... .. .. e e e e
PE - 6. Particle Physics . . . . e e e e
PE - 7: Nonlinear Dynamics and Cha‘os e

108 PE

10.9

10.1G6PE - 10: Computational Physics - C
10.11 PE - 11: Glimpses of Contemporary Sciences
10. i‘? PE
10,3

PE - & Reactor Physics and Radiation Scienee
PE - 9: Accelerator Physiecs and Applications

.....

3 PE - 13 Cireuits and Electronics .

----------

iy,

v,

.................

...................

.........

.................

................

.....

.............

...........

L S T Y

...............

..........

.....

.................

- 12: Earth Science and Energy & Environmental Sciences .

.........



SEMESTER- 1

1.1 P101: Introductory Physics-I (For all streams)

UNIT -1

The Relation of Physics to Other Sciences:
Conservation of Energy: What is energy?, Gravitational potential energy, Kinetic encryy, Other
s of Force: What is a foree?, Friction, Molecular forces, Fundamental

Chemistry, Biology, Astronomy, Geology, Psychaology

forms of energy, Characteristic
forces. Fields, Pseudo forces, Nuclear forees

UNIT - 11
““he Harmanie Oscillator: harmonic oscillator, Harmonic motion and circular motion, Initial condi-

tions. Foreed oscillations, Resonance: Complex numbers and harmonic motion, The forced oscillator
with damping, Electrical resonance, Resonance in nature

UNIT - III

lieat: Equilibrium and the zeroth law: temperature, Calibrating temperature, Absolute zero and the
Kelvin scale, Heat and specific heat, Phase change, Radiation, convection, and conduction, Heat as
molecular kinetic energy, Boltzmann's constant and Avogadro’s number, Microscopic definition of

absolute temperature

UNIT - 1V

Thermodynamics: Statistical properties of maiter and radiation, Thermodynamic processes, Quasi-
statie processes , The first law of thermodynamics, Specific heats: ¢, and ¢ , Cycles and state
variables, Adiabatic processes, The second law of thermodynamics, The Carnot engine, Defining T

%

using Carnot engines

UNIT -V

Futropy and Irreversibility: Entropy, The second law: law of increasing entropy, Statistical mechanics
and entropy, Entropy of an ideal gas: {ull microscopic analysis, illustration of maximum entropy
principle , Gibbs formalism, third law of thermodynamics

Suggested Texts and References:

1. Text Book for UNIT-1 and 1I: "The Fevuman lectures in Physics” volume 1, by R. P
Feviman, R, B. Leighton, M, Sands.




9. Text Book for UNIT - III, IV and V: "Fundamentals of Physics I - Mechanics, Relativity,
and Thermodynamics (Open Yale Courses)” by R. Shankar

3. References: " An introduction to mechanics”, by D. Kleppner and R. Kolenkow.

4. “Mechanics”, by Charles Kittel, Walter D, Knight and Malvin A. Ruderman, Berkeley Physies
Course Volume 1.

[og}

. "Waves”, by F. S. Crawford, Berkeley Physics Course Volume 3.

6. Thermodynamics, Kinetic theory and Statistical Thermodynamics, 3rd Edition, F. W. Sears
and G. L. Salinger, Narosa Publishing House, 1998.

-1

Heat and Thermodynamics, 8th Edition, M. W, Zemansky and R. H. Dittman, Tata McGraw
- Hill Edueation, 2011.

8. University Physics, Tth Edition, Francis W. Sears, Mark Zemansky and Hugh D. Young, Mas-
sachusetts: Addison Wesley, 1987,

1.2 PL101: Physics Laboratory — 1

[ntroduction to experimental physics — conceptual and procedural understanding, planning of ex-
periments; Plots (normal, semi-log, log-log); uncertainty / error in measurements and uncertainty /
error analysis. Introduction to measuring instruments — concepts of standards and calibration; deter-
mination of time periods in simple pendulum and coupled strip oscillator system with emphasis on
uncertainty in the measurements and accuracy requirements; study of projectile motion  understand
the timing requirements; determination of surface tension of a liquid from the study of liquid drops
formed under the surface of a glass surface; determination of Young's modulus of a strip of metal
by double cantilever method {use of travelling microscope); study of combination of lenses and nodal
points and correspondence to a thick lens; study of thermal expansion of metal - use of thermistor as
a thermometer; measurement of small resistance of a wire nging Carey- Fosterbridge and determine
electrical resistivity of the wire; study of time dependence of charging and discharging of capeacitor
using digital multimeter - use of semi-log plot.

Suggested Texts and References:

1. Advanced Practical Physics for Stndents, B. L. Worsnop and H. T. Flint, Methuen and Co.
Ltd., London

p
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SEMESTER - II

2.1 P201: Introductory Physics-11 (For all streams)

UNIT - 1

The Electrie Field: Review of kev ideas, Digressian on nuclear forces, The electric field E, Visualizing
the field, Field of a dipole, Far field of dipole: general case, Response to a field, Dipole in a uniform
field, Gauss’s Law: Field of an infinite line charge, Field of an infinite sheet of charge, Spherical charge
distribution: Gauss’s law, Digression on the area vector dA, Composition of areas, Au application of
the area vector, Gauss's law through pictures, Continuous charge density

UNIT - 11

Application of Gauss’s Law: Applications of Gauss’s law, Field inside a shell, Field of an infinite
charged wire, Field of an infinite plane, Conductors, Field inside a perfect conductor, The net charge
on a conductor, A conductor with a hole inside, Field on the surface of a conductor

UNIT - 111

Magnetism:  Experiments pointing to magnetism, Examples of the Lorentz force, the cyclotron,
Lorentz force on current-carrying wires, The magnetic dipole, The DC motor, Biot-Savart Law, field
of & loop,Microscopic description of a bar magnet, Magnetic field of an infinite wire, Ampere’s law,
Maxwell's equations (static case)

UNIT - IV

Wave Theory of Light: Interference of waves, Adding waves using real numbers, Adding waves with

complex numbers, Analysis of interference, Dillraction grating, Single-slit diffraction, Understanding
reflection and erystal diffraction, Light incident on an oil slick, Normal incidence, Obligque incidence

UNIT -V

Gpties: The Principle of Least Thae Light, Reflection and refraction, Fermat’s principle of least time,
Applications of Fermat's principle, Geometrical Opties: The focal length of a spherical surface, The
focal length of a lens, Magnification, Compound lenses, Aberrations, Resolving power, Color Vision:
The nnan eye, dependence of Color intensity, Measuring the color sensation, The chromaticity
diangrarn, The mechanisim of eolor vision, Physiochemistry of color vision, Mechanisms of Seeing: The
wm'«ni»'n of mlm' The physiology of the eve, The rad cells, The compound {insect) eve. Other eves,

3] s
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f“ihx,;,z;;::;m;tu({ Textls and References:

Cext Book for UNIT « 1 to TV: "Fandmmentals of Physics IT - Electromagnetisim, Optics,
ared Quantum Mechaudes: 2 {The Open Yale Courses Series)” by R, Shankar

2 Toxt Book for UNIT -« Vi The Foyuman lectures in Physics” volume 1, by R. P Feynman,
R. 13 Leighton, ML Sands.

3. References: Pleetricity and "»i.wm‘ isn, Berkeley Physics Course Vol. 2, 2nd Edition, Edward
M Parcell, Tada MeGraswe 11, 2011,

A The Fovnman Lectures on Physies Vol 2, U P Feynman, R. B Leighton and M. Sands, Narosa
Publieations, 2010,

5. Tndamentals of Opties, 4th Edition, I, A, Jenkins and H. E. White, Tata McGraw Hill, 2011.

6. University Physics, Tth Bdition, Francis W, Sears, Mark Zemansky and Hugh D. Young. Mas-
sachnsetis: Addison Wesley, 1087,

7. Optics | 4th Bdition Eugene Heeht Massachusetts: Addison Wesley

8. "TFoundations of Electromagnetic Theory 4th edition, ” John R. Reitz, Fredrick Milford & RobertChrist’
Massachusetts: Addison Wesley, 1993

9. Fundamentals of Optics 4th Edition Francis A. Jenkins and Harvey E. White "New York Mc
Graw Hill Book Company Ine. 20017

10, Optieal Physics 3rd Edition "Stephen G. Lipson, Henry Lipson & D. S, Tannhauser™ New York
Cambridge University Press 1995

2.2 PL201: Physics Laboratory — 11

Review of uncertainty / error analysis; least squares fit method; introduction to sensors / transducers:
determination of ‘g’ (acceleration due to gravity) by free fall method; study of physical pendulim
using a PC interfaced apparatus — study variation of effective ‘g * with change of angle of plane of
oscillation - investigation of effect of large angle of oscillation on the motion; study of Newton’s laws of
motion using a PC interfaced apparatus; study of conservation of linear and angular momentum using
Maxwell’s needle” apparatus; study of vibrations of sofl massive spring; study of torsional oscillatory
system; study of refraction in a prism - double refraction in caleite and quartz; study of equipotential
surface using different clectrode shapes in a minimal conducting liquid medium: determination of
clectrical inductance by vector method and study effect of ferromagnetic core and study the effect of
non-linearity of inductance with current.

Suggested Texts and References:

1. Advanced Practical Physics for Students, I3, L. Worsnop and H. T. Flint, Methuen and Co.
L., London
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2.3 (1201~ Electronics & Instrumentation

UNIT - 1

The Circuit Abstraction: The Power of Abstraction, The Lumped Circuit Abstraction, The Lumped
Matter Discipline, Limitations of the Lumped Circuit Abstraction, Practical Two-Terminal Elements,
Batterics. Linear Resistors, Associated Variables Convention, Ideal Two-Terminal Elements, Ideal
Voltaze Sources, Wires, and Resistors, Element Laws, The Current Source, Another Ideal Two-
Terminal Element, Modeling Physical Elements, Signal Representation, Analog Signals, Digital Sig-

naly, Value Discretization

UNIT - 11

Resistive Networks: Terminology, Kirchiboff’s Laws, KCL, KVL, Circuit Analysis: Basic Method,
Single-Resistor Circuits, Quick Intuitive Analysis of Single-Resistor Circuits, Energy Conservation,
Voltage and Current Dividers, Intuitive Method of Circuit Analysis: Series and Parallel Simplification,
Circuit Examples, Dependent Sources and the Control Concept Circuits with Dependent Sources, A
Formmulation Suitable for a Computer Solution

Network Theorems: The Node Voltage, The Node Methad, Floating Independent Voltage Sources,
Dependent Sources and the Node Method, The Conductance and Source Matrices, Loop Methiod, Su-
perposition, Superposition Rules for Dependent Sources, Thevenin’s Theorem and Norton’s Theorem,
The Thevenin Equivalent Network, The Norton Equivalent Network,

UNIT - III

Number Systems and Codes: Decimal Odemeter, Binary Odometer, Number codes, Binary-to-Decimal
conversion, Decimal-to-Binary conversion, Hexadecimal Numbers, Hexadecimal-to-Binary conversion,
Binary-to-Hexadecimal conversion, Decimal-to-Hexadecimal conversion, BCD Numbers, ASCII code
Digital electronics: Review of basic logic gates; DeMorgan’s theorem, Use of NAND / NOR as uni-
vergal building blocks; arithmetic circuits; binary addition, half adder, full adder, binary subtraction
- 1s and 9s complement, controlled inverter, adder / subtracter, parity checker

UNIT - 1V

Introduction to measurements: Measurement units, Measurement system applications, Elements of a
measurement system, Choosing appropriate measuring instrumeuts

Instrument types and Performance Characteristics: Review of instrument types, Active and passive
instruments, Null-type and deflection-type instruments, Analogue and digital instruments, Indicating
instruments and instruments with a signal output, Smart and non-smart instruments

Static characteristics of instruments: Accuracy and inaccuracy {(measurement uncertainty), Preci-
sion/ repeatability/ reproducibility, Tolerance, Range or span, Linearity, Sensitivity of measurement,
Threshold, Resoltion, Sensitivity to disturbance, Hysteresis effects, Dead space

Dynamic characteristics of instruments: Zero order instrnment, First order instrument, Second order
instrument, Necessity for calibration

UNIT - V

Errors during the Measurement Process: Sources of systematic error, System disturbance due to mea-
surement, Errors due to environmental inputs, Wear in instrument components, Comecting leads,
Reduction of systematic errors, Careful instrument design, Method of opposing inputs, High-gain
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fecdback, (% Ibm Jon, Manual correction of ontput reading, Intelligent instriments, Quantification
»f systematic errors, Random errors, Stafistieal analysis of measurements subject to random errors,
sraphical i;zm analvads techuiques  freguency distributions, Aggregation of measurement system

{
L i
crrorvs, Combined elfeet of systematic and random ervors, Aggregation of errors from separate mea-
surement system cotpouends, Total error when combining multiple measurements

- Calibration of Mensuring Sensors and Instruments: Prineiples of calibration, Control of calibration

envirenment, Calibration chain and traceability, Calibration records

Suggested Texts and References:

1. Text Book for UNIT - 1 and II: TFomdations of Analog aud Digital Elcctronic Circuits.
Aparwal, Auant, and Jeffrey H. Lang. San Mateo, CA: Morgan Kaufmann Publishers, Elsevier

2. Text Book for UNIT - IIL: " Digital Computer Electronics”, Tata McGraw-Hill (Third Edi-
tion) by Albert P. Malvino, Jerald A, Brown

3. " Electronies Principals and Applications” Tata MeGraw-Hill, (Ninth Edition), Charles A. Schuler

4. Text Book for UNIT-IV and V: "Measurements and Instrumentation Principles”, Third
Edition, by Alan 5. Morris

5. “LBlectronic Devices and Circuit Theory” by R, L. Boylestad, L. Nashelsky, K. L.Kishore, Pear-
=01

6. “Electronic Principles” by Malvino and Bates

7. “Electronic Cirenit Analysis and Design™ by Donald A. Neamen, Tata McGraw Hill
8. “Electronic Devices and Circuits” by David A. Bell

9. “Digital Principles and Applications” by Leach, Malvino and Saha

10. “AModern Digital Electronics™, Tata McGraw-Hill (2003) by R.P. Jain

11, “Digital Design”, Pearson Education Asia, (2007) by M. Morris Mano, Michael D. Ciletti
12. *Digital Fundamentals”, Pearson Education Asia (1994) by Thomas L. Floyd
13. “Measurement & Instrumentation” by DVS Murthy

14, “Flectrical Measurements & Electronic Measurements” by A K. Sawhney

2.4 GL201 Electronics laboratory

Bt

To study the Half wave & Full wave rectifier and study the effect of C filter.
2. To design a Single Stage CE amplifier for a specific gain and bandwidth.
3. Study of Operational amplifier in inverting and non-inverting mode.

4. To verify and design AND, OR, NOT and XOR gates using NAND gates.
0. To study FLIP-FLOP circuits

6. To Stady power regulator cireuits

Yyl
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SEMESTER - 11

3.1 P301: Mathematical Physics — 1

UNIT -1

Review of first order differential equations, the notion of Wronskian and its properties, Series solutions
of second order differential equations, Frobenius method. Rodrigues formula and classical orthogonal
polynomials, recurrence relations, symmetry propertics, special values, orthogonality, normalisation.

UNIT - 11
Cenerating funetions. Legendre, Hermite, Laguerre, Bessel and Hypergeometric differential equations.
integral representations of special functions. Expansion of functions in orthonormal basis.

UNIT - 1

Complex variables: Notion of analyticity, Cauchy - Riemann conditions, Harmonic functions; Con-
tour integrals, Cauchy theorem, simply and wmultiply connected domains, Cauchy integral formula,
derivatives of analytic functions.

UNIT - IV

Laurent series, uniform convergence; Notion of residues, residue theorem, notion of principal values.
applications of residues to evaluation of improper integrals, definite integrals, indentation, branch

points and branch cuts.

UNIT - V

Fourier series and simple applications. Fourier transforing, Parseval's theorem, convolution, and their
simple applications.  Laplace transforms, initial value problems, simple applications, transients in

o

cirenits, convolution.

suggested Texts and References:
I. Complex Variables and Applications, R. V. Clurchill and J. W. Brown, McGraw-Hill, 2009

2. Camplex Variables: Introduction and Applications, 2nd Edition, M. J. Ablowitz and A, S.
Fokas, Cambridge 2003

3. Differential Equations, G. F. Sitmmons, McGraw-Hill, 2006

4. Ordinary Differential Equations, V. L Arnold, MI'T Press 2009

L 49 / '\ o
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1
5 Mathematical Methods for Physicists, Tth [dition, o Arfken and Hans JJ. Weber, Blsevier 2012,
3.9 P302: Classical Mechanics — 1

UNIT - I

Recap- Newton's laws, vector alpebra, gradient; momentim, encryy, constraints, conservative {orees,
sotential energy, angular momentum. Inertial and non - inertial frames, fictitions forees.

UNIT - 11
Fancaunlt pendulum, effects of Coriolis force. Central forces, conservation of energy and angular

momentum, trajectories, orbits, 1/r potential {quadrature), classical scattering, two body problem,
centre ()f Mass fi,ﬂ(i rei&iive motions.

UNIT - 111

E{md body motion, moment of inertia tensor, energy and angular momenturn, Euler’s theorem, motion

»f tops, gyroscope, motion of the Earth. Introduction to Lagrangian through variational principle,
applications of variational principle.

UNIT - IV

Relativity: Historical background, inconsistency of electrodynamics with Galilean relativity. Ein-
stein’s hypothesis and Lorentz trausformation formula, length contraction, time dilation.

UNIT -V

Doppler shift.  Energy, momentum and mass, mass - energy equivalence. Four vector notation,
consistency of clectrodynamies with relativity.

Suggested Texts and References:

An Introduction to Mechanics, 1st Edition, D. Kleppner and R. J. Kolenkow, Tata McGraw -
Hill Edueation, 2007

3

Clnssical Mechanies, 5th Fdition, T. W. 3. Kibble, F. Berkshire, World Scientific 2004.

3. Introduction to Special Relativity, R. Resnik, Wiley (India), 2012

4. Spacetime Physics, 2nd Edition, E. F. Taylor, J. A. Wheeler, W. H. Freeman and Co. 1992. 5.
Classical mechanics, N. C. Rana, P. 8. Joag, Tata McGraw-Hill Education, 2001.

3.3 P303: Electromagnetism

UNIT -1

Electrostatics: Coulomb’s law, Electrie field, Gauss® law in differential and integral forms, Scalar
potential, Poisson and Laplace equations, Discontinuities in Electrie field and potential: electrostatic
bonndary conditions, Uniqueness theoreny, conduetors and second uniqueness theorem, method of
fazes, multipole expansion, work and energy in clectrostatics. 12
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UNIT - 1I

Bieetric Fields in matier: dielectrics, polarisation, beund charges, notion of cleetric displacement,
Causs’ Jaw in presence of dielectrics, bowndary conditions. linear dicleetries: susceptibility. permit-
vty dielectric constant, boundary value problems, encrgy in diclectric systems.

UNIT - IT1
Magneto staties: Lorentz force law, steady currents, Biot — Savert law, Ampere’s law, vector poten-
tial, magneto static boundary conditions. multipole expansion for vector potential, magnetic scalar

potential. Diamagnets, paramagnets and ferromagnets, magnetisation, bound currents, the H fiekd,
houndary conditions, magnetic snsceptibility and permeability.

UNIT - IV

Electrodynamics: Electromotive force, electromagnetic induction and Faraday's law, induced elec-
(ric fields and indnctance, energy in magnetic ficlds. Maxwell's equations: equation of continuity
and Modification in Ampere’s law, Gauge transformations, Lorentz and Coulomb gauge. Maxwell's
uations in matter. integral and differential forms, boundary conditions.

o

UNIT - V

Povnting’s theorem, conservation of momentim, angular momentum. Lossy media, Poynting’s the-
orem for lossy media. Wave equation, clectromagnetic waves in vacuum, plane waves, propagation
in lossless and lossy linear media, absorption and dispersion, reflection at the interface of two lossy

media, guided waves,

Suggested Texts and References:

1. Introduction to Electrodynamics, 4th BEdition, D. J. Griffiths, Addison-Wesley 2012 2. Classical
Flectricity and Magnetism, 2nd Edition, W.K.H. Panofsky and M. Phillips, Dover 2005. 3. Engineer-
ing Electromagnetics, 2nd Edition, Nathan Eda, Springer 2007

2.4 P304: Waves and Oscillations

UNIT - I

Tree oscillations, Simple harmonic motion, damped and forced oscillations; Coupled oscillators, normal

les. beats, infinite coupled oscillators and dispersion relation of sound; vibrating string: fravel-
fng and stationary waves; Amplitude, phase and energy. Derivation of wave equation for a string:
Longitudinal and transverse waves,

UNIT - 11

Waves i wo and (hree dimensions, the wave vector, wave equation, linearity, superposition, Fourier
Jecomposition of o wave, notion of wave packets, phase and group velocity. Example of mechanical
waves (sonnd waves), speed of sound inair, effeet of bubbles, natural observations and qualitative

explanations.
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UNIT - 111

CSirine and wind instruments.  Chaldni plates. Propagation in changing media, continuity condi-
tions. characteristic impedance. Snell's laws and translation invariant boundary, prism, total internal
reflection, evanescent waves. Water waves, ocean waves, Tsunami.

UNIT - 1V

> Flectromagnetic waves, polarisation, interference.

UNIT - V
Fraunhofer diffraction. Shocks waves, boat wakes, lincar analysis of the Kelvin wake. Alfven waves
{qualitative).

Suggested Texts and References:

. Waves, Berkeley Physics Course Vol. 3, Irank S. Crawford, Tata McGraw — Hill Education, 2011
. Introduction to the Physics of Waves, Tim Freegarde, Cambridge Univ. Press 2012 3. The Physics
of Waves, Howard Georgi (http://www.people.fas.harvard.edu/ hgeorgi/new.htm)

i
L
2

3.5 H302 : History and Philosophy of Science (All streams)
S UNIT -1

History of World Science up to the Scientific Revolution: Introduction about Stone Age, beginning

" of agriculture, urban civilization and science. Science in Sumeria, Babylonia and Egypt. Natural
philosophy of pre-Socratic Greece. Natural philosophy in Athens. Greek seience in the Alexandrian
veriod. Rome and decline of Ancient Buropean science. Science and technology in China. Science
and technology in the Muslim world. Technology and the craft tradition in medieval Europe. The
scholarly tradition during the middle ages

UNIT - II

Denaissance, the Copernican systemn of the world. Gilbert, Bacon and the experimental method.
Cialileo and the science of mechanics. Descartes — the mathematical method and the mechanical
philosophy. The Protestant reformation and the scientific revolution. Newton ~the theory of universal
pravitation and optics. Alchemy and iatrochemistry. Medicine, theory of circulation of blood. Growth
aud characteristics of the scientific revolution.

UNIT - T1I

Mistary of Ancient Indian Science: Indian civilization from pre-historic times to the Indus Valley
Clvilization.  Ancient Indian mathematics and astronomy. Ancient Indian medicine and biology.
Chemistry, metallurgy and techmology in general in ancient India. Strengths, weaknesses and poten-
. tialities of ancient Indian science.




UNIT - IV

“Introduction to Philosophy of Science: What is science? Scientific reasoning; Explanation in scicnee;
Realism and instrumentalisn: Scientific change and scientific revolutions.

CUNIT -V

g3

Creat Scientific Experiments: Group wise study and presentations by students of historically signifi-

cant experhiments in seience.

Suggested Texts and References:

1

Stephen I' Mason, Collier Books A History of the Sciences, Macmillan Pub. Co. {1062} Collier
Books, Macmillan Pub. Co. {1962)

D. M. Bose, 5. N. Sen, B. V. Subbarayappa A Concise History of Science in India, INSA (1971)

Samir Okasha, Philosophy of Science ~ A Very Short Introduction, Oxford University Press
200

Rou Harre Great Scientific Experiments Oxford University Press (1983)

. Lloyd Motz and Jefferson Hane Weaver The Story of Physics, Avon Books (1992)

Colin A. Ronan The Cambridge illustrated History of World Science Cambridge-Newnes (1982)
g A 4

Ed. HelaineSelin and Roddam Narasimha Encyclopaedia of Classical Indian Sciences University
Press {(2007)

Articles from Wikipedia on History and philosophy of science

3.6 PL301: Physics Laboratory — III

Frequency response of R-C circuit (concept of cut-off freq and filter) and frequency respouse of LC
cireuity concepts of phase difference between voltage and current in these circuits, phase factor for
appliances using AC mains supply; R-L-C (serics / parallel) resonance; transient response in RL-
C series circuit; study of Newton's rings and interference in wedge shaped films; study of double
refraction in ealcite / quartz prisms, polarisation of the refracted light rays, optical activity in dextrose
nnd fructose; soldering experience - make a gated timer with indicator; measurement of heat capacity
ol air; Use of thermocouple / platinum resistance thermometer, nse of instrumentation amplifier in
anplifying sisnal from thermoconple; study of the laws of a gyroscope; determination of the charge
ofan electron by Millikan’s oil drop experient.

Suggested Texts and References:

- £

Advanced Practical Physics for Students, B, L, Worsnop and H. T, Flint, Methuen and Co.
Ltd., London.

&
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9.7 (L301: Applied Electronics Laboratory

The course is based on the micro-contraller system expEYES and "Microhope’ based on ATmega32
micro controller, developed at TUAC, under a UGC programme. Use of expEYES kit for monitoring
sendulum motion, charge and discharge of capacitor ete to appreciate the goal of the course; Revision
~ of concepts of binary munbers: ‘Bit’, ‘Byte’, “Word’, hexa-decimal numbers; Concepts of micropro-
cossor and miero controllers - CPU, registers, memory (RAM, ROM. different kinds of ROM], data
and address bus, decoder, encoder, instruction set, ete. Review of concepts of Digital to Analogue
Conversion (DAC) and Analogue to Digital Conversion {ADC), Introduction to micro-controller AT-

™4

tiega3? (which is used in expEYES). Concepls of programuming, flow chart, assembly language, and
simulator. Concept of 1/0 programming for ATmega32 Examples of simple I/O program in assembly
langnage. assemble it in an assembler in o PO and download the hex code into micro controller kit
“Yuicrohope’ through USB port aud verily the operation. C language for writing larger programimes.
such as monitoring temperature, which uses ADC of ATmega32. Concept of interrupt and its use
iy real time data acquisition.  Introductiou to elements of PYTHON language. Concepts of how
oxpEYES system program resident in ATmagad? is interfaced to commands from PC in Python lan-
suage; Antomated measurement of simple experiments under expEYES, such as, applications such as
temperature monitor, pH meter, calorimeter, protein measurement experiments, etc., will be done.
As a part of these applications, introduction will be given to sensors, such as ternperature sensors,
pressure sensors, humidity, pH sensors, photodetectors cte, The experiments will also include 1/0

Suggested Texts and References:

1

LA

AT

e for keypad inpuis and LOD display.

. Phoenix: Computer Interfaced Science Experiments, B.P. Ajith Kumar at htp: //www.inac.res.in/ elat

. expEYES micro-controller system B.P. Ajith Kumar at http:// www.inac.res.in/ elab/phoenix/

weontroler and embedded systems using assembly and C, by AA. Mazidi,




SEMESTER - IV

4.1 P401: Mathematical Physics — 11

UNIT - 1

Review of curvilinear coordinates, scale factors, Jacobian. Partial differential equations in curvilinear
coordinates, classification, Laplace equation, separation of variables, boundary conditions and initial
conditions, examples.

UNIT - I

Inhomogeneous equations, Green’s functions in 1, 2 and 3 dimensions.

UNIT - 111

Tensors caleulus: contravariant and covariant notation, Levi-Civita symbol, pseudotensors, quotient
rule, dual tensors.

UNIT - IV

Integral equations: Iredholm and Volterra cquations, separable kernel, applications. Elementary

sronp theory and group representations, cyclic, permutation groups; isomorphism, homomorphism.

UNIT - V

subgroups, normal subgroup, classes and cosets; orthogonal, rotation group, Lie group: equivalent,
reducible, irreducible; Schur’s lemma.

Sugeested Texts and References:

1. Mathematical Methods for Physicists, 7th Edition, G. Arfken and Hans J. Weber, Elsevier 2012
2. Mathematics for Physicists, P. Dennery and A. Krzywicki, Dover 1996

3. Marhematics for Quantum Mechanics, 4th Edition, J. D. Jackson, Dover 2009.

4. Blements of Group Theory for Physicists, AW, Joshi

Lectures on Groups and Vector Spaces for Physicists, C. J. Isham, World Scientifie 1989

Q1

6. Group Theory and Its Application to Physical Problems, M. Hemmermesh, Dover 1989

™1

Elements of Green’s Punctions and Propagation, G. Barton, Oxford 1989,

N ¢ z/,
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4.2 P402: Quantum Mechanics ~ 1

UNIT -1

Ouantum Mechanics: The Main Bxperiment, Double-slit experiment with light, Trouble with Maxwell,
Digression on photons, Photoclectric effect, Compton cffect, Matter waves, Photons versus electrons,
The Helsenberg uncertainty principle, states of position and momentum in QM, Heisenberg micro-

scope. The wave funetion ¥, Collapse of the wave function

UNIT - 11

The Wave Function and Its Interpretation, Probability in classical and quantum mechanics, Statis-
tical concepts: mean and uncertainty, Quantization and Measurement, More on momentum states,
Singl w5 and quantization of moementum, Quantization, The integral of ¥, (), Measurement
“sestulate: momentum An example solvable by inspection, Using a normalized W, Finding A(p) by

shnedne

[y

computation, Fourier’s theorains

UNIT - 111
Measurement postulate: general, More than one variable, States of Definite Energy, Free particle on
¢ ring, Analvsis of energy levels: degeneracy, Particle in a well, The box: an exact solution, Energy

measuremoent in the box

UNIT - IV

Scattering and Dynamics, Quantum scattering (1-D), Scattering for £ > V} Scattering for E <V,
Tunneling, Quantum dynamics. A solution of the time dependent Schrodinger equation, Derivation ot
e particnlar solution Wg{a, t). Special propertics of the product solution, General solution for time

cvolution, Time evolution: a more complicated example

UNIT - V

Discussion on postulates of quantum mechanics, Eigenvalue problem, The Dirac delta function and the
aperator X, Postulates: final. Many particles, bosous, and fermions, Identical versus indistinguishable,
(mplications for atomic structure, Energy-time, uncertainly prineiple

Time-Independent Schrddinger Equation: Stationary States, The Infinite Square Well, The Harmonic
Oscillator, Algebraic Method, Analytic Method, The Free Particle, The Delta-Function Potential,
Nound States and Scattering States, The Delta-Function Well, The Finite Square Well

Suggested Texts and References:
1 Text Book for UNIT I to IV : "Fundamentals of Physics 1T ~ Electromagnetism, Optics,
and Quantum Mechanics: 2 (The Open Yale Courses Series)” by R. Shankar

Text Book for UNIT V : " Introduction to Quantum Mechanics”, 2nd Edition, D. J. Grifiiths,
Pearson Education 2008.

b

9 References: Ouantum Mechanies. Jvd Edition, L. I Schiff. Tata McGraw-Hill 2010.

4. Quantuin Mechanics 1 and 11, Cland Cohen Tannoudji, B. Diu and F. Laloe, Wiley 2000




4.3 1PCDB 401: Physical and Chemical Kinetics

UNIT - 1

Hasic Conceptss Hate, order and molecubity of o reaction, Specific rate and specific rate constant,
First, second and third order reactions  ellect of concentration on reaction rate, rate expressions and
integrated form, pseudo-unimolecular, nth order reaction of a single component.

UNIT - 11

Nnetic Measarements:BExperimental deternination of renction rates and order of reactions, Integrated
rute niethed, Vant Hall differential rate mothod, Graphical method, Half life methad, QOstwald dilution
fow miethod, initial rate as a function of initial concentrations. Order of complex reaction, Steady
State approximation method, Equilibrimn methed, relaxation methods for fast reaction

UNIT - 11T

A

Affecting Reaction Rate: Effect of temperature on reaction rate — Arrhenius equation and
activation energy, temperature coeflicient theory, overall rate constant, overall activation energy.
overall pre-exponential factor, effect of ionic strength on reactions between ions, kinetic salt offect,
effect of solvent on ionic reaction, dielectric constant, linear free encrgy relationship

.
PO LOrs

UNIT - IV

Complex Reactions: Kinetics of parallel first order reaction, Wegscheider Test, kinetics of reversible
reaction/oppasing reaction, kinetics of consecutive reaction, kinetics of photochemical reaction, ra-
dioactive decay, complex mechanisms involving equilibria.

UNIT - V

CatalysissHHomogeneous catalysis, basis of catalytic action, catalysis and the equilibrium constant,
Michaelis-Menten kinetics, acid base catalysis, the Bronsted catalysis law negative catalysis and inhi-
bition,heterogeneous catalysis, surface reactions - effect of temperature and nature of surface

Suggested Texts and References:

1. KA. Connors, Chemical Kinetics : A Study of Reaction Rates in Solution, V.C.H. Publications
1800,

J.1o Steinfeld, J.S. Francisco and W.I. Hase, Chemical Kinetics and Dynamies, Prentice Hall
1989. (iii) Paul L. Houston, Chemical Kinetics and reaction dynamics.

3. K.J.Laidler, Chemical Kinetics, 3rd ed. Harper and Row, 1087.

4. JAV. Moore and R.G. Pearson, Kinetics and Mechanisms, John Wiley and Sons, 1981
5. A A Torst and R, G. Pearson, Kinetics and Mechanism, Wiley International Edition.
6. Sanjay K. Upadhay, Chemical kinetics and Reaction Dynamics, Springer, 2006

Puri, Sharma, Pathania, Principles of Physical Chemistry

| ——
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44 (401 Statistical Techniques and Applications

UNIT - 1

Purpose of Statistics, Bvents and Probabilities, Assignments of probabili

(ml variables, I’lobﬁbilm Axioms and Theorems. Probability distributions and properties: Discrete
autinnous and Empirical distributions. Expected values: Mean, Variance, Skewness, Kurtosis, ,\In»

ities to events, Random events

cents and Charneteristics Functions.

UNIT - 11
Tepes of probability distributions: Binomial, Poisson, Normal, Gamma, Exponential, Chisquared,
r-Normal, Student’s t, I distributions, Central Limit Theorem.

LNTT - HT

\lonte Carlo techniques: Methods of generating statistical distributions: Pseudorandom numbers from
mmmf.ms_\ and from probability distributions, Applications. Parameter inference: Given prior discrete
Iwpotheses and continuous parameters, Maximur likelihood method for parameter inference. Error
“nalvsis: Statistical and Systematic Errors, Reporting and using uncertainties. Propagation of crrors,
tistical analvsis of random uncertainties, Averaging Correlated/ Uncorrelated Measurements.

UNIT - IV
- Deconvolintion methods, Deconvolution of histograms, binning-free methods. Least-squares fitting:
[inear, Polynomial, arbitrary functions: with descriptions of specific methods; Fitting composite
cnrves. Hypothesis tests: Single and compoasite hypothesis, Goodness of fit tests.
UNIT -V
P-values, Chi-squared test, Likelihood Ratio, Kolmogorov- Smirnov test, Confidence Interval. Co-
riance and Coueldtlon Analysis of Variance and Covariance. Jlustration of statistical techniques
H’)H“’h hands-on use of computer programs.

Suggested Texts and References:
1. Statistics: A Guide to the Use of Statistical Methods in the Physical Sciences, R.J. Barlow,
John Wiley 1989,

2. The Statistical Analysis of Experimental Data, John Mandel, Dover Publications 1984.

2, Date Reduction and Error Analysis for the Physical Sciences, drd Edition, Philip Bevington
and Keith Robinson, McGraw Hill 2003.

4.5 PL401: Physics Laboratory - 1V

nplication of PHOENIX (JUAC, New Delhi} microcontroller system for automation in 20 experi-
of acoustic resonance in Helmholtz resonator using PHOENIX system;

sents (st sessions); study

Rezolving power of optical grating: study of atomic spectra in hydrogen, helium, mercury; Applica-

tion of gamma counts from detected by G.M. counter for study of Poisson and Gaussian distributions;
/




study

Cntors -
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of black body radiation by optical and thermal radiations; study of electrically coupled oscil-
normal and transient response. Assembling components for an experiment on thermal and
ical conductivity of metals and making of measurements.

Suggested Texts and References:

PRGN -

o

w

o o

6.

~1

- Phoenix: Computer Interfaced Science Experiments — http://www.inac.res.in/ elab/phoenix/

The Art of Experimental Physics, D. W. Preston and D. R. Dietz, Wiley 1991.

Manual of Experimental Physies with Indian Aeademy of Sciences, Bangalore kit, R. Srinivasan
and RS, Priotkar.

GL4061: Computational Laboratory and Numerical Meth-
ods

GNU Plot, FORTRANY0, Peinters and Object Oriented Programming

. The nature of computational physics: Machine representation, precision and errors in comn-

putation. Errors and uncertainties. E.g. One should understand how to analyze whether a
caleulation is limited by the algorithm or round-off error. Single/double precision.

Busic tools for numerical analysis in science: Solution of algebraic functions — Fixed point
method, Newton-Raphson method, Secant method. Numerical Integration — Rectangular method,

trapezeidal method. Lagrange’s interpolation.

. Matrix Algebra: Approximate solution of a set of linear simultaneous equations by GaussSidel

iteration method. Exact solution by Gaussian elimination. Inversion of a matrix by Gaus-
sian elimination. Determining all the eigenvalues of a real symmetric matrix by Householder’s
method of tridiagonalization followed by QR factorization of the tridiagonalized matrix.

Differential Equations (ODE and PDE}): Solution of an ODE by Euler’s method and RungeKutta
(4) method — comparison of convergence Solution of partial differential equation (Laplace’s
equation and Poisson’s equation) — Boundary Value Problem ~ solved using Gauss-Sidel iteration
followed by plotiing using GNUPlot |

Nonlinear Systems, dynamics: Fractals - generating the Mandelbrot set and Julia sets. Defini-
tion of each. Solution of nonlinear set of ODEBs - Lorenz equations — Observation and definition
of strange attractor and sensitive dependence upon iuitial conditions (butterfly effect). Study of
the logistic map - non linear dynamical system - obtaining a bifurcation diagrant and estimating
Feigenbaum’s constant.

. Fourier analysis of nonlinear systems: Getting used to programming using FFT subroutines.

Understanding the relationship between time-domain and frequency domain. Transforming a
Gaussian, understanding how temporal FWHM and spectral FWHM ave related. Solving a
nonhnear PO which is munenable to solution by multiple steps of FFTs.

\,
W




SEMESTER - V

5.1 PhHOT: Quantum Mechanics — 11

UNTT - 1

~Formalism of quantum mechanics: Hilbert Space, Observables, Hermitian Operatars. Determinate
States. Eigenfunctions of a Hermitian Operator, Discrete Spectra, Continuous Spectra, Generalized
Statistical Interpretation, The Uncertainty Principle, Proof of the Generalized Uncertainty Principle.
The Mininmm-Uncertainty Wave Packet. The Encrgy-Time Uncertainty Principle, Vectors and Op-
erators. Bases in Hilbert Space, Dirac Notation, Changing Bascs in Dirac Notation

Ouantium Mechanies in Three Dimensions: The Schroger Equation, Spherical Coordinates, The Angu-
lar Equation, The Radial Equation, The Hydrogen Atom, The Radial Wave Function, The Spretrum
of Hydrogen, Augular Momentum, Eigenvalues, Eigenfunctions, Spin, Spin 1/2, Electron in a Mag-
netic Field, Addition of Angular Momenta, Electromagnetic Interactions, Minimal Coupling, The
Aharonov—-Bohm Effect

UNIT - 11

Identical Particles: Two-Particle Systems, Bosons and Fermions, Exchange Forces, Spin, Generalized
Synmnetrization Principle, Atoms, Helium, The Periodic Table, Solids, The Free Electron Gas, Band
Structure

UNIT - T

Time-Independent Perturbation Theory: Nondegenerate Perturbation Theory, General Formulation,
Firet-Order Theory, Sccond-Order Energis, Degenerate Perturbation Theory, Two-Fold Degeneracy,
“Good” States, Higher-Order Degencracy, The Fine Structure of Hydrogen, The Relativistic Cor-
rection, Spin-Orbit Coupling, The Zeeman Effect, Weak-Field Zeeman Effect, Strong-Field Zeeman
Fffect, Intermediare-Field Zeeman Eifect, Hyperfine Splitting in Hydrogen.

UNIT - IV

The Variational Principle: Theory, The Ground State of Helium, The Hydrogen Molecule Ton, The
Hydrazen Molecule
The WKB Approximation, The “Classical”™ Region, Tunneling, The Councction Formulas

UNIT - V

Seattering: Classical Seattering Theory, Quantum Sceattering Theory, Partinl Wave Analysis, Formal-
ismn, Strategy, Phase Shifts, The Born Approxhmation, Integral Form of the Schrodinger Equation,
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The First Born Approximation, The Born Series

Suggested Texts and References:

1. Text Book for UNIT I to V: Introduction to Quantum Mechanies, 2nd Editon, D. J. Griffiths,
- Pearson Education 2008,

9. References Quantum Mechanies, 3rd Edition, L. L. Schiff, Tata MaGraw-Hill 2010.
3. Quantum Mechauies T and 11, Claud Cohen Tannoudji, B. Din and F. Laloe, Wiley 2006
4. Leetures on Quantuin Mechanics, 5. Weinberg, Oxford University Press 2012,

5. Quantumn Mechanics: Theory and Applications, A. ghatak, S. Loknathan.

6. Quantum Mechanics Concepts and Applications, Nouredine Zettili, second edition

5.9 P52 Classical mechanics — 11

UNIT - 1

Variational principle (revisited}, Lagrangian formulation, constraints, gencralised coordinates, ap-
Dlications  Hamilton’s equations of motion (from Legendre transformation), Hamiltonian and tota!

energv. evelie coordinates, vacational principle,

UNIT - IT

Small oscillations, single oscillator, damped and forced oscillations, coupled oscillators, normal modes.

UNIT - 1L

Canonical transformations, Poisson brackets, conservation theorems.

UNIT - 1V
Hemiltan — Jacobi theory, action - angle variables. Canonical perturbation theory, time dependent
aad time independent. '
UNIT -V
Lagrangian formulation of continuous media as a Hmiting case, extensions.
Suggested Texts and References:
1. Classical mechanies, N. C. Rana, P. S, Joag, Tata McGraw-Hill Education, 2001,
2. Mechanies, L. D. Landan, E. M. Lifshitz, Elesevier 2005,

3 Regular and Chaotic Dynamies, 2nd Bditien, AL L Lichtenberg, Mo AL Lieberman, Springer
1902, S

4. Classical mechanics, 3rd Edition, H. Goldstein, C. P. Paole, J. Safko, Pearson Education 2011.




Jany - clectron atoms: One - electron wavefinctions and cnergies in Coulomb potential (revision);
- Atomic orbitals, spin — orbit coupling, Thomas precession, fine structure; Alkali atoms; Helium ground
state and excited stafes, divect and exchange integrals; Many - electron atoms: LS and jj coupling
schemes: Hartree - Fock method; Pauli’s principle and the Periodic Table; Nuclear spin and hyperfine
structure.

UNIT - 11

Atoms in BExternal Fields: Quanium theory of normal and anomalous Zeeman effect, Linear and
guadratic Start effect; Semi - classical theory of radintion; Absorption and induced emission: Ein-
stein’s A and B coeflicients, dipole approximation, intensity of radiation, selection rules.

UNIT - ITL

Two Jevel atom in a coherent radiation ficld, Rabi frequency, radiative damping, optical Bloch equa-
tion, Broadening of spectral lines (Doppler, pressure and power broadening).

UNIT - 1V

lasers: Basic concepts, rate equation and lasing conditions, working of some common lasers. Doppler
free lager spectroscopy; Crossed — beam method, saturated absorption spectroscopy, two photon
spectroscopy; Laser cooling and trapping (descriptive); Atom interferometry (descriptive).

UNIT -V

Molecules: Tonie and covalent bonding, Hydrogen molecular ion (H2 +), Born  Oppenheimer ap-
proximation; Bonding and anti — bonding orbitals, Hydrogen molecule; Heitler - London method.
“oleenlar orbital method, hybridisation, quantum mechanical treatment of rotational and vibra-
‘ional spectra {diatomic and polyatomic malecules); Electronic spectra, Raman effect (classical and
quantum theory); Vibrational and rotational Raman spectra; Electron spin resonance.

Suggested Texts and References:
. Atomie Physics. Chiristopher Foot, Oxflord University Press, 2005,
2. Intermediate Quantum Mechanics, 3rd Edition, H. A, Bethe and R. W. Jackiew, Persius 1997

3. The Physics of Atoms and Quanta: Introduction to Experiments and Theory, H. Haken, H. C.
\\o and W. D. Brewer, Springer 2005

4. Moleeular Physics and Elements of Quantum Chemistry:  Introduction to Experiments and
Theory, H. Haken, Ho CoWolf and W, D, Brewer, Springer 2010,
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5.4 PM501: Numerical Analysis

-

UNIT - I

Crror, its sources. propagation and analysis: Firrors in suin ation, stability in numerical analysis.

- Linear algebraie equations: Gaussian elimination, direct triangular decomposition, matrix inversion.

©OUNEE - 1

Root finding: review of bisection method, Newton's method and secant method; real roots of polyno-
miials, Laguerre’s method. Matrix eigenvalue prob lems: Power method, eigenvalues of real symmetric
matrices using Jacobi method, applications.

JUNIT - LI

nterpolation theory: Polynomial interpolation, Newton's divided differences, forward differences,
interpolation errors, (ﬁblc splines. Approximation of functions: Taylor’s theorem, remainder term;
Least squares approximation problem, Orthogonal polynomials.

b el

ONIT - IV
mmerical integration: review of trapezoidal and Simpson’s rules, Gaussian quadrature; Error esti-
mation. Numerical differentiation. Monte Carlo methods.

UNIT -V

cast squares problems: Linear least squares, examples; Non - linear least squares. Ordinary differ-
tial equations: stability, predictor - corrector method, Runge — Kutta methods, boundary value
expansion methods, applications. Eigenvalue problems for differential equations, ap-

f

sroblems. basis
plications. Selutions of PDE’s using differential quadrature: elementary treatment. Applications to
diffusion equation, wave equation, etc.

Suegested Texts and References:

[on2 5 g

An introduction to Numerical Analysis, 2nd Edition, Kendall Atkinson, Wiley 2012
9 Numerical Methods for Scientists and Engineers, H. M. Antia, Hindustan Book Agency 2012,

3. Numerical Receipes in Fortran, 2nd Edition, W. H. Press et al., Cambridge University Press
2000.

5.5  PL501: Physics Laboratory - V

. Study of diffraction by single slit, double slit and multiple slits leading to grating, quantitative de-
fermination and compare with simulation; Study of Michelson interferometer and determination of
refractive index of air; study of Fabry-Perot interferometer; Study of Zeeman effect using Fabry-
Perat Toterferometer; study of characteristics of scintillation connter wsed in nuclear radiation detee-

Gows study of Hall effect in semiconductors; Introduetion to Labview software for automation aud use

NI data aequisition card in PO (six sessions),




Suggested Texts and References:

1o The Art of Experimental Physies, D W, Preston and D. R Dietz, Wiley 1991

5.6 PMLBEOL: Numerical Methods Laboratory

The methods developed in Numerical Analysis (P501) arc to be implemented on a computer. Emphasis

o be given on applications to physical problems.

Suggested Texts and Relerences:
1. Numerical Receipes in Fortran, 2nd Edition, W, H. Press ct al., Cambridge University Press
2000

2. An Introduction to Computational Physics, 2nd Edition, Tao Pang, Cambridge University Press
2010




SEMESTER - VI

6.1 PG601: Electrodynamics

UNIT - 1

Review of Maxwell’s equations, veetor and scalar potentials, gauge transformations. Radiating sys-
tems: electric dipole fields and radiation, magnetic dipole and electric quadrupole ficlds, antenna,
spherical wave solutions of the scalar wave equation.

UNIT - I

“Liltipole expansion of the electromagnetic fields, energy and angular momenta of multipole radiation.

amendar distribution of multipole radiation, multipole moments, multipole radiation in atoms and
Lol H

nuclel, multipole radiation from linear centre fed antenna.

UNIT - 111
Sratterine and Diffraction problems: seattering at long wavelength, perturbation theory of scattering.
seplanation of blue sky (due to Rayleigh), scalar diffraction theory.
T r
UNIT - IV

Covariant formulation of electrodynamics: four vector potential, electromagnetic field tensor, co-
artant deseription of sources in material media, field equations in a material medium. Retarded
inls. Jefimenko's generalisations of Coulomb and Biot - Savert laws, Lienard - Wiechert po-

UNIT -V

Fields of a moving charge. Cerenkov radiation. Covariant formulation of the conservation laws of
leetrodynamics,

Sugeested Texts and References:
{. Iniroduction to Electrodynamics, 4th Edition, D. J. Griffiths, Addison-Wesley 2012

2. Classical Electricity and Magnetism, 2nd Edition, W.IKCH. Panofsky and M. Phillips, Dover
2005

3. Classical Electrodynamics, 3rd Edition, J. D. Jackson, Wiley 2012
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6.2 PG602: Statistical Mechanics - 1

UNIT - 1
Flementary probability theory: random walks binomial, Poisson, log normal distributions; the Gaus-

sian. Kinctic theory of gases.

S
UNIT - 11

Frsembles; micro-canonical ensemble; canonieal ensemble; grand canonical ensemble. Partition func-
Hons and fheir properties; caleclation of thermodynamic quantities; Gibbs paradox; the equipartition

theorem.

UNIT - 111

Two level system and paramagnetism. Validity of the classical approximation; identical particles and
svmpetry: quantum distribution functions; Bose-Einstein statistics Fermi-Dirac statistics:

UNIT - 1V

Quantum Stalistics in the classical limit; physical implications of the quantun-mechanical ennmera-
tion of states; conduction electrons in metals.

UNIT -V

Special topics: the Chandrasekhar Limit; Saha Ionization formula. Systems of interacting particles;
_ Debye approximation; van der Waals equation; Weiss molecular-field approximation.

Suggested Texts and References:

1 Thermodvnamics and an Introduction to Thermostatistics, 2ud Edition, H. B. Callen, Wiley
o 3 i o
2000
9 Tundamentals of Statistical and Thermal Physics, F. Reif, McGraw-Hill Book Company
3. Statistical Physics part 1. 3rd Edition, L. D. Landau and E. M. Lifshitz, Elsevier 2008

4. Statistical Mechanics: A Set of Lectures, R. P. Feynman, W. A, Benjamin, Inc. 1998

5. A Modern Course in Statistical Physies, L. E. Reichl, Wiley 2009

6.3 P602 Computational Physics - A
(only for SEMESTER-IV students of session 2021-22)

UNIT -1
Introduction of Fortran programming Language, Random Number generation and testing, Generation
of random numbers with given distribution -

f}
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UNIT - 11
* Nwmerieal Integration: (a) Deterministic: Trapezoic

HEIHT stochastic methods.

lal method and (b)) Multi-dimensional Integration

UNIT - IH

Monte Carla simulations nsing Ising model to nnderstand phase transitions: Metropaolis al-
harriers, finite size effects, role of thermal fliuctuations. Metropolis

finite size offects, role of thermal fluctnations: Prineiple of

Lattice
sorithm, understanding kinetic
algorithn, understauding kinetic harriers,
detailed balance. caleulating thermodynamic averages

UNTIT - IV
Detormininig (ransition temperature using Ninders cumulant, Solving differential cquations. Linear.

P

non-linear and coupled differential equations

UNIT - V

Sohvine differential equations Schrodinger equation. in Quantum Mechanics with Numerov’s algorithm

andd varational principle., Classical Molecular Dynamics simnulations using Lennard-Jones' potential

Suggested Texts and References:

1. Computational Physies: Problem Solving with Python, 3rd edition, Rubin H. Landau, Manuel

J. Pacy, Cristinn C. Bordejanu
o Computational Physics, Fortran Version, Steven E. Koonin, Dawn C.Meredith, CRC Press
3. Computational Physics,2nd edition, Jos Thijssen, Cambridge Univ. Press

Computational Physics, [ Pang

.. Computational Physics (An Introduction to Monte Carlo Simulations of Matrix Field Theory).
Ydri. Badis

6. Computer Programing in F80 & 95, V. Rajaraman, PHI learning pvt. Ltd
7. Numerical Recipes in FO0 Cambridge Publishers
8. Computational Physics by Jos Thijssen {Canbridge UnivPress, 1997)

9 A first course in Computational Physies, Po L. DeVries and J. Hasbun, John Wiley and Sons.

Tne.

10, Understanding Molecular Simmlation, Publisher: Academic Press, Author: Daan Frenkel and
Berend Smit. '

6.4 P603: Condensed Matter Physics — 1

UNIT -

Crystal Structure and x-ray difliaction: Crystalline and amorphous solids, translational symmetry.

Flementary ideas about crystal structure, Jaitice aud bases, ’ Q N
i /ﬁ / 1
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UNIT

ol reviprocal Inttice, fundmental ij\';nw of Inttices, Miller indices, lattice planes. siraple eubic, Lo
and b, Lz( tiees, Simple evystal tires, Closed packed stracture, Determination of ervstal
structure with Nevavs, ;\fmmm:« and I;l(%{f ron diffraction-Diffraction of waves by erystals, Lane and

Bragy equations, Brillonin Zones, Fourier Analysis of the basis. Debye waller factor, X ray broadening
sive aud temperature effeets. Xeray diffvaction of figuids and disordered solids introduction to radial

distribution fouetions.

CNIT - 1

Lattice Vibrations: Elastic waves, Thermal properties:

Einstein’s and Debye's theories of specific
heats of solids, Thermal conductivity, Phonons, Lattice

waves, Dynamics of a chain of similar atorus
sndd chain of two types of atomg; optical and acoustic modes; Inelastic scattering of x
_and ight by phonons, Optical propertics of solids:
cattering and Brillondn seattorny

rays, nevfrons
interaction of light with ionic erystals. Raman

UNIT - 111

The Free electron model: Drude Model, Electron conductivity, Heat capacity of conduction clectrons.
Formit surface, Somnerfield model, Thermal conductivity of metals, Hall effect, AC conductivity

v and
cotieal praperties, Wiedemanu-Tranz law, Failure of the Free-clectron model, optical properties of

UNIT - IV

Dasics of Q»f*mic-andnct‘nr% and device: Crystal structure, Band structure, Intrinsic and extrinsic semi-

swwﬂv tors, Concept of majority and minority carriers, Energy gap, Mobility, conductivity, Hall ef-
i i son, Optical properiies: Absorption, Luminescence, Photoconductivity, effect of disorder

thsorption. Interprotation of energy band diagrams. Devices: p-n diode (derivation of Shockleyr

“cuation ), tunnel diode, photodiode, solar cell, LED, Lasers.

UNIT -V

uperconductivity: Introduetion {Kamerlingl Onnes experiment), effect of magnetic field, Type- Land
U?;"H:viiﬁf’i(?i}}l{hl(if()l\ Isotope effect. §w~zw effect. Heat capacity. Energy gap. Electrodynamics
“snperconductivity: London’s equation, Thermodynamics of the trausition, Intermediate state of

Type 1, Mixed state of type 2, Flux (g‘mvt' zation, Salient points of BCS theory, Cooper problem,
Definition of coherence lengtl, Josephson cffect.

Sugeested Texts and References:
b Elementary Solid State Physies, M. All Omar, Pearson Education 2008,
2. Introdnction to Solid State Physics, 8th Edition, C. Kittel, Wiley 2012

4. Solid State Physics, N. W, Asheroft and N. D, Mermin, Cengage 2003

ics of Semiconductor Devices, Srd Fdition, 8. M. Sze and KL Ng, 2007

Introduction to Superconduetivity, Ao CL Rose -Innes, I L Rhoderik, Pergamon Press A
B £
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6. Solid State Physics, J. PP Melelvey, Rrieger Publishing Co. 1993,

7. Blectron theory of solids, J. M. Ziman, Cianbridge University Press, 2011

6.5 P604: Lasers

UNIT -1

Laser Characteristics ~Spontaneous and stimulated emission, Binstein’s quantuim theory of radiation,
theory of some optical processes, coherence aud mmonochromacity, kinetics of optical absorption, line
hroadening mechanism, Basic principle of lasers, population inversion, laser pumping, two & three
el Jaser systens, resonator, Q-factor, losses in cavity, threshold condition, quanturm yield.

UNIT - 11
.aser Svstems- Solid state lasers- the ruby laser, Nd:YAG laser, ND: Glass laser, semiconductor lasers
features of semiconductor lasers, intrinsic semiconductor lasers, Gas laser -neutral atom gas laser,
or, Liquid lasers, dye lasers and chemical laser.

He-Ne laser, molecular gas lasers, CO2 las

UNIT - LI

Advances in laser Physics, Production of giant pulse -Q-switching, giant pulse dynamics, laser ampli-
fiere, mode locking and pulling, Non-linear optics, Harmonic generation, second harmonic generation,
Phase matching, third harmonic generation, optical mixing, parametric generation and self-focusing

of Heli

UNIT - IV

Multi-photon processes; multi-quantum photoelectric effect, Theory of two-photon process, three-
photon process, second harmonic generation, parametric generation of light, Laser spectroscopy :
Ravleigh and Raman scattering, Stimulated Ranan effect, Hyper-Raman effect, Coherent anti-stokes
Baman Seattering, Photo-acoustic Raman spectroscopy.

UNIT -V

Laser Applications — ether drift and absolute rotation of the Earth, isotope separation, plasma,
rinonuclear fusion, laser applications in chemistry, biology, astronomy, engineering and medicine.
Communication by lasers: ranging, fiber Optics Communication, Optical fiber, munerical aperture,
peopagation of Hght in a medium with variable index, pulse dispersion.

Suggested Texts and References:
1. Laud, B.B.: Lasers and nonlinear optics, (New Age Int.Pub.1996).

2. Thyvararajan, K and Ghatak, A.K.: Lasers theory and applications (Plenum press, 1981).

N
[
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do, A K and Thyagarajan, K @ Optical eleetronies (Cambridge Univ. Press 1089).

4. Seigman, Al Lasers { Oxford Univ. Press 1980)

5. Hecht, J.The laser Guide hook (McGraw il NY, 1986).
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5.6 M 601 Ethics of Science and IPR

UNIT - T

Introduction to Ethics- causes of unethical acts, Definition ~ moral. values, ethics: Role and im-
portance of cthics in science; Professional ethics ~ professional conduct, Teaching ethical values to
seientists, good laboratory practices, good manufacturing practices, Basic Approaches to Ethics;
Posthumanisi and Anti-Posthamanism

UNIT - 11

Medical Bthies: Different themes pertaining to medical ethics including ethical issues in public health.
| 1%\nmnm*m<zl Fihics, Bioethics, Journals and Publishers: Monopolistic practices by Academic Pub-
aciarism, soltwares for plagiavism detection.

UNIT- I1I

Introduction to IPR; Types of Intcllectual property — Patents, Trademarks, Copyrights and related
rights: Traditional vs. Novelty; Importance of intellectual property rights in the modern global
eronomic environment, Importance of intellectual property rights in India.

UNIT - TV
Patents: Definition, patentable and non patentable inventions; types of patent application ~ Ordinary.

Conventional, PCT, Divisional, and Patent of addition; Concept of Prior Art; Precautions while
patenting disclosure [/ nondisclosure;

INTT -V

Case studies and agreements - Evolution of GATT and WTO and IPR provisions under TRIPS:
Madrid agreement; Hague agreement; \WIPO treaties; Budapest treaty; Indian Patent Act (1970)

Suggested Texts and References:

1. David B. Reenik The Ethics of Science: An Introduction’, Routledge, New York, 1998

EANE

S VKL Ahuja Intellectual Property Rights in India’, 2015

3. V. K. Ahuja Law Relating to Intellectual Property Rights’, 2017.

6.7 PL601: Physics Laboratory — VI

Fiady of guantum mechanics throngh acoustic analogue (four sessions); Fourier analysis / synthesis -
use of simulation; Study of characteristics of a coaxial cable and determination of speed of electromag-
nefic waves in the coaxial cable; determination of specific charge (e/m) of electron; Study of Faraday

rotation and determination of Verdit’s constant in a glass material; investigation of chaos in a spring

hased coupled oscillator system; Introduction to workshop practice (two sessions); Introduction to
cacum practice {(two sessions

N
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6.6 H 601 Ethics of Science and IPR

ONTT -1

Datroduction to Ethics- causes of unethical acts, Definition - moral. values, ethics: Role and im-
portance of ethics in sclence; Professional ethics - professional conduct, Teaching cthical values to
scientiste, good labaratory practices, good manufacturing practices, Basic Approaches to Ethics;
Posthunanism and Anti-Posthumanisu.

UINTTT - 11

"‘ak=<‘éir"'ﬂ’ Ethies: Different themes pertaining to medical ethics including ethical issues in public health.

Environmental Ethies, Bicethics, Journals and Publishers: Monopolistic practices by Academic Pub-
lishers. Plagiarism, softwares for plagiarism detection.

ot

UNIT- 11T

fntroduetion to IPR; Types of Intcllectual property — Patents, Trademarks, Copyrights and related
ovelty: Importance of intellectual property rights in the modern global

cconomic environment, Importance of intellectual property rights in India.

R I

Traditional ve. N

UNIT - IV

Patents: Definition, patentable and non patentable inventions; types of patent application ~ Ordinary,
"‘m o1 mom} PCT. Divisional, and Patent of addition; Concept of Prior Art; Precautions while
681 t‘i g lisclosure / 'D()'[ld}?(7205\”’0;

UNIT -V
Case studies and agreements - Bvolution of GATT and WTO and IPR provisions under TRIPS;
Sadrid agreement; Hague agreement; WIPO treaties; Budapest treaty; Indian Patent Act (1970)
Suggested Texts and References:

1. David B. Resnik The Ethics of Science: An Introduction’, Routledge, New York, 1998

2. V. K. Ahuja Intellectual Property Rights in India’, 2015

2. V. I Aluje Law Relating vo Intellectual Property Rights’, 2017.

6.7 PL601: Physics Laboratory — VI

Study of quantum mechanics through acoustic analogue (four sessions); Fourier analvsis / synthesis -
1ae

of simulation; Study of characteristics of a coaxial cable and determination of speed of electromag-
qetic waves in the coaxial eable; determination of specific chiarge (¢/m) of electron; Study of Faraday
roration and determination of Verdit's constant in a glass material; investigation of chaos in a spring
based coupled oscillator systemn; Introduction to workshop practice (two sessions); Tntroduction to
vacimn practice {two sessions).




Suggested Texts and References:
i 1. The Art of Experimental Physies. 1. W, Preston and D, R Dietz, Wiley 1991
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SEMESTER - VII

7.1 P701- Astronomy and Astrophysics - 1

UNIT -1

An understandable universe, The scale of the universe, Continuous radiation from stars, Brightness
of starlight, The clectromagnetic spectrnm, Colors of stars, Quantifying color, Blackbodies, Planck’s
law and photons, Stellar colors, Stellar distances, Absolute magnitudes

UNIT - 11
Spectral lines in stars, Spectral lines, Spectral types, The origin of spectral lines, The Bohr atom,

(uantum mechanics, Formation of spectral lines, Excitation, Ionization, Intensities of spectral lines
The Hevtzprung-Russell diagram

UNIT - IIT
Telescopes, What a telescope does, Light gathering, Angular resolution, Image formation in a camera,
Refracting telescopes, Reflecting telescopes, Observatories, Ground-based observing, Observations

framn space, Data handling, Detection, Spectroscopy, Observing in the ultraviolet, Observing in the
nfrared, Radio astronomy, High encrgy astronqmy

UNIT - IV

The Sui: a typical star, Basic structure, Elements of radiation transport theory, The photosphere
Appearance of the photosphere, Temperature distribution, Doppler broadening of spectral lines The
cliromosphere, The corona, Parts of the corona, Temperature of the corona, Solar activity Sunspots,
{ither activity

UNIT - V

Place, time, and motion: Astronomical coordinate systems, The third dimension, Time, Motion
Names, catalogs, and databases: Star names, Names and catalogs of non-stellar objects outside the
Solar Svster, Objects at non-optical wavelengths, Atlases and finding charts, Websites and other
aputar reseurces. Solar System objects

Suggested Texts and References:

1. Text hook for UNIT I to IV : “Astrononiy: A Physical Perspective” by Mare L. Kutner
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5 Text book UNIT V @ “To Measure the Sky: An Introduction to Observational Astronomy”
by Frederick R. Chromey )
3. References: Introduction to Modern Astrophysics by B. W. Carrell and D. A. Ostlie
4. An invitation to Astrophysics by T. Padmanabhan
5. Astrophyvsical Coneepts by Martin Harwit
6. Introductory Astronomy and Astrophysics by Zelike and Gregory

7. Physical Universe by . Shu

7.9  P702: Quantum Mechanics - 111

CUNIT -1

- Foundations (Introductory ideas): The EPR paradox, guantum entanglement; Bell's theorem, the
No-clone theorem, Schrodinger’s cat; Decoherence, quantum Zeno paradox.

JNIT - 1

Symmetry and Conservation Laws: Transformation of the Wave Funetion under Coordinate Transfor-
mations, Group of Symmetry of the Schrédinger Equation and the Conservation Laws, Homogeneity
of Time and Space: Conservation of Energy and Momentum, Isotropy of Space: Conservation of An-
pular Momentum, Symmetry of the Hamiltonian and Degeneracy, Space [nversion Symmetry, Time
Reversal Symmetry and Time Reversal Operator Kramers’ Degeneracy and Kramers’ Theorem

&

UNIT - 111

Pelativistic Wave Equations: Cleneralization of the Schrédinger Equation, the Klein-Gordon equa-
tion, Plane Wave Solutions, Charge and Current Densities, Interaction with Electromaguetic Fields,
Hvdrogen-Like Atow, Nonrelativistic Limit

UNIT - 1V

The Dirac equation, Dirac’s Relativistic Hamiltonian, Position Probability Density, Expectation Val-
sses. Dirac Matrices Plane Wave Solutions of the Dirac Equation; Energy Spectrum The Spin of the
Dirac Particle, Significance of Negative Bnergy States; Dirac Particle in Electromagnetic Fields,

UNIT -V

Relativistic Electron in a Central Potential: Total Angular Momentum, Radial Wave Equations in
Coulomb Potential, Series Solutions of the Radial Equations: Asymptotic Behaviour, Determination
of the Energy Levels, Exact Radial Wave Functions, Comparison to Non-Relativistic Case, Electron

in a Magnetic Field--5pin Magnetic Moment, The Spin Orbit Encrgy

N
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Suggested Texts and References:

I. Text Book for UNIT 1 : Introduction to Quantum Mechanics, 2ud Editon, D. J. Grifliths.
Pearson Education 2008,

2. Text Book for UNIT-II : Fundamentals of Quantum Mechanies, Ajit Kumar. Cambridge
university press

3. Text Book for UNIT - 1ITto VAT extbook of Quantum Mechanics, Second Isdition, P. M.
Mathews and K. Venlkatesan

4. Relativistio Quantum Mechanies vol. 1 1. D. Bjorken and S. D. Drell, McGraw-Hill 1998
5. Intermediate Quantum Mechanies, H. A. Betle and R. W. Jackiew, Perseus Rooks 1997
0. Quantum Field Theory, 2nd Edition, F. Mand! and G. Shaw, Wiley 2010

7 Advanced Quantum Mechanics, T Schwabl, Springer 2008

.3 PT03: Statistical Mechanics — I1

UNIT - T

a‘“{‘

vansport theory using the relaxation time approximation: Boltzmann differential equation formu-
ation; examples of the Boltzimann equation method. Stochastic Processes; Random Walk: Auto-
catalytic processes.

UNIT - II

~ Diffusion equation; Langevin equation; Fokker- Planck equation.

UNIT - TIT

lsing Model; mean-field theory; Landau theory of second order phase transition; Peierls argument;
the Bethe-Peierls approximation; Kramers-Wannier duality argument; Pade Approximant.

UNIT - 1V
Phase transition and Critical Phenomenon: critical exponents; exponent lnequalities; static scaling
nvpothesis; block sping and the Kadanoff construction.

UNIT - V

Renormalization Group: Decimation; Migdal-Kadanoff method: general renormalization group pre-
wription; examples. Monte-Carlo Methiods in statistical mechanics; Metropolis algorithm; Gilespic

method,




[V
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Suggested Texts and References:

1. Fundamentals of Statistical and Thermal Physies, F. Reif, MeGraw-Hill Book Company

tical Physics part 1, 3rd Edition, L. D. Landan and 15 M. Lifshitz, Elsevier 2008

cieal Mechanics: A Set of Lectures, 13 P Fevoman, W, A, Benjamin, Inc. 1098

4. A Modern Course in Statistical Physics, L. E. Reichl. Wiley 2000

7.4 P704: Nuclear Physics-I

UNIT -1

Nuclear Properties: Size - nuclear radiu»a charge distribution, matter distribution. Mass- binding
cuergy, liuid drop model/mass formula. Spin, Parity, isospin. Elec tromagnetic moments- magnetic
dipole and electric quadrupole moments/nucimz shapes.

UNIT - 11

Nuclear stability, alpha, beta, gamma decays, fission. Experimental methods for size, mass, spiu,
aoments Lo be ’1”‘1(&1“(1

UNIT - 111

Nuclear Forces: Nuclear interaction, saturation of nuclear density, constancy of binding energy per

weleon. Bound two nucleon system, Deuteron problem, absence of bound pp, nn. N- N scattering -
s o funciion of energy, phase shift, cross section. Salient features of nuclear force. Yukawa’s theory
- of nuclear interaction (basics).

UNIT - IV

Nuclear Structure: Magic numbers, shell model, spin orbit interaction, deformed shell model. Nuclear
cveited states vibration, rotation, Collective model. Electromagnetic interactions in nuclei: multipole
eamsitions, selection rules, life times, clectron eapture, internal conversion, isomers, Coulomb excita-

LN,

UNIT -V

Nuclear Renctions: Kinematics, () value, excitation energy, conservation laws, cross seetion, mean free
Types of nuclear reactions, experimental observables, excitation function, angular distribution,
spectra, Compound nuclear reactions, Resonances, level density, temperature, Bohr madel. Direct
nuclear reactions, ()ptzuu model, pick up and stripping reactions, spectroscopic factor Nuclear fission
and fusion reactions.

Sugeested Texts and References:

DD

Introductory Nuclear Physics, K.8. Krane, Wiley 2008
. Cancepts of Nuclear Physics, B. L. Cohen, McGraw Hill 1971

3. Introductory Nuclear Physics, S. S. M, Wong, Prentice - Hall 2

2
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ey

Introduction to Nuclear and Particle Physics, 2nd Edition, A. Das and T. Ferbel, World Scientific

20304

P

7.5 P704 Computational Physics - B
(only for SEMESTER-VI students of session 2021-22)
UNIT -1

troduetion of Fortran programming Lenguage, Random Number generation and testing, Generation
of random nmmbers with given distribution

UNIT - 11

- Numerical Integration: (a) Deterministic: Trapezoidal method and (b) Multi-dimensional Integration
1 stochastic methods,

UNIT - III

ooy

[.attice Monte Carlo simulations using Ising model to understand phase transitions: Metropolis al-
corithm, understanding kinctic barriers, finite size cffects, role of thermal fluctuations, Metropolis
e 1g kinetic barriers, finite size effects, role of therma! fluctuations; Principle of
alance, calculating thermodynamic averages

UNIT - IV

Determining transition temperature using Binders cumulant, Solving differential equations, Linear,
- non-linear and coupled differential equations
- UNIT - V

Solving differential equations Schrodinger equation. in Quantum Mechanics with Numerov's algorithm

and variational principle., Classical Molecular Dynarics simulations using Lennard-Jones® potential

Cueeested Texts and References:

1. Computational Physics: Problem Solving with Python, 3rd edition, Rubin H. Landau, Manuel
J. Paez, Cristien C. Bordeianu

2. Computational Physics, Fortran Version, Steven B. Koonin, Dawn C.Meredith, CRC Press
4. Computational Physies,2ud edition, Jos Thijssen, Cambridge Univ. Press
1 Computational Physics, T. Pang

5. Computational Physics {(An Introduction to Monte Carlo Simulations of Matrix Field Theory),
Ydri, Badis

6. Computer Programing in F00 & 95, V. Rajaraman, PHI learning pvt. Lid

7. Nwmerical Recipes in 90 Cambridge Publishers

o A




8. Computational Physics by Jos Thijssen (Cambridge UnivPress, 1997}

9, A first course in Computational Physics. P, L. DeVries and J. Hasbun. John Wiley and Sons.
e, .

10 Unds

L

anding Moleeular Simulation, Publisher: Academic Press, Author: Daan Frenkel and
, I
serend Smi

7.6 PL701: Advanced Physics Laboratory — 1

Nuclear Physics

~ ~
3 - S e

Shectral featares of photoclectric absorption and Compton scattering with scintillation detectors (i)
Tnarganic: Nal{T1), BaF2 (i) Organic: BC501A and plastic. Energy calibration, energy resolntion,
photopeak and total efficiency, relative intensity, photoelectric and Compton cross- sections, radia-
tion shielding. Alpha spectroscopy with a silicon surface barrier detector. Fine structure of alpha
spectrum and determination of age of source. Tast timing and coincidence measurements using Bal'2
and BOSOIA detectors.  Anpular correlation of gamma rays using Nal(Tl) detectors. High reso-
hation, low-energy photon measurements with a silicon drift detector: Internal conversion studies,
clemental composition through X-Ray Fluorescence (XRF) analysis. Geiger-Muller counter: operat-
ing characteristics, dead time measurement, determination of mass absorption coefficient, verification
of inverse square law. Lifetime measurements: from nenoscconds through minutes using fast coin-
cidence and decay studies. Iigh-resolution gamma ray measurements with high-purity germanium
detectors. Classie experiments: Rutherford scattering, cloud chamber, beta spectrometer. Spectrum
analysis techniques and fitting routines: data/peak fitting, energy and efficiency calibration, 1D and
21 histograms. (Selected experiments from thie above list are performed based on number of contact
Lours prescribed) \

v

Sondensed Matter physics

Crowth of metallic thin fils by physical vapor deposition techniques like thermal evaporation and DC
wnetron sputtering. Tuning of growth parameters to change the deposition rate and hence thickness
o ke flms. Introduction to vacuum techniques: vacunm pumps, rotary pump, diffusion pump
and turbo molecular pumps. Measurement of vacuun: thermocouple gauges, hot and cold cathode
pauges. Thickness measurement of thin films by quartz erystal monitor. Structural characterization of
materials (some known and some unknown) by Xeray diffraction (XRD) and X-ray fluorescence {XRF)
() Phase identification (b) Chemical composition (¢} difference between powder diffraction pattern
of single and polycerystalline systems (d} Reasons for line broadening in XIt D Rachinger correction
Lndl estimation of particle size from Debye- Scherer formula. (e) ldentifving crystal structure and

deterination of lattice constant.

£

Tntroduction to low temperature measurements:

oneration of o closed cvele cryvostat, low temporature thermometers, controlling temperatures using
DI feedback nsing temperature cantrollers, wieking electrical contacts on thin films and measuring
(0 resistence with sourcemeter using four probe method-advantages and disadvantages of the tech-
nique, temperature dependent (300-20K) measurement of clectrical resistivity of metallic thin films
and comparing the room temperature value with the standard. Determination of superconducting
transition tempoerature of a high temperature suyzercmxdmzt or using clectri cal transport measurements.
Determination of band gap of a semiconductor: highly doped Si by fitting the temperature dependent-




¢

resistarce to the standard variation in semicondactors. Concepts of measuring electrical resistance
in labs: from metals to diclectries, Introdneing GPIB interfacing of electronic instraments with the
computer and writing LABVIEW programs to interface temperature controller and sonrcemeter.

Introduction to phase sensitive measurements:

using of a dual phase lock-in amplifier. Measurement ol the superconducting transition temperalure
of a superconducting hin film using o nmtnal indnetance technique down to 2.6K {working of a
n free svstomy, Measuring AC resistance of a milliohm resistor using phase sensitive detection

CrVOED

and studving the frequency and amplitude variation of the resistance: introduction to noise, Whits
noise and 1/ noige.

Suggested Texts and Reflerences:

1. Radiation Deteetion and Measurcinent, Glenn F. Knoll. John Wiley 2010

ro

Techniques for Nuclear sud Particle Physics Experiments: William R. Leo, Springer 1995

3. Basic Vacuum technology, 2nd Edition, A. Chambers, R. K. Fitch and B. 8. Halliday, 10P 1998
4. Physical Vapor Deposition, R. J. i, McGraw-Hill 2005

5. Tloments of Xeray Diffraction. 3rd Edition, B. D. Cullity and S. R. Stock, Prentice Hall 2001

¢. Introduction to Solid State Physics, Sth Edition, C. Kittel, Wiley 2012.

7.7 PPr701: Reading Project

teading project wiil be assigned by the supervisor.
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SEMESTER - VIII

[

5.1 P801: Astronomy and Astrophysics

UNTT - 1

stellar Physics: Equations governing the structure of stars: Mechanical & Thermal equilibrium. Virial
~theoremn. Modes of energy transfer in stars: radiative & convective transport of energy. Auxiliary

input: equation of state, opacity and encrgy generation by thermonuleear processes. Boundary con-
ditions at the stellar surface & at the centre/The main sequence, Stellar energy sources, Gravitational
potential energy of a sphere, Gravitational lifelime for a star, Other energy sources, Nuclear energy
{or stars, Overcoming the fusion barrier, Stellar structure, Hydrostatic equilibrium, Energy transport,
Stellar models, Solar neutrinoes

UNIT - 11

; 55 stars, High mass stars, Cepheid variables
Variable sLars, (;q)} wid mechanism, I’uzmd rrrr iummositv relation, Planetary nebulae, White dwarfs,
Flectron degeneracy, Properties of white dwarfs, Relativistic effects

k

UNIT - 111

The death of hl;,h mass stars, Supernovae , Core evolution of high mass stars, Supernova remnants
Nentran stars, Neutran degeneracy pressure . Rotation of neutron stars, Magnetic fields of neutron
Lars, Pulsars, DIS(,’Q‘J(EZ'}’ of Pulsars, \-\'}mt are pulsars? | Period changes, Pulsars as probes of inter-
stellar space, Stellar black holes

NIT - IV
THE MILKY WAY - OUR GALAXY: An overview of the Milky Way, The mass of the Milky Way,
e dise of the Milky Way. The stellar halo and bulge of the Milky Way, The formation and evolution
of the Milkky Way, NORMAL GALAXIES: The classification of galaxies, The determination of the
praperties of galaxies, The determination of the distances of galaxies, The formation and evolution of
galaxies, ACTIVE GALAXIES: The spectra of galaxies, Types of active galaxies, The central engine,
Meodels of active galaxies, Outstanding issues

UNIT - V

Cosmolocy, The scale of the universe, Expansion of the universe, Olbers’s paradox Keeping track of
expausion, Cosmology and Newtonian gravitation, Cosmology and general relativity, Geometry of the
universe, Cosmological redshift, Models of the universe, Is the universe open or closed?

O AP O T
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Susgested Texts and References:
1. Text Book UNIT T to IV : “Astronomy: A Physical Perspective” by Marce L. Kutner

3 AV | o T vy ey . . . g ' 1 .
2. Text Book for UNIT V : “An introduction to Galaxies and cosrnology” Edited by Mark
H.Jones and Robert J. Lambourne, Canibridge University Press,

3 Y . e T i =y L. . o 5 R s . _ i .
3. References: The nternal Constitution of Stars, A. S. Eddington, Cambridge University Press,
1988, ' ’

4. An Introduction to the Study of Stellar Structure, S.Chandrasekhar, Dover Publications, 2003,
5. The structure & Evolution of the Stars, M.Schwarzschild, Dover Publications, 1962.

6. Cox and Giuli's Principles of Stellar Structure, 2nd I5d., A, Weiss et al., Cambridge, 2003.
7. The Phvsical Universe: An Introducing to Astronomy, F. H.Shu, University Science Books, 1982,

§. Galactic Astronomy, James Binny and Michael Merrifield, Princeton University Press, 1998,

9. An Introduction to Active CGalactic Nuclei, B. M. Peterson, Cambridge University Press, 1997.

8.2  P80%2: Fluid Mechanics

UNIT - 1

Validity of hvdrodynamical deseription. Kinematics of the flow field. Stress-strain relationship. Basic
equations governing conservation of mass, momentum & cnergy.

CUNTT - I

Navier-Stokes equation for viscous flows. Shear and bulk viscosity and radiative diffusivity in fluids.
" Viseous and thermal boundary layers, Potential flows, Water waves. Kelvin's circulation theorem,
Grokes’s fiow Taubrication theory. '

UNIT - 11T
Virial theorem in the tensor form. Magnetohydrodynamic flows. Generalized Ohm’s law in the
presence of Hall current &Ambipolar diffusion, Magneto-gravity-acoustic modes.

UNIT - IV

Classical bvdrodynamic and hydromagnetic linear stability problems: Rayleigh-Taylor and Kelvin-
Helmboltz instabilities. Jeans' gravitational instability; Benard convection. Parker instability and
magnetic buoyancy. Thermal instability. Non-linear Benard problem.

.

UNIT -V

Spherical aceretion flows onto compact abjects and accretion disks. High Speed flow of gases. Shock
waves aud blast waves. Supernova hydrodynamics. Physiological hydrodynamics. Blood How in

Surian heart.

b2 7 ; AN W o
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Suggested Texts and References:
o Hvdrodynaniies, 6th Edition, T Lamb. Dover 1945
9 An lntroduction to Fluid Dynamics. (LR Batehielor, Cambridge University Press, 2000

3. Fhuid Mechanics, 2nd Edition, L.ID. Landan and .M. Lifshitz, Elsevier 1987

£.3  P803: Nuclear and Particle Physics

INTT - 1

Nuclear Reactions: Partial wave decomposition, phase shifts and partial wave analysis of the cross
sections in terms of phase shifts.  Behaviowr of phase shifts in different situations. Black sphere
scattering. Optical theorem and reciprocity theorem. Unitarity Optical potential: Basic definition.
Relation between the imaginary part, W of the OP and ¢ abs, and between W and mean free path.

Polding model ind a high energy estimate of the OP.

UNIT - 11

Catagorisation of Nuclear Reaction mechanisims: Low energies: Discrete region, Continuum Region:
a) Discrete Region: Decaying states. Relation between the width and the mean life time. Energy
definition: Lorentzian or Breit- Wigner. Resonance scattering. Derivation of the resonance cross sec-
don from phase shift description of cross section. Transmission through a square well and resonances
o contimum. Coulomb barrier penetration for charged particles scattering and centrifugal barrier
for | non-zero states. Angular distributions of the particles in resonance scattering. Application to
hvdrogen burning in stars. (b) Continuvum Region: Bohr'’s compound nucleus model.

UNIT - 111

‘ert Reactions: Cross section in terms of the T-matrix. Phase space, and its evaluation for simple

sses. Lippmann Schwinger equation for the scattering wave function, and its formal solution. On-
<hell and off-shell scattering. Plane wave and distorted wave approximation to the Tmatrix(PWBA,
DWBA). Application to varicus direct reactions like, stripping, pick-up, knockout etc.High energy
seattering, Glauber theory. Eikonal approximation to the scattering wave [unction.Evaluation of
seattering cross section in eikonal approximation. Introduction to heavyion scattering and the physics
ith radioactive jon beams.

e
o
o

UNIT - IV

Nuclear Structure: Generalization of the single-particle shell model, residual interactions, Fermi ges

odel. Single-particle energies in a deformed potential, shell corrections and the Strutinski method.
Pairing: BCS model and the Bogolvubov transformation. Hartree-Fock method: general variational
soproach, Hartree-Fock equations and applications. Nuclear shape parametrization, quadrupole and
cigher order deformations. Collective mtmmn aml vibration; Giant resonances. Cranking model,
phenomena at high spin inclnding super-deformation. introduction to Density- Functional Models,
including relativistic mean field. Selected contemporary research topics: Superhieavy nuclei; Spec-
troscopy of drip-line nueled. (

< /[/ W i
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UNIT - V

Particle Physics: Symmelries and conservation laws, conserved ¢ quantities in reactions of particles.
Relativistic kinematies in particle reactions, bvariants, resonances, decays of resonauces azzd their
decays efe, Particle classifieation, mesons and barvons, SU() multiplets, quark model. Quarks.
Cuons, OCD mteraction, colonr nentrality. Detect ion of quarks and gluons, structure functiou in
| Lelastic reactions,  Ouark and lepton faibies, weak intersctions asgnage theory, Woand 72

decn e
i»:j,}f{ Svmimetry hreaking andd generniion of masses, Higps bosons.  Present boundary (strings.
erand unification, matter- anti-malter asymmoeiny, dark matter and energy - seninar, qn;aiimt/iw?}
Suggested Texts and References:

1. Subatomic Physies, oML Henley & AL Gareia, World Scientific

9. Comeepts of Nuelear Physies, B G Cobien, MeGraw-Hill

3. Introduction to Nuclear and Particle Physics, A. Das and T, F{*xb(sl World Scientific.

 Siructure of the Nucleus: MA. Preston and R. K. Bhaduri, Levant Books, 2008

PN

5 Nuelear Models W, Greiner and J A, Maruhu, Springer, 1996

6 Nnelear Structure from a Simple Perspoctive: R. F. Casten, Oxford University Press, 1990
7. Theory of Nuclear Structure: MK, Pal, Affiliated Fast-West Press, 1082

8. An Introduction to Quarks and Partons, F. E. Close, Academic Press 1080

9. Quarks and Leptons: An Introductory Course in Modern Particle Physies, F. Halzen and A. D.
Martin, John Wiley 1984

10. Introduction to High Euergy Plysics, 4th Edition, D. Perkins, Cambridge 2000.

8.4 P804: Condensed Matter Physics — 11

UNIT -1

Sup A:wm"'nciéviw Revision, Introduction to second quantization, BCS theory, Electron tunneling
and energy gap, Josephson effect (AC and DC). GL theory and concept of penetration depth, coher-
ence zng‘i,iz (md surface energy, Flux quantization.

INIT - 11

Modified London Equation of Mixed Phase, Interaction between Flux tubes, Flux flow, Flux pinning,
Magnetization of Mixed State: Bogoliubov transformation, Boundary between normal metal and
superconductor, Andreev Reflection and Proximity effect.

UNTIT - TH

Magnetiste Quantum theory of magnetism: Rationalization of the Heisenberg Hamiltonian, Hubbard
model and Stoner Model: Derivation ol susceptibility, Spin wave using Holstein- Primakov transfor-
mation. /




UNIT - 1V
Tntroduction to Density Franetional Theery Introdnetion to Special topics: Integer and Fractional
Quantuwm hall effect, unconventional superconductivity, frustrated maguets, Josephson junction qubits,
Graphene physics, Topological insulators.
UNIT -V
Koudo Physics. Metamaterials, Phivsics of photonie band gap materials, quantum cascade lasers, free
electron lasers. orgade cleetronies ete.
Suggested Texts and References:

1. Introduction to Superconductivity, 2nd Edition, M. Tinkham, Dover 2004

2. Superconductivity, 1. B. Ketterson and 8. N. Song, Cambridge 1999

Basic Solid State Phiysics by A. K. Raychaudhuri

[

4. Magnetism in Solids, D. H. Martin, Butterworth 1967

5. Quantum theory of Magnetism, 3rd Edition, R. M. White, Springer 2006

3

Flectronic Structure, Basic Theory & Practical Methods, R. Martin, Cambridge 2008.

8.5 PL801: Advanced Physics Laboratory — 11

Introduction to Observational Astronomy:

iesion of radiation through atmesphere iu different bands, need tor space platforms for invisible
ies. Introduction to Optical, Infrared, Ultra-violet, X-ray and Gamma-ray astronomy, what

1ds,

asiron:

“do me measure and learnt from different wavebz

Introductory Astronomy and Different types of Optical Telescopes:

Astronomical parameters like Apparent and Absolute magnitude, Flux, Luminosity and its depen-
dence on size and temperature of stars, Atmospheric Extinction, Coordinate Systemn in Astronomy

Refracting and Reflecting telescopes, differeut focal plane configurations, their applications and rela-
Uve merits and demerits, Reflectivity and its wavelength dependence, “socing” and factors affecting
it, use of active and adaptive optics in modern telescopes to overcome atmospheric and thermal et-
fects, calenlation of focal length, focal ratio, magnification, field of view, plate scale, diffraction limit
of telescopes.

Introduction to Focal Plane Detectors for Optical, infrared and UV as-
tronomy:

Developments and evolution of modern Optical and Infrared imaging detectors: Photographic Plates,
Phototubes, Image Intensifiers, Charge Coupled Devices (CCDs). Bolometers and how they work,
(heir characterization and parameters (charge transfer efficiency, quantum efficiency, flat fielding ete.).
‘(D uses in Imaging, morphological and Spectroscopic studies, Infrared Detectors and IR Arrays,

.
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Different types of Focal Plane Instruments:

M R .. . g 1 -
Imagers, Photometers, Fast Photometers for photon counting, limitations of PMT and CCD bases
photometers, Importance of spectroscopy, Design and description of Low and High Resolution Spec-
trometers and their applications, Polarimeters and their applications.

interaction of radiation with matter:

(a) Passage of charged and nentral particles through matter, Ionization loss formulae and dependence
on different parameters, relativistic rise in lonization loss, detection of neutrons, Bremsstrahlung
process, Cerenkov radiation and its application (b) Interaction of photons with matter: Photoelec-
tric infernction, mass absorption formula and dependence on energy, atomic number ete, Thompson
Compton scattering, Pair production process, formula and dependence on energv, atomic

searlering

mynber, radiation length, eritical energy

Introduction to Different Types of Gas-Filled Radiation Detectors:

Role of development of new detection techniques in new discoveries in high energy physics and zs-
rrophysics, different kind of detection techniques for charged and neutral radiation Dependence of
charge multiplication on high voltage and pressure, Townsend coefficient, need for use of inert zases,
quench gas, mobility of electrons and ions (a) Ionization Chamber (IC), description of a typical IC.
its characteristics, application of IC in physics {b) Proportional Counters (PC): Single and multi cell
PCs, filling gases. Penning effect, charge multiplication process, energy resolution of PC, Fano factor,
nse of PCs in high energy physics, and astronomy especially in X-ray astronomy (¢) Geiger Mueller

(GM)Counter: Typical GM counter, its characteristics, applications of GM counter

Scintillation Counters, Cerenkov Detectors and other Solid State Detec-
“tors:

Seintillation processes, dependence on encrgy, charge and atomic number, Photomultiplier {PMT)

for detection of light, PMT characteristics, charge multiplication and use of PMTs with scintillators
(n) Organie Scintillation Counters: Plastic Scintillators and Lght vield, their use in charged particle
wtion, a typical PS detector and its characieristies {b) Inorganic Scintiliation Counters: Scin-
vllation medium and need for activators, Sodium lodide (Nal) and Caesium lodide detectors, their
light output, application of these detectors in physies and astrophysics (¢} Silicon detectors and their
applications in X-ray Astronomy, Germanium Detectors, Cadmnium -Telluride devices and their arrays

el

Observational X-ray Astronomy:

Hirth and evolution of Xeray Astronomy, differcnt types of X-ray sources, Discovery of X-ray Binarics.
thelr broad properties, optical identification, classification in Low Mass Xeray binaries (LMXBs)
and High Mass X-ray Binaries (HMXBs), their unique characteristics, estimation of mass of the
compact star in X-ray binaries from the binary parameters (a) Neutrou Star Binaries (NSB): X-ray
Pulsars in Binaries, Rotation powered pulsars in SN Rs, detailed discussion of their timing and :‘sgmctrzﬁ
properties, New physics and astrophysics learnt from their studies (b) Black Hole Binaries (BHB):

Viede Timle vaend can Tpre e deilibas WS B e
tack hole nature, time variability, speetral measurements. mess of black hole

H

Inference shout b
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X-ray Radiation Processes:

(2} Ther

nal Emission, Black Body emission, Thermal Bremstrahlung (free-free emission),spectral

e formation in thermal plasma, examples of thermal spectra, measurement of temperature and ele-
mental abundances from spectral data (b) Non-thermal Emission: Synchrotron mechanism (magnetic
bremstralilung), spectral shape, polarized cemission, Inverse Compton Scattering, spectrum of radia-
tion, examples of non-thermal spectra, Cycelotron process in strongly magnetized stars and formation

i

of evclotron Hnes, determination of magnetic field of the stars

Hxperiments to be performed:

1.

~1

Measuring energy resolution (R) of a Cadmium Telluride Detector using X-rays of different

energies (E) from radioactive sources and deriving expression for variation of R with E.
Solar Constant measurement.
Measurement of Solar Linib Darkening.

Observing an Optical Binary Star and deriving its light curve.

. Determine Pulsation period and binary light curve of an accreting Neutron star from X-ray

data.

Measuring Xeray Energy Spectrum of a Black Hole Binary and fit it with different spectral

models,

Characteristics of a Proportional Counter and dependence of its energy resolution on different
parameters of the PC.

5.6 PPr801: Project

" Project will be assigned by the supervisor.




SEMESTER - IX

9.1 PPr901: Project

Project awill he assigned by the suporvisor.

-

@
Ny
)

s

Sy
Pl - ’

40

N e




SEMESTER - X

10.1 PE - 1: Quantum Field Theory

UNIT - T

Preliminaries: Why Quautun Field Theory, Creation and annihilation operators, Special relativity,
Space and time in relativistic quantum theory, natural units

UNIT - 11

Canonical Quantization: General Formulation. Conjugate Momentum and Quantization. Neutral
scalar Field. Commutation Relations, Normal Ordering, Bose Symmetry, Fock Space. Charged
scalar Fleld. U(1) Tnvariance, Charge Conservation, Particles and Antiparticles. Time Ordered
Product. Fevnman Propagator for Sealar Fields, Bose- Einstein Distribution, Propagators at Finite
’l”em;:)czrzzz;uriz.

UNIT - 111

feld: The Dirac Equation, Relativistic Covariance. Anti-Commutators. Quantization of the
w eld, L}cumm and Positrons. Counncetion between Spin and Statistics. Discrete Symmetrics,

CParity, C imna Conjugation, Time Reversal, CPT Theorem.

UNIT - IV

Gauge Field: Gmge [variance and Gauge Fixing. Quantization of the Electromagnetic Field, Prop-
agetor, Vacourn Fluetuations.

UNIT -V

Interacting Theory and Elementary Processes: Wick’s Theorem. Feynman Rules and Feynman
Diagrams for Spinor Electrodynamics, Lowest Order Cross-Scction for Electron-Electron, Flectron-
Positron and Electron- Photon Scattering.

suggested Texts and References:
L. Quantum Field Theory, C. ltzykson and J. B. Zuber, McGraw-Hill Book Co, 1985.
2. Quantum Field Theory, L. H. Ryder, Cambridee University Press, 2008,
3. Fleld Theory, A Modern Primer, . Ramond, Benjamin, 1080,

4. The Quantum Theory of Fields, Vol 1, S. Weinberg, Cz‘nnbridwo Uuivm&"it) Press, 1‘)‘)6
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5. Introduction to The Theory of Quantum Fields, N. N. Bogoliubov and D. v, Shirkov, Inter-
seience, 1960,

6. An Intraduction to Quantum Field Theory, M. E. Peskin and D. V. Schroecer. Westview Press,

14405,

- Quantum Field Theory: Mand! and Shaw

o

A first book of Quantwm Field Theory, Amitabha Lahiri, Palash B. Pal, Alpha Science Inter-
natioual Ltd.. 2000

0.2 PE - 2: General Relativity and Cosmology

CUNIT - 1

™

Review of Newtonian Mechanics. Special theory of relativity, Prelude to General relativity. historical
developments, 4-Vectors and 4-tensors, examples from physics

UNIT - 1T

Principle of Equivalence, Equations of motion, Gravitational force, Tensor Analysis in Riemannian
space, Effects of Gravitation, Riemann-Christoffel curvature tensor, Ricei Tensor, Curvature Scalar,
Einstein Meld Equations, bxpenmenf;a! tests of G'T, Scwartzchild Solution,

UNIT - TIT

Introduction to Cosmology, The cosmic history and inventory, The cxpanding Universe

UNIT - IV

Friedmann Equations and Cosmological Models, The Standard cosmological model, The inflationary

Universe, Big-Baug Hypothesis

UNIT -V
Primordial nucleosyntliesis and the thmmm history of the Universe. Perturbations in an expanding

Universe, Growth of perturbations, Dark Matter Halos

Suggested Texts and References:

1. A first course in General Relativity- 3. Schutz

W

Gravity: HJ. Hartle
S0 The Classical Theary of Fields: Landan and Lifshity
40 Gravitation aud Cosinology: 5. Weinberpd, Introducing Binstein's Relativity: D'Inverno

3. Introducing Einstein’s Generul Relativity - Ruy D'lnverno

6. The Barly Universe - Kolb and Turner ) R z
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7. Introduction to Cosmology - Barbara Ryden
3. Modern Cosmology - Scott Dodelson
9. Principles of Physical Cosmology - PLJE. Pecbles

10, Lavge Seale Structure of the Universe - PLILE. Peebles

11 Structure Formation in the Universe - T, Padmanabhan

10.3 PE - 3: Experimental Techniques

UNIT -1

Vacu

t

Mlow, pressure and flow measurement, vacuum pumps, pumnping mech-

LA -, 1 -
technolog

s witraligh vacuum, leak detection

£ases,

UNIT ~ 11

Optical systems: optical components, optical materials, optical sources Charge particle optics: elec-
trostatic lenses, charged-particle sources, cnergy and mass analyzer

UNIT - 111

Detectars: optical detectors, photoemission detectors, particle and ionizing radiation detectors, signal
to noise ration detection, surface barrier detector.
JUNIT -1V

Particle detectors and radioactive Decay: Interactions of charged particles and photons with matter;

. gaseous lonization detectors, scintillation counter, solid state detectors

UNIT -V

Electronivs: electronic noise, survey of analog and digital 1/Cs, signal processing, data acquisition

>

and control systems, data analysis evaluation

Suggested Texts and References:

i

. The art of Measurement, by Bernhard Kramer, VCH publication
2. Building Scientific apparatus by J. H. Moore et al.
3. Experiments in Modern Physics, Second Edition by Adrian C. Melissinos, Jim Napolitano

4. Vacuum Technology, A. Roth North-Holland Publisher

el

Charge Particle Beams, by Stanley Humphiries, John Wiley aud Sons

6. Principles of charged Particles Acceleration, by Standey Huwphries, John Wiley and Souns

7. Radiation detection and Measurements, G. Kuoll, 3rd Edition A
- (A
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8. Techuigues for Nuclear and particles physics experiments, W, R. Leo, 2nd edition, Springer

9. The Physics of Micro & Nanofabrication, Ivor Brodie.and TJwtins J. Muray, Springer

10, Physical Principles of Electron Mieraseopy: An Introduetion to TEM SEM. and AEM, R.Egerton,
Sprmger, 2005

11. Egerton, Springer, 2005Modern Spectroscopy, J. M. Hollas, John Wiley, 4th Edition, 2004

10.4 PE - 4: CCD Imaging and Spectroscopy

UNTT - 1
Tntrodnction : Why use CCDs?, CCD manufacturing and opcration, CCD operation, CCD types.
COD contings, Analog-to-digital converters

Characterization of charge-coupled devices: (Juantum cfficiency, Charge diffusion, Charge transfer ef-
ficiency, Readout noise, Dark current, CCD pixel size, pixel binning, full well capacity, and windowing,.
Overscan and bias, CCD gain and dynamic range,

UNIT - 111
0D Tmaging, Photometry and astrometry: Immage or plate scale, Flat fielding, Calculation of read

hoise and gain, Signal-to-noise ratio, Basic CCD data reduction, CCD imaging, Stellar photometry

from digital images, Two-dimensional profile fitting, Difference image photometry, Aperture pho-
tametry, Absolute versus differential photometry, High speed photometry, PSF shaped photometry,
Astrometry, Pixel sampling

LNTT - 1V
Roview of spectrographs: CCD spectrographs, CCOD spectroscopy, Signal-to-noise calculations for
speetroscopy, Data reduction for CCD spectroscopy, Extended object spectroscopy, Slitless spec-

LIOSCONY

UNIT - V

CCDs used in space and at short wavelengths 1 CCDs in space, Radiation damage in CCDs, CCDs
in the UV and EUV (300-3000 A) spectral range, CCDs in the X-ray, (< 500 A) spectral range

Suggested Texts and References:

1 Handbook of COD Astronomy, Sceond edition 8. B. Howell

Tody, 1., 1980, Kitt Peak National Observatory publication

5. Stellar Magnitudes from Digital Pictures, Adams, M., Christian, C., Mould, J.. Strvker, L., &

4 The Next Generation Space Telescape, Bely, P-Y.. Burrows, C., & Wingworth, G. (eds.), 1989,
Space Telescope Science Institute publication. d




L
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Based Optical Astronomy, ed. L. B. Hn Hnson, Sprm;,m -Verlag, p. 462

1. Blouke, M., Yang, F.. Heidtmann, D.. & Janpesick. J., 1988, in Instrumentation for Ground-

5. Bonanno, G., 1995, in New Developments in Array Technology and Applications, eds. A. G. D
Philip, K. A. Janes, & A. R. Upgren, Kluwer, p. 39.

6. Born, M. & Wolf, E., 1959, Principles of Opties, MacMillan, Chap. VIIL

7. Bowen, 1. S.. 1960a, in Astronomical Techniques, ed. . A. Hiltner, University of Chicago
Press, Chap. 2.

8. Drown. R. {ed.), 1993, The Future of Space Imaging, Space Telescope Science Institute publi-
cation, Chap 8.

-10.5 PE - 5: Biophysics

UNIT -

Mathematical Methods in Biophysics © Functions of One Varizble and Ordinary Differential Loua-
tions, Functions of Several Variables: Diffusion Equation in One Dimension., Random Walks and
Diffusion. Random Variables, Probability Distribution, Mean, and Variance , lefuqmn Equation in
‘I"hree Dimensions., Complex Numbers, Complex Variables, and Schrodinger’s Equation , Solving
mer Homorf(,n(‘ous Differential Equations., Fourier Transforms, Nonlinear Equations: DPatterns,
Switches and Oscillators

UNIT - 11
Ounantim Mechanics Basic to Biophysical Methods: Quantum Mechaunics Postulates, . One-Dimensional

Problems, The Harmonic Oscillator, The Hydrogen Atom, Approximate Methods, Many Electron
- Atoms and Molecules , The Interaction of Matter and Light

UNIT - III

Comipwiational Modeling of Receptor-Ligand Binding and Cellular Signaling Processes: Differen-

ial Equation-Based Mean-Field Modcling, Application: Clustering of Receptor-Ligand Complexes,
Jodchng Membrane Deformation as a Result of Receptor-Ligand Binding, Limitations of Mean-
Field Differential Equation-Based Modeling, Master Equation: Caleulating the Time Evolution of a
Chemically Reacting System,

UNTT - 1V

stochastic Simulation Algorithms: Stochastic Simulation Algorithm (SSA) of Gillespie, Application
of the Stochastic Siimulation Algorithm (SSA}, Free Energy-Based Metropolis Monte Carlo Simula-
tion, Application of Metropolis Monte Carlo Algorithm, Stochastic Simulation Algorithm with Re-
action and Diffusion: Probabilistic Rate Constant-Based Method,Mapping Probabilistic and Phys-
ical Parameters, Modeling Binding between Multivalent Receptors and Ligands, Multivalent ﬁe*~n
ceptor-Ligand Binding and Muliti-molecule Signaling Complex Formation, App‘icutiou of Stochastic
Simulation Algoritlan with Reaction and Dillusion.Choosing the Most Efficient Simulation \Ienhod
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CUNIT - V

. Fhuioreseence Spectroscopy: Fundamental Process of Fluorescence, Fluorescence Microscopy, Types
of Biological Mluovopliores, Application of Fluotescence in Biophysical Rescarch. Dynamic Processes
Probed by Fluorescence Flectrophysiological Measurements of Membrane i’mimm : Membraue Bio-
clectricity, . Blectrochemical Driving Foree, Voltage Clamp versus Current Clamp, Principles of Silver
Chloride Electrodes, Capacitive Current and lonic Current.Gating and Permeation Functions of Ion
Channels, Two-Eleetrode Voltage Clamp for Xenopus Oocyte Recordings , Patch-Clamp Recordings
, Pateli-Clamp Fhuorometry

suggested Texts and References:

L. FPundamental Concepts in Biophysics, Thomas Jue

Alen UL 2006, An introduction to systems biology: design principles of biological circuits. Boca
- Raton: Chapman & Hall,

3o Berg HC. 1993, Random walks in biology. Princeton: Princeton UP.

e

i

Nelson L2004, Biological physics: oNerey, information and life, New York: W.H. Freeman and
< e 3.7
Company.

P

5. Van Kampen NG. 1992, Stochastic processes in physics and chemistry. Amsterdam: North
Helland.

G. Shaukar R. 1894, Principles of quantun mechanics. New York: Plenum.

7. Cohen-Tannoudji C, Diu B, Laloe F. 1977. Quantum mechanics. Trans SR Hemley, N Ox
trowsky, DD Ostrowsky, New York: Wiley.

8. Lauffenburger DA, Linderman JJ. 1993, Models for binding, trafficking and signaling. Oxford:
Oxeford U

G, Fall CP, Marland S, Wagner JM, T
Springer

vson JJ, eds. 2002, Computational cell biology, New York:

10.6 PE - 6: Particle Physics
INIT - 1
Elementary particles, discrete symmetries and conservation laws, Symuetries and Quarks.

UNIT - 11

Klein-Gordon equation, concept of antiparticle, Lorents synunetry and sealar / vector / spinor fields.

UNIT - 111

Dirac equation, Scattering processes of spin-1/2 particles (Feynmans rules as thumbrule QFT courw}
propagators. - "
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UNIT - IV

- Current-current interactions, weak interaction, Fermi theory, Gauge symmetries, spontaneous SYIn-
metry breaking, Higes mechanism

UNIT -V

Electroweak interaction, Glashow-Salan-Weinberg model, Introduction to QCD. structure of hadrons

{form factors, structure functions), parton model, Deep inelastic scattering.

Suggested Texts and References:

Aeferences: 10 Quarks and Leptons: A Introductory Course in Modern Particle Physics - Fran-
sstalzen, Alan D Martin 20 Introduction to Elementary Particles, David Griffiths 3. Concepts of
Particle Physics, Volume I, IKurt Gottiried and Victor F. Wci%imnf 1988, Oxford University Press, 4.
¢ mwwl Electrodynamics second edition, J.D. Juckson, 1975, John Wiley & Sons, Inc., (chapters 11
and 123 5. Imroaucﬁoﬂ to High Energy Physics, lourth estmn, Donald H. Perkins, 2000, Cambridge
Univ G’T\I v Press, 6. Experimental Techniques in High Energy Physics, Thomas Ferbel (editor), 1987,
Ade Emm u(w&\ T Gauga Theory of Elementary Particle Physics, Ta-Pei Cheng and Ling-Fong Li,
FORLL Oxford University Press 8 Weak Interactions of Leptons and Quarks, E.D. Commins and P.H.
! b, 1983, { ambridge University Pres

@

10.7 PE - 7: Nonlinear Dynamics and Chaos
UNIT - 1

Dhnamical Systems, phase portraits, vector flelds, nullelines, flows, discrete dynamical systems, 1-d
‘maps. Fixed points, linearization of vector fields, canonical forms, generalized eigenvectors, semisimple
~ nilpotent decomposition, Jordan canonieal form.

UNIT - 11

K ion of fixed points. Hartman -Crobman theorem, homeomorphism, Stable Manifold The-
srew, Centre Manifold T he(}ruu examples of manifolds. Index theory, Lyapunov functions and sta-
bility analysis, Limit ¢ycles, Poincare-Benedixon Dynamical Systems, phase portraits, vector fields,
millelines, flows, discrete dynamical svstems, I-d maps, Fixed points.

UNIT - 111

Linearization of vector fields, eanonical forms, generalized cigen vectors, semisimple-nilpotent decomn-
pusition, Jordan canonical form, classification of fixed points. Hartman-Grobman theorem, homeo-
morphisi, Stable Manifold Theorem, Centre Manifold Theorem, examples of manifolds. Index theory.
Lyapunov functions and stability analysis, Limit cycles, Poincare-Benedixon Theorem. Gronwalls in-
cguality,

UNIT - IV

The Vartational Equation, exploring neighbourhoods, Lyapunov exponents, Monodromy matrix, Flo-
quet exponents. Bifurcations: Saddle-Node, Transcritical, Pitehfork and Hopf !“hfnma ﬁm, L-dmaps,
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r fived points. chain rule, lvapunov exponent, bifurcation

2] maps, Linearization, the Henon map.

linear stability of fixed points and hit ;hw:( orde
dineram, finding period-n orbits in 1-¢ Diea

UNIT -V

e e [T . i ,, e B 13 ¥
Paincare surface of seelion. Symbolic dynamics, Sensitivity to initial conditions, Chaos, Partitions,
Transition matrix. Entropies, Smale Horseshoe. Tuvariant density, the Perron-Frobenius operator.

Practals. Hamiltonian Dynamics.

Suggested Texts and References:
1. Nenlinear Dypamics And Chaos: With Applications To Physics, Biology, Chemistry and BEngi-

neering. S, Strogatz, A(Edis:nx;w\\e:-;}f.k};' 2001

9. Chaos: An Introdnetion to Dynamical Systems, KT, / Aligood, T.D. Sauer, J.A. Yarke. Springer

. "~ E F% g 5
3. Differential Equations, Dynamical Systems and an [ntroduction to Chaos, M. Hirsh. S. Smale
and R. Devaney, Elmcx;zel Academic Press, 2012

4. Chiaos and Integrability in Nonlinear Dynamics: An Introduction, M. Tabor, John Wiley &
Sons, 1089

5. Claos: Classical and Quantum, P Cvitanovic et al.

10.8 PE - 8 Reactor Physics and Radiation Science

UNIT - 1

] . Liquid drop model, fission rate, reactor power, prompt and delayed neutrons, fission
cammas, fssic 1)“mdzm=x energy balance, photo neutrons. im;h), fertile and fissionable materials.
“ission pre )duf:t activity and decay heat after shut down. Interaction of Neutrons with Matter:

Production of neutrons and mmelear reactions with thermal and fast neutrons, transnnitation.

UNIT - I1

Coneept of micrascopic cross w.(:i,i(m: Inw!mti«‘ and elastic scattering, Maxwell-Boltzmann distribution

ml ts departure Variation of cross-section wish energy, fast, resonance and thermal ranges. /v law
of neuron cross-section, Resonance n}';fsorptmn Doppler effect. Eta vs E curve, conversion & breeding
concepts-Thorium utlhmtlon Diffusion of neutrons: Fick’s law and its validity, steady state neutron
diffusion equation, concepts of neutron flux and current, interface conditions, diffusion coeflicient,
Aiffusion lengthand extrapolation distance.

UNIT - L1

Chain Reaction: Four Factor formula, f‘(mc‘:(:}‘)tual treatment of diffusion of one group neutrons in
non multiplying and multiplying media, infinite and effective nmltiplication factors bare homogeneous
reactor-concepts of material and geometric !m(’:l«:‘éing, sub criticality and super criticality, critical mass,

aon leakage probabilities in bare homopgencons cores, nentron eycle and lifetime in finite and in infinite
reactor svstem. Slowing down process: -.‘(:m,mn slowing down, slowing down power and moderating

ratio for moderators. Slowing down with spatial migration, Fermi age concepts, migration-length,
g 5 el A
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use of reflectars/hlankets, reflector savings. Heterogencons reactors: NMultigroup neutron diffusion
with special reference to 2 gronp approach. Heterogencous reactors, comparison with homogeneous
wawuzs, wnit cell concepts.

UNIE - IV
Reactor kinetics: Time dependent neutron diffnsion equation, one group kinetic e quation. prompt
neutron life thne, Point kinetic model to thustrate importance of delayed neutrons, reactor period,
reactivity and its units. Fuel burn-up units. Neutron Poisons: Xenou and Samarinm Poisons. Xenon
loads {operating and post shutdown), Variation of xenen load with power and enrichment. Xenon
oscillations and their control.

JNIT -V

Heactivity coefficients: h’mpow wure coctlicients of reactivity and void coetlicient of reactivity, their
" relevance to reactor safety. techniques to control reactors, typical reactivity balance, longterm burnup.
fuel management. Reactor control system — recuirements of physics aspects. Reactor shutdown
~mechanisis and neutron monitoring during operation and shut down. Approach to criticality. physics

measurements and calibrations/validations. Reactivity worth measurements of control rods. Research

Heactors at Trombay, Indian PHWRs.

Suggested Texts and References:

1. Nuclear Reactor Engineering: Reactor Systems Engineering, Samuel Glasstone and Alexander
Sezonske, 4th BEdition, 2012

2. Introduction to Nuclear Engineering, 3rd Ed., John R. Lamarsh and Anthony J. Baratta. 2001.
3. Nuclear Reactor Analysis, James J. Duderstadt and Louis J. Hamilton, 1976

4. Nuclear Energy: An Introduction to the Concepts, Systems, and Applications of Nuclear

o

Processes, 6th Ed., Ravimond Murray and Keith I8, 1olbert, 2008.

6. Fundamentals of Nuclear Reactar Physics, Elmer E. Lewis, 2008.

-3

. Nuclear Reactor Physics, 2nd Id., Weston M. Stacy, 2007

[0

Nuclear Energyv: Principles, Practices and Prospects; David Bodansky, 2008.

10.9 PE-9: Accelerator Physics and Applications

UNIT - I

Transverse beam dynamics: Accelerator coordinates; Canonical transformation to accelerators coor-
dinates: Guide field: Dipole and Quadrupole Maguets; Hills equation and solution; Twiss parameters;
Matrix formulation: Dispersion: Designoof lattices: Field aud gradient ervors; Chromaticity; sextupole
agnets and «I\n{zmi(» anerture,

>
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UNIT - 11

- Lengitudinal beam dynamics: Fields and forees; acceleration by time varying fields: relativistic equa-
tions; Overview of acceleration; fransit thne factor; main RIT parameters; momentum compaction
factor; transition energy; Equations related to synchrotron: synchronous particle; synchrotron oscilla-
tions; principle of phase stability; RF acceleration for synchronous and for non-synchronous particle;
small amplitude oscillations; Oscillations with Hamiltonian formalism; limits of stable region: adia-

hatic damping.

UNIT - III

Linear accelerators: Basic methods of linear acceleration; Fundamental parameters of accelerating
structures; Energy gain in lnear accelerating structures; Q, Shunt-impedance, transit-time factor:
periodic accelerating structures; RFQs; Microwave topies for linacs; Single particle dynamics in linear
sceelerstors: Multi-particle dvnamics in linear accelerators.

UNIT - TV
Synchrotron radiation: Introduction to clectromagnetic radiation; Radiation of accelerated charged
particles; radiation from wigglers and undulators; Electron dynamics with radiation; Low emittance
Inttices: synchrotronradiation sources.
UNIT -V
Free-clectron lasers: Introduction; electron dynamics in the undulator; spontaneous emission; electron
dynamics in the laser field; dynamics of the laser field; dimensionless equations of motion; solution
in the small-signal, small-gain regime; Madey theorem; three-dimensional effects; undulators; X-rey
fazer. Advanced aceelerator concepts: Photo injectors; laser-wakefield acceleration; plasma-wakefield
accoleration: Hnear colliders: muoen colliders,
Suggested Texts and Refercences:
1. An Introduction to the Physics of High-Energy Accelerators, D. A. Edwards & M. J. Syphers
2. Aun Introduction to Particle Accelerators, Bdmund Wilson
3. Introduction to Accelerator Physics, Arvind Jain
4. R. F. Linear Accelerators, T. P. Wangler

-

5. Classical Electrodynamics, 3rd Edition. J. D. Jackson, Wilev 2019

10.10  PE - 10: Computational Physics - C
UNIT - 1

Introduction of Fortran programming Language, Random Number generation and testing, Generation
of random numbers with given distribution '

;‘f Bt »,\\ Lv
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UNIT - 11

= Numerieal Integration: (a) Determinisiie: Trapezeidal method and (b) Multi-dimensional Integration
using stochastic methods,

<

UNIT - 111

Lattice Monte Carlo simulations using Ising model to understand phase trapsitions: Metropolis al-
gorithm. understanding kinetic barriers, finite size effects, role of thermal fluctuations, Metropolis
algorithm. understanding Kinetic barriers, fnite size eflcets, role of thermal fluctuations; Principle of
detailed balance, caleulating thermodynamic averages

UNIT - IV

Determining transition temperature using Binders cumulant, Solving differential equations, Linear,
non-linear and coupled differential equations

UNIT -V

Solving differential equations Schrodinger equation. in Quantum Mechanics with Numerov's algorithm

and variational principle., Classical Molecular Dynamics simulations using Lennard-Jones’” potential

Suggested Texts and References:

1. Computational Physies: Problerm Selving with Python, 3rd edition, Rubin H. Landau, Manue
g Paez, Cristian C. Bordelanu

2. Computational Physics, Fortran Version, Steven E. Koonin, Dawn C.Meredith, CRC Press
3. Computational Physics,2nd edition, Jos Thijssen, Cambridge Univ. Press
4. Computational Physics, T, Pang

5. Compntational Physies (An Introduction to Monte Carlo Simulations of Matrix Field Theory).
Ydri, Badis

6. Computer Programing in F90 & 95, V. Rajaraman, PHI learning pvt. Ltd
7. Numerical Recipes in FO0 Cambridge Publishers
& Computational Physics by Jos Thijssen {Cambridge UnivPress, 1997)

9. A first course in Computational Physics, P. L. DeVries and J. Hasbun, John Wiley and Sons.
Inc.

10. Understanding Molecular Simulation, Publisher: Academic Press, Auther: Daan qu}\oi and
Brrend St




1011 PE - 11: Glimpses of Contemporary Sciences

UNIT - I
I8 vertrris v1s T de imvres T . T H , N - 3 . - e H i
Physics in life systems: size and scale, diffusion, cell locomotion, foree generated by acting growth and flag-

cllum rotatory mtim ion chiannels, resting potential across the membrane, nerve conduction veloc-

!
ity, action potential, macromeleculacs of life, random walk model of polymer, single molecular ex-

permmoents, opiieal imm ZOTS, BEnelic Tweezers,

UNIT - 11

Complex systems: dynnmical chaos, logistic map. bifurcation, Universality, Feigenbaum constants, Me-
chanjeal demonstrations of chaos, Nanomechanical ascillators, Patterns, Reaction-diffusion systemns, Nodal pat
terns, thermodynamnices and human population, Falling Jeaves, Smoke ring physics.

UNIT - 111

At the turn of 1900: Silver threads, Discovery of the electron, Rutherford’s nuclear atom Wien’s law, Black-
body radiation and Max P l wk’s action.

UNID - 1V

Astrophysics, Astrochemistry and Astrobiology

UNIT - V

Craantun mechanics, atoms : Entanglercent Lj
era. How hright is laser, Quantum computing,

jghit-atom interaction, Bringing atoms to rest, Laser tweez-

Suggested Texts and References:
1. "Growth and Forms” by Darcy Wentworth Thompson
2. "Physical biology of the cell” by Rob Phillips

- 3. TRandom walks i biology”™ by Harward Berg

,

1. " Physics: Structure and Meaning” by L. Cooper

*The Feynman Lectures on Physics vol. 37 by R.P.Feynman, R.B Leighton and M. Sands

[ 4

10.12  PE - 12: Earth Science a‘nd'Energy & Environmental

Sciences
UNIT -1

Barth Science:
Origin of the carth, type of rocks i different layers, their physical and chemical properties, mechanisin

of their formation and destruction. Radicactivity and its role in geochronology, Plate tu,ipzms and

seodynamics and the role of mantle plumes in sustaining these pm( esses. l ’}/ ,)
> . ;‘ f !
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UNIT - 11

Ciravitveleetrical and magnetic prapertios of the different layers in the carth. fhif%l" v;‘m;;tmnﬂ&e in
Giterent seolozical terrains, Instrumentation, field procedures nsed i these studios, Response ol the

M . % » g % -
Celastic (Seismic) and electromapnetic waves, use of this phenomena Lo sturly the earth’s

SREETION.

UNIT - [

Oeadvnamo and the internal magnetic field of the carth. Paleomagnetic stucdies, Polar wandering

1. possible theoretical arguments for understanding the phenomena. Seistnology and s
.
!

o revers
qeein nndersianding of the ifferent lavers in the carth’s interior. Utility of the different grfopi’;ym(ﬂi

]
Ceclmianes (discussed above) in exploration for academic as well ag for harnessing resources.

CJUNIT - 1TV

nerev and Environmental Sciences:

aducetion to Envirommental Science. Natural Environments: Ecosystems and ecology. biodiversity.
Cosieeenltnral environments: demagraphy, population density, human organizations. Land use and
its planning. Global climate change and effocts on environment. Carbon cycle from human activity,
calenlation of carbon budgets. Water harvesting, storage and treatment. Natural calamities, hazards,
and effects of lnuman activity: Chemical and other technological hazards. Various case studies of
satural ealamities and human-induced disasters. Causes, effects, forecasting, preparedness, planning
vreasures. technological solutions, soctal interventions, Congept of sustainability, individual and social,

UNIT - V

Tatroduction to energy Sources - evolution of energy sources with time. Power production, per capita
consumption in the world, and relation to development index. Energy scenario in India: Various issues
“lated to consumption and demands -energy crisis issues in India. Renewable and non-renewable
cnergy sources - technology and commercialization of encrgy sources, local (decentralized) versus

centralized energy production, constraints and apportunities of renewable energy (hydrocarbon and
coal based energy sources). Eucrgy conservation — calculation of energy requirements for typical

and home and industrial applications. Alternative to fossil fuels - solar, wind, tidal, geothermal.
Bio-based fuels. Hydrogen as a fuel. Energy transport and storages,comparison of energy sources

oo from source to delivery {(source, production, transport.delivery) - efficiencies, losses and
qes. Nuclear energy: Dower production: Components of a reactor and its working, types of
roactors and comparison. India’s three stage nuclear program. Nuclear fuel cycle. Thorium based
reactors. Regulations on nuclear energy.

Suggested Texts and references:

L The magnetic field of the Farth, Merill, BT, MeElhinny, MW, and McFadden, P.L International
Ceoplivsical Series,

9. Farth Science by Bdward J. Tarbuck, E.J. and Lutgens, F.K,

3. Introduction to Applied Geophysics: Exploring the Shallow Subsurface Burger, H.R., Sheehan,
AL CIL ‘ N
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4. Mantle Plames and Their Record in Earth History, Condie, K.C., 2001, Cambridge University
Press, Cambridge, UK
5. Applied Geophvsics {Paperback) W M Telford, Robert s Sheriff and L P Geldart.
6. Energy in Perspeetive, J. B, Marion, University of Maryland, Academic Press, (1974)

7. Euersv and Environment, Robert A, Ristinen and Jack J. Kraushaar, 2nd Edn., John Wiley

wed Bons, Ince. (200065,
8. Renewable Energy, Boyle Godfrey, Oxfurd University Press (2004)
9. Euvironment, Prablems and Solutions, D.K. Asthana and Meera Asthana, S.Chand and Co. (2006}

10, Text Book on Envivenmental Chemistry, Balaram Pmm 1.K.International Publishing House(2007).
10.13 PE - 13: Circuits and Electronics
"UNIT - 1

Ana E\\l‘x of Nonlinear Cireuits: Introduction to Nonlinear Elements, Analytical Solutions, Graphical
is. Piecewise Lincar Analysis, Improved Piecewise Linear Modcls for Nonlinear Elements, In-

cremental Analysis
The Digital Abstraction: Voltage Levels and the Static Discipline, Boolean Logic, Combinational
Gates, Standard Sum-of-Products Representation, Simplifying Logic Expressions, Number Represen-

tafion

UNTT - 11

The MOSFET Switch: The Switch, Logic Functions Using Switches, The MOSFET Device and Its S
Model, MOSFET Switch Implementation of Logic Gates, ‘Statxc Analysis Using the S Model, The SR
Model of the MOSFET, Physical Structure of the MOSFET, Static Analysis Using the SR Model,
Static Analysis of the NAND Gate Using the E;R Model, Signal Restoration, Gain, and Nonlinearity,
Signal Restoration and Gain, Signal Restoration and Nonlin earity, Buffer Transfer Characteristics and
the Static Discipline, Inverter Transfer Characteristics and the Static Discipline, Power Consumption
in Logic Gates, Active Pull-ups
» The MOSFET Amplifier : Signal Amplification, Review of Dependent Sources, Actual MOSFET
(‘1 wracteristics, The Switch-Current Source (SCS) MOSEFET Model, The MOSFET Amplifier, Bias-
1 the MOSTET 1\1111‘)]“‘5(‘2‘, The Amplifier Abstraction and the Saturation Discipline, Large-Signal
i .An“h sis of the MOSFET Amplifier, vyy Versus voyp in the Saturation Region, Valid Input and
mt;mt Voltage Ranges, Alternative Mcothod for Valid Input and Output Voltage Ranges, Operating
Coint Selection, Switch Unified {SU) MOSEFET Model
The Small-Signal Model: Overview of the Nonlinear MOSFET Amplifier, The Small-Signal Model,
Small-Signal Cirenit Representation, Small-Signal Cireuit for the MOSFET Awplifier, Selecting an
Operating Point, Input and Output Resistance, Current and Power Gain.

UNIT - 111

Storage Elenents: Constitutive Laws, Capacitors, Inductors, Series and Parallel Connections,
‘apacitors, Inductors, MOSFET Gate Capacitance, Wiring Loop Inductance, IC Wiring Capacitance
a‘md Inductance, Transformers, Sinusoidal Inputs, Step Inputs, Iimpulse Inputs, Role Reversal, Energy,
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Charge, sl Fluxy Conservation,
First-Order Transients in Linear Elecirieal Networks, Analysis of RO Circuits: Parallel RC Circuit,
Sten hmsy RC Discharge Transient: Series RO Cirenit, Step Input; Series RO Cireuit, Square-
Wave Inputs Analysis of L Cirenits: Series It Civenit, Step Input; Intnitive Analysis, Propagation
Delay and the Digital Abstraction, Definitions of Propagation Delays, Computing {,; from the SRC
MOSFET Model, State and State Variables. The Councept of State, Computer Analysis Using the
State Equation, Zero-Input and Zero-State Response, Solution by Integrating Factors, Effect of Wire
inductance in Digital Cireuits, Ramyp Inputs and Linearity, Response of an RC Circuit to Short Pulses
and the Impulse Response, Intuitive Method for the Impulse Response, Clock Signals and Clock
oL, f-’(: I\m HONse 10 E’?ws'zw?m«* ﬁ*;pum*n“i:ﬂ Series BRI, Cirenit with Sine-Wave Input, Digitsl
smcept of Digital State, An Abstract Digital Memory Element, Design of the Digital
Memory Eleme nf‘ A Static Z\Imzmry Ilement.
Energy and Power in Digital Cirenits: Power and Encrgy Relations for a Simple RC Cirenit, Average
snﬁ‘m in an RC Circnit and energy dissipation, Power Digsipation in Logic Gates, Static Power
i on, Total Power Dissipation, NMOS Logic, CMOS Logic, CMOS Logic Gate Design.

fransients in Second-Order Circuits: Undriven LC Circuit, Undriven, Series RLC Circuit, Under-
Damped Dynamics, Over-Damped Dynamics, Critically-Damped Dynamics, Stored Energy in Tran-
stent, Series RLC Cirenit, Undriven, Parallel RLC Circuit, Under-Damped Dynamics, Over-Damped

chvu* mics, Critically- E);m;pm ]")ymmcs Drivers, Series RLC Circuit, Step Response, Impulse Re-

pouse, Driven, Parallel RLEG Cireuit t, Step Response, Impulse Response, Intuitive Analysis of Second-
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